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According to the North American Veterinary Nutraceutical Council, a veterinary nutraceutical
is defined as “a substance which is produced in a purified or extracted form and administered
orally to patients to provide agents for normal body structure and function and administered
with the intent of improving the health and well-being of animals.” This definition differs
slightly from country to country. It seems that nutraceuticals fall somewhere between food/feed
nutrients and drugs. Although the herbal medicines have been used for thousands of years in
Ayurvedic, Homeopathic, Siddha, Unani, Chinese, Tibetan, Egyptian, Russian, African, Ama-
zonian, and many other systems, by the turn of the twenty-first century, their use became even
more popular throughout the world because of their easy access, affordability, and greater
tolerability with a wide margin of safety. Outside the USA and Europe, more than 80% of the
population relies upon herbal medicines because they are available over the counter and have
fewer side effects. Currently, the nutraceutical industry totals more than $250 billion per year,
and the use of nutraceuticals in animal health and diseases is more popular than in humans. Due
to overriding factors, such as low cost and safety, today’s veterinarians may prefer
nutraceuticals over modern medicines.

Unlike synthetic pharmaceuticals, nutraceuticals often consist of many bioactive compounds
that hit multi-targets and pathways. As a result, nutraceuticals may exert multiple activities,
such as free radical scavenging and antioxidative, anti-inflammatory, immunomodulatory,
adaptogenic, sedative, antimicrobial, etc., with diverse pharmacological effects (Gupta 2016;
Attiq et al. 2018). By having such biological and pharmacological activities, nutraceuticals
appear to have wide applications in many human and animal diseases, such as diabetes,
hypertension, periodontitis, cognition dysfunction, arthritis, allergies, gastrointestinal, hepatic,
renal, cardiovascular, respiratory, genitourinary, and other body organ/system-related
dysfunctions, and cancer. A large number of nutraceuticals in the form of prebiotics, probiotics,
and synbiotics are used to promote animals’ gut health, but appear to favorably influence the
functionality of other vital organs as well. By having multiple bioactive constituents,
nutraceuticals often provide synergistic effects and impede drug resistance to antibiotics,
which is a global health issue (Lillehoj et al. 2018).

In the present world situation, due to the healthcare crisis and dwindling financial resources,
the nutraceutical industry faces many challenges. For a large number of nutraceuticals, no data
are available on safety and toxicity due to lack of pharmacokinetics, pharmacodynamics,
pharmacological, and toxicological studies (Gupta 2016). While some nutraceuticals enjoy
the GRAS (generally recognized as safe) status from the US FDA, others pose a toxic threat to
human and animal health (Gupta et al. 2018). Due to inadequate quality control, contamination
of nutraceuticals with metals, mycotoxins, and inherently toxic plant alkaloids and adulteration
with drugs of abuse not only compromise their quality but raise serious health concerns, in
addition to giving a bad image to the nutraceutical industry. Patients receiving nutraceuticals
also consume therapeutic drug(s), and with the increasing polytherapy trend, adverse
interactions and outcomes ensue due to metabolic perturbances from food—nutraceutical-drug
interactions (Doorman et al. 2016; Gupta et al. 2018). Furthermore, in many cases, claims for
nutraceutical use are either exaggerated or asserted without sound scientific merit.
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Nutraceuticals are primarily derived from biological (plants, invertebrate and vertebrate
animals, fish, and birds) sources and are well characterized for chemical constituents and
biological and pharmacological properties. But, unlike pharmaceuticals, nutraceuticals lack
unremitting efforts for the basic core scaffold, mechanism of action (essential and adverse
pathways), bioinformatics, pharmacovigilance, structure—activity, dose—response, temporal
relationships, and clinical studies.

Unlike modern medicines, nutraceuticals are not strictly regulated in any country. In the
USA, the only major regulation related to nutraceuticals is the 1994 passage by the US
Congress of the Dietary Supplement Health Education Act. Based on this loosely regulated
act, dietary supplements are classified as foods, not dugs, allowing them to be sold without
proof of safety and effectiveness (US FDA 1994). However, unlike food, nutraceuticals are not
generally recognized as safe, nor can one assume that they are all safe (Gupta et al. 2018). As of
now, the FDA’s position is clearly asserted that this act does not apply to animals, and the
American Veterinary Medical Association (AVMA) does not believe that the act should be
modified to include animals (Burns 2017). In the European Union, current regulations require
evidence that herbal medicinal products meet acceptable standards of quality, safety, and
efficacy before a product license can be issued. Quality control and regulatory guidelines for
nutraceuticals, from production, distribution, and national and international trade up to end-user
level, appear to vary widely from country to country, and currently they are not strictly adhered
to as for pharmaceuticals.

At recent national and international conferences (American Veterinary Medical Association,
International Veterinary Congress, World Veterinary Association Congress, European
nutraceuticals, and many others), a large number of veterinarians, nutritionists, food scientists,
and animal health professionals recognized the importance of nutraceuticals for animal health
and diseases. Accordingly, Nutraceuticals in Veterinary Medicine has been prepared to meet
the challenges of today’s veterinarians, pet lovers, animal health professionals, farm animal
producers, and the veterinary nutraceutical industry. The book contains more than sixty
chapters, arranged under seven sections. Each chapter is prepared using a very user-friendly
format to provide scientific insight for academicians and veterinary practitioners with an
interest in animal nutrition, complementary veterinary medicine, and nutraceutical product
development and research.

The factual statements are substantiated with pertinent references for further reading. Some
chapters are prepared from the one health perspective, encompassing animal and human health
and experimental studies.

Following a brief introduction, the book begins with Section I on common nutraceuticals
that are used in the formulations of hundreds of nutraceutical products. This follows Section II
on prebiotics, probiotics, synbiotics, enzymes, antibacterial alternatives, and feed additives.
The bulk of this book (20 chapters) lies in Section III that deals with nutraceuticals in organ/
system-related diseases and disorders. Section IV covers chapters devoted to nutraceuticals for
specific species including cattle, equine, camelids, and poultry. This follows Section V on
safety and toxicity evaluation of nutraceuticals and functional foods using in vitro, in vivo, and
other models, biomarkers for selected foods and nutraceuticals, and toxic interaction of
nutraceuticals with foods and pharmaceuticals. Section VI deals with newer trends in nutraceu-
tical research and product development covering chapters on proteomics and foodomics,
nanoparticle-based bioavailability of nutraceutical ingredients and nanosupplements, and vet-
erinary nutraceuticals stability testing. Lastly, Section VII extensively covers chapters on
regulatory aspects of nutraceuticals in different continents and countries, including North
America, the European Union, India, China, Australia, New Zealand, Turkey, the Philippines,
and South Africa. Nutraceuticals in Veterinary Medicine is the most comprehensive book in the
field of veterinary nutraceuticals, and it offers many chapters on novel topics that are not
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covered in any previously published book. This book will serve academia, industry, and
government sectors alike.

The editors remain grateful to the contributors of this book from many countries (the USA,
Australia, Canada, China, India, Philippines, Russia, Saudi Arabia, South Africa, Turkey, and
the UK) for their hard work and dedication. These authors are highly qualified and trained in
diverse disciplines (veterinary medicine, nutrition, food science, animal science, pharmacology,
toxicology, molecular biology and technology, omics, chemistry, biochemistry, and others),
who shaped this book using a framework of integrative approach. The editors would like to
thank Ms. Annette Klaus, associate editor, Mr. Bibhuti Sharma, project coordinator (Springer
Nature), and Ms. Krithika Shivakumar, project manager, for their untiring support in the
production of this book. Last but not least, the editors would also like to thank Ms. Robin B.
Doss for critically checking the text and references.

Department of Toxicology, Breathitt Veterinary Center, Ramesh C. Gupta
Murray State University, Hopkinsville, KY, USA

Vets Plus Inc., University of Wisconsin—Stout, Ajay Srivastava
Menomonie, WI, USA

Vets Plus Inc., Menomonie, W1, USA Rajiv Lall

References

Attig A, Jalil J, Husain K, et al (2018) Raging the war against inflammation with natural
products. Front Pharmacol 9:976

Burns K (2017) Assessing pet supplements. Use widespread in dogs and cats, evidence and
regulation lacking. J Am Vet Med Assoc 250(2):117-121

Doorman G, Flachner B, Hajdu I, Andrds CD (2016) Target identification and polyphar-
macology of nutraceuticals. In: Gupta RC (ed) Nutraceuticals: efficacy, safety and toxicity,
Academic Press/Elsevier, Amsterdam, pp 263-286

Gupta RC (2016) Nutraceuticals: efficacy, safety and toxicity. In: Gupta RC (ed) Academic
Press/Elsevier, Amsterdam, p 1022

Gupta RC, Srivastava A, Lall R (2018) Toxicity potential of nutraceuticals. In: Nicolotti O (ed)
Computational toxicology: methods and protocols. Springer, New York, NY, pp 367-394

Lillehoj H, Liu Y, Calsamiglia S, et al (2018) Phytochemicals as antibiotic alternatives to
promote growth and enhance host health. Vet Res 49(1):76

US FDA (1994) Dietary supplement health and education act of 1994. Congress, Pub. L. www.
fda.gov/DietarySupplement/default.htm



PartI Common Nutraceuticals

Standardized Turmeric and Curcumin. . . .. ........... .. .. ... .. ........
Naresh Chand

Fenugreek in Health and Disease . . . .. .................................
Dinesh Kumar, Ramdas Singh Wangkheirakpam, Anu Rahal, and Jitendra K. Malik

Neem Extract. . .. ... .. .. . e
Anu Rahal, Dinesh Kumar, and Jitendra K. Malik

Nutraceutical Potential of Ginger. . . .. ....... ... ... ... .. ... .. ... ...
Krishnamoorthy Srinivasan, Pratik Adhya, and Shyam Sunder Sharma

Berberine . . . .. ...
Ajay Srivastava, Anita Sinha, Rajiv Lall, and Ramesh C. Gupta

Sea Buckthorn and Apricot Based Nutraceuticals. . . . .....................
Vijay K. Bharti, Sahil Kalia, Arup Giri, and Bhuvnesh Kumar

Nigella sativa . . . . . ... ... ... .
Rahul Sharma, Pushpkant Sahu, Amul Jain, Vivek Kumar, Dharmendra Khokhar,
Arvind Kumar Geda, and Bhanushree Gupta

Babool (Acacia nilotica) . . . . ... ... ... . . . . . e
Ramesh C. Gupta, Robin B. Doss, Rajiv Lall, Anita Sinha, Ajay Srivastava,
and Jitendra K. Malik

Glucosinolates and Organosulfur Compounds . . . .........................
Karyn Bischoff

Cannabis in Veterinary Medicine: Cannabinoid Therapies for Animals. . .. ... ..
Joshua A. Hartsel, Kyle Boyar, Andrew Pham, Robert J. Silver,
and Alexandros Makriyannis

Essential Oils . . . .. ... ... .
Ajay Srivastava, Rajiv Lall, Anita Sinha, and Ramesh C. Gupta

Omega Fatty Acids . . . ...... ... .. . .
Szabina A. Stice

Polyphenols and Flavonoids . . . . ............. .. ..... .. .................
Satish Kumar Garg, Amit Shukla, and Soumen Choudhury

Antioxidants in Prevention and Treatment of Diseases and Toxicity . . . . .. ... ..
Dejan Milatovic and Ramesh C. Gupta

Xi



Xii

Resveratrol: Biological Activities and Potential Use in Health and Disease . . . . . . . 215
Gianfranco Risuleo and Camillo La Mesa

Egg Shell Membranes for Veterinary Uses. ... ........................... 227
Dan DuBourdieu

Egg Derived Ovotransferrins and Lactoferrins. . . . ....................... 235
Jamil Talukder

Colostrum Antibodies, Egg Antibodies and Monoclonal Antibodies
Providing Passive Immunity for Animals. . . . ............. ... ... ... ... 245
Dan DuBourdieu

Part I Prebiotics, Probiotics, Synbiotics, and Antimicrobials

Prebiotics and Probiotics in Feed and Animal Health . . . . ................... 261
Arturo Anadén, Irma Ares, Maria Rosa Martinez-Larrafiaga,
and Maria Afanzazu Martinez

Synbiotics in Animal Health and Production. . ... ....... ... ... ......... 287
Jitendra K. Malik, Atul Prakash, Anil K. Srivastava, and Ramesh C. Gupta

Enzymes in Feed and Animal Health . . . . ....... ... .. ... ... ... ... ... 303
Arturo Anadén, Irma Ares, Maria Rosa Martinez-Larrafiaga,
and Maria Afanzazu Martinez

Nutraceuticals Used as Antibacterial Alternatives in Animal Health

and Disease . . . .. ... ... 315
Arturo Anadén, Irma Ares, Maria Rosa Martinez-Larrafiaga,

and Maria Afanzazu Martinez

Feed Additives in Animal Health . . . . .. ... ... .. .. ... ... ............ 345
Amit Kumar Pandey, Prafulla Kumar, and M. J. Saxena

Part II Nutraceuticals in Organ- and System-Disorders

Nutraceuticals in Arthritis. . . .. ... ... .. .. .. .. . . . 365
Ramesh C. Gupta, Robin B. Doss, Rajiv Lall, Ajay Srivastava, and Anita Sinha

Nutraceuticals for Antiaging . . . . ......... ... ... .. ... ... 383
Bhanushree Gupta, Bhupesh Kumar, Anshuman Sharma, Deeksha Sori,
Rahul Sharma, and Saumya Mehta

Nutraceuticals for Cognitive Dysfunction. . . . ............................ 393
Ramesh C. Gupta, Robin B. Doss, Ajay Srivastava, Rajiv Lall, and Anita Sinha

Nutraceuticals for Calming and Stress. . . . ............... ... .. ... ...... 417
Anitha Alex and Ajay Srivastava

Nutraceuticals in Cardiovascular Diseases. . . .. .......................... 427
Csaba K. Zoltani

Nutraceuticals in Hepatic and Pancreatic Diseases. . . . ..................... 437
Sharon M. Gwaltney-Brant

Nutraceuticals in Periodontal Health and Diseases in Dogs and Cats. . . . .. ... .. 447
Ramesh C. Gupta, Denise M. Gupta, Rajiv Lall, Ajay Srivastava, and Anita Sinha

Nutraceuticals in Gastrointestinal Conditions . . . ... ....................... 467
Jamil Talukder

Contents



Contents

Nutraceuticals in Reproductive Disorders. . . ............................ 481
Moges Woldemeskel
Nutraceuticals in Genitourinary Maladies. . . ... ......................... 489

Robert W. Coppock

Nutraceuticals in Obesity and Metabolic Disorders. . ... ................... 515
Rhian B. Cope

Nutraceuticals for Diabetes in Dogsand Cats. . . . ......................... 523
Ramesh C. Gupta, Rajiv Lall, Anita Sinha, and Ajay Srivastava

Nutraceuticals for Wound Healing: A Special Focus on Chromolaena odorata
as Guardian of Health with Broad Spectrum of Biological Activities. . . . .. ... .. 541
Mohamed Ali-Seyed and Kavitha Vijayaraghavan

Nutraceuticals in Dermatological Disorders. . ... ......................... 563
Moges Woldemeskel
Nutraceuticals in Mastitis. . . . ....... ... ... ... .. ... 569

Robert W. Coppock

Nutraceuticals in Immune Disorders. . . ... ... ... ... .. ... ... ... .......... 587
Moges Woldemeskel

Plant and Food Derived Immunomodulators as Nutraceuticals for Performance
Enhancing Activities. . . .. ... .. ... 593
Bhanushree Gupta, Vidya Rani Singh, Surabhi Verma, Neha Meshram, Leena Dhruw,

Rahul Sharma, Kallol K. Ghosh, and Ramesh C. Gupta

Nutraceuticals for the Prevention and Cureof Cancer . . .. ... ............... 603
Subash Chandra Gupta, Anurag Sharma, Shruti Mishra, and Nikee Awasthee

Expanding Metabolic Targets in Cancer by Select Combinations of Vitamin C
and EGCG with Different Natural Compounds. . .. ....................... 611
Aleksandra Niedzwiecki, Bilwa Bhanap, M. Waheed Roomi, and Matthias Rath

Nutraceuticals for Control of Ticks, Fleas, and Other Ectoparasites. . . . . ... ... 625
Ramesh C. Gupta, Robin B. Doss, Ajay Srivastava, Rajiv Lall, and Anita Sinha

Part IV Nutraceuticals in Specific Animal Species

Nutraceuticals in Cattle Health and Diseases . . . .. ........................ 637
Begiim Yurdakok-Dikmen and Ayhan Filazi

Nutraceuticals in Equine Medicine . . . . ....... ... ... ... ... ............ 649
A. Sankaranarayanan

Nutraceuticals for Camelids . . . .. ........ ... ... .. .. .. .. .. .. . . ... ... ... 657
Tarun K. Gahlot

Nutraceuticals in Poultry Health and Disease . . . ... ....................... 661
Ayhan Filazi and Begiim Yurdakok-Dikmen

Part V Safety and Toxicity Evaluation of Nutraceuticals and Functional Foods

Safety and Toxicity Evaluation of Nutraceuticals in Animal Models . . .......... 675
Nikolay Goncharov, Vladislav Sobolev, Maxim Terpilowski, Ekaterina Korf,
and Richard Jenkins



Xiv

Evaluation of Safety and Efficacy of Nutraceuticals Using
Drosophila asaninvivo Tool . . .. ...... ... ... ... ... ... ... .. ... ... .. ...
Anurag Sharma, Clinton D’Souza, Vipin Rai, and Subash Chandra Gupta

Biomarkers of Foods and Nutraceuticals: Applications in Efficacy, Safety,
and Toxicity . . . ... ... .
Ramesh C. Gupta, Ajay Srivastava, Anita Sinha, and Rajiv Lall

Toxicology and Drug Interactions of Nutraceuticals. . ......................
Rhian B. Cope

Part VI Newer Trends in Nutraceutical Research and Product Development

Proteomics in the Evaluation of Nutraceuticals and Functional Foods . . . . . . .. ..
Christina Wilson-Frank

Nanoparticles and Molecular Delivery System for Nutraceuticals Bioavailability . . .
Gianfranco Risuleo and Camillo La Mesa

Nanosupplements and Animal Health . . . . ... ... ... ... ...............
Alessia Bertero, Leon J. Spicer, Teresa Coccini, and Francesca Caloni

Veterinary Nutraceuticals Stability Testing . . . . ........ ... ... ... ......
Dan DuBourdieu

Part VII Regulatory Aspects and Country-Specific Requirements
for Nutraceuticals

Basic Regulatory Guidelines for Veterinary Nutraceuticals. . ... .............
Dan DuBourdieu, Anita Sinha, and Rajiv Lall

Regulatory Aspects of Veterinary Nutraceuticals in the USA and Canada. . . . . ..
Daljit Vudathala

Regulatory Guidelines for Nutraceuticals in the European Union. . ... ... ... ..
Doriana Eurosia Angela Tedesco and Petra Cagnardi

Regulatory Guidelines for Nutraceuticals and Food Supplements in India. . . . . ..
P. K. Gupta

Uses and Regulatory Guidelines for Nutraceuticals in China. . . ... ... ... .....
Jianhua Sun, Zhongqi Jiang, Feng Wang, and Likun Gong

Regulation of Nutraceuticals in Australia and New Zealand . . . ... ............
Rhian B. Cope

Regulatory Guidelines for Nutraceuticals and Dietary Supplements
for Animals in Turkey . . . ... .. ... .. . . . . . . .
Ayhan Filazi and Begiim Yurdakok-Dikmen

Uses and Regulation of Nutraceuticals for Animals in the Philippines. . . . .. .. ..
Jacob Anderson C. Sanchez and Geraldine C. Sanchez

Regulatory Guidelines for Nutraceuticals in South Africa. ... ...............
V. Naidoo and E. Mokantla

Correction to: Evaluation of Safety and Efficacy of Nutraceuticals Using
Drosophila as aninvivo Tool . . . ..... ... ... ... ... . . . . . . .. .
Anurag Sharma, Clinton D’Souza, Vipin Rai, and Subash Chandra Gupta

Contents



Pratik Adhya Department of Pharmacology and Toxicology, National Institute of Pharma-
ceutical Education and Research (NIPER), Mohali, Punjab, India

Anitha Alex Salt Lake City, UT, USA

Mohamed Ali-Seyed Faculty of Medicine, Department of Clinical Biochemistry, University
of Tabuk, Tabuk, Saudi Arabia

Arturo Anadon Universidad Complutense de Madrid, Madrid, Spain
Irma Ares Universidad Complutense de Madrid, Madrid, Spain

Nikee Awasthee Laboratory for Translational Cancer Research, Department of Biochemistry,
Institute of Science, Banaras Hindu University, Varanasi, India

Alessia Bertero Department of Veterinary Medicine, Universita degli Studi di Milano, Milan,
Italy

Bilwa Bhanap Dr. Rath Research Institute, Santa Clara, CA, USA
Vijay K. Bharti DRDO-Defence Institute of High Altitude Research, Leh-Ladakh, India

Karyn Bischoff New York State Animal Health Diagnostic Center, Cornell University,
Ithaca, NY, USA

Kyle Boyar Medicinal Genomics, Woburn, MA, USA

Petra Cagnardi Department of Health, Animal Science and Food Safety, Universita degli
studi di Milano, Milano, Italy

Francesca Caloni Department of Veterinary Medicine, Universita degli Studi di Milano,
Milan, Italy

Naresh Chand ADRx Synergy, North Potomac, MD, USA

Soumen Choudhury Department of Pharmacology and Toxicology, College of Veterinary
Science and Animal Husbandry, U.P. Pandit Deen Dayal Upadhyaya Veterinary University
(DUVASU), Mathura, Uttar Pradesh, India

Teresa Coccini Laboratory of Clinical and Experimental Toxicology, Toxicology Unit, ICS
Maugeri SpA-BC, IRCCS, Pavia, Italy

Rhian B. Cope Australian Pesticides and Veterinary Medicines Authority, Armidale, NSW,
Australia

Robert W. Coppock DVM, Toxicologist and Assoc. Ltd, Vegreville, AB, Canada

Clinton D’Souza Division of Environmental Health and Toxicology, Nitte University Centre
for Science Education and Research (NUCSER), Mangaluru, KA, India

XV



XVi

Leena Dhruw Department of Chemistry, Center for Basic Sciences, Pandit Ravishankar
Shukla University, Raipur (C.G.), India

Robin B. Doss Toxicology Department, Breathitt Veterinary Center, Murray State University,
Hopkinsville, KY, USA

Dan DuBourdieu Vets Plus Inc., Menomonie, WI, USA

Ayhan Filazi Department of Pharmacology and Toxicology, Faculty of Veterinary Medicine,
Ankara University, Ankara, Turkey

Tarun K. Gahlot Rajasthan University of Veterinary and Animal Sciences, Bikaner,
Rajasthan, India

Satish Kumar Garg Department of Pharmacology and Toxicology, College of Veterinary
Science and Animal Husbandry, U.P. Pandit Deen Dayal Upadhyaya Veterinary University
(DUVASU), Mathura, Uttar Pradesh, India

Arvind Kumar Geda Department of Plant Physiology, Agril. Biochemistry, Medicinal and
Aromatic Plants, Indira Gandhi Agricultural University, Raipur, Chhattisgarh, India

Kallol K. Ghosh School of Studies in Chemistry, Pandit Ravishankar Shukla University,
Raipur (C.G.), India

Arup Giri Arni University, Kathgarh, Himachal Pradesh, India

Nikolay Goncharov Research Institute of Hygiene, Occupational Pathology and Human
Ecology, Leningrad Region, Russia
Sechenov Institute of Evolutionary Physiology and Biochemistry, St. Petersburg, Russia

Likun Gong Academy of Sciences, Shanghai Institute of Materia Medica, Center for Drug
Safety Evaluation and Research, Pudong, Shanghai, P.R. China

Ramesh C. Gupta Toxicology Department, Breathitt Veterinary Center, Murray State Uni-
versity, Hopkinsville, KY, USA

Bhanushree Gupta Department of Chemistry, Center for Basic Sciences, Pt. Ravishankar
Shukla University, Raipur, India

Denise M. Gupta Hopkinsville, KY, USA

Subash Chandra Gupta Laboratory for Translational Cancer Research, Department of Bio-
chemistry, Institute of Science, Banaras Hindu University, Varanasi, India

P. K. Gupta Toxicology Consulting Group, Bareilly, Uttar Pradesh, India

Academy of Sciences for Animal Welfare, Bareilly, Uttar Pradesh, India

Society of Toxicology of India, Ludhiana, Punjab, India

Division of Pharmacology and Toxicology, (IVRI), Bareilly, Uttar Pradesh, India

World Health Organization, Geneva, Switzerland

International Union of Toxicology, Reston, VA, USA
Sharon M. Gwaltney-Brant Veterinary Information Network, Mahomet, IL, USA
Joshua A. Hartsel Delta-9 Technologies, LLC, Lake Forest, CA, USA

Amul Jain Department of Chemistry, Center for Basic Sciences, Pt. Ravishankar Shukla
University, Raipur, India

Richard Jenkins School of Allied Health Sciences, De Montfort University, Leicester, UK

List of Contributors



List of Contributors

XVii
Zhongqi Jiang Department of Veterinary Medicine, College of Animal Science, Zhejiang
University, Hangzhou, Zhejiang, P.R. China
Sahil Kalia DRDO-Defence Institute of High Altitude Research, Leh-Ladakh, India

Dharmendra Khokhar Department of Plant Physiology, Agril. Biochemistry, Medicinal and
Aromatic Plants, Indira Gandhi Agricultural University, Raipur, Chhattisgarh, India

Ekaterina Korf Sechenov Institute of Evolutionary Physiology and Biochemistry,
St. Petersburg, Russia

Dinesh Kumar Division of Pharmacology & Toxicology, Indian Veterinary Research Insti-
tute, Bareilly, Uttar Pradesh, India

Bhuvnesh Kumar DRDO-Defence Institute of Physiology and Allied Sciences, Timarpur,
Delhi, India

Vivek Kumar Department of Chemistry, Center for Basic Sciences, Pt. Ravishankar Shukla
University, Raipur, India

Prafulla Kumar Ayurvet, Ghaziabad, UP, India

Bhupesh Kumar Center for Basic Sciences, Pt. Ravishankar Shukla University, Raipur,
Chhattisgarh, India

Rajiv Lall Vets Plus Inc., Menomonie, WI, USA

Alexandros Makriyannis Northeastern University, Boston, MA, USA

Jitendra K. Malik IVRI, Dehradun, Uttarakhand, India

Maria Aranzazu Martinez Universidad Complutense de Madrid, Madrid, Spain
Maria Rosa Martinez-Larraiiaga Universidad Complutense de Madrid, Madrid, Spain

Saumya Mehta School of Pharmaceutical Sciences, Jamia Hamdard University, New Delhi,
India

Camillo La Mesa Department of Chemistry “Stanislao Cannizzaro”, Sapienza University of
Rome, Rome, Italy

Neha Meshram Department of Chemistry, Center for Basic Sciences, Pandit Ravishankar
Shukla University, Raipur (C.G.), India

Dejan Milatovic Alexandria, VA, USA

Shruti Mishra Laboratory for Translational Cancer Research, Department of Biochemistry,
Institute of Science, Banaras Hindu University, Varanasi, India

E. Mokantla Department of Agriculture, Forestry and Fisheries, Pretoria, South Africa

V. Naidoo Faculty of Veterinary Science, Department of Paraclinical Science, University
of Pretoria, Pretoria, South Africa

Aleksandra Niedzwiecki Dr. Rath Research Institute, Santa Clara, CA, USA
Amit Kumar Pandey Ayurvet, Ghaziabad, UP, India
Andrew Pham BelCosta Labs, Long Beach, CA, USA

Atul Prakash Department of Pharmacology and Toxicology, College of Veterinary Science
and Animal Husbandry, UP Pandit Deen Dayal Upadhyay Pashu Chikitsa Vigyan
Vishwavidyalaya Evam Go-Anusandhan Sansthan, Mathura, UP, India

Anu Rahal Central Institute for Research on Goat (CIRG), Mathura, Uttar Pradesh, India



xviii

Vipin Rai Department of Biochemistry, Laboratory for Translational Cancer Research, Insti-
tute of Science, Banaras Hindu University, Varanasi, UP, India

Matthias Rath Dr. Rath Research Institute, Santa Clara, CA, USA

Gianfranco Risuleo Department of Biology and Biotechnologies “Charles Darwin”, Sapienza
University of Rome, Rome, Italy

Pushpkant Sahu Department of Chemistry, Center for Basic Sciences, Pt. Ravishankar
Shukla University, Raipur, India

Jacob Anderson C. Sanchez College of Arts and Sciences (CAS), Pampanga State Agricul-
tural University, Magalang, Pampanga, Philippines

Nutraceutical Research Laboratory, Pampanga State Agricultural University (PSAU),
Magalang, Pampanga, Philippines

Geraldine C. Sanchez Nutraceutical Research Laboratory, Pampanga State Agricultural
University (PSAU), Magalang, Pampanga, Philippines

College of Veterinary Medicine (CVM), Pampanga State Agricultural University (PSAU),
Magalang, Pampanga, Philippines

A. Sankaranarayanan Vivo Bio Tech Ltd, Hyderabad, Telangana, India

M. J. Saxena Ayurvet, Ghaziabad, UP, India

Shyam Sunder Sharma Department of Pharmacology and Toxicology, National Institute of
Pharmaceutical Education and Research (NIPER), Mohali, Punjab, India

Rahul Sharma Department of Plant Physiology, Agril. Biochemistry, Medicinal and
Aromatic Plants, Indira Gandhi Agricultural University, Raipur, Chhattisgarh, India

Anshuman Sharma Center for Basic Sciences, Pt. Ravishankar Shukla University, Raipur,
Chhattisgarh, India

Anurag Sharma Division of Environmental Health and Toxicology, Nitte University Centre
for Science Education and Research (NUCSER), Mangaluru, India

Amit Shukla Department of Pharmacology and Toxicology, College of Veterinary Science
and Animal Husbandry, U.P. Pandit Deen Dayal Upadhyaya Veterinary University
(DUVASU), Mathura, Uttar Pradesh, India

Robert J. Silver RX Vitamins, Elmsford, NY, USA

Vidya Rani Singh Department of Chemistry, Center for Basic Sciences, Pandit Ravishankar
Shukla University, Raipur (C.G.), India

Anita Sinha Vets Plus Inc., Menomonie, WI, USA

Vladislav Sobolev Research Institute of Hygiene, Occupational Pathology and Human Ecol-
ogy, Leningrad Region, Russia

Sechenov Institute of Evolutionary Physiology and Biochemistry, St. Petersburg, Russia

Deeksha Sori Center for Basic Sciences, Pt. Ravishankar Shukla University, Raipur,
Chhattisgarh, India

Leon J. Spicer Department of Animal and Food Sciences, Oklahoma State University,
Stillwater, OK, USA

Krishnamoorthy Srinivasan Department of Pharmacology and Toxicology, National Insti-
tute of Pharmaceutical Education and Research (NIPER), Mohali, Punjab, India

Ajay Srivastava Vets Plus Inc., Menomonie, WI, USA

List of Contributors



List of Contributors

XiX
Anil K. Srivastava Agricultural Scientists Recruitment Board, Indian Council of Agricultural
Research, New Delhi, India
Szabina A. Stice Rockville, MD, USA

Jianhua Sun Academy of Sciences, Shanghai Institute of Materia Medica, Center for Drug
Safety Evaluation and Research, Pudong, Shanghai, P.R. China

Jamil Talukder Vets Plus, Inc., Menomonie, WI, USA

Doriana Eurosia Angela Tedesco Department of Environmental Science and Policy,
Universita degli Studi di Milano, Milano, Italy

Maxim Terpilowski Sechenov Institute of Evolutionary Physiology and Biochemistry,
St. Petersburg, Russia

Surabhi Verma Department of Chemistry, Center for Basic Sciences, Pandit Ravishankar
Shukla University, Raipur (C.G.), India

Kavitha Vijayaraghavan Department of Chemical Engineering, Agni College of Technol-
ogy, Chennai, Tamil Nadu, India

Daljit Vudathala PADLS New Bolton Center Toxicology Laboratory, Department of Patho-
biology, School of Veterinary Medicine, University of Pennsylvania, Kennett Square, PA, USA

M. Waheed Roomi Dr. Rath Research Institute, Santa Clara, CA, USA
Feng Wang Amlan Trading (Shenzhen) Company, Ltd., Shenzhen, Guangdong, P.R. China

Ramdas Singh Wangkheirakpam Department of Pharmacology & Toxicology, College of
Veterinary Sciences & Animal Husbandry, R.K. Nagar, West Tripura, India

Christina Wilson-Frank Department of Comparative Pathobiology, Animal Disease
Diagnostic Laboratory, College of Veterinary Medicine, Purdue University, West Lafayette,
IN, USA

Moges Woldemeskel Tifton Veterinary Diagnostic and Investigational Laboratory, Depart-
ment of Pathology, College of Veterinary Medicine, University of Georgia, Tifton, GA, USA

Begiim Yurdakok-Dikmen Department of Pharmacology and Toxicology, Faculty of Veter-
inary Medicine, Ankara University, Ankara, Turkey

Csaba K. Zoltani Emeritus US Army Research Lab, Aberdeen Proving Ground, Aberdeen,
MD, USA



Part |

Common Nutraceuticals
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Abstract

Turmeric root is an ancient Ayurvedic herb, and it is used
as a spice, and in very low doses, it may modulate
immune-inflammatory diseases of the gut, joints, brain,
and body in turmeric-consuming part of the world. Tur-
meric contains more than 235 active ingredients including
essential oils, curcuminoids (>89), and turmerosac-
charides as well as curcuminoid-free ingredients and
fiber. These phytochemicals and fiber as well as their
metabolites and products of microbial degradation may
act in additive or synergistic fashion as a modulator of
persistent dysregulated chronic immune inflammation and
pain in horses, pets, and people. The limited preclinical
data support that low doses of turmeric or its active ingre-
dient (curcumin/curcuminoids) may have modulatory
applications in preventing or treating immune-
inflammatory diseases of the eyes, brain, joints, and gut
in pets and people. The standardized turmeric (ST) is a
novel concept; it is based on a recently filled patent. ST
may reduce the need for analgesics (opiates),
antidepressants, steroids, and anticancer medications.
Using the latest drug-targeted delivery and reliable clinical
trial strategies, ST may be considered for R&D for the
prevention and treatment of OA, dementia, and other
age-related diseases of the eyes, brain, gut, and joints in
pets and humans. The consumers need to be aware of the
adulterations of turmeric and its extracts.
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Standardized turmeric - Curcumin - Modulator of persis-
tent dysregulated chronic immune inflammation and pain -
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1 Introduction

Turmeric is the dried rhizome (root) from three major
varieties of the Curcuma longa plant—Curcuma aromatica
(wild turmeric, South Asia), Curcuma wenyujin (China), and
Curcuma domestica (Thailand). It is an herbaceous perennial
plant which belongs to the ginger family, Zingiberaceae.
Turmeric is native to Southeast Asia particularly to the
Indian subcontinent. It is cultivated in India, China,
Thailand, Indonesia, Japan, and other tropical regions includ-
ing Africa (Gopinath and Karthikeyan 2018). More than
133 different species of turmeric have been identified (Prasad
and Aggarwal 2011). The composition of turmeric has
been summarized in Table 1. Turmeric root contains
curcuminoids, curcumin-free ingredients, essential oils,
water-soluble turmerosaccharides, and fiber. The amount of
medicinal ingredients such as curcumin/curcuminoids in tur-
meric powder may vary considerably from region to region
(Ashraf et al. 2015). This may depend on the species, phylo-
genetic and epigenetics of the turmeric plant, cultivation
practices, soil nutrition, rainfall, and sun exposure, as well
as different extraction methods. Native turmeric’s more than
235 complex phytochemicals naturally assemble in the roots
and may exert additive or synergistic health beneficial effects
(Aggarwal et al. 2013; Javeri and Chand 2016; Li et al.
2011). Turmeric may be considered the “poor man’s aspirin”
as it is available in every Indian home and is affordable as
food (spice).

Pulverized turmeric root is an ancient Ayurvedic herb
(spice) often used for cosmetic, religious, and spiritual
festivities as well as for flavoring and coloring foods in
traditional cooking. It is also used as a traditional herbal
medicine since ancient times in India and other turmeric-
consuming parts of the world. In addition, small quantities
of turmeric are used two or three times a day as a flavoring
spice in the Indian subcontinent and Southeast Asia. Tur-
meric alone, or in combination with other herbs, is seasoned
by frying in cooking oil or ghee (clarified butter) before
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Table 1 Composition of turmeric and major curcuminoids

Turmeric constituents Curcuminoids

% (WIw) %
Curcuminoids 1.4-5% Curcumin 60-70
Essential oils 3-7 Demethoxycurcumin 20-27
Fiber 2-7 Bismethoxycurcumin 10-15
Minerals 3-7
Fat 5-10
Protein 6-8 Turmerosaccharide 10
Carbohydrate 60-70
Moisture 6-13

Modified after Nelson et al. The essential medicinal chemistry of
curcumin. Mini-perspective. J Med Chem 60, 1620-1637
4Ashraf et al. (2015)

adding beans, grains, rice, and vegetables. This method is
part of the lipidation (solubilization), activation, and stabil-
ization of turmeric’s active ingredients. It is used as food, and
it may offer some health benefits in early stages of chronic
diseases. This ancient formulation method (may resemble to
nanotechnology of the modern era) is used in traditional
Indian kitchens. It may improve the bioavailability of
phytochemicals in turmeric. The traditional Indian kitchen
is a living and functional polypharmacy. Turmeric use has
been described to prevent food and lung allergies, aches,
pain, flu, common cold, skin wounds, and digestive and
other disorders; it has been used to overcome the effects of
concussions (TBI) and has been used in many herbal formu-
lations (>800) in dietary supplements for prevention of a
wide variety of diseases (Gopinath and Karthikeyan 2018).
The safety and efficacy of these combinations (nutraceuticals
or dietary supplements on the market) have not undergone
rigorous testing in animals and people suffering with
immune-inflammatory diseases of the joints, gut, and brain.

The health benefit of turmeric or its active ingredients,
such as curcumin, may be more pronounced during early
disease states (Javeri and Chand 2016; Sundaram et al.
2017; Kumar et al. 2018). Therefore, turmeric or
curcuminoids and other ingredients are likely to be part of
the preventive strategies rather than a cure. Standardized
turmeric (meaning containing 1.4, 3, 5% curcumin, Chand
2018) and other ingredients at low doses may be used as an
adjunct therapy in the management of dysregulated persistent
chronic immune-inflammatory diseases of the musculo-
skeletal, gastrointestinal (digestive), pulmonary, cardio-
vascular, and nervous systems.

Ayurveda is an ancient art of restoring “homeostasis”
under early disease states. It proposes that the amount of
spice or its active ingredient(s) does not follow a perfect
relationship to effectiveness (pharmacokinetics/pharmaco-
dynamics (PK/PD) modeling)—meaning that more is not
better. Preclinical studies in Alzheimer’s mouse models
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support this concept (Lim et al. 2001; Begum et al. 2008).
In fact, the opposite situation may occur at higher doses,
meaning higher dose may negate its own health benefits
(Dr. Frautschy UCLA; personal communication). One of
the Ayurvedic medicine’s basic principles is that efficacy
cannot be related to plasma levels of a major ingredient in a
spice (herb), and the whole herb is often more efficacious
than its individual ingredients. In most preclinical studies, the
distribution of active ingredient(s) of turmeric to site of action
(inflammation or disease states) is not carefully investigated.
The active ingredients of turmeric seem to be preferentially
delivered to the site of inflammation (personal observation)
and the brain of mice with progressive Alzheimer’s disease
state (Begum et al. 2008).

Curcumin, chemically known as (1E, 6FE)-1,7-bis
(4-hydroxy-3-methoxyphenyl) hepta-1,6-diene-3,5-dione, is
a highly pleiotropic natural polyphenolic chemical (Fig. 1).
Recently, Kumar et al. (2018) summarized the potential use
of curcumin in aging-related diseases. Curcumin is one of the
active ingredients in the spice turmeric—a routinely used
spice in traditional Indian cuisine. Curcumin is known to
exert numerous in vitro and in vivo pharmacological activ-
ities in experimental animals often at relatively high doses
(concentrations). The broad pharmacological profile of
curcumin in experimental animals tends to suggest that it
may exert health beneficial effects; however, clear clinical
evidence of efficacy in any disease state is still lacking.

Over the past decade, the field has made enormous pro-
gress in improving the bioavailability of curcumin (Gopi
et al. 2017). In addition to improvement of curcumin’s bio-
availability (pharmacokinetics), high doses of curcumin were
utilized in most clinical trials conducted so far. Neither
improvement of bioavailability nor increased dose improved
curcumin’s efficacy in Alzheimer’s disease in humans
(Mazzanti and Di Giacomo 2016). This is in agreement
with the Ayurvedic principle—more of one active ingredient
is not better (Begum et al. 2008; Chand 2018).

The chemical structure of major curcuminoids—
curcumin, demethoxycurcumin, and  bisdemethoxy-
curcumin—and major metabolites of curcumin is shown in
Fig. 1.

Curcumin is an unstable, reactive, and non-bioavailable
physiochemical, and therefore it is not a lead candidate for
R&D. This concept is likely to be true when high “astro-
nomical” doses of curcumin are utilized in animals or
patients, but low doses of standardized turmeric or curcumin
may present R&D opportunities which should be explored. In
this book chapter, I (as a lifelong Ayurvedic scholar and an
R&D pharmacologist since 1981) take a different perspective
on this subject matter of great economic and healthcare
importance for aging populations. Standardized turmeric
(containing 3, 9, 27, or 81 mg curcuminoids) taken with
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food two to three times a day for life may have some long-
term potential for slowing the age-related progression of
chronic diseases in pets, including horses, and people. This
chapter described the effects of turmeric or low doses of
curcumin in animals, which may have some clinical rele-
vance in the prevention of chronic illnesses of the joints,
digestive system, eyes, brain, etc.

Curcumin may act as an immune modulator (Mollazadeh
et al. 2017). Low doses of standardized turmeric or curcumin
(curcuminoids) taken as a dietary supplement (as food/spice)
for long duration (lifelong exposure) may exert modulation
of immune inflammation in many chronic disease states
including chronic pain, inflammatory bowel disease (IBD),
osteoarthritis, and Alzheimer’s disease (Javeri and Chand
2016; Lim et al. 2001; Begum et al. 2008; Sundaram et al.
2017). Furthermore, turmeric, which contains diverse and
complex phytochemicals (>235; 69 curcuminoids), may
serve as a preventive (modulatory) agent or as an adjunct
therapy. It may reduce the need for medications such as
opiates, NSAIDs, steroids, antiarthritic, or anti-gout, as well
as anticancer agents. In other words, low doses of ST, espe-
cially when taken as a spice (herb in low doses) added to
foods on regular basis—rather than in a pill (capsule)—may
act as an adjunct therapy in many diseases with underlying
dysregulated persistent chronic immune inflammation in
aging pets, horses, and people.

The products of bioactive degradation and microbial
metabolism of curcuminoids, polysaccharides, curcumin-

free phytochemicals, and fiber in the digestive system may
exert regulatory effects on genetics, epigenetics, protostomes,
and function of microbiota in the digestive system. The
photochemical metabolites from the liver and microbiota
processing may exert additive or synergistic activity in
modulating the gut-immune-brain axis, the colon and its
surroundings—permeability and barrier functions of epi-
thelium in immune-inflammatory diseases of the gastro-
intestinal tract and infections, constipation, and diarrhea. In
Ayurvedic medicine, mild laxative effects of turmeric or ST
and its interaction with microbiota in the digestive system
have been suggested to improve gut-brain functioning
(Shen et al. 2017).

Low doses of turmeric (~200-300 mg, once a day, BID)
and curcumin (~3-30 mg once a day, BID, in foods) are often
considered safe. In addition, many people in non-turmeric-
consuming nations may be using too much of these dietary
supplements—curcumin (curcuminoids) and turmeric alone
or in combination with other dietary supplements and
medications. They may not be benefiting from using these
higher doses, and in fact, some may face adverse conse-
quences, especially among seniors taking three to ten medi-
cations. Such drug-drug interactions remain to be evaluated.
The efficacy and safety of standardized turmeric (ST) in
disease states in pets and people taking various other medi-
cations or supplements is warranted. The level of various
ingredients at the inflammatory site or brain or in cancer
tissues in the disease states in dogs, cats, or horses may



offer better understanding of the absorption, distribution,
metabolism, and excretion (ADME; pharmacokinetics—
PK) and drug delivery issues in using herbs (nutraceutical
“dietary supplements”) in foods as well as adjunct medicine.
The long-term use of low doses of ST as an oral supplement
or as nanoparticles in disease states in pets and people may
help in lowering the doses of medications such as NSAIDs,
opiates, steroids, anticancer, anti-gout, anti-RA, and
CNS-acting drugs. Thus, ST and other formulations of
curcumin (curcuminoids, turmerosaccharides, curcumin-free
phytochemicals) may exert sparing effects on morphine,
steroids, and other medications.

2 Chemical Composition

Jia et al. (2017) reviewed and offered details about the chem-
ical constituents of turmeric. It contains curcuminoids,
steroids, terpenoids, flavonoids, and phenylpropene
derivatives and alkaloids. The major curcuminoid (curcumin)
has been extensively studied in preclinical animal models. In
addition to turmeric’s three major curcuminoids, there are
several minor curcuminoids, which may exert significant
bioactivities. They identified 89 curcuminoids in the turmeric
samples using ultrahigh-performance liquid chromatography—
quadrupole time-of-flight tandem mass spectrometry. Ashraf
et al. (2015) demonstrated that content of curcuminoids in
turmeric varies significantly from region to region of India
(1.4-5.0%).

Commercially available curcumin contains at least three
curcumin compounds including curcumin, demethoxy-
curcumin (DMC), and bisdemethoxycurcumin (BDMC) in a
ratio of 66, 23, 11, respectively.

3 Turmeric Consumption

Prasad and Aggarwal (2011) summarized multiple uses of
turmeric in Asian cuisine and its consumption. It is used as a
preservative and antimicrobial agent and is used in making
pickles (mango, limes, lemons, and others) and savory and
sweet dishes and is widely used in Eastern cooking
specialties. The consumption of turmeric in Asian countries
in humans is in the range of 200-1000 mg/day (160—440 g/
person/year, often costing less than $1 dollar). Intake in urban
areas is lower (200 mg/day/person) than in rural areas
(600 mg/day/person). This information may be used in trans-
lational sciences, meaning the consumption of curcumin from
turmeric in Asian countries in humans is in the range of
2.8-30 mg/day (average of 15 mg/day; Chand 2018). In the
USA, most people (healthy enthusiasts) are using 1-5 g of
turmeric every day which is >5-25 times of that used in
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India. High doses of herbs often act as prooxidant and
pro-inflammatory. Because of high consumption and demand
for turmeric in Western countries, the adulteration with lead
and other products has become a common practice.

3.1 Safety
Turmeric use (low dose) as a spice in food is safe for human
consumption. However, high doses may alter taste and dis-
turb gastrointestinal functions leading to nausea, diarrhea,
and vomiting. Gupta et al. (2013) summarized that curcumin
is safe in rodents, primates, horses, rabbits, cats, and humans.
Curcumin inhibits the activity of drug-metabolizing enzymes
such as cytochrome P450, GST, and
UDP-glucuronosyltransferase in vitro and in animal models.
Therefore, the possibility exists that drug-drug interaction in
patients taking medications such as acetaminophen, digoxin,
and morphine may increase the plasma concentrations after
curcumin dosing. This may lead to potential drug safety
concerns. Curcumin is an active iron chelator and induces
anemia in mice fed iron-poor diets. These possibilities such
as GI effects—nausea, diarrhea, and vomiting—anemia, and
bleeding, under some circumstances, need to be kept in mind
while advancing the R&D on standardized turmeric and
curcumin (Gupta et al. 2013; Chand 2018).

It remains to be explored if standardized turmeric
(containing >235 phytochemicals, essential oils, and fiber)
offers better efficacy and safety than curcumin alone.

4 Pharmacokinetics

Despite a vast amount of publications on curcumin, detailed
oral pharmacokinetic studies using turmeric and curcumin/
curcuminoids (many formulations and brands) are still
lacking. Following the latest PK/PD modeling and analytical
techniques, detailed oral pharmacokinetic studies using tur-
meric or curcumin/curcuminoids (many formulations and
brands) in the blood (cells) and tissues of cats, dogs, and
horses living with chronic immune-inflammatory diseases are
warranted. Such investigations would help in finding safe,
effective, preventive, and therapeutic nutraceuticals for many
diseases of pets and people.

Curcumin is insoluble in aqueous media; is unstable under
conditions of ambient light, room temperature, and basic pH;
and is readily metabolized or degraded upon oral dosing
(Matabudul et al. 2012). Limited pharmacokinetic studies in
mice (Begum et al. 2008), rats (Suresh and Srinivasan 2010),
dogs (Bolger et al. 2017, 2018; Matabudul et al. 2012), and
human (Schiborr et al. 2014; Small et al. 2017; Bolger et al.
2018) have been reported. Matabudul et al. (2012) studied
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PK profiles following prolonged intravenous infusion of
curcumin (10 mg/kg lipocurc™, either over 2 h or over 8 h)
in dogs. The ratio of tetrahydrocurcumin (THC)/curcumin
was highest in hippocampus > brainstem > striatum > spleen.
Based on the data obtained in this study, they raised the
possibility that this formulation may facilitate distribution
into tissues via a transporter-dependent mechanism and that
elevated tissue concentrations of curcumin may inhibit or
saturate a putative reductase enzyme converting curcumin
to THC in the body.

Bolger et al. (2017) investigated the distribution of
curcumin (Lipocurc™) and its major metabolite tetrahydro-
curcumin (THC) in dog (Beagles) and human red blood cells,
peripheral blood mononuclear cells (PBMC), and
hepatocytes. They observed a good correlation between the
species differences of red blood cell metabolism of curcumin
to THC and in vivo plasma levels of curcumin and THC from
clinical studies. They found that curcumin’s distribution into,
and metabolism by, red blood cells significantly impacts the
ADME (pharmacokinetics) of curcumin. They reported many
species-related differences in distribution of curcumin and
THC in dogs and humans. The metabolism of curcumin to
THC was similar. Curcumin distribution into PBMC from
patients with chronic lymphocytic leukemia (cancer) was
higher compared to PBMC from healthy individuals. The
greater distribution of curcumin into PBMC in patients with
cancer may have therapeutic advantage (Bolger et al. 2018).

Suresh and Srinivasan (2010) studied pharmacokinetics
following oral administration of piperine (170 mg/kg) and
curcumin (500 mg/kg) in rats. The tissue concentrations of
curcumin and piperine were determined by HPLC.
Curcumin’s bioavailability was 63.5% with a C,,x at 1 h
(intestine) and 6 h (blood) and remained at significantly
higher level even at 24 h. Only a small portion of curcumin
(0.2%) was excreted in urine. Concomitantly oral administra-
tion with piperine improved curcumin’s intestinal absorption
and stayed significantly longer in the body tissues. Curcumin
was detected in the brain at 24, 48, and 96 h with a maximum
at 48 h. They concluded that curcumin could be traced in the
brain following its oral administration, and its bioavailability
can be improved by co-administration with piperine. The
long-term clinical studies using turmeric or curcumin at low
doses are needed in pets, horses, and people.

Schiborr et al. (2014) conducted a randomized small
crossover study in healthy subjects (13 women, 10 men). A
single oral dose of 500 mg curcuminoids as native powder,
micronized powder, or liquid micelles was utilized. Blood
and urine samples were collected for 24 h, and total
curcuminoids and safety parameters were quantified. In the
area under the plasma concentration-time curve (AUC),
micronized curcumin indicated 14-, 5-, and 9-fold and micel-
lar curcumin 277-, 114-, and 185-fold better bioavailable
than native curcumin in women, men, and all subjects,
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respectively. Curcumin was better absorbed in women than
men. Both the micronized powder and, in particular, the
liquid micellar formulation of curcumin significantly
improved its oral bioavailability without altering safety
parameters. The liquid micellar formulation of curcumin or
nanoparticle may be well suited to deliver curcumin in human
intervention trials. All safety parameters remained within the
reference ranges following the consumption of these
formulations. The observed differences in curcumin absorp-
tion (pharmacokinetics) warrant further ADME investigation
in pets and horses of both genders.

5 Mechanism of Action

The precise mode of action for turmeric and curcumin
(curcuminoids) remains unknown. Javeri and Chand (2016)
and Kumar et al. (2018) summarized that curcumin may act
via multiple modes of action. It may act as modulator of
dysregulated immune inflammation. Curcumin is well
known to influence many genes, epigenetic steps, enzymes,
and pathways. This profile may be relevant to its broad
spectrum of pharmacology (Javeri and Chand 2016; Cavaleri
2018; Kumar et al. 2018; McCubrey et al. 2017).

Colitti et al. (2012) evaluated the effects of dietary
curcumin (CurcuVet, 4 mg/kg BID for 20 days, n = 6) and
compared it with NSAID (firocoxib, 5 mg/kg BID for
20 days, n = 6) in dogs suffering with osteoarthritis (OA).
This small clinical trial was designed to study the effects of
NSAID or dietary administration of curcumin on canine
transcriptome using circulating leukocytes. This study
highlights the complexities of mode of action of curcumin
on gene level using a chronic disease model. At the end of the
treatment on day 20, a reduction of pain and a partial recov-
ery of articular function were observed by the veterinarians.
On day 20, these investigators discovered that curcumin
treatment reduced 228 downregulated genes to 110 and
reduced 271 upregulated genes to 31. Treatment with
curcumin (CurcuVet, 4 mg/kg BID for 20 days, n = 6) altered
gene expression, inhibited macrophage proliferation,
downregulated genes involved in inflammatory response
(TNFa, TLR4, IL8, IL18, and MAPK14), and upregulated
Ikp in the TNRFI signaling pathway (improving communi-
cation between immune cells), as well as activated genes
involved in fibrinolysis. However, NSAID upregulated
genes (TNFa, TLR4, IL8) but did not influence genes (IL18
and IkP) in the TNRF1 signaling pathway. These findings
show differential modulation of genes by curcumin and
NSAID. A long-term large clinical trial is warranted in
aging cats, dogs, horses, and people suffering with OA and
other dysregulated chronic immune-inflammatory diseases of
the joints, brain, eyes, and digestive system. In this study, the
effect size was highly variable. These investigators
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concluded that due to the small number of dogs (six) in the
study and highly variable clinical effect size, the clear proof
of clinical efficacy could not be established.

In the brain, diverse mechanisms of action may involve
modulation of transcription pathways, protostomes,
neurogenesis, and the hypothalamic-pituitary-adrenal axis
as well as immune inflammatory pathways (Seo et al.
2015). The potential antiarthritic effects of turmeric or its
extracts may be related to the establishment of equilibrium
between catabolism and anabolism of joint cartilage as well
as its well-known broad spectrum of anti-inflammatory
activities. In 2016, de Oliveira et al. provided evidence that
curcumin improves mitochondrial dynamics—mitochondrial
biogenesis and mitophagy (a key step in keeping the cell
healthy). They also elegantly summarized curcumin biosyn-
thesis, source, bioavailability, and metabolism.

The long-term effect of turmeric- or curcumin-containing
dietary supplements (nutraceuticals) and medications using
wide dose ranges and longer duration of treatment on gene
transcription (expression and function in circulatory
leukocytes or at the site of inflammation such as the joints
or the brain) in horses, pets, and patients living with specific
diseases may offer reliable, reproducible, and viable
biomarkers of clinical efficacy and safety. This knowledge
may help the R&D experts in discovering and formulating
safer and effective combination(s) of herbs or their active
ingredients.

6 Digestive System

Inflammatory bowel disease (IBD), a chronic immune disor-
der of the digestive system, is very common in cats and
humans. IBD can be divided into two subgroups: Crohn’s
disease (CD) and ulcerative colitis (UC). The current phar-
macological approaches for treating IBD are generally not
curative and are often associated with serious side effects.
The disease-altering medications, such as thiopurines, meth-
otrexate, tacrolimus, thalidomide, cyclosporine, and
infliximab, are expensive. Brumatti et al. (2014) and Neto
et al. (2018) have reviewed and summarized the pathogenesis
of IBD and its current therapeutic approaches and potential
therapeutic utility of curcumin. Often there is a strong rela-
tionship between nutrition and IBD pathogenesis. Therefore,
developing new dietary strategies using turmeric or its active
phytochemicals such as curcumin may open a door for
finding an affordable adjunct therapy and prevention
approach for the early stages of IBD. They concluded that it
is necessary to find the suitable dose of curcumin and optimal
duration of treatment for preventing or treating the recurrence
of IBD. Turmeric or its active ingredients may act by decreas-
ing the mucosal immune inflammation and dysbiosis in acute
and chronic IBD.
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Turmeric has been used in Ayurvedic and traditional folk
medicine in the management of inflammatory disorders
including IBD. Therapeutic concentration of turmeric and
its active ingredients such as curcumin may be achieved in
the gastrointestinal tract after oral dosing. This may make it a
good candidate for the prevention and treatment of IBD
(Hanai et al. 2006; Brumatti et al. 2014; Lang et al. 2015;
Neto et al. 2018; Bastaki et al. 2016; Yang et al. 2018). Poor
aqueous solubility, poor absorption, bio-distribution, rapid
metabolism, and fast elimination of curcumin may cause
limitations in its clinical development (Brumatti et al. 2014;
Javeri and Chand 2016). However, this profile may be desir-
able for R&D for IBD. It remains to be discovered if
standardized turmeric may overcome such challenges in
treating digestive diseases (IBD and diarrhea) in cats, dogs,
and people.

