Chapter 10

Roles of Herbal Medicine in Modulating Gut
Microbiota Associated with Health

and Diseases

Yulan Wang and Huiru Tang

Abstract The perturbation of gut microbiota is increasingly recognized to be
associated with human health and diseases. The modulation of the gut microbiotal
community as a means to alleviate disease conditions provides a unique opportunity
for herbal medicine, due to the two-way interaction between gut microbiota and
herbal medicine. Herbal medicine contains a range of polyphenols that require
action from gut microbiota to effectively perform their biological function. The gut
microbiota are subsequently stimulated through this action. In this chapter, we out-
line the associations between gut microbiota and disease (particularly inflammatory
bowel disease (IBD), diabetes, and cancer), and the roles of herbal medicine in
alleviating disease conditions through modulating gut microbiota. In addition, we
discuss the functional uses and challenges of herbal medicine, which include the
quality control and elucidating mechanisms of action. Finally, we describe how a
metabonomics technique can provide a means for the quality control of herbal med-
icines and can be an efficient tool for elucidating the molecular mechanisms of dif-
ferent herbal treatments. Future research on herbal medicine should be focused on
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directly measuring altered gut microbiota and integrating this with a mechanistic
metabonomics evaluation.

Keywords Gut microbiota ¢ Diseases * Metabonomics ® Herbal medicine

10.1 Introduction

Humans have a large number of microbiota resident in the gut. Interactions between
host metabolism and gut microbiota, between gut microbiota themselves, and
between food/medicine ingested and gut microbiota make the human gut a very
complex system. There are approximately about 1,000 microbial species present in
the mammalian gut, which codevelop with the host throughout the host’s lifetime.
Microbes play an important role in host nutrition and health by supplying and digest-
ing nutrients, preventing pathogen colonization, and maintaining balanced mucosal
immunity, which is vital for our health. A shift in the gut microbial composition can
stimulate a specific disease-prone (dysbiosis) or disease-protective activity (probio-
sis). For example, Lactobacillus reuteri strains can produce thiamine to benefit the
host [1], whereas Bifidobacteria may inhibit the colonization of potential pathogens
by competing with the nutrients and the binding site on the mucosa [2]. The gut
microbial community is very complex and dynamic [3], which can be affected by
the host’s genome, birth, age [4], nutrition [5], lifestyle, disease [6], and therapeutic
interventions (e.g., antibiotics [7], herbal medicines [8], and surgery treatments [9]).
In turn, the unbalanced microbial colonies may disturb the physiological homeosta-
sis, leading to various diseases such as colon cancer, inflammatory bowel disease
(IBD) [10], irritable bowel syndrome (IBS) [11], obesity [12—14], diabetes [15],
cardiovascular disease [16], autism [17], and allergic asthma [18]. The close asso-
ciations between the gut microbiotal community and disease status give a unique
opportunity for treatment by using traditional herbal medicine, via restoring the bal-
ance of the gut microbiotal community. Shaping the balance of the gut microbiotal
community by herbal medicine involves a two-way interaction. The active biologi-
cal ingredients of the herbal material are largely polyphenolic compounds, which
often cannot be absorbed directly by humans. Fortunately, however, enzymes
secreted by gut microbiota can metabolize these non-bioavailable phytochemicals,
facilitating their utilization. The enzyme-producing bacteria in return are selectively
stimulated, thereby modifying the balance of the gut microbiota [8, 19] (Fig. 10.1).

The beneficial effects of herbal medicine have gained growing interest in herbal
remedies, leading to a strong growth in consumer demand in plant-based products.
The current global market for plant-based health products is estimated to hit 93.15
billion dollars by 2015 (http://www.nutraingredients-usa.com). Prominent concerns
regarding the quality of phytomedicines are that they contain mixtures of many com-
pounds, which are often derived from plants or animal origins. Traditionally, the qual-
ity of these herbs is assessed by the experiences of herbal practitioners, who sometimes


http://www.nutraingredients-usa.com/

10 Roles of Herbal Medicine in Modulating Gut Microbiota Associated with Health... 187

IBD
Cancer
Metabolic Diseases

Gut microbiota

Herbal Medicine
1
I 1
Quality Metabolic

control consequence
! ; : ; ?

