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Chapter 1 )
Introduction Check or

Muna Ali Abdalla and Lyndy J. McGaw

Keywords Global ethnoveterinary medicine - Documentation - Inventories -
Pharmacological properties - Animal disease - Sociological aspects

1.1 Introduction

It is well documented that plant-derived secondary metabolites have been attracting
the interest of researchers globally as alternative or complementary medications to
synthetic agents. Research in the field of ethnoveterinary medicine is relatively
neglected in comparison with research on traditional remedies for human ailments,
but increasing attention is being focused on this aspect. In light of this, Chap. 2
discusses different natural products with pharmacological properties against animal
diseases in addition to the effect of dietary plant natural products on animal perfor-
mance. Chapter 2 indicates the promising pharmacological properties of plant-
derived natural products against animal inflammatory diseases, bacterial and fungal
infections as well as parasitic and viral diseases. Importantly, the authors in Chap. 3
report on 275 plant species used in different countries of the world to manage infec-
tious ailments in animals. These medicinal plants have been used in parts of Africa
such as South Africa and Uganda, as well as in other countries such as India,
Pakistan, Nepal, Afghanistan, Pakistan, Brazil and Iran.
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Chapter 4 describes medicinal plants used for horses in British Columbia, Canada
and Trinidad and Tobago. Different plants used to treat many horse diseases such as
muscle soreness and tendon problems, injuries, coughs, colds and nosebleeds in
addition to plants used as tonics are listed. Regarding the situation in Canada,
products from two websites (Riva’s Remedies and Greenhawk) have been used for
horses in addition to ancient remedies, such as honey and cobwebs for wounds.

Chapter 5 discusses the potential of ethnoveterinary medicines for controlling
parasites in goats. The authors report on plants used for both gastrointestinal para-
sitism and external parasitism. Conventional methods of controlling parasites and
plant-derived ethnoveterinary medicaments for controlling parasites are mentioned.
Additionally, indigenous plants known to have anthelmintic and acaricidal activities
in South Africa are listed. In Chap. 6 ethnoveterinary practices for control of ticks
in Africa are discussed extensively. The authors document information on the anti-
tick ethnoveterinary practices in different parts of Africa, such as southern, East,
West, Central and North Africa. Ethnoveterinary plants used against ticks in these
regions are listed.

From general areas of interest in ethnoveterinary medicine, the focus of the book
shifts to significant sociological issues in the second section. The authors of Chap.
7 introduce gender aspects and multiple contexts in ethnoveterinary practice and
science. The cultural and ethical context of ethnoveterinary scientists and practices
are considered. One of the authors (TvA) co-founded the Institute for Ethnobotany
and Zoopharmacognosy (IEZ) in the Netherlands in 1995 as a private knowledge
centre at a stage when there was no interest in phytotherapy research topics at uni-
versities in the Netherlands. The chapter as a whole illustrates how researchers at
the IEZ work with animals and on environmental issues and how their work can
contribute to Feminist Animal Studies (FAS) and Feminist Environmental Studies.
It is significant in that it opens the door for new interdisciplinary collaborations,
which are vital if we are to understand more about the traditions, cultures and other
aspects of ethnoveterinary medicine.

The author of Chap. 8 writes from extensive experience in conducting field work
in Africa and discusses difficulties in implementing practical applications of eth-
noveterinary medicine in the continent. A holistic approach to medical matters and
practical inputs deriving from functional interactions between traditional and
Western medicine are recommended.

The third section of the book moves on to investigate in more detail ethnoveteri-
nary medicine in various regions of the world. In Chap. 9 the authors review the use
of traditional remedies for the treatment of livestock diseases in Cameroon, citing
138 plant species belonging to 110 genera and 69 families. Chapter 10 provides a
summary of plants used in South African ethnoveterinary medicine. Further focus is
placed on the ethnoveterinary plants as well as practices used more specifically in
the control of ticks and tick-borne diseases in South Africa in Chap. 11. Traditional
tick control methods in addition to the use of medicinal plants in South Africa are
mentioned in this chapter. A Zimbabwean perspective of ethnoveterinary medicine
is provided in Chap. 12, where interesting applications of complementary medicine
and ethnoveterinary interventions in poultry care are reported. The authors also
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discuss ethnoveterinary practices in cattle and goats, as well as pharmacological
activity of ethnomedicinal plants. Moving further north in Africa, Chap. 13 com-
prises a review of ethnoveterinary medicine in the Maghreb, a fascinating area of the
world. Various types of practices including preventive and curative methods are
documented, as are numerous plant species commonly used in Maghreb ethnovet-
erinary medicine.

Crossing to other parts of the world, natural remedies for animal health in Latin
America are documented in Chap. 14. The authors report 364 plant species and 61
animal species used to treat diseases of livestock and herds in Latin America. Local
practices of cattle raising and ethnoveterinary medicine in Estonia are reviewed in
Chap. 15. This is the first report to provide a more thorough overview of the islands
Saaremaa and Muhumaa in Estonia. The authors discuss the historic ethnoveteri-
nary medicine, different herbs, mushrooms and mosses used against cattle illnesses
in addition to non-herbal treatments in the area. Chapter 16 provides an enlighten-
ing discourse on the practices and methods used by Belarusian peasants to manage
livestock diseases and preserve their health along with folk concepts and beliefs. In
this chapter, charm-healing and Belarusian ethnoveterinary charms are documented,
and plant and non-plant remedies used to treat livestock are mentioned. The use of
plants for animal health care in the Spanish inventory of traditional knowledge is
discussed in Chap. 17. The authors report on different remedies traditionally used in
the treatment and prevention of many diseases of domestic animals, in addition to
the importance of several plants used as fodder for livestock.

1.2 Conclusion

In providing chapters of general interest as well as those focusing on ethnoveteri-
nary medicine in certain parts of the world in this book, it is hoped that the study of
ethnoveterinary medicine will increase in prominence, involving multidisciplinary
teams of researchers. It is clear that there is much work still to be done in this field
and many lessons to be learned from all parts of the world.
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Chapter 2
The Pharmacological and Nutritional
Significance of Plant-Derived Natural

Products: An Alternative for Animal
Health

Muna Ali Abdalla and Lyndy J. McGaw

Keywords Antibiotic resistance - Animal performance - Fodder plants - Pasture -
Beneficial nutrients - Nutritional supplementation

2.1 Introduction

The use of synthetic chemicals is harmful to our agricultural production systems,
ecosystems and animal health. In that context there is a need for environmentally
friendly practices in animal husbandry. To a great extent, grassland secondary
metabolites may offer a significant approach to support livestock health (Poutaraud
et al. 2017). This can be supported by evidence that grasslands and rangelands
represent approximately two-thirds of global agricultural land (Leiber et al. 2014).
It was reported that more than 40% of the total agricultural lands in Europe, includ-
ing those in the Russian Federation, are meadows and pastures, which can be per-
manent or temporary grassland (FAOSTAT 2013). These agricultural lands represent
around 50% of all livestock feedstuffs globally and are considered as the most
important source of feed for domestic herbivores (Herrero et al. 2013). Plant natural
products from permanent grasslands can contribute to limited pharmaceutical
capacity and develop animal health. Due to their environmental and economic
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significance in low-cost animal feed, air and water quality, soil fertility, carbon
sequestration, and flora and fauna conservation, the European Union promotes
grassland maintenance (Michaud et al. 2015). Antibiotic resistance is now recog-
nised as a major international issue across the world, and in that context the European
Union has prohibited the use of antibiotics as growth promoters in farm animals
since 2006 (Zeng et al. 2015). Consequently, this will increase the interest in natu-
rally occurring plant secondary metabolites in animal diets (Acamovic and
Brooker 2005).

2.2 The Effect of Dietary Plant Natural Products on Animal
Performance

Due to their high acceptability among consumers as natural feed additives, herbal
feed additives are gaining interest as an alternative dietary strategy in animal nutri-
tion. Plant natural products comprise groups of bioactive molecules such as flavo-
noids, tannins, glucosides, alkaloids, saponins, terpenoids, essential oils, amines,
nonprotein amino acids and organosulfur compounds (Irchhaiya et al. 2015).
A number of flavonoids have been isolated from different parts of alfalfa (Liang
etal. 2011; Rafinska et al. 2017). The most important flavonoids of alfalfa (Medicago
sativa L.) are listed in Fig. 2.1. Previous research reported that alfalfa flavonoid
supplementation develops muscle oxidation stability through a lowering of thiobar-
bituric acid reactive substance (TBARS) values in a dose-related manner, when it
was tested on growing rabbits to check their productive performances, carcass prop-
erties, meat quality and lipid oxidation. The study suggested that alfalfa supplemen-
tation is a good herbal additive to feed rabbits and has positive effects on qualitative
properties of rabbit meat (Dabbou et al. 2018).

It has been reported that the promising antimicrobial activity of plant secondary
metabolites is helpful in modifying the rumen microbial ecosystem to change
fermentation and consequently inhibiting methane production. Essential oils, sapo-
nins and tannins are the three major plant natural products which showed greatest
effectiveness in reducing methane production (Samal et al. 2016). It is important to
note that the potential anthelmintic properties of particular grazing forages have
gained much interest (Githiori et al. 2006).

It has also been reported that forages like Lotus spp., Hedysarum spp. (Aissa et al.
2016), Onobrychis spp. (Desrues et al. 2016) and Cichorium intybus (Pefia-Espinoza
et al. 2017) are rich in condensed tannins and other plant secondary metabolites.
They have gained attention recently as potential candidates to control parasites in
ruminant production systems if their consumption could be linked with good perfor-
mance and anthelmintic impact.

In a previous study of the sheep nematode Trichostrongylus colubriformis, it
was found that condensed tannins, extracted from Lotus pedunculatus, Lotus cor-
niculatus, sainfoin (Onobrychis viciifolia) and Hedysarum coronarium, decreased
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Flavonoid name Ri1 R: Rs

Apigenin 7-O-[f-D-glucurono- -OGluA -H  -OGluA(2—1) GluA
pyranosyl(1—2)-O--D-
glucuro-nopyranosyl]-4*-O-f-

D-glucuronopyranoside

Apigenin 4°-O-f-D- -OGluA -H -OH
glucuronopyranoside
Apigenin 7-O-[$-D- -OH -H  -OGluA(2—1) GluA

glucuronopyranosyl(1—2)-O-

f-D-glucuronopyranoside]

Luteolin 7-O-$-D-glucurono-  -OH - -OgluA
pyranoside OH

Apigenin 7-O-[2-O-feruloyl-f- -OGluA -H  -OGluA(2—1) GluA-2-O-Feruloyl
D-glucuronopyranosyl(1—»2)-
O-p-D-glucuronopyranosyl]-

4:-0-p-D-

glucuronopyranoside

Apigenin 7-O-{2-O-feruloyl- ~ -OH -H  -OGluA(2— 1) GluA-[ GluA(1 —3)]- 2-0-
[-D-glucuronopyranosyl(1— Feruloyl

3)}-0--D-

glucuronopyranosyl(1—2)-O-

[-D-glucuronopyranoside}

Apigenin 7-O-{2-O-p- -OH -H  -OGluA(2— 1) GluA-[ GluA(1—3)]-2-O-p-
coumaroyl-[$-D- Coumaroyl

glucuronopyranosyl (1—3)]-

O-p-D-glucuronopyranosyl(1

—»2)-0-f-D-

glucuronopyrano-side}

Apigenin 7-O-f-D-glucurono- -OH -H  -OgluA

pyranoside

Luteolin 7-O-[2-feruloyl-f-D-  -OGIuA - -OGluA(2—»1) GluA-2-O-Feruloyl
glucuronopyranosyl(1—»2)-f- OH

D-glucuronopyranosyl]-4‘b-O-

f-D-glucuronopyranoside

Fig. 2.1 Most important flavonoids of alfalfa (Stochmal et al. 2001)
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the development of L1 larvae to L3 larvae and reduced the motility of L3 larvae
when assessed by the inhibition assay of larval migration, and this might inhibit
their infective capacity in vivo (Molan et al. 1999). Sheep feeding on Hedysarum
coronarium (sulla) were found to have high performance and productivity, while
carrying a substantial burden of 7. circumcincta and T. colubriformis (Niezen et al.
1995), and they also had low levels of parasitism compared with sheep carrying a
similar worm burden and fed on a low condensed tannin forage (Medicago sativa)
(Robertson et al. 1995). Moreover, red deer feeding on Cichorium intybus showed
lower lung and gastrointestinal worm burdens and high productivity, in comparison
to deer grazing Lolium perenne (Hoskin et al. 1999). Additionally, Cichorium inty-
bus showed anthelmintic effects against gastrointestinal nematode parasites in
experimentally infected cattle (Pefia-Espinoza et al. 2016).