Bastaki et al. (2016) evaluated the effect of turmeric on
colon histology, body weight, ulcer, IL,3, MPO, and gluta-
thione in acetic acid-induced IBD in rats. Turmeric powder
(1, 10, and 100 mg/kg/day) was administered orally for
3 days before or 30 min after the induction of IBD. This
treatment was found to reduce macroscopic and microscopic
ulcers, IL,3, myeloperoxidase, and GSH (reduced glutathione
peroxidase). The lowest dose of turmeric (1 mg/kg) caused a
significant decrease in mean macroscopic ulcer and score
after day 7, when compared to untreated groups. Interestingly
a high dose (100 mg/kg) also caused a significant (~50%)
reduction after 2 days. High dose had no significant effect on
mean macroscopic ulcer and score after 4 and 7 days of IBD.
They also observed that this treatment increased body weight
and reduced colitis-related oxidative stress. The 10 mg/kg
dose appeared to be the ideal dose in rat IBD model. These
investigators suggested a possibility of developing C. longa
(turmeric) as a safe and potent anti-inflammatory and antiox-
idant herbal remedy in the management of IBD.

Hanai et al. (2006) studied the effect of curcumin on
ulcerative colitis (UC). Patients suffering with UC were
given sulfasalazine (1.0-3.0 g/day) or mesalamine
(1.5-3.0 g/day) plus 2 g curcumin (1 g taken after breakfast
and 1 g after the evening meal), or placebo, for 6 months.
Patients were then followed for an additional 6 months, dur-
ing which either SZ or mesalamine was continued. All
medications except SZ or mesalamine were discontinued
4 weeks before starting this study. Eight of 39 patients in
the placebo group relapsed, whereas 2 out of 43 patients on
curcumin relapsed during the 6 months of therapy. These
authors concluded that curcumin may be a safe and effective
medication for maintaining remission in patients with
Crohn’s disease or UC. In another study, IBD patients were
given curcumin (360 mg/dose) three to four times a day for
3 months. This treatment significantly reduced clinical
relapse in patients with quiescent IBD. The inhibitory effects
of curcumin on inflammatory mechanisms like NF-xB,
COX,, LOX, and TNFa and its safety profile suggest that
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curcumin or turmeric may have some prospects in the treat-
ment of IBD. They recommended that randomized controlled
clinical investigations in large cohorts of patients are
warranted to fully evaluate the clinical potential of curcumin
(Hanai and Sugimoto 2009). Similar well-designed long-term
clinical studies using turmeric or its active ingredients need to
be conducted in cats and dogs suffering from digestive
diseases such as diarrhea and IBD.

Later, Lang et al. (2015) demonstrated that the addition of
curcumin to mesalamine was superior to the combination of
placebo and mesalamine in inducing clinical and endoscopic
remission in patients with mild-to-moderate active
UC. Patients received 1 month of add-on therapy of 3 g oral
capsules of curcumin or an identical placebo in two divided
doses daily (consisting of three capsules twice a day before
meals). This addition did not produce any apparent adverse
effects. They concluded that curcumin may be a safe and
effective agent for the management and treatment of UC.

Shen et al. (2017) evaluated the effects of oral curcumin
administration on the gut microbiota of C57BL/6 mice.
Curcumin significantly affected the abundance of several
representative families in gut microbial communities includ-
ing Prevotellaceae, Bacteroidaceae, and Rikenellaceae. Dou
et al. (2018) studied the effect of curcumin (100 mg/kg/day
PO for 14 days) on collagen-induced arthritis (CIA) in rats.
They demonstrated that curcumin attenuates CIA through
modulating the function of the cholinergic system in the
gut-brain axis.

Yang et al. (2018) administered curcumin or tetrahydro-
curcumin orally (0.1 or 0.25 mmol/kg daily) for 7 days
before and together with dextran sulfate sodium (DSS
administration, 3% in tap water) in mice. Oral dosing of
curcumin significantly reduced the severity of DSS-induced
colitis. This treatment also reduced the activation of NF-xB
and STAT3 as well as expression of COX-2 and inducible
nitric oxide synthase. Tetrahydrocurcumin exerted weak
inhibitory effects. This group of scientists concluded that
oral administration of curcumin inhibits experimentally
induced murine colitis. This effect was associated with inhi-
bition of pro-inflammatory signaling mediated by NF-xB
and STATS3.

Ohno et al. (2017) studied the effect of nanoparticle
curcumin on the development of DSS-induced colitis in
mice. The rodent diet was mixed with nanoparticle curcumin
(0.2%). The administration of nanoparticle curcumin was
started 7 days before DSS administration. This treatment
significantly improved mucosal permeability and reduced
body weight loss, disease activity index, and histological
colitis score. This treatment significantly reduced NF-xB
activation in colonic epithelial cells and mucosal mRNA
expression of inflammatory mediators and increased the
abundance of butyrate-producing bacteria and fecal butyrate
level. This was accompanied by increased expansion of CD4

+ Foxp3+ regulatory T cells and CD103+ CD8a— regulatory
dendritic cells in the colonic mucosa. They concluded that
nanoparticle curcumin may be a promising candidate as a
therapeutic option for the prevention and treatment of IBD.

McCann et al. (2014) demonstrated that turmeric, partly
due to its curcumin content, exerts a beneficial effect on two
gene variants linked to IBD severity. Turmeric reduces the
abnormal transport function of the SLC22A4 503F variant
(authenticated cell lines Flp-In™ 293 (FIp293) and
293/TLR4-MD2-CD14). It also increases the activity of the
IL;o promoter variant, which was reduced in IBD. They
suggested that IBD sufferers with the defective gene variants
may benefit from turmeric consumption. These in vitro
observations suggest a need for conducting long-term clinical
studies using standardized turmeric and/or other curcumin
formulations in pets, horses, and people suffering with IBD.

Bland et al. (2017) studied the effects of liposomal
curcumin on five opportunistic bacterial strains in the equine
hindgut. Horses often suffer gastrointestinal (GI) tract
illnesses such as colic, enterocolitis, diarrhea, and inflamma-
tory bowel disease. The intestinal tract in horse is sensitive
and contains a highly complex microbial population.
Infections, immune inflammation, and colic may occur as a
result of a shift in the microbial population, or dysbiosis. The
use of nutraceuticals in the equine industry is on the rise, and
curcumin possesses antimicrobial properties that may help in
minimizing the proliferation of opportunistic bacteria.
C. perfringens, C. difficile, E. coli in general and K-12, and
Streptococcus bovis/equinus complex (SBEC) are common
opportunistic bacteria found in the hindgut of horses.
Liposomal curcumin at higher doses has the potential to
increase the concentration of opportunistic bacteria, which
would contribute to microbial dysbiosis rather than mitigate
it. The use of standardized turmeric or its active ingredients as
nanoparticles, and a wide range of low doses with a longer
treatment period, may restore homeostasis in the gastrointes-
tinal system during disease states such as enterocolitis, diar-
rhea, and inflammatory bowel disease and dysbiosis. It may
exert antimicrobial properties without adversely affecting
cecal characteristics.

Turmeric, or its curcuminoids (curcumin) and other active
ingredients, may slow the progression of dysregulated persis-
tent chronic immune inflammation in the wall of the intestine
if the treatment is started in the early stages of IBD. The
regular use of low doses of turmeric or its extracts as dietary
supplement or as spice (as food) may also reduce the need for
disease-altering medications in the gastrointestinal tract.
Clinical long-term studies using a wide dose range of tur-
meric or curcumin in pets, horses, and people living with
mild-to-moderate IBD are warranted.

In conclusion, curcumin, or its novel nano-formulations,
or standardized turmeric (containing >235 phytochemicals,
fiber, and their degradation products by the gut microbiota)
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may alter permeability and epithelial barrier function of the
gastrointestinal (GI) tract by altering the macro- and micro-
environment in IBD (UC and CD) in cats, dogs, and people.
Turmeric, or its active ingredients’ broad spectrum of the
mechanism of action, especially under immune inflammatory
states in the gastrointestinal tract, may restore homeostasis
and may slow the progression of IBD, if treatment is started
in the early stages.

7 Common Cold and Infections

Cats and dogs often suffer from ear, skin, urinary, and blad-
der infections and common cold. The anti-inflammatory,
antibacterial, and antiviral activities of turmeric and curcumin
may help in preventing or treating infection in pets and
people. Kennel cough (common cold) is common in cats
and dogs. There is a need for finding natural products or
extracts to deal with the emergence of drug-resistant influ-
enza viruses and the threat of pandemics in pets and people.
Turmeric and curcumin may act in additive or synergistic
fashion with anti-infective agents.

The three new chemical entities and ten known
curcuminoids isolated from a methanol extract of turmeric
strongly inhibited neuraminidases from two influenza viral
strains, HIN1 and HIN2. This inhibition was noncompetitive
with ICsq values ranging from 6.18 =+ 0.64 t0 40.17 £ 0.79 pg/
ml and 3.77 + 0.75 to 31.82 + 1.33 pg/ml, respectively. Three
compounds (4, 5, and 13) also exhibited significant inhibitory
activity against the neuraminidases from novel influenza
HINIT (WT) and oseltamivir-resistant novel HIN1 (H274Y
mutant) expressed in 293T cells. These findings suggest that
turmeric or its curcuminoids may have preventive and thera-
peutic potential in the prevention and treatment of diseases
caused by influenza viruses.

Recently, Han and his team (2018) demonstrated that
daily oral dose of curcumin (100 mg/kg for 7 days) inhibited
influenza A virus (IAV) in vitro and reduced the severity of
the disease in mice. Curcumin was found to trigger expres-
sion of heme oxygenase-1 in vivo and attenuate IAV-induced
lung injury. Furthermore, curcumin regulated immune
response following IAV infection through inhibiting produc-
tion of local inflammatory cytokines and NF-xB signaling in
macrophages and by enhancing IkBa and AMPK. These data
suggest that turmeric or its extract may have promising effi-
cacy in viral pneumonia.

Nonsurgical traumatic wounds lead to bacterial infections.
These infections can be a life-threatening medical situation,
especially those caused by multidrug-resistant (MDR) bacte-
ria with limited therapeutic options. The antimicrobial activ-
ity of polymyxin B and curcumin, alone and in combination,
was determined to be effective against MDR bacterial

N. Chand

isolates associated with traumatic wound infections. In the
presence of curcumin, the minimum inhibitory
concentrations of polymyxin B were significantly reduced
by a factor of 3- to 10-fold, and it reduced the cytotoxicity
of the antibiotic. These findings demonstrate that curcumin
exerts antibiotic-sparing effects and this combination acts in a
synergistic fashion (Betts et al. 2016). These studies suggest
the developing combination formulations containing tur-
meric or curcumin with antibiotics. This approach may help
to reduce the prevalence of multidrug-resistant (MDR) bacte-
ria in hospital settings.

8 Osteoarthritis (OA, Degenerative Joint
Disease)

The most common aging-associated diseases in pets and
people include dysregulated and persistent chronic immune
inflammation, osteoarthritis, rheumatoid arthritis, diabetes,
obesity, atherosclerosis, neurodegenerative diseases, hyper-
tension, ocular diseases, osteoporosis, cancer, cardiovascular
diseases, and chronic kidney diseases, as well as infections. A
vast body of literature on turmeric and its active ingredient,
curcumin, shows that they have potential for preventive
medicine in aging-associated diseases. Dende et al. (2017)
demonstrated that nano-formulated curcumin has a better
therapeutic index than the native form of curcumin. Kumar
et al. (2018) reviewed the potential role of curcumin and
nanocurcumin with improved stability and oral bioavailabil-
ity and its putative mechanism of action and recent advances
in the management and treatment of aging-associated
diseases.

Aging horses exhibit chronic, low-grade inflammation,
which is often associated with many afflictions including
laminitis and osteoarthritis. Nonsteroidal anti-inflammatory
drugs (NSAIDs including flunixin, meglumine, and phenyl-
butazone) are effective in treating acute inflammatory
conditions. The chronic long-term treatment with NSAIDs
may result in negative side effects. Curcumin (20 pg/ml) was
found to inhibit lymphocyte pro-inflammatory cytokine
production in aging horse in vitro (Siard et al. 2016). The
long-term preventive and therapeutic effect of standardized
turmeric, curcumin, and nanocurcumins (targeted drug deliv-
ery technologies) on aging-associated diseases in aging pets,
horses, and people are warranted.

In dogs, osteoarthritis (OA) is one of the most common
causes of lameness. OA is caused by a deterioration of
cartilage in the joints. It leads to inflammation, loss of range
of motion of the joint, and pain. More than ten million dogs
suffer from OA in the USA alone. Repeated traumatic insults
to the joints (hip or elbow), joint dysplasia, aging, obesity,
and excessive jumping or running or playing or hunting or
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other genetic risk factors may result in osteoarthritis in dogs.
It is a multifactorial disease of the joints. Akuri and his
associates (2017) summarized the pathophysiology of
OA. A series of biomechanical and pathophysiological
events perpetuate structural degenerative changes in the
joint, which often leads to crippling pain, long-term disabil-
ity, and poor quality of life. Good nutrition, functional foods,
caloric restriction, exercise, and herbs (dietary supplements
as food) may reduce the need for pain medications (opiates)
and anti-inflammatory agents (NSAIDs and cortisone) in pets
and people suffering with OA. For preventive strategies,
early diagnosis and intervention of OA and comorbidities is
absolutely necessary. Besides preventive strategies (proper
nutrition, exercise, weight loss, caloric restriction),
Ayurvedic herbal supplements in oils (emu oil, coconut oil,
hemp oil, or fish oil, omega-3) may offer promise in manag-
ing chronic OA.

Analgesics (opiates), NSAIDs, and cortisone are often
used in managing OA in aging pets and people. Their clinical
utility is limited by adverse effects, low systemic absorption,
and high costs. It remains to be discovered if curcumin or
turmeric would reduce the need for NSAIDs, cortisone, and
opiates in managing OA.

The pathogenesis of osteoarthritis involves processes such
as inflammation, osteoclastogenesis, and proteolytic degrada-
tion of cartilage. Turmeric and its extracts (curcumin or
curcuminoids and non-curcumin turmeric ingredients) have
a broad-range pharmacological profile that can modify many
aspects of OA and may slow the progression of OA by
reducing inflammation and cartilage and bone destruction,
especially in the early stages of OA. The vast literature
summarized in this review suggest that curcuminoids in tur-
meric may have potential to benefit patients suffering with
osteoarthritis (Akuri et al. 2017). Canine natural osteoarthritis
is a realistic model for finding safe and effective doses of
dietary supplements as nutraceuticals and/or prescription-
grade nutraceuticals for veterinary and human use.

Innes et al. (2003) studied the effect of PS4FP (an extract
of Indian and Javanese turmeric). Each capsule contained
20 mg curcuminoids (curcumin and desmethoxycurcumin,
50 mg C. xanthorrhiza volatile oil, and 150 mg C. domestica
essential oil), and dogs were treated twice daily for 8 weeks.
They reported that this treatment produced a remittance of
pain and a recovery of articular movement in dogs.

Zhang et al. (2016) investigated the effect of curcumin
using destabilization of medial meniscus (DMM) osteoarthri-
tis mouse model. Immediately after DMM, mice were treated
orally with 50 mg/kg curcumin dissolved in corn oil or
vehicle (corn oil only) for 8§ weeks. The topical application
of curcumin nanoparticles or vehicle control (coconut oil) on
the skin, within a 5 mm® area directly above the DMM
operated knee, once daily for 8 weeks. The data obtained in
this study demonstrated that oral and topical curcumin
administration slows the progression of OA in this post-
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traumatic osteoarthritis mouse model. This may be translated
into an oral human equivalent dose of curcumin of ~4 mg/kg/
day for 8 weeks or longer. The delivery of low doses of
turmeric or curcuminoids using nanotechnology or target-
specific drug delivery may offer affordable, safe, and effec-
tive strategies or adjunct therapy for the long-term manage-
ment and treatment of OA and other chronic inflammatory
diseases of the joints, gut, brain, and body.

Jeengar et al. (2016) reported that topical application of
curcumin with emu oil inhibited carrageenan-induced rat paw
edema and Freund’s complete adjuvant-induced arthritis in
rats. This combination was effective in bringing significant
alterations in the functional, biochemical, histopathologic,
and radiologic parameters in rat paw. Their outstanding
findings suggest that that topical application of curcumin
with emu oil may offer noninvasive intervention for the
treatment of inflammatory arthritis in pets and people.

A polar extract of turmeric produced a dose-dependent
decrease in monosodium iodoacetate-induced osteoarthritis
in rats. This activity was correlated by upregulating type II
collagen gene (COL2A1) as well as downregulating MMP-3
and MMP-7. The beneficial effects of polar extract of tur-
meric may be related to the establishment of equilibrium
between catabolism and anabolism of joint -cartilage
(Murugan et al. 2017; Velusami et al. 2018).

Curcumin (CurcuVetR containing 20% curcuminoids) was
found to reduce PMA-induced stimulation of sheep
neutrophils and increased spontaneous apoptosis and inhibited
both IL8 and Bcl2A1 expression cultured cells within 22 h
(Farinacci et al. 2009). They suggested that curcumin may
limit the early phases of neutrophil infiltrations, and such an
effect may have potential clinical application in the manage-
ment of ruminant inflammatory disorders. In addition, Colitti
etal. (2012) studied the effect of dietary curcumin (CurcuVetR
at 4 mg/kg BID for 20 days) on the gene expression of
peripheral white blood cells in dogs suffering with OA. They
used a 44K oligo microarray technique. This treatment was
found to alter the molecular target of inflammatory response.
Specific molecular targets of curcumin were inhibition of
macrophages proliferation and downregulation of TNFa,
TLR4, IL8, IL18, and MAPK14, as well as activation of
fibrinolysis. From a mechanistic point of view, these findings
suggest good support for OA treatment with low dose of
curcumin. They suggest that for drawing a definitive conclu-
sion from this study, a large number of patients (pets and
people) are required to validate the use of curcumin for the
treatment of OA in dogs.

Recently, Liu et al. (2018a, b) reviewed the vast literature
on the efficacy and safety of dietary supplements for patients
with osteoarthritis. Seven supplements (pycnogenol, passion
fruit peel extract, Curcuma longa extract, L-carnitine,
Boswellia serrata extract, curcumin, and MSM) were found
to exert large and clinically significant effects on physical
function in the short term in patients living with OA. Del
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Grossi Moura et al. (2017) concluded that good-quality clini-
cal research is still lacking and it does not support the use of
curcumin and herbal medicines in treating OA. Poor patient
adherence and compliance make it very difficult in finding
the short-term or long-term efficacy of dietary supplements as
with pharmaceutical medications (Liu et al. 2018a, b).

Recently, Haroyan et al. (2018) studied the effects of
CuraMed® 500 mg capsules (333 mg curcuminoids) and
Curamin® 500 mg capsules (350 mg curcuminoids and
150 mg boswellic acid), taken orally three times a day for
12 weeks, in 201 patients living with OA. This combination
appeared to exert synergistic efficacy in 40- to 70-year-old
patients suffering with OA. These studies suggest that the
long-term use of turmeric and/or its major ingredients as
dietary supplement or as foods may slow the progression of
OA in pets and people.

9 Pain

Several complementary and integrative approaches including
physical activity, exercise, herbs (turmeric, hot peppers, etc.)
or their ingredients (curcumin, capsaicin, etc.), vitamin D,
omega-3 fatty acids, lipoic acid, acupuncture, yoga, aquatic
yoga, meditation, and mindfulness meditation may play
important roles in managing chronic pain in people. The
high interindividual variability between patients is expected
in responses to these pain management modalities
(Wojcikowski et al. 2018). The herbs or their extracts
(ingredients such as curcuminoids), vitamin D, omega-3
fatty acids, emu oil, and lipoic acid as oral or topical applica-
tion may be utilized as veterinary nutraceuticals and dietary
supplements for chronic pain management.

Curcumin has been reported to exert analgesic effect in
animal models and in humans (Cheppudira et al. 2013; Lin
et al. 2011; Motaghinejad et al. 2015; Gaffey et al. 2015; Zhu
et al. 2014). It may be acting as a transient receptor potential
vanilloid-1 (TRPV1) receptor antagonist (Nalli et al. 2017;
Zhi et al. 2013; Yeon et al. 2010).

Jhi et al. discovered that curcumin (4 mg/kg/min IV for
over 3 min) caused a marked and rapidly reversible inhibition
of colorectal distension-induced visceromotor responses
(VMRs) in anesthetized rats. In the mouse jejunum, the
mesenteric afferent nerve response to ramp distension was
attenuated by curcumin (3 and 10 pM). In addition, curcumin
(1-30 pM) inhibited the afferent responses to capsaicin in a
concentration-dependent manner. Trinitrobenzene sulfonic
acid-induced hypersensitivity of jejunal afferents was also
attenuated by curcumin. Curcumin potently inhibited
capsaicin-induced rise in intracellular calcium and inward
currents in mouse or rat dorsal root ganglia (DRG) neurons.
These studies demonstrate that curcumin inhibits visceral
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nociception via antagonizing transient receptor potential
vanilloid-1 (TRPV1) receptor TRPV1. This suggests that
curcumin or turmeric may help in the treatment of gastroin-
testinal diseases such as hypersensitive esophagus and
heartburn.

Cheppudira et al. (2013) reviewed the effects of curcumin
on various pain and wound-healing models in preclinical
studies. Patients suffering with peripheral neuropathy
(PN) frequently experience sharp spontaneous pain,
allodynia, and hyperalgesia. Opioids, anticonvulsants, and
tricyclic antidepressants are often used to treat neuropathic
pain. These medications are often unsatisfactory because of
limited efficacy and adverse side effects. There is unmet
medical need for finding novel chemical entities or dietary
supplements (nutraceuticals) to manage chronic pain and
wound healing in pets and people. The preclinical studies
summarized below suggest that turmeric or curcumin may
have some potential to treat both pain and wounds. The oral
use of curcumin, alone, or as an adjunct therapy, may be
useful in the management of postoperative pain and neuro-
pathic pain (Cheppudira et al. 2013; Zhu et al. 2014).

Lin et al. (2011) demonstrated that morphine injections
(10 mg/kg, sc) for 7 days produce tolerance in mice. Mor-
phine tolerance is attenuated by co-administration of
low-dose curcumin (25 mg/kg, ip) for 7 days. On the other
hand, morphine tolerance is aggravated by chronic high-dose
curcumin (400 mg/kg/day for 7 days). The acute low-dose
curcumin did not enhance morphine’s analgesic activity.
These observations tend to suggest that high doses of
curcumin may be pro-inflammatory and may act by negating
other beneficial effects such as inhibiting the expression of
antiapoptotic cytokines and neuroprotective factors.

Zhu et al. (2014) summarized the results of many previ-
ously published preclinical studies. In a chronic constriction
injury (CCI) model of neuropathic pain in rats, single dosing
with curcumin did not influence mechanical and thermal
hyperalgesia, but repeated curcumin treatment progressively
and completely reversed CCl-induced hypersensitivity. The
daily curcumin dosing reverts streptozotocin-induced dia-
betic neuropathy. However, acute curcumin treatment
reduces formalin-induced defensive behaviors, visceral pain
as measured by acetic acid-induced writhing response,
capsaicin-induced thermal hyperalgesia, and reserpine-
induced fibromyalgia-like behaviors. They also demonstrated
that a surgical incision on the right hind paw of rats induces a
sustained mechanical hyperalgesia. It lasted for 5 days.
Curcumin (10-40 mg/kg administered by the mouth) appar-
ently in dose-dependent fashion reversed mechanical
hyperalgesia in rats. In addition, repeated curcumin treatment
facilitated the recovery from surgery. The repeated treatment
with curcumin before surgery did not impact the postopera-
tive pain threshold and recovery rate. However, the repeated
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treatment with curcumin after surgery reduced postoperative
pain threshold and improved recovery rate. The oral use of
curcumin, alone or as an adjunct therapy, may be useful in the
management of postoperative pain (Zhu et al. 2014).

Motaghinejad et al. (2015) demonstrated that curcumin
attenuates  morphine  withdrawal = syndrome. The
antinociceptive activity of curcumin in a mouse model of
visceral pain is mediated by opioidergic and serotonergic
systems. They suggested that curcumin may be effective in
attenuating pain during the opioid withdrawal period.

Gaffey et al. (2015) reviewed the effects of curcumin on
musculoskeletal pain. Curcuminoids found in turmeric were
effective in enhancing wound healing and in the treatment of
burn pain and diabetic neuropathic pain. The use of
curcuminoids to treat pain associated with knee osteoarthritis
showed greater reductions of pain as compared with a pla-
cebo, and the efficacy was comparable to the use of ibupro-
fen. A significant efficacy was found with the use of turmeric
extract in combination with other nutraceuticals (devil’s claw
and bromelain) to treat acute and chronic osteoarthritis pain.
A proprietary lecithin formulation of curcumin exerted sig-
nificant reduction of delayed onset muscle soreness, and the
efficacy was comparative to a standard dose of acetamino-
phen in the treatment of acute pain.

The prolonged use of opioids for the treatment of chronic
pain induces opioid-induced hyperalgesia (OIH). It is one of
the major clinical problems. A newly developed PLGA-
curcumin nano-formulation (PLGA-curcumin) administered
intrathecally or orally significantly attenuated hyperalgesia in
mice with morphine-induced OIH. This was associated with
the suppression of chronic morphine-induced CaMKIla acti-
vation in the superficial laminae of the spinal dorsal horn.
These data suggest that PLGA-curcumin may reverse OIH
possibly by inhibiting CaMKIla and its downstream signal-
ing (Hu et al. 2016).

Earlier, Agarwal et al. (2011) reported that curcumin
(500 mg capsule every 6 h for 3 weeks) improved post-
operative pain and fatigue in patients undergoing post-
operative recovery. The effect was more pronounced on
days 7 and 14. Furthermore, oral administration of curcumin
significantly reduced progression of osteoarthritis (OA) in
destabilization of the medial meniscus mouse model. How-
ever, it did not influence pain. In addition, topical application
of nanoparticles (curcumin) not only reduced pathogenesis of
OA but also relieved OA-related pain. Nanoparticles reduced
tactile hypersensitivity and improved locomotor behavior.
Gera et al. (2017) reviewed the field of curcumin’s nano-
formulations. These novel formulations of turmeric or
curcumin may be an emerging paradigm shift for improved
remedial applications in nutraceutical and pharmaceutical
settings.

The effect of repeated daily oral doses of curcuminoids
(C. longa extract, CLE, at 5, 20, or 80 mg/kg/day) was
evaluated in hot-plate test in mice. On day 11, all animals
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were subjected to foot-shock stress triggered by a hyperther-
mia test and day 12 to a tail suspension test for
antidepressants. CLE produced dose-dependent analgesic
activity. Interestingly, only low doses of CLE were effective
in relieving central pain (Verma et al. 2017).

Bethapudi et al. (2017) evaluated the analgesic effect of
turmerosaccharides rich  fraction (NR-INF-02) on
monosodium iodoacetate-induced OA pain in rat model that
mimics human OA. The oral administration of turmerosac-
charides rich fraction at 45 and 90 mg/kg was found to
decrease OA pain at 1, 3, 6, and 24 h posttest administration
on day 5. The effect of turmerosaccharides rich fraction on
OA pain was superior to turmerosaccharides less fraction.

Dry socket (alveolar osteitis) is a painful dental condition
that happens after a permanent adult tooth extraction when
the blood clot at the site of the tooth extraction fails to
develop or it dislodges or dissolves before the wound has
healed. In a recent study, Lone et al. (2018) demonstrated a
significant reduction in mouth pain, inflammation, and dis-
comfort after turmeric dressing in 178 patients diagnosed
with dry socket syndrome. Wound healing progressed faster
than dressing with ZOE dressing. These studies suggest that
the effect of curcumin (curcuminoids) may depend on the
time of initiation of treatment, duration of treatment, dose of
curcumin, etc. Double-blind placebo-controlled clinical stud-
ies are warranted in pets and people suffering with NP, OA,
and postsurgical pain.

Curcumin (nanoparticles) may represent a novel topical
antimicrobial (antibacterial, antiviral, and antifungal) and
wound healing adjuvant for infected burn wounds and other
cutaneous and muscle injuries and related pain conditions
(Krausz et al. 2015; Gera et al. 2017). Long-term clinical
studies are needed to establish analgesic activity of turmeric
or curcuminoid nanoparticles (low doses and long duration of
treatment in pain-related conditions).

10 Sports Medicine

Traumatic muscular injuries (soft tissue trauma, bruises, and
contusions) are too common in dogs and horses. Dietary
supplementation with ST or curcumin and other strategies
to reduce muscle soreness and to improve muscle (physical)
recovery are of great interest to athletes and to people caring
for horses and dogs. ST or curcumin may be a suitable
alternative to nonsteroidal anti-inflammatory medications
for the management of diseases of the musculoskeletal
systems such as muscle soreness and OA (Heaton et al.
2017).

Tanabe et al. (2015) studied the effect of 150 mg of
curcumin (taken by mouth before and 12 h after each exercise
session in a randomized, crossover design study in
14 untrained young men). This treatment reduced maximal
voluntary contraction (MVC) torque, and muscles recovered
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faster (e.g., 4 days postexercise —31 & 13% vs. —15 £ 15%);
peak serum creatine kinase (CK) activity was less for those
treated with curcumin than with placebo (P < 0.05). The
researchers concluded that theracurmin ingestion may reduce
some aspects of muscle damage.

McFarlin et al. (2016) evaluated the effect of curcumin
supplementation (Longvida®™; 400 mg/day). It reduced CK
(a biomarker of muscle injury) by 48% after subjects con-
sumed curcumin for 2 days before and 4 days after a high-
intensity muscle damage-inducing protocol. They concluded
that consumption of curcumin reduced a biomarker of muscle
injury, but not quadriceps muscle soreness or inflammatory
biomarkers, during recovery after exercise-induced muscle
damage. The observed reduced biomarker of muscle injury
may translate to faster recovery and improved functional
capacity during subsequent exercise sessions. This conclu-
sion needs to be explored using a large number of sports
participants.

Heaton et al. (2017) reviewed nutritional strategies for
muscle regeneration, muscle fatigue, physical and immune
health, and preparation for subsequent training sessions in
sports medicine. They concluded that the anti-inflammatory
and anti-oxidative activities of turmeric and its active
ingredients suggest that these agents at low appropriate
doses may have a role in sports medicine, especially in
preventing the consequences of concussions and muscle
injuries.

Curcumin or turmeric may provide some recovery benefit
or reduced muscle damage during the intense sport activities.
Therefore, clinical research using wide doses of ST or
curcumin is warranted prior to incorporating supplemental
dosages into the athlete’s diet or into pet supplements.

11 CNS Effects

Sarker and Franks (2018) reviewed published preclinical and
clinical studies related to efficacy of curcumin for
age-associated cognitive decline. Ramkumar et al. (2018)
summarized the antioxidant, anti-inflammatory,
neuroprotective, and antiproliferative activities of curcumin,
demethoxycurcumin (DMC), and bisdemethoxycurcumin
(BDMC). DMC may have better anticancer and anti-
inflammatory activity as compared with curcumin. Recently,
DMC (5, 10, and 20 mg/kg, i.p., for 7 days) was shown to
abrogate rotenone-induced dopamine depletion and motor
deficits by its anti-oxidative and anti-inflammatory properties
in parkinsonian rat model. They concluded that DMC may be
a promising therapeutic lead for the treatment of neurodegen-
erative diseases including Parkinson’s disease.
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12 Diabetes

In developing countries, about 80% of people depend on
traditional herbal medicine to meet their healthcare needs.
Turmeric has been used for the management of diabetes in
Ayurvedic and traditional Chinese medicine. Curcumin
reduces glycemia and hyperlipidemia in rodent models of
diabetes (Zhang et al. 2013). Dietary curcumin relieves stress
in metabolic tissue, leading to improvements in diabetes and
associated disease complications in rodent models and in
clinical studies. New improved methods of curcumin delivery
(nanoparticles and lipid/liposome formulations) may help in
cell-directed targeting, and it may offer improved therapeutic
outcomes in diabetes (Maradana et al. 2013). In addition,
curcumin or curcuminoid supplementation has been reported
to be effective in lowering the fasting blood glucose
concentrations in people with prediabetes, diabetes, or meta-
bolic syndrome. Curcumin produced significant decrease in
HbA,. as compared to placebo. de Meloa concluded that
curcumin supplementation may be an adjuvant aid in the
management of dysglycemic patients.

Recently, Yang et al. (2018) studied the effects of curcumin
on retinal damage in STZ-induced diabetic rats. Curcumin
(100 and 200 mg/kg, PO, daily for 16 weeks) was found to
reduce diabetes-induced body weight loss, blood glucose, and
retinopathy. This activity may be attributed to the hypoglycemic,
antioxidant, VEGF-downregulating, and neuroprotection
properties of curcumin. They suggested that curcumin may
have a potential in the treatment of diabetic retinopathy.

Curcumin suppresses activities of gluconeogenic enzymes
and increases glycogen storage in the liver and reduces blood
glucose in db/db mice (Fujiwara 2000). Wickenberg demon-
strated that 6 g of turmeric taken by mouth increased post-
prandial insulin levels in healthy subjects. The increased
insulin response may be due to the stimulation of p-cell
function by curcumin. In addition, oral administration of
10 mg of curcumin (twice a day for 28 days) lowered LDL
levels and increased HDL levels in patients with athero-
sclerosis (Ramirez et al. 2000). In this study, the low dose of
curcumin seems to be relevant to what people get while taking
low dose of ST or turmeric in the turmeric-consuming nations.

Inhibition of enzymes such as a-amylase could play a key
role in the control of diabetes by slowing starch digestion.
The inhibitors of pancreatic a-amylase may be of great thera-
peutic importance in treating diabetes mellitus. Bis-
demethoxycurcumin (BDMC) inhibits porcine and human
pancreatic a-amylase with an ICsq value of 26 and 25 pM,
respectively. This may impart antidiabetic activity of tur-
meric and its metabolites in pets and people. BDMC could
be a good drug candidate to reduce postprandial hyper-
glycemia (Ponnusamy et al. 2012).
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Arun and Nalini (2002) studied the effect of turmeric and
curcumin on diabetes mellitus in alloxan-induced diabetes in
rats. Administration of turmeric or curcumin reduced the
blood sugar and glycosylated hemoglobin levels as well as
the activity of sorbitol dehydrogenase, which catalyzes the
conversion of sorbitol to fructose. Curcumin was more effec-
tive than turmeric in attenuating diabetes mellitus-related
changes. These results suggest that curcumin may be effec-
tive in attenuating diabetes mellitus-related changes.

Normal and diabetic rats were treated with curcumin
(90 mg/kg/day) incorporated in yogurt. After 15 days of
treatment, the glucose tolerance and the insulin sensitivity
were significantly improved in diabetic rats. This improve-
ment may be associated with an increase in the AKT phos-
phorylation levels and GLUT4 translocation in skeletal
muscles. They suggested that curcumin metabolite(s) may
be responsible for the antidiabetic activity (Gutierres et al.
2015).

ST, curcumin, and other ingredients present in turmeric
and their metabolites may exert antioxidant and anti-
inflammatory properties, which may assist in alleviating the
complications in diabetes (Gutierres et al. 2015). In addition,
curcumin exerts retina-protective effects (Xu et al. 2018;
Yang et al. 2018).

13 Metabolic Syndrome

Curcumin is well known to exert an anti-inflammatory effect
through downregulation of inflammatory cytokines, tran-
scription factors, protein kinases, and enzymes that promote
inflammation and participate in the development of chronic
diseases. Such a multitude of effects of curcumin on gut
permeability and barrier function, gut-brain axis, genes, epi-
genetic and molecular targets in mitochondria, and disease-
specific target tissues may offer some health benefits in
chronic disease states including metabolic syndrome
(Shehzad et al. 2017; Ghosh et al. 2018).

Di Pierro et al. (2015) showed the ability of curcumin
(complexed with phosphatidylserine in phytosome form or
with pure phosphatidylserine) to reduce weight and omental
adipose tissue in overweight people with metabolic syndrome
in a preliminary clinical study. At the end of the first 30 days
of lifestyle intervention, overweight participants were ran-
domly assigned to one of the two groups for the 30-day
treatment phase. Twenty-two of the participants were
supplemented twice a day for 1 month with a nutritional
supplement formulated to be enteric-coated and containing
800 mg/dose/day of Curcuma longa extract (95% curcumin),
complexed with sunflower phospholipids (20% phosphati-
dylserine) and blended with 8 mg/dose/day of piperine from
Piper nigrum extract (Bioperine). After 60 days, the collec-
tive weight loss was 6.7%, the BMI decrease was 8.4% with
the percentage of fat reduced by more than 9%, and more
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than 6 cm was lost in waistline and 3 cm lost in hip circum-
ference. These interesting preliminary observations by Di
Pierro et al. (2015) suggest that long-term large randomized
double-blind placebo-controlled clinical trials using a wide
range of doses and formulations of turmeric and curcumin in
overweight dogs, cats, and people are needed.

Sohrabi et al. (2018) summarized that pro-inflammatory
cytokines such as interleukin-17F (IL-17F) has an association
with induction of tissue inflammation and obesity. IL-17F is
produced by T-helper (Th) 17 cells, natural killer cells, yd T
cells, CD4+, and CD8+ T cells. High-fructose consumption
often increases body weight and serum level of IL-17. Cin-
namon and curcumin supplementation decreases IL-17F
under the standard diet. Feeding with cinnamon and turmeric
(water-soluble extract) caused a decline in body weight but,
surprisingly, increased IL-17F in rats on a high-fructose diet
(Sohrabi et al. 2018).

A high-fat diet leading to postprandial hyperlipidemia and
inflammation appears to be the key etiologic factor
contributing to the development of atherosclerosis and
subsequent coronary artery disease (Alipour et al. 2007).
Acute supplementation with resveratrol (200 mg and
curcumin 100 mg) did not modify high-fat diet-induced post-
prandial circulating inflammatory markers (C-reactive pro-
tein, IL-6, IL-8, monocyte chemoattractant protein-1),
adhesion molecules (soluble E-selectin, soluble vascular
cell adhesion molecule-1 (sVCAM-1)), or soluble intercellu-
lar adhesion molecule-1 in older adults with abdominal obe-
sity (Vors et al. 2018). This study suggests that as-needed
intake of dietary supplements (PRN basis) may not offer the
desired efficacy in most clinical setting in pets and people.
Long-term clinical studies are warranted to examine the dose
response and newer formulations of curcumin and turmeric,
alone or in combination, with other phytonutrients.

Intragastric administration of curcumin at 250 mg/kg daily
for 8 weeks was found to decrease the level of free fatty acid
and TNF-a in serum of type II DM rats. This treatment also
improved the metabolic disorder of glucose and lipid,
enhanced the sensitivity to the insulin, and ameliorated the
resistance to insulin in rats (Su et al. 2017).

Mantzorou et al. (2018) reviewed recent, well-designed
clinical studies and showed that curcumin appears to offer
some health benefits against obesity, metabolic syndrome,
and diabetes. Furthermore, curcumin may exert a heath ben-
eficial effect in people suffering with arthritis, skin diseases,
gut inflammation IBD, UC, cancer, fatty liver disease,
depression, and symptoms of premenstrual syndrome. The
concrete and precise recommendation cannot be made with
respect to dose, formulations, and duration of treatment. They
suggested that large- prospective studies are needed using
well-designed clinical trials with proper considerations with
respect to follow-up times, dosage, formulation, and duration
of curcumin or ST supplementation, medication adherence,
and patient compliance. Furthermore, a careful consideration
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is needed for confounders in each specific chronic disease of
pets and people.

Recently, Jin (2018) reviewed curcumin’s complex mech-
anistic approach to drug discovery in metabolic disorders.
Curcumin was shown to improve insulin signaling.

Dexamethasone injection induces insulin resistance, while
concomitant curcumin gavage improves insulin tolerance
(Tian et al. 2015). Insulin resistance attenuating effect of
curcumin appears to be dissociated from its anti-
inflammatory effect. In the long term, this protective effect
may be attributed to its anti-inflammatory, anti-oxidation,
and body weight-lowering effects (Jin 2018).

14 Retinopathies

Peddada et al. (2018) reviewed the etiology of eye diseases
and mechanism of action for curcumin in eye diseases. They
reviewed literature on the potential therapeutic of curcumin
in major retinal pathologies. The retina has a rich blood
supply and numerous mitochondria and is consistently
exposed to pollutants and ultraviolet light (sun exposure,
photons of light), which strikes its surface making the retina
at high risk of developing ocular pathologies, particularly in
aging populations. Oxidative stress and immune inflamma-
tory pathways are well known to contribute to retinal pathol-
ogy. Curcumin is known to possess anti-inflammatory,
antitumor, antioxidant, and VEGF inhibition properties
through modulation of numerous biochemical and transcrip-
tion processes. Curcumin has been reported to slow, and in
some cases even reverse, age-related macular degeneration,
diabetic retinopathy, retinitis pigmentosa, proliferative
vitreoretinopathy, and retinal cancers. The authors concluded
that curcumin exerts limited efficacy, mostly in experimental
animal studies.

The use of standardized turmeric as orally administered
dietary supplement may slow the progression of age-related
eye illnesses. Targeted drug delivery of novel formulations of
turmeric or curcuminoids in the eye may reduce immune
inflammation (HKH syndrome, uveitis). Oral or topical appli-
cation of turmeric or its curcuminoids may reduce the need
for steroids in treating ocular inflammatory conditions in pets
and people.

15 Allergy

Allergic asthma is a complex, multifactorial, chronic
immune-inflammatory disease of the airways. The allergic
responses in the lungs are mediated via multiple complex
pathways leading to release of a number of inflammatory
mediators (histamine, cytokines, and enzymes) by activated
mast cells, eosinophils, and T lymphocytes. Subhashini et al.
(2013, 2016) briefly summarized the pathophysiology and

N. Chand

treatment strategies of allergic asthma. The available
medications (steroids and bronchodilators) are associated
with limitations such as serious side effects. The studies
summarized here suggest that turmeric and curcumin may
have potential therapeutic utility in modulating (preventing
and treating) lung allergy (asthma).

Kurup and Barrios (2007) demonstrated that orally
administered curcumin suppressed latex allergen-induced
Th2 response in mice. The suppression of Th2-mediated
allergic responses was evident by reduced IL-4 and IL-13
production, as well as reduced infiltration of eosinophils in
the Iungs and reduced expression of molecules such as matrix
metalloproteinase (MMP-9), thymic stromal lymphopoietin
(TSLP), and ornithine aminotransferase (OAT). They
concluded that curcumin may have potential therapeutic util-
ity in lung allergy (asthma).

Subhashini et al. (2013) conducted an elegant preclinical
study using curcumin in a mouse model of allergic airway
inflammation (asthma). Curcumin was dissolved in dimethy]l
sulfoxide (DMSO) and administered an hour before every
ovalbumin challenge (days 19-22). They discovered that
intranasal curcumin application (2.5 and 5 mg/kg) was read-
ily absorbed from airway mucosa and was effective in
suppressing airway inflammation and allergic asthma.

Intranasal curcumin significantly inhibited leukocytes and
eosinophil recruitment to the lungs and decreased eosinophil
peroxidase and histamine levels in bronchoalveolar lavage
fluid. These observations may suggest that curcumin (intra-
nasal drop or spray) may reduce the need for inhaled or oral
steroids and B-agonists by reducing chronic allergic airway
inflammation in pets and people. Later these investigators
demonstrated that intranasal curcumin (2.5 and 5.0 mg/kg)
reduces airway inflammation and bronchoconstriction by
modulating cytokine levels (IL-4 and IL-5 and IFN-y" and
TNF-a) and sPLA2 activity and by inhibiting PGD2 release
and COX-2 expression. Curcumin’s anti-allergic (antiasthma)
activity is mediated by the suppression of p38 MAPK, ERK
42/44, and JNK54/56 activation during allergic response in
the lung. They suggested that curcumin may offer an alterna-
tive for the development of nasal formulations and inhalers
for asthma management (Subhashini et al. 2016).

Shin et al. (2015) immunized mice with intraperitoneal
injection of ovalbumin (OVA) and alum. The OA-sensitized
mice were challenged orally with 50 mg OVA and treated
with turmeric extract (100 mg/kg) or curcumin (3 mg/kg or
30 mg/kg) for 16 days. Food allergy symptoms were
decreased, as were rectal temperature, diarrhea, and anaphy-
laxis. Turmeric extract significantly decreased food allergy
symptoms (decreased rectal temperature and anaphylactic
response). However, curcumin treatment showed little
improvement. Turmeric extract also inhibited IgE, IgGl,
and mMCP-1 levels. Turmeric extract reduced type 2 helper
cell (Th2)-related cytokines and enhanced Thl-related
cytokines. Turmeric extract ameliorated OV A-induced food
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allergy in mice by restoring Th1/Th2 balance. They
concluded that turmeric extract significantly ameliorated
food allergic symptoms in this mouse model of food allergy
through promoting Thl responses over Th2-dominant
immune responses. The orally administered turmeric extract
including various components may be useful to ameliorate
Th2-mediated allergic disorders such as food allergy, atopic
dermatitis, and asthma.

Interleukin-10 (IL-10) is a pleiotropic anti-inflammatory
and immunosuppressive cytokine that is produced by innate
and adaptive immunity cells including macrophages, den-
dritic cells, mast cell, natural Kkiller cells, eosinophils,
neutrophils, B cells, CD8+ T cells, and TH1, TH2, TH17,
and regulatory T cells. CNS, astrocytes, microglia, and
neurons are the major sources of IL-10 production. The
major source of IL-10 in the periphery is macrophages.
Curcumin has been reported to enhance IL;q release. This
mechanism may play a role in curcumin’s actions—manag-
ing or treating immune inflammatory conditions of the gut,
joints, lungs, heart, blood vessels, and brain (Mollazadeh
et al. 2017).

16 Psoriasis

Dendritic cells (antigen-presenting cells) play a critical role
for initiating the activation and differentiation of T cells in
inflammatory diseases including psoriasis. Diarylheptanoid
from C. kwangsiensis (DCK) modulated multiple functions
of dendritic cells in the immunopathogenesis of psoriasis.
Many steps were modified by DCK including antigen uptake,
maturation, migration, and pro-inflammatory cytokine pro-
duction, and it also decreased proliferation and differentiation
of Thl and TH17 and their effector cytokine production.
These mechanisms in part may contribute to turmeric efficacy
in treating psoriasis (Liu et al. 2018a, b).

17 Kidney Stones

Bas et al. (2009) administered curcumin orally at 75 mg/kg/
day dissolved in 10% ethyl alcohol for 6 days (1 day before
and 5 days after shock-wave lithotripsy, SWL) in rats. This
treatment produced significant differences in histological
changes under light microscope (P < 0.02) between SWL
and control groups on days 7 and 35. This treatment was
found to reduce tissue fibrosis, expressions of iNOS and p65,
and serum nitric oxide levels and also prevented interstitial,
glomerular, tubular epithelial, and endothelial cellular
injuries. They suggested that curcumin may be used as a
protective anti-oxidative agent to prevent SWL-induced
renal injury.
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In another study, curcumin (60 mg/kg body weight) was
orally administered once daily for 28 days in rats. The cal-
cium and oxalate levels in urine and kidney tissue homoge-
nate were measured, and kidney histopathological
examination was performed. Curcumin treatment inhibited
the development of kidney stones but failed to reverse the
changes caused by the kidney stones (Ghodasara et al. 2010).
Herbal extract of turmeric (curcumin), among many other
plants’ extracts, was found to inhibit struvite formation
(Das et al. 2017). Dietary polyphenols, including curcumin,
may be promising dietary supplements for the prevention of
urolithiasis (Nirumand et al. 2018). This limited research
suggests that curcumin may slow the progression of kidney
stone formation and fibrosis and may also exert protective
effects in the kidneys.

18 Cancer

Cancer is one of the most common causes of death world-
wide. There appears to be a link between cancer and diet. The
dietary modulation of gut microbiota and miRNAs may play
an important role in cancer development and prevalence.
Various dietary components such as turmeric (curcumin),
fatty acids, resveratrol, and isothiocyanate are often utilized
in cancer prevention and treatment; dietary components and
fiber serve as probiotics and alter miRNA expression. This
vital interaction of functional foods, herbs, fiber, and dietary
supplement modulates the vital pathways involved in metas-
tasis, invasion, apoptosis, tumor growth, and cell prolifera-
tion (Riaz Rajoka et al. 2018).

Curcumin could enhance the effect of radiation therapy,
inhibit angiogenesis and cell proliferation by suppressing
NF-xB and its target genes in colon cancer cells, and inhibit
cell growth by modulating Akt/mTOR pathways via the
downregulation of EGFR. In addition, pancreatic cells treated
with curcumin resulted in the downregulation of 18 miRNAs
and upregulation of 11 miRNAs; the upregulation of miR-22
led to the suppression of ESR-1 (estrogen receptor 1) and SP1
transcription factors.

Glioma is the most aggressive, lethal, and most prevalent
of primary brain tumors. Glioblastoma (glioblastoma
multiforme) is a malignant glioma that is almost impossible
to cure because of poor drug transportation across the blood-
brain barrier (BBB) and the existence of glioma stem cells.
Recently, Zhao et al. (2018) discovered that curcumin-loaded
RDP-modified liposome (RCL) inhibited glioma cell prolif-
eration and tumor growth using an intracranial glioma mouse
model. RCL prolonged the survival time of the glioma-
bearing mice from 23 to 33 days; the inhibition mechanism
of RCL on glioma cells may involve cell cycle arrest at the S
phase and induction of cell apoptosis. This study provides
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evidence that nanotechnology (delivery of curcumin to brain
cancer cells) has potential for the treatment of human malig-
nant gliomas.

19 Translation from Population

Epidemiology and Clinic to Bench

The average estimated daily human consumption of turmeric
(ST) in India is approximately 200-600 mg for life (~1-3 mg/
kg, BID, TID). This may be translated into curcuminoids
estimated daily human dose of ~3-30 mg for life. This
consumption of a low dose of turmeric and its active
ingredients may explain the low prevalence of Alzheimer’s
disease (AD) in India (1/4th of USA) and subsequent low
cost of healthcare in India. Traditionally, turmeric powder is
first seasoned in oil or ghee until it is brown for 1-2 min
before it is used in beans, whole grains, rice, or vegetables
(personal observation of Indian cooking during childhood).
This method may be a reflection of the ancient art of nano-
formulation and activation of >235 ingredients in turmeric
and other species.

In non-turmeric-consuming nations, including the USA,
many people are using higher doses of dietary supplements
(curcumin or turmeric) as recommended by the nonscientist
and nonbeliever in Ayurveda. High doses may negate its own
beneficial health effects. Therefore, there is a need for devel-
oping low-dose formulations consisting of turmeric or
curcumin/curcuminoids alone or in combination with other
herbs or medications. Such novel combinations need to be
clinically evaluated in aging dogs, cats, and people suffering
with osteoarthritis, pain, and/or mild-to-moderate cognitive
deficits (AD) and comorbidities, such as depression. How-
ever, such clinical studies require funding and the incentive
to pursue this long course for finding an affordable herb for
the prevention of chronic inflammatory diseases of the joints,
gut, brain, and skin.

As an example, aspirin (81 mg daily for decades) lowers
the risk of heart attack and stroke. Looking at aspirin’s
pharmacology, no one could have predicted such a great
clinical outcome. A combination of salicylic acid (and other
tricarboxylic acids) and turmeric at low doses used over
decades in mid-age may reduce the progression of AD and
OA in high-risk populations and pets.

20 Translation: Preclinical to Clinic

Preclinical data from earlier research from UCLA clearly
demonstrate that curcumin at low doses has selective distri-
bution in the brain. This finding may have great clinical
implications in terms of its nonconventional PK and efficacy.
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The low (500 ppm) and high (2000 ppm) dose of curcumin in
the feed for 6 months increases plasma level in dose-related
fashion in mice, yielding 35 £ 14 and 171 + 19 ng/ml,
respectively. However, the brain level of curcumin following
low and high dose was 469 + 22 and 525 4+ 125 ng/g,
respectively. The brain-to-plasma ratio was 13.4 at low
dose and 3 at high dose. Curcumin’s half-life is >10 days
in the brain and less than 7 h in the plasma (Dr. S. Frautschy,
UCLA, personal communication). Long half-life suggests
that active ingredients (curcumin and others) will accumulate
in the brain and other fatty tissues over days or weeks.

These data may suggest that there is dose-related PK in the
plasma, but not in the brain. The pGp transporters in the BBB
may be activated by high plasma levels leading to promotion
of curcumin’s efflux from the brain. This phenomenon may
explain the lack of efficacy in clinical trials using “industrial”
doses of curcumin. The efficacy of 160 ppm and 500 ppm in
feed for 6 months offered almost similar efficacy in a mouse
model of Alzheimer’s disease (references). Increasing the
dose to 2000 or 5000 ppm did not yield better efficacy in
mouse model. The translation effort from mice to human has
failed in developing curcumin as a potential therapy for
Alzheimer’s disease. However, the failure in human clinical
trials may help us in developing safer and more effective
turmeric formulations for veterinary use, particularly for
osteoarthritis and cognitive decline (dementia) in aging
dogs and cats.

In depression, AD, pain, and ocular inflammation in ani-
mal model demonstrate that the low dose of turmeric or
curcumin in feed or foods, for the duration of life, may
offer an affordable way to reduce the burden of chronic
inflammatory disease in aging pets and people. Along with
lifestyle changes—exercise and healthy eating—a low dose
of turmeric (ST) may reduce the need for opiates and other
medications.

21 Gaps and Opportunities

¢ Recently, Cavaleri (2018) elegantly discussed and
summarized the gaps, challenges, and opportunities in
making turmeric or its major phytochemicals (e.g.,
curcumin, curcuminoids) and their active metabolites
effective and safe dietary supplements (nutraceuticals)
and medications.

* The purity, adulteration, heavy metal lead contamination,
stability, and shelf-life of turmeric (standardized turmeric)
and its major components in dietary supplements need to
be kept forefront in R&D.

* The content of phytochemicals in turmeric may vary dras-
tically from region to region within a country or around
the world. This variation may contribute to the differences
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in efficacy of many herbal dietary supplements (such as
nutraceuticals, including standardized turmeric and its
major components). Therefore, standardization of tur-
meric preparations (combinations) is not only desirable
but is warranted.

e Tissue distribution studies (ADME, PK) following
chronic administration of therapeutic (low) doses of tur-
meric (standardized turmeric) and its major components at
steady state after 3, 7, or 30 days of dosing in chronic
disease states need to be evaluated in dogs, cats, horses,
and zoo animals.

e The in vitro and in vivo activities of curcumin in various
experimental models so far have not been reproducible in
clinical settings. The study of larger populations of cats,
dogs, and horses living with natural progression of chronic
dysregulated age-related diseases, and a longer duration of
treatment with a wide range of doses of ST and varied
formulations of curcumin, may offer more reliable data,
which may have a better predictive value in the design of
long-term clinical trials in pets and people.

e The use of standardized turmeric and its major
components, alone or at various doses, in long-term clini-
cal studies is warranted in aging pets and horses.

e The neuroprotective effects of IV, nasal, or oral
formulations of ST or curcumin in stroke and concussion
and in PTSD victims need to be evaluated.

e Standardized turmeric and its major components may be
preferentially distributed to the therapeutic site (immune
inflammation) and may serve a preventive (modulatory)
role in aging pets and horses.

* Dogs, cats, and horses, as well as zoo animals, suffering
with OA, age-related chronic dysregulated immune
inflammation, and AD-type conditions are natural disease
models. The efficacy of standardized turmeric and its
major components needs to be established in aging pets
and horses. Such studies are warranted for establishing
more reliable and reproducible changes in the biomarkers
of diseases over time.

* Long-term studies using turmeric (standardized turmeric)
and its major components, alone or in combination, with
other nutraceuticals (herbal supplements) and medications
in pets, farm, and zoo animals suffering with chronic
dysregulated immune inflammatory conditions are
warranted. The long-term treatment with turmeric
(standardized turmeric) and its major components would
produce significant alterations (up- and downregulation of
transcription and translation of genes and epigenetic
mechanisms, proteins, mRNAs, and enzymes and their
receptors and pathways). These kinds of precision clinical
medicine studies are still lacking. This therapeutic
approach in R&D may offer better and more reliable
biomarkers of disease modification in the saliva,
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lymphocytes, blood, brain, joints, and eyes of dietary
supplement-treated and placebo (vehicle)-treated animals
and people.

* The aging people and pets at high risk of AD, OA, and
other immune inflammatory conditions may be getting
little or no amount (and sometimes too much) of
standardized turmeric and its major components. Preven-
tion studies are warranted in these high-risk populations to
identify appropriate doses and duration of treatment.