Metabonomics

Fig. 10.1 A summary of the key roles of metabonomics in herbal medicine and the herbal medi-
cine alleviating disease conditions via modifications of gut microbiota

refer to “active” molecules or arbitrarily chosen “marker” compounds in complex
plant extracts. The lack of scientifically accepted standards for herbal medicine has
long been an obstacle preventing herbal medicine from being recognized and inte-
grated into the standard healthcare system in Western countries. Therefore, one of the
challenges that phytomedicinal practitioners have encountered is the quality control of
herbal medicine. As a consequence of the lack of efficient quality control tools, large
variations of phytomedical products are encountered. For example, an analysis of 14
commercially available feverfew samples showed that each batch generated a unique
and characteristic spectra profile, with two of the batches being markedly different
from the other 12 [20]. The development of new quality control methods based on the
entire biochemical composition of the preparation without reference to “active”
molecules will help improve the quality and will make it more acceptable. Modern
metabonomics techniques appear to be well suited for this purpose. Metabonomics
involves the study of multivariate metabolic responses of complex organisms to
physiological and/or pathological stressors, including the consequent disruption of
systems regulation [21-24]. Metabonomics involves multivariate analysis of data
from Nuclear magnetic resonance (NMR) and mass spectrometry (MS) spectroscopy.
The commonly used multivariate data analysis tool includes a range of pattern recog-
nition techniques and random forest method as detailed in Chaps. 2 and 3. Using 'H
NMR spectroscopy, a wide range of plant metabolites can be detected including
sugars, amino acids, organic acids, and polyphenols. In such cases, all the chemical
components present in a single plant extract can be viewed simultaneously as a
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Table 10.1 Summary of alternations of gut microbiota associated with diseases and corresponding
herbal medicine treatment

Diseases Gut microbiota Herbal medicine

IBD Bacteroides fragilis, Quercetin [26, 27]
enterococci, lactobacilli, Curcumin [28]
bifidobacteria [34] Prebiotics [32, 33]

Echinacea purpurea [34]

Metabolic Lactobacillus, Clostridium Jiangtang Xiaozhi [39, 40]
diseases [38]

Enterococcus faecalis [42] Mimosa pudica, Emblica officinalis, Azadirachta
indica [42]
Huangguaxiang [43]
Cancer H. pylori Juzentaihoto [45-48]
Pelargonium sidoides [49, 50]

Calophyllum brasiliense Camb. (Clusiaceae),
Mouriri elliptica Martius (Melastomataceae),
and Hancornia speciosa Gomez (Mangaba)
[51-53]

“metabolic fingerprint.” The holistic nature of metabonomics can overcome the draw-
back of considering “active components” (Table 10.1).

A single-component drug is the major characteristic of many Western medicines,
and the metabolism of the drug and the molecular target are often clearly defined.
However, herbal medicine consists of multiple components in nature, with mixtures
of various herbs; thus, the identification of molecular mechanisms and acting targets
is hindered by the complexity of the herbal medicine. Traditional drug discovery
routes are unsuitable for evaluating the mechanism of action of herbal medicines.
Metabonomics, on the other hand, measures the endpoint metabolic perturbations of
an intervention, including the multiple components of the herb. Therefore, the meta-
bonomics technique can also be adopted to evaluate mechanisms of a given com-
plex herbal medicine. The advantage of utilizing such a technique is its holistic
nature, which can provide important clues as to how herbal medicine really works.

In this chapter, we discuss the roles of gut microbiota in diseases and the ways in
which herbal medicine could alleviate disease conditions via modification of the gut
microbiotal community. In addition, the challenges encountered in herbal medicine
will be discussed and examples of possible solutions are shown.