2.3 Reported Plant Natural Products with Pharmacological
Significance Against Animal Diseases

Plant secondary metabolites, which include a wide number of phytochemicals, are
known as ingredients of the diets of humans and animals. They may have adverse
effects on animals when ingested, which can be attributed to the chemistry of the
molecules, the amount consumed, their concentration in the diet and the health sta-
tus of the animals (Acamovic and Brooker 2005).

A number of medicinal plants and their component natural compounds have
exhibited several pharmacological properties against animal diseases such as infec-
tions and inflammatory conditions. This has generated great interest and increased
research regarding the use of phytochemicals and their effects in the diets of farm
animals.

2.3.1 Animal Infectious Diseases

Infectious diseases of livestock are a potential threat to animal health and food safety,
and their effective control is necessary for agronomic development, alleviating pov-
erty in developing countries and in helping to improve food security (Tomley and
Shirley 2009). Infectious diseases to which livestock are vulnerable are caused by
pathogenic microorganisms, such as bacteria, fungi, viruses and parasites. They are
classified into two major classes: endemic and exotic (Carslake et al. 2010). It is very
important to note that the classification of a disease as exotic or endemic is actually
a political decision to label a disease in a particular category. For example, foot-and-
mouth disease (FMD) is exotic in the UK but was once endemic, and continues to be
in many parts of the world (Carslake et al. 2010). Some notorious livestock diseases
are endemic in many parts of the world, and pathogenic threats continue to emerge,
re-emerge and persist. A number of factors such as global climate change, agronomical
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practices and demography present conditions that are likely to be favourable for the
expansion of arthropod-borne diseases into new geographical regions. The preva-
lence of zoonotic infections, which are transmissible directly or indirectly (e.g. via
arthropod vectors) between animals and humans, is a huge threat to human health.
A topical example of the challenge represented by zoonotic viruses is the current
pandemic status of new influenza A (HIN1) (Tomley and Shirley 2009; Mehrbod
et al. 2018). It is important to mention that transmission of infectious diseases has a
great effect on the poultry industry and causes potentially devastating threats to both
humans and wild birds (Wang et al. 2013).

2.3.1.1 Parasitic Diseases

A number of scientific research studies on the antiparasitic activity of plant natural
products have focused on the medicinal significance of plant natural products. The
findings have led to the identification of active compounds, such as santonin (an
anthelmintic drug from Artemisia cina) (Athanasiadou and Kyriazakis 2004). A
study reported that helminths can be controlled by the use of plant natural products,
particularly tannins (Williams et al. 2014a, b) such as tannin-containing legume for-
ages such as sainfoin, Sericea lespedeza and some Lotus species (Hoste et al. 2012).
Tannins might be responsible for the reduction of the worm fecundity, the ability of
the host to reduce establishment of the larval population and the inhibition of the
adult worm burden within the host. Some plant natural products have been found to
be highly effective in controlling helminths when used as plantextracts (Athanasiadou
et al. 2007).

A number of natural compounds with great structural diversity exhibited remark-
able activity against a wide range of target parasites such as atanine (from Evodia
rutaecarpa, Rutaceae) (Perrett and Whitfield 1995), eugenol (a component of
essential oils of clove oil, nutmeg, cinnamon, basil and bay leaf) (Asha et al. 2001),
palasonin (from Butea monosperma, Fabaceae) (Raj and Kurup 1968), alantalac-
tone (from the roots of Inula helenium L. subsp. turcoracemosa) (Azouly et al.
1986; Gokbulut and Sarer 2013), tetra-hydroharmine (from Banisteriopsis caapi,
Malpighiaceae), ascaridole (responsible for the flavour of the Chilean tree boldo and
the main component of the oil of Mexican tea (wormseed)) (Efferth et al. 2002), azadi-
rachtin, allicin (the main active component of garlic) (Velkers et al. 2011), kaurenoic
acid (from Annona senegalensis, Annonaceae) (Mamidou Koné et al. 2005), etc.

These molecules can act as alternative drugs for the successful control of hel-
minth parasites (Tariq 2018). Interestingly naturally occurring mixtures of the cys-
teine proteinases bromelain, papain and stem bromelain, which are found in Papaya
latex, and the pure fruit preparations exhibited anthelmintic effects against two
rodent cestodes, Hymenolepis diminuta and Hymenolepis microstoma in Vitro
(Mansur et al. 2014).

Tick invasion, which consequently leads to tick-borne diseases, causes huge
problems for animal health. Almost 850 tick species and 30 major tick-borne
diseases are known (Habeck 2002). Hyalomma lusitanicum is one of the most
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Fig. 2.2 Plant natural products with anthelmintic activity

common species. Ticks can cause skin irritation and bacterial skin infections and
affect the lymphatic system, which can consequently cause anaemia, fever, weight
loss, lymph node swelling, milk drop, abortions and death (Habeck 2002). The ticks
are mainly controlled using synthetic chemicals, which are administered to animals
or their environment. However, these chemicals have consequently increased the
development of resistance in these parasites and exhibited negative effects to the
environment (Adenubi et al. 2018c¢).

In a recent study, plant species including those belonging to the Lamiaceae,
Fabaceae, Asteraceae, Piperaceae, Verbenaceae and Poaceae families were evalu-
ated for their acaricidal activity against Rhipicephalus (Boophilus), Amblyomma,
Dermacentor, Hyalomma and Argas tick genera. Secondary metabolites, including
thymol, carvacrol, 1,8-cineol and n-hexanal (as listed in Fig. 2.2), were found to be
responsible for the acaricidal activity of the various essential oils against different
species of ticks (Rosado-Aguilar et al. 2017).

In a previous review, we evaluated 66 plant species, which were reported to
control ticks based on their use by rural livestock farmers. These plants may be
used as a potential source of acaricidal remedies as an extract or as a source of
novel acaricidal candidates (Adenubi et al. 2016). In our recent review, extracts of
some species such as Azadirachta indica, Gynandropsis gynandra, Lavandula
angustifolia, Pelargonium roseum and Cymbopogon species showed promising
acaricidal and larvicidal effects with 90-100% efficacy. Plant families with the
highest acaricidal effect frequency were the Lamiaceae (25%), Asteraceae and
Poaceae (10% each), Piperaceae (7.5%) and Verbenaceae, Solanaceae and
Amaryllidaceae (5% each). The study discussed 26 isolated active molecules
including azadirachtin, carvacrol, linalool, geraniol and citronellal (Adenubi et al.
2018a). Apigenin-7-O-f-D-glycoside and isorhoifolin were isolated from the chlo-
roform fraction of Calpurnia aurea ethanol leaf extract, which exhibited good
acaricidal activity. Isorhoifolin was not cytotoxic and showed potent activity
(LCsp = 0.65 mg/ml) (Adenubi et al. 2018b) (Fig. 2.3).
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Fig. 2.3 Plant natural products with acaricidal activity against different species of ticks

2.3.1.2 Bacterial and Fungal Infections

Important animal bacterial infectious diseases are anthrax, black quarter, diarrhoea,
botulism (produced by the bacterium Clostridium botulinum), brucellosis, tubercu-
losis and pleuropneumonia (Chinsembu et al. 2014).

Anthrax is an infectious disease caused by a bacterium called Bacillus anthracis
(Mwakapeje et al. 2018). It can affect several species of birds and is particularly
important in herbivores, including sheep, cattle and goats (Himsworth 2008). It
was reported previously that millions of livestock died from anthrax in Russia, Iran
and South Africa (Beyer and Turnbull 2009). Humans can acquire anthrax directly
from anthrax-infected animals or from anthrax-contaminated animal products
(World Health Organization 2008; Fasanella et al. 2014). Antibiotics exhibiting
weak efficacy in combating human and animal diseases through antibiotic resis-
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tance should be replaced with new drugs that can fight the burden of these micro-
bial pathogens (National Strategy for Combating Antibiotic-Resistant Bacteria
2014; Abdalla and McGaw 2018a). Medicinal plants are known to be a highly
promising source of a great number of drugs (Santos et al. 1995; Dwivedi and
Wagay 2014). The discovery of antibacterial drugs from natural sources has
revolutionised the treatment of many diseases in man and animals (Abdalla and
Matasyoh 2014; Abdalla and McGaw 2018b). In a recent study, the extracts of nine
medicinal plants showed remarkable antibacterial activity against B. anthracis.
Interestingly the minimum inhibitory concentration values ranged from 0.02 to
0.31 mg/ml towards B. anthracis Sterne strain. The best MIC values were obtained
with Maesa lanceolata (0.02 mg/ml), Bolusanthus speciosus, Hypericum roeperianum,
Morus mesozygia (0.04 mg/ml) and Pittosporum viridiflorum (0.08 mg/ml).
Additionally, the total antibacterial effect of the plant extracts was determined to be
92-5562 ml/g. Total activity is the extract from 1 g of the plant material that can be
diluted and still inhibit activity against the microorganism. The medicinal plants
Maesa lanceolata and Hypericum roeperianum delivered excellent total activity
with values of 5562 and 2999 ml/g, respectively (Elisha et al. 2016).

Pathogenic fungi or mycoses have not been widely known to pose particularly
high risks to global animal health. This understanding is changing due to the
occurrence of various rapid declines in wildlife caused by the development of previ-
ously unknown fungi (Daszak et al. 2000; Smith et al. 2006; Fisher et al. 2012).
Mycotic diseases are responsible for economic losses in the poultry industry because
of direct infection or due to the production of mycotoxins (Dhama et al. 2013).
Aspergillosis (mainly caused by Aspergillus fumigatus) is recognised as brooder’s
pneumonia and is known as the most pathogenic fungus affecting poultry (Arne
etal. 2011). Alleviating diseases of infected animals requires long term drug admini-
stration which is a disadvantage in addition to its high cost. Plant derived antifungal
molecules, particularly their application in topical therapy, might be considered as
one of the attractive alternatives (Trakranrungsie 2011). Comprehensive lists of
plants, extracts and isolated plant metabolites with antifungal activity have been
published (Rai and Mares 2003; Rawat et al. 2008). Previous studies demonstrated
that the amides and cinnamoyl derivatives, obtained from species of the family
Piperaceae, could be responsible for their antimicrobial activities (Kun-anake 1998;
Vasques da Silva et al. 2002).

The major constituents of Piper betle leaves were found to be terpenes and
phenols (Bajpai et al. 2010). They showed promising antidermatophytic effects, and
a 10% P. betle cream was formulated (Curtis 1998). Its antidermatophytic activity
was effective up to 96 h after incubation compared to that of ketoconazole cream
(Trakranrungsie et al. 2004). Additionally, the ointment and gel formulations con-
taining 4% of P. betle extracts exhibited high antifungal activity similar to clotrima-
zole cream (1%), but more than tolnaftate cream (1%). The mentioned preparations
decreased rash and irritation before or after UV irradiation in rabbit and guinea pig
toxicity tests (Boonrattanakornki et al. 1990). On the other hand, the P. betle prepa-
ration was less stable and lost its activity rapidly.



2 The Pharmacological and Nutritional Significance of Plant-Derived Natural Products... 15

2.3.1.3 Viral Diseases

Zoonotic infections feature strongly among the wide range of human diseases
encountered, including anthrax, tuberculosis, plague, yellow fever and influenza,
which may be transmitted from domestic animals, poultry and livestock.
Additionally, climate change conditions and human behaviour and habitat will
likely result in increased infections from wildlife species (Wang and Crameri 2014).
Medicinal plants have been known as potential sources of antiviral agents for
decades. Although it has been reported that few studies search for antiviral agents
from medicinal plants, these studies have detected the presence of promising antivi-
ral activity in plants. Almost 20-30% of plants from tropical or temperate areas
were shown to have antiviral activity. It has been found that a number of molecules
of different classes isolated from medicinal plants have antiviral activity (Perez
2003). The crude alcoholic extract of the seed of Nyctanthes arbortristis
(Verbenaceae) showed antiviral activity, and the isolated iridoid glucosides, known
as arbotristosides A, B and C (Fig. 2.4), were also significantly active against
encephalomyocarditis virus (EMCV) and Semliki Forest virus (SFV) with an
increase in average survival time of the infected animals (Rathore et al. 1990).