* Population-based, broad dose-response, and PK/PD
modeling in the presence and absence of medications for
pain, depression, and other common illnesses in aging
populations is needed. There is potential activation of
drug transporters (Pgp) in target tissues such as the BBB
and the gastrointestinal system and in joints while using a
high dose of turmeric (standardized turmeric) and its
major components. This field needs to be further explored.

e The use of turmeric (standardized turmeric) may be an
affordable preventive approach for slowing the progres-
sion of aging-related chronic diseases. Its lifetime use as a
food, rather than a pill or capsule, may be a viable
approach to reduce the need for expensive medications
with serious side effects in pets and people. Turmeric
(standardized turmeric) and its major components may
serve as an adjunct therapy in treating diseases of the
digestive system, brain, joints, eyes, and body in aging
pets and people.

* Nanotechnology and other medication delivery systems in
aging pets may offer new approaches in veterinary
practice.

22 Concluding Remarks and Future

Directions

Turmeric is the dried rhizome (root) of Curcuma longa or
Curcuma aromatica (wild turmeric), Curcuma wenyujin
(China), and Curcuma domestica (Thailand). It is a rhizoma-
tous herbaceous perennial plant belonging to the ginger fam-
ily, Zingiberaceae. More than 133 different species of
turmeric have been identified. It is native to the Indian sub-
continent and Southeast Asia. Turmeric contains more than
235 active ingredients naturally packed into its root, optimis-
tically in appropriate proportions. These complex
phytochemicals  (>235), including essential oils,
curcuminoids (>89), and turmerosaccharides, as well as
curcuminoid-free ingredients, fiber, and their metabolites
and products of microbial degradation of standardized tur-
meric, may act in additive or synergistic fashion as a
modulator of dysregulated chronic immune inflammation
and pain in disease states in people, pets, and horses.
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The average human consumption of turmeric in India is
approximately 81 mg twice or three times a day for life
(~1-3 mg/kg, BID, TID). This may be translated into
curcuminoids’ estimated human dose of ~3-15 mg BID,
TID for life. The consumption of low dose of turmeric in
foods may be responsible for low prevalence of AD in India
(one-fourth of USA). A caution must be exercised when
statistics and epidemiological data are being considered for
possible translation from one culture or nation to others.

One of the Ayurvedic medicine’s basic principles is that
efficacy cannot be related to plasma level of a major active
ingredient in a spice or an herb, and the whole herb is often
more efficacious than its individual ingredients. Contrary to
this basic principle, R&D teams over the past decades drasti-
cally improved the bioavailability of curcumin, turmeric’s
major active ingredient. Besides improving curcumin’s phar-
macokinetics, researchers also increased the dose of
curcumin in most clinical trials conducted so far without
improving its efficacy in cancer and AD.

Standardized turmeric containing curcumin (3, 9, 27, or
81 mg once a day or BID or TID) could achieve steady-state
therapeutic level within 3—10 days in the brain of patients or
pets suffering with AD or other persistent dysregulated
chronic immune inflammatory conditions. This concept
may be explored in aging dogs, cats, and horses living with
OA and mild dementia. This concept is based on published
preclinical studies—similar effects of aspirin and curcumin
in vitro and in vivo. Twenty to thirty years ago, it was
unforeseeable that 81 mg aspirin could reduce the risk of
stroke and heart attack.

Low dose of standardized turmeric (3—4 mg/kg, BID,
TID) blended in coconut oil or fish oil may tame
age-related, persistent, dysregulated chronic immune inflam-
mation in the brain, eyes, skin, muscles, gut, and other
internal organs in pets. It may slow the progression of cogni-
tive decline disorder (CCD) in dogs and cats. Low dose of
standardized turmeric may serve as an adjunct therapy in
managing many disease states in aging pets—in dogs and
cats as well as in horses. The ingredients in turmeric may
restore homeostasis in the brain, joints, gut, and other tissues
only under disease states acting via many interrelated
mechanisms of action.

In non-turmeric-consuming nations, including the USA,
many people and pets may be using higher doses of dietary
supplements containing curcumin or turmeric. This may
negate its own beneficial health effects. Therefore, there is a
need for developing low-dose formulations consisting of
turmeric or curcumin/curcuminoids, alone or in combination
with other herbs or medications. Such novel combinations
need to be clinically evaluated in aging dogs, cats, horses,
and people suffering with osteoarthritis and/or with mild-to-
moderate dementia/Alzheimer’s disease and comorbidities.

N. Chand

Standardized turmeric’s novel formulations at low doses
may exert mild-to-moderate beneficial effects on osteoarthri-
tis, pain, depression, and neurodegenerative diseases. It may
reduce the need for analgesics (opiates), antidepressants, anti-
AD, steroids, and anticancer medications. The possibility that
many active ingredients in turmeric formulations may be
acting in additive or synergistic fashion needs to be explored
and addressed. The preclinical data support such a concept.
Using the latest drug-targeted delivery (nanotechnology) and
reliable clinical trial strategies, standardized turmeric may be
considered for R&D for the prevention, and possibly for the
treatment, of OA and dementia and other aging-related
diseases of the eyes, brain, gut, and joints in pets and humans.
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Abstract

Fenugreek is an herb which has been used in traditional
medicines for centuries in wound healing, as an aphrodi-
siac, for promotion of lactation, etc. The consumption
of the seeds as a spice results in different medicinal
effects such as hypocholesterolemic, antidiabetic,
hepatoprotective, antibacterial, anthelmintic, anticancer,
and galactogogue. Flavonoids, saponins, pyridine
alkaloids, and steroidal sapogenins are some of the
phytochemicals present in the plant. The plant is also
embraced for its high content of important vitamins,
minerals, protein and amino acids, and fibers making it a
nutritious fodder for livestock. Extracts of the leaves and
seeds of fenugreek are considered safe and are found to
have potential therapeutic explicabilities in the treatment
and/or management of diabetes, cancer, toxicities, cardio-
vascular diseases, physical injuries, and hormonal
imbalances. The seeds and leaves of this plant are now
being incorporated into animal, bird, and fish foods to
increase feed intake, to promote weight gain, and to
decrease the feed conversion ratio. The addition of fenu-
greek in the drinking water of poultry reduces stress, and
this can be an important strategy to replace the use of
antibiotics such as enrofloxacin as an anti-stress agent,
and thus the issues of antibiotic residues in meat, as well
as widely developing antibiotic resistance, would be less.
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1 Introduction

Fenugreek (Trigonella foenum-graecum L.) is an annual for-
age aromatic leguminous herb. The plant was once native to
the Mediterranean region, India, China, Northern Africa, and
Ukraine but is now cultivated widely in many parts of the
world. It is about 30-60 cm tall with smoothed erect
untoothed stipulate and 2-2.5-cm-long leaflets. There are
1-2 flowers which are axillary and sessile. Calyx-teeth is
linear and pods measure about 5-7.5 cm in length with a
long persistent beak often falcate with 10-29 small size
seeds without transverse reticulations (Kirtikar and Basu
2002). The seed is 4.01-4.19 mm long, 2.35-2.61 mm wide,
and 1.49-1.74 mm thick (Altuntas et al. 2005). The leaves and
seeds of the plant are used as an herb and the seeds are used as
a spice. India leads among the countries which produce fenu-
greek by sharing 70-80% of the global export (Edison 1995).

Fenugreek is also considered as one of the oldest known
medicinal plant in recorded history (Lust 1986). This medici-
nal plant is used in various traditional medicines including
Indian Ayurvedic, traditional Chinese medicines, and Egyp-
tian medicine for wound healing, as an aphrodisiac, for
promotion of lactation, and many more (Tiran, 2003).
Phytochemicals like flavonoids, saponins, steroidal
sapogenins, amino acids, and alkaloids are some of the
important constituents found in the extracts of leaves, stem,
and seeds of Trigonella foenum-graecum L. (fenugreek). The
consumption of the seeds as a spice results in different
medicinal effects such as hypocholesterolemic (Mathern
et al. 2009), antidiabetic (Ajabnoor and Tilmisany 1988),
hepatoprotective (Pribac et al. 2009), antibacterial (Sharma
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et al. 2017), anthelmintic (Khadse and Kakde 2010), antican-
cer (Alsemari et al. 2014), and galactogogue (Betty 2008).
These phytochemicals also now serve as raw materials for the
manufacture of various therapeutic and hormonal drugs
(Priya et al. 2011). Fenugreek is also a good source of dietary
fiber where the proportions of soluble and insoluble fibers
present in its seeds are 13% and 32%, respectively (Roberts
2011).

The antidiabetic and hypocholesterolemic effects of fenu-
greek are attributed to multiple components. However, these
effects, especially the hypoglycemic effect, may partly be
secondary to the fiber content which is known to affect
gastric emptying and subsequently decreasing the postpran-
dial glucose level in blood (Srinivasan 2006; Benzie and
Wachtel-Galor 2011).

Scientific Classifications

Kingdom: Plantae

Subkingdom: Tracheobionta

Super-kingdom: Spermatophyta

Division: Magnoliophyta

Class: Magnoliopsida

Subclass: Rosidae

Order: Fabales

Family: Leguminosae/Fabaceae

Genus: Trigonella

Species: T. foenum-graecum (Kirtikar and Basu 2003;
Dymock et al. 2005)

2 Phytoconstituents

2.1 Leaves

The green leaves of fenugreek contain numerous

phytochemicals, including various nutrients and vitamins.
The fresh leaves are used as vegetables in diets mainly for
their rich content of vitamins and minerals, and they have
also been used as green fodder for livestock. The moisture,
nutrient, and mineral contents in fenugreek leaves are shown
in Table 1. Ascorbic acid and B-carotene contents in the fresh
leaves of fenugreek are about 220.97 mg and 19 mg/100 g of
leaves, respectively (Yadav and Sehgal 1997). Minerals like
zing, iron, phosphorous, calcium, etc. and vitamins like ribo-
flavin, carotene, thiamine, niacin, vitamin C, etc. are also
present in the leaves (Rao 2003) (Table 2).

2.2 Seeds

Phytochemical constituents in the seeds, husk, and
cotyledons of fenugreek differ. The endosperm shows the
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Table 1 Nutrient content of fenugreek leaves (Rao 2003)

Moisture ‘ 86.1%
Protein | 4.4%
Fat 10.9%
Minerals | 1.5%
Fiber 1.1%
Carbohydrates 6%

Table 2 Saponins, pyridine alkaloids, and steroidal sapogenins in
fenugreek seeds
Flavonoids Vitexin
Tricin
Naringenin
Quercetin
Luteolin
Saponins Graecunins

Fenugrin B
Fenugreekine
Trigofoenosides A-G
Pyridine alkaloids Trimethylamine
Neurin
Choline
Gentianine
Carpaine
Betain
Trigonelline
Steroidal sapogenins Yamogenins
Diosgenin
Smilagenin
Sarasapogenin
Trigogenin
Neotigogenin
Gitogenin
Yuccagenin

Saponaretin
Source: Review article of Khorshidian et al. (2016)

highest saponin and protein content, while the husk shows a
higher polyphenols content. The mature seeds contain about
0.1-1.5% of diosgenin (a steroidal sapogenin) and are
extracted commercially (Saxena et al. 2013). Volatile and
fixed oils are also present in fenugreek seeds in small
amounts (Sowmya and Rajyalakshmi 1999). Among multiple
flavonoid glycosides isolated from the seeds of fenugreek,
isoorientin has been found in significant amount (Luan et al.
2018). Tables 3 and 4 show the list of chemicals present in
fenugreek seeds.

Other constituents of the seed extracts include fibers, gum
and neutral detergent fiber (Yadav et al. 2011), and lipids,
triacylglycerols, diacylglycerols, monoacylglycerols, phospha-
tidylcholine, phosphatidylethanolamine, phosphatidylinositol,
free fatty acids (Chatterjee et al. 2010), and many others. The
chemical structures of some of the bioactive phytochemicals
present in fenugreek are shown in Figs. 1 and 2.
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Table 3 Proteins and amino acids, vitamins, and minerals in fenugreek

seeds
Nutrient value
Chemical composition (per 100 g)
Protein and amino acids Globulin -
Albumin -
Lecithin Totally 25.4 g
Histidine -
Lysine -
4-Hydroxyisoleucine -
Vitamins Vitamin A 1040 TU
Vitamin C 12 mg
Niacin 6 mg
Pyridoxine 0.6 mg
Thiamine 0.41 mg
Riboflavin 0.36 mg
Nicotinic acid 1.1 mg
Folate 57 pg
Minerals Calcium 176 mg
Iron 33.5 mg
Zinc 2.5 mg
Phosphorus 296 mg
Magnesium 191 mg
Manganese 1.22 mg
Selenium 6.3 pg

Source: Review article of Khorshidian et al. (2016)

Table 4 Chemical Composition of fenugreek (FK) seed (AOAC 1990)

Items Percentage
Moisture 7.15

Dry matter 92.85
Organic matter 33.03
Crude protein 16.51
Ether extract 9.49
Total ash 7.15
NFE 33.82
ME(kcal/kg) 38.52

3 Uses of Fenugreek

Food is a major determinant for the health of animals includ-
ing birds and fish. It not only helps in maintaining normal
body functioning and metabolic status, but also the various
constituents in feeds such as antioxidants, minerals, vitamins,
fibers, etc. aid in disease prevention.

3.1 Ethnohistorical Uses of Fenugreek

Fenugreek is one of the oldest medicinal plants used for many
ailments. The plant was traditionally used as galactogogue in
Indian subcontinent (Betty 2008), as an analgesic in labor/
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delivery in ancient Rome, as a health tonic, and in treatment
of edema and leg weakness in traditional Chinese medicine
(Yoshikawa et al. 2000). The leaves and seeds are used as
vegetable or green fodder for livestock (Ahmad et al. 2016)
and as a spice (Wani and Kumar 2016), respectively, in many
parts of the world.

3.2 Fenugreek Uses in Animal Health

Extracts of the seeds, shoots, roots, and leaves of fenugreek
have shown multiple pharmacological properties, such as
antimicrobial (Wagh et al. 2007; Norziah et al. 2015; Adil
et al. 2015), antifungal (Haouala et al. 2008), anticancer
(Raju et al. 2004; Shabbeer et al. 2009; Alsemari et al.
2014), hepatoprotective (Pribac et al. 2009), antidepressant
(Kalshetti et al. 2015), antidiabetic (Sauvaire et al. 1998;
Naicker et al. 2016), antiulcerogenic (Pandian et al. 2002),
hypotensive (Moradi and Moradi 2013), anti-inflammatory,
antipyretic, and analgesic (Malviya et al. 2010).

3.2.1 Diabetes

Diabetes, a group of metabolic disorders, is not limited to
humans. Many animals, including pets, birds, and wild
animals, also suffer diabetes naturally or by other influences.
The hypoglycemic effect of fenugreek seeds in the human
patient, as well as in chemically induced diabetic animals
(rats, dog), has been described by many researchers. Decoc-
tion and ethanol extract of fenugreek seeds produced anti-
hypoglycemic effects in alloxanized mice in a dose-
dependent manner (Ajabnoor and Tilmisany 1988). This
effect on blood glucose level in part has been attributed to
the presence of steroids, saponins, alkaloids, and fiber content
in the seeds. Soluble dietary fiber (SDF)—galactomannan of
the plant—can improve glucose homeostasis in type I and
type II diabetes by delaying carbohydrate digestion and
absorption and enhancing insulin action. The viscous and
gel-forming properties of SDF prevent macronutrients
absorption, reduce postprandial glucose response, and bene-
ficially affect certain blood lipids (Ou et al. 2001).
Trigonelline, a pyridine alkaloid, apart from its antioxidative
effects, can alter the activities of enzymes involved in glucose
metabolism, p-cell regeneration, and insulin secretion (Zhou
et al. 2012). The treatment of alloxan-induced diabetic rats
with fenugreek seed powder modulated key enzymes like
glycolytic, gluconeogenic, and NADH-linked lipogenic
enzymes in the liver and kidney necessary for normalizing
glucose level (Raju et al. 2001). Furostanol, a saponin con-
stituent of fenugreek extract, increases feed intake and weight
gain in diabetic rats (Petit et al. 1995). Saponins also modu-
late the disaccharidase and glycogen enzyme activities in the
intestine, which results in increased hepatic glycogen content
and suppression of blood glucose level. Diosgenin, a
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bioactive steroidal sapogenin belonging to the triterpene
group, is a product of the hydrolysis of saponins. Diosgenin
content in fenugreek seeds is higher than in its aerial parts
(Dangi et al. 2014). This compound is a precursor for several
hormones and is extracted commercially for producing sex
hormones and other important steroidal drugs. The
antidiabetic potential of diosgenin may be attributed to its
multiple effects including renewal of pancreatic -cells, stim-
ulation of insulin secretion, antioxidative effects, stimulation
of differentiation of adipocytes, and enhancement of insulin-
dependent glucose uptake (Son et al. 2007; Uemura et al.
2010; Kalailingam et al. 2014). Diosgenin also exhibits renal
protection in diabetic rats through its anti-inflammatory and
antioxidative actions (Kanchan et al. 2016). Subsequent
reduction of lipid peroxidation in the liver of diabetic rats
after treating with fenugreek has also been attributed to its
antioxidative actions (Jin et al. 2014). A nonprotein amino
acid, 4-hydroxyisoleucine (4-HIL), is one of the extensively

studied phytochemicals present in fenugreek which has
insulin-like action and can stimulate insulin production,
thereby controlling blood sugar levels in diabetic patient as
well as in vitro studies (Gupta et al. 2001). This unusual
amino acid is even safer and more effective than many of
the current medications available for the treatment of type
2 diabetes mellitus (Zafar and Gao 2016).

The neurological consequences associated with this meta-
bolic disease in the CNS are now receiving considerable
attention (Kamboj et al. 2009). Oxidative stress has been
implicated in the pathogenesis of many neurodegenerative
diseases (Chen et al. 2012). Hyperglycemia generates many
free radicals in the diabetic patient, ultimately leading to
increased damage of plasma membranes and simultaneous
reduction in antioxidant levels (Preet et al. 2005). There is
also an increase in Ca®* levels concomitantly with free
radicals, which actually correlates to the increase in cellular
lipid peroxidation of the synaptosomal membrane and
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inhibition of Ca2*ATPase activity (Pekiner et al. 2005;
Kamboj et al. 2009). Administration of fenugreek also
reduces some of the aberrations that occur in the brain during
diabetes, mainly due to its antioxidative activities and
neuroprotective effects.

3.2.2 Cholesterol Lowering and Cardiovascular
Protection

Cardiovascular diseases (CVD) are the leading cause of
human death and morbidity globally (Mendis et al. 2011).
Proper management of the cholesterol level in the hypercho-
lesterolemic patient is essential to prevent cardiovascular
diseases. Statins alone or in combination with some other
drugs are commonly used for controlling increased choles-
terol levels. Hundreds of plant-based medicines are also used
either singly or in combinations in traditional systems of
medicine for the treatment of coronary heart diseases
(Mahady 2009). Fenugreek seeds lower serum cholesterol,
triglyceride, and low-density lipoprotein in hypercholes-
terolemic and diabetic patients (Sharma et al. 1996; Mathern
et al. 2009) and animals (Sauvaire et al. 1991; Boban et al.
2009). Administration of fenugreek in obsessed rats also
reduces triglyceride accumulation in liver while increasing
the fecal bile and cholesterol excretion (Rashmi and Rahul
2011). This increased excretion of bile and cholesterol is
considered to be a consequence of the reaction between bile
acid and fenugreek-derived saponins in the gut causing for-
mation of large micelles which cannot be absorbed easily
from the gut (Olaiya and Soetan 2014). The cholesterol-
lowering potential of fenugreek is also attributed to its high
fiber content. Soluble fiber from fenugreek seemed to reduce
reabsorption of bile constituents in the small intestine through
binding cholesterol and bile acids and disruption in the
enterohepatic cycle in vivo. This enhances utilization of
cholesterol in bile acid biosynthesis, subsequently reducing
its level (Muraki et al. 2011).

3.2.3 Cancer

Many constituents in fenugreek have shown to exhibit
antitumor or anticancer activities in vivo and in vitro. Some
of these important constituents include diosgenin (Raju et al.
2004), trigonelline (Bhalke et al. 2009), and flavonoids
(Ahmed et al. 2017). Phytoestrogens and saponins present
in fenugreek extracts are found to possess anticancer activity
in vitro (Raju et al. 2004). Saponins in the extracts not only
selectively inhibit cell division in tumor cells but also can
initiate apoptosis of the cells (Francis et al. 2002). Diosgenin,
a steroidal saponin, has shown antitumorigenic activities in
colorectal cancer, osteosarcoma, hepatocellular carcinoma,
breast cancer, and leukemia. The effects of diosgenin are
mediated through various pathways such as the STAT path-
way (Li et al. 2010), activation of p53 and caspase-3 (Liu
et al. 2005), and the induction of the tumor necrosis factor-

29

related apoptosis-inducing ligand (TRAIL) death receptor
DRS5 (Lepage et al. 2011). A study in rats revealed the
anticancer activity of diosgenin from its ability to inhibit
the formation of aberrant crypt foci (ACF), which are clusters
of abnormal tube-like glands in the lining of the colon and
rectum and can be observed as preneoplastic lesion (Raju
et al. 2004). Diosgenin suppressed the expression of bcl-2, a
proapoptotic protein, and increased the expression of
caspase-3, an anti-apoptotic protein (Raju et al. 2004). Cyto-
kine TNF-a is known to promote cell proliferation, an event
common in the initiation and promotion of malignant disease.
Diosgenin may also act against bone cancer through the
inhibition of TNF-a, thus suppressing proliferation and
development of bone cells (Shishodia and Aggarwal 2006).
The effectiveness of the fenugreek plant was also seen in
colon cancer through the modulation of p-glucuronidase and
mucinase activities (Devasena and Menon 2003). Limiting
the activities of p-glucuronidase and mucinase in the colonic
mucosa may enhance the effectiveness of chemotherapy in
colon cancer. The increased activities of P-glucuronidase
promote the release of free carcinogens from carcinogen-
glucuronide conjugates by enhancing the process of hydroly-
sis within the colonic lumen, and mucinase assists by
hydrolyzing the protective mucin in the gut (Beaud et al.
2005; Booupathy et al. 2016). Fenugreek can decrease the
activities of both pB-glucuronidase and mucinase in colonic
mucosa and may subsequently prevent free carcinogens from
acting on the colonocytes (Devasena and Menon 2003).

3.2.4 Antibacterial and Antifungal Effects
The antibacterial and antifungal activities of fenugreek have
been reported by many investigators in recent years. The
examination of methanol, acetone, and aqueous extracts of
fenugreek leaves, seeds, and stems against E. coli and Staph-
vlococcus isolated from spoiled cabbage revealed the
antibacterial property of the herb. The methanol extract of
the leaves demonstrated the highest effect, while the aqueous
extracts showed the least (Sharma et al. 2017). Mercan et al.
(2007) reported an interesting finding that honey samples
with the highest antibacterial activity against several bacteria
such as Staphylococcus aureus, Escherichia coli, and Pseu-
domonas aeruginosa displayed maximum pollens from fenu-
greek as compared to other plants. The extracts were also
effective against Helicobacter pylori (Randhir et al. 2004).
Fenugreek extracts are also effective against several fun-
gal strains including Fusarium graminearum, Rhizoctonia
solani, Botrytis cinerea, Alternaria sp., and Pythium
aphanidermatum (Haouala et al. 2008). However, the
potency of the extracts varies with different parts of the
fenugreek plant and also the species of fungus. Defensins
are small cysteine-rich cationic proteins and function as host
defense peptides. A defensin-like peptide, Tf-AFP, with a
molecular mass of 10.3 kDa is present in fenugreek and was
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isolated from fenugreek seeds by Oddepally and Guruprasad
(2015). These defensins are active against bacteria, fungi, and
many viruses (Kagan et al. 1990).

3.2.,5 Cutaneous Wound Healing

Many herb and spice extracts contain numerous constituents
which enhance cutaneous wound healing. Antioxidant activ-
ity is one of the major effects of such bioactive constituents
which can eventually reduce excessive or chronic inflamma-
tion during injury and subsequently promote wound healing.
Topical application of 10 % fenugreek seed ointment pro-
moted formation of cellular fibrous connective tissue, granu-
lation tissue, and early maturation of fibrous connective
tissues and thus enhanced wound healing in rabbits
(Muhammed and Salih 2012). In another study in rats, topical
or oral administration of the fenugreek seed suspension
quickened contraction and epithelization of the cutaneous
wound (Sumitra et al. 2000). Apart from its antioxidative
actions, several other constituents present in the extracts are
capable of modulating the different phases of healing, which
include inflammation, cell proliferation and migration, angio-
genesis, and maturation. Antioxidative and antibacterial
activities exerted by several constituents of fenugreek
extracts are considered important factors augmenting the
healing processes (Muhammed and Salih 2012; Ktari et al.
2017). Moreover, fatty acids present in fenugreek seed help
in building collagen and consequently promote wound
healing and maintenance of skin elasticity (Dixit et al. 2005).

3.2.6 Toxicity Amelioration

Fenugreek is hepatoprotective (Kaviarasan and Anuradha
2007). The antioxidative (Reddy and Srinivasan 2011),
anti-radical, and iron metabolism normalizing effect of fenu-
greek are thought to impart hepatoprotection (Kaviarasan
et al. 2007). Incorporation of fenugreek seeds powder (FSP)
(5%) in pelleted diet ameliorated chronic liver injury induced
by AICl; in Wistar rats (Belaid-Nouira et al. 2013a). The
altered liver enzymes and protein levels returned to normal
after feeding FSP. Moreover, fenugreek could reduce neph-
rotoxicity (Belaid-Nouira et al. 2013b). Fenugreek has shown
effectiveness in preventing liver cell necrosis in primary rat
hepatocytes  culture  against N-methyl-  N-nitro-N-
nitrosoguanidine (MNNGQG) toxicity in vitro (Khader et al.
2007). Furthermore, the plant has potential for initiating
regeneration of hepatocytes during injury. Kaviarasan et al.
(20006) reported that in ethanol-induced liver damage, protec-
tion of hepatocyte structure and function by fenugreek seed
aqueous extract occurred in a dose-dependent manner.
Ethanolic extract of fenugreek seed reduced dimethoate
(an OP compound)-induced pancreatic damage (Mesallam
et al. 2018). Nevertheless, fenugreek extracts were found to
potentiate apoptosis of cells induced by radiation, and this
cytotoxicity was pronounced in T cells of humans. The
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cytotoxic potentiative effect of this extract can be of great
use in cancer research and treatment by reducing unwanted
side effects in those patients who are more sensitive to radia-
tion. However, more in vivo and in vitro studies are needed to
support these findings for final validation of effects (Tavakoli
et al. 2015).

3.2.7 Gastroprotection

The aqueous extract of fenugreek seeds and a gel fraction
isolated from the seeds have ulcer protective potential when
compared with omeprazole on ethanol-induced gastric ulcer
in experimental rats (Pandian et al. 2002). A similar result
was observed on aspirin-induced gastric ulcer in rats using
ranitidine as the standard drug (Thirunavukkarasu and
Anuradha 2007). This cytoprotective effect was not only
due to anti-secretory action of the seed but also attributed to
the effects on mucosal glycoproteins. Development of a
mucin-like gel layer of galactomannan on the surface of the
gastric mucosa forms a barrier, protecting the mucosa from
ulcerogenic agents as well as from the gastric juice pepsin in
the stomach (Madar and Shomer 1990). Moreover, the
antioxidative actions of the seed extract may also contribute
to diminishing mucosal injury (Narender et al. 2006). Figer
et al. (2017) demonstrated that fenugreek aqueous extract at
different concentrations significantly inhibited cell death bet-
ter than misoprostol sodium against ethanol-induced damage
in human gastric carcinoma epithelial cell line in vitro.
Higher concentrations beyond 5.0 pg/ml resulted in a
decrease in activity. In silico analysis revealed a remarkable
degree of interaction of flavonoid constituents with H*/K*
ATPase receptor binding sites demonstrating the promising
therapeutic potential of fenugreek seed extract as
gastroprotective (Figer et al. 2017).

3.2.8 Other Benefits of Fenugreek
Apart from the uses discussed above, fenugreek is well
known for its multiple pharmacological actions. Changes in
hepatic lipid metabolism can result in development of chronic
liver disease (Corey and Cohen 2015). Fenugreek can lower
hepatic lipids in the body because of its potential to modify
the activities of several enzymes including enzymes related to
glucose and lipid metabolism (Madar and Shomer 1990).

Fenugreek is anthelmintic as it causes the evacuation of
parasitic intestinal worms. Alcoholic extract of fenugreek
seeds has shown anthelmintic activity against earth worm
comparable to albendazole in vitro (Khadse and Kakde
2010). However, the aqueous extract was less potent than
albendazole (Buchineni and Kondaveti 2016). The effective-
ness of the extracts is also reported against Hymenolepis
nana, Syphacia obvelata, and Moniezia expansa (Ghafagaai
et al. 1980).

Fenugreek is a potent immunostimulant which can stimu-
late both humoral (Tripathi et al. 2012) and cell-mediated
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immune mechanisms (Anarthe et al. 2014). The immuno-
modulatory effect has been reported by many investigators
(Bin-Hafeez et al. 2003; Tripathi et al. 2012; Meghwal and
Goswamy 2012; Wani and Kumar 2016). The extract
increased phagocytic index, phagocytic capacity of
macrophages, as well as lymphoproliferation which strongly
suggest its stimulatory effect on immune functions in mice
(Bin-Hafeez et al. 2003).

The neuroprotective action of fenugreek has also been
reported (Moghadam et al. 2013; Hamden et al. 2010;
Ahmed et al. 2017). The powder made from this herb has
shown neuroprotective effect in aluminum chloride-induced
Alzheimer’s disease in rats which might be the result of syner-
gistic activities of several constituents present in the seed
powder. This effect resulted in attenuation of AlCI3-induced
memory deficits, amyloid and tau pathology, oxidative stress,
and inflammation in Alzheimer’s disease in rats (Prema et al.
2017).

4 Fenugreek in Animal, Poultry, and Fish
Feeds

The use of antibiotics, hormones, and many more chemicals
as feed additives in livestock, poultry, and fish productions is
usually associated with many untoward effects, as well as
residue issues in meat, milk, eggs, and fish for human con-
sumption. Many natural materials like medicinal plants/herbs
could be used as feed additives in animal, poultry, and fish
diets to increase feed utilization efficacy and production
performance. Herbs or spices have been reported to have
the potential of enhancing various physiological functions
like appetite stimulation, growth, anti-stress, immune
functions, and so on. Incorporation of 10% of an extract of
a mixture of herbal plants including fenugreek seeds in ani-
mal feed reduced the production of aflatoxin by Aspergillus
flavus by about 85-90% (El-Shayeb and Mabrouk 1984).
Fenugreek stimulates bile secretion by increasing the conver-
sion of cholesterol to bile salts (Bhat et al. 1985). Improve-
ment in feed intake after incorporation of fenugreek seed in
the diet has also been reported in rats (Petit et al. 1993).

4.1 Poultry Production

Incorporation of many herbs or spices in feeds improves
digestibility, nutrient absorption, and even elimination of
pathogens from the GI tract, and this in return enhances
growth and productivity in poultry. Supplementation of
broiler chick feed with fenugreek increased feed intake and
body weight gain and decreased the feed conversion ratio
(Elbushra 2012). Beside these, there was also a reduction in
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the mortality rate of poultry (Alloui et al. 2012). Fenugreek
can also be added to drinking water as an anti-stress agent.
This would be an important step in replacing the use of an
antibiotic like enrofloxacin (Saber et al. 2017).

The inclusion of fenugreek seeds in broiler diet is not only
economical by increasing the feed conversion ratio, but it
also contributes to reduced abdominal fat deposition in the
birds (Yesuf et al. 2017). This is an important finding which
would be of great benefit for lean broiler meat production.

4.2 Livestock Production

Fenugreek produces high quality forages in all growth stages.
It has a high content of many nutrients as well as
phytochemicals (diosgenin) which promote growth and
milk production in livestock. (Acharya et al. 2007; Zuk-
Gotaszewska and Wierzbowska 2017). The nutritive value
of the forage in all growth stages is comparable to early-
bloom alfalfa (Medicago sativa L.) (Mir et al. 1998). The
incorporation of fenugreek in cattle diets resulted in improve-
ment of milk quality parameters and animal metabolism (Rjat
and Taparia 1990). Fenugreek seed in buffalo diet improves
total dry matter and daily consumption of concentrates
thereby increasing milk production (Degirmencioglu et al.
2016). Fenugreek insignificantly affects milk constituents
such as SNF, proteins, somatic cell count (SCC), fats, etc.
(El-Nor et al. 2007; Degirmencioglu et al. 2016). However, a
slight reduction in milk fat content as reported by some
researchers might be related to increasing milk yield
(Degirmencioglu et al. 2016). The enhanced performance of
sheep after addition of fenugreek seeds in their feed has also
been reported (Ismail 2000).

4.3 Fish Production

Fish are considered one of the best and least expensive
sources of lean meat. In a study from 2010, 16.7% of animal
protein and 6.5% of all protein consumed globally comes
from fish (Barik 2017). In commercial fish production,
antibiotics and hormones are increasingly added to the fish
diet for a faster growth rate and other purposes. However,
strict regulations on the application of antibiotics and
chemotherapeutics in aquatic feeds exist due to concern for
bioaccumulation (Lim et al. 2013). Hence, replacement of
such chemicals with many natural materials such as herbs/
spices which have medicinal value should be encouraged and
practiced. The addition of different percentages of fenugreek
seed meal (FSM) in the diet of common carp fingerlings has
resulted in a decrease in the feed conversion ratio and a faster
growth rate (Roohi et al. 2017).



32
5 Toxicology and Safety Profile

The various extracts of fenugreeks have been used since
ancient times in different medical conditions of humans and
animals and are generally considered safe. The acute and
subacute toxicity studies of fenugreek in rats (up to Sg/kg
body weight) and mice (up to 2g/kg body weight) did not
produce significant toxicity in either sex (Narasimhamurthy
et al. 1999). The LDs of the aqueous extract of fenugreek in
mice is 10 g/kg body weight p.o. (Abdel-Barry et al. 1997).
Administration of a glycosidic extract orally to mice for
28 days has a lower LDsq (4.25 g/kg body weight) (Kandhare
et al. 2015). Recent evidence suggests that fenugreek may
have neurodevelopmental, neurobehavioral, and neuropatho-
logical side effects, and therefore its consumption should be
avoided during pregnancy and lactation (human, rodent, rab-
bit, and chick data reviewed in Ouzir et al. 2016).

6 Concluding Remarks and Future
Directions

Studies conducted over the last few years on fenugreek
revealed its varied nutritive and medicinal values. Fenugreek,
a rich source of protein, fiber, vitamins, and minerals, can be
offered to animals, birds, and fish as a feed supplement for
improving their health and performance. Antidiabetic, hypo-
glycemic, hypocholesterolemic, antioxidative, antiulcerogenic,
antimicrobial, anticarcinogenic, and neuroprotective activities
are some of the major medicinal effects exhibited by fenu-
greek. Replacement of harmful antibiotics and hormones with
fenugreek and/or other medicinal plants/herbs in animal, bird,
and fish feeds has shown definite benefit in the attempt to
improve livestock, poultry, and fish production quantity and
quality. Additionally, the issues of drug residues in meat, milk,
fish, and eggs and their products for human consumption as
well as development of antibiotic resistance which occur
mainly due to indiscriminate use of antimicrobial agents may
be able to be resolved to a certain extent. However, current
knowledge on the molecular mechanisms involved in
exhibiting the various pharmacological effects of most of the
bioactive phytochemicals in fenugreek extracts is limited, and
further research is needed for scientific validation of the multi-
ple effects as well as to explore any other distinct therapeutic
potentials of the herb.
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Abstract
Neem has become a cynosure of modern lifestyle and
finds extensive wuse in Ayurvedic, Unani and

homoeopathic medicine. It elaborates a vast collection of
bioactive compounds that are chemically diverse and
structurally complex which exhibit immunomodulatory,
anti-inflammatory, antihyperglycaemic, antiulcer, antima-
larial, antifungal, antibacterial, antiviral, antioxidant,
antimutagenic and anticarcinogenic properties. The leaves
are a habitual feed for ruminants in arid lands; the seeds
are a rich source of fatty acids and proteins but remain
largely unexploited owing to the bitter toxic principles
present in it. If the bitters can be substantially reduced,
the toxicity of neem parts can be overcome, and its differ-
ent parts may be fully utilized as an excellent nutraceuti-
cal. Its bioactivity, livestock safety and ecofriendly
temperament is quite encouraging to prospect its bright
future in the field of nutraceuticals.

Keywords
Neem - Leaves - Seed kernel - Neem oil - Animal feed -
Safety

1 Introduction
Neem (Azadirachta indica; family, Meliaceae; subfamily,

Meliodeae; order, Meliales) is a nonleguminous evergreen
tree native to the Indian subcontinent. It grows widely on
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almost all kinds of soils including saline and alkaline and
other wastelands in several countries of Asia, Australia,
Africa and Central and South America. It is, therefore, often
used in afforestation programmes, especially in semiarid
regions, and grows as boulevard, ornamental and agrofor-
estry plantation or as roadside shade. It is a quick-growing
tree, sometimes up to 100 feet high, with luxuriant spreading
branches, and remains green throughout the year. At an age
of 2-3 years, it bears white flowers, which smell like honey,
and then fruits 1-2 years later. Fruits are green when raw,
turning yellow after it ripened and aromatic with garlic-like
odour. The ripe fruit is yellow drupes that are ellipsoid and
glabrous, 12-20 mm long. Fresh leaves and flowers come in
March—April. Fruits mature between April and August
depending upon the environmental factors.

Neem is commonly known as village dispensary of India.
It holds high value owing to its medicinal and insecticidal
properties in Ayurvedic and Unani systems of medicines.
Every part of neem (leaf, flower, fruit, seed, kernel bark,
root, wood, twig and oil) and its fractioned products possess
curative properties and find place in traditional remedies.
United Nations has declared neem tree as the “Tree of the
21st century”, while in a report published in 1992, the US
National Academy of Science has designated it as “Neem: A
tree of solving global problems”. The European literature
“Materia medica” has also regarded neem as ‘“Panacea of all
Disease”. Neem finds varied use in ecological, medicinal and
agricultural sectors, including animal feed, medicines, soap
industry, nitrification inhibition, slow nutrient release
manure, fuel, energy, pest control, etc. A large number of
neem-based pest control and healthcare products have devel-
oped in the international market. Neem plant contents are
effective bioinsecticide and are useful in the control of many
insect species of medical and veterinary importance like head
lice and Anopheles mosquito. Owing to their features of
diverse activity and relative safety to non-target organisms,
today, neem is being recognized as the single most important
source of biopesticides and allied products. Medical research
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has focused, of late, on its applications as a spermicide and a
treatment for scabies, although anticarcinogenic properties of
the tree have also received attention.

2 Extracts of Neem

Diverse chromatographic techniques such as simple column
chromatography, preparative thin-layer chromatography,
vacuum liquid chromatography and reverse phase medium-
or high-pressure preparative liquid chromatography have
been described in literature for isolating bioactive principles
from neem on an industrial scale. Depending upon the final
use, different types of extraction procedures are taken up for
different parts of the plant. The choice of solvent and the
method depends on the compound to be concentrated.
Technologies for the preparation of azadirachtin concentrates
of varying strengths have been developed for both household
and industrial use. The indigenous methods include aqueous
extraction, cold maceration, steam distillation, and organic
solvent extraction. Maceration is a cold extraction process for
defatted kernels by soaking in methanol with intermittent
stirring for 3 days, after which it is filtered and the solvent
evaporated under vacuum to obtain the dried crude extract. In
batch stirring extraction, a magnetic pellet is dropped in the
flask, and the mixture is stirred for 8 h on a magnetic stirrer
plate followed by vacuum drying to obtain crude extract.

A single seeded mature neem fruit contains 23.8% skin,
47.5% pulp, 18.6% shell and 10.1% kernel. The depulped
and decoated seed yields about 26% kernel, which gives
45-50% oil leaving the rest as neem kernel cake (NKC).
NKC is prepared by soaking the dried neem fruits in water
for 3—4 days and depulping using depulper machine. The
seeds are then dried for 7 days before being decorticated
using a winnowing machine and then crushed after further
drying for 3 days (Bawa et al. 2007). NKC can also be
prepared by spreading the neem fruit in the sun for 15 days
and then soaking in water for 3 days followed by depulping.
The depulped seeds are washed and sun-dried for a period of
10 days. The dry seeds are decorticated, further dried for
5 days and crushed followed by manual removal of oil to
produce the neem kernel cake (Aruwayo 2011).

Another method of preparing NKC is by spreading the
seeds in the sun to obtain a constant weight. The dried seeds
are soaked in water in an open basin for 72 h. The seeds are
placed into a jute bag to drain the water and later sun-dried to
constant weight. Then, the water soaked and untreated seeds
are milled separately for oil extraction. Cake obtained from
the oil extraction is then ground in a hammer mill.

NKC is unpalatable in calves (Bedi et al. 1975), crossbred
bulls (Ananthasubramainiam et al. 1979) and sheep (Gupta
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and Bhaid 1980) owing to its bitter taste and pungent odour
but possess antiparasitic (Ogbuewu et al. 2011a), insect
repellent, antifeedant, growth inhibitors and other insecticidal
properties. The bioactive principles are slightly hydrophilic
but freely lipophilic and highly soluble in organic solvents
like hydrocarbon, alcohols, ketones and esters (Schmutterer
1995; NRC 1992). There are various methods of removing
the oil from the neem seed cake. For the expeller NKC, the
crushed kernel is steamed, and the oil is pressed out using
expeller machine. The NKC processing by hydraulic press is
devoid of heat. The milled kernel is cold-pressed using the
hydraulic press machine until the oil content of the residue
(cake) is minimal. The NKC can be further defatted using
hexane.

To facilitate acceptance of NKC as animal feed, the
removal of bioactive bitters from neem kernels is essential
and can be made using simple techniques like

* Water extraction: This is the simplest technique to crush
or grind the kernels and extract them with water. They
may be steeped overnight in a cloth bag suspended in a
barrel of water, or water can be poured into the bag, and
extract can be collected as it emerges. By using water
extraction, it has been estimated that 20-30 kg neem
seeds can normally treat one hectare of land.

* Hexane extraction: Kernels are grated and steeped in the
solvent hexane to extract only oil. The residue left after
extraction with hexane still contains limonoid active
ingredients, and subsequent water or alcohol extraction
yields clean limonoids uncontaminated by oil.

» Alcohol extraction: It is the shortest process for generating
neem-based pesticides in concentrated form. Limonoids
are highly soluble in alcohol. The grated kernels are
soaked in ethanol usually, but sometimes methanol is
also used. It extracts the active ingredients to the range
of 0.2-6.2%.

In addition to these techniques, further attempts can be
made to remove the bitter principles of the cake for improved
palatability. The oil from the crushed NKC can be extracted
using organic solvent of high polarity mixed with water.
Other methods include alcohol treatment and alkali treatment
(0.8% sodium hydroxide, w/w) along with aqueous boiling
(in the ratio 1:2.5w/v) of cake followed by water washing and
draining off. Out of these several methods used to detoxify
NKC, water washing is most effective despite the loss of 22%
dry matter. To avoid this dry matter loss from water washing,
alkali-treated (20 g sodium hydroxide/kg cake, w/w) NKC
without washing is also quite palatable to adult cattle and
buffaloes (Katiyar et al. 1993), promising future in the feed-
ing of buffalo calves, Uda lambs and rams (Aruwayo 2011).
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3 Phytoconstituents

Neem is a source of several bioactive triterpenoids including
azadirachtin, nimbin, nimbinin, nimbidin, 6-desacetylnimbin,
salannin and beta-sitosterol (Dasgupta et al. 2004). The most
biologically active compound is azadirachtin, which is actu-
ally a mixture of seven isomeric compounds labelled as
azadirachtin A-G, of which azadirachtin E is most effective
(Verkerk and Wright 1993). Other compounds that have a
biological activity are salannin, volatile oils, meliantriol and
nimbin (NRC 1992).

Neem kernels contain 30-50% of oil rich in triterpene or
limonoids mainly used by the soap, pesticide and pharmaceu-
tical industries (Djenontin et al. 2012). The four best
limonoids compounds are azadirachtin, salannin, meliantriol,
and nimbin. Limonoids contain insecticidal and pesticidal
activity. The seed also contains tignic acid responsible for
the distinctive odour of the oil (Sharma et al. 2011).

The bark powder contains proteins, sugar, amino acids
and oil (Subramanian and Lakshmanan 1996). Bark extract
is also rich in phenols, unsaturated sterol, triterpene (includ-
ing diterpenoids, limonoids, cseco-meliacins, cseco-
limonoids, etc.) and saponin. Polysaccharides such as
arabinofucoglucanes and fucogalactoglucoarabinanes have
also been isolated (Fujiwara et al. 1984). Flavonoids,
flavonolglycosides, dihydrochalcones, tannins and others
are also important constituents of bark, leaves, fruits and
flowers of neem.

4 Medicinal Uses

Indigenous literature indicates applications of various parts of
neem as feed and in a large number of prescriptions and
formulations to provide health cover to livestock in various
forms. Pandava brothers Nakul and Sahadev used neem to
treat sick and injured horses and elephants using poultices
prepared from neem leaves and oil, during the battle of
Mahabharata. Various neem preparations have been
standardized in the form of powders, oils, liquids and
liniments. Various preparations obtained from different
parts of neem have been found to exert antibacterial,
antiviral, antimalarial, antioxidant, antifungal, antimutagenic,
anticarcinogenic, anti-inflammatory, contraceptive and
antiulcer activities (Subapriya and Nagini 2005).
Azadirachtin disrupts the metamorphosis of insect larvae
and is thus used as a feeding deterrent (NRC 1992). Nimbidin
is quite effective in the treatment of skin conditions such as
eczema, furunculosis, arsenical dermatitis, scabies and seb-
orrheic dermatitis (Dasgupta et al. 2004). Extracts from neem
leaves, seeds, and bark also act as nitrification inhibitors
(Abbasi et al. 2011).
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4.1 Bacterial Diseases

Neem oil is effective against a wide spectrum of bacteria such
as Staphylococcus aureus, Bacillus cereus, Bacillus pumilus,
Escherichia coli, Pasteurella vulgaris, Mycobacterium
tuberculosis, Klebsiella pneumoniae, Salmonella typhi, Sal-
monella dysenteriae, Enterococcus faecalis, Streptococcus
mutans, Streptococcus salivarius, Streptococcus mitis, Strep-
tococcus sanguis and even streptomycin-resistant strains
(SaiRam et al. 2000; Prashant et al. 2007; Mehrotra et al.
2010; Sarmiento et al. 2011; Maragathavalli et al. 2012;
Vinoth et al. 2012; Chava et al. 2012; Rosaline et al. 2013).
It is a conventional precautionary measure against leptospiral
epidemics in tropics, especially in waterlogged areas. It acts
as an impermeable antibacterial film on skin coat that
prevents the portal entry of bacteria. Moreover, when it is
mixed with water, the neem oil, even in lower concentrations,
becomes acidic and may turn leptospiricidal.

The bark extract is immunomodulatory. Extracts from
bark, leaves, fruits, oil and root are used to control leprosy,
intestinal ulcers and respiratory disorders (Ketkar and Ketkar
1995; Kartikar and Basu 1935). Anthraquinone fraction of
leaf, dried flower and fruit is taken orally for leprosy. Tricy-
clic triterpenoids, = margolone,  margolonone  and
isomargolonone inhibit the growth of Klebsiella, Staphylo-
coccus and Serratia species. Chloroform extracts of neem
inhibit the growth of Listeria monocytogenes, while ethanolic
extracts inhibit Staphylococcus aureus (Mahfuzul et al.
2007). Even extracts of neem cake, a waste by-product of
oil extraction, can inhibit Campylobacter jejuni (Del Serrone
and Nicoletti 2013).

Aquaneem, an emulsified product from neem kernels,
inhibits pathogens of fish (Aeromonas hydrophila, Pseudo-
monas fluorescens and Escherichia coli) (Das et al. 1999).
Neem leaf extract reduces bacterial load of Streptococcus sp.,
Aeromonas hydrophila, Enterobacter sp., Escherichia coli,
Pseudomonas sp., Proteus sp., Vibrio sp. and Yersinia
enterocolitica in marine decorative fishes (Dhayanithi et al.
2010). It inhibits the formation of biofilm in Pseudomonas
aeruginosa (Harjai et al. 2013). Sulfonoquinovosyldiacyl-
glyceride, a water-soluble glycolipid isolated from the leaves
of neem, inhibits Salmonella typhi, Shigella dysenteriae,
Escherichia coli, and Vibrio cholerae (Bharitkar et al. 2014).

4.2 Viral Diseases

An aqueous extract of tender leaves protects against vaccinia
(viral disease in cattle), variola (smallpox), fowlpox and
Newcastle diseases, while its paste is used for ulcerative
lesions of cowpox. It inhibits poliovirus, herpes infectious
virus, coxsackie B group virus and dengue virus at an early
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step of viral genome replication (Badam et al. 1999; Parida
et al. 2002; SaiRam et al. 2000). This is possibly by virus
inactivation, in addition to interfering at an early event of its
replication cycle. The bark extract also significantly blocks
herpes simplex virus type 1 (HSV-1) access into cells at
concentrations 50-100 pg/ml (Tiwari et al. 2010). Inhibition
of HSV-1 glycoprotein-mediated cell fusion and
polykaryocytes formation indicates an additional role of the
extract at the viral fusion step, opening new prospectives for
the development of bark extract as a novel anti-herpetic
microbicide.

4.3 Fungal Diseases

Nimbidin inhibits the growth of Tinea rubrum, while gedunin
can treat a range of fungal infections including Aspergillus
Sfumigatus, Aspergillus flavus, Aspergillus niger, Candida
albicans, Microsporum gypseum, Microsporum canis,
Trichophyton rubrum, Trichophyton mentagrophytes, Fusar-
ium oxysporum, Cladosporium sp., Penicillium notatum and
Penicillium citrinum (SaiRam et al. 2000; Asif 2012;
Al-Samarrai et al. 2012). The cyclic trisulfides and
tetrasulfides of steam distillate of mature leaves can be used
against Trichophyton mentagrophytes (Pant et al. 1986).

4.4 Ulcer, Oxidative Stress and Inflammation

The aqueous extract from bark is an astringent tonic used for
relieving fever, thirst, nausea, vomiting and skin diseases. It
also blocks gastric ulcer due to stress, indomethacin and
ethanol effectively. Increased lipid peroxidation, increased
protein carbonyl content and decreased level of endogenous
GSH are the characteristic features of oxidative damage of
the gastric mucosa during ulceration (Bandyopadhyay et al.
2000) which are effectively reverted by the bark extract. The
antisecretory and antiulcer activity is due to its phenolic
glycoside and is superior to that of other natural antioxidants
such as vitamin E and ascorbate and the physiological anti-
oxidant, melatonin (Bandyopadhyay et al. 2000). Nimbidin
suppresses basal as well as stimulated gastric acid release
along with blockade of histamine H, receptors. It shows
potent antioxidant activity by directly scavenging free
radicals and associated DNA damage, which is observed in
apoptotic cell death in gastric mucosal cell injury. It also
protects the mucosa by preventing depletion of the mucus
adhering to it (Wallace and Grangers 1996). Ethanol leaf
extract also inhibits the proliferative phase of inflammation
(Chattopadhyay 1998). Methanol extract of bark and leaves
is antipyretic at a slightly higher dose. Its ether-soluble frac-
tion is a good analgesic in acute inflammatory pain (Tandan
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et al. 1990). The bark extract also shows an antithrombotic
effect in mice (Olajide 1999).

4.5 Cancer

Neem can prevent or reverse carcinogen-induced accumula-
tion of reactive oxygen metabolites, which play a pivotal role
in carcinogenesis (Androutsopoulos et al. 2009). A 5-day
pretreatment with leaf extract decreased the formation of
lipid peroxides and enhanced the levels of antioxidants and
detoxifying enzymes in the stomach, the liver and circulation
(Arivazhagan et al. 2000). Azadirachtin and nimbolide show
concentration-dependent antiradical scavenging activity and
reductive potential in the order: nimbolide > azadirachtin >
ascorbate. Furthermore, azadirachtin and nimbolide inhibit
the development of DMBA (7,12-dimethylbenz(a)anthra-
cene)-induced hamster buccal pouch carcinomas through
prevention of procarcinogen activation and oxidative DNA
damage and upregulation of antioxidant and carcinogen
detoxification enzymes (Priyadarsini et al. 2009).

The ethanolic extract of neem leaf inhibits the growth of
cancerous cells in a dose- and time-dependent manner. It
does not affect the viability of lymphocytes significantly
indicating its selective cytotoxicity towards the cancer cells
and, thus, providing a rationale for development of neem as a
biosafe chemopreventive agent (Sharma et al. 2014). This
antiproliferative action is associated with the downregulation
of cyclin Dlexpression in cancer cells (Kumar et al. 2010;
Priyadarsini et al. 2010; Gunadharini et al. 2011) and
upregulation of the proapoptotic genes and proteins including
pS53, Bax, Bcl-2-associated death promoter protein (Bad)
caspases, phosphatase and tensin homolog gene (pTEN)
and c-Jun N-terminal kinase (JNK) (Arumugam et al.
2014). Ethanolic extract at ECs, doses causes a significant
time-dependent increase in the Bax gene expression.

In murine sarcoma, neem leaf glycoprotein causes alter-
ation in cytokine profile in the tumour microenvironment,
i.e. from interleukin (IL)-10 and transforming growth factor
(TGF)-p. IL-6-rich type 2 characters were switched to type
1 microenvironment with dominance of interferon (IFN) y
secretion (Barik et al. 2013). CD8" T cell population gets
fairly increased with a higher expression of cytotoxicity-
related molecules, perforin and granzyme B along with a
low expression of FasR* cells symbolizing prevention from
activation induced cell death.

4.6 Reproductive Health and Fertility

Contraceptive activity of neem extracts in male as well as
female animals and human beings is well known. It reduces



Neem Extract

the weight of the ovaries and uterus along with increase in the
incidence of structural changes of metaphase chromosomes.
A phytoconstituent of the extract probably interferes with
DNA to yield chromosome strand breakage or produced
spindle disturbances, inducing genotoxic effects. In a
subchronic dose, the leaf powder causes a decrease in total
sperm count and in sperm motility in rats with an increase in
the relative percentage of abnormal sperm which could be
reversed by simultaneous administration of testosterone,
suggesting that the effects are due to an androgen deficiency,
thereby affecting the physiological maturation of sperm
(Aladakatti et al. 2001). Extracts of bark, flower and seed
oil induce reversible infertility in male rats such as decrease
in spermatid number. The alcohol extract of leaves reduces
the sperm count and increases the frequency of spermatozoa
with abnormal head morphology (Awasthy 2001).

The volatile fraction of steam-distilled neem oil is spermi-
cidal. A minimum concentration of 0.25 and 25 mg/ml causes
dose-dependent inhibition of spermatozoal motility in rat and
human semen, respectively, which remains unaffected by the
presence of vaginal or cervical mucus. A dose of 15 mg/kg
neem extract delays reproduction in male rats up to 60 days
(normal reproduction cycle is 20-23 days). At a dose of
25 mg/kg extract, 50% mortality was seen along with
reversibly delayed reproduction (up to 3 months) in the
remaining animals. Histological studies of testes indicated
aberrations in spermatogenesis and sperm production in
some of the seminiferous tubules. In vivo vaginal lubrication
of neem oil prior to coitus is 100% effective in preventing
pregnancy (Jacobson 1995). In rats, disruption of oestrous
cycle leading to partial block in ovulation takes place after
treatment with alcoholic extract of neem flower
(Gbotolorunet al. 2008).

A highly safe and efficacious intravaginal contraceptive
formulation has been developed from neem for rabbits and
monkeys. Its minimum effective spermicidal concentration is
25% with complete immobilization of sperm within 20 s (Garg
et al. 1994). In pregnant rats, the formulation caused complete
resorption of the developing embryos on day 15 of pregnancy.
The effects were reversible and animals regained fertility.

4.7 Miscellaneous Uses

Neem trees with rich water supply exude a sap which forms
the stem tip. The sap is a coolant tonic and particularly useful
in skin diseases, indigestion and general debility. The bark
exudes a bright and amber-coloured gum which is a powerful
stimulant, demulcent and tonic and is used in catarrhal and
other infections. Hot water extract of the bark is an oral tonic
and emmenagogue for adult female, while flower and leaf if
taken orally work as an antihysteric remedy and externally to
treat wound. The dried flowers are helpful orally in diabetes,
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while hot aqueous is used for piles, skin disease and ulcers.
The fruit is a tonic, emollient, purgative and an anthelmintic.
The dry fruit is mashed in water to treat skin diseases. Leaves
are carminative and assist digestion. The tender leaves are
used along with Piper nigrum Linn. to remove intestinal
helminthiasis. The leaves are also effective in treating snake
poisons and insect bites due to anti-clotting phytocon-
stituents. Hot water extract of the entire plant is an efficacious
anthelmintic, an insecticide and purgative.