10.2 Herbal Medicine Affects the Association
Between Disease State and Gut Microbiota

Many diseases are closely associated with an imbalanced gut microbiota, and herbal
medicines are capable of alleviating these disease conditions by offsetting
the imbalance of the microbiotal community. Inflammatory bowel disease (IBD) is
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one such disease. IBD primarily includes ulcerative colitis (UC) and Crohn’s disease
(CD) and is a significant public health burden. The pathogenesis of IBD has not yet
been identified, but it has been widely accepted that the combination and interaction
of genetics, environmental influences, and immunologic abnormalities contribute to
the occurrence and perpetuation of this disease [25]. Aminosalicylates, antibiotics,
and a range of immunomodulation drugs are used to manage IBD conditions.
Complementary improvement of IBD conditions using nondigestible food ingredi-
ents has also gained increased recognition. Quercetin is a flavonoid commonly pres-
ent in food and other plant materials. Reports have shown that quercetin has antiviral,
antioxidant, and anti-inflammatory properties [26]. Quercetin-containing microcap-
sules have been given to mice with acetic acid-induced colitis, which have demon-
strated that quercetin treatment is able to decrease neutrophil recruitment, attenuate
histological alterations, and reduce macroscopical damage. In addition, quercetin-
containing microcapsules can also prevent the reduction of the anti-inflammatory
cytokine IL-10 and provide antioxidant properties [27]. Curcumin is another compo-
nent abundant in plant foods that possesses anti-inflammatory and antioxidant activ-
ity and has been demonstrated to be a therapeutic agent for IBD [28]. These
phytochemicals are known to be metabolized by gut microbiota [29]; hence, despite
the anti-inflammatory and antioxidant actions of these phytochemicals, the ameliora-
tion of IBD conditions via modification of gut ecosystems could be one of the under-
lying mechanisms. This is because the bioavailability and bioactivity of these
phytochemicals depend on enzymes of the gut microbiota [30]. The gut ecosystem
could in turn be modified by the phytochemical ingested. Indeed, probiotics supple-
mentations have been suggested to be beneficial in IBD [31], and long-term ingestion
of prebiotics can selectively stimulate or limit the growth and/or activity of bacteria in
the colon, and thus provides a more sustainable effect on colonic bacteria, which
improves host health [32]. Nondigestible dietary fibers can act as prebiotics, and it
has been reported that ingesting a number of different dietary fibers seems to be ben-
eficial in IBD [33]. They also demonstrated that children with CD who achieved
remission by either complete or partial enteral feeding displayed significant modifica-
tions to their fecal microbiota. The profiles of fecal microbiota were stable over time
for healthy children, which suggested that targeting enteral microbiota using phyto-
chemicals or prebiotics can help achieve remission for IBD patients. Many herbal-
based materials have shown antimicrobial effects against certain pathogenic bacteria
in vitro; hence, there is an expectation for significant changes in gut microbiota
in vivo. A study was performed on the effects of the dietary supplement of Echinacea
purpurea on aerobic and anaerobic bacteria common to the human gastrointestinal
tract. They found that human subjects who consumed 1,000 mg of standardized
E. purpurea for 10 days had significantly increased total aerobic bacteria, particularly
Bacteroides fragilis. Supplementation did not significantly alter the number of enteric
bacteria, enterococci, lactobacilli, bifidobacteria, or total anaerobic bacteria [34].
Similar to IBD, type 2 diabetes is believed to be a result of complex
gene-environmental interactions. Recent evidence points to the importance of gut
microbiota as an environmental factor in metabolic diseases, including obesity
[14, 35] and diabetes [36]. Diabetic patients showed clear dysfunction of choline
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metabolism, indicating a close association between gut microbiota and diabetes [37].
It was further suggested that the presence of Lactobacillus species correlated
positively with the levels of fasting glucose and glycosylated hemoglobin, whereas
the presence of Clostridium species correlated negatively with the levels of fasting
glucose, glycosylated hemoglobin, insulin, C peptide, and plasma triglycerides
[38]. Metformin is the first line of drug in delaying the onset of diabetic condition,
and the low-risk alternative herbal medicines are often used to improve glucose
tolerance. The Jiangtang Xiaozhi capsule is a traditional Chinese herbal formula-
tion, consisting of radix astragali and rehmannia root, radix pseudostellariae and
Mongolian snakegourd root. There have been animal studies and a small clinical
trial, along with studies of the effects of the individual herbs, which showed that the
formula has a great potential to improve diabetic condition [39]. Recently, a large
clinical trial, including 71 participants treated with Jiangtang Xiaozhi capsules for
16 weeks, showed a significant difference in the levels of fasting insulin between the
treatment group and the placebo group. Patients taking Jiangtang Xiaozhi had a
significant improvement in high-density lipoprotein (HDL) level compared to the
placebo group [40]. Although attention has not yet been paid to scrutinizing changes
of gut microbiota after treating the diabetic patients on this particular case, many of
the diabetes-alleviating drugs possess strong antimicrobial properties [41]. Other
studies have shown that antidiabetic herbal plants have antibacterial activity, which
is not surprising given the fact that most of the phytochemicals become bioavailable
after interacting with gut microbiota. Some Indian herbal medicines, which have
been known for their hypoglycemic activities, were screened for four Gram-negative
and three Gram-positive bacteria. The results showed that the extract of Mimosa
pudica has a strong antibacterial activity against Gram-positive bacteria such as
Enterococcus faecalis and Proteus vulgaris. Authors have also demonstrated that
extracts of Emblica officinalis have a broad spectrum of antimicrobial activity fol-
lowed by Syzygium cumunii and Azadirachta indica [42). Huangguaxiang
(Matteuccia struthiopteris) was investigated on the hypoglycemic activities of
streptozotocin-induced diabetic rats. The results showed that treatment with
Huangguaxiang for 8 weeks significantly reduced the levels of triglycerides, low-
density lipoprotein, and cholesterol, while levels of bifidobacterium and lactobacil-
lus were also altered following Huangguaxiang treatment [43].