Foot-and-mouth disease which is caused by Aphthovirus of family Picornaviridae,
and sometimes known as a fatal viral disease, affects cloven-footed animals, such as
sheep, cattle, pigs, goats, llamas and deer, in addition to wild bovids. A number of
traditionally used medicinal plants in India were applied for the treatment of animal
foot-and-mouth disease such as Andrographis paniculata (Burm.f.) Nees (kirayat)
(family Acanthaceae), Colocasia esculenta (L.) Schott (Arvi) (family Araceae)
(Panda and Dhal 2014; Mishra et al. 2015), Cuscuta reflexa Roxb. (Amar Bel) (fam-
ily Cuscutaceae) (Malla and Chhetri 2012), Carissa caranta L. (Garanda) (family
Apocynaceae) (Khan et al. 2012) and Calotropis gigantea (L.) R.Br. (Safed aak)
(family Asclepiadaceae) (Rao et al. 2014).

2.3.1.4 Inflammatory Diseases

Inflammatory bowel disease (IBD) is a chronic and disrupted inflammation of the
intestinal tract that is a common cause of chronic gastrointestinal upset in dogs and
cats (Callahan 2018). IBD has two principal types named as ulcerative colitis (UC)
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and Crohn’s disease (CD) (Hendrickson et al. 2002). It is also associated with
chronic inflammation of the intestinal tract (IT) (Shah et al. 2007). Clinical signs
such as changes in appetite, vomiting, diarrhoea and weight loss are the most com-
mon inflammatory conditions caused by IBD (Goyal et al. 2014). Several plant
secondary metabolites exhibited potent antioxidant activities as modulators in the
expression and activity of antioxidant enzymes and as free radical scavengers.
A number of plant natural molecules were proven to suppress the release of pro-
inflammatory cytokines, inhibiting the activation of nuclear factor kB (NF-xB),
which is necessary for the inflammatory response in inflammatory bowel disease
(Alves de Almeida et al. 2017).

Plant secondary metabolites are a potential source of immune modulators, anti-
oxidants and anti-inflammatory agents (Gautam and Jachak 2009; Igbal et al. 2013;
Debnath et al. 2013; Motlhatlego et al. 2018). In a previous report, 32 alkaloids
were found to induce the disruption of the epithelial barrier (dextran sulphate
sodium (DSS), acetic acid or mustard oil) in intestinal inflammation (TNBS) in
experimental models, mainly in mice. Among these alkaloids, the effects of piper-
ine, berberine and sinomenine on experimental colitis were discussed (Alves de
Almeida et al. 2017). The alkaloid piperine (from Piper nigrum and Piper longum,
Piperaceae) was known for its anti-inflammatory effects (Diwan et al. 2011). It was
proven to enhance the absorption and pharmacological activity of the herbal sup-
plement curcumin (Curcuma longa, Zingiberaceae). A nanoformulation encapsu-
lating piperine and curcumin, called self-microemulsifying drug delivery system
(CUR-PIP-SMEDDS), was developed. The system CUR-PIP-SMEDDS enhanced
the drug stability and in vitro dissolution of curcumin at the colon site. This showed
its therapeutic impact in DSS-induced colitis in mice. The system CUR-PIP-
SMEDDS inhibits disease activity index (DAI), histopathological lesions, myelo-
peroxidase (MPO) activity, MDA content, tumour necrosis factor (TNF-a) and
interleukin 6 (IL-6) levels in colonic tissues of mice (Li et al. 2015). Piperine treat-
ment was found to ameliorate body weight loss, histological injury, diarrhoea and
the expression of inflammatory mediators on DSS-induced colitis in mice. When
the pregnane X receptor (PXR) was downregulated, the DSS injury was exacer-
bated and piperine protection against DSS colitis was inhibited (Hu et al. 2015).

A natural supplement berberine (from Berberis, Hydrastis, Coptis and
Phellodendron species) (Tillhon et al. 2012) possesses potent pharmacological
activity in intestinal inflammatory models (Mokhber-Dezfuli et al. 2014). Berberine
was found to inhibit colonic inflammation in UC and CD experimental models and
decreased release of cytokines (TNF-a, IL-1p, IL-6, IL-12 and IL17). It was also
shown to alleviate DSS-induced colitis by ameliorating intestinal barrier function
and decreasing inflammation and oxidative stress (Zhang et al. 2017). It was also
investigated in various clinical trials and found to reduce symptoms of many dis-
eases such as non-alcoholic fatty liver disease (Chen et al. 2015), acute coronary
syndrome inflammation (Newman and Cragg 2012) and irritable bowel syndrome
(Baker et al. 2007) without any side effects.

Sinomenine activity was reported in experimental colitis (Cheng et al. 2007; Yu
et al. 2013). It reduced the generation of inflammatory mediators in TNBS-induced
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colitis in mice. It was discovered to downregulate the transcription factor c-Maf,
microRNA 155 (MiR-155) and the cytokines TNF-a and IFN-y. Sinomenine exhib-
ited analgesic effects on neuropathic and inflammatory pain models (Gao et al. 2013)
in addition to suppressive activity on colon carcinoma cell growth (Zhang et al. 2014;
Liu et al. 2014) and anti-inflammatory effects (Wang and Li 2011) (Fig. 2.5).

2.4 Conclusion and Future Prospects

The growing trend of zoonotic disease emergence in the last few decades empha-
sises the important role that the One Health strategy plays in the aspects of investi-
gation, control and prevention. This has established the beginning of the One
Health era.

Research on plant natural product-containing fodder plants and other plant
extracts is ongoing and becoming an interesting field worldwide, with a lot of poten-
tial for the control of many animal infectious diseases such as animal parasites,
including ticks and helminths.

The dietary contribution of plant natural products has a huge role on animal per-
formance and health status, so producing food with a high nutritional value and
sufficient concentrations of antioxidants, vitamins and functional fatty acids is
important. This can be done by expanding growth of forages rich in plant secondary
metabolites. Other factors should be taken into account such as maintaining animal
requirements, spatial grazing and management of pasture, as well as increasing the
forage yield and quality, and providing a healthier place for livestock.

Owing to the growing trend in awareness of ethnoveterinary medicine, plant-
derived natural products have been attracting the interest of scientists globally as
alternatives to synthetic agents. In this regard in vivo studies and experiments in
animal models are needed to confirm the discovered bioactivities of the extracts of
medicinal plants and the isolated molecules to identify novel medicinal remedies.
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3.1 Introduction

Ethnoveterinary medicine refers to the beliefs, knowledge, methods, practices and
techniques used in the promotion of healthcare and well-being among animals as
described by Barboza et al. (2007). The use of traditional medicine, particularly
phytotherapy, to promote animal health is not a new practice and forms part of the
early traditional practices performed worldwide due to their easy availability,
effectiveness and low cost and this practice has been transferred between generations
(McGaw et al. 2007). Indeed, the use of plants has been of major influence in the
prophylaxis and treatment of diverse infectious disorders in animals, for example,
against parasites, intestinal worms, conjunctivitis and heartwater alongside other
ailments (Table 3.1).

Notably, this practice has received due attention in the West during recent years
due to a mounting number of failing antibiotics. Interestingly, a plethora of ethnovet-
erinary studies have been published in various parts of the world during the previous
years as in Africa (Gradé et al. 2009; Moreki et al. 2010; Opiro et al. 2010; Gakuya
et al. 2011); America (Jernigan 2009; Monteiro et al. 2011) and Asia (Galav et al.
2010; Dilshad et al. 2010; Raziq et al. 2010; Phondani et al. 2010) and other coun-
tries as well (Benitez et al. 2012). Knowledge pertaining to ethnoveterinary practices
is consolidated in many parts as a large proportion of the world’s population still rely
on livestock rearing as a source of income and food and employ plants and their cor-
responding preparations to treat animal ailment conditions.
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Since the 1940s, antibiotics were fed to livestock animals to boost their produc-
tivity by growing them bigger faster and at a cheaper price (Coates et al. 1951;
Elliott 2015; Moore et al. 1946; Sneeringer et al. 2015; Stokstad and Jukes 1950).
Nonetheless, over the years many antibiotics which were once used successfully to
attenuate or kill disease-causing microorganisms have now become inefficacious.
In addition, substantial evidence exists surrounding the development of resistant
bacterial strains and their subsequent spread to humans and the food chain. In cer-
tain countries such as in the United States, colossal amounts of antibiotics are
injected into livestock such that in 2015, 17 000 tons of antibiotics were reported
to be used and represented four times the amount of antibiotics sold for human use
in that particular year (FDA 2015).

The development of resistant bacterial strains in animals and their transmis-
sion to humans is inevitable. Given these pressing concerns, various healthcare
organizations, chiefly the World Health Organization, US Centers for Disease
Control and Prevention, European Medicines Agency and Institute of Medicine
among others, have laid particular emphasis on this issue. Ever since the creation
of the first antibiotic, signs of resistance became evident. One of the most promi-
nent reasons for the antibiotic resistance phenomenon remains the fact that these
drugs are either misused or overused. Interestingly, studies have demonstrated
that farm animals treated with tetracyclines can become resistant to the drug
within 2 weeks and this resistance can spread among the skilled labourers as
demonstrated by the presence of tetracycline-resistant bacteria in their stools
(Spellberg et al. 2016).

Over the years, the number of antibiotic leads and novel antibiotics proposed by
pharmaceutical companies has stalled considerably. Hence, there is an urgent need
to provide newer classes of antibiotics or to derive modern strategies to combat
disease-causing microorganisms. In this scenario, nature provides an armamentarium
of resources that can be explored as new sources of antibiotics. The use of plant
species for managing health problems among animals is an ancient and fruitful
approach. The development of plant extracts of single or combined plants as well as
the combination of antimicrobial plant extracts with conventional drugs can unlock
noticeable strategies in the fight against disease-causing microorganisms.
Nonetheless, to reach there, knowledge regarding plant species with striking
antimicrobial activity needs to be disseminated properly.

Consequently, this chapter aims to highlight plant species with plausible antimi-
crobial activity based on successful previous and current use to prevent and treat
animal infectious ailments. In furtherance, in vitro studies conducted on plant spe-
cies with noticeable activity on disease-causing microorganisms are also discussed.
Considering plant species mentioned in this chapter for further pharmacological
screening can undeniably promote the diversification of available plant resources in
the hunt for novel antimicrobials.



48 S. Suroowan and M. F. Mahomoodally

3.2 Novel Antimicrobials and the Need for Ethnoveterinary
Studies

One of the prime purposes of conducting ethnoveterinary studies is to firstly docu-
ment the available time-tested traditional remedies that have been employed safely
through time in different regions of the world and to consequently disseminate
available information for consolidation of those existing practices. Secondly, the
scientific aim of directing such research is focused mainly on the validation of the
claimed properties of the remedies.

Remarkably, in various developing and underdeveloped nations of the world, live-
stock rearing is a major source of food and income to the local inhabitants. Naturally,
caring for the health and well-being of the animals is a prime preoccupation of those
inhabitants. As a matter of fact, allopathic medicines are rarely affordable and acces-
sible in those areas, and people tend to rely on nature to alleviate the suffering of
animals under their care. Undeniably, this knowledge has been passed on from gen-
eration to generation and has been successful to a great extent given that such prac-
tices are still used to a great extent as previously demonstrated (Lans 2011).