Neem induces radiosensitization radiotherapy
(Veeraraghavan et al. 2011). The aqueous leaf preparation has
been shown to prevent the cyclophosphamide-, cisplatin- and
S-fluorouracil-induced haematological complications (Ezz-Din
et al. 2011). Sodium nimbidinate further produces diuresis
facilitating the drug clearance. The aqueous leaf extract
normalized gross appearance and histopathological changes of
the liver in paracetamol-treated rats along with a reduction in
serum levels of aspartate aminotransferase (AST), alanine ami-
notransferase (ALT), and y-glutamyl transpeptidase (Bhanwra
et al. 2000). Subchronic administration of leaf extract is more
effective than seed oil in controlling blood sugar levels in
normal and diabetic rabbits (Khosla et al. 2000b).

Neem oil contains vitamin E and many other essential
amino acids which help to restore moisture and elasticity to
the skin. Neem can be used against midges, lice, mites and
flies, for minor wounds, scar reduction and hair regrowth. On
minor wounds, it promotes healthy, new skin development
and reduces scar tissue. To make a rinse solution or spray,
neem oil can be diluted by adding a small amount of a mild
detergent along with water. A dilution of 1:20 is suggested
for a fly spray. Neem oil can be rubbed directly onto the
problem area, up to twice a day to soften and remove the
scabs (without shampooing), to soothe and to kill the bacte-
ria. The aqueous leaf extract of neem has acaricidal profi-
ciency at par to ivermectin (Seddieket al. 2013), but the
antinematodal activity varied with the season and composi-
tion (protein content) of diet offered better results in rainy
season in comparison to dry season (Chagas et al. 2008).

In vitro both the oil and the aqueous extracts from seeds
produce concentration-dependent sterilization and disturbed
development of larval ticks, Boophilus microplus, Hyalomma
excavatum anatolicum and Amblyomma variegatum. At a
concentration of 10,000 ppm, azadirachtin and other
limonoids disrupt reproduction of Rhipicephalus microplus
females. At a dose of 1000 mg/kg body wt, neem extract
checks parasitaemia levels, prevents weight loss and extends
the lifespan of the host at par to suramin, a well-known
trypanocidal drug. It has been suggested that neem leaf
extract (125 mg/kg body wt) potentiates, synergizes and
increases the half-life of diminazene diaceturate (7 mg/kg)
and quickly removes Trypanosoma brucei brucei and
prevents relapse (Omoja et al. 2011). The methanolic extracts
of seed are superior prophylactically.
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Azadirachtin, present in neem, is a primary as well as
secondary antifeedant for Lepidoptera insects in the concen-
tration of 1-50ppm. It also downregulates haemolymph
ecdysteroid level in larval insects by blocking the release of
prothoracicotropic hormone from brain-corpus cardiacum
complex leading to disordered growth like disrupted
moulting, growth inhibition and malformation leading to
mortality.

5 Neem as Livestock Feed

5.1 Neem as Animal Feed

A major obstacle to ruminant livestock production in most
tropical ecosystems is seasonal fluctuation in forage avail-
ability and quality due to the diverse rainfall patterns. For
cultivated as well as natural pastures, forage biomass yields
and quality decline drastically in the dry season. For example,
low crude protein content (5—7%) has been reported for
forage legumes during the dry season (Peters et al. 1997).
Similarly, decline in crude protein and rise in neutral deter-
gent fibre of leguminous forage crops occur with a change in
season (Fujihara et al. 2004). Reproductive losses, together
with reduced growth during the arid spell, adversely affect
their productivity. This may be overcome by supplementa-
tion of ruminant diets, especially during the arid period with
high crude protein constituents that can sustain production
(Adjorlolo et al. 2016).

Exploitation of tree leaves for animal feeding is an antique
practice. The crude protein of grasses becomes a major limit-
ing factor in ruminant diet during the arid weather; tree
leaves, with high crude protein content, has given some
encouraging results in grazing ruminants (Ansah and Nabilla
2011). Leaves of leguminous plants are of particular signifi-
cance owing to their higher crude protein content as com-
pared to other vegetation (Adjorlolo et al. 2016). However,
their utilization as fodder is also affected by their comparative
digestibility, palatability and drought tolerance, which
determines its forage biomass availability during the patchy
season.

5.1.1 Leaves

Neem ranks high amongst fodder trees in India. A mature
neem tree produces 3—4 quintals leaves per annum, which are
fed to goats routinely and to cattle during famine. Neem
leaves are acceptable to sheep (Chandrawathani et al. 2006)
and goats (Seresinhe and Marapana 2011). In the Talensi-
Nabdam District of Ghana, approximately one-fifth of
farmers use neem leaves and fruits as fodder (Ansah and
Nagbila 2011). Neem leaves high in crude protein ranging
17.5-18.7% have been reported (Bhowmik et al. 2008) as
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compared to 10-15% in leaves of nonleguminous fodder
trees. They contain minerals and adequate amount of trace
minerals except zinc and alleviate copper deficiency in
animals that are stallfed on straw and dry fodder. Neem
leaves incorporated into ruminant feeds can facilitate the
utility of the plant and help alleviate the severe feed inade-
quacy experienced in the dryer tropics during the dry season.
They have low crude fibre content (11.3%) (Bhowmik et al.
2008) along with 38.0% neutral detergent fibre (NDF) and
27.0% acid detergent fibre (ADF) levels (Ramana et al.
2000). These are quite low compared with NDF and ADF
ranges of 27.40-55.23 and 18.87—-46.30, respectively, for
most of the tropical fodder trees (Kumar and Sharma 2003).
Low fibre content of neem, coupled with the reported high
nitrogen-free extract up to 53.9% (Bhowmik et al. 2008),
makes it an important source of readily fermentable
carbohydrates in ruminant feed. Goat and camel enjoy
chopped neem leaves even as sole feed. A sole diet of neem
leaves to goats increases the voluntary intake of feed up to
3.12% of body weight. Cattle are usually fed twigs and leaves
mixed with other feeds.

Several anti-nutritional factors such as tannins, phenolic
compounds and oxalates have been identified in neem leaves,
but their concentrations are similar to that reported for other
ligneous fodder species. The lignin content falls within the
range of 4.2-11.7 as reported for Leucaena (Garcia et al.
1996). The bitterness in leaves is conferred by the presence
of triterpenoids, mainly azadirachtin, but the concentration
varies with season and ecotypes (Dhaliwal et al. 2004).
However, ruminants, especially goats, can tolerate bitter
taste owing to their ability to detoxify secondary plant
compounds through allelochemical-type reactions that take
place within them.

Neem leaves as feed supplement, to basal diets of crop
residues, improve feed utilization and animal performance in
ruminants. Replacement of 30% of mustard straw with neem
leaves increases both dry matter and crude protein intakes
with a concomitant increases in volatile fatty acid production
(Raghuvansi et al. 2007), indicating that neem leaves supply
critical nutrients needed to augment ruminal microbial
growth and fermentation of feed. Neem leaves can replace
up to half of soybean meal in ruminant diets with no negative
effects on feed intake, dry matter and fibre digestibility as
well as body weight gain (Paengkoum 2010). The improve-
ment in performance of ruminants fed with neem leaves is
partially attributable to the antiparasitic effects of the bioac-
tive compounds in the leaves on intestinal parasites like
Haemonchus contortus (Chandrawathani et al. 2006; Tiwary
and Pandey 2010). In addition, hormone-mimicking action of
neem extracts causes interference with the parasitic life cycle,
thereby inhibiting their nutrition intake as well as the hatch-
ing of eggs (Kumar and Navaratnam 2013).
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5.1.2 Seed

Several plants seeds have been tried as a protein source in
animal feed (Gowda and Sastry 2000; Aruwayo et al. 2011;
Ogbuewu et al. 2011a). The seeds can be used as seed meal,
seed kernel cake or even as fruit cake. Neem seed is readily
available in Northeast India and, perhaps, most parts of Asia
and northern part of Nigeria, Australia, Africa and Central and
South America, the home to the largest number of ruminants in
the country. Neem seed cake, with an approximately 0.9
million tons availability in India (Singh 1993), is an excellent
source of protein (30-40%) for livestock. It contains all essen-
tial and non-essential amino acids including sulphur-
containing amino acids but with small amounts of valine and
tryptophan. The sulphur content is 1.07-1.36% which is more
than other cakes. The nitrogen content varies from 2 to 3%. Its
balanced amino acid and mineral profile (Gowda and Sastry
2000) in respect to other plant seeds carry tremendous poten-
tial to compensate protein supplement shortages in the live-
stock industry. The only concern in this regard is its
acceptability owing to its pungent smell and bitterness caused
by the presence of bitter and toxic triterpenoids, mainly
nimbin, nimbidin, azadirachtin and salannin which impart
unpleasant taste or smell to meat (Clausen et al. 1985).
Removal of these bitter phytoconstituents through solvent
extraction, water washing, alkali soaking and urea ammonia-
tion has achieved appreciable success in improving the live-
stock acceptability (Gowda and Sastry 2000).

The palatability of the neem seed cake can be improved by
removing the bioactive principles or by feeding along with
barley, molasses and peanut meal, but reduced consumption
(from 79 to 39%) of concentrate mixture may result when
neem seed cake levels are increased from 59 to 90%
(Bhandari and Joshi 1974). Yearling sheep can completely
utilize concentrate mixture having 75 parts of neem seed cake
and 25parts of maize, but their feed consumption reduces to
one-third if neem seed cake is fed alone (Gupta and Bhaid
1980). Buffalo calves accept readily 5—-15 parts of neem seed
cake when fed along with 7 parts of molasses and 20 parts of
peanut meal, but the overall feed consumption reduces to half
following the withdrawal of molasses. In addition, the
keeping quality is good with a long shelf life.

5.1.3 Neem Oil

Debitterized neem oil is quite useful as animal feed. It is rich
in long chain fatty acids and contains azadirachtin,
meliantriol and salannin. Deoiled seeds find use as fertilizer
in the agriculture sector. The palatability and utilization of
such alternative feedstuffs can be further improved by
incorporating them in complete diets and processing into
pellets (Reddy and Reddy 1999).
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5.2 Neem as Poultry Feed

Neem oil is used in poultry rations. The proximate composi-
tion of neem leaf meal indicates it as a good source of protein
for poultry as well. Principally, unprocessed neem is not
suitable for poultry feeding, because of its toxicity and the
presence of bitter compounds that impair feed intake (Gowda
and Sastry 2000; Uko and Kamalu 2008). Improvement in
performance after supplementing neem leaves is also
reported for poultry. Specific properties of these active
compounds make it potentially interesting in veterinary med-
icine, e.g. against external parasites. Similarly, neem seeds or
extracts could be used at low incorporation rates in feeds as
replacement of antibiotics (Landy et al. 2011). The maximum
tolerance levels of neem leaf meal as a protein source
described in literature are 10% in starter broilers (Obikaonu
et al. 2012) and 15% in laying birds (Esonu et al. 2006) and
rabbits (Ogbuewu et al. 2010a, b, 2011b), as it contains
several bioactive compounds (azadirachtin, nimbin, salannin,
limonoids and tannin) that may affect nutrient utilization. The
bioactive toxic principles may be reduced by sun-drying
(Obikaonu et al. 2012; Esonu et al. 2006; Ogbuewu et al.
2010a, b, 2011a).

When used raw, neem seeds or oil meal decreases feed
intake and broiler performance (Gowda and Sastry 2000).
Soaking, cooking, alkaline or acid treatments and extraction
with one or several solvents have been investigated (Gowda
and Sastry 2000) to improve the overall acceptability.
Some acceptable results at relatively low incorporation
rates are also observed. Treatment with alkali or urea
maintains reasonable performance at 13% incorporation
(Nagalakshmi et al. 1996, 1999). Similarly, toasting or
autoclaving alleviates the negative effects of neem (Uko
and Kamalu 2008). Overall, neem is not recommended in
broiler feeding. However, it could be used with caution at
an incorporation rates below 5% with rigorous detoxifica-
tion protocol.

Raw neem oil meal reduces feed intake and laying perfor-
mance when used at 15 or 20% in layer diets, while at 10%
performance remains unaffected (Gowda et al. 1998). Neem
should be used with caution in layers, given the possible
long-term effects on health. In male or female breeders,
neem should be strictly avoided because of its potential
effects on reproduction (Gowda and Sastry 2000). In growing
quails, incorporation of 5-10% dehulled oil meal (solvent
extracted) decreases slightly growth performance while
inducing mild pathological effects (Elangovan et al. 2000b).
In laying quails, performance was maintained with 5-10% oil
meal in diet but with reduced feed efficiency (Elangovan
et al. 2000a).
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5.3 Neem as Fish Feed

Neem leaves supplemented diet is an immunostimulant for
fish (Talpur and Ikhwanuddin 2013) due to hundreds of
bioactive compounds, with proven anti-inflammatory, anti-
arthritic, antipyretic, hypoglycaemic, antiulcer, antimicrobial
and diuretic properties (Girish and Shankara 2008). It
produces both cell-mediated and humoral responses during
immunostimulation. There is an increased level of phagocytic
activity, which is a module of non-specific immune system in
fish (MacArthur and Fletcher 1995). The plant extract is
antioxidant and forages superoxide anion which scavenges
reactive radicals effectively to provide a possible protection
against autotoxicity and fatality (Nya and Austin 2009; Kim
et al. 2007).

5.4 Nutritional Quality of Neem Seed Cake
Neem seed cake (NSC) is a nonconventional feed ingredient
with great potential for livestock feeding (Bawa et al. 2005).
Chemical composition of NSC and neem seed meal (NSM)
varies considerably depending on the method of processing.
It is a rich protein source with 34-38% crude protein
(CP) (Bawa et al. 2007) and 33.20% and 32.90% for alkali-
treated neem seed cake (ATNSC) and NSC, respectively
(Aruwayo 2011). It is balanced in Ca, P but exceptionally
high iron content. Neem cake is a rich source of essential and
non-essential amino acids including sulphur-containing ones,
with little histidine, lysine and tyrosine (Gowda and Sastry
2000). The undecorticated NSC contains 6.5-11.6% digest-
ible CP (Ananthasubramainiam et al. 1979). The raw neem
seed meal has highest CP (23.19%), followed by solvent
extracted NSC (23.06%), hydraulic press NSC (22.69%)
and expeller NSC (22.5%)(Bawa et al. 2007), and the quality
is comparable to that of peanut meal (PNM) (Gowda and
Sastry 2000). Much higher CP is present in ATNSC
(33.76%) and urea-treated neem seed cake (UANSC)
(40.91%) (Katiyar et al. 1993). Therefore, ATNSC can be
considered as a wholesome substitute for PNM in terms of
performance.

Highest crude fibre content (40.50%) is seen in full fat
NSM (FFNSM) (Salawu et al. 1994), while the lowest value
is reported in NSC with 11.40% (Reddy et al. 1988). The
ether extract (EE) is 0.38% in deoiled NSC (Garg 1989) and
27% in FFNSM (Salawu et al. 1994). The nitrogen-free
extract was the lowest in FFNSM (Fajinmi et al. 1989) with
14% and highest in NSC (Bedi et al. 1975) with 52.52%.
Amongst all, UANSC seems to be the best because of high
crude protein of 40.91% and relatively low crude fibre of
11.43%.

Urea ammoniated neem seed meal (UANSM) has proved
to be a satisfactory, economical and wholesome substitute for
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complete replacement of traditional protein supplement,
deoiled groundnut cake (DGNC), in rations of growing
goats (Anandan et al. 1996) on the basis of nutritive value,
biochemical parameters and feeding economics. Dietary
deviation did not significantly influence the efficiency of
dry matter (DM) (8.7 vs. 9.1 g), protein (1.2 vs. 1.2 g CP)
and metabolic energy (22.9 vs. 22.8 kcal ME) utilization per
unit gain. The total body weight gain (kg), average daily gain
(g), feed conversion efficiency (feed/gain) and feed cost (Rs.)
per kg gain in the UANSM group were 5.6 £ 0.59, 31.0 &+
3.25,9.1 £ 0.57 and 25.6 £1.62, respectively, as compared
to the corresponding values as 6.0 £ 0.56, 32.8 4+ 3.20, 8.7 £
0.55 and 29.8 £ 1.83, respectively, in the DGNC group. The
haematobiochemical profile (haemoglobin, glucose and urea
nitrogen) and the activity of various enzymes (transaminases
and alkaline phosphatase) showed insignificant variation, but
the feed cost per kg gain of the UANSM diet is cheaper than
the DGNC diet by 14.2%. The feeding cost per unit weight
gain and overall average daily gain were slightly better in
males compared to females.

6 Neem as Nutraceutical

The neem leaf accounts for a wide range of pharmacological
activities, including antibacterial, anticarcinogenic, antifun-
gal, antihyperglycaemic, anti-inflammatory, antimalarial,
antimutagenic, antioxidant, antiulcer, antiviral and immuno-
modulatory (Subapriya and Nagini 2005), and in addition,
chewing fresh leaves acts as a sedative and relaxant. Aqueous
extract of neem leaves has noteworthy antiulcer activity and
causes reduction in severity of gastric injury and prevents
mast cell degranulation and mucus depletion. Neem leaves
are quite prosperous in nutritious elements as compared to
any other similar vegetation that has been subjected to chem-
ical analysis earlier. Neem leaf chutney was a regular feature
of Mahatma Gandhi’s everyday diet. A nutraceutical neem
tea would indisputably have been Gandhi’s favourite drink.
Neem can also be blended with green or black tea. The leaf
extract has also been reported to be advantageous in the
treatment of carbon tetrachloride-induced liver damage
(Mujumdar et al. 1998).

In Ayurveda, neem is always mixed with other herbs to
augment its efficacy and to turn the taste to a more favourable
side. Herbs good for the pitta dosha such as licorice, honey,
sugar, lemon juice and/or spices like cardamom can be used
to amplify the efficacy or to reduce the side effects. The
bitterness can also be counterbalanced with herbs and spices
like cinnamon, orange peel, licorice root and fennel seed.
Neem is indicated in contemporary Ayurveda for diabetes
mellitus, perhaps, by enhancing the insulin receptor sensitiv-
ity. Oral administration of leaf extract significantly reduces
insulin requirement for non-insulin-dependent diabetes
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patients. Nimbidiol present in root and bark of neem tree can
inhibit intestinal glucosidases thus helpful in control of dia-
betes (Mukherjee and Sengupta 2013). Fresh mature leaves,
along with the seeds of Psoralea corylifolia and Cicer
arietinum, are effective in leucoderma. Tender leaves, along
with black pepper, are effective in intestinal helminthic
infections (Kumar et al. 2016).

With a ban on four commonly used feed antibiotic growth
promoter (monensin, salinomycin, avilamycin and flavopho-
spholipol) by European Commission, neem leaf meal (NLM)
can be harnesses as an ingredient in diet of broilers owing to
its therapeutic and dietary importance (Bonsu et al. 2012), but
the inclusion level varies with the age and physiological
status. Neem has been shown to exert their antioxidant
properties by decreasing tumour necrosis factor-a, increasing
interferon-y and modulating antioxidant enzymes such as
glutathione S-transferase (GST) and certain hepatic cyto-
chrome P450-dependent monooxygenases (Manikandan
et al. 2008; Kusamran et al. 1998; Schumacher et al. 2011;
Vasenwala et al. 2012). It induces apoptosis via both the
intrinsic and extrinsic pathways and stimulates cell cycle
arrest via pS3-dependent p21 buildup and downregulation
of the cell cycle regulatory proteins cyclin B, cyclin DI,
p53 and propagating cell nuclear antigen (Kumar et al.
2010; Priyadarsini et al. 2010).

Neem, in combination with tulsi leaves extract, activates
the cell-mediated immune response and, therefore, creates an
enhanced response to any future challenges occurred by
disease organisms. So, the feeding neem and tulsi leaves to
immunosuppressed poultry birds increase their humoral and
cell-mediated immune responses. Low dose of neem leaf
extract has an inhibitory action on wide spectrum of
microorganisms. Infusion (4%) of neem leaves at a concen-
tration of 50 ml/1 of fresh drinking water could be effectively
used as a potential natural growth promoter and as immune
stimulant contributing to better body weight gain, feed con-
version ratio, gross return, lower mortality and higher anti-
body titre against infectious bursal disease (Durrani et al.
2008; Kumar et al. 2016).

6.1 Efficacy as Nutraceutical

Neem leaves can be eaten on a regular basis. Neem is a potent
blood purifier and detoxifier in the Ayurveda. Neem leaves
can treat symptoms coupled with viral infections like fever,
common cold, herpes, influenza and chicken pox. They con-
tain phospholipase A,inhibitor which can be used as a snake
venom inhibitor (Mukherjee et al. 2008).

Poultry birds supplemented with neem and tulsi leaf
extract (1-3 ml/kg poultry ration) show a significant benefi-
cial effect on body weight, weekly gain in weight, feed
consumption and feed efficiency (Prasannabalaji et al.
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2012). These effects may be due to their antimicrobial and
antiprotozoal properties (Kale et al. 2003), which help in
reduction of the microbial load of birds and resulted in better
absorption of the nutrients present in the gut and finely
leading to improvement in feed conversion ratio of the
rations.

Fusarium is a filamentous fungus widely distributed in
soil and produces mycotoxins such as trichothecenes and
zearalenone in cereal crops used as animal and poultry feed
and can affect human and animal health once they enter the
food chain. Zearalenone triggers reproduction disorders
including hyperestrogenic syndromes and tumour produc-
tion, while trichothecenes are sesquiterpenoid epoxides that
act as potent inhibitors of eukaryotic protein synthesis. Neem
oil extract decreases zearalenone production at a 0.1-0.5%
concentration, but maximum inhibition (59.05%) occurs at
0.1% (Geraldo et al. 2011).

Neem flowers contain compounds capable of inducing
monofunctional phase II enzyme and repressing
monooxygenases, especially those involved in the metabolic
activation of chemical xenobiotics. Feeding diets containing
12.5% neem flowers for 2 weeks strongly enhance GST
activity by almost 2.7-fold and a marked reduction in the
levels of phase I reactions, thereby increasing the overall
xenobiotic toxicity threshold (Kusamran et al. 1998).

Neem is being used profitably in aquaculture systems to
control fish predators (Dunkel and Ricilards 1998). Martinez
(2002) reported that aqueous extract of neem leaves and other
neem-based products are effective alternatives for the control
of fish parasites and fish fly predators such as dragonfly
larvae in fish farms. Although neem extract is considered
for low toxicity towards non-target aquatic life, water extracts
of the bark of the neem plant caused respiratory problems in
Tilapia zillii (Omoregie and Okpanachi 1997), while long
exposure to low concentrations of the crude extract delayed
the growth of this cichlid fish (Omoregie and Okpanachi
1992).

7 Safety

Neem has attracted worldwide distinction due to its vast
range of medicinal properties like antibacterial, antiviral,
antifungal, antiprotozoal, hepatoprotective and various other
properties without showing any adverse effects (Kale et al.
2003). Its widespread conventional use confirms the safety.
Over 75% Ayurvedic remedies contain neem, usually in the
form of leaf (or extract), sometimes the bark/fruit/flowers,
and almost never the oil. The majority of scientific neem
studies have been conducted with neem leaf or leaf extracts.
Neem leaves taken internally on a regular or daily basis are
considered safe unless any physiological stress is indicated.
In millennium indigenous use, no reports of negative side
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effects from neem leaves have been acknowledged. Although
neem has been found adequately safe for use as an insecti-
cide, animal studies suggest that persistent ingestion of neem
oil might generate toxic effects. However, comprehensive
safety evaluation of the different formulations of neem has
also not been accomplished (Kumar et al. 2016). Formal
safety testing has been done only for neem oil, it being an
important insecticide product. In addition, whole neem
extract may produce genotypic damage on prolonged use or
at higher doses (Badam et al. 1999; Awasthy 2001). For all
these reasons, use of neem is not advocated in young, preg-
nant or nursing animals or animals with severe liver or kidney
disease. In rats, administration of neem oil during the first few
days of pregnancy is abortifacient, and the activity reduces
with the advancement of gestation. At a dose of 6ml/kg body
wt, even mortality may be seen up to 25% (Lal et al. 1987).
Administration of oil increased tail flick reaction time and
reduced induced writhing (Khosla et al. 2000a). In normal
and hyperglycaemic rats, administration of oil causes a low-
ering of the blood glucose.

At the higher oral dose (100 mg/kg body wt for 20 days),
neem leaf extract decreased serum triiodothyronine (T3) and
increased serum thyroxine (T,4) concentrations but produced
no such changes at the lower oral dose (40 mg/kg body wt for
20 days). This indicates that high concentrations of neem
extract can be inhibitory to thyroid function, particularly in
the conversion of T, to T3, the major source of T3 generation
(Panda and Kar 2000). A concomitant increase in hepatic
lipid peroxidation and a decrease in glucose-6-phosphatase
activity in the higher dose group also indicated the adverse
effect of neem extract despite an augmentation in the
activities of defensive enzymes, superoxide dismutase
(SOD) and catalase. Thus, it appears that the neem extract
in higher dose may show symptoms of thyroid function and
lipid peroxidation.

8 Toxicity

The toxicological data of different neem-based preparations
have been recently reviewed by Kumar et al. (2016). The
daily oral administration of petroleum ether extract of neem
whole seed (566 mg/kg body wt) and husk (360 mg/kg body
wt) for a period of 60 days produced no alteration in
haemoglobin, packed cell volume, leukocyte count and
mean corpuscular haemoglobin and blood glucose, but AST
and ALT were decreased. Serum protein, serum cholesterol,
plasma total lipids and GST were increased, while plasma
phospholipids and erythrocyte acetylcholinesterase were
decreased (Gupta et al. 2001). Gandhi et al. (1988) reported
dose- and time-dependent effects on motor activity, respira-
tion and on the orientation within the cage after ingestion of
the neem oil by rats and rabbits. The animals had diarrhoea,
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tremors and convulsions. The median lethal dose (LDsg) was
14 ml/kg body wt for rats and, showing similar symptoms,
24 ml/kg body wt for rabbits.

The tail flick reaction time increased while induced writh-
ing reduced in rats after administration of leaf extract. Nalox-
one pretreatment partially reversed the effects. The effects of
the leaf extract were more pronounced than those of the seed
oil (Khosla et al. 2000a). The body weight of goats and guinea
pigs was decreased upon addition of leaves to their drinking
water. Both acute and chronic toxicities were evident through
signs of weakness, loss of condition and depression. Decreases
in heart, pulse and respiratory rates were observed, and diar-
rhoea, tremors and ataxia occurred in some animals. Total
erythrocyte count, packed cell volume and haemoglobin
decreased slightly, whereas the activities of AST, sorbitol
dehydrogenase and the concentrations of cholesterol, urea,
creatine and potassium increased. The liver and kidney were
most affected (Ali 1987). However, treatment of rats with leaf
extract resulted in decreases in total testosterone, total bilirubin
and potassium in serum. There was increase in packed cell
volume, mean corpuscular haemoglobin concentration, red
blood cell, white blood cell and lymphocyte counts, but no
cytotoxic effects were observed (Parshad et al. 1994).

The effects of aqueous extracts are ambiguous. Many of
the studies do not report dose-effect relationships. Mostly
positive effects are mentioned, even after administration of
high doses, but toxic effects are observed at concentrations of
200 mg/kg body wt resulting in death of treated goats (Ali
1987). Effects on reproduction are only indirectly mentioned
as a decrease in testosterone (Parshad et al. 1994). The most
relevant no observed adverse effect level (NOAEL) is
30 mg/kg body wt/day at which there is no modulation of
the immune responses (Ray et al. 1996).

The nonaqueous extracts are more repellent than the
powders. Acute toxicity of acetone leaf extract caused a
decrease in spontaneous activity, respiratory rate and body
and limb tone in mice along with decreased responses to the
environment, piloerection and a dose-dependent hypothermia
(Singh et al. 1987). Two fractions of an acetone leaf extract
showed central nervous system depressant activity in mice as
evidenced by a reduction in locomotor activity. Both
fractions caused reductions in blood pressure and heart rate
in rats without showing diuretic activity. Acute toxicity of
petroleum ether extract of leaves was evident on the motor
activity, on orientation, a reduced reaction to pain and
convulsions in mice with an oral LDs, of 22g/kg body wt
(Koley et al. 1994).

Ethanol leaf extract induced dose-dependent mitotic chro-
mosome abnormalities in bone marrow cells of mice. Gross
type abnormalities appeared even at the lowest dose and
remained unchanged in frequency at higher doses. The
extract caused increase in the incidence of structural changes
of metaphase chromosomes. A constituent of the extract
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probably interferes with DNA to yield chromosome strand
breakage or produced spindle disturbances, inducing
genotoxic effects (Awasthy et al. 1999). Ethanol leaf extract
in itself had no effect on peripheral utilization of glucose
(Chattopadhyay 1996). At doses higher than 50 mg/kg body
wt, the extract decreased the blood sugar level. The LDsq
value in mice was 4.6 g/kg body wt (Chattopadhyay 1999).
Ethanol leaf extract did not alter the hepatic glycogen content
in normal rats, but in glucose fed rats or in combination with
insulin, it reduced the hepatic glycogen content
(Chattopadhyay et al. 1993). Examination in rodents previ-
ously treated with seed extracts revealed complete resorption
of embryos on day 15 of pregnancy (Mukherjee et al. 1996).
Hexane seed extract, in contrast to ethanol and water extracts,
completely abrogated pregnancy. Restoration of fertility was
observed in subsequent cycles, and no further toxic effects
were found (Mukherjee et al. 1999).

9 Concluding Remarks and Future
Directions

Neem is currently one of the world’s most scientifically
exploited trees. The domestic, commercial and industrial
prospects of neem are unlimited and exciting. It can help
the mankind to solve comprehensive health and ecological
concerns. It has been widely used in Chinese, Ayurvedic and
Unani medicines worldwide especially in Indian subconti-
nent in the treatment and prevention of various diseases
through its role in the scavenging of free radical production
and preclusion of initiation of disease pathogenesis. It is
drought tolerant with rich forage even during the dry season.
Today’s reducing growth in animal feed resources is posing a
serious concern for livestock health and productivity. In this
scenario, neem leaves may be fed as a supplement during the
dry season to increase feed intake as well as diet quality.
Research on neem leaves as fodder should therefore be given
adequate attention to find ways to utilize this abundant
resource especially in the low rainfall areas of the subregion
where dry season feeding remains a major challenge. Its
kernel cake is also quite palatable to adult cattle and buffaloes
even without washing, promising future in the feeding of
buffalo calves, lambs and rams. For enhanced utilization,
decortication of neem seeds can be done effectively at indus-
trial level with maximized oil recovery. The processed pro-
teinaceous kernel by-product carries the potential for a
cheaper unconventional protein supplement. However, fur-
ther research is needed for scientific validation of the multiple
effects as well as to explore any other distinct therapeutic
potential of the extracts to optimize their utilization.
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Abstract

In recent years, most people throughout the world have
become health conscious, and recently countries have
even been ranked on the basis of how health conscious
their citizens are. According to the 2018 best countries
ranking, Sweden is perceived to be the most health con-
scious country in the world. People throughout the world
would like to live healthy lifestyle and do not want any
disease that could should create distress in their life. In
order to improve their health, people have started consum-
ing food supplements or nutraceuticals which have many
health benefits for the prevention of disease. Dietary
fibers, probiotics, prebiotics, polyunsaturated fatty acids
(PUFA), antioxidants, vitamins, polyphenols and spices
are all being used as nutraceuticals. Ginger is one such
spice used all over the world for culinary purposes and
also for its health benefits in both animals and humans.
The rich phytochemical composition of ginger makes it
effective against a wide spectrum of chronic disorders.
Phytoconstituents in ginger provide health benefits not
only by modulating various intrinsic antioxidant systems
of the body but also by acting as free radical scavengers
themselves. The nutraceuticals properties of ginger
include antioxidant, anti-inflammatory, gastroprotective,
immunomodulatory, neuroprotective, cardioprotective to
chemopreventive, and antidiabetic. In fact, the beneficial
effects of ginger have propelled its study in various clini-
cal trials in different countries to test its efficacy in various
disease conditions. Even different formulations with a
ginger extract or its constituents, like gingerol, are com-
mercially available for improving the health of both
humans and animals. In this chapter, we have reviewed
evidence of the beneficial effects of ginger as a dietary
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supplement, together with scientific studies in animals and
humans proving its benefits in the improvement of health.

Keywords
Veterinary nutraceuticals - Ginger

1 Introduction

Ginger (Zingiber officinale, Family: Zingiberaceae) is a trop-
ical, flowering plant, and its roots or rhizome have been
widely used as a spice worldwide for culinary purposes
especially for its characteristic aroma and pungency (Kubra
and Rao 2012). The generic name, Zingiber, is derived from
the Greek word “zingiberis” which itself has come from the
Sanskrit name of the spice ‘“singabera”. The Sanskrit
name, singabera, means “shaped like a horn” because of its
root’s resemblance to a deer’s antler (Sharma 2017). Specifi-
cally, ginger is widely regarded as a plant of potent medicinal
value in many ancient systems of medicine including Chinese
medicine, Tibb-Unani herbal medicine, and Ayurvedic med-
icine. In fact, ginger is depicted as Mahaoushadha (great
medicine) in Indian traditional medicine because of its wide
medical benefits. Traditional medicinal systems have used
the rhizome of ginger in its fresh or dried form for the
treatment of various disease conditions like nausea, vomiting,
loss of appetite, stomach cramps, heartburn, flatulence, indi-
gestion, common cold, influenza, cough, catarrh, nervous
diseases, gingivitis, toothache, asthma, stroke, constipation,
diabetes, arthritis, rheumatism, migraines, headaches, cardiac
palpitations, hypertension, and impotence (Ali et al. 2008;
Kubra and Rao 2012). It may also aid in preventing numerous
ailments like coronary artery disease, ulcers, cancer, and
various inflammatory disorders. The lifestyle of human
beings has changed tremendously over the last few decades
because of industrialization and change in work culture
which has led to a culture of fast-food eating. These meals
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are instant and more tasty, but they have little nutritional
value. This has led to increase in the incidence of various
chronic and lifestyle diseases like diabetes, obesity, cancer,
cardiovascular, and neurodegenerative diseases and immune
dysfunction. Hence, there has been an increasing global
interest for health-promoting food products, so-called
nutraceuticals, by consumers all over the world. Nutraceuti-
cal is the new hybrid term between nutrient and pharmaceu-
tical as coined by Dr. Stephen L. DeFelice in 1989 (Prabu
et al. 2012). Numerous in vitro, in vivo experimental and
clinical validation studies have substantiated the various
pharmacological effects of ginger and its safety (Semwal
et al. 2015; Srinivasan 2017). Certain bioactive molecules
and active principles have also been identified as being
responsible for its activity. Apart from its therapeutic
indications, ginger and its phytochemical constituents can
be used for multiple health-promoting benefits encompassing
prevention and treatment of diseases in humans as well as in
animals (Srinivasan 2017). This book chapter describes the
evidence of the health-promoting benefits of dietary ginger
on a pharmacological basis and its potential to be labeled a
nutraceutical in the near future.

2 Phytochemical Composition of Ginger

The occurrence, cultivation, harvest, morphological
characteristics, and chemical constituents of ginger have
recently been described (Sharma 2017). The chemical
constituents of ginger rhizomes are numerous, and the amount
of such constituents depends on the place of origin and the
condition of rthizomes (fresh or dry) (Ali et al. 2008; Kubra and
Rao 2012). Broadly, the chemical constituents in ginger can be
classified into four categories as listed in Table 1. It is reported
that the rhizome contains 3—6% fatty oil, 9% protein, 60—70%
carbohydrates, 3—8% crude fiber, about 8% ash, 9-12% water,
and 2-3% volatile oil. The odor of ginger is mainly due to its
volatile oil. To date, over 70 components of the oil have been
reported and characterized, and these can be classified into two
groups: monoterpenoids [B-phellandrene, (+)-camphene,
cineole, geraniol, curcumene, citral, terpineol, borneol]

Table 1 Phytochemical constituents of ginger

Category Components

Monoterpenoids Geraniol, curcumene, B-phellandrene, (+)-
camphene, 1,8-cineole, citral, terpineol,
borneol, linalool, neral

Sesquiterpenoids Zerumbone, a-zingiberene,

B-sesquiphellandrene, B-bisabolene, (E,
E)-a-farnesene, arcurcumene, zingiberol
Nonvolatile pungent
components

Gingerols, shogaols, paradols, zingerone,
dehydrozingerone

Miscellaneous Zingibain
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and sesquiterpenoids [a-zingiberene (30-70%),
p-sesquiphellandrene (15-20%), f-bisabolene (10-15%),
(E-E)-a-faresene, arcurcumene, zingiberol]. Among which
zingiberol is principally responsible for the distinct aroma of
the ginger rhizome (Ali et al. 2008; Baliga et al. 2011).

Ginger also has nonvolatile pungent components,
including gingerols, shogaols, paradols, zingerone, and
dehydrozingerone, which have potent biological activities as
shown in Fig. 1.

Of these components, gingerols (1-(30-methoxy-40-
hydroxyphenyl)-5-hydroxyalkan-3-ones) are the most impor-
tant phytoconstituents and are responsible for its spicy flavor
and various pharmacological properties. Among the
gingerols, 6-gingerol ([5]-hydroxy-1-(4-hydroxy-3-methoxy
phenyl) decan-3-one) is the most abundant (Baliga et al.
2012; Kubra and Rao 2012). Other nonvolatile more pungent
components present in lower concentrations in ginger are the
shogaols (phenylalkanones) which have wide pharmacologi-
cal utility. Shogaols come from dehydration of gingerols, and
their concentration increases during drying and storage
(Baliga et al. 2012; Haniadka et al. 2013). Gingerols are
thermally labile because of the presence of a p-hydroxy
keto group and readily undergo dehydration to form the
corresponding shogaols (Semwal et al. 2015). These
shogaols can be further converted to paradols by
hydrogenation. Other compounds, such as gingediols,
gingediacetates, gingerdione, and gingerenones, are also
reported to be present in the pungent fraction of ginger in
varied concentrations. Some other constituents reported to be
present in the ginger rhizome in minor quantities include
zingibain (potent proteolytic enzyme), capsaicin, gingediol,
galanolactone, gingesulfonic acid, galactosylglycerols,
gingerglycolipids, diarylheptanoids, phytosterols, vitamins,
and minerals (Baliga et al. 2011; Haniadka et al. 2013).
Nutraceutical compounds which claim to have medicinal
value include gingerols, shogaol, gingerdiols, eugenol,
paradols, and zingerone. Of these, gingerols are thought to
be the most pharmacologically active components (Mekuriya
and Mekibib 2018).

3 Pharmacological Profile of Ginger
3.1 Potential Benefits in Gastrointestinal
Disorders

Ginger has been widely used since ancient times to amelio-
rate certain gastrointestinal symptoms such as dyspepsia and
gastrointestinal hemorrhage; it is mainly used in indigestion
as it adsorbs and neutralizes certain toxins in the stomach and
improves the production and secretion of bile from the liver
and gall bladder. Bile aids in the digestion of fats which in
turn helps to lower cholesterol levels. Ginger has been used
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as carminative to enhance digestion and reduce gastrointesti-
nal gas and flatulence (Qin and Xu 2008; Sharma 2017).
Gastric complications like constipation, dyspepsia, belching,
bloating, gastritis, epigastric discomfort, gastric ulcer, indi-
gestion, nausea, and vomiting have been effectively
mitigated with ginger extract in various preclinical and clini-
cal studies (Haniadka et al. 2013; Keng-Liang et al. 2008).
Ginger extract, [6]-gingerol, and zingerone have been shown
to inhibit ACh-induced contractions of rat intestine and
hypermotility-induced diarrhea, supporting its clinical appli-
cation of ginger in gastrointestinal motility disorders
(Chatturong et al. 2018; Iwami et al. 2011). Mechanistically,
the effects of zingerone as a prokinetic agent have recently
been attributed to inhibition of pacemaker potentials of inter-
stitial cells of Cajal (ICCs) (responsible for slow waves in the
gastrointestinal (GI) tract) via nitric oxide/cyclic guanosine
monophosphate (NO/cGMP)-dependent adenosine triphos-
phate (ATP)-sensitive K* channels through mitogen-
activated protein kinase (MAPK)-dependent pathways
in vitro (Kim et al. 2018).

Ginger is also widely reported to possess powerful
antiemetic properties in hyperemesis gravidarum, motion
sickness, cancer chemotherapy, postoperative nausea, and
vomiting and pregnancy-associated vomiting (Ali et al.
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2008). Researchers also reported the beneficial effect of
ginger extract in cisplatin (a chemotherapeutic agent)-
induced emesis and delayed gastric emptying (Sharma et al.
1997). Notably, it was determined that the acetone alcoholic
extract of ginger is effective rather than the aqueous extract
(Sharma and Gupta 1998; Sharma et al. 1997). However, in
clinical studies conducted in cancer patients receiving che-
motherapeutic agents (cisplatin, doxorubicin), ginger powder
extract showed no significant efficacy, which may be due to
the use of a water extract in such patients (Arslan and
Ozdemir 2015; Li et al. 2018a; Lua et al. 2015). Ginger
extract and its essence is reported to be effective in pregnant
women undergoing cesarean section (Zeraati et al. 2016),
with postoperative nausea and vomiting associated
with nephrectomies (Hosseini and Adib-Hajbaghery 2015)
and with antiretroviral-induced nausea and vomiting
(Dabaghzadeh et al. 2014) signifying a different mechanism
for vomiting stimuli in different settings. Some clinical trials
over efficacy of ginger on GI disorders have been and are
being undertaken in different countries as shown in Table 2.
The extracts of ginger have been reported to increase diges-
tion efficiency by enhancing the activity of pancreatic lipases
and amylases. Ginger also improves the overall health of the
gastrointestinal tract via its gastroprotective actions and by
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Table 2 Clinical trials on ginger (2011-2018)

Condition/
disease

Title of study

Gastrointestinal disorders

Nausea and
vomiting

Abdominal
distention

Non-
alcoholic
fatty liver
disease

Efficacy of ginger on
intraoperative and
postoperative nausea and
vomiting in elective cesarean
section patients (2013)

The effect of ginger on the
incidence of postoperative
nausea and vomiting (2017)

Effect of ginger on nausea
and vomiting during acute
gastroenteritis in children
(2016)

Efficacy of ginger as an
adjunctive prophylaxis for
chemotherapy-induced
nausea and vomiting (2015)

A study to assess the
antiemetic efficacy of ginger
in children and adolescents
receiving chemotherapy
(2009-2011)

Efficacy study of ginger
(Zingiber officinale) extract
“Ginpax” to manage nausea
in cancer patients receiving
high emetogenic treatments
and standard anti-
emetogenic therapy (2013)
Efficacy of ginger in the
prevention of abdominal
distention in post-cesarean
section patient (2016)

The effects of ginger on
nonalcoholic fatty liver
disease (2014)

Effect of ginger supplement
on nonalcoholic fatty liver
(2015)

Sponsor

New York
Methodist
Hospital,
Brooklyn, NY
11215, USA

The University
of The West
Indies,
Kingston, Kng
7, Jamaica
University of
Naples
Federico II,
Italy, 80131
Mahidol
University,
Thailand

All India
Institute of
Medical
Sciences, New
Delhi, India

Istituto
Nazionale dei
Tumori, Milan,
Italy

Chulalongkorn
University,
Thailand

Shiraz
University of
Medical
Sciences, Iran

National
Nutrition and
Food
Technology
Institute, Iran

Study design

239 women were divided into
2 groups: dry powder ginger
(n = 116) and placebo group
(n = 123). Each were given
1 g capsule before induction
of spinal anesthesia

110 female patients were
divided into 2 groups :
placebo and 0.5 g ginger
powder, given 2 h before
gynecological surgery

150 children, below the age
of 10, were administered
ginger extract in acute
gastroenteritis

34 participants were divided
into 2 groups: placebo
capsule and ginger capsule
(500 mg) taken orally twice a
day during the first 5 days of
chemotherapy cycle

32 children receiving highly
emetogenic chemotherapeutic
agents were administered
ginger root powder capsule of
different dose at 1 h, 3 h, and
8 h after chemotherapy. Their
effect was compared to
placebo capsule

250 participants were
randomized to receive 2 soft
gel capsules of ginger extract
per day during two cycles of
cisplatin within 28 days

178 participants were divided
into 2 groups: placebo
capsule and ginger capsule
(500 mg) taken orally,

2 capsules after each of three
meals for 3 days

90 adult patients were divided
into 2 groups, viz., placebo
and ginger group (500 mg
capsule ) and were
administered this capsule for
3 months

60 adult patients were
randomly divided into

2 groups: placebo capsule and
ginger capsule (500 mg) three
times daily for 3 weeks

Outcome

Dry ginger powder group
reported reduced number of
episodes of intraoperative
nausea but not postoperative
nausea as compared to
placebo group

Results not published

Results not published

Results not published

The ginger root powder was
reported to be effective in
reducing the severity of acute
and delayed
chemotherapeutic-agent-
induced nausea and vomiting,
but it did not eliminate
completely

Results not published

Results not published

Results not published

Results not published

. Srinivasan et al.

References

Kalava et al.
(2013)
ClinicalTrials.
gov Identifier:
NCTO01733212)

ClinicalTrials.
gov Identifier:
NCT03626441

ClinicalTrials.
gov Identifier:
NCT02701491

ClinicalTrials.
gov Identifier:
NCT02390648

Pillai et al.
(2011)
ClinicalTrials.
gov Identifier:
NCT00940368

ClinicalTrials.
gov Identifier:
NCTO01887314

ClinicalTrials.
gov Identifier:
NCT02809027

ClinicalTrials.
gov Identifier:
NCT02289235

ClinicalTrials.
gov Identifier:
NCT02535195

(continued)


http://clinicaltrials.gov
http://clinicaltrials.gov
http://clinicaltrials.gov
http://clinicaltrials.gov
http://clinicaltrials.gov
http://clinicaltrials.gov
http://clinicaltrials.gov
http://clinicaltrials.gov
http://clinicaltrials.gov
http://clinicaltrials.gov
http://clinicaltrials.gov
http://clinicaltrials.gov
http://clinicaltrials.gov
http://clinicaltrials.gov
http://clinicaltrials.gov
http://clinicaltrials.gov
http://clinicaltrials.gov
http://clinicaltrials.gov

Nutraceutical Potential of Ginger

Table 2 (continued)

Condition/
disease

CNS Disorders
Migraine

Condition/
disease
CVS disorders

Antiplatelet
activity

Cardiovascular
disease markers

Condition/
disease

Inflammatory diseases

Inflammation

Disease
Cancer

Colorectal
cancer

enhancing the growth of beneficial bacteria in the intestines
(Butt and Sultan 2011; Haniadka et al. 2013). Ginger exhibits
anti-ulcerogenic properties in the animal models of gastric
ulcers induced by ethanol, nonsteroidal anti-inflammatory
drugs (NSAIDs), and hydrochloric acid (Liju et al. 2015;
Salah Khalil 2015). In addition, it also inhibits the growth
of Helicobacter pylori, a major ulcerogenic, and the

Title of study

Double-blind placebo-
controlled randomized clinical
trial of ginger (Zingiber
officinale Rosc.) addition in
migraine acute treatment
(2018)

Title of study

The effect of drinking
ginger daily on platelet
function in the Saudi
population (2013)

Acute effects of ginger
extract consumption on risk
markers of cardiovascular
disease (2014)

Sponsor

Federal
University
of Minas
Gerais,
Brazil

Sponsor

King Abdullah

International Medical
Research Center, Saudi

Arabia

University of Reading, UK

Title of study (year) Sponsor
The effects of ginger Loma
supplementation on Linda,
inflammation in California,
exercising individuals | USA
(2017)

| Title of study (year) Location
Pilot clinical study of the University
effects of ginger root extract on | of
eicosanoids in colonic mucosa | Michigan
of subjects at increased risk for | Medical
colorectal cancer (2015) School,

USA

Study design

60 patients were given 400 mg
ginger extract capsule, in
addition to an intravenous drug
(100 mg of ketoprofen), and
result was compared to
placebo-controlled group

Study design

40 individuals
were randomly
divided into

2 groups and
administered 4 g
of ginger powder
once or twice for
5 days

22 male
volunteers were
divided into

2 groups: placebo
drink group and
ginger drink
group (300 mL)
with breakfast on
2 visits separated
by 2 weeks

Study design

12 individuals were divided in

2 groups: exercising group and
non-exercising group. Both group
received 3 g of ginger extract three
times weekly, for 8 weeks

Study design

21 patients who are at
increased risk of colorectal
cancer were administered 2 g
of encapsulated ginger root
extract daily for 28 days, and
effect was compared with
placebo

Outcome

The study showed that the
addition of ginger extract to
intravenous ketoprofen may
contribute to the treatment
of migraine attack

Outcome

Results not published

Results not published

Outcome

Results not published

Outcome of study

Ginger is reported to have
chemopreventive effects
and is both tolerable and
safe
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associated inflammatory lesions, thereby protecting the gut
(Gaus et al. 2009; Mahady et al. 2003). In addition, ginger
volatile oil and gingerols were shown to be effective in
different animal models of colitis or ulcerative colitis
(Fig. 2) (Rashidian et al. 2014; Zhang et al. 2017).

Ginger not only improves functionality of the gastrointes-
tinal tract, but it also gives a major boost to liver health as well
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Fig. 2 Various pharmacological effects of ginger

(Abdulaziz Bardi et al. 2013; El-Sharaky et al. 2009; Emrani
et al. 2016). It is reported to possess nutraceutical value in
preventing hepatic fibrosis (Motawi et al. 2011), nonalcoholic
fatty liver disease (Lai et al. 2016; Sahebkar 2011), and
alcohol induced liver cirrhosis (Zhuang et al. 2015). It has
also been reported to possess an anti-hepatotoxic property in
various chemical induced-hepatotoxicity preclinical models
(Abdulaziz Bardi et al. 2013; Baiomy and Mansour 2016;
Sabina et al. 2011).

3.2 Potential Benefits as Antioxidant

Redox reactions are constantly going on inside each and
every living tissue to provide energy. Consequently, such
reactions are liberating free radicals like reactive oxygen
species and (ROS) reactive nitrogen species (RNS). It is
reported that increased generation of such free radicals
gives rise to a condition known as oxidative stress, which is
cytotoxic and mutagenic to the cells. In normal circumstances
antioxidant enzymes of the cells like superoxide dismutase
(SOD), glutathione peroxidase (GPx), and catalase (CAT)
help in maintaining normal oxidant homeostasis. During
increased free radical generation and oxidative stress,

however, such enzyme activity is reduced, requiring antioxi-
dant supplementation through the diet (Ali et al. 2008;
Chandel and Schieber 2014).

Various studies have reported the strong antioxidant
properties of ginger extract and its phytochemical
constituents (Ahmad et al. 2015; Mashhadi et al. 2013).
Ginger exerts antioxidant effects against all oxidative stress
induced by the different agents, ranging from chemical to
biological agents and to radiation (Jeena et al. 2016; Saberi
et al. 2017). For example, ginger has been reported to allevi-
ate oxidative stress and organ damage induced by chemical
agents like carbon tetrachloride (Ali et al. 2008), malathion,
lindane (Butt and Sultan 2011), lambda cyhalothrin
(Al-Amoudi 2018), hydrogen peroxide (Peng et al. 2015),
chlorpyrifos (Abolaji et al. 2017), mercuric chloride
(Al Hroob et al. 2018; Joshi et al. 2017), sodium arsenite
(Chakraborty et al. 2012), sulfite (Afkhami Fathabad et al.
2018), lead acetate (Mohamed et al. 2016), carbendazim
(Salihu et al. 2017), and aflatoxin B (Vipin et al. 2017). It
also has antioxidant properties against drug-induced
toxicities like acetaminophen (Abdel-Azeem et al. 2013;
Sabina et al. 2011), vancomycin (Kandemir et al. 2018),
piroxicam (Badawi 2018), gentamicin (Hegazy et al. 2016),
and cisplatin (Ali et al. 2008; Alibakhshi et al. 2018) in
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various organs of experimental animals. Hyperglycemia
(Al Hroob et al. 2018)-, ethanol (Akbari et al. 2017; Heshmati
et al. 2018; Shirpoor et al. 2017, 2018)-, lipopolysaccharide
(Li et al. 2012a)-, lipids (Si et al. 2018)-, interleukin-1f
(Hosseinzadeh et al. 2017)-, and ischemia (Jittiwat and
Wattanathorn, 2012; Li et al. 2017)-associated oxidative
damages are also ameliorated by ginger extracts. Therefore
ginger has antioxidant properties in several organs from the
brain to the testes in experimental animals, signifying its
nutraceutical value in combating oxidative stress induced
by several agents. In fact, the oxidative stress-reducing prop-
erty of ginger is comparable to that of chemical antioxidants
and free radical scavengers like butylated hydroxyl toluene
(BHT) and butylated hydroxyl anisole (BHA) (Kubra and
Rao 2012). The antioxidant property of ginger extract and its
phytoconstituents is attributed to the enhancement of antiox-
idant enzymes (SOD, catalase, GPx), free radical scavenging
action, and reduction of lipid peroxidation (Butt and Sultan
2011; Kubra and Rao 2012; Zhuang et al. 2015). The other
molecular mechanisms underlying the antioxidant properties
of ginger include the activation of nuclear factor erythroid
2-related factor 2 (Nrf-2) and heme oxygenase-1 (HO-1)
pathway (Peng et al. 2015; Zhu et al. 2016).

3.3 Potential Benefits as Anti-inflammatory

and Immunomodulatory

Inflammatory disorders and related diseases like rheumatic
conditions have been treated with ginger or ginger-derived
formulations for ages worldwide because of its broad anti-
inflammatory actions. Experimentally, ginger and its
constituents exhibited anti-inflammatory effects in various
models of acute and chronic inflammation (Banji et al.
2014; Mashhadi et al. 2013; Song et al. 2016; Xie et al.
2014). For instance, zerumbone is reported to inhibit
endotoxin-induced lung inflammation in mice (Ho et al.
2017), while 6-shogaol reduces neuroinflammation
associated with cognitive impairment (Moon et al. 2014)
and Parkinson’s disease by inhibiting the plasma level of
tumor necrosis factor-a (TNF-a) (Park et al. 2013) (Luettig
et al. 2016). Ginger suppresses prostaglandin synthesis
through the inhibition of cyclooxygenase (COX)-1 and
COX-2. It also suppresses leukotriene biosynthesis by
inhibiting 5-lipoxygenase (5-LOX). This pharmacological
property distinguishes ginger as a dual inhibitor of COX
and 5-LOX from nonsteroidal anti-inflammatory drugs
which may have a better therapeutic profile with fewer side
effects. Ginger extracts have been shown to inhibit the induc-
tion of several genes encoding for cytokines, chemokines,
and the inducible COX-2 involved in the inflammatory
response (Grzanna et al. 2005). Immunomodulation refers
to a process and a course of action in which an immune
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response is altered to a desired level. Herbs exhibit an array
of diverse biological activity such as anti-stress, adaptogenic,
antiaging, and immunomodulatory activity (Mahima et al.
2012). Ginger has an excellent immunomodulatory property
in many experimental settings induced by infectious agents,
allergies, drugs, inflammation, and cancer (Carrasco et al.
2009). It was indicated that the alcohol extract of
Z. officinale also improved the immunological functions in
the tumorous mice of immune inadequacy. In contrast, it was
also reported that ginger inhibited lymphocyte proliferation
and suppressed interleukins (IL-2 and IL-10) production in
human lymphocytes (Wilasrusmee et al. 2002b). Moreover,
ginger may inhibit both mitogen- and alloantigen-stimulated
lymphocyte proliferations in mice (Wilasrusmee et al.
2002a). The effects of the volatile oil of ginger on the
immune response were also evaluated in vitro and in vivo
in mice, and the underlying mechanism of its anti-
inflammatory activity was explored. Ginger extract reduces
the expression of IL-17 and IL-23 and also modulates the
expression of chemokines CCL20 and CCL22 and their
receptors (CCR6 and CCR4) in the central nervous system
(CNS) of mice with experimental autoimmune encephalomy-
elitis (Jafarzadeh et al. 2015, 2017b). [6]-Gingerol and
[6]-shogaol, active ingredients of the traditional Japanese
medicine hangeshashinto, relieve oral ulcerative mucositis-
induced pain via action on Na* channels (Hitomi et al. 2017).

34 Potential Benefits in Diabetes

Diabetes mellitus (DM) is one of the major chronic metabolic
disorders, and there are currently more than 420 million people
living with diabetes (IDF 2017). Presently available allopathic
medicines for diabetes are limited and further associated with
adverse effects. The antidiabetic activity of ginger powder has
been recently promoted, with the recommendation that it be
included as one of the dietary supplements for diabetic patients
(Bi et al. 2017; Medagama and Bandara 2014). It may be
helpful in reducing the dosages of antidiabetic medications
and associated side effects via its antidiabetic and antioxidant
effects. Data from in vitro, in vivo, and clinical trials have
demonstrated the antihyperglycemic effect of ginger. Preven-
tive and protective properties of ginger in diabetes mellitus,
diabetic complications, and associated lipid and other meta-
bolic disorders were also reported (Li et al. 2012c). Multiple
mechanisms have been proposed underlying the antidiabetic
effects of ginger which are due to its insulinotropic, insulin-
sensitizing actions including enhancing glucose uptake via cell
surface glucose transporter 4 (GLUT4), and restoration of
altered carbohydrate and lipid metabolism. It also includes
the inhibition of several transcriptional pathways at the molec-
ular level, lipid peroxidation, carbohydrate-metabolizing
enzymes, increase in adenosine monophosphate kinase
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(AMPK) phosphorylation and 3-hydroxy-3-methyl-glutaryl-
coenzyme A (HMG-CoA) reductase, and the activation of
antioxidant enzyme capacity and low-density lipoprotein
receptors (Akash et al. 2015; Li et al. 2012b; Rani et al. 2012).