The potential roles of herbal medicine in treating cancer or preventing cancer
metastasis mainly lie in the possible synergic effects of phytochemicals with che-
motherapies and/or the promotion of the immunologic response of the host via
interactions with enteric microbiota [44]. The traditional Japanese medicine juzen-
taihoto, containing ten different herbal plants, has been widely used for the preven-
tion of various types of cancer metastasis [45, 46]. Antifungal effects have also been
shown for juzentaihoto in preventing Candida infection [47, 48]. The most direct
evidence for herbal medicine as a treatment for cancer via targeting microbiota is
their use in treating Helicobacter pylori (H. pylori)-induced gastric cancer.
H. pylori, a Gram-negative bacterium, is commonly found in the human stomach
and can cause various diseases including gastritis, peptic ulcer, and gastric cancer.
In addition to antibiotics treatment against H. pylori, treatments using alternative
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herbal medicine are common worldwide. The mode of action could be antibacterial
activity, inhibition of adhesion of H. pylori to gastric mucus, or both in combina-
tion. The extract of Pelargonium sidoides roots, a South African herbal medicine,
has been shown to inhibit H. pylori growth and has a strong adhesion to AGS cells
and to intact gastric tissues from H. pylori-infected humans [49, 50]. A range of
plants native to Brazil, including Calophyllum brasiliense Camb. (Clusiaceae),
Mouriri elliptica Martius (Melastomataceae), and Hancornia speciosa Gomez
(Mangaba), have also displayed anti-H. pylori activity among others [51-53].

Phytomedicine has been commonly used for treating many conditions, apart
from the aforementioned cases, due to the fact that phytomedicines are normally
comprised of many plant extracts with perhaps thousands of metabolites. In most
cases, the molecular mode of action of the active ingredients of these herbal extracts
is unknown [54]. In addition, the origins of the plant, time of harvest, and prepara-
tion methods will affect the efficacy of the phytomedicine. Therefore, authenticat-
ing the medicinal plant and elucidating the mechanism of action using an objective
tool, such as metabonomics, would be a way forward to tackle the many research
challenges in this area.

10.3 Challenges and Solutions in Herbal Medicine

10.3.1 Assessing the Quality of Phytomedicine

Currently, the quality control of phytomedicines is carried out based on the active
ingredients present in a plant. A drawback of this method is that some of the
unknown ingredients may have potential synergic interactions with each other and
may have certain biological functions. As a consequence, the mechanism of action
of these products becomes an impossible task. Thus, the quality control of both raw
and final products in a holistic manner is necessary to ensure the consistency of
these products and to provide a fundamental ground for further understanding the
molecular mechanisms of these products.

Metabonomics that employs 'H NMR spectroscopy facilitates the simultaneous
detection of chemical components present in a plant extract as a “metabolic finger-
print” and can meet the requirements for the quality control of an herbal medicine
in a holistic manner. Multiple-component analysis, based on the combination of
high-resolution NMR spectroscopy with pattern recognition, has been employed to
investigate the effects of origin on the chemical compositions of chamomile
(Matricaria recutita). Clear differences between chamomiles from Northern Africa
(Egypt) and Eastern Europe (Hungary and Slovak Republic) can be seen.
Chamomiles also have distinguished profiles from Hungary and Slovak Republic
based on their metabolomic compositions, despite being close in terms of geo-
graphic location. Furthermore, this method is effective for monitoring the “purity”
of chamomile samples, such as the percentage of stalks mixed with flowers,
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suggesting that this is an excellent method for authenticity and quality control [55].
From a processing point of view, NMR-based metabonomics methods have also
been extremely powerful in distinguishing samples extracted with different methods
and samples collected at different seasons and dried with different procedures [56].
Metabonomics studies have also been carried out on the extracts of Artemisia annua
to discriminate samples from different sources and classify them according to their
antiplasmodial activity, without preknowledge of this activity [57]. The use of par-
tial least squares analysis also allows the predictions of actual values of such activi-
ties for independent samples not used in the model construction. Another study was
conducted on the complex pharmaceutical preparations, such as St. John’s wort,
using multivariate analysis of full-resolution 'H NMR spectral data [58]. The results
showed that ten preparations from markets were compositionally diverse, and such
diversity resulted from plant extract preparation rather than post-extraction pro-
cesses. The combination of NMR technique and LC-DAD-MS method has been
used to investigate the differences between three Salvia miltiorrhiza Bunge (SMB)
cultivars. The study demonstrated that the combinational use of these methods was
effective for plant metabonomics phenotype analysis [59]. These examples are only
areflection on the developments in this area and are by no means exhaustive. In fact,
many studies have also been carried out in terms of phytomedicines and authentic-
ity, and it is conceivable that such applications of metabonomics technology will be
extended much further in the near future.