Furthermore, zoopharmacognosy, described as the practice through which ani-
mals self-medicate with plants, remains an unexplored area which deserves particu-
lar attention as it may help unveil novel antimicrobials. Since various antimicrobials
are becoming inefficacious due to the antimicrobial resistance phenomena, plants
provide a vast avenue that can be explored as potential antimicrobials. Plants consist
of secondary metabolites which act on diverse pharmacological targets and might
be used to address more than one animal ailment. In addition, since many disease-
causing microbes in animals also cause infections in human beings, deciphering
novel antimicrobials from ethnoveterinary studies will undeniably contribute to the
discovery of useful phytoconstituents which can be used for human infections
as well.

3.3 In Vitro Studies

An in vitro assay constituting 17 plant species was conducted against common dis-
ease-causing microbial agents in South Africa. Three different solvents were used to
prepare the extracts, and their antibacterial activity was assayed against two Gram-
positive Enterococcus faecalis (ATCC 29212) and Staphylococcus aureus (ATCC
29213) and Gram-negative bacteria Pseudomonas aeruginosa (ATCC 27853) and
Escherichia coli (ATCC 25219), respectively. Anthelmintic activity was determined
by assaying the plant extracts against the free living nematode Caenorhabditis ele-
gans, while the toxicity was investigated via the brine shrimp (Artemia salina) lar-
val mortality test (McGaw et al. 2007).

The most noteworthy results of the study demonstrated that three extracts dis-
played anthelmintic activity and brine shrimp lethality alongside antibacterial activ-
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ity. Indeed, these were the hexane extract of Berchemia zeyheri and the methanol
extract of Pterocarpus angolensis DC. bark alongside the stem/leaf extract of
Ricinus communis L. Interestingly, antibacterial activity was noted from most plant
extracts with the best minimum inhibitory concentration (MIC) recorded being
0.1 mg/ml. Overall, more than 30% of the extracts had anthelmintic properties,
while 30% of extracts showed toxic effects against the brine shrimp larvae with the
lowest lethal concentration (LCs,) recorded being 0.6 mg/ml (McGaw et al. 2007).

Hexane, dichloromethane, acetone and methanol extracts of six plant species,
namely, Acokanthera schimperi (A.DC.) Benth. var. rotundata Codd., Carissa
edulis (Forssk.) Vahl., Ekebergia capensis Sparrm, Podocarpus henkelii Stapf ex
Dallim. & Jacks., Plumbago zeylanica L. and Schrebera alata (Hochst.) Welw. were
assayed in vitro for their antiviral activities against the following viruses: canine
distemper virus (CDV), canine parainfluenza virus-2 (CPIV-2), feline herpesvirus-1
(FHV-1) and lumpy skin disease virus (LSDV). Cytotoxic evaluation of all extracts
was also performed employing the colorimetric tetrazolium-based (MTT) assay.
The antiviral activities were investigated using the virucidal and attachment assays.
In the virucidal assay, the extracts were incubated with the virus prior to infection.
The most striking results were recorded with the acetone and methanol extracts of
P. henkelii against CDV and LSDV with an inhibition of replication at a proportion
of more than 75% at a concentration of 3 pg/ml. Noticeable results were also
registered from the hexane extracts of C. edulis and P. zeylanica against CDV while
reducing viral-induced cytopathic effect by 75% and 50%, respectively. On the
other hand, the hexane extract of C. edulis displayed mild activity against FHV-1
with half maximal effective concentration (ECs,) of less than 70 pg/ml. Among all
the extracts, only the acetone extract of P. henkelii inhibited the replication of the
LSD virus in the replication assay (Bagla et al. 2012).

Another study investigated the antifungal activities of 13 plant species used in
South Africa to treat gastrointestinal helminth infections in livestock and man.
These plants included Brachylaena discolor, Zanthoxylum capense, Clerodendrum
glabrum, Heteromorpha trifoliata, Apodytes dimidiata, Strychnos mitis, Maesa
lanceolata, Indigofera frutescens, Leucosidea sericea, Melia azedarach, Clausena
anisata, Cyathea dregei and Millettia grandis. One gram of each plant investi-
gated was extracted with 10 ml of acetone. The antifungal abilities of the plant
extracts were investigated on three different fungal species, namely, Candida
albicans, Cryptococcus neoformans and Aspergillus fumigatus isolated from a
Gouldian finch, a cheetah and a chicken, respectively. The results obtained dem-
onstrated that eight of the plant extracts excluding extracts from H. trifoliata,
S. mitis, M. lanceolata, M. azedarach and C. dregei extracts recorded MIC values
less than 0.1 mg/mL. This may be correlated to the fact that these plants are tradi-
tionally used as anthelmintics. Based on the cytotoxicity results and from the
antifungal assays, the promising two plants species were C. anisata and C. gla-
brum (Adamu et al. 2012).

Mastitis is mostly of bacterial, fungal or viral origin (Tiwari et al. 2013). Clinical
symptoms of mastitis involve the secretion of abnormal milk and an inflammatory
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condition which results in redness, swelling and hardness of the udder (Chebel
2007; Sharif and Muhammad 2009). The most common microorganisms involved
in mastitis pathogenesis involve Corynebacterium bovis, Mycoplasma species,
Streptococcus agalactiae, Staphylococcus aureus, Staphylococcus chromogenes
(coagulase-negative staphylococci), Streptococcus dysgalactiae and Streptococcus
uberis (Ahmad 2001; Erskine 2001; Khan 2002).

A study undertook an in vitro investigation of the aqueous and methanolic
extracts of three plant species Asteracantha longifolia, Dactyloctenium indicum and
Trichodesma indicum against microbial bovine mastitis. Extracts of the plant
A. longifolia demonstrated noticeable activity against the tested bacterial candidates
which were Escherichia coli, Staphylococcus aureus, Streptococcus agalactiae and
Klebsiella pneumoniae, respectively. The methanolic extract resulted in an inhibition
zone of 25 mm against S. aureus at a concentration of 200 mg/ml, while an inhibition
zone of 16 mm against E. coli resulted at the same concentration (Mubarack
et al. 2011).

A study performed by Sserunkuma et al. (2017) involved the preparation of
water and acetone extracts from Acacia nilotica, Aloe arborescens, Crassula
multicava and Tetradenia riparia. The methodology involved in determining the
antimicrobial activity was the serial microdilution method, while cytotoxicity was
assayed employing a mammalian kidney cell line including a tetrazolium-based
colorimetric assay. The most marked resulted against Gram-positive and Gram-
negative bacteria (Enterobacter aerogenes, Proteus vulgaris) were recorded for
acetone extracts of A. nilotica bark and T. riparia plants with MIC values for Gram-
negative bacteria as low as 0.0195 mg/ml. The most prominent selectivity index
value was retrieved for 7. riparia flower acetone extract against the field strain
Streptococcus uberis (Table 3.2).

Table 3.2 South African plants screened for antimicrobial properties

Plant species Assay Reference

Rhus lancea L f. Antibacterial, anthelmintic, brine McGaw et al. (2007)
shrimp toxicity

Sclerocarya birrea (A. Rich.) Antibacterial, anthelmintic, brine McGaw et al. (2007)

Hochst. shrimp toxicity

Secamone filiformis (L.f.) J.H.Ross | Antibacterial, anthelmintic, brine McGaw et al. (2007)
shrimp toxicity

Cussonia spicata Thunb. Antibacterial, anthelmintic, brine McGaw et al. (2007)
shrimp toxicity

Sarcostemma viminale (L.) R. Br. Antibacterial, anti-inflammatory, Luseba et al. (2007)
mutagenic

Aloe marlothii Berger Antibacterial, anti-inflammatory, Luseba et al. (2007),
mutagenic anti-rickettsial; Naidoo et al. (2005)
anti-babesial

Schkuhria pinnata (Lam.) Thell. Antibacterial, anthelmintic, brine McGaw et al.
shrimp toxicity, antibacterial, (2007), Luseba et al.
anti-inflammatory, mutagenic (2007)

(continued)
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Table 3.2 (continued)

Plant species Assay Reference
Combretum caffrum (Eckl. & Zeyh.) | Antibacterial, antifungal Masika and
Kuntze Afolayan (2003)

Jatropha zeyheri Sond.

Antibacterial, anti-inflammatory,
mutagenic

Luseba et al. (2007)

Ricinus communis L.

Antibacterial, anthelmintic, brine
shrimp toxicity; antibacterial,
anti-inflammatory, mutagenic

McGaw et al.
(2007), Luseba et al.
(2007)

Synadenium cupulare (Boiss.)
L.C. Wheeler

Antibacterial, anthelmintic, brine
shrimp toxicity

McGaw et al. (2007)

Peltophorum africanum Sond.

Antibacterial, antioxidant,
anthelmintic

Bizimenyera et al.
(2005, 2006a, b)

Pterocarpus angolensis DC.

Antibacterial, anthelmintic, brine
shrimp toxicity; antibacterial,
anti-inflammatory, mutagenic

McGaw et al.
(2007), Luseba et al.
(2007)

Schotia brachypetala Sond.

Antibacterial, anthelmintic, brine
shrimp toxicity

McGaw et al. (2007)

Schotia latifolia Jacq. Antibacterial, antifungal Masika and
Afolayan (2003)
Dicerocaryum eriocarpum (Dcne.) | Antibacterial, anthelmintic, brine McGaw et al.

J.Abels and Dicerocaryum
senecioides (Kltzsch.) J.Abels

shrimp toxicity; antibacterial,
anti-inflammatory, mutagenic

(2007), Luseba et al.
(2007)

Berchemia zeyheri (Sond.) Grubov

Antibacterial, anthelmintic, brine
shrimp toxicity

McGaw et al. (2007)

Ziziphus mucronata Willd.

Antibacterial, anthelmintic, brine
shrimp toxicity antibacterial,
anti-inflammatory, mutagenic

McGaw et al.
(2007), Luseba et al.
(2007)

Salix L. spp.

Antibacterial, antifungal

Masika and
Afolayan (2003)

Hippobromus pauciflorus (L.f.)
Radlk

Antibacterial, anthelmintic, brine
shrimp toxicity

McGaw et al. (2007)

Dombeya rotundifolia (Hochst.)
Planch

Antibacterial, anthelmintic, brine
shrimp toxicity

McGaw et al. (2007)

Gnidia capitata L.f.

Antibacterial, anthelmintic, brine
shrimp toxicity

McGaw et al. (2007)

Pouzolzia mixta Solms

Antibacterial, anthelmintic, brine
shrimp toxicity

McGaw et al. (2007)

Cissus quadrangularis L.

Antibacterial, anthelmintic, brine
shrimp toxicity antibacterial,
anti-inflammatory, mutagenic

McGaw et al.
(2007), Luseba et al.
(2007)

The laboratory investigation from Luseba et al. (2007) revealed that Cissus quad-

rangularis stem and Jatropha zeyheri bear the potential of selectively inhibiting the
cyclooxygenase-2 enzymes. The antibacterial assay performed by Bizimenyera
et al. (2005) included a serial microplate dilution technique. The tested microorgan-
isms were the Gram-positive bacteria Staphylococcus aureus and the Gram-negative
microbe Pseudomonas aeruginosa (Gram-negative) in organic solvent extracts of
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Peltophorum africanum (Fabaceae). The plant extracts demonstrated noticeable
antimicrobial activity. In another investigation (Masika and Afolayan 2002) the
plant extracts Combretum caffrum, Salix capensis and Schotia latifolia were tested
for their antimicrobial and antifungal effects. Good minimum inhibitory concentra-
tion values as low as 0.1 mg/ml were obtained against Gram-positive bacteria.
Interestingly, preliminary screening has revealed that the plant Ziziphus mucronata
possesses good antibacterial properties. More extensive investigation on the plant
has revealed that its leaves contain the metabolites 2,3-dihydroxyl-up-20-en-28-oic
acid and zizyberanalic acid (Moloto 2004) which have excellent activity against
S. aureus, hence lending support to the validation of the ethnopharmacological
claims surrounding the use of the crushed leaves in animal infections.

3.4 Discussion

Since the 1940s antibiotics have been used to boost animal growth and production
of food derived from them. Nonetheless, the synthesis and use of antibiotics has,
along the way, resulted in the phenomenon of antimicrobial resistance where
microorganisms have derived new ways to evade the lethal effects of antimicrobial
agents. Interestingly, the use of herbal medicine to treat animal ailments is an
ancient practice existing in various parts of the world. Knowledge pertaining to the
medicinal properties of plants has been transferred from generation to generation.
Strikingly, these remedies have proven to be efficacious in alleviating various
animal ailments and have often been proven to be safe. Combined with the fact that
novel antibiotics and leads proposed by pharmaceutical companies have dwindled
during recent years, herbal medicines can unlock new avenues in unveiling novel
antimicrobial compounds.