Aqueous ginger extract administered orally (daily) in three
different doses (100, 300, 500 mg/kg body weight) for a
period of 30 days improved carbohydrate metabolism in
STZ-induced type 1 diabetic rats through its effects on the
glycolytic enzyme activities (Abdulrazaq et al. 2012). Ginger
exhibited inhibitory actions on gut o-glucosidase and
a-amylase that help in ameliorating hyperglycemia (Rani
et al. 2011, 2012). Administration of ginger extracts signifi-
cantly improved hyperglycemia and hyperlipidemia, as well
as the impaired kidney function and hemogram in alloxan-
induced type 1 diabetic rabbits (Elkirdasy et al. 2015). Poly-
phenol extracts of ginger rhizome have exhibited ameliora-
tion of pancreatic and renal derangements in STZ-induced
diabetic rats (Kazeem et al. 2015). Since oxidative stress is
involved in the pathophysiology of diabetes, the effect of
ginger on oxidative stress markers was investigated on STZ
diabetic rats. Ginger significantly increased antioxidant
effects as compared to glibenclamide (Ahmadi et al. 2013).
In another study, the combination of gelam honey and ginger
significantly ameliorated oxidative stress and metabolic pro-
file in STZ type 1 diabetic rats (Sani et al. 2014).

[6]-Gingerol, a major constituent of ginger, has been
reported to ameliorate hyperglycemia in Lepr (db/db) type
2 diabetic mice. Endocrine signaling involved in insulin
secretion is perturbed in these diabetic mice. Four-week
treatment of [6]-gingerol led to significant increase in
glucose-stimulated insulin secretion and improved glucose
tolerance involving glucagon-like peptide (GLP)-1-mediated
insulin secretion pathway (Samad et al. 2017). 6-Paradol and
[6]-gingerol supplementation significantly reduced plasma
glucose, alanine aminotransferase, aspartate aminotransfer-
ase, advanced glycation end products (AGEs), and insulin
levels in mice on high-fat diet (Sampath et al. 2017; Wei et al.
2017).

Potential Benefits in Diabetic
Complications

35

Ginger has been reported to offer health benefits in certain
micro- and macro-vascular diabetic complications related to
the kidney, liver, peripheral nerve, and cardiovascular
systems (Li et al. 2012c). Recent investigations have revealed
that ginger alleviates hyperglycemia-induced oxidative
stress, inflammation, and apoptosis and protects rats against
STZ-induced diabetic nephropathy (Al Hroob et al. 2018).
Ginger extract and zingerone were shown to exert
nephroprotective effects by ameliorating various biochemical
parameters and pathological injuries of the kidneys in differ-
ent animal models of diabetic nephropathy (Ramudu et al.
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2011; Rehman et al. 2018; Cui et al. 2018). Chronic treatment
with 50 mg daily dose of ginger extract intragastrically for
6 weeks significantly reduced heart structural abnormalities
in diabetic rats, and this suggested that these effects might be
associated with improvements in serum apo, leptin,
cathepsin G, and homocysteine levels (Ilkhanizadeh et al.
2016). Ginger hydroalcoholic extract and zerumbone, a phy-
tochemical of subtropical ginger, alleviated diabetic retinop-
athy through reducing arginase I activity, blocking the AGEs/
RAGE/NF-kB (nuclear factor- kB) pathway in the retina, and
also through anti-inflammatory and antiangiogenic actions
(Dongare et al. 2016; Lamuchi-Deli et al. 2017; Tzeng et al.
2016). Antiglycating potential of ginger and delay of diabetic
cataract in rats have also been reported (Saraswat et al. 2010).
Zingerone ameliorates enhanced vascular contraction in dia-
betic aorta which may be mediated by its vasodilator effect
through NO- and guanylate cyclase stimulation (Ghareib
et al. 2016). This is of significant importance for therapeutic
interventions in complementary treatment/management of
diabetes-related complications. Treatment with ginger
ingredients like zingerone, geraniol, and 6-gingerol in doses
of 20, 200, and 75 mg/kg, respectively, alleviate diabetic
prostatic complications through suppressing oxidative stress
and tissue fibrosis (Eid et al. 2017). The combination of
ginger and cinnamon has significant beneficial effects on
sperm viability and motility, serum total testosterone,
luteinizing hormone (LH), follicle-stimulating hormone
(FSH), and serum antioxidant levels in diabetic animals
(Khaki et al. 2014). Treatment with ginger extracts caused
alleviation of the testicular lesions in diabetic mice
suggesting that the intake of ginger roots as a drink may be
useful for diabetic patients who suffer from sexual impotency
(Shalaby and Hamowieh 2010).

3.6 Clinical Studies

Some clinical studies have reported and substantiated the
health benefits of ginger in diabetic patients. A randomized,
double-blind, placebo-controlled trial demonstrated that daily
consumption of three 1 gram capsules of ginger powder for
8 weeks is useful for patients with type 2 diabetes due to
fasting blood sugar (FBS) and HbAlc reduction and
improvement of insulin resistance indices such as QUICKI
index (Mozaffari-Khosravi et al. 2014). Ginger improved
insulin sensitivity and some fractions of the lipid profile and
reduced CRP and PGE, in type 2 diabetic patients (Arablou
et al. 2014). Ginger exhibited ameliorative effects on glucose
control, insulin sensitivity, and lipid profile and proved to be
a promising adjuvant therapy for T2DM and metabolic syn-
drome (Makhdoomi Arzati et al. 2017; Zhu et al. 2018).
Three-month supplementation of ginger improved glycemic
indices, total antioxidant capacity, malondialdehyde (MDA),
C-reactive protein (CRP), and serum paraoxonase (PON-1)
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activity in patients with T2DM (Shidfar et al. 2015). Daily
administration of 1000 mg ginger reduces serum fasting
glucose, which is a risk factor for hyperinsulinemia,
dyslipidemia, peritoneal membrane fibrosis, and cardiovas-
cular disease in patients on peritoneal dialysis (Imani et al.
2015). Patients with type 2 diabetes are prone to cardiovas-
cular disease (CVD) due to inflammation process and oxida-
tive stress. ADMA (asymmetric dimethylarginine) and
ICAM-1 (intercellular adhesion molecule-1) play an impor-
tant role in CVD pathogenesis. Ginger as an antioxidant and
anti-inflammatory agent has been shown to have an effect on
these biomarkers (Zarezadeh et al. 2018). Ginger supplemen-
tation improved insulin sensitivity and some fractions of lipid
profile in T2DM patients. Therefore, it may be considered as
a useful remedy to reduce the secondary complications of
T2DM (Mahluji et al. 2013). Functional foods like ginger can
be effective in the prevention of metabolic syndrome and
subsequently the onset of cardiovascular diseases and
T2DM as seen from human interventional trials (van den
Driessche et al. 2018). The study also revealed the effect of
ginger herbal spray on reducing xerostomia in patients with
T2DM (Mardani et al. 2017).

3.6.1 Potential Benefits in Obesity

Obesity is a complex, multifactorial, and largely preventable
disease, affecting over a third of the world’s population
today. If secular trends continue, by 2030, an estimated
38% of the world’s adult population will be overweight and
another 20% will be obese (Hruby and Hu 2016). Obesity,
which describes the condition of an abnormal accumulation
of body fat mass, is directly related to an increased risk of
several chronic diseases, including glucose intolerance, car-
diovascular disease hypertension, hyperlipidemia, hemostatic
variables, and increased insulin resistance. Ginger provides
anti-obesity effects by accelerating weight loss and metabo-
lism. The beneficial effects of ginger on obesity and meta-
bolic syndrome have been recently reviewed (Ebrahimzadeh
Attari et al. 2018; Wang et al. 2017). Most preclinical studies
have supported the weight-lowering effect of ginger extract
or powder in obese animal models. Ginger may modulate
obesity through various mechanisms including increasing
thermogenesis, increasing lipolysis, suppression of lipogene-
sis, inhibition of intestinal fat absorption, and by controlling
appetite (Ebrahimzadeh Attari et al. 2018). Rats fed a high-fat
diet supplemented with 5% ginger powder exhibited a signif-
icantly greater ability to reduce body weight without
inhibiting pancreatic lipase level, or affecting bilirubin con-
centration, with positive effect on increasing peroxisomal
catalase level and HDL cholesterol as compared to orlistat
supplementation (200 mg/kg diet) (Mahmoud and Elnour
2013). de Las Heras et al. (2017) recently investigated the
molecular factors involved in the anti-obesity and
hypolipidemic effects of a hydroethanolic ginger extract in
HFD-fed rats. The hypolipidemic and insulin-sensitizing
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effects of ginger extract were associated with higher liver
expression of transcription factors peroxisome proliferator-
activated receptor (PPAR)a, PPARYy, GLUT-2, and collagen
at molecular levels and the enhancement of plasma
adiponectin levels (de Las Heras et al. 2017). The ameliora-
tive potential of gingerol via modulating inflammatory
factors and enzymes involved in cholesterol metabolism
and targeting of the AMPK-NF-kB pathway through eleva-
tion in sirutin (SIRT)-6 and reduction in resistin levels has
been demonstrated in HFD-induced obese rats (Brahma
Naidu et al. 2016; Hashem et al. 2017). The plasma
cholesterol-lowering activity of gingerol- and shogaol-
enriched extract was also demonstrated in a hamster model
which was mediated by enhancing the excretion of fecal
cholesterol and bile acids via upregulation of hepatic
CYP7A1 and downregulation of mRNA of intestinal
Niemann-Pick Cl-like 1 protein (NPC1L1), acyl CoA:cho-
lesterol acyltransferase 2 (ACAT2), and microsomal
triacylglycerol transport protein (MTP) (Lei et al. 2014).
Gingerenone A, yet another polyphenol present in ginger,
has been shown to mitigate obesity and adipose tissue inflam-
mation in HFD-fed mice (Suk et al. 2017).

3.6.2 Potential Benefits in Cancer

Despite tremendous advancement in the last two decades in
cancer research, cancer remains the second leading cause of
death globally after heart ailments and has been responsible
for an estimated 9.6 million deaths so far in 2018. Globally,
about one in six deaths is due to cancer. Epidemiological
studies report that Asians have a lower incidence of cancer
than Western countries, which may be due to consumption of
a diet rich in plants among the Asian population (Prasad and
Tyagi 2015). A wide variety of phenolic compounds derived
from spices possess potent antioxidant, anti-inflammatory,
antimutagenic, and anticarcinogenic activities. The protective
and therapeutic potential of ginger extract and various other
constituents of ginger against different types of cancer have
been reviewed and are shown in Table 3 (de Lima et al. 2018;
Poltronieri et al. 2014; Prasad and Tyagi 2015; Shukla and
Singh 2007).

The anticancer properties of ginger and its constituents
have been reported to be associated with antioxidant, anti-
inflammatory, and antimutagenic properties, as well as other
biological activities as shown in Table 3. [6]-Gingerol is the
major pungent principle of ginger, with numerous pharmaco-
logical properties. The proposed mode of molecular actions
of gingerol include but is not limited to: (1) decrease in iNOS
and TNF-a expression, (2) NF-kB nuclear translocation,
(3) the release of cytochrome c, (4) caspases activation, and
(5) increase in apoptotic protease-activating factor-1 (Apaf-1)
as a mechanism of apoptosis induction. Further, 6-gingerol
also stimulates apoptosis through upregulation of NSAID-
activated gene-1 (NAG-1) and by modulating f-catenin, pro-
tein kinase C (PKCC), and GSK-3p pathways (Lee et al.
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Table 3 Anticancer property of ginger

Cancer type Models Compounds | Outcome References
Colorectal cancer HT-29 cell line 6-Shogaol 6-Shogaol chemo-preventive Li and Chiang (2017)
potential for colorectal cancer
HCT-116, SW-480 cell lines 6-Shogaol 6-Shogaol induces death of colon Yogosawa et al. (2012)
cancer cells by inducing apoptosis
and G2/M cell cycle arrest
HCT116, SW480, and LoVo cell lines | Ginger leaf | Colon cancer chemopreventive Park et al. (2014)
extract properties
Gastric cancer Human gastric adenocarcinoma cells | 6-Gingerol | 6-Gingerol is reported to be effective | Mansingh et al. (2018)
(AGS) in gastric cancer by inducing
apoptosis
MKN1, MKN28, MKN45, MKN74, | Zerumbone |Zerumbone is reported to be Tsuboi et al. (2014)
NUGC4, and AGS cell line effective for the treatment of gastric
cancer
Glioblastoma U87 glioblastoma cells Gingerols Effective in preventing glioblastoma | Lee et al. (2014)
by inducing apoptosis
Lung cancer Urethane induced lung cancer in 6-Gingerol | 6-Gingerol prevents lung Yao et al. (2018)
female mice and the Lewis lung carcinogenesis by acting as an
carcinoma (LLC) cells arginase inhibitor
Non-small cell lung A549 cell line 6-Shogaol 6-Shogaol is found to be effective by | Eren and Betul (2016)
cancer (NSCLC) modulating the activity of mPGES-1
enzyme
A549 cell line Zerumbone | Zerumbone prevents metastasis of Kang et al. (2016)
NSCLC
NCI-H1650 cells and nude mice 6-Shogaol 6-Shogaol is reported to prevent Kim et al. (2014)
NSCLC
Prostate cancer HRPC cell lines, PC-3, and DU-145 Zerumbone | Zerumbone inhibits hormone Chan et al. (2015)
refractory prostate cancer cell, by
inducing apoptosis and autophagy
Liver cancer SNU182 cell line Zingerone Zingerone prevents metastasis of Kim et al. (2017)
hepatocellular carcinoma cell line
SMMC-7721 cells in vitro and in vivo | 6-Shogaol 6-Shogaol is effective in human Hu et al. (2012)
in xenograft mice model hepatocellular carcinoma cells by
inducing ER stress and apoptosis
Human hepatoma Hep3B cells 6-Shogaol 6-Shogaol and 6-gingerol is reported | Weng et al. (2010)
and to prevent cancer by antiangiogenic
6-gingerol mechanism
Breast cancer MDA-MB-231 and MDA-MB-468 10- 10-Gingerol is reported to be Bernard et al. (2017)
cells Gingerol effective in triple negative breast
cancer by causing cell-cycle arrest
MCF-7 and MDA-MB-231 cell lines | 6-Shogaol It inhibits breast cancer cells by Ray et al. (2015)
activating Notch pathway
Leukemia Human leukemia cells in vitro (U 937 | 6-Shogaol It is reported to be effective in Liu et al. (2013b)
cells) and in vivo (U937 xenograft hematologic malignancies
mice model)
Renal carcinoma Caki cells 6-Shogaol 6-Shoagol has been reported to Han et al. (2015)
possess anticancer activity against
renal cancer by promoting apoptosis
Pancreatic cancer Panc-1, AsPC-1, BxPC-3, CAPAN-2, | Ginger Effective in pancreatic cancer Akimoto et al. (2015)
CFPAC-1, MIAPaCa-2 and SW1990, | extract through oxidative stress-induced
and mouse pancreatic cancer cells, apoptotic cell death
Panc02
BxPC-3 and MIA PaCa-2 cell lines Zerumbone | It is reported to exhibit anticancer Shamoto et al. (2014)
activity by inhibiting angiogenesis
PANC-1 and BxPC-3 cell lines 6-Shogaol It acts as an important adjuvant by Zhou et al. (2014)

inhibiting the growth of human

(continued)
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Cancer type Models Compounds | Outcome References
pancreatic tumors and chemo-
sensitize them to gemcitabine
treatment
Cervical cancer HeLa, CaSki, and SiHa cells 6-Gingerol | It is shown to inhibit proliferation of | Rastogi et al. (2015)
the HPV positive cervical cancer
cells through proteasome activation
HeLa cell line Essential Along with mitomycin C has Al-Otaibi et al. (2018)
oils of reported enhanced cytotoxicity and
ginger apoptosis in cervical cancer
Oral cancer Oral squamous cell carcinoma Zerumbone | Effective in OSCC by inhibiting cell | Zainal et al. (2018)
(OSCC) cell lines proliferation, migration, and
invasion
Golden Syrian hamsters age 8—10 6-Shogaol Ameliorated DMBA-induced Annamalai et al. (2016)
weeks. Cancer has been induced by inflammation and cell proliferation-
paint with 7, 12-dimethylbenz[a] mediated tumorigenesis
anthracene (0.5%) in liquid paraffin
using a No. 4 sable brush, three times
per week for 16 weeks on right buccal
pouches of hamsters
Skin cancer B16F10 mouse melanoma cells 6-Shogaol Inhibited melanogenesis in Yao et al. (2013)
melanoma cells by ERK activation

2008). Recently, the new gingerol derivatives were evaluated
for their cytotoxic activities against human cancer cells
(Li et al. 2018b). Taken together, the chemopreventive
potentials of [6]-gingerol present a promising future alterna-
tive to therapeutic agents that are expensive, toxic, and pos-
sibly even carcinogenic (Oyagbemi et al. 2010). Recently,
[6]-gingerol aspirinate as a novel chemopreventive prodrug
of aspirin for colon cancer was investigated in vitro and
in vivo that showed enhanced anticancer properties along
with gastroprotective effects (Zhu et al. 2017). The use of
nanotechnology for drug delivery has shown great promise
for improving cancer treatment. However, potential toxicity,
hazardous environmental effects, issues with large-scale pro-
duction, and potential excessive costs are challenges that
confront their further clinical applications. Edible ginger-
derived nanoparticles have been reported as a novel thera-
peutic approach for the prevention and treatment of inflam-
matory bowel disease and colitis-associated cancer. Further, a
nanovector made from ginger-derived lipids as a delivery
platform for the therapeutic agent doxorubicin to treat colon
cancer has also been reported (Zhang et al. 2016a, b).

3.7 Potential Benefits in CNS Disorders

Ginger extract is also reported to be effective in various CNS
disorders like age-related neurodegenerative disorders
(Alzheimer’s disease, Parkinson’s disease) (Choi et al.
2018), multiple sclerosis (Sapkota et al. 2018), experimental
autoimmune encephalomyelitis (Jafarzadeh et al. 2015,
2017a), cognitive dysfunction (Wattanthorn and Sutalangka

2017), neuroinflammation (Ho et al. 2013), and migraine
(Choi et al. 2018; Maghbooli Mehdi et al. 2013), as well as
diabetes-induced CNS changes (Shanmugam et al. 2011). It
has been experimentally demonstrated that ginger and its
constituents, such as 6-gingerol, 6-shogaol, 6-paradol,
zingerone, and dehydrozingerone, are -effective for
ameliorating the neurological symptoms and pathological
conditions of age-related neurodegenerative disorders
through modulating cell death or cell survival signaling
molecules (Choi et al. 2018). [6]-shogaol has significant
protective effects in various neuronal and astrocyte cell cul-
ture models via induction of heat shock protein 70 (HSP70),
histone deacetylase (HDAC) inhibition (Shim et al. 2011) and
upregulation of neurotropic factors (Kim and Kwon 2013)
in vitro. Apart from its anti-inflammatory and antioxidant
actions, 6-shogaol is also shown to have anti-amyloidogenic
activity. This activity of 6-shagaol ameliorates Alzheimer’s
disease via cysteinyl leukotriene 1 receptor (CysLT1R)-
mediated inhibition of cathepsin B and activation of sortilin-
related receptor 1, resulting in enhanced neuronal cell sur-
vival through the inhibition of AP production (Na et al.
20164, 2017).

6-shogaol has been shown to attenuate brain damage in
ischemic stroke after middle cerebral artery occlusion in mice
(Na et al. 2016b). Delayed administration of zingerone
mitigates the behavioral and histological alteration via repres-
sion of oxidative stress and intrinsic programmed cell death in
focal transient ischemic rats (Vaibhav et al. 2013). Ginger
extract and its contituents have displayed neuroprotective
properties and improved cognitive functions in different pre-
clinical models of cognitive impairment (Lim et al. 2014;
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Moon et al. 2014). Recently, ginger fermented with
Schizosaccharomyces pombe alleviates memory impairment
via protection of the hippocampal neuronal cells in amyloid
B1_42 plaque injected mice (Huh et al. 2018). Ginger extract
also has an anti-addictive property against morphine in pre-
clinical settings. In migraine, the efficacy profile of ginger
extract is comparable to that of the standard prescribed drug
sumatriptan, although it had less side effects that sumatriptan
in 100 Iranian patients. However, the chemical constituent
responsible for its anti-neuroinflammatory property is still
debatable. Some researchers attribute it to 6-shogaol (Sapkota
et al. 2018; Ha et al. 2012), but others attribute it to
10-gingerol (Ho et al. 2013). Thus, ginger extract has the
potential to be used for various CNS disorders; however,
much research still needs to be undertaken before it can
be used.

3.8 Potential Benefits in Cardiovascular

Disorders

The beneficial effect of ginger as a nutraceutical is also
reported in cardiovascular complications. Cardiovascular dis-
ease is reported to be the leading cause of death in the world
(Aimin Shi et al. 2016). Ginger extract is reported to halt and
treat such events together with that of lifestyle and dietary
modifications. The aqueous extract of ginger has an antihy-
pertensive effect (Akinyemi et al. 2014; Liu et al. 2013a).
Ginger also has antiplatelet (Lee et al. 2017; Nicoll and
Henein 2009), antithrombotic (Nicoll and Henein 2009),
and lipid-lowering properties in dyslipidemic patients
(El-Seweidy et al. 2015; Khosravani et al. 2016;
Pourmasoumi et al. 2018). Ginger confers significant protec-
tion from stroke and heart attack due to its ability to help
prevent blood clotting. It has also been reported to possess a
positive inotropic effect (Nicoll and Henein 2009) and there-
fore may be very effective in mitigating congestive heart
failure in preclinical studies.

Ginger extract’s beneficial role in the heart, combined
with that of its potent anti-inflammatory and antioxidant
properties, make it a very useful nutraceuticals in alleviating
cardiovascular complications (Nicoll and Henein 2009).
[6]-shogaol exerts its antiproliferative effect of vascular
smooth muscle cells through accumulation of cells in the
GO/G1 cell-cycle phase associated with activation of the
Nrf2/HO-1 pathway which helps in alleviating the pathogen-
esis of certain cardiovascular disease (Liu et al. 2015). In fact,
recent clinical studies conducted in Iran have shown that
dietary ginger supplementation has been able to lower the
plasma level of triglycerides and low-density lipoprotein
cholesterol (LDL-C), thereby reducing the risk of atheroscle-
rosis (Pourmasoumi et al. 2018). Indeed, such reports are
well aligned to previous preclinical findings in various
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animal models (El-Seweidy et al. 2015; Elseweidy et al.
2015; Khosravani et al. 2016). Moreover, ginger extract
also provided protection from myocardial damage induced
by isoproterenol in rats (Amran et al. 2015).

The cardioprotective effect of ginger extract in cardiovas-
cular complications is reported to be attributed to different
phytochemical constituents. For example, its antiplatelet
activity is reported to be due to zingerone (Lee et al. 2017),
while its blood pressure-lowering effect is attributed to
6-gingerols and 6-shogaols (Akinyemi et al. 2014; Liu et al.
2013a). In fact, 6-gingerol is also depicted to possess potent
(angiotensin) AT, receptor blocking activity in in vitro cell
lines (Liu et al. 2013a). Furthermore, the lipid-lowering
activity of ginger extract is considered to be due to
10-dehydrogingerdione (El-Seweidy et al. 2015). A cross-
sectional study revealed that daily ginger consumption has a
potential preventive property against some chronic diseases,
especially hypertension and coronary heart diseases, as well
as an ability to reduce the probability of illness (Wang et al.
2017). Recent systematic review and meta-analysis suggests
that ginger has a favorable effect on triacylglycerol and
LDL-C. This review also revealed that a low dose of ginger
(L2 g/day) had a greater lowering impact on triacylglycerol
and total cholesterol (Pourmasoumi et al. 2018). Thus, ginger
supplementation has beneficial effects in almost all facets of
cardiovascular complications.

4 Veterinary Use of Ginger

Ginger has been used in veterinary medicine for thousands of
years for various GI disorders of animals. It has been used in
treatment of constipation, food poisoning, diarrhea, eye
diseases, hematuria, to improve stamina, indigestion, tym-
pany, dysentery, stomachache, and skin diseases (Tiwari and
Pande 2010). Some clinical investigations have experimen-
tally validated its use.

Cattle Ginger products are used in veterinary medicine for
the treatment of digestive problems in cattle. The beneficial
effect of ginger is likely due to an elevated synthesis of bile
acids in the liver and their excretion in bile resulting in an
increase in digestion and absorption of lipids. It also helps to
increase the absorption of essential nutrients and to increase
stability of feed and beneficially influence the gastrointestinal
ecosystem through inhibition of pathogenic microorganisms
growth (Mekuriya and Mekibib 2018). In the last 10 years,
researchers in the field of animal science have used alterna-
tive natural materials such as medical herbs in feeding dairy
cattle to substitute or minimize the use of chemical
compounds like antibiotics. These chemical compounds
may cause unfavorable side effects and be hazardous to
animals and humans (Al-dain and Jarjeis 2015). Apart from
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the prokinetic action of ginger demonstrated in laboratory
animals and humans, the effect of a hydroalcoholic extract of
ginger was also evaluated on contraction and motility of the
reticulum and rumen of ruminants. The results of an in vitro
study indicated that hydroalcoholic extract of ginger
contained spasmogenic and spasmolytic constituents where
an in vivo study presented evidence that the extract may have
a stimulant effect on reticulorumen motility in a 40 mg/kg
concentration (Mamaghani et al. 2013). Recently, the ame-
liorative effect of ginger powder was demonstrated against
experimentally induced arsenic toxicity in calves (Biswas
et al. 2017). Ginger provided in vivo anthelmintic activity
in sheep, thus justifying the age-old traditional use of this
plant in helminth infestation (Igbal et al. 20006).

Equine The effects of ginger extract were studied on the
physiological response to exercise as well as markers of
muscle damage and mRNA expression for the inflammatory
cytokines TNF-a, interferon(IFN)-y, and IL-6 after an
exhaustive bout of exercise in horses. Ginger extract was
shown to reduce cardiovascular recovery time in horses com-
pleting a short, strenuous bout of exercise. Ginger extract’s
positive effect on recovery time may make it a useful tool for
horses competing in endurance, jumping or racing events.
However, further analysis of the compounds present in ginger
extract is needed to determine whether those compounds
would be picked up by drug tests often done at competition
(Liburt et al. 2009). The anti-inflammatory effect of a single
dose of ginger has also been demonstrated in the horse post-
exercise (Williams and Lamprecht 2008). In current veteri-
nary practice, many professionals and horse owners prefer
herbal preparations, including ginger, to treat ulcer cases as
compared to allopathic medicine.

Dog The use of nutraceuticals is gaining interest in veteri-
nary medicine for pets. Nearly 30% of pet owners have used
or considered the use of novel ingredients like nutraceuticals
and herbs/botanicals in their animals (Boothe 2014). Like in
humans, the use of ginger (e.g., gingersnap cookies, ginger
ale) appears to have some benefit against motion sickness in
the dog (Mowrey and Clayson 1982; Plumb 2015).

Poultry Nutritionists have found herbs to be one of the
alternatives following the European Union ban on the use
of antibiotic feed additives as growth promoters. Powdered
rhizome of ginger is one such potential herb with a wide
range of medicinal effects. In broilers and layers, this plant
has been used in different forms, doses, and durations. Feed-
ing of ginger promoted growth performance and weight gain
in broilers and egg-laying characteristics in hens and also
enhanced gut function and anti-oxidation in poultry. There
were improvements in semen quality, sperm fatty acids, and
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reproductive performance in aged Cobb 500 breeder roosters
fed diets containing dried ginger rhizomes (Akhlaghi et al.
2014). Dietary supplementation of ginger powder exhibited
improved laying performance, improved serum and egg yolk
antioxidant status, and lowered egg cholesterol in a dose-
dependent manner. The optimum supplementation rate of
ginger powder in the diet of laying hens is 10-15 g/kg of
diet (Akbarian et al. 2011; Zhao et al. 2011). Dietary supple-
mentation with either ginger or probiotics showed a signifi-
cant influence on birds’ immune response, probably because
ginger has a strong antioxidant activity and the probiotics
stimulate the production of natural antibodies (Qorbanpour
et al. 2018).

Fish In order to avoid emergence of antibiotic-resistant bac-
teria and the generation of toxicants following the extensive
use of antibiotics in aquaculture, the use of natural alternative
feed additives like ginger has gained attention for disease
control strategies. The application of ginger in aquaculture is
advocated as an innovative approach to enhance the health of
fish and to prevent diseases. A dose of 0.50 g/kg feed signifi-
cantly reduced mortality associated with enhancement of
growth rate, feed conversion, and protein efficiency
(Mekuriya and Mekibib 2018). It provides protection against
invading microorganisms, including E. coli and Staphylococ-
cus aureus (a common cause of skin infections), and fungi,
including Candida albicans. Ginger is a strong antioxidant
substance and may either mitigate or prevent generation of
free radicals that alleviate putrefaction/rancidity of fish and
increase its consumability and marketability.

5 Safety Profile of Ginger

Recently, there has been increased usage of medicinal plants
for the prevention and treatment of various diseases. Though
their efficacy is proven in preclinical studies, a thorough
scientific profile emphasizing the risk and benefit ratio is
needed (Talalay and Talalay 2001). Currently, there is a
growing interest among people to take ginger not only as a
spice but also as a dietary supplement for preventing chronic
diseases (Ali et al. 2008). Although ginger is considered to be
safe with an LDsy of 10.25 g/kg and 11.75 g/kg of its
methanolic and aqueous extract, respectively, in mice
administered orally (Li et al. 2012c), still some countries do
not recommend its use for the prevention of nausea and
vomiting associated with pregnancy. A study conducted in
France has reported that ginger root is safe and efficacious at
a dose of 1 g/day for 4 days and has no risk to either fetus or
mother (Stanisiere et al. 2018). In fact, the recommended safe
value of ginger metabolites like 6-gingerol and 6-shogaol in
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Table 4 Some of the available commercial products of ginger

Product name Manufacturer

Focalgin B Method Pharmaceuticals, LLC,
USA

B-Nexa Upsher-Smith Laboratories, USA

Ginger Root Gaia Herbs, India

Ginger Supreme Gaia Herbs, India

Macao Boost-Cacao-Ginger Gaia Herbs, India
Jarrow Formulas Ginger

Now Ginger Essential Oils Now Foods, USA

Sunthi(Ginger) The Himalaya Drug Company,
India
Dabur Honey-Ginger Dabur India Ltd.

Turmeric-Curcumin and Ginger with
Bioperine

Sea-Band Anti-Nausea Ginger Gum Sea-Band, USA

Daily digestion (Ginger and Mint)

healthy humans is up to 2000 mg (Zick et al. 2008), and its
LDsq values are 250 and 687 mg/kg, respectively (Li et al.
2012c). However, high dose of ginger extract can cause
various gastrointestinal disturbances, central nervous system
depression, cardiac arrhythmias, and bleeding due to its
potent antiplatelet property (Gunathilake and Rupasinghe
2015). Furthermore, there is also the risk of herb-drug
interactions in clinical settings (Agbabiaka et al. 2017).
Thus, a detailed scientific study verifying ginger’s mecha-
nism of action and safety is needed before it can be safely
taken to prevent or protect against pathologic conditions
(Bode and Dong 2011).

6 Concluding Remarks and Future
Directions

Ginger powder, ginger root extract, and standardized ginger
extract (5-7% gingerols) available in various formulations
(tablet, capsule, syrup) and strengths (30, 280, 500, and
1000 mg or more) is available as a dietary supplement on
the market for improving various disease conditions (Table 4).
A considerable number of the aforementioned scientific stud-
ies suggest its nutraceutical value. Apart from gastrointestinal
disorders, ginger is shown to have health benefits in cancer,
diabetes, coronary heart disease, obesity, osteoporosis, and
neurodegenerative diseases. The beneficial pharmacological
effects of ginger in these disease conditions may be attributed
to activation of antioxidant defenses, signal transduction
pathways, cell survival-associated gene expression, cell pro-
liferation and differentiation, and preservation of mitochon-
drial integrity. It appears that these properties play a pivotal
role in the protection and providing health benefits. The

Jarrow Formulas, USA

Vimerson Health, USA

Animal Essentials, USA
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Nutraceutical value
Alleviates nausea and vomiting

Nausea and vomiting
Circulatory tonic and warming agent

Aids in digestion, supports heart health, and alleviates
nausea

Aids in digestion

Improves gastrointestinal health and antioxidant property
Nausea and vomiting

Anti-nausea in humans

Cough and cold in humans
Improves skin, brain, digestion, and immune health

Relief of nausea

Improves digestion in dogs and cats

majority of preclinical studies in disease models indicate the
beneficial role of ginger. Several clinical studies have also
been carried out on healthy volunteers and in patients using
ginger and its formulations. Although several clinical studies
have shown beneficial effects, some have shown mixed
results, and results of some clinical studies have yet to be
published. To enhance the health benefit of ginger, there is a
need for further investigation of the beneficial effect of ginger
with other nutraceuticals. More focused scientific efforts are
required to explore the true nutraceutical value of ginger.
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Abstract

Berberine (BBR) is an isoquinoline alkaloid that can be
obtained from many plants of genus Berberis, Hydrastis,
Coptis, and Argemone. Common plants that are sources
for BBR include B. vulgaris (barberry), B. aristata (tree
turmeric), B. aquifolium (Oregon grape), B. thunbergii,
C. chinensis (Coptis or Chinese goldthread), C. trifolia
(American goldthread), C. japonica, H. canadensis (gold-
enseal), Argemone mexicana (prickly poppy), and
Thalictrum lucidum. Following the oral administration,
BBR is unstable in the GI tract and poorly bioavailable.
It has wide pharmacological and therapeutic applications
because of its multiple mechanisms and target effects. The
therapeutic use of BBR has been described in obesity, type
2 diabetes, hyperlipidemia, hypertension, congestive heart
failure, neurodegenerative diseases, hepatic diseases,
chronic trachoma, and cancer. This chapter describes
pharmacokinetics, pharmacological and therapeutic
applications, and safety and toxicity assessment of BBR
and its major metabolites.
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1 Introduction

The use of berberine (BBR)-containing plants dates back
3000 years in the Ayurvedic and Chinese medicinal systems.
BBR is an isoquinoline alkaloid (2,3-methylenedioxy-9,10-
di-methoxyprotoberberine) naturally found in the roots,
rhizomes, and stem barks of plants including Berberis
vulgaris (barberry), B. aristata (tree turmeric), B. aquifolium
(Oregon grape), Hydrastis canadensis (goldenseal), Coptis
chinensis (Chinese goldthread), C. ftrifolia (American
goldthread), C. japonica, Argemone mexicana (prickly
poppy), Thalictrum lucidum, and others. It has a chemical
formula of CpoH;gNO4" with a molecular weight of 336.361.
The chemical structure of BBR is shown in Fig. 1.

BBR is used singly or in combination with other
supplements/drugs in various ailments, including cognitive
impairment, type 2 diabetes, metabolic syndrome, cardiac
arrhythmia, congestive heart failure, hyperlipidemia, bacte-
rial diarrhea, obesity, chronic trachoma, and cancer. Since
BBR exerts antimicrobial activity, it is considered to be
antibiotic. Preclinical studies have well established its potent
antimicrobial, antiprotozoal, antifungal, antioxidant, anti-
inflammatory, antitumor/anticancer, immunomodulatory,
neuroprotective, hepatoprotective, nephroprotective, carmi-
native, uterotonic, and antipyretic properties. Recent in vitro
studies suggest the possibility for berberine to be used in
osteoarthritis (Liu et al. 2015). BBR exerts its therapeutic
effects via multiple pharmacological mechanisms by
targeting various receptors, transmitters, enzymes, and other
significant biomolecules. Doses for therapeutic efficacy and
safety of BBR can vary depending on the disease and animal
species. This chapter describes various aspects of BBR
including pharmacokinetics, pharmacology, therapeutics,
and toxicity and safety assessment.
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2 Pharmacokinetics
and Pharmacodynamics

The oral bioavailability of BBR is low (<1%) due to its poor
aqueous solubility, first-pass elimination, interaction with
P-glycoprotein, and dissolution (Pan et al. 2002; Chen et al.
2011; Fratter and De Servi 2014; Imenshahidi and
Hosseinzadeh 2015; Liu et al. 2015). Kheir et al. (2010)
noted a significant difference in bioavailability between the
different routes of administration (oral, intravenous, and
intraperitoneal). Following oral administration, BBR is usu-
ally converted in the gut to dihydroberberine (dhBBR),
which is five times more absorbable (Feng et al. 2015).
BBR and its 14 metabolites are shown in Fig. 2.

With a single oral dose of BBR (200 mg/kg) in rats, Tan
et al. (2013) observed that BBR was quickly distributed in the
liver, kidneys, muscle, lungs, brain, heart, pancreas, and fat in
descending order of amount. The pharmacokinetic profile
indicated that BBR’s level in most of the studied tissues
was higher than in plasma at 4 h post-administration. Major
metabolites of BBR are thalifendine, berberrubine,
jatrorrhizine, and demethyleneberberine. In rat plasma,
these metabolites can be present as free and glucuronide
conjugates (Zuo et al. 2006). Following oral administration
of BBR, the highest concentrations of BBR and its
metabolites are found in the liver, the site for cholesterol,
triglycerides and glucose production and metabolism and
pharmacological effects.

In a rat noncompartmental model, unbound BBR is
transported to the bile through active transport, and it is
metabolized by a cytochrome P450 enzyme system in the
liver, with phase [ demethylation and phase 1I
glucuronidation (Tsai and Tsai 2003). BBR has four main
metabolites identified in rats (berberrubine, thalifendine,
demethyleneberberine, and jatrorrhizine), all of which have
glucuronide conjugates. Following an oral dose of BBR
chloride (0.9 g/day for 3 days) in healthy adults, three
sulfate metabolites (jatrorrhizine-3-sulfate, thalifendine-10-
sulfate, and demethyleneberberine-2-sulfate) were identified
in the urine (Qiu et al. 2008). These authors also identified six
additional metabolites (jatrorrhizine-3-O-p-p-glucuronide,
thalifendine-10-O-f-p-glucuronide,  berberrubine-9-O-f-p-

glucuronide, 3,10-demethylpalmatine-10-O-sulfate,
columbamin-2-O-f-p-glucuronide, and  demethylene-
berberine-2,3-di-O-f-p-glucuronide) following BBR
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administration in rats (100 mg/kg, p.o.) and humans
(300 mg, p.o.). Oral administration of BBR at 200 mg/kg
dose in rats resulted in excretion of BBR and its metabolites
in the bile, urine, and feces with a total recovery rate of
22.83% BBR (19.07% of prototype and 3.76% of its
metabolites) within 48 h (reviewed in Kumar et al. 2015).
The maximum amount of BBR (84%) and its metabolites
were excreted in the feces. Approximately 83% of BBR was
excreted in the bile, and 78% of urinary excretion was
thalifendine and berberrubine (Ma et al. 2013).

Pharmacokinetic studies have been conducted with BBR
in dogs following oral or intravenous administration (Shen
et al. 1993; Feng et al. 2018). Feng et al. (2018a) studied the
pharmacokinetics of BBR and its active metabolites in
Beagles after single (50 mg/kg) or multiple doses (50 mg/
kg/day) for 7 days. These investigators measured dhBBR,
butyrate, and BBR, as well as its phase I and phase II
metabolites. Results showed that dhBBR was not detected
in dog plasma but was excreted in small amounts in the feces
on days 3 and 7. Eleven metabolites were detected in plasma
and feces after BBR administration, of which eight
metabolites were phase I and three metabolites were phase
II. The pharmacokinetic profile indicated that the concentra-
tion of BBR in the plasma was low, with a Cp. of
36.88 + 23.45 ng/mL. The relative content of glucuronic
acid conjugates was higher than those of other metabolites
in the plasma. In dog feces, BBR was detected with high
concentrations on day 3 (2625.04 £ 1726.94 pg/g) and day
7(2793.43 £+ 488.10 pg/g). In rat, hamsters, and dogs, the gut
microbiota has been shown to regulate pharmacokinetics of
BBR and its metabolites (Zuo et al. 2006; Gu et al. 2015;
Feng et al. 2018a).

Intestinal bacterial flora plays a role in enterohepatic circu-
lation of BBR and its conjugated metabolites, while a very
small amount of unchanged BBR is eliminated in the urine.
Zuo et al. (2006) emphasized that rat intestinal flora may not
exert significant metabolic activity against BBR and its
metabolites, but it may play a significant role in the
enterohepatic circulation of metabolites. The liver and intesti-
nal bacteria participate in the metabolism and disposition of
BBR in vivo.

In an in vitro study, Fratter and De Servi (2014) described
a novel oral delivery system containing a chitosan-/N-
acetylcysteine salt capable of interacting with P-glycopro-
tein, partially inhibiting the BBR chloride extruding process.
p-a-tocopheryl polyethylene glycol 1000 succinate (TPGS)
has also been reported to inhibit P-glycoprotein (Dintaman
and Silverman 1999). Chen et al. (2011) demonstrated that
2.5% TPGS improved peak concentration and area under the
curve of BBR by 2.9 and 1.9 times, respectively, due to its
ability to inhibit the activity of P-glycoprotein, thereby reduc-
ing the excretion of absorbed BBR into the intestinal lumen
of rats.
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Fig. 2 Berberine and its 14 metabolites in dogs (Courtesy of Feng et al. 2018)

In a number of reports, BBR and its metabolites have
exhibited anticancer properties (Li et al. 2015b;
Bhattacharyya et al. 2017; Wang et al. 2017). Wang et al.
(2017) prepared polyethylene glycol-modified long-
circulating BBR liposomes and evaluated their efficacy and
safety as potential antitumor agents. Results revealed that
BBR liposomes may provide a safe form of intravenous
drug therapy for strengthening the antitumor effects of BBR.

3 Pharmacological and Therapeutic
Potential of BBR

Berberine is known to exert multiple pharmacological effects
by having antioxidative, anti-inflammatory, and microsomal
drug-metabolizing enzyme inhibitory properties. Its thera-
peutic potential has been recognized in a number of diseases
and syndromes. The application of berberine in some health
conditions has been described in brief.

3.1 Neurodegenerative Diseases
The use of BBR has been implicated in Alzheimer’s disease
(AD), Parkinson’s disease (PD), anxiety, depression, and
epilepsy (Peng et al. 2007; Ye et al. 2009; Kumar et al.
2015 also reviewed in chapter on “Cognitive dysfunction”).
Although the bioavailability of BBR is poor, it crosses the
blood-brain barrier (BBB) in adequate concentrations and
accumulates in the hippocampus, where it provides potas-
sium channel blocking, antiapoptotic, and neuroprotective
effects (Wang et al. 2004, 2005, 2009; Ye et al. 2009). In
addition, BBR exerts other pharmacological and biological
actions, such as antioxidant, anti-inflammatory, analgesic,
anxiolytic, and immunomodulatory actions, thereby
providing preventive and therapeutic effects in neurological
conditions (Kumar et al. 2015; Hussein et al. 2018).

BBR has been reported to improve learning and memory
and to protect neurons from death by inhibiting AChE
(Bhutada et al. 2011; Abd El-Wahab et al. 2013) and
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normalizing ChAT, SOD, and MAO-B activities and
cytokines, MDA, and neurotransmitters (norepinephrine,
dopamine, and 5-HT) in discrete brain regions (Kulkarni
and Dhir 2008a, b; Zhang et al. 2009; Kumar et al. 2015).
Zhu and Qian (2006) demonstrated that BBR treatment
(50 mg/kg, intragastrically once daily) for 14 days
ameliorated spatial memory impairment in the rat model of
AD. Kong et al. (2001) reported that BBR competitively
inhibited MAO A in rat brain mitochondria, with an ICs
value of 126 pM. Yoo et al. (2006) found that BBR protects
the hippocampal CAl region from ischemic injury by
inhibiting NMDA receptor 1 immunoreactivity in the ische-
mic gerbil brain.

BBR has also been shown to prevent or delay the process
of AD by inhibiting the formation of AP,_4,, in addition to
lowering oxidative stress and cholesterol (Abd El-Wahab
et al. 2013; Cai et al. 2016). Asai et al. (2007) reported that
BBR reduced Af levels by modulating amyloid precursor
protein (APP) processing in human neuroglioma H4 cells.
Additionally, quaternary protoberberine alkaloids, such as
stepharanine, cyclanoline, and N-methyl stepholidine, from
Stephania venosa were found to express AChE inhibitory
activity (Ingkaninan et al. 2006). In the streptozotocin-
induced diabetic rat model, BBR treatment (25-100 mg/kg,
po, twice daily for 30 days) improved cognitive performance
by normalizing AChE level and attenuating oxidative stress
(Bhutada et al. 2011).

BBR appears to be a novel preventive and therapeutic
modality for CDS in canine and felines.

3.2  Cardiovascular Effects

BBR has been extensively studied for its effects on the
cardiovascular system (Lau et al. 2001; Affuso et al. 2010a;
Xia and Luo 2015; Bagade et al. 2017). Xu et al. (1989)
investigated the effects of BBR (5 mg/kg, IV) on ventricular
tachyarrhythmias and electrophysiologic consequences in
normal and ischemic myocardium in open-chest dogs
subjected to programmed electrical stimulation (PES). The
PES-induced ventricular tachycardia or ventricular fibrilla-
tion was prevented in four out of six BBR-treated dogs. BBR
lengthened the QTc interval and the effective refractory
period. These data suggest that BBR may be effective in
preventing the onset of reentrant ventricular tachyarrhythmia
and sudden coronary death after myocardial ischemic dam-
age in dogs. In another study, Huang et al. (1992) reported
that in dogs with ischemic left ventricular failure, BBR treat-
ment (1 mg/kg IV bolus, followed by a constant infusion of
0.2 mg/kg/min for 30 min) improved left ventricular function
by its positive inotropic effect and mild systemic vasodila-
tion. BBR-treated dogs showed increased cardiac output and
decreased left ventricular end-diastolic pressure and systemic
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vascular resistance. BBR increased coronary artery flow in
anesthetized open-chest canines and isolated guinea pig
hearts. A strong positive inotropic activity has been observed
for BBR in dogs (Vik-Mo et al. 1983), rats, rabbits, guinea
pigs (Sabir et al. 1978), and humans (Maroko and Ruzyllo
1983; Martin-Neto et al. 1988).

BBR can prolong the duration of ventricular action poten-
tial. In an in vitro study, Riccioppo (1993) demonstrated that
BBR, in a concentration-dependent manner, increases the
action potential (AP) duration in canine Purkinje and ventric-
ular muscle fibers without affecting other parameters of the
AP. BBR at 3-30 pM concentration produced a significant
prolongation of AP duration in isolated guinea pig ventricular
fibers without affecting the resting membrane potential and
AP amplitude (Wang and Zheng 1997). Similar findings were
observed in rats (Chi et al. 1996), cats (Sanchez-Chapula
1996), rabbits (Riccioppo 1993), and humans (Martin-Neto
et al. 1988; Chi et al. 1996). BBR exerts class III antiarrhyth-
mic and proarrhythmic actions in the cardiac muscle of the
dog. Furthermore, spasms of isolated swine coronary arterial
rings were prevented and treated effectively by BBR
(Birdsall and Kelly 1997). BBR may exert its antiarrhythmic
effect by acting as a Ca®* agonist and/or a K* channel
blocker. Cardiac ATP-sensitive K* (Katp) channels are con-
sidered potential targets for BBR’s action. Lau et al. (2001)
further reiterated that some of the cardiovascular effects of
BBR and its derivatives are attributed to the blockade of K*
channels (delayed rectifier and K5 rp) and stimulation of Na*-
Ca** exchanger. Evidence also suggests that BBR, by reduc-
ing tyrosine hydroxylase activity, has an inhibitory effect on
catecholamine biosynthesis (Lee and Kim 1996).

The vasodilatory and hypotensive actions of BBR can be
explained by several mechanisms. Ko and Lim (1980)
reported that BBR caused hypotension in rabbits by blocking
a-adrenoceptors. However, in dogs this effect appears to be
due to the direct vascular action of BBR, which is indepen-
dent of adrenergic, cholinergic, or histaminergic mechanisms
(Sabir and Bhide 1971). BBR reduces blood pressure by
competitively inhibiting vascular smooth muscle cells
(VSMCs) ay receptors, thereby blocking the release of the
enzyme adenylyl cyclase, which results in vasodilation and
augmented acetylcholine activity (Zhang 2004). The hypo-
tensive effect of BBR has been attributed to its inhibitory
effect on acetylcholinesterase (Chun et al. 1979). BBR
induces endothelium-dependent smooth muscle relaxation
by increasing endothelial NO release (Ko et al. 2000). In a
hypertensive rat model, Zhao et al. (2007) demonstrated that
BBR at a dose of 5-10 mg/kg improved cardiac contractility,
inhibited myocardial fibrosis, and reduced cardiac atrophy.

BBR is widely used for the treatment of congestive heart
failure (CHF) (Martin-Neto et al. 1988; Zeng et al. 2003).
Martin-Neto et al. (1988) examined the acute hemodynamic
effects of intravenous BBR administration (0.2 mg/kg/min



Berberine

for 30 min) in patients with CHF. A marked reduction in
systemic and pulmonary vascular resistance, coupled with
increased cardiac output, resulted in significant decreases in
both systemic and pulmonary arterial pressures. Further evi-
dence of improvement in cardiovascular function was shown
by favorable BBR effects on several hemodynamic and echo-
cardiographic indices of left ventricular performance. In
another study, Zeng et al. (2003) treated CHF patients with
BBR (1.2-2 g/day), in addition to conventional therapy
(including ACE inhibitors, digoxin, diuretics, and nitrates),
for 8 weeks. BBR-treated patients showed a significantly
greater increase in left ventricular ejection fraction, exercise
capacity, improvement of the dyspnea—fatigue index, and a
decrease of frequency and complexity of ventricular prema-
ture complexes compared with the placebo group.

Hong et al. (2002) investigated the inhibitory effect of
BBR on experimental cardiac hypertrophy in rats, which is
regarded as a risk factor of chronic heart failure and other
heart diseases. Cardiac hypertrophy was induced by suprare-
nal abdominal data constriction (banding). Rats were treated
for 8 weeks with BBR (10 mg/kg body wt, po) and captopril
(50 mg/kg body wt, po) beginning from 4 weeks after sur-
gery. The findings revealed that (1) the elevated left ventric-
ular and diastolic pressure was slightly decreased and (2) the
maximum rates of contraction and relaxation (Fdp/dty,.y)
were shortened, indicating that functions of the heart, both
contraction and relaxation, were improved. Additionally
(1) the whole heart and left ventricular weight and (2) cell
size of the left ventricular myocardium were decreased com-
pared with the banded rats. These data suggest that BBR can
improve abnormal cardiac function and can prevent the
development of left ventricular hypertrophy.

In conclusion, BBR exerts positive inotropic, negative
chronotropic, antiarrhythmic, and vasodilator properties and
can be used as a nutraceutical in hypertension, congestive
heart failure, arrhythmias, and heart failure.

33 Antihyperlipidemic Effects

BBR has been shown to exert an antihyperlipidemic effect by
lowering total cholesterol (TC), triglyceride (TG), and
low-density lipoprotein cholesterol (LDL-C) levels in
humans and animals (Kong et al. 2004; Bagade et al. 2017).
BBR (500 mg) given twice daily for 3 months to
hyperlipidemic patients significantly reduced total choles-
terol by 29%, triglycerides by 35%, and LDL-C by 25%
(Zhang et al. 2008). Dong et al. (2011) reported that BBR
attenuates cardiac dysfunction in hypercholesterolemic and
hyperglycemic rats. In atherogenic rats, BBR treatment
(50-150 mg/kg) reduced total cholesterol by 29-33% and
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non-high-density lipoprotein (non-HDL) by 31-41%. Huang
et al. (1992) found that BBR provided beneficial effects on
hemodynamics during acute ischemic left ventricular failure
in dogs. BBR, when combined with red yeast rice and
policosanol, induced a positive effect on flow-mediated vaso-
dilation in a double-blind, placebo-controlled trial on subjects
with hypercholesterolemia (Cicero et al. 2007; Affuso et al.
2010b; Marazzi et al. 2011). Marazzi et al. (2011) observed
statistically significant reduction in total cholesterol (—20%)
and LDL-C (—31%) in elderly hypercholesterolemic humans
or animals and suggested that this combined nutraceuticals is
a better strategy for those who are statin-intolerant.

BBR can decrease cholesterol levels by multiple
mechanisms, and some of these mechanisms may differ
from those that are involved in statins (Kong et al. 2004).
Statins upregulate the low-density lipoprotein receptor
(LDLR) via inhibiting cholesterol synthesis. Statins inhibit
the activity of 3-hydroxy-3-methylglutaryl-coenzyme A
(HMG-CoA) reductase. BBR induces downregulation of
LDL-C by upregulation of LDLR expression. BBR stabilizes
LDLR by an extracellular signal-regulated kinase (ERK)-
dependent pathway and also by increasing transcriptional
activity of the LDLR promotor via a c-Jun N-terminal kinase
(JNK) pathway (Abidi et al. 2005; Choi et al. 2006; Lee et al.
2007; Tan et al. 2013; Xia and Luo 2015). Choi et al. (2006)
reported that in 3T3-L1 cell leptin, transcription factors like
sterol regulatory element-binding protein-lc (SREBP-1c¢)
and CCAAT enhancer-binding protein-o (C/EBP-a), peroxi-
some proliferator-activated receptor-y (PRAR-y), fatty acid
synthase, acetyl-coenzyme A carboxylase, acyl-CoA
synthase, and lipoprotein lipase are reduced by BBR. BBR
is also known to activate 5'-adenosine monophosphate
(AMP) kinase (AMPK) while blocking the MAPK/ERK
pathway, resulting in inhibition of lipid synthesis (Brusq
et al. 2006; Xia and Luo 2015; Bagade et al. 2017). BBR is
also reported to inhibit the differentiation of preadipocytes,
reduce accumulation of lipid droplets, and lower triglyceride
levels (Huang et al. 2006; Zhou et al. 2008).

Wang et al. (2014) reported that BBR produced a decrease
in cholesterol levels by inhibiting cholesterol absorption
(40-51%). BBR interfered with cholesterol micellarization
and decreased cholesterol uptake by Caco-2 cells and perme-
ability through Caco-2 monolayer. BBR also inhibited the
gene and protein expressions of acyl-coenzyme A cholesterol
acyltransferase-2 in the small intestine in rats and Caco-
2 cells. In hyperlipidemic hamsters, Wang et al. (2010)
found that the combined use of BBR and plant stanols has a
greater synergistic effect on inhibiting cholesterol absorption
than BBR or stanols alone. Furthermore, Li et al. (2015a, b)
reported that hyperlipidemic hamsters treated with BBR
(50 or 100 mg/kg) showed gradual decrease in liver
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cholesterol levels and an increase in bile cholesterol levels,
suggesting that BBR promotes excretion of cholesterol from
the liver into the bile. In hamsters, Gu et al. (2015)
demonstrated that orally administered BBR modulated the
gut microbiota and BBR showed a significant inhibition of
the 7a-dehydroxylation conversion of cholic acid to
deoxycholic acid, indicating a decreased elimination of bile
acids in the gut. In conclusion, BBR can be used as a nutra-
ceutical in hyperlipidemia, hypercholesterolemia, and meta-
bolic diseases.

34 Antihyperglycemic and Antidiabetic

Effects

Type 2 diabetes mellitus is the most common form of diabe-
tes. Alterations of endothelial homeostasis, due primarily to
proinflammatory cytokines and reduced adiponectin secre-
tion, appear to be two key events in insulin resistance and
hyperglycemia. These conditions are associated with altered
gene expression and cell signaling in the vascular endothe-
lium, thereby affecting the release of endothelium-derived
factors, activation of NADPH oxidase, uncoupling of endo-
thelial NOS (eNOS), and expression of endothelin-1 (Bagade
et al. 2017). This cascade of events often results in an imbal-
ance between the production of vasodilator and vasoconstric-
tor mediators and the induction of adhesion molecules (Rask-
Madsen and King 2007).

BBR has been found to be effective in type 2 diabetes.
Chen and Xie (1986) reported that Coptis chinensis and BBR
exert a hypoglycemic effect. In a meta-analysis, Dong et al.
(2012) confirmed similar results. BBR produces antihyper-
glycemic effect in diabetes by multiple mechanisms:

1. Decreases glucose absorption by inhibition of
a-glucosidase and reduces glucose transport through the
intestinal epithelium (Pan et al. 2003)

2. Activates adenosine 5’-monophosphate-activated protein
kinase (AMPK) (Lee et al. 2006; Yin et al. 2008a, b;
Zhang and Chen 2012)

3. Induces glucose transport by enhancing GLUT1 gene
expression (Kim et al. 2007)

4. Increases glucose uptake from blood to target organs, such
as the skeletal muscle and adipose tissue (Zhang and Chen
2012)

5. Increases insulin receptor expression and improves insulin
secretion and sensitivity and thereby reduces insulin resis-
tance (Kong et al. 2009; Zhang et al. 2010a, b; Pérez-
Rubio et al. 2013; Derosa et al. 2014; Xia and Luo 2015)

6. Directly inhibits gluconeogenesis in the liver (Xia et al.
2011; Zhang and Chen 2012)

Furthermore, Yin et al. (2008b) reported that BBR
enhanced glucose metabolism by stimulation of glycolysis,
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which is related to the inhibition of glucose oxidation in
mitochondria and consequently the induction of AMPK
activation.