10.3.2 Elucidating the Mechanisms of Phytomedicine

Since herbal medicine is a mixture of many plant materials with many chemical
components, it is almost impossible to conduct classic pharmacological assays to
clearly demonstrate metabolisms of each chemical or unravel specific drug target in
an herbal-based drug. These difficulties have restricted their use worldwide.
Metabonomics simplifies the complexity by measuring the endpoints of an inter-
vention or a drug effect and hence could provide an alternative strategy for the
assessment of herbal medicine. The utilization of a metabonomic approach to evalu-
ate the metabolic action of an herbal medicine has been demonstrated in the human
ingestion of chamomile tea [60]. A total of 14 participants were given chamomile
tea every morning, and urine samples were collected after one and a half hours after
drinking the tea. The metabonomics analysis of urine samples was able to show that
chamomile ingestion is a mild intervention to the human body in general, and it
causes a reduction in oxidative stress and alters the state of gut microbiota, which
was reflected by alternations in the levels of hippurate. The effects of chamomile
ingestion on human metabolism were not completely recoverable within a succes-
sive week after ingestion. It could suggest that the recovery of gut microbiota is a
long process. Metabonomics was also used to evaluate the mechanism of Xia Yu Xue
decoction, which is a traditional Chinese medicine used for treating liver diseases.
Metabolic trajectory showed the trend of renormalization of the Xia Yu Xue
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decoction to CCly-induced liver dysfunction. In addition, changed metabolites
indicated modulations of energy metabolism, microflora metabolism, amino acid
and fatty acid metabolism, which are found to be associated with Xia Yu Xue decoc-
tion ingestion [61]. The traditional medical treatment targets on the balances of yin
and yang. “Kidney-yang deficiency syndrome” is one of the conditions that relate to
functional disorders associated with the hypothalamic-pituitary-gland axis [62].
Epimedium (Berberidaceae) is known in Chinese medicine as able to strengthen
“yang” and is often used to treat “kidney-yang deficiency.” The metabonomics tech-
nique was applied to investigate the capability of Epimedium koreanum to restore
metabolic disorder in animals with “kidney-yang deficiency.” After 15 days of
orally administering Epimedium koreanum extract, metabolic disorders associated
with “kidney-yang deficiency” returned to normal. These disordered metabolic
pathways included amino acid metabolism, lipid metabolism, and energy metabo-
lism. Importantly, Epimedium koreanum ingestion possessed effects on balancing
gut microbiota [63]. Most herbal medicines contain a range of polyphenolic
compounds, which often act as active ingredients. Gallic acid is one of these poly-
phenolic compounds, which has been shown to inhibit xanthine oxidase [64, 65],
ribonucleotide reductase [66, 67], and histamine release in mast cells [68].
Systematically analyzing the metabolic effects of gallic acid to the metabonomes of
rat plasma, liver, urine, and feces showed that gallic acid promoted oxidative stress
and resulted insignificant metabolic changes involving glycogenolysis, glycolysis,
tricarboxylic acid cycle (TCA), and the metabolism of amino acids, purines, and
pyrimidines, together with gut microbiota functions [69].

10.4 Concluding Remarks

In this chapter, we have shown examples of the close associations between human
diseases and the gut microbiota living within us, and we have exemplified how
herbal medicine could treat disease and maintain health by modifying gut microbi-
ota. In addition, we have emphasized the advantages and challenges of herbal medi-
cine. The literature has shown that there is a potential for future research on the
efficacies of herbal medicine and the requirement for international standards for
herbal medicine to be established. We have shown that metabolomics can facilitate
the understanding of the intrinsic quality of herbal medicine and the evaluation of
the therapeutic effects of the complex herbal formulas. This technique should be
equally effective for evaluating mineral treatment and acupuncture, which have not
been discussed in this chapter. Understanding the mechanisms of action is a neces-
sary step for herbal medicine to be more adoptable worldwide, which should cer-
tainly be warranted some attention. It is with no doubt that further development of
the metabonomics technique, such as high-sensitivity and high-specificity detection
of metabolites, as well as advances in effective molecular identification, would pro-
mote the process of evaluation and acceptance of herbal medicine. Although meta-
bonomics can provide a great understanding of the molecular mechanisms of herbal
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medicine, direct measurement of alterations in gut microbiota associated with
herbal treatment using microbiological assays is still lacking. Biological assays
evaluating changes in gut microbiotia should be concurrently joined with a metabo-
nomics evaluation of the mechanisms of specific herbal formulas to provide a com-
prehensive view on the action of herbal medicine.

Acknowledgment We acknowledge financial support from the National Basic Research Program
of China (2012CB934004, 2009CB118804) and the National Natural Science Foundation of China
(20825520, 21221064, 31070854). We would also like to thank S. X. Tang for proofreading.