Ethnoveterinary studies allow for the dissemination of existing medicinal plant
information. The documentation of plants with claimed medicinal properties
provides a certain opportunity for scientists to validate the effects of those plant
species. With particular emphasis on microbial infections, plant-based antimicrobials
can provide to be useful in humans as well, owing to the fact that many infectious
agents causing diseases in animals are also involved in human infections. The
derivation of plant-based extracts with antimicrobial properties is also an interesting
avenue to propose natural antibiotics which are much cheaper and more easily
available, both to developed and underdeveloped nations.

This chapter mentions 275 plant species used in different countries of the world
to treat infectious ailments in animals. Plants listed in this chapter provide an indi-
cation of medicinal plants used in parts of Africa including South Africa and
Uganda; in parts of Asia such as in India, Nepal, Afghanistan and Pakistan; as well
as in other countries such as Brazil and Iran. Undeniably, a plethora of other plant
species are also employed in other regions of the world which have not been men-
tioned in this chapter.
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Enthrallingly, the results of in vitro studies provide valuable insights with respect
to the antimicrobial properties of plants used in traditional medicine systems over
the world. Of particular interest, given their promising antimicrobial properties, are
hereby highlighted a plethora of plant species and/or extracts. For example, the
hexane extract of B. zeyheri, the methanolic extract of P. angolensis and the stem/
leaf extract of R. communis have good in vitro antimicrobial activity. In addition, the
acetone and methanol extracts of P. henkelii possessed noticeable antiviral activity.
Methanolic and aqueous extracts of A. longifolia demonstrated good activity against
S. aureus. Acetone extracts of A. nilotica bark and 7. riparia were highly active
against Gram-positive and Gram-negative bacteria (Enterobacter aerogenes and
Proteus vulgaris). Pseudomonas aeruginosa (Gram-negative) was susceptible to
organic solvent extracts of P. africanum (Fabaceae), and Z. mucronata extracts were
active against S. aureus.

3.5 Conclusion

Animals are faced with diverse infections throughout their lives. The antimicrobial
resistance phenomenon provides no other option to scientists rather than to explore
alternative sources of antimicrobials such as herbal medicines. An innumerable
number of herbal remedies have been used by human beings to alleviate the suffering
of animals resulting from infections since time immemorial. Indeed, this chapter
lists 275 plant species used against animal infections as well as in vitro studies used
to validate the claimed properties of the plants. This chapter provides valuable
insights on the use of plants in animal infectious diseases. Evaluation of these plant
species can identify novel compounds and/or plant-based extracts that can be used
as antimicrobial agents in animals to relieve them from suffering.
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4.1 Background

In Trinidad and Tobago, horses are typically kept for racing. The Trinidad &
Tobago Racing Authority operates the Santa Rosa Park (horse racing) at O’Meara
Road in Arima. There has been a steady decline in the racing industry in Trinidad.
The number of broodmares registered to stud in 2008 was 37, compared to 7 in
2018. Earnings by the industry have therefore experienced a dramatic decline over
the past 10 years. There are currently 44 registered trainers and 156 registered
grooms. Forty-three percent of equine farms in British Columbia (BC) gross
below $10,000. From 2011 to 2016, there was a 17.5% drop in the number of
farms with horses or ponies to 39,164 agricultural operations. Over the same
period, the number of ponies and horses declined by 25.7% to 291,561, reportedly
due to increasing costs (Rostami 2017). Horse farms are more likely to have a
female operator (19.1%) than other farm operations (Rostami 2017). Horses are
mainly kept as companion animals and for racing. There are a few horses that are
kept as draft horses.

Racehorses have frequent bouts of intense exercise which produces articular
inflammation and cartilage turnover that can be seen 8 h after a race or other intense
exercise in the form of higher concentrations of nitric oxide and prostaglandin E,
(MacNicol et al. 2018).
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Ranch, riding and companion horses would also show the effects of short periods
of intense exercise or longer periods of sustain exercise such as trail riding or
herding cattle.

Racehorses may also need treatment for recurrent airway obstruction (chronic
obstructive pulmonary disease) which may result in missed training (Pearson
et al. 2007).

4.2 Methods

In the study in BC conducted in 2018, respondents from the previous study (Lans
et al. 2006) were contacted. In addition, horse owners who CL met professionally
in the last 4 years were also interviewed. As most of the key respondents who
provided information for the study conducted in Trinidad between 2000 and 2003
had either passed away or were no longer in the industry, KG and CS visited the
race track to conduct interviews. Persons selected were identified by racehorse
trainers and owners as regularly practicing the use of herbal remedies. Information
was obtained from nine grooms and three trainers. Participants were asked if they
knew about plants used in the industry. Specific questions on the use for ailments
broadly classified as respiratory infections, bleeders, cuts, ocular injuries, lame-
ness, dermatological conditions, performance enhancing and gastrointestinal and
reproductive issues. Participants were interviewed individually in the presence of
the horse that was under their care. They were asked to demonstrate how certain
medications were applied. Information was recorded as the participant was
allowed to speak freely, and if consent was given, a photo or video was taken dur-
ing the demonstration. In addition, if available, the plant was collected from the
respondent. One Canadian racehorse owner worked at one of the five horse racing
tracks in BC. Three BC respondents offered boarding, training and riding lessons.
The others owned horses for riding.

4.3 Results

All respondents from Trinidad stated that most of the treatments for routine pre-
ventive care and injuries were commercial pharmaceutical products which could
be obtained onsite. These preparations included dewormers, anti-inflammatory
products, multivitamin tonics and poultices. The majority of the respondents
reported using the similar plants for the pharmaceutical purposes as was reported
previously.
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4.3.1 Commercial Products

One respondent from Trinidad reported a herbal product LungProof® from a
website called HorsePower herbs for respiratory problems and epistaxis as it strength-
ens the capillaries and aids the respiratory tract to repair weakened airways. The ingre-
dients of this commercial product include a mixture of herbs such as mullein, Echinacea
purpurea, elecampane root, lobelia, shepherd’s purse, sage and lungwort.

https://www.horsepowerherbs.com/articles/equine-horse-dietary-supplments_
happyhorsecomplete.htm

Standard remedies were also mixed with plants. Common products used were
Epsom salts (magnesium sulphate), salt, bicarbonate of soda, beer, sugar, Vicks
VapoRub® and kerosene.

1. A blanket soaked in warm water and Epsom salts was applied to a clean horse to
alleviate dry coat.

2. Bicarbonate of soda and Epsom salts was added to the feed every day.

3. Epsom salts was used to eliminate fatigue. Commercial alcoholic beverages
were also used.

4. Guinness® stout was used with aloe vera as a tonic to improve performance.

Garlic, together with cod liver oil, was also used as a tonic as well as treatment

of colic.

Hot Carib® lager beer was used for colic.

Vicks VapoRub® was placed inside the horse’s nostril for respiratory problems.

Colic was treated with burnt kerosene.

Head colds were treated with a salt solution syringed into the nostril.

®© N

Commercial dewormers and a commercial preparation for bleeding were
widely used.

4.3.2 Ocular Remedies

To treat eye infections, sugar was ground up very fine and made into a powder. This
was then dissolved when placed into the mouth and spat into the eye of the horse.
This was done twice daily until the issue resolved.

4.3.3 Injuries

Commercial reparations such as Absorbine® and Red Udder® ointment were used
especially for tendon knee injuries. Red udder ointment consists of phenol, eucalyp-
tol, methyl salicylate and camphor in an emollient base. Other remedies included
ice, glycerin, Epsom salts and iodine.


https://www.horsepowerherbs.com/articles/equine-horse-dietary-supplments_happyhorsecomplete.htm
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A mixture of honey, garlic and cod liver oil was given to the horse to aid in
lubrication of the joints. Additionally aloes and blue wound spray were used to treat
injuries and wounds.

4.3.4 Nutrition

Speed weed (local alfalfa), Spanish needle (Bidens pilosa), peanut husks (Arachis
hypogaea L.), lucunto (Ischaemum timorense), bull grass (Paspalum fasciculatum),
Pangola grass (Digitaria eriantha Steud. [Poaceae]), bamboo (Bambusa vulgaris),
elephant grass (Pennisetum purpureum), carrots and apples were commonly used to
improve nutrition.

If horses were off food or eating poorly, the following practices were recorded.
These were added to the food:

1. Crushed sugar cane.

2. Molasses was given in either the water or the food.

3. Linseed or barley was cooked properly for at least 20 minutes and added to
the food.

4. Honey, cod liver oil, garlic, wheat germ oil, shark oil and coconut oil assisted in
producing a shiny coat.

4.3.5 Stress

Companion animals were placed in stalls to control stall walking — usually a sheep
or a fowl.

Datura pod (Datura stramonium), which can cause hallucination, has been
reported to be used to calm a horse.

4.3.6 Cultural Practices

Different cultural practices were reported. These included the use of blue ribbons
which were hung in the stall to ward off evil eye (envy). The gum of asafoetida was
also used to ward off evil as well to alleviate colic. Other sacred plants such as the
tulsie (Ocimum tenuiflorum or O. gratissimum) were used for protection.

The smoke emitted from burning ants’ or termites’ (Nasutitermes corniger) nests
mixed with menthol, eucalyptus oil, bay leaf, glycerin or Epsom salts can be used to
treat head cold. The horse is allowed to inhale the smoke (Fig. 4.1).

Bee comb (honey comb) — Respondents recommended using a small amount to
condition the horse as it is thought to be very potent.
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Fig. 4.1 Termite nest preparation and application

4.3.7 Broodmares

A couple of different mixtures were used to prepare brood mares for breeding or
assist in cleaning out the horse. These include:

1. A mixture of aloe, saffron/turmeric and bicarbonate of soda. This mixture was
inserted into the vagina with a pump for horses with metritis.

2. Gum of asafoetida, aloe and Guinness® to improve condition or a mixture of
Guinness® stout, linseed and barley was given together with pelleted feed.

3. A hot Guinness® was given to broodmares close to the date of parturition as it is
believed to decrease bleeding associated with this process.

4.3.8 Insect Repellents

Citronella oil (Pelargonium citrosum), bay leaf (Pimenta racemosa) and neem
(Azadirachta indica) were used as insect repellents. The latter was used primarily to
control ants. The plants were dried and hung in the stall to repel insects.
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4.3.9 Poultices

A variety of different materials were used as poultices. These included clay with
aloe, blue soap, bran, cow dung, flour, sugar of lead, Epsom® salts, river clay,
Absorbine® and wonder of the world leaves (Kolanchoe pinnata).

To treat abscesses, aloe can be used with Epsom® salts, ratchet (Opuntia coche-
nillifera) and “hardi” (turmeric) to draw out thorns and stones stuck in the hoof.
Alternatively the hoof can be soaked in Epsom® salts and warm water. For prob-
lems with the tendons, the brine collected from salted pig tails (human food) is
allowed to ferment and then used to soak the legs of the horse.

4.3.10 Illegal Practices

There were some practices that were considered to be unethical. These included
placing cow itch (pods of a tropical vine, Mucuna pruriens) in the anus of the horse.
This causes severe itching, and it is believed to enhance the performance of the
horse. The effects of cow itch can be reversed by using molasses in the area which
the cow itch was placed. Another illegal practice that was discovered was the use of
marijuana (cannabis) on nervous horses. The horse was allowed to inhale the smoke
which had a calming effect on them (Table 4.1).

4.3.11 Canada

Products from two websites were being used. One website was called “Riva’s
Remedies”, while the other one was called “Greenhawk”. One respondent had her
own website called “Wisdom of the Herd”.

Turmeric pills were suggested for inflammation.

Ancient remedies were also used such as honey and cobwebs for wounds.