In an in vitro study, Wang et al. (2008) reported that
BBR enhanced glucose-stimulated insulin secretion in rat
pancreatic islets, and both mRNA and protein expressions
of hepatic nuclear factor 4 alpha (HNF4a) were upregulated
by BBR in a dose-dependent manner. Glucokinase activity
was found to be increased accordingly. Recently, Bagade
et al. (2017) further echoed on the underlying mechanism in
BBR’s effect on insulin sensitivity by increasing insulin
receptor (InsR) expression in a dose- and time-dependent
manner. This led to the promotion of glucose uptake in the
presence of insulin. BBR induces InsR gene expression via
transcriptional regulation through protein kinase C (PKC)
(Zhang et al. 2010a). Additionally, BBR inhibits the intra-
cellular accumulation of ROS, cellular apoptosis, and
inflammation that characterize vascular injury, and these
are mostly triggered by hyperglycemia (Affuso et al.
2010b; Bagade et al. 2017).

In a clinical study, BBR significantly lowered fasting
blood glucose, hemoglobin A, triglyceride, and insulin
receptor expression in patients with type 2 diabetes (Zhang
et al. 2010a, b). In a multicenter clinical trial, Li (2007) also
reported that type 2 diabetic patients with dyslipidemia
receiving BBR (1 g daily) for 3 months showed significantly
reduced levels of blood glucose, hemoglobin A, triglycer-
ide, total cholesterol, and LDL-C compared to placebo. In
another clinical study, BBR given three times a day at the
dose of 500 mg to patients with type 2 diabetes caused
significant reduction in hemoglobin A;. (—2%), fasting
plasma glucose (—44%), postprandial glucose (—45%),
fasting plasma insulin (—28%), and homeostasis model
assessment of insulin resistance index (44.7%) (Yin et al.
2008a). In an in vitro study, Hui et al. (1991) shown that BBR
acts on both endothelial and underlying vascular smooth
muscle cells to induce vasodilation via eNOS leading to
NO production.

BBR has positive effects in treating diabetic nephropathy,
diabetic neuropathy, and diabetic cardiomyopathy (Pang
et al. 2015; Imenshahidi and Hosseinzadeh 2015). Diabetic
nephropathy is a progressive kidney disease, which is patho-
logically characterized by thickened glomerular and tubular
basement membranes, accumulation of the cellular matrix,
and increased mesangial hypertrophy. The disease is induced
by factors, such as dyslipidemia, hyperglycemia, hemody-
namic abnormalities, and oxidative stress. Ni et al. (2015)
suggested that by lowering blood glucose, regulating blood
lipids, and reducing oxidative stress and inflammation, BBR
has potential for treating diabetic nephropathy. In systematic
reviews and meta-analysis, Zhang and Chen (2012) and Lan
et al. (2015) found BBR to be highly effective in type 2 dia-
betes mellitus and diabetic complications with no serious side
effects.
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3.5 Hepatoprotective Effects

BBR has been found to be effective against hepatic disease
and toxicity. Feng et al. (2010) determined the
hepatoprotective effects of BBR on serum and tissue super-
oxide dismutase (SOD) levels and histopathology in carbon
tetrachloride-induced  liver injury in rats. The
hepatoprotective mechanisms of BBR may be related to the
elevation of antioxidative activity and attenuation of oxida-
tive/nitrosative stress and free radical scavenging, as well as
to the inhibition of TNF-a, iNOS, and COX-2 activities
(Domitrovic et al. 2011). Li et al. (2014) showed that BBR
ameliorated liver fibrosis in mice with carbon tetrachloride-
induced liver injury and inhibited the proliferation of hepatic
stellate cells in a dose- and time-dependent manner. BBR
decreased the enzyme release of ALT, AST, and ALP in
serum, elevated SOD, and reduced MDA content of liver.
BBR treatment activated AMPK activity and decreased the
protein expression of Nox4 and TGF-f1 and the
phosphorylated Akt. BBR treatment also reduced the expres-
sion of smooth muscle actin (a-SMA), the marker of hepatic
stellate cell. In another study, Janbaz and Gilani (2000)
reported that pretreatment of rats with BBR (4 mg/kg, po,
twice daily) for 2 days prevented the acetaminophen- or
carbon tetrachloride-induced rise in serum levels of ALT,
AST, and ALP, suggesting hepatoprotection. Furthermore,
posttreatment with three successive oral doses of BBR (4 mg/
kg every 6 h) reduced the hepatic damage induced by acet-
aminophen, while carbon tetrachloride-induced hepatotoxic-
ity was not modified, suggesting a selective curative effect
against acetaminophen.

Methotrexate, a commonly used anticancer and immuno-
suppressant drug, is known to cause hepatotoxicity. In a
recent study, Mehrzadi et al. (2018) pretreated male Wistar
rats with BBR (100 mg/kg body wt) for 10 consecutive days
and treated rats with methotrexate (20 mg/kg, ip) on the ninth
day. Rats were sacrificed on day 11, and the serum and liver
were analyzed for various biochemical parameters. Results
revealed that BBR might be useful for prevention of the
hepatotoxicity induced by methotrexate via ameliorative
effects on biochemical, inflammation, and oxidative indices.

Doxorubicin, an anthracycline anticancer drug, is exten-
sively used in chemotherapy due to its efficacy in fighting a
wide spectrum of malignancies. In addition to cardiotoxicity,
doxorubicin causes hepatotoxicity in approximately 40% of
patients. The main toxic effects on hepatocytes include
(1) arrest cell cycle of hepatocytes (Kassner et al. 2008),
(2) oxidative stress, and (3) disruption of electron transport
chain (Zhao et al. 2012). Zhao et al. (2012) pretreated mice
with BBR (60 mg/kg, ip) 1 h before doxorubicin (2.5 mg/kg,
ip) on alternative days for 7 days. Findings revealed that BBR
pretreatment significantly prevented doxorubicin-induced
decline in body weight, increase in ALT and AST activities,
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and attenuated histopathological changes, such as vascular
congestion, inflammatory cell infiltration, hepatocellular
degeneration, necrosis, and fibrosis in the liver.

Metals such as mercury and lead induce hepatotoxicity by
multiple mechanisms, including oxidative stress. Othman
et al. (2014) reported that mice treated with mercuric chloride
(0.4 mg/kg body wt) for 7 days caused oxidative stress by
increasing lipid peroxidation and NO production with a con-
comitant decrease in glutathione and various antioxidant
enzymes (SOD, catalase, glutathione peroxidase, and gluta-
thione reductase). Liver enzymes and bilirubin were also
found to be increased in serum. BBR (100 mg/kg body wt)
treatment inhibited lipid peroxidation and NO production,
restored antioxidant enzymes compared to control, and
increased glutathione content. Histopathological examination
of the liver revealed the protective effects of BBR against
mercury-induced hepatotoxicity.

Laamech et al. (2017) investigated the protective effect of
B. vulgaris aqueous extract against lead-induced hepatotox-
icity in mice. Mice received lead acetate (5 mg/kg body wt) in
water for 40 days. In another group, mice also received
B. vulgaris extract (25, 50, 100, and 150 mg/kg body wt)
daily for 30 days from day 11 after the beginning of lead
acetate exposure. B. vulgaris treatment significantly
prevented lead accumulation; increased ALT, AST, total
bilirubin, and total cholesterol; inhibited lipid peroxidation
and protein carbonyl formation; and normalized antioxidant
enzymes (SOD, catalase, and glutathione peroxidase) and
architecture of liver tissue.

In patients with nonalcoholic fatty liver disease (NAFLD),
Yan et al. (2015) found that BBR (0.5 g three times a day)
resulted in a significant reduction of NAFLD and related
metabolic disorders. Recently, in an experimental study,
Feng et al. (2018b) reported that rats treated with BBR
(50 mg/kg body wt) plus curcumin (50 mg/kg body wt)
exhibited lower body weight and fat weight compared with
those treated with lovastatin (100 mg/kg body wt).
Nutraceutical-treated group also showed lower levels of
LDL-c, ALT, AST, ALP, MDA, and LSP compared with
lovastatin group. Lower expression of SREBP-1c, pERK,
TNF-a, and pJNK was also observed in BBR + curcumin
group. Authors concluded that the combination of BBR and
curcumin exhibited better ameliorative effects in treating
NAFLD than lovastatin, and this enhanced effect is
associated with oxidative stress, hepatic inflammation, and
lipid metabolism.

3.6 Antimicrobial Effects

BBR has demonstrated significant antimicrobial activity
against bacteria, fungi, protozoans, helminths, chlamydia,
and viruses (Birdsall and Kelly 1997). Since BBR exerts
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antimicrobial activity, it is considered to be an antibiotic. Its
most common clinical uses have been for bacterial diarrhea,
intestinal parasites, and ocular trachoma infections. BBR was
shown to inhibit the intestinal secretory response due to
cholera toxins. Using a ligated rabbit intestinal loop model,
Sack and Froehlich (1982) demonstrated a significant sup-
pression of the intestinal secretory response following expo-
sure to Vibrio cholerae crude enterotoxin. It has been
suggested that BBR may exert antidiarrheal effects by
inhibiting the formation of certain organisms; inhibiting the
formation of toxins, direct antagonism of the toxins;
inhibiting intestinal ion secretion; and inhibiting smooth
muscle contraction (reviewed in Birdsall and Kelly 1997).
The antidiarrheal effects of BBR may also be mediated by its
ability to delay intestinal transit time due to blockage of
muscarinic acetylcholine (ACh) receptors, thereby inhibiting
spontaneous intestinal peristalsis (Eaker and Sninsky 1989).

BBR sulfate has been reported to be effective against
Giardia lamblia, Trichomonas vaginalis, and Entamoeba
histolytica (Kaneda et al. 1991). The crude extract was
found to be more effective than the BBR sulfate salt. In
both rat and golden hamster models, BBR sulfate provided
protection against E. histolytica-induced hepatic abscesses
(reviewed in Birdsall and Kelly 1997). Ahuja et al. (1993)
found BBR sulfate to be very effective against cutaneous
leishmaniasis in domestic dogs when BBR sulfate (1%) was
inoculated intralesionally. Ghosh et al. (1985) reported that
golden hamsters infected with L. donovani showed parasite
reduction up to 90% in the liver and spleen when treated with
BBR (50 or 100 mg/kg i.p./day for 5 days).

3.7 Osteoarthritis
Osteoarthritis (OA) is a chronic debilitating disease affecting
the entire joint, and its pathophysiology is very complex
(reviewed in Gupta 2016; Gupta et al. 2019; Appleton 2018).
One of the early triggers in development and progression of
OA is synovial inflammation. Biochemical mediators found in
OA synovial fibroblasts (OASFs) affecting the cellular
functions of tissues include cytokines, chemokines, growth
factors, and matrix metalloproteinases (MMPs). These
mediators, such as interleukins (ILs) produced by OASFs,
promote inflammation, neovascularization, and cartilage deg-
radation, thereby contributing to joint destruction (Liu et al.
2015; Appleton 2018; Peffers et al. 2018; Watt 2018).
Connective tissue growth factor (CTGF, also known as
CCN2) is an inflammatory mediator that is abundantly
expressed in OA. IL-1p plays a pivotal role in OA pathogen-
esis. Liu et al. (2015) reported that CCN2-induced IL-1p
expression is mediated by the activation of avp3/avfp5
integrin-dependent ROS generation and subsequent activa-
tion of apoptosis signal-regulating kinase 1 (ASK1),
p38/INK, and NF-xB signaling pathways. The expression
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of IL-1p in OASFs has been reported to be attenuated by N-
acetylcysteine (NAC), inhibitors of ASK1, p38, or JNK, or
treatment with BBR. BBR has also been reported to reverse
cartilage damage in an experimental model of collagenase-
induced OA.

In in vitro and in vivo studies in rat OA model, Hu et al.
(2011) demonstrated that BBR inhibited the expression of
matrix metalloproteinases (MMP-1, MMP-3, and MMP-13)
and increased the level of tissue inhibitor of
metalloproteinase-1 at the mRNA level in a dose-dependent
manner. In IL-1p-induced rat articular chondrocytes, BBR
decreased IL-1B-induced glycosaminoglycan release and NO
production, suggesting a chondroprotective effect. In high
doses, BBR exhibited an anticatabolic effect in an IL-1-
B-induced rat OA model. These findings suggest that BBR
may play an anti-inflammatory, chondroprotective, and
anticatabolic role in the development of OA, and BBR may
be useful in the treatment of OA in animals.

4 Safety and Toxicity of BBR

In general, BBR shows very low toxicity and side effects
(Pang et al. 2015; Imenshahidi and Hosseinzadeh 2015).
Safety data of BBR reports its oral LDsy >29,586 and
>15,000 mg/kg in mouse and rats, respectively. The LDsq
of BBR in mice from intravenous (IV) and intraperitoneal
(IP) injections is 9.03 and 57.61 mg/kg, respectively (Kheir
et al. 2010). Following oral intragastric doses of BBR (10.4,
20.8,41.6, and 83.2 g/kg), the LDsq could not be determined,
although a 30% mortality rate was found among mice in the
two highest dosage groups. In type 2 diabetics, humans have
been given up to 1500 mg BBR (in three divided doses of
500 mg each) daily without any serious adverse effects. In
high doses, BBR has been associated with arterial hypoten-
sion, dyspnea, flu-like symptoms, mild to moderate gastroin-
testinal discomfort, constipation, and cardiac damage
(Imenshahidi and Hosseinzadeh 2008, 2015).

BBR has not been reported to produce genotoxic, cyto-
toxic, or mutagenic effects with its clinical doses (Birdsall
and Kelly 1997). Berberine has been reported to cross the
placenta and cause harm to the developing fetus. It has also
been shown to exert a uterine stimulatory effect; therefore its
use in pregnancy is cautioned. BBR can be transferred
through breast milk; hence caution is required for BBR use
while breastfeeding.

5 Concluding Remarks and Future
Directions

BBR can be obtained from a number of plants of genus
Berberis, Hydrastis, Coptis, Argemone, and Thalictrum.
BBR has a strong potential for ameliorating chronic ailments,
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such as neurodegenerative diseases, cardiovascular/meta-
bolic disorders, type 2 diabetes mellitus, bacterial diarrhea,
trachoma, gastroenteritis, etc., as it exerts multiple pharma-
cological actions. Although there is little concern about the
side effects from BBR use, safety data from validated pre-
clinical and clinical studies is warranted. Based on acute
toxicity data, BBR can be classified as a nontoxic substance.
Much of the literature is derived from in vitro studies and
human clinical trials, while safety data based on animal
studies are lacking. BBR should not be used by pregnant or
lactating animals, as it may cause harm to the unborn or
newly born.
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Abstract

A high-altitude environment is characterized by hypobaric
hypoxia, extreme temperature variation, low humidity,
intense ultraviolet radiation, low rainfall, and high wind
velocity. These types of extreme climatic conditions can
result in oxidative stress in animals. This stress leads to a
marked increase in cellular dysfunction and a decline in
the production of antioxidant defense molecules which
affects health and productivity of livestock especially at
high altitudes. Therefore, the veterinary clinician is
required to induce an upregulation of antioxidants and in
the immune system to ameliorate the oxidative stress.
Currently, nutraceuticals are used in nutritional therapy
to manage various disease conditions and to improve
productivity of pets and livestock animals. Nutraceuticals
refer to natural functional foods or bioactive
phytochemicals that have health-promoting and disease-
preventing properties. These nutraceuticals in general con-
tain alkaloids, flavonoids, some vitamins, trace minerals,
etc. Various studies have revealed that apricot seed cake,
sea buckthorn leaves, fruit pomace, and fruit pulp are rich
in phytomolecules which modulate the immune system
and upregulate the antioxidant defense system in broiler
chicken, sheep, and goats. This chapter discusses the value
of nutraceuticals and the usefulness of apricot (Prunus
armeniaca) and sea buckthorn (Hippophae rhamnoides)
in broiler chicken health management and improvement of
weight gain in high-altitude regions.
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1 High-Altitude Environment

A high-altitude environment is characterized by hypobaric
hypoxia, extreme temperature variation, low humidity,
intense ultraviolet radiation, low rainfall, and high wind
velocity. Physiologically, this environment is not suitable
for good health and performance of animals and human
beings. The growth performance of livestock animals that
are raised in a cold, arid, high altitude is very poor due to the
stressful environmental conditions. The climatic adversaries
contribute to high-altitude oxidative stress, which ultimately
hinders the growth rate of livestock by inducing their cata-
bolic activities, thus producing a low financial return (Biswas
et al. 2011; Kalia et al. 2017). The major consequence of
oxidative stress is the marked increase in cellular dysfunction
and the decline of the antioxidant defense system due to the
increased generation of reactive oxygen species (Miller et al.
2013). Oxidative stress results from an excess generation of
reactive oxygen species (ROS) like O, ~, H,O,, and ROO’
that lead to cellular damage due to the interaction of ROS
with cellular constituents. To maintain a healthy biological
system, it is important to balance the presence of these
species with antioxidant defense (Halliwell 1996; Valko
et al. 2007). Antioxidants such as polyphenols are on the
front line of investigation not only because of their natural
origin but also their ability to act as free-radical scavengers,
helping the endogenous antioxidant system (Katalinic et al.
2006; Ferreira et al. 2009). A whole range of plant-derived
dietary supplements, phytochemicals, and provitamins that
assist in maintaining good health and combating disease are
now being described as functional foods and nutraceuticals
(Bernal et al. 2011). Nutraceutical is a term coined in 1989 by
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Stephen DeFelice. It is defined as a food or parts of food that
provide medical or health benefits, including the prevention
and treatment of disease. Nutraceuticals range from isolated
nutrients, herbal products, dietary supplements, and diets to
genetically engineered “designer” foods and processed
products such as cereals, soups, and beverages. A nutraceuti-
cal is any nontoxic food extract supplement that has scientifi-
cally proven health benefits for both the treatment and
prevention of disease. Nutraceutical also refers to natural
functional/medical foods or bioactive phytochemicals that
have health-promoting, disease-preventing, or medicinal
properties. These nutraceuticals, in general, include vitamins,
lipids, proteins, carbohydrates, minerals, and other necessary
nutrients, depending on their emphases (Zeisel 1999;
Whitman 2001). These nutraceuticals are used in nutritional
therapy based upon their chemical structures and biological
functions (Brower 1998). Phytomolecules such as
polyphenols, flavonoids, vitamins, carotenoids, etc. are
widely used as prophylactic and therapeutic agents in com-
bating health problems associated with high altitude (Kala
2006). These phytogenic feed additives would be less toxic
and ideal to replace antibiotic growth promoters in the broiler
chick diet (Kalia et al. 2017, 2018).

This chapter describes the feed supplement of sea buck-
thorn and apricot plants on poultry for better health manage-
ment and higher production levels at a high altitude.

2 Constraints and Prospects of Poultry
Production at High-Altitude Region

Critical temperature is the temperature at which animals are
properly sustained, and if the temperature varies slightly, then
the animal may face difficulty. At higher altitudes the tem-
perature significantly fluctuates throughout the year. As alti-
tude rises then the partial pressure of oxygen is very low, and
this causes significant effects on animal health as well as
farming in the region. Poultry also face other problems
related to low humidity, cold stress in winter, and high UV
radiation. All these environmental factors are responsible for
the poor sustainability of poultry farming in high-altitude
regions. Unavailability of feed, lack of proper housing man-
agement, and unavailability of suitable germplasm are also
critical factors in the regulation of poultry farming (Biswas
et al. 2010; Kalia et al. 2017, 2018).

3 Important Diseases and Clinical
Conditions of Poultry at High Altitude

The high-altitude environment is not suitable for livestock
production, including poultry rearing, due to the harsh cli-
mate and the incidence of various physiological conditions,
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such as ascites, respiratory infection, impaction, coccidiosis,
cannibalism, poor feed intake, stunted growth, extremely
poor hatchability, cecal hemorrhage, etc. (Biswas et al.
2011).

4 Nonconventional Sources for Poultry
Feeding at High-Altitude Cold Desert

High-altitude regions have no economic poultry feed avail-
able locally due to extreme climate and limited crop produc-
tion. Therefore, poultry feeds are brought from other areas
which are formulated based on nutrient requirements of
chickens reared in specific areas such as the plains. Poultry
raised at a high altitude require a special ration formulated
specifically for those conditions. Unfortunately, there is very
limited availability of this special ration. Therefore, farmers
are supplementing poultry ration with antioxidants and other
locally available feed resources like lucerne leaves,
hydroalcoholic willow leaf extract, crushed oats, sea buck-
thorn fruit pomace and leaves, and apricot seed cake and seed
extract (Biswas et al. 2011). These plant parts can be mixed
with the existing poultry diet base as per palatability and
acceptance. This feed supplementation with nutraceuticals
improves poultry antioxidant defense and immune system
requirements for amelioration of high-altitude stress preva-
lent in the region. Formulation of a nutraceutical-based
poultry ration is greatly needed for high-altitude regions
considering their nutrient requirements. This will improve
health conditions and productivity of poultry in these
regions.

5 Sea Buckthorn as a Source
of Phytomolecules and Their
Therapeutic Value

Hippophae rhamnoides (currently, Elaeagnus rhamnoides),
also called sea buckthorn (SBT), belongs to the family
Elaeagnaceae (Fig. 1). It is a significant herbal medicinal
plant of the Trans-Himalayan cold desert and is commonly
found at an altitude of 3000-4500 m above MSL (Saggu et al.
2007). It is a hardy plant which can tolerate extreme
temperatures from —43 to 40 °C, and it contains barriers of
different colors. Every part of the SBT plant is a good source
of a large number of phytomolecules such as polyphenols,
flavonols,  flavonoids,  proanthocyanidins,  vitamins,
carotenoids, organic acids, polyunsaturated fatty acids, and
amino acids (Beveridge et al. 1999; Saggu et al. 2007; Ma
et al. 2017; Puganen et al. 2018). In traditional Ayurvedic
medicine, the extract of SBT fruits has been used for treat-
ment of various kinds of health disorders (Saggu et al. 2007).
Many bioactive phytomolecules such as Hippophae
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Fig. 1 Sea buckthorn
(Hippophae rhamnoides)
plant with ripe fruit

cerebroside, vitamin C, vitamin E, gallic acid, kaempferol
3-0-sophoroside-7-O-rhamnoside, quercetin, etc. were
identified in the berries of SBT which are responsible for its
pharmacological properties (Chen et al. 2003; Zheng et al.
2009; Upadhyay et al. 2010). The leaves are a rich source of
antioxidants including p-carotenoids, vitamin E, catechins,
and folic acid and negligible amount of calcium, magnesium,
and potassium (Upadhyay et al. 2010).

Various pharmacological activities of SBT, including
antioxidative, immunomodulatory, anti-stress, anticancer,
hepatoprotective, and radioprotective, have been reported in
humans and livestock (Geetha et al. 2002; Goel et al. 2002;
Yasukawa et al. 2009; Tulsawani 2010; Maheshwari et al.
2011; Olas et al. 2018). The seeds, leaves, and fruit of SBT
are reported to be an ideal feeding material for livestock and
poultry in the high-altitude Trans-Himalayan region (Biswas
etal. 2011). Supplementation of SBT flavonoids in the diet of
broiler chickens has shown a positive influence on their
growth performance, fatty acid composition, and
lipometabolism in the liver (Ma et al. 2015). Various studies
report the usefulness of a sea buckthorn plant-based feed
formulation in improving health conditions via modulation
of various physio-biochemical indices. These studies are
summarized in Table 1.

The potent hepatoprotective activity of SBT berry oils
against aflatoxin B1 (AFB1) has been reported in broiler
chickens (Solcan et al. 2013). Moreover, supplementation
of SBT barriers in broiler chickens at different treatment
concentrations improved their humoral and cell-mediated
immune response against the adverse effects of T-2 toxin
(Lavinia et al. 2009; Ramasamy et al. 2010). Similarly, the
increased proliferative activity of chicken peripheral blood
lymphocytes with the supplementation of SBT fruit extract

has been reported in recent studies (Kalia et al. 2018). Sup-
plementation of SBT as a feed additive in broiler chicken diet
elevated the level of free-radical scavenging activity and
decreased the level of lipid peroxidation in blood serum at
higher altitudes (Kalia et al. 2018). These pharmacological
activities of SBT in poultry may be due to the synergistic
effect of certain bioactive phytomolecules present in SBT
fruit (Table 1).

6 Apricot as Source of Various
Phytomolecules and Their Therapeutic
Value

Apricot, widely known as Prunus armeniaca, is an edible
fruit that belongs to the family Rosaceae (Fig. 2), and it is
grown in climates with very cold winters. Apricot can tolerate
temperatures as low as —30 °C (Ahmadi et al. 2008). The
major areas of apricot cultivation are in India and include the
hilly areas of Himachal Pradesh, northeastern regions of
Jammu and Kashmir, and the major growing area of
Leh-Ladakh (Wani et al. 2015).

A large number of diverse bioactive phytomolecules such
as polyphenols, flavonoids, carotenoids, vitamins, fatty acids,
etc. have been found in the apricot, thereby giving this plant
pharmacological antioxidative properties (Dragovic-Uzelac
et al. 2007; Yigit et al. 2009; Kan et al. 2014). Apricot seeds
are an abundant source of dietary proteins along with a signifi-
cant amount of oil and fibers (Nout et al. 1995). Various
pharmacological effects of the apricot have been reported,
including antioxidant (Gomaa 2013), antimicrobial (Yigit
et al. 2009), antitumor (Gomaa 2013), immunomodulatory
(Tian et al. 2016), anti-inflammatory (Minaiyan et al. 2014),
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Table 1 Effects of sea buckthorn (SBT) on poultry

No.

L.

11.

13.

Experimental
animal

Broiler
chicken

Turkey poults
Japanese
quail

Arbor Acres

(AA) broilers
Broiler chicks

Broiler chicks

Broiler
chicken

Arbor Acres
male broilers

Laying hens

Isa Brown
laying hens

Poultry birds

RIR cross-
bred broiler
chickens

Peripheral
blood
lymphocyte

Duration
42 days

56 days

21 days

28 days

49 days

56 days

42 days

42 days

21 days

322 days

28 days

42 days

24 h

Dose and route of administration

3% flax oil and 3% dried SBT pomace in feed
mixture

SBT leaf meal powder at 0.5% in feed mixture

2% SBT leaf powder in drinking water

0.25%, 0.5%, 1% SBT powder in feed mixture

5% SBT fruit residue in feed mixture

SBT seeds, leaves, and fruit residues in feed
mixture

Group II diet contained 1000 ppm SBT leaf
extract, group III contained 400 ppm of SBT
pulp, and group IV contained 0.5 mL/kg SBT
seed oil in feed

0.05%, 0.10%, and 0.15% SBT fruits in feed
mixture

5% and 13% of SBT in feed mixture

SBT fruit residues in feed mixture

Powdered SBT berries were added at 400 and
800 ppm
H. rhamnoides fruit extract in drinking water

100 ng/mL—400 pg/mL extract

V. K. Bharti et al.

Effect

| Lipid oxidation, T a-tocopherol, T feed
intake, T feed conversion ratio (FCR), T body
weight, | mortality, | triglycerides, |
cholesterol, | glucose, | T3, | T4

T Body weight, T feed conversion ratio (FCR),
| plasma uric acid, | alkaline phosphatase, T
zinc

| Mortality, | alanine aminotransferase
(ALT), | uric acid, | cholesterol, T total
protein, T albumin

T Muscle inosine monophosphate, |
adenylosuccinate lyase

T Body weight, T feed conversion ratio (FCR),
| mortality

1 Body weight, T egg laying rate

T Body weight, no changes in feed conversion
ratio (FCR), carcass traits like chilled weight,
breast weight, thigh weight, and drumstick
weight were improved

Improved average daily feed intake (ADFI),
average daily gain (ADG), and final body
weight (BW), | abdominal fat percentage, |
intramuscular fat (IMF), T thigh meat, T breast
muscle, quadratic effect on the abdominal fat
percentage, | levels of triglyceride,
cholesterol, and low-density lipoprotein
cholesterol

| Egg productivity and egg weight, color of
yolk increased significantly, feed consumption
was the highest, no change in feed conversion
Total number of eggs laid and egg yolk color
were detected, a nonsignificant effect of SBT
was found on hen performance or egg quality
including egg weight, yolk weight, eggshell
strength, and shape index of egg, eggshell
thickness, Haugh units, eggshell color and
blood spot, albumen weight, proportion
Significant increase in hemagglutination
inhibition titer and total serum Ig

T Body weight, T feed conversion ratio (FCR),
| mortality, T TAC, T DPPH, | LPO, T total
protein, T albumin, T globulin, | cholesterol, |
triglyceride, T HDL, | LDL, | glucose, |
creatinine, | AST, | ALT

Reduced H,0,-induced oxidative stress in
lymphocytes, stimulated PBL

References
Orczewska-
Dudek et al.
(2018)

Sharma et al.

(2018)

Patial et al.
(2015)

Zhao et al.
(2012)

Ben-
Mahmoud
et al. (2014)
Biswas et al.
(2010)
Pathak et al.
(2011)

Ma et al.
(2015)

Pebriansyah
and Silberov
(2014)
Shaker et al.
(2018)

Ramasamy
et al. (2010)

Kalia et al.
(2018)

Kalia et al.
(2018)

T upregulation/increase/improvement, | downregulation/decrease/deterioration, ALP alkaline phosphatase, ALT alanine transaminase, AST aspartate
transaminase, Zn zinc, H,O, hydrogen peroxidase, LDH lactate dehydrogenase, LPO lipid peroxidase, MDA malondialdehyde, TAC total
antioxidant capacity, HDL high-density lipoprotein, LDL low-density lipoprotein, DPPH 2,2-diphenyl-1-picrylhydrazyl, /g immunoglobulin

hepatoprotective (Yilmaz et al. 2015), radioprotective (Kurus
et al. 2013), and cardioprotective (Parlakpinar et al. 2009).
Feeding of apricot seed cake to lambs under the high-
altitude climatic conditions of Leh-Ladakh provided ade-
quate nutrition to support normal body growth and had no
adverse effects on performance (Jadhav et al. 2011). It has

effect on performance

(Tekeli

also been reported that supplementation of apricot kernel
meal in broiler chicken diet produced a positive effect on
the performance and intestinal microbiota (Samli et al. 2014).
Furthermore, improved fatty acid composition in broiler meat
was reported after administration of apricot without any
deleterious

2012).
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Fig. 2 Apricot (Prunus armeniaca) plant at fruiting
Table 2 Effects of apricot on poultry
Experimental
animal Duration | Dose and route of administration Effect References
Broiler 21 days | 5%, 10%, and 20% apricot kernel meal T Body weight, 1 intestinal microbiota Samli et al.
chickens (2014)
Broiler 42 days |5, 10, and 15 g/kg apricot kernel oils Increased the proportions of pentadecanoic acid, Tekeli
chickens heptadecanoic (margaric) acid, heptadecanoic (2012)
(margoleic) acid, linolenic acid, and eicosanoic acid
RIR cross- 42 days | Seed extract of 100, 150, 200, 300, 400, and | T Body weight, T feed conversion ratio (FCR), | Kalia et al.
bred broiler 800 mg/kg body weight of chicken mortality, T TAC, T DPPH, | LPO, T total protein, | (2018)
chickens administered through drinking water albumin, T globulin, | cholesterol, | triglyceride, T
HDL, | LDL, | glucose, | creatinine, | AST, | ALT
Peripheral 24 h 100, 200, 400, 800 ng/mL extract Reduced H,0,-induced oxidative stress in Kalia et al.
blood lymphocytes, stimulated PBL (2018)
lymphocyte

T upregulation/increase/improvement, | downregulation/decrease/deterioration, ALP alkaline phosphatase, ALT alanine transaminase, AST aspartate
transaminase, Zn zinc, H,O, hydrogen peroxidase, LDH lactate dehydrogenase, LPO lipid peroxidase, MDA malondialdehyde, TAC total
antioxidant capacity, HDL high-density lipoprotein, LDL low-density lipoprotein, DPPH 2,2-diphenyl-1-picrylhydrazyl, /g immunoglobulin

Supplementation of apricot extract in broiler chicken diet
stimulates increased digestion and metabolism of nutrients
resulting in improved growth performance of broilers at a
higher altitude (Kalia et al. 2017). Increased proliferative activ-
ity of chicken peripheral blood lymphocytes following supple-
mentation with apricot extract has been reported (Kalia et al.
2017). Supplementation of apricot as a broiler feed additive
also improved immunological, antioxidant, and blood bio-
chemical profiles under high-altitude stress conditions (Kalia
et al. 2017). These pharmacological activities in poultry may
be due to the synergistic effect of certain bioactive
phytomolecules present in the apricot (Table 2).

7 Mechanism of Therapeutic Value of Sea
Buckthorn- and Apricot-Based

Nutraceuticals

Some of the studies on feed supplements of sea buckthorn
and apricot plant products indicate that growth performance,
survivability rate, physio-biochemical indices, and eco-
nomics are positively affected. But, the mechanism of action

of these feed supplements has yet to be elucidated. Kalia et al.
(2017) found that feeding an aqueous extract of P. armeniaca
produced significantly higher total antioxidant capacity, free-
radical scavenging activity, interleukin-2, total protein, albu-
min, and globulin levels as well as lower malondialdehyde,
interleukin-6, glucose, cholesterol, triglyceride, ALT, and
AST levels as compared to the control group. Another
study found that P. armeniaca extract reduced the level of
proinflammatory cytokine IL-6 in treatment groups. This
reduction might be due to the anti-inflammatory activity of
the  polyphenolic compounds of P. armeniaca
downregulating NF-kB signaling pathway via decreased
phosphorylation of NF-kB. Moreover, P. armeniaca extracts
stimulate the production of IL-2 via activation of the T helper
cells 1 (Thl) and also play a central role in cell-mediated
immunity. This suggests that P. armeniaca extract exerts
immunomodulatory effects in broilers through mediating
both cellular and humoral immunity. These same findings
were also reported in the sea buckthorn feed supplements
study on broiler chickens. Therefore, it may be concluded
that both feed supplements have an immunomodulatory role
along with antioxidative properties which ultimately lead to
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Fig. 3 Probable mechanism of therapeutic action of sea buckthorn- and apricot-based nutraceuticals
Table 3 Feed formulation based on sea buckthorn and apricot
Brand name Composition Manufacturer

Monosaturated sea

buckthorn berry oil phenolic 19%

Linoleic acid 4.7%, oleic acid 66.8%, unsaturated fatty acids 25.2%,

Natures Natural India

Sea buckthorn oil

Linoleic acid, oleic acid, unsaturated fatty acids, etc.

Arian Enterprises

Sea buckthorn Omega7 oil Omegas, flavonoids, omega-7

MNC Globle Multitrade

Apricot oil Mixed fatty acids Shri Hari Aromatics
Apricot oil Oleic 64.2%, palmitic 5.0%, linoleic 28.3%, linolenic 0.2%, stearic 1.0% | Bo International
Apricot oil Arginine, histidine, lysine, phenylalanine, valine, leucine, cystine and Natural Cosmetic Supplies (Unit of

tryptophan, and methionine

Mother Herbs)

better growth performance and survivability (Tekeli 2012;
Kalia et al. 2017, 2018). The most probable mechanism of
action of feed the supplement of sea buckthorn and apricot is
represented in Fig. 3.

8 Available Sea Buckthorn and Apricot
Plant-Based Feed Formulation

Different types of feed formulations and herbal products have
been developed by various institutions and private
manufacturers for human and animal use. Scientists also
developed a feed bolus (DB-LactoMax, a sea buckthorn and
apricot preparation) for dairy cattle (90-100 g or 1 bolus
daily/cow). It improves milk yield and body and reproductive
condition. A liquid preparation (Immunobooster, 5-10 mL/
100 birds) was developed for broiler chickens and layers that
is comprised of sea buckthorn, apricot seed, and willow leaf
extracts in preferable weight ratio. It enhances cytokines,
immune status, and upregulation of antioxidant status in
broiler birds under high-altitude stress conditions and there-
after improves overall health, growth performance (150 g in
42 days), and FCR. Bakery products like biscuits, buns,
bread, cakes, jellies, health drinks, wine, food colorants,

and yogurt have been made for human use also using sea
buckthorn pulp and leaves. Some of these formulations are
given in Table 3.

9 Concluding Remarks and Future
Directions

This chapter describes the value of nutraceuticals and the
therapeutic potential of sea buckthorn and apricot in poultry
for improvement of their health and productivity in higher-
altitude regions. Several research findings suggest the
upregulation of cellular and extracellular antioxidant defense
and the scavenging of free radicals. Recent findings indicate
their immunomodulatory effect which may be beneficial in
the control of immunosuppressive disease as well. These
plant-based products may be useful in plain areas under
different farm conditions. However, further studies are
required to establish their dose regime. Moreover, continued
research is needed to better understand the mechanisms and
specific pathways involved in ROS-induced diseases and to
determine the most rational and effective combination of
antioxidants in veterinary clinical use for management of
various disease conditions.
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Abstract

The wide versatility of medicinal plants has made them
of great interest all around the world. Nigella sativa
(NS, commonly called black seed), a member of
Ranunculaceae family, is one of the most important
medicinal plants. NS is reported in the treatment of a
wide variety of medical ailments due to its chemical
constituents which may enhance the source of functional
and nutritional foods. The constituents of NS have the
competence to cure many biological ailments including,
asthma, diabetes, digestive diseases, inflammatory diseases,
and rheumatoid arthritis. Wide-ranging pharmacological
activities including analgesic, antidiabetic, anticancer, anti-
inflammatory, antimicrobial, immunostimulatory, broncho-
dilator, spasmolytic, antihistaminic, and hepatoprotective
have been reported for the seeds and oil extract of NS. It
affects the reproductive system, central nervous system,
and immune system as anticonvulsant and wound-healing
mediators. NS can be exploited for producing a series of
drugs for the medication of numerous diseases. In the
present chapter, we discussed the general introduction
of NS and its geographical location followed by chemical
constituents. Further, some crucial pharmacological
activities and toxicological effects of NS are also
described.
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1 Introduction

Medicinal plants are a major source for treating human ail-
ment throughout the world since ancient times. These plants
are invaluable resources, useful in daily life as pigments, food
additives, flavors, fragrance, and pharmaceuticals. Today
scientists are interested in identification of their main
constituents and elucidating their mechanism of action.
Many studies have concluded that compounds such as
phenolics, flavonoids, alkaloids, terpenoids, saponins, tannins,
and anthraquinones have beneficial effects as antioxidant,
anti-inflammatory, immunomodulatory, antimicrobial, anti-
cancer, antidiabetic, etc. (Omojate et al. 2014). According
to a study (Vuorelaa et al. 2004), in the last 20 years, more
than 25% of drugs are directly isolated from plants, and the
other 25% are obtained from their chemically derived
products. The plant NS, locally known as “kalonji,” is used
as a traditional medicine to cure many diseases such as
diarrhea, asthma, etc. (Tasawar et al. 2011; Gilani et al.
2001; Benhaddou-Andaloussi et al. 2011). The diverse chem-
ical components of NS seeds provide excellent opportunity
for development and innovation in the area of
medicinal drug.

The seed of Nigella sativa (Ranunculaceae) has been used
for many years as a spice, food preservative, and medicinal
drug to cure many ailments (Abdulelah and Zainal-Abidin
2007; Goreja 2003). They are known as black seed because
when they are exposed to air, they turn into black-colored
seeds (Goreja 2003). It is an annual herb with an average
height of about 20-90 cm. Its leaves are about 2.5-5.0 cm
long and linear hastate-shaped. Its flowers are pale blue
colored and seeds are black in color, usually flattened,
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oblong, angular, funnel shaped with size of 0.2 cm long and
0.1 cm wide.

Seeds of NS contain various components such as protein
(20-27%), fat (34.5-38.7%), carbohydrates (23.5-33.2%),
crude fiber (8.4%), and ash (4.8%) (Babyan et al. 1978).
These also contain many vitamins and minerals such as Zn,
Cu, P, and F. Apart from this NS is also reported to contain
carotene, which further converts into vitamin A in the liver
(Ahmad et al. 2013). The seeds also contain many active
compounds such as nogelleone, thymoquinone, and
thymohydroquinone which are reported to provide beneficial
activity such as antimicrobial, antitoxic, and other pharmaco-
logical activities (Forouzanfar et al. 2014).

NS seeds are reported to have 20% alcohol-soluble
extractives, 15% water-soluble extractives, 25-32% total
fixed oil, 0.42% volatile oil, and 3.91% organic matter
(expressed as w/w) (Sharma et al. 2005).

2 Geographical Location

The origin of Nigella sativa is not well established. The plant
was certainly under wide cultivation more than 3000 years
ago. NS is inherent to Southeast Europe, North Africa, and
Southwest Asia. It is cultivated in countries such as the
Middle Eastern Mediterranean region, South Europe, India,
Pakistan, Oman, Saudi Arabia, Israel, Syria, and Turkey
(Fig. 1) (Gilani et al. 2004; Khare 2004).

3 Taxonomical Classification

The taxonomical classification of Nigella sativa is as
follows: Kingdom, Plantae; subkingdom, Tracheobionta;
superdivision, Spermatophyta; phylum, Magnoliophyta; class,
Magnoliopsida; order, Ranunculales; family, Ranunculaceae;
genus, Nigella; species, sativa (Fig. 2).

The NS is recognized as black cumin, black caraway,
black seed, damascena, devil-in-the-bush, fennel flower,
haba-al-barka, kalonji, kalajeera, nutmeg, and many more.
It is an annually flowering plant that is characterized with

Fig. 1 Representation of
geographical distribution of NS
across the world
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finely divided petals (widely colored as pink, pale blue,
purple, white, and yellow) and having 5-10 petals.

4 Chemical Constituents of NS

It has been found that essential oil of NS seed contains
numerous chemical constituents, confirmed by GC and
GC-MS techniques. Few compounds have been represented
in Fig. 3. The extraction of essential oil from NS is done
using Clevenger’s apparatus. There are two types of extrac-
tion technique available using Clevenger’s apparatus, one is
microwave steam distillation 1 (MSD1) in which seeds are
placed inside the oven apparatus, and the second is micro-
wave steam distillation 2 (MSD2) in which seeds have been
placed outside the oven apparatus (Akloul et al. 2014). Apart
from this cryogenic grinding (CG) method was also used
for the oil extraction. In CG methods the process is carried
out by either MSD1-CG or MSD2-CG. Akloul et al. (2014)
reported that essential oil contains more amount of
oxygenated compounds and less amounts of monoterpene
hydrocarbons extracted by using MSD1 and MSD2 than
MSD1-CG and MSD2-CG. MSD1 oil extract contains com-
parative amount of ketones and alcohols than MSD2 oil
extract, while MSD2 oil extracts contain more monoterpene
hydrocarbons than MSD1 oil extracts. The amount of sesqui-
terpene hydrocarbons has approximately similar quantity in
both. By using MSDI1-CG and MSD2-CG, similar results
have been observed. Some sesquiterpene hydrocarbons
like longifolene, a-longipinene, and Z-y-bisabolene have
been reported in essential oil using MSD1 and MSD1-CG
methods.

A qualitative assessment of NS seeds revealed the pres-
ence of triterpenes, sterols, flavonoids, tannins, alkaloids,
cardiac glycosides, coumarins, saponins, volatile oils, vola-
tile bases, anthraquinones, and glucosinolates (Al-Yahya
1986). It has been reported that seeds of NS contain more
than 30% of fixed oil and 0.40-0.50% of volatile oil (w/w).
Qualitative estimation of essential oil of NS seed by gas
chromatography-mass spectrometry (GC-MS) technique has
showed around 65-67 different chemical compounds. When
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Fig. 2 Seeds of V. sativa

such compounds were subjected into various functional
groups, the following results were obtained: carbonyl
compounds (25%), phenols (1.7%), alcohols (0.9%),
monoterpenes (46%), and esters (16%) (Aboutable et al.
1986). Approximately 18-24% thymoquinone and a total of
46% of various monoterpenes such as pinene and p-cymene
were reported in volatile oil (El-Tahir et al. 1993).

Omar et al. (1999) provided a brief account about
the presence of dithymoquinone, thymohydroquinone,
thymoquinone, carvacrol, thymol, 6-methoxy-coumarin and
7-hydroxy-coumarin, oxy-coumarin, steryl-glucoside, and
a-hedrin as well as enough amounts of tannins, essential
fatty acids, flavonoids, ascorbic acid, amino acids, and few
inorganic substances such as iron and calcium. As per the
article of Weiss (2002), the seeds contain around 0.5% vola-
tile oil that have seven main phyto-constituents, and their
estimated proportions are as follows: thymoquinone (25%),
p-cymene (31%), ethyl hexadecanoate (3%), a-pinene (9%),
ethyl linoleate (9%), ethyl oleate (3%), and p-pinene (2%).
Similarly Sharma et al. (2009) reported that thymoquinone
was identified as the main component (up to 50%) alongside
p-cymene (40%), pinene (up to 15%), fatty acid ethyl ester
(10%), dithymoquinone, and thymohydroquinone. Other ter-
pene derivatives were found only in trace amounts: carvacrol,
carvone, limonene, 4-terpineol, and citronellol in the essen-
tial oil of NS (mean 0.5%, max. 1.5%). The conversion of
thymoquinone to dithymoquinonene and higher oligo
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condensation products on storage results into the aromatic
flavor of NS. Nickavara et al. (2003) from Iran used GC and
GC-MS methods to investigate the chemical composition of
the volatile oil of NS seeds and reported 32 compounds
(86.7%). Among them, the major compounds were trans-
anethole (38.3%), p-cymene (14.8%), limonene (4.3%), and
carvone (4.0%). The GC and GC-MS results are given in
Table 1 (Nickavara et al. 2003).

The main components of NS were p-cymene (33.8%) and
thymol (26.8%), with only a small amount of thymoquinone
(3.8%) reported by Moretti et al. (2004). Rajkapoor et al.
(2002) reported the alkaloids present in the seeds to be
nigellidine, nigellicin, tannin, steroid a-spinasterol, quinazoline,
cholesterol, campesterol, stigmas 7-en-3-f-ol, stigmasterol,
and flavonoids of trigillin quercetin-3-glucoside. Morikawa
et al. (2004a, b) reported isolation of four dolabellane-type
diterpene alkaloids from the seeds of NS. The active
constituents, nigellidine and nigellone, were reported to con-
tain an indazol nucleus (Rahman et al. 1995). Three flavonoid
glycosides and triterpene saponins were also isolated and
identified from NS together with four phospholipid classes:
phosphatidylethanolamine, phosphatidylcholine, phosphati-
dylserine, and phosphatidylinositol (Merfort et al. 1997;
Ramadan and Morsel 2002).

5 Pharmacological Studies

The extractives of NS showed many important pharmacolog-
ical activities. The notability of the plant is due to its
properties to cure many disorders. The detailed pharmacolog-
ical studies of NS are given below:

5.1 Antioxidant Activity

NS essential oil has been found to possess great antioxidant
activity. It has been observed that essential oil of NS affects
the antioxidant enzyme status and myocardium of cyclospor-
ine A-treated rats. It has also been reported that when
pre-treatment with essential oil of NS was performed, it
decreased the succeeding cyclosporine. Essential oil of NS
showed antioxidant activity as it reduces the lipid peroxida-
tion, development in antioxidant enzyme status, and cellular
protein oxidation (Ebru et al. 2008). Essential oil of NS
displayed many antioxidant activities verified by diphenylpi-
crylhydracyl. Thymoquinone (TQ) and other chemical
components of NS like carvacrol, anethole, and 4-terpineol
have radical scavenger property which is proved by using
two TLC screening methods. These components have also
been found to be effective OH radical scavenging agents,
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verified for nonenzymatic lipid peroxidation in liposomes
and also deoxyribose degradation (Burits and Bucar 2000).
The chemical constituents of NS like thymol, TQ, and
dithymoquinone showed free-radical scavenging effect by
attenuating reactive oxygen species (ROS) like hydroxyl
radical, superoxide radical, and nascent oxygen, determined
by chemiluminescence and spectrophotometric methods
(Kruk et al. 2000). Due to the antioxidant activity of TQ, it
showed protective effect against doxorubicin-induced neph-
rotoxicity (Badary et al. 2000) and doxorubicin-induced
cardiotoxicity (Al-Shabanah et al. 1998; Nagi and Mansour
2000). It shows modulating effect and antitumor effect on
bezo(a)pyrene-induced cancer in mice (Badary et al. 1999)
and on 20-methylcholanthrene-induced fibrosarcoma tumor
genesis (Badary and Gamal-el-Din 2001), respectively, due
to antioxidant activity. NS seeds and their extracts have been
reported to display antioxidant property, as they provide
protection against damage caused by oxidation. Lado et al.
(2004), Nagwa et al. (2006), and Adamu et al. (2010) have all
observed that Nigella oils may be used as an antioxidant,
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while Musa et al. (2004) reported that the ethyl alcohol
extract can also produce antioxidants and was able to extend
the life span of mice. Recently, Ibraheem et al. (2010)
reported that NS has antioxidant and calcium antagonist
properties.

5.2 Antibacterial Activity

Essential oil extracted from NS seed by following various
techniques, such as steam distillation (SD), dry steam distil-
lation (DSD), hydrodistillation (HD), solvent extraction (SE),
and supercritical fluid extraction (SFE-SD), has been
reported to exert antibacterial activities (Islam et al. 2013).
It has been found that the MIC (minimum inhibitory concen-
tration) values of HD and SD extractives are 256 and 32 pg/
mL, respectively, while for both SE-SD and SFE-SD, the
value was 4 pg/mL. All NS essential oil samples have been
observed to possess greater activity against gram-positive
than gram-negative bacteria (Kokoska et al. 2008). The
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Table 1 Chemical composition of the volatile constituents

Compound %

1,3,5-Trimethyl benzene 0.5
1-Ethyl-2,3-dimethyl benzene 0.2
1-Methyl-3-propyl benzene 0.5
3-Methyl nonane 0.3
Anisaldehyde 1.7
Apiole 1.0
Carvacrol 1.6
Carvone 4.0
Dihydrocarvone 0.3
Dill apiole 1.8
Estragole 1.9
Fenchone 1.1
Limonene 43
Longifolene 0.7
Myrcene 0.4
Myristicin 1.4
n-Decane 0.4
n-Hexadecane 0.2
n-Nonane 1.7
n-Tetradecane 0.2
p-Cymene 14.8
p-Cymene-8-ol 0.4
Sabinene 1.4
Terpinen-4-ol 0.7
Thymoquinone 0.6
Total monoterpenoid alcohols 2.7
Total monoterpenoid hydrocarbons 26.9
Total monoterpenoid ketones 6.0
Total non-terpenoid hydrocarbons 4.0
Total phenyl propanoid compounds 46.1
Total sesquiterpene hydrocarbons 1.0
trans-Anethole 38.3
a-Longipinene 0.3
a-Phellandrene 0.6
o-Pinene 1.2
a-Thujene 24
B-Pinene 1.3
y-Terpinene 0.5
Total compounds 86.7

Source: Malhotra (2012)

antibacterial activities of NS against clinical isolates of
methicillin-resistant Staphylococcus aureus have been stud-
ied by Hannan et al. (2008). It has been found that different
NS extracts show antibacterial activity against different bac-
teria. Different extracts of NS have shown antibacterial activ-
ity against 16 gram-negative and 6 gram-positive bacteria.
It has been found that the most effective extracts for
antibacterial activity are alkaloids and water extracts. Also,
the gram-negative bacteria are more affected than gram-
positive bacteria (Hanafy and Hatem 1991; Sokmen et al.
1997). The methanol extracts of seeds exhibit anti-plaque
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action by inhibiting Streptococcus mutans. Alcoholic extracts
exhibit antibacterial activity against bacteria Micrococcus
pyogenes var. aureus, Shigella dysenteriae, S. sonnei,
S. boydii, Vibrio cholera, and E. coli (Ferdous et al. 1992).
Alcohol extracts of NS seed showed inhibitory activity
against the growth of Staphylococcus aureus at a conc. of
4 mg/disc with MIC ranges from 0.2 to 0.5 mg/mL (Hannan
et al. 2008).

5.3 Antifungal Activity

The essential oil of NS seeds is reported to have appreciable
activity against a large number of fungi (Agarwal et al. 1979;
Bourrel et al. 1995; Aboul Ela et al. 1996). The inhibition of
toxic substance named as “aflatoxin” formation by a number
of medicinal plants including NS at different concentrations
has been studied in the past. In one of these studies, the
powdered seed and essential oil of NS efficiently inhibited
the growth and production of aflatoxin from the toxigenic
strain of Aspergillus flavus (El-Shayeb and Mabrouk 1984,
El-Sayed et al. 1997; Ozcan 1998).

The aqueous extractives of NS seeds have inhibitory effect
against candidiasis in mice (Bita et al. 2012). The ether extract
of NS and TQ has been tested for the antidermatophyte activity
against eight species of dermatophytes, in which four species
are of Trichophyton rubrum and one each of Trichophyton
interdigitale, Trichophyton mentagrophytes, Epidermophyton
floccosum, and Microsporum canis using agar diffusion
method (Ahmad et al. 2013). TQ and ether extracts of NS
also show inhibitory activity against fungal strains (Aljabre
et al. 2005). TQ exhibited high antifungal activity against
Aspergillus niger, Fusarium solani, and Scopulariopsis
brevicaulis, and the activity is found to be similar with that
of drug amphotericin B (Aljabre et al. 2015a, b).

It is found that the MICs of the ether extracts of NS
and TQ range between 10 and 40 mg/mL and 0.125 and
0.25 mg/mL, respectively (Aljabre et al. 2005). The NS
seed oil has been found to possess antifungal activities
against 20 fungi, including pathogenic and industrial strains.
Many researchers have found that all the oil extracts of NS
have antifungal activities, but a stronger and wider range of
antifungal activities have been shown only by volatile oil.
The MIC values of volatile oil of the NS seeds have been
determined against three pathogenic fungi, and the lowest
MIC has been found against Aspergillus fumigatus (Islam
et al. 1989).

5.4 Anticancer Activity

There are a number of active chemical components that have
been extracted from NS such as thymoquinone (TQ) and
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alpha-hederin which possess anticancer activities (Aljabre
et al. 2015a, b). Several experiments have been performed
in mice and rats to explore the anticancer activity of NS. The
anti-cancer activity of black seed was observed with activity
of natural killer cells to 200-300% in patients with advanced
cancer (Salim 2010). The essential oil (IC5q = 0.6% v/v) and
ethyl acetate (IC5q = 0.75%) extracts of NS have been found
to be more toxic against the P815 cell line than their butanol
extractives (ICso = 2%). It was found that tests on the BSR
cell line manifest a higher cytotoxic effect of ethyl acetate
extractive (IC5o = 0.2%) than essential oil (IC5o = 1.2%) (Ait
et al. 2007). The ethyl alchol extracts of NS seeds have been
reported for in vitro inhibition of cancer cells and endothelial
cells progression (Medenica et al. 1997; Swamy and Tan
2000). The defensive effect of NS seeds against the oxidative
stress and carcinogenesis induced by using methylni-
trosourea in rats has been studied. Its protective ability is
high (80%) against methylnitrosourea-induced oxidative
stress and carcinogenesis (Mabrouk et al. 2002). The aqueous
and alcoholic extracts, which are either alone or in combina-
tion with H,O,, were found to be effective in vitro in
deactivating MCF-7 breast cancer (Farah and Begum 2003).
So the above data elucidates the toxic effect of each extract
against various types of tumor cell.

5.5 Antidiabetic Properties

The seeds and oil extracts of NS have been found to possess
antidiabetic properties. The effects on oral glucose tolerance
of the aqueous crude extract of NS have been investigated by
using the electroshock technique. It has been found that the
aqueous crude extract of NS directly inhibits the intestinal
absorption. Therefore, the improvement of carbohydrate tol-
erance and body weight in experimental rats after oral intake
of seeds authenticates the use of NS as antidiabetic agents
(Meddah et al. 2009). Various HIV protease inhibitors such
as nelfinavir and atazanavir (Fig. 4) have been exposed along

Fig. 4 Structure of atazanavir (a) and nelfinavir (b) as antidiabetic
drugs, respectively
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with the NS seed extracts. The combination has been reported
to decline the insulin secretion in rats. Due to reduced insulin
secretion, there has been rapid decline in the mortality rate in
the HIV-I-positive patients (Chandra et al. 2009).

The defatted whole extracts of seeds have been evaluated
for the insulin secretary effects in rats. The defatted extract
has been divided into two subcategories as one with acidic
and neutral molecules and the other with basic molecules.
These subcategories have been tested in vitro in pancreatic
islets of rats. The study revealed that the subcategories with
basic molecules significantly enhanced the glucose-induced
insulin release in rats indicating antidiabetic activity of the
extract of NS (Rchid et al. 2004). Therefore, NS exhibits a
protective effect in the diabetic rat by preserving insulin-
producing pancreatic cells and inhibiting the oxidative stress
in the cells (Kanter et al. 2004).