References

1. Carroll IM, et al. Alterations in composition and diversity of the intestinal microbiota in
patients with diarrhea-predominant irritable bowel syndrome. Neurogastroenterol Motil.
2012;24(6):521-+.

2. Hooper LV, Gordon JI. Commensal host-bacterial relationships in the gut. Science.
2001;292(5519):1115-8.

3. Gordon JI. Honor thy gut symbionts redux. Science. 2012;336(6086):1251-3.

4. Kurokawa K, et al. Comparative metagenomics revealed commonly enriched gene sets in
human gut microbiomes. DNA Res. 2007;14(4):169-81.

5. Tremaroli V, Backhed F. Functional interactions between the gut microbiota and host metabo-
lism. Nature. 2012;489(7415):242-9.

6. Le Gall G, et al. Metabolomics of fecal extracts detects altered metabolic activity of gut micro-
biota in ulcerative colitis and irritable bowel syndrome. J Proteome Res.
2011;10(9):4208-18.

7. Rea MC, et al. Effect of broad- and narrow-spectrum antimicrobials on Clostridium difficile
and microbial diversity in a model of the distal colon. Proc Natl Acad Sci. 2011;108(Supplement
1):4639-44.

8. Li HK, et al. Traditional Chinese medicine: balancing the gut ecosystem. Phytother Res.
2009;23(9):1332-5.

9. Zhang HS, et al. Human gut microbiota in obesity and after gastric bypass. Proc Natl Acad Sci
U S A. 2009;106(7):2365-70.

10. Nagalingam NA, Lynch SV. Role of the microbiota in inflammatory bowel diseases. Inflamm
Bowel Dis. 2012;18(5):968-80.

11. Ponnusamy K, et al. Microbial community and metabolomic comparison of irritable bowel
syndrome faeces. ] Med Microbiol. 2011;60(6):817-27.

12. Greenblum S, Turnbaugh PJ, Borenstein E. Metagenomic systems biology of the human gut
microbiome reveals topological shifts associated with obesity and inflammatory bowel dis-
ease. Proc Natl Acad Sci U S A. 2012;109(2):594-9.

13. Turnbaugh PJ, Gordon JI. The core gut microbiome, energy balance and obesity. J Physiol
Lond. 2009;587(17):4153-8.

14. Turnbaugh PJ, et al. A core gut microbiome in obese and lean twins. Nature.
2009;457(7228):480-U7.

15. Mathis D, Benoist C. The influence of the microbiota on type-1 diabetes: on the threshold of a
leap forward in our understanding. Immunol Rev. 2012;245:239-49.

16. Wang HY, et al. Bioactivity enhancement of herbal supplements by intestinal microbiota
focusing on ginsenosides. Am J Chin Med. 2011;39(6):1103-15.

17. Topping DL, Clifton PM. Short-chain fatty acids and human colonic function: roles of resistant
starch and nonstarch polysaccharides. Physiol Rev. 2001;81(3):1031-64.



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Roles of Herbal Medicine in Modulating Gut Microbiota Associated with Health... 195

Russell SL, et al. Early life antibiotic-driven changes in microbiota enhance susceptibility to
allergic asthma. EMBO Rep. 2012;13(5):440-7.

Zhao L, et al. Targeting the human genome-microbiome axis for drug discovery: inspirations
from global systems biology and traditional Chinese medicine. J Proteome Res.
2012;11(7):3509-19.

Bailey NJC, et al. Multi-component metabolic classification of commercial feverfew prepara-
tions via high-field H-1-NMR spectroscopy and chemometrics. Planta Med.
2002;68(8):734-8.

Nicholson JK, Lindon JC, Holmes E. ‘Metabonomics’: understanding the metabolic responses
of living systems to pathophysiological stimuli via multivariate statistical analysis of biologi-
cal NMR spectroscopic data. Xenobiotica. 1999;29(11):1181-9.

Nicholson JK, et al. Metabonomics: a platform for studying drug toxicity and gene function.
Nat Rev Drug Discov. 2002;1(2):153-61.

Tang HR, Wang YL. Metabonomics: a revolution in progress. Prog Biochem Biophys.
2006;33(5):401-17.

Lindon JC, Holmes E, Nicholson JK. Metabonomics: systems biology in pharmaceutical
research and development. Curr Opin Mol Ther. 2004;6:265-72.

Hanauer SB. Inflammatory bowel disease: epidemiology, pathogenesis, and therapeutic oppor-
tunities. Inflamm Bowel Dis. 2006;12:S3-9.

Vasanthi HR, ShriShriMal N, Das DK. Phytochemicals from plants to combat cardiovascular
disease. Curr Med Chem. 2012;19(14):2242-51.