A racehorse owner used horse-edible charcoal for nervous stomachs and still
used a comfrey-based liniment for muscle recovery. The formulas for the comfrey
liniment are below:

1. Comfrey leaves (as many as you can get). Put the leaves in a crock pot on low,
crack lid, do not boil. Leave it on low overnight. Next day, the comfrey decoction
will be dark like coke. Dilute this decoction with witch hazel or rubbing alcohol.
Put it on your hand and rub on.

2. Comfrey root (1/2 1b) in 300 ml vodka and 800.25 ml grapeseed oil. Put in crock
pot for 24 hours. This makes a base ointment which can be diluted in half with
rubbing alcohol or witch hazel.

3. Comfrey root. ¥ bottle with the rest of vodka. Put it under the sun for 2 weeks,
shake it regularly.
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Table 4.1 Practices obtained from interviews at the Santa Rosa race track

Plants used for muscle soreness and tendon problems

Plant Muscle soreness Tendon problems
Bay leaf Pimenta Boil it and bathe them with it
racemosa early in the morning. Observe

the horse to determine if to
repeat

Castor oil Ricinus
communis plant leaf

Roll a bottle over the leaves to destroy
the vein — Wrap around the area after
warming slightly and then bandage
for 3—4 days. Remove in the morning
and repeat

‘Wonder of the world

‘Wonder of the world leaf is used

Wonder of the world with clay, paper

leaf (Kalanchoe the same way as castor oil leaf. | and plastic for tendon injuries. Also
pinnata) Bryophyllum | Wonder of the world, castor oil | used the same as castor leaf. Wonder
pinnatum leaf (heat over a lighted candle). | of the world with clay. Put on clay,
This is used close to race time to | wonder of the world and wrap with a
draw out wear and tear bandage. Wonder of the world sets
quickly.
Ratchet (Opuntia Soft candle, ratchet and wonder of the

cochenillifera) copra

world

Plants used for injuries

Plant

Injury

Chadon Beni leaf This is used for kick injuries close to the eye. Two leaves are boiled in

Eryngium foetidum water and allowed to draw. When it is cool, wash the eye with it and
leave it. In 3—4 days clean the eye and wound

‘Wonder of the world Also used as a poultice. Warm the leaf, roll to destroy the veins, apply

leaf Kalanchoe pinnata | home-made paste on leaf and wrap the affected area

Cocoa Theobroma
cacao

Young cocoa pods about 3 inches long are used for deep cuts which
cannot heal and unable to suture

Plants used as tonics

Plant

Tonic

Aloes Aloe vera

Aloes and 2 Guinness stout (clean out) are given once per day for
2-3 weeks

Bamboo X2 Bambusa
vulgaris

Leaves are added to the feed — Change of food (taste) before racing

Ratchet Opuntia
cochenillifera

When horse is not sweating, use ratchet and copra. Grate the whole
copra and mix with molasses. Give to the horse once per day to clean
out the pores

Copra (dried and
roasted coconut meat)

Speed weed (local Performance — Speed weed. Give this on race week.
alfalfa)

Obi seed Cola “Clean out blood”

acuminata

(continued)
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Table 4.1 (continued)

Plants used to condition coats

Plant Coat condition

Noni Morinda Use for dull coat, dry coat

citrifolia Collect the juices that drain out of the rotting fruits and give up to 60 cc/day
for 5 days

Black sage Black sage leaves are picked green and made like a broom (wiz; Fig. 4.2).

Cordia This can be used every other day (3 times per week) to rub on them — Half

curassavica dry helps to shine coat. Also used with Guinea grass (elephant grass) (x3).
Add baby oil (x1)

Caraili Caraili leaf bush (wiz), elephant grass (wiz) — Use one or the other, but not

Momordica both together (x3). This can be used with baby oil. It is indicated for horses

charantia with rashes and irritated skin as a brush will irritate the horse’s skin

Plants used for coughs and colds

Plant Colds, coughs

Garlic Allium sativum Garlic, coconut and turmeric are used to treat cough. Mix and
administer twice per day. Depending on severity of cough, give
for approx. 1 week

Grapefruit juice — Citrus Grapefruit for colds

growers brand Citrus paradisi

Fever grass Cymbopogon Fever

citratus

L’herbe a pique Neurolaena | Draw and mix with honey; expel before dry off totally

lobata

Elephant grass Pennisetum When recovering from tick fever, use elephant grass, molasses

purpureum and Redglo™ tonic

Plants used for nosebleeds

Plant Nosebleeds
Bois canot Cecropia Bois canot branches are crushed and added to the feed
peltata

“Hardi”/turmeric
Curcuma longa

1. Unpeeled. Blend with wheat germ or cod liver oil to form a paste.
Give once per day for 1-2 weeks

2. “Hardi”-turmeric for bleeders. Boil a small piece. Give horse for
5 days (about 20 cc)
3. “Hardi”-blend with cod liver oil and honey. Add to the feed

Aloes Mix together aloes, ginger and lime. Place in nostril every day for
3 days
Aloe vera Ginger and aloes. Mix together and can last for 3 days. Put in mouth

10 cc at a time till 1 oz

Grapefruit juice- citrus | Bleeders — Rub lime and salt in mouth. Used especially for horses that
growers brand Citrus will be expelled as bleeding is going on for too long

paradisi

Grapefruit juice for nosebleeds. Tie the head for 15 minutes, take
40 ml and squirt it up the nostrils of the horses (20 ml each)
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Fig. 4.2 Application of a wiz

The use of diatomaceous earth for parasites was not considered safe for the gas-
tric lining.

A respondent claimed to have tried a variety of herbs but with no positive results.
Another one was retired and no longer treating animals. One respondent had con-
tacted me several years ago about producing a herbal bronchial formula that was
given to a client’s racehorses a few days before they raced, but had no new
information.

Feisty Mare™ was being used to calm horses, regulate hormone production and
help horses focus. It was bought from the Greenhawk website but is actually manu-
factured by Selected BioProducts (Herbs for Horses) in Guelph, Canada (Table 4.2).
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Table 4.2 Some of Riva’s equine herbal and homeopathic remedies

Condition Herbal constituents

Colds Homeopathic — “Aconitum, Argentum m, Baptisia, Bryonia, Drosera,
Eupatorium, influenzinum”

Coughs “Horehound, fenugreek, mullein leaf, wild cherry”

Anxiety Homeopathic — “Aconitum, Arsenicum, chamomilla, ignatia, Passiflora,
phosphorus; black cohosh, chamomile, lemon balm, passion flower”

Arthritis “Birch bark, black cohosh, burdock root, Yucca”

Colic “Aconitum, Argentum nitricum, chamomilla, Colchicum, colocynthis,

2., <

Lycopodium, mag phos, nux-vomica, Veratrum album’;
fennel, fenugreek, peppermint leaf™

caraway, catnip,

Cribbing, ulcers

“Lactobacillus casei, Lactobacillus acidophilus, Bifido bifidum, fructo-
oligosaccharides, ascorbic acid”

Diarrhoea

“Aloe, China (Cinchona officinalis), Natrum-mur, Podophyllum, silicea”;
“bentonite clay, chamomile, Irish moss, slippery elm”

Heaves, allergies

“Alder, Thuja, thymuline”

Hooves

“Boneset, birch bark, chamomile, cayenne, oatstraw”

Hormonal mares

“Black cohosh, blessed thistle, chamomile, wild yam root”; evening
primrose oil

Immunity “Astragalus, fennel, milk thistle, rosehips, spirulina, sea buckthorn”

Infections “Lachesis, Hepar sulph, Mercurius v, silicea”. External use — “Goldenseal,
pure tea tree oil, light olive oil”

Injuries “Arnica montana, Bryonia, Hypericum, Rhus tox, Ruta graveolens,

Symphytum”

Liver conditions

“Dandelion root, milk thistle”

Equine metabolic

“Alfalfa, insulin, Juniperus, Syzygium”

syndrome

Endocrine system | “Ashwagandha, chaste berry, kelp, liquorice root, raspberry leaf”
support

Skin “Goldenseal, pure tea tree oil, light olive oil”

Adrenal burnout,
fatigue

“Ashwagandha, chaste berry, kelp, liquorice root, raspberry leaf”

Stamina and energy

“Chia seeds, oatstraw, Siberian ginseng, spirulina”

Circulation,
laminitis, tissue
repair

“Pine bark extract”

Metabolic support

“Agnus castus”

4.4 Discussion

4.4.1 Trinidad and Tobago

A review by Maan et al. (2018) describes the wound healing properties of Aloe vera.
The active compounds include amino acids and minerals such as copper, calcium,
chromium, iron, magnesium, potassium, sodium and zinc that contribute to wound
healing. Aloe vera stimulates the production of antibodies and releases growth factors.
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Wounds treated with Aloe vera heal without scars because the healing process is
stimulated at the deepest layers of the skin.

A case of horse poisoning in Brazil was attributed to feeding large amounts of
bamboo (Bambusa vulgaris) (15 kg/day mature leaves for 30 days or 3 kg/day
young leaves for 60 days) (Barbosa et al. 2006). Death was attributed to neurologi-
cal disease because no hydrocyanic acid was found in the leaves. Bamboo (Bambusa
vulgaris) contains a “crude protein content of 10.1%, phosphorus 86.0 mg/100 g,
iron 13.4 mg/100 g, vitamin B10 1 mg/100 g, vitamin B2 2.54 mg/100 g and caro-
tene 12.32 mg/100 g” (Lodhi et al. 2016).

Cecropia peltata had a positive-inotropic effect on isolated atria but also
increased the troponin C contents of the bathing solution harmed the myocytes
(Bipat et al. 2016). The plant produces glycogen and starch (Bischof et al. 2013).
Active compounds are steroids and amino acids, and studies have supported the use
of Cecropia peltata for wound healing after oral and topical administration in a rat
model (Rivera-Mondragén et al. 2017).

Cola acuminata seeds contain the purine alkaloids theobromine and caffeine and
the polyphenols epicatechin and catechin (Ishola et al. 2018).

Cordia curassavica has been investigated for its antinociceptive, analgesic and
anti-inflammatory activity (Matias et al. 2015). Artemitin may be one of the active
compounds.

Curcuma longa has curcuminoids with anti-influenza properties (Dao et al. 2012).

Cymbopogon citratus is considered safe for consumption and has antimalarial
activity (Chukwuocha et al. 2016). Anti-inflammatory and healing activity is attrib-
uted to apigenin glycosides, geraniol, cassiaoccidentalin B, cyranoside, carlinoside,
condensed tannins and luteolin (Costa et al. 2016; Venzon et al. 2018).

Datura species have caused fatal and non-fatal poisoning (impaction colic) in horses
when incorporated into hay, or when the seed contaminates grain (Gerber et al. 2006).
The tropane alkaloids in the plant include scopolamine, hyoscine, hyoscyamine and
atropine (Benitez et al. 2018). Hyoscyamine and atropine can cross the blood-brain
barrier and affect the nervous system. Hyoscine has such strong depression, hypnotics
and amnesia causing properties that it has been used for criminal activity (Benitez et al.
2018). Old textbooks listed scopolamine as a soporific in humans and dogs, but it is
said to produce hallucination and excitability in horses (Gerber et al. 2006). Ishola et al.
(2018) review the literature of scopolamine and report that it has an amnesic effect and
impairs learning and ‘short-term retention of spatial memory tasks’. No clinical symp-
toms were seen in horses with a urine concentration of scopolamine under 150 ng/mL
(Brewer et al. 2014). Hong Kong sets a limit on the alkaloid content in the feed of rac-
ing horses at 30 ng/g for scopolamine and 100 ng/g for atropine (Brewer et al. 2014).
Louisiana has a threshold of 75 ng/mL in urine for scopolamine (consistent with acci-
dental environmental contamination in hay), and Europe has proposed a limit of 30 ng/
mL for atropine and scopolamine. Horses in the USA with scopolamine in their urine
have had their prize earnings confiscated, and their trainers have been fined or other-
wise penalized (Brewer et al. 2014).

Eryngium foetidum contains carotene, calcium, eryngial, essential oils, iron,
proteins, riboflavin and vitamins A, B and C. It has analgesic, antibacterial and
anti-inflammatory activity (Kouitcheu et al. 2016).
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Momordica charantia contains hundreds of bioactive compounds including alka-
loids, amino acids, fatty acids, polysaccharides, protein, triterpenoids and trace ele-
ments (Zhang et al. 2016).