5.6 Antifertility Activity

A variety of reproductive responses of NS have been reported
which include semen quality, follicle development, and
effects related to pregnancy in both male and female
individuals (Babazadeh et al. 2012). The seeds and extracts
of NS have been used in albino rats to observe the effects on
postmenopausal parameters. It has been found that the NS
can be used for substituting the hormone therapy due to the
presence of various beneficial effects (Parhizkar et al. 2016).
The protein diet of Rahmani ewe lamb has been replaced with
the protein diet rich in NS. It has been observed that the NS
protein mixture has a wide range of beneficial role in altering
the length of estrous cycle and conception rate (El-Harairy
et al. 2006). Male lamb’s performance has been found to be
boosted when supplemented with NS (100-200 mg/kg body
weight). The serum testosterone concentration was increased
by NS. A group of broiler supplemented with the seeds and
oil extracts of NS showed better semen characteristics which
include increase in sperm mass motility, ejaculation volume,
count, total sperm output, and viability percentage (Zanouny
et al. 2013).

5.7 Anti-inflammatory Activity

TQ and other extracts of NS have significant anti-
inflammatory activity. It has been studied that the ethanol
extracts of NS seeds are used in the treatment of psoriasis,
which is a general skin condition due to hyperproliferative,
autoimmune skin disorder, and sometimes it is itchy and
dolorous (Dwarampudi et al. 2012). Ahmed et al. (2014)
reported that the ethanol extracts of NS showed anti-psoriatic
effect. Also, NS oil is used generally in two forms which may
be in balm and oral dosage form. The ICsq value of NS oil is
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reported to be 23.9 pg/mL, which approximately equals to
1C5 value of asiaticoside (ICsy = 20.13 pg/mL) (Jawad et al.
2014). NS oil is also used to cure acne vulgaris, which is the
most common sKin disease. Hadi and Ashor (2010) observed
that using 20% NS oil extractives is better and less injurious
in lotion formulation than using benzoyl peroxide. This is
utilized in the treatment of mild to middle stage of acne
vulgaris (Hadi and Ashor 2010).

5.8 Gastroprotective Properties

Wide-ranging gastroprotective activity of NS has been
observed. The rats have been induced with gastric ulcer by
using noxious chemical. The effects of aqueous extracts have
been found to be significantly beneficial in the prevention of
gastric ulcer and improving basal gastric secretion. The aque-
ous extract replenishes the depleted mucus content in the
gastric mucosa indicating the gastroprotective activity of
aqueous extract (Mofleh et al. 2008). Thymoquinone is
examined against the noxious chemical-induced ulcer in
rats and found to protect the gastric mucosa against the
harmful effects of noxious chemical and support ulcer
healing (Kanter et al. 2005; El-Dakhakhny et al. 2000). The
aqueous extract of NS decreased the acidity in the gastric
juice exhibiting gastroprotective activity in the acetyl
salicylic acid-induced ulcer in rats (Akhtar et al. 1996).

5.9 Cardiovascular Activity

The seeds and extracts of NS have been employed to study
the responses in the stimulation of cardiac activity. The seeds
of NS have been administered orally to the normal rats to
study their effect. The seeds enhanced the inherent contractile
properties of the heart without increasing the cardiac work-
load (Al-Hariri et al. 2009; El-Bahai et al. 2009). The aque-
ous and macerated extracts from NS have been employed to
examine their effects on heart rate and contractility of the
heart. The powerful inhibitory effect on the heart rate and
contractility has been noticed and found to be more effective
than diltiazem (Fig. 5). The effect is attributed to calcium
channel inhibition, and in plants it is due to the opening of

Fig. 5 Structure of diltiazem, \N/
anti-cardiovascular drug
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potassium channels (Boskabady et al. 2005; Shafei et al.
2005).

Through the blockage of calcium ion channel, the active
ingredient thymol is found to reduce the blood pressure
(Gialni et al. 2001). Different doses of powdered seeds of
NS have been administrated to albino rats to analyze the
effect on the density of lipoprotein-cholesterol level. These
powdered seeds lowered the level of low-density lipoprotein
and enhanced the level of high-density lipoproteins which are
essential for regular cardiovascular activities (Kocyigit et al.
2009).

5.10 Immunomodulatory Activities

Various synthetic antibiotics are used against various patho-
genic organisms. Pathogenic organisms have been found to
develop drug resistance against the administrated synthetic
antibiotics. Therefore, compared to synthetic antibiotics, nat-
ural alternatives such as oil extracts and seeds of NS might be
helpful. The seeds and purified constituents of NS have been
used in the treatment of various diseases (Zeweil et al. 2008).
Increased total plasma protein, albumin, and globulin were
reported in rabbits upon supplementation with oil/extracts of
NS (Tousson et al. 2011). The radioprotective activity of oil
extracts of NS has been observed against hemopoietic harm-
ful effect of gamma radiation. Before irradiation the oil
extracts of NS were orally administrated which normalized
the amplified concentration of malondialdehyde by decreas-
ing the concentrations of catalase, plasma glutathione, and
erythrocyte superoxide dismutase activities. Therefore, the
oil extracts have been found to possess natural radioprotec-
tive activity and immunosuppressive effects on ionizing radi-
ation (Assayed 2010). Significant declines in spontaneous
motility, modification in general behavior, and normal body
temperature were observed in methanol and aqueous extracts
of oil suggesting depressant activity in the central nervous
system (Khanna et al. 1993).

5.11 Memory and Learning Activities

In comparison with the other plant extracts, NS seed oil and
its extracts are effective on the CNS and other actions related
to spatial memory which involves special information, rec-
ognition, codifying, storing, and recovering by the brain
(Kalat 2007). NS extracts are applied for acetylcholinesterase
(AChE) activity inhibition.

The hydroalcoholic extracts of NS are involved in the
central cholinergic enhancement against scopolamine-
induced amnesia (Hosseini et al. 2015). The NS extractive
oil shows mnemonic effect, cholinergic modulation, and
oxidative stress mitigation (Raza et al. 2006). Khan et al.
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(2008) reported that TQ of NS extract has neuroprotective
properties on perceptional harm and other related dementias.
It was also found that NS has antianxiety effect (Perveen
et al. 2009). The hydroalcoholic extracts of NS have been
reported to be useful in preventing the decadence of learning
and memory activities shown in the pentylenetetrazole
(PTZ)-induced epileptic model (Vafaee et al. 2015). The
hydroalcoholic extracts of NS also reversed the harm of
hypothyroidism linked with learning and memory in neonatal
animals (Beheshti et al. 2016a, b). NS is also reported to
affect the human mood, anxiety, and cognition (Sayeed Bin
et al. 2014).

5.12 Anticonvulsant Activity

Since ancient times, epilepsy is one of the lethal disorders
which is characterized by frequent seizures. In the treatment
of epilepsy, the seeds and oil extracts of NS have been used
since ancient times. In the tomb of Tutankhamun, it was
selected as one of the entombed products as it was believed
that it will cure cerebral malaria and epilepsy (Tahan and
Bayram 2011; Mathur et al. 2011). The techniques such as
maximal electroshock (MES) along with pentylenetetrazole
(PTZ) have been used to determine the anticonvulsant activ-
ity of the seeds and oil extract of NS. Intraperitoneal insertion
of thymoquinone has been found to diminish the duration of
seizures (Yaman et al. 2010). Valproate (one of the major
constituents among antiepileptic drugs) and oil extracts of NS
were simultaneously tested for their ability to suppress the
lethal and convulsive effects of PTZ in mice. The suppression
activity has been found to be more pronounced in case of
oil extract of NS than valproate in inhibiting PTZ-induced
seizures (Abu-Zinadah 2009). Various constituents of NS
like fixed oil, aqueous oil, and oil extracts have been
investigated against MES- and PTZ-induced convulsion. It
is observed that except the fixed oils, other constituents were
found to be effective against PTZ convulsion (Ali and Meitei
2011).

6 Toxicological Properties

The seeds, extracts, and constituents of NS have been
observed to have low toxicity. Intraperitoneal administrations
of NS extract (50 mg/kg) to rats have been found to possess
less significant effect on the activities of various enzymes
(el-Daly 1998). The major constituent thymoquinone is
characterized with very high lethal dosage value ranging
between 1.52 and 3.77 g/kg (Badary et al. 1998). Supplemen-
tation of high dosage of NS extract causes hypoactivity and
obstructed breathing. These high dosages declined the
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concentration of growth-stimulating hormone (GSH) in the
liver, kidney, and heart. Due to the declined concentration of
GSH in the kidney and liver, plasma metabolites and
enzymes increased and caused damages in the organs
(Badary et al. 1998). The rats have been treated with the NS
fixed oil extracts to determine the toxicity level, and no
significant effect was found in the levels of hepatic enzymes.
However, the levels of thyroglobulin (TG), cholesterol, and
glucose and count of leukocytes and platelets have been
decreased. Therefore, the seeds and oil extracts of NS are of
immense importance as they possess low level of toxicity
(Zaghlol et al. 2012).

7 Concluding Remarks and Future
Directions

The ethnobotanical and wide application of natural
compounds especially plant derivatives have received great
attention in recent years. The use of NS seeds and their
constituents has been shown to exert multiple useful effects
in the treatment of various ailments. It contains a wide range
of pharmaceutical properties including antidiabetic, antican-
cer, immunomodulatory, gastroprotective, and many more.
The seed oil/extracts of NS have been utilized as therapeutic
agents since ancient times due to their least toxic effect.
N. sativa has a great potential for nutraceutical and subject
to further investigations.
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Abstract

The importance of Acacia plants in animal nutrition and in
the prevention and treatment of human and animal
diseases has been recognized for centuries. Babool extract,
obtained from Acacia nilotica (also known as gum Arab-
ica tree), is very rich in secondary metabolites such as
tannins, flavonoids, alkaloids, terpenes, fatty acids, etc.
These compounds exert antioxidative, anti-inflammatory,
anthelmintic, antidiarrheal, antispasmodic, antihyperten-
sive, antibacterial, antifungal, antidiabetic, antiplatelet
aggregatory, antiplasmodial, antimutagenic, anticancer,
acetylcholinesterase-inhibiting, diuretic, antipyretic, anal-
gesic, and many other effects. This chapter describes
various aspects of babool with special emphasis on its
nutritional value and applications in prevention and treat-
ment of diseases in animals.

Keywords
Nutraceuticals - Veterinary nutraceuticals - Babool -
Animal health

1 Introduction

Babool (Acacia nilotica) is a tropical tree, which can be
15-18 m high and 2-3 m in diameter. The tree is native to
the Indian and African subcontinents. Other names for babool
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are babul, booni, babbula, Egyptian thorn, Egyptian acacia,
Indian gum arabic, thorn mimosa, thorny acacia, prickly
acacia, black piquant, kikar, sant tree, goma arabica, acacia
de cayenne, gommier rouge, and many others. Acacia
nilotica has several synonyms, such as Acacia arabica
(Lam.) Wild, Acacia arabica var. cupressiformis J. Stewart,
Acacia arabica var. Indica Benth., Acacia arabica var.
tomentosa Benth., Acacia benthamii Rochebr., Acacia
nilotica subsp. adansonii (Guill. and Perr.) Brenan, Acacia
scorpioides (L.) W. Wight, Acacia subalata Vatke, Acacia
vera Wild., and many others.

Babool has many chemical compounds, including tannins,
flavonoids, alkaloids, terpenes, fatty acids, etc. These
compounds exert antioxidative, anti-inflammatory, anthel-
mintic, antidiarrheal, antispasmodic, antihypertensive,
antibacterial, antiviral, antifungal, antidiabetic, antiplatelet
aggregatory, antiplasmodial, antimutagenic, anticancer, ace-
tylcholinesterase inhibitory, diuretic, antipyretic, analgesic,
and many other biological and pharmacological effects
(Rather et al. 2015). Currently, many phytoconstituents of
this plant are used as therapeutic drugs, while others are
under investigation for novel uses. This chapter describes
various aspects of babool, especially its nutritional value
and biological and pharmacological effects in the health and
diseases of animals.

2 Chemical Constituents in Babool

Babool (Acacia nilotica) is of significant nutritional, nutra-
ceutical, and pharmaceutical importance. Abbasian et al.
(2015) reported that mature and dry seeds of babool contain
potassium, iron, zinc, copper, and manganese (2.1, 203.1,
108.7, 322.7, and 1.09 g/100 g, respectively). The oil, crude
protein, and crude fiber contents in the seeds were found to be
4.1, 25.3, and 28.4% (fresh weight basis), respectively.

At least 66 chemical compounds have been identified in
various parts of babool (Rather et al. 2015). The main
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alkaloids and amines present include dimethyltryptamine,
5-methoxydimethyltryptamine, and N-methyltryptamine.
The extract has D-pinitol, kaempferol, gallic acid, ellagic
acid, (+/—) catechin, (—) epigallocatechin, and rutin. Babool
extract has an anti-inflammatory compound, androstene ste-
roid. In addition, the extract has cyclitols, fatty acids
(palmitic acid, stearic acid, arachidic acid, oleic acid, linoleic
acid, and coronaric acid), seed oils, nonprotein amino acids,
terpenes (niloticane, lupenone, and lupeol), saponins,
hydrolyzable tannins, flavonoids, and niloticane (Malviya
et al. 2011). The extract also contains a total phenolic
content ranging from 9.2 to 16.5% (Bushra et al. 2007) and
tannins and gallic acid from 24 to 42% (Rahaman 2010). In
some studies, tannin content in A. nilotica is reported at
18-27%, but in A. nilotica subsp. indica, the level could be
as high as 50% (Kumari et al. 2014). Babool pods have been
found to contain gallic acid, m-digallic acid, (+)-catechin,
chlorogenic acid, gallolylated flaven-3, 4-diol robidandiol
(7, 3, 4, S5S-tetrahydroxyflavan-3,4-diol), kaempferol,
umbelliferone, androstene steroid, D-pinitol, carbohydrate,
and catechin-5-galloyl ester (Singh et al. 2009a, b; Prathapa
Reddy et al. 2018).

The secondary metabolites described in Acacia nilotica
Delile included naringenin, niloticane, and several galloyl
and catechin derivatives isolated from the bark (Khalid
et al. 1989; Malan 1991; Eldeen et al. 2010), an androstene
steroid from the aerial parts (Chaubal et al. 2003), flavonol
glycosides from the seeds (Chauhan et al. 2000), triterpenes
botulin and p-amyrin from the roots (Prakash and Garg
1981), arabinobioses from the gum (Chalk et al. 1968), and
acanilol A and acanilol B (Ahmadu et al. 2009), together with
the known triterpene lupenone, from the stem bark. For
further details on chemical constituents in different parts of
babool, readers are referred to recent publications (Rana
2018; Prathapa Reddy et al. 2018).

3 Nutritional Value of Babool

In the subcontinents of India and Africa, and other tropical
regions, babool (Acacia nilotica) is used as an inexpensive
source of protein for livestock (Mlambo 2003; Mousa 2011;
Paswan et al. 2016). Babool contains about 13% crude pro-
tein and about 87% or more organic matter. Bargali and
Bargali (2009) found that babool fruit (pods and seeds)
contained 12% protein, 2% fat, 15.36% crude fiber, 5.26%
ash, 5.45% tannins, 0.26% phosphorus, 0.64% calcium,
0.13% magnesium, 1.28% potassium, 6.43% copper,
28.50 mg/kg zinc, 2650 mg/kg manganese, and 100 mg/kg
iron. Recently, Abdullah et al. (2018) evaluated the effect of
babool pods on nutrient digestibility, nitrogen balance, and
rumen liquor parameters (pH, total protozoa count, protein
concentration, and enzyme activity) in rams. The findings
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revealed that inclusion of babool pods at the rate of 1.5 or
3.0% of the concentrate (equivalent to a tannin concentration
of 2.9 and 4.6 g/kg) for 3 weeks significantly improved the
total feed intake and the digestibility of crude protein, while
the digestibility of dry matter and crude fiber was signifi-
cantly decreased. Values of nitrogen intake and nitrogen
retained were significantly increased by babool supplement.
Rams receiving babool showed low protozoa count, protein
concentration, and enzymes (a-amylase, cellulase, and prote-
ase) in the rumen content, without any change in pH. It was
concluded that babool supplement can be used as a natural
protein protectant in ruminants by forming tannin-protein
complexes in the rumen to maximize the availability of
amino acids in the lower digestive tract. The significance of
tannins from A. nilotica and other acacia plants in the
ruminants ration is well documented (Mangan 1988; Scalbert
1991; Mlambo 2003; Mueller 2006). Also, babool pods at the
rate of 1.5 or 3.0% can increase the protein digestibility as
well as the nitrogen retained in the body. Abbasian et al.
(2015) found significant levels of minerals in the seeds of
babool. Therefore, babool pods/seeds can be recommended
as a dietary supplement of high-protein content and trace and
essential minerals to livestock.

4 Pharmacotherapeutic Effects

The leaves, roots, bark, flowers, pods/seeds, branches, and
gum extracts of babool have been used in various Ayurvedic,
Unani, Chinese, Egyptian, and other traditional medicines for
centuries. In general, acacia plants are very rich in bioactive
secondary compounds which can be indicated in the promo-
tion of health and prevention and treatment of human and
animal ailments. This fact can be substantiated with a few
examples, such as triterpenoid and saponins in cancer;
glucosides as diuretic and natriuretic; saponins, tannins, and
flavonoids in digestive disorders; polyphenols as
antioxidants; and tryptamine, tannins, saponins, and organic
acids as antiplasmodial (Saini et al. 2008).

Although A. nilotica has many medicinal properties, some
of them are described here in brief, while others are listed in
Table 1.

4.1 Antioxidative and Anti-inflammatory

The extracts from various parts of babool contain many
chemical constituents that possess metal chelation, free radi-
cal scavenging, and antioxidative properties. Antioxidative
activity can be attributed to kaempferol, umbelliferone, and
many phenolic compounds present in the babool extracts. In
in vitro studies, Singh et al. (2008, 2010) demonstrated that
kaempferol and umbelliferone exhibited antioxidative
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Table 1 Phytoconstituents in babool (Acacia nilotica) and their biological and pharmacological properties

Biological/
pharmacological activity

Antioxidative and free
radical scavenging

Anti-inflammatory

Immunostimulatory

Antibacterial, antiviral,
and antifungal

Periodontitis and otitis

Antidiarrheal and
anthelmintic

Antiplasmodial

Antidiabetic,
hypoglycemic, and
antiplatelet aggregatory

Antihypertensive and
antispasmodic
Antihypercholesterolemic/
hypolipidemic

Antipyretic and analgesic

Gastroprotective
Hepatoprotective

Diuretic
Anti-asthmatic
Anti-acetylcholinesterase

Antimutagenic and
anticancer

Prolactin release and milk
production

Molluscicidal
Larvicidal
Metal chelation

Bioactive phytoconstituents

Kaempferol, umbelliferone, gallic acid, ellagic
acid, epicatechin, rutin, tannins

Androstene, peltogynoids (acanilol A and
acanilol B), cassane diterpene (niloticane),
triterpene (lupenone)

Flavonoids, alkaloids, phenolics, steroids,
terpenoids, saponins, and tannins

Terpenoids, polyphenols, tannins, alkaloids,
saponins, glycosides, flavone, quercetin
3-gallate, nilobamate

Tannins
Tannins

Alkaloids, tannins, terpenoids

Tannins, tannic acid, kaempferol, umbelliferone

Triterpenoids
Saponins, glycosides, tannin
Polysaccharides, organic acids, flavonoids

Polyphenols

Flavonoids, alkaloids, phenolics, steroids,
terpenoids, saponins, tannins
Saponins, alkaloids, glycosides

Diterpene niloticane

Polyphenols, y-sitosterol, gallocatechin-5-0-
gallate

Phenolic tannins
p-Pinitol
Phenolic compounds
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activity in a dose-dependent manner. Singh et al. (2009a) also
reported free radical scavenging and metal chelation effects
of babool’s green pod extracts.

Babool pods and seeds are an easily accessible source of
natural antioxidants, which can be used as supplement to aid
the therapy of free radical-mediated diseases such as cancer,
diabetes, inflammation, etc. (Amos et al. 1999; Pareek and
Choudhry 2013). In several other studies, it was reported that
the extracts of babool have strong free radical scavenging and
antioxidative activities, which may be due to hydroxyl
groups existing in the phenolic compounds (Kalaivani and
Mathew 2010; Sultana et al. 2007; Singh and Arora 2007).

Vadivel and Biesalski (2012) also found that the methanolic
extract of A. nilotica seed materials contain a total free
phenolic content of 14.57 £ 1.69 g catechin equivalent/
100 g extract. The levels of ferric reducing antioxidant
power (FRAP, 1840 mmol Fe2+/mg extract), inhibition of
B-carotene degradation (53.26%), and radical scavenging
activity against DPPH (64.91%) and superoxide (53.23%)
radicals were reported (reviewed in Pareek and Choudhry
2013). Some studies also provided evidence that among all
extracts, the acetone extract exhibited the highest
antioxidative activity, and this was related to total phenolic
content (Sundaram and Mitra 2007; Rather et al. 2015).
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Phytoconstituents, such as androstene, peltogynoids
(acanilol A and acanilol B), and triterpene (lupenone), pres-
ent in the stem bark of Acacia nilotica (L.) Delile are reported
to exert anti-inflammatory activity (Ahmadu et al. 2009).
Ahmadu et al. (2009) tested acanilol A and acanilol B as
kinase inhibitors against CDK1, GSK3, CK1, and DYRKI1A
and found acanilol B as a DYRKI1A inhibitor with an ICs
value of 19 pM. Eldeen et al. (2010) demonstrated that
cassane diterpene niloticane from the bark extract exhibited
COX-1 and COX-2 inhibitory effect with ICsy values of
3.6 uM and 189 pM, respectively. Chaubal et al. (2003)
attributed anti-inflammatory ~activity to 3-p-acetoxy-
17-B-hydroxyandrost-5-ene present in the aerial parts of
babool. In in vivo studies, carrageenan- or formalin-induced
paw edema model and cotton pellet-induced granuloma
model in rats, A. nilotica extract significantly reduced the
inflammatory reaction (Dafallah and Al-Mustafa 1996;
Sokeng et al. 2013; Safari et al. 2016).

4.2 Antimicrobial

The leaves, flowers, pods/seeds, bark, and root of A. nilotica
have been extensively studied for their antimicrobial
(antibacterial, antiviral, and antifungal) activity. Banso
(2009) reported that the stem bark extract of the plant pos-
sessed certain bioactive constituents including terpenoids,
tannins, saponins, and glycosides. The antimicrobial activity
of the extracts was assayed against Streptococcus viridans,
Staphylococcus aureus, E. coli, Bacillus subtilis, and Shi-
gella sonnei. The plant extract exhibited antimicrobial activ-
ity against all the test microorganisms. B. subtilis was found
to be the most susceptible, and Candida albicans was the
most resistant to the plant extract. The minimum inhibitory
concentration of the extract ranged between 35 and 50 mg/
ml, while the minimum bactericidal concentration ranged
between 35 and 60 mg/ml. Fatima et al. (2012) assessed
antibacterial activity of leaf bark and root extracts (aqueous
and ethyl acetate) of A. nilotica (L.) Del. against
Xanthomonas malvacearum bacteria and found that ethyl
acetate extracts of the root seem to contain greater
antibacterial components than the pure antibiotic (streptomy-
cin or tetracycline), with a concentration of 500 pg/ml. Saini
et al. (2008) reported that the methanolic extract of A. nilotica
pods shows antimicrobial activity against E. coli, S. aureus,
and A. niger.

Dev et al. (2014) examined antimicrobial activity of aque-
ous, chloroform, ethanol, and methanol extracts of different
parts (stem, leaf, seed) of A. nilotica (L.) Del. against E. coli,
Agrobacterium tumefaciens, Bacillus aureus, Candida
glabrata, and Aspergillus niger. Only the methanolic extract
showed good activity against all bacteria and fungi (except
A. niger) due to the presence of alkaloids, saponins,
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flavonoids, tannins, and glycosides in the leaf extract. Rani
and Khullar (2004) observed moderate antimicrobial activity
of methanol and aqueous extracts of A. nilotica toward
multidrug-resistant Salmonella typhi.

In some studies, antimicrobial activity of A. nilotica has
been reported against pathogens involved in periodontitis
(including Streptococcus mutans; Sharma et al. 2014a, b)
and otitis (Pai et al. 2010).

Like some other plant products (Vanden Berghe et al.
1986; Vlietinck and Vanden Berghe 1991; Vlietinck et al.
1997), A. nilotica extract has been reported to exert antiviral
activity against fowl pox, Newcastle disease, and hepatitis C
virus (Hussein et al. 2000; Mohamed et al. 2010).

Antimicrobial activity of babool extracts appears to be due
to  hydrophilic compounds such as polyphenols,
polysaccharides, terpenoids, tannins, alkaloids, saponins,
glycosides, flavone, and quercetin 3-gallate. The antifungal
activity may be attributed to polyphenols and nilobamate
(Bhargava et al. 1998; Mbatchou and Oumar 2012; Rai
et al. 2014).

A dental chew formulation ACANIL (Vets Plus Inc,
Menomonie, WI, USA), which contains babool extract and
white curcumin, showed a great effect on reducing halitosis
in dogs. In in vitro studies, ACANIL has shown a zone of
inhibition on microbial colonies, and the effect was compa-
rable to chlorhexidine (data presented at the 26th American
Dental Congress 2017, Philadelphia, PA, USA). In proof of
concept clinical studies, ACANIL has been found signifi-
cantly effective (unpublished).

It is suggested that babool extract can be used as an
antimicrobial nutraceutical in humans and animals.

4.3 Antiplasmodials

A good number of plant extracts have been found to possess
antiplasmodial activity (Ibrahim et al. 1991; El-Tahir et al.
1999; Alli et al. 2016). El-Tahir et al. (1999) reported that
ethyl acetate extract of A. nilotica, by having tannins and
terpenoids, exerted a very strong inhibitory potential
(ICso = 1.5 pg/ml) against Plasmodium falciparum. The
methanol extract of A. nilotica seed exerted high activity
with an ICsq value of 0.9 pg/ml. The husk also revealed
highly potent antiplasmodial activity where the methanol
extract and the water extract showed ICsq values of 4.9 and
7.5 pg/ml, respectively. Recently, Alli et al. (2016)
demonstrated that a particular fraction (F-1 rich in alkaloids
and phenolics) of A. nilotica root (50 and 100 mg/kg body
wt) produced a significant and dose-dependent reduction in
Plasmodium berghei-infected mice compared to the control
and also significantly increased the survival time of the mice
compared to the control group. The same fraction also
ameliorated malaria-induced anemia by improving PCV in
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treated mice. However, this fraction of A. nilotica could not
reverse the reduced body temperature and weight loss
associated with rodent malaria. In several other studies,
roots, twigs, and other parts of A. nilotica extracts have
shown strong antiplasmodial potential (Alli et al. 2011;
Bapna et al. 2014). Taking all findings into consideration,
A. nilotica extract (particularly Fraction-1) appears to be an
alternative therapy to conventional drugs which have an issue
of drug resistance.

4.4  Anticholinesterase

Eldeen et al. (2005) reported that A. nilotica possesses anti-
cholinesterase properties. Krowch and Okello (2009) further
demonstrated the activity of A. nilotica root in an aqueous
extraction (ICso 0.079 mg/ml) to be about tenfold more
potent than with leaf (ICs, 0.7 and 0.5 mg/ml for ethyl acetate
and ethanol extracts, respectively) and bark (ICsq 1.3 mg/ml
ethyl acetate extraction). Acetylcholinesterase inhibition
kinetics revealed a concentration-dependent mixed type inhi-
bition (noncompetitive uncompetitive), similar to that found
with galantamine. A. nilotica extract was found not to be as
strong AChE inhibitor as galantamine. However, by having
antioxidative, anti-inflammatory, and acetylcholinesterase
(AChE) properties, A. nilotica could provide the basis as a
novel poly-pharmacological treatment of chronic cognition
syndrome in senior dogs and cats.

4.5 Anti-diabetic, Hypoglycemic,

and Hypolipidemic

Currently, a variety of herbal treatments are recommended
for the management of type 2 diabetes. Karau (2013) reported
that the aqueous extract of A. nilotica exerts an antidiabetic
effect which may be due to the release of insulin from
pancreatic p-cells. Babool is known to have a very high
content of tannins, and tannic acid stimulates the transport
of glucose and inhibits adipocyte differentiation, thereby
producing an antidiabetic effect (Liu et al. 2005; Kumari
et al. 2014). In alloxan-induced diabetic rabbits, methanol
extract of A. nilotica pods (400 mg/kg body wt) showed
significant reductions in blood glucose, plasma total choles-
terol, triglyceride, and low-density lipids. In a similar study
conducted on alloxan-induced diabetic rats, methanolic
extract of fruits of this plant did not significantly reduce
serum glucose but did reduce serum levels of triglycerides
and low-density lipoprotein cholesterol (Abuelgassim 2013a,
b). However, in the streptozotocin-induced diabetic rat
model, methanolic extract of A. nilotica pod extract
(150 and 300 mg/kg body wt/day for 60 days) lowered
blood glucose levels, restored serum urea, and creatinine
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levels as well as the normal histopathological architecture
of the kidney (Omara et al. 2012). Asad et al. (2011) found
that A. nilotica leaf extract (300 mg/kg body wt) produced
hypoglycemic and antiplatelet aggregation effects in
streptozotocin-induced diabetic rats.

Pareek and Choudhry (2013) assessed the effect of babool
pods powder (2, 3, or 4 g/day) on blood glucose and lipid
levels in type 2 diabetic subjects. After 4 weeks of treatment,
the patients showed reduced fasting blood glucose (10-19%),
postprandial (7-35%), triglyceride (6—-18%), LDL (7-10%),
total cholesterol (5—11%), VLDL (7-15%), HDL cholesterol
(5-10%), and blood pressure (8—13%). Significant changes
occurred in the postprandial glucose, triglyceride, VLDL
cholesterol, and blood pressure of the subjects receiving
4 g/day dose. In several other studies, babool pod products
have been found to exert antidiabetic, hypoglycemic, and
hypolipidemic effects (Ahmad et al. 2008; Rahaman 2010;
Roozbeh et al. 2017). The observed antihyperglycemic effect
of A. nilotica extracts in diabetes may be due to multiple
mechanisms: (1) increased insulin release from pancreatic
p-cells, (2) antioxidative effect, (3) anti-inflammatory effect,
and (4) increased glucose transport to tissues from circula-
tion. In conclusion, it can be suggested that a diet
supplemented with babool products will produce antidiabetic
effects and reduce risk factors associated with cardiovascular
and renal diseases.

4.6 Antipyretic and Analgesic

Alli et al. (2014) investigated the effect of an aqueous extract
of A. nilotica root on pain and fever in rats. These
investigators used Brewer’s yeast suspension to induce
pyrexia and the hot plate, tail immersion, and acetic acid-
induced writhing tests as nociceptive models for the analgesic
study. In a dose-dependent manner, the extract produced
significant reduction in rectal temperature at 200 and
400 mg/kg body wt. At these dose levels, significant analge-
sic activities were observed in the hot plate, tail immersion,
and acetic acid-induced writhing, and the effects were com-
parable to acetaminophen (150 mg/kg body wt). In a recent
study, Safari et al. (2016) demonstrated antinociceptive (not
dose-dependent), anti-inflammatory (80.07%), and antipy-
retic effects (98.89%) of aqueous extract of A. nilotica bark
(150 mg/kg) in mice. These studies provided scientific sup-
port for the use of A. nilotica root and bark extracts for fever,
inflammation, and pain.

4.7 Antihypertensive and Antispasmodic

Gilani et al. (1999) reported that a methanol extract of babool
pods caused a dose-dependent (3—30 mg/kg) fall in arterial
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blood pressure, and the observed effect was independent of
muscarinic receptor stimulation or adrenoceptor blockage. In
the in vitro studies, these investigators found that the plant
extract produced a dose-dependent (0.3—3 mg/ml) inhibitory
effect on force and rate of spontaneous contractions in guinea
pig atria. Similarly, it inhibited the spontaneous contraction
of rabbit jejunum in a concentration-dependent (0.1-3 mg/
ml) manner. The extract inhibited K*-induced contractions in
rabbit jejunum at a similar concentration range, which
suggests that the antispasmodic action of babool is mediated
through calcium channel blockage, and this may also be
responsible for the antihypertensive effect.

4.8 Antimutagenic and Anticancer

This antihypertensive effect appears to be independent of
muscarinic  acetylcholine  receptor  stimulation  or
adrenoceptor blockade. The same extract is also known to
exert antispasmodic activity (Gilani et al. 1999). Lompo-
Ouedraogo et al. (2004) demonstrated that an aqueous extract
of babool stimulated milk production (59% greater) and
prolactin release in female rats. This could consequently be
helpful in lactating animals and women. In Africa, babool
extract has been used for cough, asthma, diarrhea, dysentery,
conjunctivitis, skin diseases, tumors, cancers, and leprosy
treatment, and in Egypt for diabetes mellitus treatment.

In a recent study, Umaru et al. (2016) treated rats with
babool pod aqueous extract (50, 100, 200, and 400 mg/kg)
daily for 21 days and found that the extract had immunosti-
mulatory and anti-hemostatic properties.

Other ethnopharmacological claims include antimicrobial
(antibacterial, antifungal, antimalarial), antidiarrheal, antiox-
idant, antispasmodial, antihypertensive, antidiabetic,
antimutagenic, anti-inflammatory, analgesic, antiplatelet,
anticancer, and molluscicidal activities (Amos et al. 1999;
Rajvaidhya et al. 2015). It has been used as an anthelmintic in
ethnoveterinary medicine (Bachaya et al. 2009). A 50%
ethanolic extract of the stem bark in a preliminary biological
screening exhibited antiprotozoal activity against Entamoeba
histolytica in dogs and cats.

5 Toxicity and Safety

Al-Mustafa (2000) found a low toxicity potential of babool
extract in rats receiving 2% and 8% acacia diet for 2 and
4 weeks. There was no change in serum biomarkers for
hepatic and renal functions, fasting glucose, and
triglycerides. No histopathological changes in liver sections
and no deaths in animals were noted. Alli et al. (2015)
reported that the aqueous extract of Acacia nilotica root
was found to be safe in a single acute dose (50, 300, and
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2000 mg/kg body wt) in mice. The estimated oral LDs, in
mice is 5000 mg/kg. The IP LDs( in mice was reported to be
500 mg/kg (Bhakuni et al. 1969). In a 28-day subacute study
(125, 250, and 500 mg/kg babool extract) in rats, doses
higher than 250 mg/kg body wt appeared to cause hepatotox-
icity (Alli et al. 2015). There was no evidence of nephrotoxi-
city in the subacute toxicity study. These authors suggested
NOAEL <250 mg/kg body wt.

6 Concluding Remarks and Future
Directions

Babool has been widely used for multipurpose (nutritional,
nutraceutical, and pharmacological) in human and animal
medicine for centuries. Different parts of babool (bark, root,
fruits/pods, leaves, and gum) have different chemical
constituents, and accordingly their applications differ in dis-
ease conditions. The root portion of the tree is widely used in
traditional treatment of diseases because of its wide margin of
safety. Antioxidative and anti-inflammatory properties of
A. nilotica play significant roles in ameliorating various
diseases. Based on acute toxicity in mice, aqueous extract
of babool root extract is safe up to a dose of 2000 mg/kg; and
its NOEL in rats is reported to be <250 mg/kg/day. Repeat
exposure at higher doses may cause hepatotoxicity.
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Karyn Bischoff

Abstract

Glucosinolates are compounds commonly found in plants of
the Brassicaceae family. Many common edible plants, such
as broccoli, cabbage, caulifiower, mustard, and horseradish,
are members of the Brassicaceae family, and the strong
flavors of these plants correlate with high glucosinolate
concentrations. Recent studies have found beneficial effects
of glucosinolates, including regulatory functions in inflam-
mation, stress response, phase I metabolism, antioxidant
activities, and direct antimicrobial properties. Future studies
will no doubt find more benefits of these chemicals. How-
ever, feeding rations high in brassicae to livestock is likely
to have adverse effects, some life-threatening, and may add
unwanted flavors to animal products. The high sulfur con-
tent of many brassicas can cause trace mineral deficiencies
and polioencephalomalacia. Therefore, while Brassicaceae-
derived feeds can be a good source of nutrition, it’s best to
avoid overusing them.

Keywords
Glucosinolates - Brassica - Canola - Rapeseed - Erucic
acid - Broccoli - Cabbage - Cauliflower - Mustard

1 Introduction

The first known glucosinolate was isolated in 1831 (Dinkova-
Kostova and Kostov 2012). Glucosinolates and other
organosulfur compounds are found in the Brassica family of
plants, which includes the cruciferous vegetables: cabbage,
broccoli, cauliflower, kale, mustards, etc. The Brassicaceae
family also includes the important oil seed crop canola or
rapeseed, Brassica napus (Burel et al. 2000). Many brassicas
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are late-season crops; thus they remain palatable after other
plants have died (Burrows and Tyrl 2013). Glucosinolates are
present in all species in the Brassicaceae family. Different
species can typically produce up to at least 40 glucosinolates
(Halkier and Gershenzon 2006). Concentrations of
glucosinolates and related chemicals are dependent on portion
of the plant (leaves, flowers, roots, stems, seeds, etc.), species
and variety of plant, season, and environmental conditions.
Hot, dry conditions are likely to increase plant glucosinolate
concentrations (Tripathi and Mishra 2007). Glucosinolate
concentrations in foliage can range from 1000 ppm to at least
3000 ppm, depending on the species. Concentrations in roots
and seeds are often higher, up to 60,000 ppm in mustard seed
(B. nigra). Glucosinolate metabolites, other sulfur-containing
compounds, and erucic acid in Brassica are the defensive
chemicals of plants (Cavaiuolo and Ferrante 2014; Vig et al.
2009). Consequently, these chemicals are bioactive and can
have beneficial and harmful effects in people and domestic
animals (Bischoff 2016).

Structurally,  glucosinolates consist of a  fp-p-
glycopyranose with a sulfonated oxime and an R-group
(Tripathi and Mishra 2007; Dinkova-Kostova and Kostov
2012; Vig et al. 2009). The R-group is an amino acid (Collett
et al. 2014). While the glucosinolates themselves are mini-
mally biologically active, their metabolites are bioactive
(Tripathi and Mishra 2007; Vig et al. 2009). Indole
glucosinolates are metabolized to isothiocyanates, which are
associated with bitter flavors (Halkier and Gershenzon 2006).
The bitter flavors can decrease palatability when Brassica
spp. are used in livestock feed, which can be associated
with decreased gain (Woyengo et al. 2014). Additionally,
dietary glucosinolates have been associated with off-flavors
in milk and eggs (Bell 1984; Burrows and Tyrl 2013; Tripathi
and Mishra 2007). Other glucosinolates disrupt iodine metab-
olism and thyroid function or have hepatotoxic or nephro-
toxic effects (Tripathi and Mishra 2007).

Forage and by-products of the oil seed industries are the
most common sources of glucosinolates in livestock diets
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(Tripathi and Mishra 2007). Oil seed meals, such as canola,
are a good source of protein, but the glucosinolate
concentrations limit the amount that can be added to livestock
diets. Pennycress is a common weed in North America that
originated from Europe and Asia. Because it is about 36% oil,
it has potential for use in biodiesel production, and high
protein oil meals and cakes from pennycress have been
proposed for use in animal feeds (Alhotan et al. 2017).

Varieties of oilseeds were bred to decrease glucosinolate
concentrations. Low and very low glucosinolate varieties of
canola (known as double-zero or double-low) produce a meal
that can have less than a quarter of the glucosinolate
concentrations seen in older varieties (Flachowsky et al.
2014; Tripathi and Mishra 2007; Olukosi et al. 2017). Addi-
tionally, higher protein, lower fiber canola meals have been
developed to make them more suitable for animal feeds
(Pedersen et al. 2016). Oil seed cakes have the advantage of
higher residual oil than meals, making them suitable feed for
some livestock species (Drazbo et al. 2018). Glucosinolate
concentrations in oil seed meals vary based on extraction
processes (Tripathi and Mishra 2007). Heat treatment
decreases glucosinolate in seed meals, and wet heat and
pressure decrease glucosinolate concentrations more than
dry heating. Heat treatment also reduced the activity of
plant myrosinase, the enzyme that metabolizes glucosinolates
to more bioactive products (Alhotan et al. 2017). Storage
conditions can also affect glucosinolate concentrations in
cakes and meals, which can increase in the short-term but
decrease in the long-term (Cavaiuolo and Ferrante 2014).
Fermentation is documented to decrease glucosinolate
concentrations in conventional canola meal and cake used
for animal feed (Shi et al. 2015; Drazbo et al. 2018). Fermen-
tation for 10 days can decrease glucosinolate concentrations
by more than 40%, and fermentation for 30 days decreases
glucosinolate concentrations tenfold in Brassica napus
(Burrows and Tyrl 2013; Drazbo et al. 2018). This is most
likely due to the utilization of sulfur groups in glucosinolates
by microbial enzymes (Tripathi and Mishra 2007; Drazbo
et al. 2018). Fermentation also increases the protein availabil-
ity and promotes vitamin and antioxidant production (Drazbo
et al. 2018).

2 Metabolism of Glucosinolates

Glucosinolates are bound to a sugar moiety and thus are
glycosides. While glucosinolates in and of themselves are
minimally biologically active, the aglycone metabolites
(metabolites with the sugar removed) are unstable and often
do have biological properties. The parent compounds are
stored within cell vacuoles in the plant (Cavaiuolo and
Ferrante 2014). Idioblasts, structures within plant cells, con-
tain the enzyme myrosinase (Burel et al. 2000; Cavaiuolo and
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Ferrante 2014; Collett et al. 2014; Halkier and Gershenzon
2006; Vig et al. 2009). Damage to the cell releases the
myrosinase which, at a neutral pH, causes hydrolysis of
glucosinolates (Cavaiuolo and Ferrante 2014; Ahlin et al.
1994). This system has an important role in plant defense
against fungi, bacteria, and insect pests and also prevents
spoilage of harvested plants (Vig et al. 2009). Glucosinolate
metabolism by plant myrosinase can occur in the rumen of
ruminants and the intestinal tract of birds and other mono-
gastric animals (Burrows and Tyrl 2013; Pekel et al. 2015;
Tripathi and Mishra 2007). Additionally, common organisms
of the gastrointestinal microflora can produce their own
myrosinase (Tripathi and Mishra 2007; Kiebooms et al.
2014; Velayudhan et al. 2017). Consequently, antibiotic
treatment in humans has been reported to decrease metabo-
lism of glucosinolates (Dinkova-Kostova and Kostov 2012).
Metabolites of glucosinolates include isothiocyanates,
thiocyanates, nitriles, sulfates, and goitrins (Burel et al.
2000; Cavaiuolo and Ferrante 2014; Burrows and Tyrl
2013; Wight et al. 1987).

Glucosinolates and their metabolites are not known to
accumulate in animal tissue, but can be found in milk and
eggs, where they produce off-flavors (Bell 1984; Burrows
and Tyrl 2013).

3 Important Glucosinolates

A few examples of relatively well-characterized
glucosinolates are listed below. Metabolites of these include
reactive isothiocyanates or mustard oils, which impart the
pungent mustard or garlic-like odors associated with mustard
and horseradish, and also include thiocyanates, nitriles,
sulfates, and goitrins (Burrows and Tyrl 2013).

* Glucobrassicin (3-indolylmethyl glucosinolate), found
throughout the Brassicaceae family, is hydrolyzed to an
isothiocyanate. One metabolite is indole-3-carbinol,
which inhibits nuclear factor kp (Wagner et al. 2013).

* Glucoraphanin (4-methylsulfinylbutyl glucosinolate),
found in broccoli and other vegetables, is hydrolyzed to
an isothiocyanate, specifically sulforaphane
(4-methylsulfonylbutyl isothiocyanate), which has tumor
preventive and other properties. Sulforaphane blocks the
cell cycle and promotes apoptosis (Halkier and
Gershenzon 2006; Fimognari et al. 2012). Sulforaphane
also induces mammalian cytoprotective proteins through
the Keapl-NrF2-ARE pathway (Dinkova-Kostova and
Kostov 2012).

* Progoitrin, found in rapeseed and a number of vegetables,
is hydrolyzed to thiocyanate and goitrin (L-5-vinyl-2-
thiooxazolidine), which is named for its antithyroid
effects. Long-term ingestion is associated with goiter
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formation. Thiocyanate inhibits sodium-iodide symporter,
the transport molecule responsible for iodine uptake by the
thyroid, mammary gland, and some other tissues
(Flachowsky et al. 2014). Goitrin blocks tyrosine iodin-
ation and inhibits T4 formation (Burrows and Tyrl 2013).

» Sinigrin (prop-3-enyl glucosinolates), found in a number
of vegetables and seeds, is hydrolyzed to allyl isothiocya-
nate, which is believed to inhibit expression of microRNA
and activate the transcription factor Nrf2 (Fimognari et al.
2012; Wagner et al. 2013; Alhotan et al. 2017).

4 Effects of Glucosinolates

Glucosinolates are metabolized to isothiocyanates and related
compounds. The effects of these metabolites are through
interactions with cellular proteins, such as those involved in
intracellular signaling (Fimognari et al. 2012). These biolog-
ically active compounds have a variety of known beneficial
and detrimental effects.

Benefits Metabolites of glucosinolates protect the plant itself
and prevent spoilage of harvested plants. They can have a
variety of beneficial biological activities in humans and other
animals (Vig et al. 2009).

Anti-inflammatory and immunomodulatory effects of
glucosinolates have been reported. Isothiocyanates are able
to inhibit cyclooxygenase-2, preventing inflammatory pros-
taglandin production (Fimognari et al. 2012). Isothiocyanates
can downregulate vascular endothelial growth factor
(VEGF), and sulforaphane can inhibit endothelial cell
response to VEGF. These compounds can also downregulate
proinflammatory cytokines such as interleukin (IL)-1p, IL6,
granulocyte-macrophage colony-stimulating factor, tumor
necrosis factor o, and macrophage migratory inhibitory factor
(Dinkova-Kostova and Kostov 2012; Fimognari et al. 2012).
Certain isothiocyanates are known to inhibit activity of the
transcription regulator NF-kB, which is involved in stress
response and inflammation (Wagner et al. 2013). Some acti-
vate nuclear factor (erythroid-derived 2)-like 2 factor
(NFE2L2), which promotes synthesis of the regulatory pro-
tein Nrf2, important in phase II microsomal metabolism
(Wagner et al. 2013; Cavaiuolo and Ferrante 2014; Vig
et al. 2009).

Glucosinolates and isothiocyanates are considered indirect
antioxidants (Vig et al. 2009). They can inhibit phase I
metabolic (cytochrome P450) enzymes, which act on
xenobiotics and endogenous compounds and generate reac-
tive molecules. Sulforaphane and other isothiocyanates
induce phase II metabolic enzymes, which deactivate the
products of phase I metabolism and promote excretion, by
increasing transcription of the antioxidant response element
(ARE) sequence in the genome (Vig et al. 2009).
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Sulforaphane also induces other antioxidant enzymes via
the Nrf-w pathway, including catalase, superoxide dismutase,
glutathione peroxidase, glutathione reductase, glutathione S-
transferase, and glutathione (Dinkova-Kostova and Kostov
2012; Fimognari et al. 2012). Sulforaphane also inhibited
production of matrix metalloproteinases and increased anti-
oxidant activity associated with osteoarthritis in vitro
(Fimognari et al. 2012).

Antioxidant activities and phase Il enzyme are one mecha-
nism responsible for the anticarcinogenicity of glucosinolates
and their metabolites (Vig et al. 2009). Isothiocyanates have
been protective against carcinogenesis in rodent models, and
protection was not organ specific (Dinkova-Kostova and
Kostov 2012). There is a decreased risk of bladder cancer
related to increased intake of raw cruciferous vegetables in
humans (Dinkova-Kostova and Kostov 2012). There is also
evidence that dietary cruciferous vegetables are protective
against lung, colorectal, breast, prostate, and pancreatic cancer
(Fimognari et al. 2012). Isothiocyanate inhibition of phase I
enzymes prevents activation of procarcinogens (Dinkova-
Kostova and Kostov 2012; Fimognari et al. 2012). Intake of
glycoraphanin was associated with enhanced excretion of glu-
tathione conjugates of aflatoxin and certain airborne pollutants
in people (Dinkova-Kostova and Kostov 2012).
Isothiocyanates are also reported to induce apoptosis in cancer
cells, possibly through covalent binding to structural proteins
leading to cell cycle arrest (Dinkova-Kostova and Kostov
2012; Fimognari et al. 2012). Epigenetic effects of
isothiocyanates include inhibition of histone deacetylase, inhi-
bition of DNA methylation, and inhibition of microRNA
expression (Dinkova-Kostova and Kostov 2012; Wagner
et al. 2013).

Isothiocyanates have direct antimicrobial effects
(Cavaiuolo and Ferrante 2014). The antifungal function of
isothiocyanates appears to be due to uncoupling of oxidative
photophosphorylation in fungal mitochondria (Vig et al.
2009).

Isothiocyanates have antibacterial activity, though gram-
negative bacteria are less susceptible than gram-positives
(Vig et al. 2009). Borges et al. (2015) postulated that
antibacterial effects are due to interactions with bacterial
cell membrane molecules, leading to changes in membrane
potential and hydrophobicity, and eventually to membrane
disruption. A metabolite of sinigrin, 2-propenyl(allyl)
isothiocyanate, has some antimicrobial activity in Vvitro
against E. coli 0157:H7. Both benzyl isothiocyanate, a
metabolite of glucotropaeolin (benzylglucosinolate), and
2-phenylethylisothiocyanate, a metabolite of gluconasturtiin
(2-pheylethylglucosinoate), are effective, in vitro, against
gram-positive and gram-negative bacteria at low
concentrations. However the combination of 2-propenyl
(allyl)isothiocyanate, benzyl isothiocyanate, and phenylethyl
isothiocyanate is more effective than any one of the
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isothiocyanates alone (Saavedra et al. 2012). Saavedra et al.
(2012) also found that some of the metabolites of
glucobrassicin, including indole-3-carbinol and indole-3-ace-
tonitrile, had in vitro antimicrobial activity against gram-
negative organisms, and ascorbigen had activity against
gram-positive organisms, but only at high concentrations.

Sulforaphane has in vitro bacteriostatic and bacteriocidal
activity against Helicobacter pylori (Dinkova-Kostova and
Kostov 2012; Vig et al. 2009). In patients with chronic
obstructive pulmonary disease and in animal models, sulfo-
raphane enhanced resistance to pulmonary bacterial
pathogens (Fimognari et al. 2012). Glucosinolates have
been implicated in improvements in intestinal microflora in
birds, as well as improved antioxidant status (Drazbo et al.
2018).

Isothiocyanates and nitriles are toxic to insects and some
other invertebrates, which offer protection to growing plants.
Proposed insecticide and anti-nematode mechanisms include
uncoupling oxidative phosphorylation, binding to thiol
groups, and alkylating DNA (Vig et al. 2009). Nitriles can
act as insect growth regulators (Vig et al. 2009). Work in
Atlantic salmon determined that sea lice infestations could be
reduced by about 25% when fish fed diets containing an
unspecified glucosinolate-containing plant from the
Brassicaceae family (Holm et al. 2016). Possible causes of
decreased parasite burden include direct toxic effects of
glucosinolates on invertebrates, modulation of host immu-
nity, and changes in the host’s skin mucus, making it less
attractive or less nutritious to the lice.

Glucosinolates have recently been investigated for their
antimicrobial properties due to the increased concern about
antibiotic resistance in zoonotic and food-borne pathogens,
and some glucosinolate metabolites do have antimicrobial
properties. Unfortunately, their cytotoxicity could preclude
their use as antimicrobials in vivo (Borges et al. 2015).
Isothiocyanate metabolites can react with sulfhydryl groups,
for example, from glutathione, to produce dithiocarbamates,
which promote oxidation (Nobel et al. 1997). These
metabolites can react with sulfhydryl groups on proteins,
leading to enzyme inhibition and cell death (Saavedra et al.
2012). Metabolites can react with amino acids to form reac-
tive thiocyanate radicals (Borges et al. 2015). Borges et al.
(2015) postulated that antibacterial effects are due to
interactions with bacterial cell membrane molecules, leading
to changes in membrane potential and hydrophobicity, and
eventually to membrane disruption.

A metabolite of sinigrin, 2-propenyl(allyl)isothiocyanate,
has some antimicrobial activity in vitro against E. coli 0157:
H7. Both benzylisothiocyanate, a metabolite of glucotropaeolin
(benzylglucosinolate), and 2-phenylethylisothiocyanate, a
metabolite of gluconasturtiin (2-pheylethylglucosinoate) are
effective, in vitro, against gram positive and gram negative
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bacteria at low concentrations. However the combination of
2-propenyl(allyl)isothiocyanate, —benzylisothiocyanate, and
phenylethylisothiocyanate is more effective than any one of
the isothiocyanates alone (Saavedra et al. 2012). Saavedra
et al. (2012) also found that some of the metabolites of
glucobrassicin, including indol-3-carbinol and indole-3-aceto-
nitrile, had in vitro antimicrobial activity against gram negative
organisms, and ascorbigen had activity against gram positive
organisms, but only at high concentrations.

Recent work suggests that, when used as livestock forage,
lambs fed canola had faster growth rates compared to sheep
on ryegrass, produced less methane, and their fecal and
urinary waste produced less nitrogen dioxide pollution (Luo
et al. 2014; Sun et al. 2015). Methane and nitrogen dioxide
are important greenhouse gases, and ruminants are a signifi-
cant contributor to total anthropogenic greenhouse gas pro-
duction (Sun et al. 2015; Durge et al. 2016). The reduced
methane production could be due to the rapid fermentation
and increased digestibility of Brassica spp.-based feed
concentrates, increased rumen pH, and consequent shift in
microflora to propionate-forming bacteria, in lambs fed
canola forage (Sun et al. 2015; Durge et al. 2016).

Adverse Effects Unfortunately, feeding an excess of Bras-
sica vegetables and seed products is associated with toxic
effects.  Glucosinolates stimulate appetite at low
concentrations and enhance the palatability of some foods,
such as horseradish, mustard, and black pepper, to people
(Burrows and Tyrl 2013). However, glucosinolates have also
been associated with reduced palatability and feed consump-
tion in livestock and, consequently, decreased growth rate
and reproductive performance. Additionally, endocrine
effects of glucosinolates are well known, and nitriles from
Brassica can cause hepatic and renal dysfunctions (Tripathi
and Mishra 2007; Pearson et al. 1983). Increasing dietary
iodine and copper can decrease some of the adverse effects of
dietary glucosinolates.

As potent electrophiles, isothiocyanates can be genotoxic
(Fimognari et al. 2012). Bacterial assays with crude extracts
of cruciferous vegetables have found genotoxic effects
caused by glucosinolates (Fimognari et al. 2012).

Thyroid enlargement can occur with prolonged exposure
to goitrin specifically, but thiocyanates can form thioureas
with amino acids which affect thyroid uptake of iodide
(Saavedra et al. 2012). Antithyroid effects of glucosinolates
can result in goiter, but subclinical effects can include poor
reproductive performance and decreased growth (Taljaard
1993). Rodent studies found fetal deaths associated with
fetal thyroid follicular epithelial hypertrophy with decreased
colloid present (Burrows and Tyrl 2013). Hypothyroidism
was also reported in fish (Burel et al. 2000).
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Brassicaceae overfeeding in livestock is commonly
associated with Heinz body anemia, though the mechanism
is slightly different between horses and ruminants.
Glucosinolates directly cause Heinz body formation in
horses, but the adapted rumen microflora is better able to
degrade glucosinolates, decreasing ruminant susceptibility
to direct Heinz body hemolysis (Burrows and Tyrl 2013;
Cox-Ganser et al. 1994). However, dimethyl sulfoxides pro-
duced in the rumen by metabolism of Brassicaceae can also
cause Heinz body formation and hemolysis (Taljaard 1993).
Poultry are also susceptible to anemia caused by Brassicaceae
in the diet (Woyengo et al. 2011).

Nitriles are hepatotoxic and have been associated with
lesions including megalocytosis, hepatocyte necrosis, bile
duct hyperplasia, and fibrosis (Collett et al. 2014). Serum
chemistry in affected livestock will be consistent hepatocel-
lular damage and bile stasis. Hepatic congestion and hemor-
rhage were reported in laying hens fed rapeseed meal (Wight
et al. 1987). The hemorrhage most likely causes pressure
necrosis of hepatic parenchyma (Martland et al. 1984).
Megalocytosis has been reported in the kidneys (Collett
et al. 2014).

The high concentration of sulfur in kale and other
brassicas inhibits uptake of copper and selenium and causes
deficiency in these trace minerals (Taljaard 1993). Excessive
sulfur in ruminants is reported as a cause of polioencepha-
lomalacia (Burrows and Tyrl 2013; Taljaard 1993).