Guazelli CFS, et al. Quercetin-loaded microcapsules ameliorate experimental colitis in mice
by anti-inflammatory and antioxidant mechanisms. J Nat Prod. 2013;76(2):200-8.

Ali T, Shakir F, Morton J. Curcumin and inflammatory bowel disease: biological mechanisms
and clinical implication. Digestion. 2012;85(4):249-55.

Atkinson C, Frankenfeld CL, Lampe JW. Gut bacterial metabolism of the soy isoflavone daid-
zein: exploring the relevance to human health. Exp Biol Med. 2005;230(3):155-70.

Karlsson FH, et al. A closer look at bacteroides: phylogenetic relationship and genomic impli-
cations of a life in the human gut. Microb Ecol. 2011;61(3):473-85.

Ewaschuk JB, Dieleman LA. Probiotics and prebiotics in chronic inflammatory bowel dis-
eases. World J Gastroenterol. 2006;12(37):5941-50.

Lim CC, Ferguson LR, Tannock GW. Dietary fibres as “prebiotics”: implications for colorectal
cancer. Mol Nutr Food Res. 2005;49(6):609-19.

Lionetti P, et al. Enteral nutrition and microflora in pediatric Crohn’s disease. J Parenter Enteral
Nutr. 2005;29(4):S173-8.

Hill LL, et al. Echinacea purpurea supplementation stimulates select groups of human gastro-
intestinal tract microbiota. J Clin Pharm Ther. 2006;31(6):599-604.

Noble D, et al. Risk models and scores for type 2 diabetes: systematic review. Br Med
J.2011;343:1-31.

Qin JJ, et al. A metagenome-wide association study of gut microbiota in type 2 diabetes.
Nature. 2012;490(7418):55-60.

Zhang X, et al. Human serum metabonomic analysis reveals progression axes for glucose
intolerance and insulin resistance statuses. J Proteome Res. 2009;8(11):5188-95.

Karlsson FH, et al. Gut metagenome in European women with normal, impaired and diabetic
glucose control. Nature. 2013;498(7452):99-+.

Ge Z, Jin L, Guo Y. Experimental study of jiangtang xiaozhi tablet on decreasing the levels of
blood glucose and serum lipids in transgenic mice with diabetes mellitus. Chin J Integ Tradit
West Med. 2012;32(8):1095-8.

Grant SJ, et al. Chinese herbal medicine for impaired glucose tolerance: a randomized placebo
controlled trial. BMC Complement Altern Med. 2013;13:104. p. (14 May 2013)-(14 May
2013).

Baharum SN, Nathan ME, Mokhtar MAA. Molecular characterization of lipase producer from
local marine environment. J Pure Appl Microbiol. 2009;3(2):387-92.



196 Y. Wang and H. Tang

42. Jyothi KS, et al. Anti-bacterial response of twelve plants of folk-lore medicine used against
diabetes mellitus. J Phytol Res. 2007;20(2):161-70.

43. Hai-bo W, et al. Role of Huangguaxiang in lipid metabolism and its effect on normal intestinal
bacteria of diabetic rats. Chin J Microecol. 2009;21(10):916-7.

44. Wang C-Z, Calway T, Yuan C-S. Herbal medicines as adjuvants for cancer therapeutics. Am J
Chin Med. 2012;40(4):657-69.

45. Saiki I. A Kampo medicine “Juzen-taiho-to” — prevention of malignant progression and
metastasis of tumor cells and the mechanism of action. Biol Pharm Bull. 2000;23(6):677-88.

46. Sakamoto S, et al. Anticancer effects of a Chinese herbal medicine, Juzen-taiho-to, in combi-
nation with or without 5-fluorouracil derivative on DNA-synthesizing enzymes in
1,2-dimethylhydrazine induced colonic-cancer in rats. Am J Chin Med. 1991;19(3-4):
233-41.

47. Abe S, et al. Protective effect of oral administration of a traditional medicine, Juzen-taiho-to,
and its components on lethal Candida albicans infection in immunosuppressed mice.
Immunopharmacol Immunotoxicol. 1998;20(3):421-31.

48. Akagawa G, Abe S, Tansho S. Protection of C3H/HE J mice from development of Candida
albicans infection by oral administration of Juzen-taiho-to and its component, ginseng radix:
possible roles of macrophages in the host defense mechanisms. Immunopharmacol
Immunotoxicol. 1996;18(1):73-89.

49. Beil W, Kilian P. EPs (R) 7630, an extract from Pelargonium sidoides roots inhibits adherence
of Helicobacter pylori to gastric epithelial cells. Phytomedicine. 2007;14:5-8.