Neurolaena lobata contains germacranolide and furanoheliangolide sesquiter-
pene lactones, including lobatin B, with anti-inflammatory, analgesic and anti-viral
activity (McKinnon et al. 2014). Anti-inflammatory activity is attributed to the inhi-
bition of nuclear factor-kB and TNF-alpha production and the production of inflam-
matory cytokines, activities that do not produce unwanted side effects.

Ricinus communis contains ricinoleic acid (85-90% of triglycerides). The seed
extract has antibacterial properties as well as anti-inflammatory and analgesic
effects (Totaro et al. 2014; Gandra et al. 2017).

Cocoa pod husk (Theobroma cacao) contains pectin with a high acetyl content.
Pectins play a positive role on humoral and cellular immunity (Amorim et al.
2016). The pectin from cocoa pod husks can form a gel (Vriesmann and Petkowicz
2013). The husks also contain phenolic compounds such as gallic acid, coumaric
and protocatechuic acids, catechin, (—)-epicatechin and quercetin (Valadez-
Carmona et al. 2017).

4.4.2 Canada

The use of comfrey and the other herbs matches the human use in Canada and in
other countries. For example, 179 of 239 UK members of the Association of Master
Herbalists, the College of Practitioners of Phytotherapy and the National Institute
of Medical Herbalists reported using comfrey creams for ligament, muscle and
tendon problems (Frost et al. 2014). Some supplements given to horses were
reviewed by Williams and Lamprecht (2008). They noted that there are saponins
acting like steroids in yucca with anti-spasmodic effects, antioxidant effects and
anti-inflammatory activity.

Feisty Mare™ is produced by Selected BioProducts in dry or liquid forms. In a
30 g dose (1 scoop) both formulations contain antioxidant blend (amount not
provided), aniseed (3.0 g), chamomile (9.0 g), chasteberry (7.5 g), lemon balm
(7.5 g) and thyme (3.0 g).

The aniseed and chamomile (Pimpinella anisum, Thymus vulgaris, Matricaria
chamomilla) in Feisty Mare have an estrogenic effect which is not solely due to
anethole (Tabanca et al. 2004; Kassi et al. 2004; Noh et al. 2016). The estrogenic
activity of Vitex has been documented by several authors (Powers and Setzer 2015).
Lemon balm (Melissa officinalis) has anti-inflammatory activity attributed to terpe-
noids, flavonoids and rosmarinic acid (Hosseini et al. 2017).

There are two principals involved in Selected BioProducts located in Guelph,
Canada. One of them has conducted research on herbs for horses. In her most
recent publication, a mint species (Mentha spicata) which produces 20 times the
normal amount of rosmarinic acid than other mint species was tested together
with its metabolites, coumaric acid, ferulic acid and caffeic acid, and found to
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have anti-inflammatory activity in an animal model of cartilage inflammation
(Pearson et al. 2012). An earlier study by Pearson et al. (2007) examined a
Selected BioProducts herbal compound called Breathe™ that reduced the respira-
tory rate in contrast to the placebo group, increased the amount of macrophages
and reduced the amount of neutrophils. The compound contained aniseed, bone-
set, fennel, garlic, liquorice, thyme and white horehound. The authors attributed
the reduced respiratory rate to quercetin and to volatile oils.

A respondent claimed that a veterinarian in Alberta has formulated a comfrey-
based liniment for those people who do not want to make their own. Irvine Saddles
in Alberta sells a liniment called Extreme Comfort™ that contains comfrey and
menthol, and its suggested uses include stocked up lower limbs, sore backs, pulled
muscles, strained tendons, bucked shins, pain associated with joint and bone dis-
eases as well as pain due to soft tissue and muscle injuries.

Riva’s Remedies contained papaya leaf in a formula for diarrhoea in horses.
Papaya latex containing cysteine proteinases reduced the motility of the equine ces-
tode Anoplocephala perfoliata in vitro, causing their death (Mansur et al. 2016).

A hormonal treatment from Riva’s Remedies contains evening primrose oil. A
feeding trial found that supplementation with 30 ml of evening primrose oil had an
effect on hoof growth only in 4-8 weeks of the trial (Reilly et al. 1998).

4.5 Conclusion

The use of herbal remedies continues to be apparent in the racehorse industry in
Trinidad. Commercial herbal remedies have entered the market and may be finding
its place for use in mainstream veterinary medicine. It was encouraging to discover
that the knowledge of herbal remedies was still alive although it was more of a
niche-type practice. The Canadian sample was very small, so no conclusions can
properly be drawn.

Acknowledgements To all the respondents who took part in the survey from British Colombia
and Trinidad and to Mr. Rodney Ramoutar who assisted with the photography.
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5.1 Introduction

Of the many farmed livestock species, goats are one of the most exploited species,
due to their resilience as demonstrated by their ability to thrive under harsh environ-
mental conditions characterized by high ambient temperatures, low humidity and
restricted feed availability (Zvinorova et al. 2016). Goats contribute greatly to the
livelihoods of communities through the provision of nutrient-dense foods for human
consumption, in the form of chevon (meat) and milk, products such as fibre and
skins, manure and a “ready-to-use rural-household bank™ (Anaeto et al. 2010; Dube
et al. 2016; Babiker et al. 2017). This translates into improved socio-economic sta-
tus of communities that farm them. In developing countries where unreliable veteri-
nary services exist and where poor management (inadequate feed, poor parasite and
disease control and inappropriate housing) is the “norm”, external and internal para-
site infestations compromise goat productivity through stress induced by parasite-
mediated skin irritation, anaemia and other diseases that ultimately lead to death of
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the animals (Molefe et al. 2012). Importantly, this parasite-induced stress also leads
to poor fertility that manifests as reduced oestrus activity and early embryonic death
and increased early post-partum kid deaths, all which negatively impact reproduc-
tive capacity (Dobson et al. 2012; Papadopoulos et al. 2013). External parasites like
mange mites, ticks, biting and blood-sucking flies (tabanids) and internal parasites
particularly Haemonchus contortus and Fasciola hepatica are more common in
developing countries where they compromise goat health and reduce productivity
(Roeber et al. 2013; Molina-Hernandez et al. 2015; Sargison 2016). In view of the
parasites’ devastating effects on goat welfare and productivity, parasite control is
therefore of utmost importance.

The use of conventional pharmacological agents in the form of acaricides and
anthelmintics to control external and internal parasites in goats is characterized by
the development of drug resistance within the parasite populations (Zeryehun 2012;
Nyahangare et al. 2015; Sargison 2016). Environmental and animal product con-
tamination that stems from the release of drug residues into the environment ulti-
mately results in pollution of the environment. Over and above the problem of
resistance and environmental contamination associated with the use of conventional
acaricides and anthelmintics, these pharmacological agents are costly and relatively
inaccessible (Ngeh et al. 2007; Lem et al. 2014) especially in rural farming com-
munities of developing countries which also are saddled with inadequate and incon-
sistent veterinary service provision (Kebede et al. 2014).

The use of plant-derived ethnoveterinary medicines in the management of the
parasite burden in goats and other livestock is on the increase (Soetan et al. 2011;
Carvalho et al. 2012; Kommuru et al. 2014). The relative ease of accessibility,
lower cost compared to conventional pharmacological agents and acceptability
(they are deemed safer to the environment and animal products) are some of the
factors that have provided a fertile ground for the increase in the use of plant-
derived ethnoveterinary medicines (SriBalaji and Chakravarthi 2010; Wabo et al.
2010). The use of ethnoveterinary medicines and the transmission of information
pertaining to their use are part of the indigenous knowledge systems (IKS). In most
developing countries, IKS is transmitted orally through word of mouth with no
written records (Sanhokwe et al. 2016) which are amenable to distortions and/or
loss of information with time. In order to create a data bank of ethnoveterinary
medicines and practices in use, there is a dire need to profile and test in vitro and
in vivo and to document results of work pertaining to plant-derived ethnoveteri-
nary medicines. Such an approach over and above generating an important data
bank on IKS helps preserve such IKS as intellectual property which can be tapped
into in the process of developing sustainable pharmacological agents (drugs) for
commercial use in the livestock industry. This chapter seeks to bring to the fore the
IKS pertaining to the use ethnoveterinary medicines and research around the sub-
ject of ethnoveterinary medicine with an ultimate aim of creating an area of
research where IKS in livestock health interfaces with conventional knowledge
and value systems.
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5.2 Gastrointestinal Parasitism in Goats

Helminthiasis, infestation with or diseases caused by parasitic worms [cestodes
(tapeworms), trematodes (flukes) and nematodes (roundworms)], is one of the
predominant challenges to livestock (goat) productivity in developing countries
(Mungube et al. 2006; Vatta and Lindberg 2006). For example, Kenya and South
Africa experience between US$ 26 million and US$ 45 million annual losses
from nematode infections (Anonymous 1999; Krecek and Waller 2006). A multi-
plicity of factors, among them poor management (nutritionally inadequate feeds,
poor housing, poor or lack of parasite control and disease control), and favourable
environments, for example, warm temperatures that promote parasite multiplication
(Di Cerbo et al. 2010; Hassan et al. 2011; Belina et al. 2017), are the major causes
of helminthiasis. Maphosa (2009) contended that in tropical areas, the management
practice whereby ruminant livestock (goats included) graze year-round results in
exposure to continuous infection with parasites. Such continuous exposure to infec-
tion by parasites causes lower goat productivity that translates to considerable eco-
nomic losses (Paddock 2010; Roeber et al. 2013). Parasite infestations that result in
subclinical infections lead to prolonged production losses (Kumar et al. 2013;
Nasrullah et al. 2014) with profound economic outcomes. The production losses
stem from compromised weight gains, feed utilization, reproduction efficiency and
meat and milk production (Qamar et al. 2011). The production losses to the goat
enterprise due to parasite infestation are aggravated by the cost of anthelmintic
drugs required to control the infections (Molina-Hernandez et al. 2015).

In goats Trichostrongylus species, Trichuris species, Bunostomum species,
Haemonchus species, Oesophagostomum species and Ostertagia species are the
major causes of helminthiasis (Kumar et al. 2013). Of the many worm species
that cause helminthiasis, Haemonchus contortus (barber’s pole worm) is the most
pathogenic nematode that severely compromises goat productivity and leads to loss
through death (Roeber et al. 2013; Villarroel 2013). Infestation with Haemonchus
contortus, especially in kids, is characterized by high mortalities (Adhikari et al.
2017). This nematode parasite sucks blood leading to loss of blood which manifests
as severe anaemia (Roeber et al. 2013).

5.3 External Parasitism in Goats

External parasites such as lice, ticks, fleas and mange mites cause mechanical tissue
damage, irritation, inflammation, hypersensitivity, abscesses, weight loss, lameness,
anaemia and death in severely infested animals (Beyecha et al. 2014; Seyoum et al.
2015). Therefore, external parasitism in goats is of economic importance as it
reduces meat and milk yield and results in losses due to culling and cost of treatment
and prevention of parasites. They are also responsible for great preslaughter skin
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defects, resulting in downgrading and rejection of skins (Mersha 2013; Yacob 2014).
Furthermore, external parasites are of zoonotic importance due to their blood-
sucking habit, causing the transmission of diseases from animals to animals and
from animals to humans (Mersha 2013).

The spread of lice, tick, flea and mite infestations is enhanced by unhygienic
conditions, increased population density, poor housing, high temperatures and
humidity (Pandita and Ram 1990; Oberem and Schroder 1993). Lice are small
wingless ectoparasites that have stout legs and claws which enable them to cling
to the host (Wall and Shearer 1997). Lice infestation in goats is a major concern
worldwide (Igbal et al. 2014). The biting lice (Damalinia caprae) and the sucking
lice (Linognathus africanus) are the two most common parasites affecting goats
(Giri et al. 2013). The major clinical manifestations of lice infestation in goats are
ascribed to the irritation and hypersensitivity reactions to the antigens in the saliva
of the lice (Igbal et al. 2018).