Erucic acid is a monounsaturated fatty acid present in
rapeseed, mustards (B. napus, B. campestris, B. juncea,
B. sarson) and some related plants. Erucic acid is reported
to cause cardiac injury in cattle and, experimentally, in
rodents (Burrows and Tyrl 2013). Canola oil contains less
than 5% erucic acid, but canola meal can contain high
concentrations depending on the extraction method used in
production (Burrows and Tyrl 2013; Woyengo et al. 2011).

Some other species-specific effects of Brassica spp. in the
ration are noted below.

* Swine: Pigs are considered to be highly sensitive to dietary
glucosinolates, and younger pigs are more susceptible
than older swine (Tripathi and Mishra 2007).
Glucosinolates in swine diets reduce gain in weanling
pigs due to reduced palatability and thyroid effects
(Woyengo et al. 2014). Currently, it is recommended
that total glucosinolate concentrations in swine diets be
below 2 pmol/g, dry matter (Kim et al. 2017; Tripathi and
Mishra 2007). Higher dietary glucosinolate concentrations
have sometimes been associated with thyroid hypertrophy
due to reduced ability to uptake iodine (Pedersen et al.
2016). It is recommended that iodine be supplemented at a
rate of 1000 pg/kg when using glucosinolate-containing
feeds in the ration (Tripathi and Mishra 2007). Anemia
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and hepatic and renal damage have also been reported in
swine fed glucosinolates (Velayudhan et al. 2017).

It was discovered in Europe that thiouracil, a drug forbid-
den in meat-producing animals due to possible carcino-
genic and teratogenic effects and increasing the water
content of edible tissues, was detected in livestock fed
canola or cabbage (Kiebooms et al. 2014). Thiouracil is
produced from certain glycosinolates by the mature intes-
tinal flora and occurs more commonly in older sows than
in feeder pigs (Kiebooms et al. 2014).

* Poultry: Laying hens and turkeys are more susceptible to
the adverse effects of Brassica spp. in the diet than broilers,
and clinical effects included decreased growth and egg
production and increased mortality (Tripathi and Mishra
2007). Decreased growth and reduced egg production are
due to decreased feed intake and antinutritive factors
including glucosinolates (Woyengo et al. 2011; Martland
et al. 1984; Wight et al. 1987; Olukosi et al. 2017).
Reduced growth in birds fed a diet containing 30% canola
meal was more remarkable in chicks less than 3 weeks old
compared to older broilers and was attributed to lack of
thyroid development in young birds (Mushtaq et al. 2007).
Pennycress cake containing 59 to 68 pmol/g sinigrin and
1.62-1.73% erucic acid caused reduced growth in chicks
when fed at a rate of 5% to chicks less than 10 days of age
or 8.5% of the diet for older chicks (Alhotan et al. 2017).
There is some decrease in growth reported at feed
glucosinolate concentrations greater than 2 pmol/g, and
severe depression in growth is reported at dietary
glucosinolate concentrations of 8 pmol/g and greater
(Tripathi and Mishra 2007). Thyroid hypertrophy due to
glucosinolates has been reported in poultry (Martland
et al. 1984; Wight et al. 1987). When turkeys were fed
conventional canola cake at 15% of the diet, those fed an
unfermented cake had lower T4 concentrations than those
fed a fermented cake (Drazbo et al. 2018). Hepatic
enlargement has also been reported in broilers fed diets
with high glucosinolate concentrations (Velayudhan et al.
2017). It is recommended that poultry feed contain less
than 2.5 pmol glucosinolates per gram (Mushtaq et al.
2007, Pekel et al. 2015; Drazbo et al. 2018).
Conventional canola meal was fed to ducks at a little more
than 6% of the diet without adverse effects, but high
glucosinolate products (7.57 pmol glucosinolates/g diet)
had adverse effects on growth at lower concentrations
(Qin et al. 2017). Adverse effects reported in ducks fed
higher glucosinolate concentrations in the diet included
decreased growth, impairment of feather growth,
increased thyroid weight, and evidence of hepatic protein
synthesis (Qin et al. 2017).

* Horses: Allyl isothiocyanates are direct gastrointestinal
tract irritants, causing potentially lethal colic in horses
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(Taljaard 1993; Mason and Lucas 1983; Woyengo et al.
2011).

* Ruminants: Ruminants are less sensitive to glucosinolates
than other species due to ruminal digestion (Tripathi and
Mishra 2007). Young animals are more sensitive than
mature animals. Long-term use of glucosinolate-
containing feeds, however, has been associated with goi-
ter, decreased plasma thyroxin, poor reproductive perfor-
mance in both cows and bulls, and decreased milk
production in dairy cows (Tripathi and Mishra 2007).
Goitrogen and thiocyanates from glucosinolates can also
reduce milk iodine concentrations in dairy cattle through
decreased iodide uptake by the mammary gland
(Flachowsky et al. 2014). Conventional canola meal in
dairy rations decreased the milk iodine concentration by
half to three quarters, and this decrease was not prevented
by adding more iodine to the diet. Glucosinolates in diets
of dairy cattle also produced off-flavored milk (Tripathi
and Mishra 2007). Though carcass quality is unaffected in
ruminants fed glucosinolates, off-flavors have been
reported in lambs fed canola meal (Tripathi and Mishra
2007).

Severe irritant effects due to high dietary glucosinolates
have been reported and can include sloughing of the
ruminal epithelium. Symptomatic treatment, including
pain control and a clean diet containing no Brassica, is
the treatment for sever acute gastrointestinal signs
(Burrows and Tyrl 2013).

Interestingly, thiouracil, an illegal contaminant of animal
products, was detected in cattle fed Brassica spp. Similar
to swine, gastrointestinal microflora in cattle produced a
myrosinase-like enzyme that leads to the formation of
thiouracil from glucosinolates (Kiebooms et al. 2014).
Ruminants can tolerate up to 4.22 pmol glucosinolates per
gram of diet, though lambs fed glucosinolates at this rate
developed evidence of iodine deficiency (Tripathi and
Mishra 2007). Iodine supplementation can increase
glucosinolate tolerance.

* Rabbits: Rabbits fed mustard meal had decreased feed
intake and growth, and liver hypertrophy. Rabbits could
tolerate less than 8 pmol glucosinolates per gram of feed,
but feed concentrations above 17.6 pmol/g were
associated with increased mortality (Tripathi and Mishra
2007). Decreased hematocrit was also reported in rabbits
fed high glucosinolate diets (Velayudhan et al. 2017).

* Fish: Low dietary concentrations of glucosinolates were
associated with reduced growth and thyroid lesions in
rainbow trout, and the recommended maximum
glucosinolate concentration in feed for fish is 1.4 pmol/g,
which can still be associated with goiter (Tripathi and
Mishra 2007).
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5 Concluding Remarks and Future
Directions

As more research is being conducted on the myriad of bioac-
tive compounds in plants from the Brassicaceae family, more
potential benefits are found. However, these compounds can
also have adverse effects and lead to food taint when used in
livestock rations. Interactions between glucosinolates and
other plant compounds and biological processes in domestic
animals are extremely complex and difficult to predict; thus
more research is needed to determine the most beneficial
ways to use glucosinolate-containing feeds in livestock
diets to promote health and minimize risk.
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Abstract

The use of cannabis for animal species is an area of
growing interest, largely due to the therapeutic benefits
being observed for humans and animals in the era of
cannabis legalization. The close relationship humans
have with their pets and other veterinary species has led
to a renewed interest in the possibility and promise of
cannabis to treat similar health issues in the animal com-
munity. This chapter explores the literature available on
cannabis, its interactions with the endocannabinoid sys-
tem, and how animal species interact with various
formulations and cannabis treatments. A brief overview
of the biology, chemistry, and history of cannabis is
discussed with the relevance to veterinary species in
mind. The pharmacologically active components are
discussed with both anecdotal and objective, evidence-
based, and clinical data.
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1 Introduction

The endocannabinoid system (ECS) has been identified in
nearly all animals, from complex mammals like primates to
phylogenetically primitive animals such as the cnidarians.
The near universal presence and early emergence of the
ECS, evolutionarily, is a strong indicator of its biological
importance. Cannabinoid receptors are expressed in most
animals, including vertebrates (mammals, birds, reptiles,
and fish) and invertebrates (sea urchins, leeches, mussels,
nematodes, and others). The most primitive animal an ECS
has been observed in is the Hydra (H. vulgaris), a cnidarian
in the class Hydrozoa, which is the first animal to develop a
neural network. De Petrocellis et al. (1999) determined the
major function of the ECS in the Hydra is to control the
feeding response. It is evident from this data that all veteri-
nary species contain an ECS. Therefore, an understanding of
the ECS in these species is critical to the development of
clinical applications for endocannabinoids and the phytocan-
nabinoids derived primarily from Cannabis sativa L.

Clinical trials detailing the benefits and safety of
phytocannabinoids in companion animals are finally being
performed at academic institutions, after years of suppression
of research due to the controversial status of cannabis. Public
and commercial interest in this exciting and newly emerging
therapy for animals has resulted in a number of studies and
clinical trials being published or nearing publication. This
chapter reports the findings of these studies that either have
already been published, are in press, or are in their earlier
stages; this chapter will provide personal communications
with the principal investigators reporting on the results to
date of their ongoing studies.

A thorough review of the literature reveals no published
clinical trials prior to the studies reported in this chapter
involving phytocannabinoids in dogs, cats, or horses. There
are, however, quite a few studies in a laboratory setting using
laboratory species to study the effects of phytocannabinoids,
or to measure aspects of the ECS in a specific species.
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In spite of the paucity of published controlled studies in
veterinary species, animal caregivers have been using canna-
bis for their dogs, cats, and horses since before the legaliza-
tion of medical marijuana in 1996 and likely much earlier.
Observed benefits from the use of cannabis include the
reduction of anxiety; relief of pain; improvement of mobility
in animals with osteoarthritis; reduction in tumor size;
improved appetite; improved control of type 2 diabetes,
inflammatory conditions, and digestive issues; and improved
control of epileptic seizures. These benefits have not been
universal, and successful treatments are based on dosages
relative to the type of condition, severity of condition, size
and metabolism, and factors related to biochemical diversity
and density and distribution of the ECS among members of
the same species.

Veterinarians, veterinary researchers, and animal caregivers
are all eager to adopt cannabis-based therapies and have been
looking for the evidence to support the safe and effective use
of cannabinoid therapies for their pets or their patients. We will
focus on providing that data in this chapter.

2 Cannabis sativa L.: Food, Herbal
Medicine, Pharmaceutical,
and Nutraceutical

Many of the constituents of Cannabis sativa can be classified
as either a pharmaceutical ingredient, a nutrient, a nutraceuti-
cal, or an herbal product. Nutraceutical is a term that was
created in 1989 by DeFelice by joining the two words,
“nutrition” and ‘“pharmaceutical” (Kalra 2003). It has no
legal definition but refers to those compounds that are neither
nutrients nor pharmaceuticals. The North American Veteri-
nary Nutraceutical Council in 1996 defined a veterinary
nutraceutical as a “[non-drug] substance which is produced
in a purified or extracted form and administered orally to a
patient to provide agents required for normal body structure
and function and administered with the intent of improving
the health and well-being of animals (Booth 2009).”

2.1 Regulatory and Legal Considerations

The Center for Veterinary Medicine of the Food and Drug
Administration (FDA-CVM) states that the Dietary Supple-
ment Health and Education Act (1994), which regulates
dietary supplements for humans, does not pertain to animals.
This means that legally there are only two choices for
regulating products which are similar to human dietary
supplements under the law; based on the intended use and
contents, products are either regulated as animal food or
animal drugs. There is no other choice. The marketing of
these animal food/feeds or animal remedy products may also

J. A. Hartsel et al.

occur on a state-by-state basis and as such may be subjected
to regulatory approval by local State Feed Control Officials
(FCOs).

The Association of American Feed Control Officials
(AAFCO) has no regulatory powers, but it provides
guidelines for individual states regarding animal nutrition
products. Their guidelines are followed in most states
although interpretations, especially of allowable claims,
vary from state to state and individual to individual. If a
nutritional product contains ingredients that are not approved
as food ingredients by the FDA-CVM, or the claims are
violative, the local State FCO can recommend a product not
be sold or actually issue a stop sale notice or confiscation of
the product from the supplier and retail outlets.

In 2000, Iowa FCOs began to pull nutritional products that
contained unapproved ingredients from the shelves of veteri-
nary offices because they did not have FDA-CVM approval.
At that time a trade group was formed, the National Animal
Supplement Council (www.NASC.cc) to work with the
regulators at both the state and federal levels to develop
workable guidelines for suppliers to follow that would satisfy
the regulators’ concerns about these products that were com-
monly referred to as nutraceuticals.

As a result of NASC’s efforts, both products for health
purposes are referred to as “dosage-form animal health
products” and may be marketed under enforcement discretion
provided companies act responsibly. The guidelines for com-
pany responsible behavior include but are not limited to
labeling products properly; making claims that are not in
violation of Sect. 201(g)(1)(b) of the Federal Food, Drug,
and Cosmetic Act (FFDCA); following Good Manufacturing
Practice Standards and implementing effective risk monitor-
ing/management systems; ensuring product safety; and
protecting both the health of animals and people which are
always the most important consideration for any regulatory
official (Fig. 1).

The FDA-CVM developed confidence in the work of the
NASC when this trade group established a website for
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Fig. 1 NASC is an organization that regulates the quality of animal-
based nutritional supplements
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veterinary nutraceutical adverse event reporting. This data-
base, NAERS™, now contains risk management data, prod-
uct labels, and statistical analysis on hundreds of nutraceutical
and nutritional products and ingredients. NAERS contains
many millions of recorded administrations and can accurately
give the percent and type of adverse events recorded for
a given material over this large number of animal
administrations. The NASC Adverse Event Reporting System
(NAERS™) is currently the most advanced data base in the
world for dosage-form products for dogs, cats, and horses.

The NASC started with 18 members in 2001 and as of
2018 now has well over 175 members. Member companies
must comply with cGMP standards, follow label template
guidelines, and not make medical claims, but can use struc-
ture and function statements in their marketing materials and
labels. Members must undergo regular audits by a third party
that include random testing of their products to verify they
meet label claims. Member companies who pass the audit are
allowed to display the NASC seal on their bottles, or other
marketing materials, which, for the consumer, has become a
sign of quality, and many pet owners will select only those
products that display this seal.

The FDA-CVM tightly regulates what ingredients are
approved for animal feed. Hemp is currently not an approved
ingredient for animal feed according to the FDA-CVM and
the AAFCO (Association of American Feed Control
Officials; www.AAFCO.org). Additionally, according to the
FDA, in order for a material to be considered a supplement
(for humans) versus a pharmaceutical, it needs to have been
in use as a supplement prior to October 1994 when DSHEA
was passed, or the company must file an NDI (New Dietary
Ingredient) application. Currently, the FDA claims that there
was no recognized use of hemp as a nutraceutical before GW
Pharmaceuticals filed their IND for Epidiolex, their recently
FDA-approved, CBD-containing drug to treat resistant pedi-
atric epilepsy due to Dravet’s syndrome. The limits
surrounding this issue are currently being evaluated and
will likely be argued in court.

The Drug Enforcement Agency has persisted in its con-
trolled substance classification of the non-THC resins found
in the cannabis plant, whether it’s from the state-legal medi-
cal cannabis with high THC (aka: marijuana) or the federally
legal low THC (aka: hemp). This is in spite of the fact that
non-THC phytocannabinoids meet none of the requirements
for a controlled substance that is a Schedule I. This schedul-
ing category states that materials from this category have no
medical applications and a great potential for abuse and/or
toxicity. This Schedule I classification is in spite of the fact
that the Federal Government holds a patent for the medicinal
applications of CBD for neuroprotection (Hampson et al.
2003; US Patent #06630507). This classification of the
non-THC resins in the hemp as a Schedule I plant needs to
be changed to a nonscheduled classification in order for the
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nascent and burgeoning hemp industry to fully develop eco-
nomically. As of Summer 2018, there is a bill introduced into
Congress to remove the controlled substance status for hemp
and all of its derivatives as a part of the 2018 Farm Bill.

The FDA-CVM, in a public statement in April 2018 about
the medical use of cannabis in animals, points to the fact that
currently there are no FDA-approved drugs for animals that
contain cannabis, and there is no scientific evidence, as of
Spring 2018, that supports the use of cannabis and/or CBD in
animals. However, with a number of university veterinary
studies now showing both safety and efficacy, that may
change. The FDA has now approved Epidiolex™ as of
June 2018 but has yet to be rescheduled by the DEA. The
use of the term “CBD” or “cannabidiol” on a label or in the
marketing of a hemp product for people or pets now has
become a medical claim since CBD is in an approved drug,
and this may leave the product open to enforcement by the
FDA. Companies need to avoid using these two words and
must choose other language when describing the contents of
a product and its intended activity to the end user. Currently
there is no established limit for naturally occurring CBD in
hemp products, although it has been considered by regulatory
agencies to keep the CBD content at or below that which is
naturally occurring in the hemp plant, which in some
cultivars may average 18% in the flowers. This potency
limit has not yet been established, though.

The 2018 US Farm Bill and the Controlled Substance Act
of 1970

Sect. 7606 of the 2013 US Farm Bill allowed for research into
hemp cultivation and market research into the commerciali-
zation of hemp on a state-by-state basis, for each state that has
passed legislation regarding hemp cultivation and commer-
cialization in that state. Currently there are 34 states that have
legislation on the books allowing for hemp cultivation, with
Kentucky and Colorado the largest producers.

The 2018 Farm Bill contains the McConnell amendment
which removes the controlled substance status of legally
grown hemp, again, on a state-by-state basis. Each state can
decide how they choose to regulate hemp within their state
according to this amendment. Once the Farm Bill is passed
with this amendment, it will remove any legal impediment to
the commercialization of hemp and hemp derivatives in the
United States.

This amendment is necessary because the Drug Enforce-
ment Administration (DEA) has scheduled all cannabis (both
hemp and marijuana) as a Schedule I controlled substance,
which means it has no medical applications and is potentially
toxic and/or addictive. Controlled substances cannot be
transported across state lines, so many companies (especially
the larger ones) that would normally be marketing a popular
supplement like CBD will not get involved with com-
mercializing hemp until this last barrier to trade is removed.
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2.2 Hemp in Animal Feed

Hemp is becoming an agricultural commodity again in the
United States, as the stigmas and restrictions on research and
commercialization are gradually being removed as a result of
the US Farm Bill of 2013, Section 7606. This landmark
omnibus spending bill established the legal status of growing
hemp in the United States, and as a result, an interest in the
use of hemp for animal feed has developed.

The Colorado legislature passed a bill forming a
stakeholders committee under the guidance of the Colorado
Department of Agriculture to examine the use of hemp and
hemp derivatives for animal feed for both companion animals
and food animals. The final report of that stakeholders
commission was published on December 29, 2017 (Glenn
2017).

To Summarize the Findings of This Stakeholders’
Committee Report

The FDA and AAFCO both stated they would be receptive to
a Feed Additive Petition (FAP) submitted to the FDA for the
use of the noncontrolled substance part of the plant, the grain
or sterilized seed, including the oil and its protein cake. This
FDA approval is sought for dogs, cats, horses, and food
animals. In animals destined to enter the human food chain,
there will need to be studies demonstrating conclusively the
safety to our food supply to feed a food that contains
cannabinoids, even trace amounts of the non-psychoactive
phytocannabinoids.

The Hemp Industries Association of Colorado has formed
a steering committee to create a Feed Additive Petition for
Hemp Seed to submit to the FDA-CVM for approval of hemp
seed as an animal feed ingredient. Currently, hemp is an
unapproved nutritional ingredient according to the FDA,
and as such when contained in animal feed is considered to
be adulterated, and may be subject to regulatory action when
marketed as a food. Following a literature review, 6-month
safety feeding studies will need to be performed before the
FDA would agree to approve hemp as a feed ingredient. This
process usually takes 2—-3 years and a considerable amount of
resources.

Currently, any animal food products that contain hemp
that are labeled as nutritional products with a guaranteed
analysis and hemp labeled as a nutrient will be considered
adulterated until hemp is an approved feed ingredient. For
now, hemp will have to be included in a product as a nutra-
ceutical and have the label language reflect the support that
hemp affords to the healthy structure and function of the body
and be marketed as a dosage-form animal health product.
This is provided the product meets the minimum limits for
THC and does not contain phytocannabinoid concentrations
that are greater than what would be normally found in the
whole hemp plant on average.
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The Nutritional Value of Cannabis sativa L.

Cannabis seed, also known as “grain,” contains both valuable
fatty acids and high-quality protein. The seed is particularly
nutritious and is often consumed whole or used in food
preparations. A protein cake made from the seed has been
used for animal feed in Europe. Whole hemp seed contains
approximately 20-25% protein, 20-30% carbohydrates, and
10-15% insoluble fiber (Callaway 2004; Deferne and Pate
1996). In addition, it contains a mixture of the saturated fatty
acids palmitic and stearic acid as well as oleic acid. Hemp
seed oil is an extremely rich source of unsaturated fatty acids,
especially the essential fatty acids linoleic acid (LA) and
alpha-linolenic acid (ALA) (Callaway 2004; Leizer et al.
2000).

Essential fatty acids (EFAs) cannot be produced naturally
by an animal’s body and must be sourced from the diet. LA
and ALA are omega-6 and omega-3 fatty acids, respectively,
and, in the dog, are considered to be essential, since the dog
cannot synthesize them. In cats these two fatty acids are also
essential; however, due to their liver function, cats cannot
desaturate and elongate linoleic acid to form arachidonic acid
(Hand et al. 2010).

Hemp seed oil also tends to contain high amounts of
gamma-linolenic acid (GLA) and stearidonic acid (SDA),
which are metabolites of LA and ALA (Callaway 2004).
Since these metabolites are produced by the breakdown of
dietary LA and ALA, they are not considered EFAs. How-
ever, supplementation in the diet can be extremely beneficial.
Many chronic diseases of modern society, including cancer,
diabetes, heart disease, arthritis, atopy, Alzheimer’s disease,
and others, have an inflammatory component (Kapoor and
Huang 2006). Diets enriched in GLA have been shown to
reduce inflammation (Tate et al. 1989), and therefore the
nutritional value of GLA from hempseed oil is clear.

Cannabis seed oil has the proper ratio (4:1) of omega-6 to
omega-3 fatty acids for optimal health. The pro-inflammatory
eicosanoid cascade is promoted by a high omega-6/omega-3
fatty acid ratio. This results in increased prostaglandin 2a
(PG,a), which is a pro-inflammatory eicosanoid. Diets
rich in omega-3 s and poor in omega-6 s have a less
pro-inflammatory nutrient profile, which can be anti-
inflammatory with sufficiently high levels of long-chain
polyunsaturated omega-3 fatty acids (LCPUFA) and/or the
anti-inflammatory omega-6 LCPUFA, gamma-linolenic acid
(GLA). The Western diet, high in grain-fed meat and grains
which are all high in omega-6 fatty acids and low in omega-3
fatty acids, results in a 20:1 ratio of omega-6/omega-3. It is
this high omega-6/omega-3 ratio that shunts the eicosanoid
cascade to the pro-inflammatory side and which dietary
omega-6 fatty acids and GLA will serve to reduce over
inflammatory trends in the body (Bauer 2011).

Three clinical examples where the lower omega-6/omega-
3 ratio tends to a less inflammatory environment in the body
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are the following: (1) a ratio of 4:1 omega-6/omega-3 was
associated with a 70% decrease in total mortality from car-
diovascular disease in human patients; (2) in colorectal can-
cer a decrease in rectal cell proliferation was observed with a
lower ratio of 2.5:1; and (3) a ratio of 5:1 was found benefi-
cial in asthma patients (Simopoulos 2002).

3 Modern History of Cannabinoid
Pharmacology

The therapeutic properties of cannabis have been appreciated
over several millennia and its pharmacological properties
studied since the mid-1900s. This effort was enhanced in
the 1960s with the isolation, characterization, and subsequent
synthesis of its major psychoactive ingredient (—)-A’-THC
by Mechoulam and Gaoni, and significant attention was
given to developing synthetic compounds with more potent
and targeted therapeutic effects (Gaoni and Mechoulam
1964). Concurrent approaches by individual research
laboratories and the pharmaceutical industry produced a
series of structurally related new compounds, which were
collectively called cannabinoids. One of these drug develop-
ment projects by Eli Lilly led to the first synthetic cannabi-
noid, nabilone (Cesamet), which was used to treat nausea,
pain, and reduced appetite associated with cancer chemother-
apy (Makriyannis 2014; Pertwee 2008). The major break-
through in understanding the mechanism of action of
cannabis, and more specifically A°-THC, came with the
discovery of the first biological targets for this compound.
Following a very successful research meeting in 1987 by the
National Institute on Drug Abuse in Bethesda, Maryland,
collaborative work among the participating laboratories led
to the discovery of a new G-protein-coupled receptor
(GPCR), which was named CB;, to be followed 2 years
later by a second GPCR named CB, (Makriyannis 2014).
The CB, cannabinoid receptor is mostly found in immunity-
related cells, and it is largely involved in regulating the
immune system and inflammatory conditions. Although
under normal “homeostatic” conditions the CB, receptors
have a very low presence in neurons, in “non-homeostatic”
situations such as inflammation, neurodegenerative diseases
such as Alzheimer, Parkinson, ALS, as well as in cancers
such as gliomas, its presence in the brain is dramatically
increased in astrocytes as well as microglial and cerebromi-
crovascular endothelial cells. Recent published work has
provided evidence that this receptor may also have a role in
modulating addictive disorders (Xi et al. 2011).

Both the CB; and CB, receptors play important roles in
many processes including neuronal plasticity, pain, anxiety,
neuroinflammation, immune function, metabolic regulation,
reward, craving, and bone growth (Mackie 2006).
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4 Endocannabinoid (eCB) Chemistry

The next discovery on the ECS was a group of compounds
found in mammalian tissues, which were named endo-
cannabinoids (eCBs). The most representative of which
were arachidonoyl ethanolamide or anandamide (AEA,
circa 1992), a long-chain fatty acid amide, and
2-arachidonoyl glycerol (2-AG circa 1995), the respective
ester (Devane et al. 1992; Mechoulam et al. 1995; Pertwee
2000). These new substances are capable of activating both
CB, and CB, receptors and, when tested in animals, pro-
duced biological effects paralleling those of A°-THC (Fig. 2).

eCBs are produced on demand by a series of enzymes that
are present within the cell membrane and are activated by
elevated levels of calcium ions. eCB levels, also referred to as
the “endocannabinoid tone,” are tissue dependent and are
regulated by another set of enzymes, the most prominent of
which are fatty acid amide hydrolase (FAAH) and monoacyl-
glycerol lipase (MAGL), whose role is to deactivate AEA
and 2-AG and their congeners, respectively. An additional
feature in the regulation of eCB tone is a transport mechanism
that is involved in transporting released eCBs into the cell
(Fig. 3) (Vemuri and Makriyannis 2015).

Anandamide is synthesized from its membrane precursor
N-arachidonyl phosphatidylethanolamine (NAPE) through
cleavage by a phospholipase D (NAPE-PLD). In contrast,
anandamide is degraded by the enzyme fatty acid amide
hydrolase (FAAH) into arachidonic acid (AA) and ethanol-
amine. 2-AG is produced through the activities of either
diacylglycerol lipase (DAGL) or phospholipase C (PLC)
using an AA precursor. 2-AG is then subsequently degraded
by monoacylglycerol lipase (MAGL) into glycerol and AA
(Hartsel et al. 2016)

eCBs are released from the postsynaptic neuron and act on
cannabinoid receptors on the presynaptic neuron. The eCBs
inhibit the influx of calcium intracellularly resulting in inhi-
bition of neurotransmitter release. The actions of eCBs are
relatively short lived as they undergo rapid reuptake by the
cell and are then degraded. The production of eCBs can be
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Fig. 2 Endocannabinoids AEA and 2-AG bind to the CB receptors that
are endogenously produced inside the body
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Fig. 3 The feedback loop for the endocannabinoid signaling system is
depicted above. CBI cannabinoid receptor 1, CB2 cannabinoid receptor
2, FAAH fatty acid amide hydrolase, MGL monoacylglycerol lipase,
ABHDG6  a-fB-hydrolase domain-containing protein 6, ABHDI2
a-P-hydrolase domain-containing protein 12, NAPE N-arachidonoyl

stimulated in a variety of ways such as neuronal injury or
excessive neuronal firing (Basavarajappa 2007).

ECS signaling comes in two forms—tonic and phasic.
Tonic signaling establishes eCB tone or a basal level of
signaling, while phasic signaling involves temporal
perturbations in eCB levels. Researchers have demonstrated
that omega-3 fatty acids are essential for the proper regulation
of the ECS tone, as these polyunsaturated fatty acids feed

Lysosome
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phosphatidylethanolamine, =~ PE  phosphatidylethanolamine, =~ PC
phospholipase C, PD phospholipase D, DGL diacylglycerol lipase,
FABP fatty acid-binding protein, AEA arachidonoyl ethanolamide,
2-AG 2-arachidonoylglycerol, ER endoplasmic reticulum. Source:
Adapted from Vemuri and Makriyannis (2015)

directly into the eCB signaling pathways (Lafourcade et al.
2011).

These new discoveries opened the door for characterizing
the two cannabinoid receptors, the proteins that modulate
their function and the eCB family of compounds that encom-
pass the ECS system. The ECS plays a major role in the
regulation of many aspects of human physiology. Today we
know that the CB cannabinoid receptor is the most abundant
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GPCR in the brain but is also present in many other organs
such as the heart, blood vessels, liver, lungs, and the digestive
system, as well as fat and sperm cells (Mackie 2008).

4.1 The ECS Explained

The CB,; receptor belongs to the Class A rhodopsin-like
family of GPCRs. It is primarily found in the central nervous
system being enriched in the cortex, hippocampus, outflow of
the basal ganglia, and cerebellum. There can be both intra-
and interspecies differences in the anatomical location of
cannabinoid receptors in the ECS. It’s important to note
that CB; in humans is not prevalent in the brain stem or
medulla oblongata, the organs responsible for controlling
vital autonomic functions such as breathing and heartbeat.
This is a strong contributing factor to the safety profile of
cannabinoids in humans and the main reason that it is nearly
impossible to overdose on THC. However, for dogs this is
not true. This receptor is also found to a lesser extent in the
periphery of cardiovascular, immune, gastrointestinal, and
reproductive tissues. CB, receptors are located primarily in
immune cells, among them leukocytes and those of the spleen
and tonsils (Pertwee 2001). The CB, and CB, receptors share
a significant degree of homology despite being located pri-
marily in the CNS and immune system, respectively. One of
the functions of cannabinoid receptors in the immune system
is modulation of cytokine release. Activation of B- and T-cell
CB, receptors by cannabinoids leads to inhibition of adenylyl
cyclase in these cells and to a reduced response to immune
challenge (Condie et al. 1996). Both CB; and CB, are cou-
pled to Gi/o proteins and cause a decrease in adenylyl cyclase
activity and the cAMP pathway. They also stimulate
mitogen-activated protein kinase (MAPK) cascades, modu-
late ion channels, and modify intracellular calcium levels and
hence neurotransmitter release (Howlett and Fleming 1984;
Howlett 2002; Marcu and Schechter 2016; Pertwee 2005).
Inwardly rectifying potassium channels can also serve as a
signaling mechanism for the CB, receptor (Griffin et al.
1999; Ho et al. 1999).

Cannabinoid action is not limited to signaling outside of
the cell. Fatty acid-binding proteins (FABP) have been
demonstrated to be essential for the transport of cannabinoids
into the cell where they can interact with cannabinoid
receptors on the mitochondrial membrane or they recruit
different transcription factors and are translocated into the
nucleus where they modify gene expression (Elmes et al.
2015). Additionally there are other proteins that modify can-
nabinoid signaling such as CRIP1a which inhibits constitu-
tive eCB signaling (Smith et al. 2015).

The cannabinoid receptor CB, has also been found intracel-
lularly where it localizes to the mitochondrial membrane and
regulates neuronal energy metabolism (Bénard et al. 2012).

127

Mitochondrial CB; modifies cellular respiration through its
inhibitory actions on soluble adenylyl cyclase and reduced
complex I activity in the electron transport chain. Additionally,
these mitochondrial receptors may also play a role in the
pro-apoptotic mechanisms of cannabinoids in cancer cells.

4.2 Non-cannabinoid Receptor Interactions

and Dimerization

Cannabinoids do not solely target CB; and CB, and can act
through other receptor systems. Knockout mice for both of
these cannabinoid receptors have been created; however,
these mice still exhibit behavioral, biochemical, and electro-
physiological responses when cannabinoids are applied,
suggesting the presence of other cannabinoid receptor
subtypes. For example, recently cannabidiol (CBD) has
been shown to act as an inverse agonist at GPR3 and GPR6
(Laun and Song 2017). There are currently a few other
GPCRs that are under investigation as potential cannabinoid
receptors. One such receptor is GPR18 which has been
shown to be activated by the eCB ligand N-arachido-
noylglycine (NAGly). This receptor is thought to play a key
role in microglial activation and hence response to neuronal
injury (McHugh et al. 2010).

GPRS5S5 is another putative cannabinoid receptor activated
by lysophosphatidylinositol (LPI) and antagonized by CBD
that has been shown to play a role in the regulation of bone
physiology by regulating osteoclast number and function
(Whyte et al. 2009). Similarly to GPR18 it also appears to
play a role in the microglial function specifically mediating
some of their neuroprotective activities (Kallendrusch et al.
2013). GPR119 is thought to be another component of the
ECS. Specifically, this receptor regulates various physiologi-
cal processes that improve glucose homeostasis, including
glucose-dependent insulin secretion from pancreatic p-cells,
gastrointestinal incretin hormone secretion, appetite control,
epithelial electrolyte homeostasis, gastric emptying, and
p-cell proliferation and cytoprotection. These properties
make this receptor an attractive candidate as a drug target
for metabolic conditions such as diabetes (Mo et al. 2014).

Other potential biological targets interacting with
cannabinoids include PPARy where CBD has been shown
to attenuate a-beta inflammation and enhance hippocampal
neurogenesis through actions at this site (Esposito et al.
2006). The pain receptor TRPV1 famous for its interactions
with the capsaicin found in chili peppers also interacts with
cannabinoids to reduce nociception. This target also appears
to be implicated in cannabinoid hyperemesis syndrome
(CHS) which has recently gained media attention. Treatment
of CHS patients with topical capsaicin, a known TRPV1
agonist as well as alternating hot and cold showers, tends to
resolve symptoms (Moon et al. 2018).
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Opiate-Cannabinoid Receptor Dimerization

CB; has been shown to dimerize with both mu and delta
opioid receptors (Fig. 4). The mu opioid receptor heterodimer
has interesting properties, and when each individual compo-
nent is activated, eCB signaling is enhanced. However, when
both are activated simultaneously, this results in a decrease in
signaling. In the case of delta opioid heterodimers, these
receptors tend to antagonize each other if one is missing.

Cannabinoid @75R6+

Receptor Dimers

Partner Receptors & Conditions

Opioid Receptors

CB1 uOR
Tolerance to pain-blocking
effects of opiates
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Fig. 4 Cannabinoid receptors have been shown to form dimers with
other types of opioid, serotonin, dopamine, adenosine, orexin, and
chemokine receptors. With permission from Professor of Pot

For example, if the delta opioid receptor is missing from
this complex CB, signaling increases and vice versa (Fujita
et al. 2014).

Serotonergic
Dimerization
CBD has been shown to produce agonist activity at the
serotonin receptor 5-HT1A which may in part account for
its anxiolytic properties. The cannabinoid receptor CB; has
been shown to form heteromeric complexes with the seroto-
nin receptor (5-HT2A). The activity of this receptor complex
has been implicated in the memory augmenting properties of
cannabinoids (Vidals et al. 2015). Interestingly the preva-
lence of this specific class of heteromeric complex increases
in heavy users as they age and are implicated in certain
conditions such as schizophrenia (Galindo et al. 2018). Addi-
tionally, cannabinoid agonists also inhibit signaling at the
5-HT3 receptor where they produce antiemetic effects (Fan
1995).

System and Cannabinoid Receptor

Other Receptor Systems

For an excellent review on this topic, see Prof of Pot’s article
on “Cannabinoid Receptor Dimerization” from which this
figure was taken. See http://profofpot.com/cannabinoid-recep
tor-dimerization/

4.3 ECS in Health and Disease

Most of what we know about the medical and health benefits
of cannabis relates to humans and not animals. Later in the
chapter, we will focus on what we do know about cannabis as
it relates to animals, but many of the biological interactions
occur across the animal species. Below, we highlight many
areas that cannabis can be helpful and acts as a starting point
to evaluate cannabis as a therapeutic agent in veterinary
species.

4.3.1 Sleep

Early studies from the 1970s indicate that THC causes a
drastic increase in the production of melatonin, up to
4000% in some instances (Lissoni et al. 1986). It should be
no surprise then that it has a profound effect on sleep (Babson
et al. 2017). Additionally, cannabinoids affect the different
stages of sleep and in particular act as a suppressor of REM
sleep (Roehrs and Roth 2017).

4.3.2  Anxiety and Stress

Deficiencies in eCB signaling have been implicated in the
etiology of a variety of conditions including PTSD, migraine,
and fibromyalgia. In particular circulating levels of eCBs are
markedly decreased in all of these disorders. This decline in
circulating eCBs also tends to be correlated with anxiety-like
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behaviors. A wide variety of studies have demonstrated that
chronic environmental stress reliably leads to a down-
regulation of CB; receptors and reduced levels of AEA
increasing levels of 2-AG (Morena et al. 2016).

When tested in animal models, CBD was shown to have
anxiolytic properties (Zuardi and Karniol 1983), as confirmed
in a number of studies in humans. In an early study using
healthy human volunteers subjected to a stressful public
speaking test (SPST), a 300 mg dose reduced the volunteers’
subjective anxiety to a level comparable to the standard
anxiolytic diazepam (Zuardi et al. 1993). Neuroimaging con-
firmed these effects in follow-up studies (Bergamaschi et al.
2011; Crippa et al. 2009). CBD has also been shown to
ameliorate some of the undesirable effects of THC and may
be responsible for the improved properties of smoked canna-
bis compared to THC administration.

4.3.3 Obesity and Metabolic Diseases
Hypothalamic pro-opiomelanocortin neurons are responsible
for feelings of satiety. CB; receptor activation on these
neurons induces activity that causes the effects of these
neurons to be silenced. This reduction in satiety can be
attributed to the inhibitory effects of cannabinoids on the
release of o-melanocyte-stimulating hormone (a-MSH)
which normally produces appetite-suppressing effects.
Recent studies have also demonstrated an inverse correlation
between levels of orexin-A and a-MSH, which led to the
discovery that orexin-A induces hyperphagia by increasing
levels of the eCB 2-AG. Blockade of the OX-A receptor type
1 mitigated the impairment of «-MSH signaling which may
serve as a target for controlling hunger responses (Morello
et al. 2016). Because both GABAergic and glutamatergic
presynaptic terminals on POMC neurons express CBy, it is
reasonable to assume that the bimodal effect of cannabinoids
on feeding is due to the differential sensitivity of GABAergic
versus glutamatergic axons to CB; activation (Koch et al.
2015).

Cannabis users who are prone to the munchies are gener-
ally thought to eat in greater quantities than their cannabis-
naive counterparts. On average, users of cannabis display a
slimmer waistline and lower BMI than nonusers. While
seemingly paradoxical, Le Foll et al. (2013) have found that
the prevalence of obesity is lower in regular cannabis users
compared to nonusers, even after adjusting for important
variables such as age, sex, and tobacco smoking status. A
study in 3 T3-L1 adipocytes gives some insight into one
possible mechanism by which cannabis users keep their
weight in check and shows that treatment of these cells with
CBD causes changes in the expression of certain signaling
cues that lead to the browning of these cells (Parray and Yun
2016). In addition, cannabis users also display lower levels of
fasting insulin and display better insulin sensitivity than their
nonusing counterparts (Muniyappa et al. 2013).

129

Certain cannabinoids have demonstrated effects that may
be useful for obesity treatment and prevention. The use of the
cannabinoid THCV has correlated with weight loss, as well
as decreased body fat and serum leptin concentrations in
obese mice (Riedel et al. 2009; Wargent et al. 2013). Addi-
tional support for this idea comes from a recent paper by
Silvestri et al., in which THCV and CBD were both shown to
reduce accumulated lipid levels in adipocytes and in a model
of hepatosteatosis (Silvestri et al. 2015).

434  Cancer

The ECS plays a key role in modulating cell differentiation,
cell proliferation, and cell death. Additionally, cannabinoids
such as THC stimulate appetite and reduce the emetic
responses seen in chemotherapy. These qualities make the
ECS an attractive target for use in cancer therapy.
Cannabinoids can also be beneficial in certain cancers through
their modulation of gene expression. For example, in lung
cancers the application of CBD results in an upregulation of
the expression of the intracellular adhesion molecules
(ICAM) which in turn prevents the metastasis of cancerous
cells beyond the tumor site (Haustein et al. 2014). In gliomas,
the administration of CBD results in a dose-dependent reduc-
tion in the expression of pro-angiogenic factors (Vaccani et al.
2005). THC, when administered in conjunction with CBD,
provides synergistic effects in the inhibition of human glio-
blastoma cell proliferation and survival. Another example of
such changes in gene expression occurs in breast cancer cells
where McAllister et al. demonstrated that the application of
this cannabinoid downregulates the expression of ID-1, which
is a large contributor to breast cancer metastasis (McAllister
et al. 2007).

4.3.5 Inflammatory Conditions

Inflammation is a highly prevalent condition that contributes
to the development and progression of many diseases and
health conditions. The ECS has been shown both in vivo and
in vitro to be involved in regulating the immune system
through its immunomodulatory properties. Cannabinoids
have been tested in several experimental models of autoim-
mune disorders such as multiple sclerosis, rheumatoid arthri-
tis, colitis, and hepatitis.

As the cannabinoid receptor CB, is primarily found on the
surface of immune cells, it should come as no surprise that
these receptors modify the inflammatory response. These
receptors have been shown to protect the host from the
pathogenesis of these conditions through induction of multi-
ple anti-inflammatory pathways such as suppression of
T-cell-mediated immune responses by primarily inducing
apoptosis and suppressing inflammatory cytokines and
chemokines. However, some studies have shown both
pro-inflammatory and anti-inflammatory effects, suggesting
different thresholds for different cell populations.
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Compounds found in cannabis that reduce inflammation
are abundant and diverse. The most abundant phytocan-
nabinoids in cannabis, THC and CBD, both have strong
anti-inflammatory properties, while CBC, CBG, and THCV
have also demonstrated anti-inflammatory properties.
Cannabinoids act as anti-inflammatory agents by inducing
apoptosis, inhibiting of cell proliferation, suppressing cyto-
kine production, and inducing T regulatory cells. Apoptotic
mechanisms induced by cannabinoids in immune -cells
include activation of CD95 to induce Bcl-2 and caspase
cascades in immune cells. Cannabinoids have also been
demonstrated to promote the production of anti-inflammatory
interleukins such as IL-10 while inhibiting the production of
pro-inflammatory cytokines such as TNF-a in a CB;-depen-
dent fashion (Klein et al. 2000).

Veterinarians and physicians alike might find it intriguing
that nonsteroidal anti-inflammatory drugs (NSAIDs) produce
their anti-inflammatory response through interactions with
the ECS. Specifically, in the case of acetaminophen, its
metabolism by the liver leads to the production of N-
arachidonoylphenolamine (AM-404) which acts as both a
cannabinoid receptor agonist and eCB reuptake inhibitor
(Ottani et al. 2006). These interactions also block the conver-
sion of arachidonic acid into inflammation- and pain-
promoting prostaglandins (Saliba et al. 2017).

Additionally, certain terpenes also display
inflammatory activity. Among the terpenes, a-pinene,
B-myrcene, and p-caryophyllene appear to act through prosta-
glandin receptors (PGE; and/or PGE,) to have an anti-
inflammatory effect. Additionally, beta caryophyllene is the
only terpene currently known to bind to cannabinoid receptors
attenuating inflammation in a CB, receptor-dependent fashion
(Klauke et al. 2014). Hydrogenated terpenes and cannabinoids
often display different characteristics as well and can exist in
cannabinoid extracts at low levels as a result of the variety of
distillation and refinement techniques being employed (USP
#20160324909) (Scialdone 2017)

anti-

43.6 Pulmonary Effects

Studies performed in the 1970s at the University of
California,—Los Angeles, by Donald Tashkin have shown
that both inhaled and orally ingested THC produce
bronchodilation for up to 2 hours after administration
(Tashkin et al. 1974). Further investigations by the Respira-
tory Pharmacology Laboratory in Paris have shown that CB,
receptor activation inhibits cholinergic contraction in a
concentration-dependent fashion, offering a possible mecha-
nism for the inhibiting of bronchospasms. Additional studies
performed at the University of Sao Paulo using CBD have
also shown some potential for improving the symptoms of
COPD. They found decreased pulmonary inflammation
and improvements in lung function in murine models of
inflammatory lung disease using the inflammatory agent
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lipopolysaccharide (Ribeiro et al. 2015). Other findings
using murine models have shown that intraperitoneal admin-
istration of THC results in a reduction of allergen-induced
mucus production (Reddy et al. 2012).

4.3.7 Cardiovascular Effects

Cannabinoids can both increase and decrease blood pressure
and heart rate, depending upon the specific context in which
they are being used. These effects are only recently becoming
better understood as more studies are being conducted
regarding these effects (Dewey 1986; Wagner et al. 1998;
Niederhoffer and Szabo 1999, 2000).

CBD specifically has been found to have direct effects on
arteries, influencing vaso-relaxation, which is clinically
observed as a mild hypotensive effect when CBD is
administered. CBD has a protective effect against the vascu-
lar damage caused by hyperglycemia, as with type 2 diabetes,
diabetic angiopathies, and systemic inflammatory processes.
It is the antioxidant and anti-inflammatory effects of CBD
that mediate these benefits (Stanley et al. 2013).

CBD has been found to have anti-arrthythmic effects in an
in vivo rat model of coronary artery occlusion which may not
be mediated through the CB; receptors found on myocardial
cell membranes, but may have other non-receptor-mediated
pathways that allow its control over cardiac rhythm (Hepburn
et al. 2011).

It was determined in spontaneously hypertensive rats
(SHR) that CB; antagonists increased blood pressure and
left ventricular contractile performance. Additionally, by
preventing the degradation of the endocannabinoid ananda-
mide by fatty acid amide hydrolase (FAAH), as is found with
CBD, reductions in blood pressure, cardiac contractility, and
vascular resistance were found in normotensive rats. These
effects were inhibited by CB; antagonists. It was found that
CB, antagonists lower blood pressure much more in the SHR
than in normotensive Wistar-Kyoto rats. Additionally, CB;
receptors are upregulated in the heart and aortic endothelium
in SHR versus the normotensive rat cohort (Batkai et al.
2004).

43.8 Antioxidants and Neuroprotection

The NIH holds a patent on cannabinoids as antioxidants and
neuroprotectants (Hampson et al. 2003; USP: 6630507).
THC, CBD, and CBG have been shown to have antioxidant
properties (Hampson et al. 1998; Borrelli et al. 2013).
Through their actions as antioxidants, cannabinoids can neu-
tralize reactive oxygen species. THC and CBD were both
found to reduce ROS in vitro, with similar potency to known
antioxidants such as ascorbate and butylated hydroxytoluene.
Additionally, by inhibiting voltage-gated calcium channels,
cannabinoids can inhibit the release of glutamate, hence
curbing excitotoxicity due to excessive neuronal firing. Dur-
ing periods of ischemia and other traumatic brain events, the
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neurotransmitter glutamate is released. Glutamate itself is
toxic in excess and can lead to neuronal cell death in a
process known as excitotoxic stress. Compounds with anti-
oxidant properties are often neuroprotective, which is
believed to be through the reduction of toxic ROS produced
during ischemic metabolism. The neuroprotective effect of
these compounds was found to be independent of their CB
receptor binding activity. CBD in particular has been shown
to protect against cerebral ischemic injury (Hayakawa et al.
2008) and also attenuates Alzheimer’s-related neuro-
inflammation in animal models (Esposito et al. 2007).

Plant antioxidants such as ascorbic acid and tocopherols,
polyphenolic compounds, terpenes, and numerous mono-
and sesquiterpenes are important for human health. Cannabis
terpenes with demonstrated antioxidant properties include
B-caryophyllene (Calleja et al. 2013), limonene, and
B-myrcene (Ciftci et al. 2011). In a mouse study of cerebral
ischemia (Ciftci et al. 2011), p-myrcene protected against
oxidative stress and histological damage induced by
ischemia-reperfusion and is thus an effective neuroprotectant.
Further, the compound is suggested as a good candidate for
treatment of ischemic stroke.

The ECS is implicated in the etiology of a variety of
neurodegenerative conditions, and cannabinoids have been
shown to have neuroprotective qualities and the ability to
attenuate neuroinflammation and promote neurogenesis
(Jiang et al. 2005; Saito et al. 2012; Van der Stelt et al.
2001). In the case of Alzheimer’s disease (AD), cannabinoids
have shown promise for their ability to clear the toxic beta
amyloid (Ap) plaques that accumulate in the brain in
patients with the disease. Considering patients treated with
cannabinoids demonstrate improvement in symptoms, it
should come as no surprise that a precursor to this debilitating
disease is a loss of the body’s natural production of eCBs.
CBD has also been shown to reduce the expression of genes
implicated in the phosphorylation of the tau protein, the
hyperphosphorylation of which leads to the formation of
neurofibrillary tangles that further contributes to the progres-
sion of the disease (Esposito et al. 2006). Furthermore,
cannabinoids have been demonstrated to enhance the clear-
ance of AP from the brain as well as prevent the inflammatory
cascade that is produced by the accumulation of these
misfolded proteins intracellularly (Eubanks et al. 2006).

4,39 Cannabis, Memory, and the ECS

Michael Pollan in his book, The Botany of Desire: A Plant’s-
Eye View of the World, addresses the short-term memory
issues associated with the use of THC and especially the
value of cannabis in treating post-traumatic stress disorder
(PTSD) (Pollan 2001). Not all memories need to be retained.
Some can be traumatic and toxic when recalled, as with
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PTSD. Pollan poses a question to the reader: “Do you really
want to remember all the faces you saw on the subway this
morning?”

The ECS acts as a filter for memory, promoting the reten-
tion of useful memories and removal of unnecessary ones.
This ability to forget is critical for survival and goes awry in
certain conditions such as PTSD. The ability of THC to
enhance this process of forgetting is in part due to alterations
in long-term depression (LTD) in the CA1-CA3 circuit of the
hippocampus which is specifically dependent on astroglial
CB, rather than neuronal cells—suggesting the cleanup of
the synapse is impaired (Han et al. 2012). Newer research
demonstrates that memory deficits from cannabis are also
associated with increased COX-2 activity in the hippocampus
(Chen et al. 2013).

It has also been suggested that chronic cannabis use is
associated with structural changes in the hippocampus, such
as reduced gray matter and alterations in shape. One particular
study showed that long-term cannabis users had a 12% reduc-
tion in hippocampal volume on average. However, these
findings may be flawed since there was a very small sample
size used (n = 15) (Demirakca et al. 2011; Solowij et al. 2013;
Yiicel et al. 2008). If these changes are valid, they could have
an influence on memory formation in cannabis users. How-
ever newer research refutes these findings, showing that daily
cannabis use does not cause alterations in adolescents or
adults. This study also used a much greater sample size than
previous studies, comparing the brain morphology of 29 adult
users and nonusers, as well as 50 adolescent users and
nonusers using high-resolution MRI scans (Weiland et al.
2015). Other follow-up studies shed some light on the reasons
behind these discrepancies by demonstrating that these
changes in hippocampal volume and morphology are ablated
when co-administered with CBD, displaying a protective
effect of this cannabinoid against THC-induced changes
(Yiicel et al. 2016). Beale et al. examined this effect further
and found that its restorative effects were limited to only
certain hippocampal regions, specifically the left subicular
complex (parasubiculum, presubiculum, and subiculum)
(Beale et al. 2018).

4.3.10 Clinical Endocannabinoid Deficiency
(CECD)

Deficiencies in eCB signaling have been implicated in the
etiology of a variety of conditions including PTSD, migraine,
and fibromyalgia (Russo 2016a, b). There are known
mutations in ECS genes that contribute to such deficiencies.
For example, patients with mutations in CNR1 and DAGLA
exhibit CECD phenotypes (Smith et al. 2017). Another
example of this is seen in IBS patients where the variant
rs806378 CT/IT in the CNR1 gene showed a statistically
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significant association with rates of colonic transit (Camilleri
et al. 2013). Specifically, in the context of PTSD, fear extinc-
tion is impaired in patients who were homozygous for the
CNRI1 variant rs2180619 (Heitland et al. 2012).

In particular circulating levels of eCBs are markedly
decreased in all of these disorders. This decline in circulating
eCBs also tends to be correlated with anxiety like behaviors.
A wide variety of studies have demonstrated that chronic
environmental stress reliably leads to a downregulation of
CB, receptors and reduced levels of 2-AG and AEA (Hill
et al. 2009). Equally as predictable is a transient increase in
2-AG in the amygdala following chronic stress showing
increases after 30 minutes that return to baseline after
60 min (Patel et al. 2009).

4.3.11 Limitations of the ECS as a Therapeutic
Target

The involvement of the ECS in such a wide variety of
physiological processes makes it enticing from a
practitioner’s perspective to understand how to manipulate
this system. While the ECS can be viewed as a panacea for
the treatment of various conditions, it is not without
limitations. In particular, cannabinoid receptor agonists
such as THC carry psychoactive effects which can be unde-
sirable in certain populations. Additionally, persistent activa-
tion of the cannabinoid receptors results in receptor
desensitization which ultimately leads to tolerance and the
need for higher dosages, which also increases the likelihood
of adverse responses. Unintended consequences of ECS stim-
ulation include memory deficits and the development of
withdrawal symptoms. One drawback of prolonged ECS
stimulation that has recently gained attention is the develop-
ment of cannabinoid hyperemesis syndrome (Chang and
Windish 2009). This disorder only develops in certain
subsets of the population and results in cyclical vomiting
that can only be absolved by the administration of alternating
hot and cold showers or a TRPV1 agonist such as capsaicin.
One such focus area of research was that of appetite and
metabolism and attempts to harness this avenue took form
as a drug called SR141716A (Rimonabant), a CB, receptor
inverse agonist. The use of rimonabant had negative
outcomes, causing some to have negative thoughts and
ideations of suicide, with some patients actually carrying it
out. It was later discovered that such issues were attributed
with effects on the central nervous system; therefore
researchers are now working on developing CB; inverse
agonists that are restricted to the periphery. There is also
the possibility of synthesis issues producing off-target
by-products which is still currently under investigation by
the FDA.

J. A. Hartsel et al.
4.4 Veterinary ECS: Our Current State
of Knowledge

The CB receptor is highly conserved across all mammalian
species, but there are significant primary sequence differences
that have been discovered between the human and rat canna-
binoid CB, receptors and the newly cloned canine cannabi-
noid receptor, CB,. It was found that the binding affinities for
canine CB, receptor were 30 times less than those measured
for human and rat CB, receptors. The functional properties of
the cannabinoid CB, receptor were found to be highly depen-
dent upon the receptor expression level and the nature of the
signaling pathway selected (Ndong et al. 2011).

Anatomical Localization of Cannabinoid
Receptors in the Dog

Cannabinoid Receptor 1

A recent study used immunohistochemistry to anatomically
localize the CB; receptor in the normal canine nervous sys-
tem. Nervous systems were examined from a healthy 4-week-
old puppy, three 6-month-old dogs, and one 10-year-old dog.
Strong “dot-like immunoreactivity” was found in the
neutrophils of the cerebral cortex, cornu ammonis (CA),
and dentate gyrus of the hippocampus, midbrain, cerebellum,
medulla oblongata, and gray matter of the spinal cord. Dense
CB, expression was found in fibers of the globus pallidus and
substantia nigra surrounding immunonegative neurons.
Astrocytes were consistently positive in all examined
regions. In the PNS, CB; immunohistochemistry stained
neurons and satellite cells of the dorsal root ganglia and
myelinating Schwann cells in the PNS.

The younger dog examined had a lower general CB,
expression in the brain, showing that the density of receptor
expression was less than observed in human fetal and neona-
tal brain tissue. Lower CB; expression has been found in
aged rats in specific regions, most prominent being the cere-
bellum, cerebral cortex, and basal ganglia and less prominent
in the hippocampus. This reduction in CB, density with age
in these rats was consistent with the findings in the older dog
examined in this study (Freundt-Revilla et al. 2017). Previous
studies have identified CB; receptors in salivary glands
(Dall’ Aglio et al. 2010), hair follicles (Mercati et al. 2012),
skin, and hippocampus in dogs (Campora et al. 2012).

Immunohistochemistry was used to study the localization
of CB, receptors on developing canine embryo (30 days old)
with a commercially available antibody. CB receptor immu-
noreactivity was found primarily in epithelial tissues and
included most structures of the central and peripheral nervous
system, inner ear, olfactory epithelium and related structures,
eye, and thyroid gland (Pirone et al. 2015).

4.4.1
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Canine CB; Receptor Localization

e Cytoplasm of basal and suprabasal layer cells.

» Hair follicle inner epithelial root sheaths and arrector pili
muscles.

* Undifferentiated sebocytes at the periphery of sebaceous
glands.

» Secretory and ductal cells of swe