50. Wittschier N, Faller G, Hensel A. An extract of Pelargonium sidoides (EPs 7630) inhibits in
situ adhesion of Helicobacter pylori to human stomach. Phytomedicine. 2007;14(4):285-8.

51. Moleiro FC, et al. Mouriri elliptica: validation of gastroprotective, healing and anti-
Helicobacter pylori effects. J Ethnopharmacol. 2009;123(3):359-68.

52. Moraes TM, et al. Hancornia speciosa: Indications of gastroprotective, healing and anti-
Helicobacter pylori actions. J Ethnopharmacol. 2008;120(2):161-8.

53. Souza MC, et al. In vitro and in vivo anti-Helicobacter pylori activity of Calophyllum brasil-
iense Camb. J Ethnopharmacol. 2009;123(3):452-8.

54. Vitor JMB, Vale FF. Alternative therapies for Helicobacter pylori: probiotics and phytomedi-
cine. FEMS Immunol Med Microbiol. 2011;63(2):153-64.

55. Wang YL, et al. Metabolomic strategy for the classification and quality control of phytomedi-
cine: a case study of chamomile flower (Matricaria recutita L.). Planta Med. 2004;70(3):
250-5.

56. Xiao C, et al. Revealing the metabonomic variation of rosemary extracts using H-1 NMR
spectroscopy and multivariate data analysis. J Agric Food Chem. 2008;56(21):10142-53.

57. Bailey NJC, et al. Prediction of anti-plasmodial activity of Artemisia annua extracts: applica-
tion of H-1 NMR spectroscopy and chernometrics. J Pharm Biomed Anal.
2004;35(1):117-26.

58. Rasmussen B, et al. Multivariate analysis of integrated and full-resolution H-1-NMR spectral
data from complex pharmaceutical preparations: St. John’s wort. Planta Med. 2006;72(6):
556-63.

59. Dai H, et al. Combined NMR and LC-DAD-MS analysis reveals comprehensive metabonomic
variations for three phenotypic cultivars of Salvia Miltiorrhiza Bunge. J Proteome Res.
2010;9(3):1565-78.

60. Wang YL, et al. A metabonomic strategy for the detection of the metabolic effects of chamo-
mile (Matricaria recutita L.) ingestion. J Agric Food Chem. 2005;53(2):191-6.

61. Gou X, et al. Urinary metabonomics characterization of liver fibrosis induced by CCl4 in rats
and intervention effects of Xia Yu Xue Decoction. J Pharm Biomed Anal. 2013;74:62-5.

62. Yang J, et al. The total flavones from Semen cuscutae reverse the reduction of testosterone
level and the expression of androgen receptor gene in kidney-yang deficient mice. J
Ethnopharmacol. 2008;119(1):166-71.



63.

64.

65.

66.

67.

68.

69.

Roles of Herbal Medicine in Modulating Gut Microbiota Associated with Health... 197

Huang D, et al. An integrated plasma and urinary metabonomic study using UHPLC-MS:
intervention effects of Epimedium koreanum on ‘Kidney-Yang Deficiency syndrome’ rats. J
Pharm Biomed Anal. 2013;76:200-6.

Lespade L, Bercion S. Theoretical study of the mechanism of inhibition of xanthine oxidase by
flavonoids and gallic acid derivatives. J Phys Chem B. 2010;114(2):921-8.

Masuoka N, Nihei K-i, Kubo I. Xanthine oxidase inhibitory activity of alkyl gallates. Mol Nutr
Food Res. 2006;50(8):725-31.

De Bona KS, et al. Syzygium cumini extract decrease adenosine deaminase, 5’ nucleotidase
activities and oxidative damage in platelets of diabetic patients. Cell Physiol Biochem.
2010;26(4-5):729-38.

Madlener S, et al. Gallic acid inhibits ribonucleotide reductase and cyclooxygenases in human
HL-60 promyelocytic leukemia cells. Cancer Lett. 2007;245(1-2):156-62.

Kim SH, et al. Gallic acid inhibits histamine release and pro-inflammatory cytokine produc-
tion in mast cells. Toxicol Sci. 2006;91(1):123-31.

Shi X, et al. Gallic acid intake induces alterations to systems metabolism in rats. J Proteome
Res. 2013;12(2):991-1006.



	Chapter 10: Roles of Herbal Medicine in Modulating Gut Microbiota Associated with Health and Diseases
	10.1 Introduction
	10.2 Herbal Medicine Affects the Association Between Disease State and Gut Microbiota
	10.3 Challenges and Solutions in Herbal Medicine
	10.3.1 Assessing the Quality of Phytomedicine
	10.3.2 Elucidating the Mechanisms of Phytomedicine

	10.4 Concluding Remarks
	References