Ticks are one of the most economically important parasites of goats. About 35
tick species are found in Southern Africa (Parola and Raoult 2001). Ticks also cause
tick worry by irritating goats and causing discomfort leading to severe energy loss
and weight. Hunter (2004) noted that reduced growth in tick-infested goats is due to
the presence of toxins in the saliva of ticks. The toxins in saliva affect the entire
host’s organs which later cause paralysis (Kahn 2006). Severe blood loss which
eventually leads to anaemia has been reported in tick-infested goats. Ticks are also
vectors which are responsible for transmitting tick-borne diseases such as theilerio-
sis, babesiosis, anaplasmosis and heartwater (Plumb 2008). The common tick spe-
cies affecting goats include Demodex caprae, Ixodes holocyclus, Rhipicephalus
sanguineus, Rhipicephalus microplus and Boophilus decoloratus (Papadopoulos
et al. 1996; Plumb 2008).

Fleas are obligate parasites that affect mammals and birds. In South Africa, about
100 flea species are only responsible for parasitizing domestic livestock (McDermott
et al. 2000). High temperatures and humidity favour proliferation of fleas. The most
common flea species affecting goats are Ctenocephalides felis and Ctenocephalides
canis (Rahbari et al. 2008). Fleas have been reported to suck blood, therefore caus-
ing anaemia and eventually death in heavy infestations (Salam et al. 2009). They
also cause severe irritation, and, in some cases, their bites open severe wounds
which then become an entry site for other secondary infection.

Mange mite is one of the most important diseases that dreadfully damages small
ruminant skins and hides. Mites are very tiny external parasites that burrow beneath
the skin surface of hosts and inject subcutaneous secretions which damage the skin
(Curtis 2004; Nejash 2013). Mange mites feed on blood, lymph and skin debris of
the host (Nejash 2013). The species more commonly found on goats include
Demodex caprae (goat follicle mite), Sarcoptes scabiei (scabies mite), Psoroptes
cuniculi (psoroptic ear mite) and Chorioptes bovis (chorioptic scab mite) (Fentanew
et al. 2015).
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5.4 Conventional Methods of Controlling Parasites

Under intensive goat production, conventional anthelmintic drugs are routinely
used to control internal parasites (Kumar et al. 2013), while in small-scale goat
production, due to the high cost and inaccessibility, the use of these conventional
drugs to control worms is marginal, non-strategic and characterized by the applica-
tion of inadequate doses (Shalaby 2013). In the small-scale goat farming sector,
worm control using conventional drugs is done when the animals show definite
signs of infestation/infection, by which time productivity is already compromised.
While it is the norm to practice strategic worm control by dosing every 3—4 weeks,
research points to greater benefit (a reduction in pasture infectivity and worm bur-
den) being realized when dosing against internal parasites is done just before and
after rain (Shalaby 2013).

As predicted by van Wyk (1990) two decades ago, the routine use of anthelmintic
drugs has led to the problem of parasite resistance. The resistance to conventional
anthelmintic drugs has become a problem globally that is significantly impacting
goat productivity (Fairweather 2011; Dalton et al. 2013; Kotze et al. 2014). In
Denmark, notable examples are resistance by Trichostrongylus and Ostertagia
worm species to thiabendazole and levamisole (Maingi et al. 1996). Terrill et al.
(2001) contend that in the USA nematode worms that infect the GIT of goats have
developed resistance against ivermectin, albendazole and levamisole, while in South
Africa Haemonchus spp. have developed resistance against albendazole, levamisole
and ivermectin (Tsotetsi et al. 2013; Van Wyk et al. 1999; Vatta et al. 2001). High
levels of resistance to benzimidazoles by small ruminant internal parasites have
been reported in Malaysia (Dorny et al. 1994). The cited examples of resistance
point to ample evidence for multiple resistances encompassing all broad-spectrum
anthelmintics.

Commercially available chemical acaricides have been used extensively world-
wide to control external parasites. Ticks and mites are usually controlled by acari-
cides which are applied in different ways. Acaricides can be applied by dipping,
pour on and spraying (Rajput et al. 2006). Fleas are controlled by insecticides which
are formulated as dust sprays or fine sprays (Boone et al. 2001). Anti-tick vaccines
have also been developed and are environmentally friendly (Uilenberg 2005).
Ivermectin can be used to control parasites such as ticks, fleas and mites. However,
in many developing countries, the availability of these commercial acaricides may
be inconsistent or completely unavailable (Scialabba 2000). The escalating costs of
acaricides, environmental pollution and residues in animal products are also chal-
lenges stemming from the use of acaricides (Graf et al. 2004). Commercial drugs
also tend to harm non-target organisms (Uilenberg 2005). The development of
widespread host resistance is another problem which makes parasite control
difficult (Graf et al. 2004; McNair 2015). For example, Boophilus ticks are resistant
to organophosphate carbonates (Mekonnen 1998).
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The high cost, unavailability, inaccessibility, inappropriate and inaccurate use,
development of resistance and drug-induced environmental and product
contamination associated with the use of conventional acaricidal and anthelmintic
drugs to control parasites in goats result in a dire need to search for and develop
alternatives that are more natural and whose use is sustainable in the long term.

5.5 Plant-Derived Ethnoveterinary Medicaments
for Controlling Parasites

Plant-derived ethnoveterinary medicines have been and continue to be used as acari-
cidal and anthelmintic drugs in the developed world. Due to the emergence of para-
sites that are resistant to conventional acaricidal and anthelmintic drugs, there is
renewed interest in using plant-derived ethnoveterinary medicaments as alternatives
to conventional drugs in the control of parasites in goats (Kumar et al. 2011; Muthee
et al. 2011; Burke et al. 2012; Juliet et al. 2012; Koné et al. 2012).

In Katanga province, the Democratic Republic of Congo, nine plant species
commonly used to treat gastrointestinal parasitic infections were identified. Among
these plants, Vitex thomasii (Kikoto muchi), family name Verbenaceae, is com-
monly used (Embeya et al. 2014). Djoueche et al. (2011) report Anogeissus leiocar-
pus and Gardenia ternifolia to be among the plants used to treat intestinal worms in
sheep and goats in the Bénoué, Cameroon. In Palestine, 140 plant species with
health beneficial medicinal activities are noted to be used in the preparation of eth-
noveterinary medicines utilized in treating several livestock diseases including gas-
trointestinal infections (Ali-Shtayeh et al. 2016). Trachyspermum ammi, Amomum
subulatum, Punica granatum, Nicotiana tabacum, Acacia nilotica and Withania
coagulans are among the many plants from which ethnoveterinary medicaments are
prepared and used successfully in the control of worm infestations (Badar et al.
2017). In Kenya, Aloe latifolia, Azadirachta indica, Commiphora eminii, Crotalaria
laburnifolia, Kigelia africana, Olea europaea, Solanum incanum and Warburgia
ugandensis are used by the Meru tribe as anthelmintics (Gakuubi and Wanzala
2012). In South Africa, livestock farmers have a long history of using plant-derived
preparations for animal health care (Dold and Cocks 2001; McGaw and Eloff 2005)
largely due to the broad diversity of plants with health beneficial activities for live-
stock health management (Table 5.1). Aloe ferox, Aloe arborescens, Acokanthera
oppositifolia, Elephantorrhiza elephantina, Albuca setosa, Centella coriacea,
Bulbine latifolia, Teucrium trifidum, Strychnos henningsii, Leonotis leonurus,
Cleome gynandra, Maerua angolensis and Monsonia angustifolia are among the
plants used to control gastrointestinal parasites in South Africa (Maphosa and
Masika 2010; Fouche et al. 2016; Sanhokwe et al. 2016).
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Plants such as Ageratum houstonianum and Tephrosia vogelii have been reported
to possess strong acaricidal effects (Pamo et al. 2005; Njoroge and Bussmann 2006),
while Tagetes minuta, Tithonia diversifolia and Lavandula officinalis have tick
repellent properties (Alawa et al. 2002; Njoroge and Bussmann 2006). Botanical
surveys carried out in Ethiopia revealed medicinal plants traditionally used against
ectoparasites of goats in ethnoveterinary practices. These plants include Calpurnia
aurea (Aiton) Benth., Jatropha curcas L. (Euphorbiaceae) and Nicotiana tabacum
L. (Solanaceae) (Bekele et al. 2012; Teklay et al. 2013; Alemu and Kemal 2015). In
Zimbabwe, several plants are employed against ectoparasites such as Aloe chabau-
dii, Lippia javanica, Musa paradisiaca, Nicotiana tabacum, Solanum panduri-
forme, Strychnos spinosa and Vernonia amygdalina (Madzimure et al. 2011; Maroyi
2012). Table 5.3 shows some of the plants with demonstrated acaricidal activity in
South Africa.

The widespread use of plant-derived ethnoveterinary medicines has led to
research that resulted in the isolation of compounds (from these plants) with demon-
strable anthelmintic activity: famous examples include santonic acid from Artemisia
maritima and filicic acid from Dryopteris filix-mas (Setzer and Vogler 2006). Tea
tree oil is also a commercially available plant-based compound with acaricidal
effect against mites (Walton et al. 2000). Due to the multiplicity of plants used in
ethnoveterinary medicine in developing countries, there is a need to fully character-
ize these in order to develop a database of plants and plant-derived compounds
with anthelmintic activity for possible commercial exploitation in goat (livestock)
production (Table 5.2).

5.6 Preparation of Plant-Derived Ethnoveterinary Medicines
and Administration

Water, which is viewed as a universal solvent, is largely used in the preparation of
plant-derived ethnoveterinary medicines by farmers (Belmain et al. 2012). Unlike
farmers that make use of water, scientists generally use organic solvents to optimize
the extraction of health beneficial phytochemicals from plant materials (Grzywacz
et al. 2013). Commonly used organic solvents include ethanol, methanol, acetone
and hexane (Paulsamy and Jeeshna 2011; Tiwari et al. 2011). Different solvents
extract different active compounds due to differences in their solubility (Tiwari
et al. 2011; Intisar et al. 2015).

Plant leaves and stem bark (aerial parts) are mostly used in the preparation of the
plant-derived ethnoveterinary remedies (Benitez et al. 2012). Of the many plant
parts used by farmers, leaves stand out as the most commonly used (Fig. 5.1).
Although also found in the stem and root bark, health-giving phytochemicals are
found in large concentration in the aerial parts (leaves, flowers, fruits or seeds)
of plants (Geetha and Geetha 2014; Sanhokwe et al. 2016). The use of leaves is
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Fig. 5.1 Parts of plants used in the preparation of ethnoveterinary medicaments. (Adapted from
Benitez et al. 2012)

considered sustainable (Belmain et al. 2012) since their harvest does not necessarily
lead to the death of plants compared to the use of the stem or root bark.

Various processes are utilized in the preparation of plant-derived medicaments
resulting in medicines being made in the form of extracts, mixtures, decoctions,
infusions and macerations. Decoctions are prepared by adding cold water to the
target plant material followed by boiling and simmering for 5-10 min and then
straining to remove plant residues. For infusions, boiling water is added to the
plant material(s), then allowing the mixture to simmer for 5—10 min before strain-
ing. Macerations are prepared by steeping the plant material(s) in cold water for up
to 8 h prior to straining (Varma 2016). Some of these ethnoveterinary medica-
ments are prepared from mixtures of two or more plants and are deemed to act
either additively and/or synergistically. All plant-derived ethnoveterinary medici-
nal preparations used to control internal parasites are administered through oral
gavage, while the medicaments used to control external parasites are administered
topically.

5.7 Anthelmintic and Acaricidal Efficacy of Plants
Indigenous to South Africa

South Africa is home to a diversity of plants with some health beneficial activities.
Research has been and continues to be undertaken to determine the efficacy of
plant-derived ethnomedicines regarding their potential to control helminths and
ectoparasites (Tables 5.3 and 5.4). As a result, characterization of medicinal plants
has led to the isolation of compounds with anthelmintic activities. Waller et al.
(2001) isolated lactones, like santonin from Artemisia maritima, which is effective
against Ascaris species. Maphosa and Masika (2010) also noted the purgative
effects of Elephantorrhiza elephantina, which resulted in an improved gastric and
intestinal cleaning which is important in the treatment of worm infestations
(Maphosa and Masika 2010).
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