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ARTICLE INFO ABSTRACT

Keywords: Objectives: The gut dysbiosis has been implicated as a mediator to obesity and its manipulation could be an
Gut Microbiota appropriate approach to sustainable weight loss. In this systematic review, our primary objective was to assess
Obesity the potential manipulation of gut microbiota by herbal products in obesity.

Prebiotics

Materials and methods: We did a comprehensive search in PubMed, Web of Science, Scopus and Cochrane da-
tabases for all clinical trials and animal studies exploring the effects of various herbal products on gut microbiota
composition in obesity documented up to May 2017.

Results: Our initial search yielded 2766 articles. After screening abstracts and full texts, 68 articles were included
(55 animal studies and 13 clinical trials). The studies differed in their methodologies, type of interventions and
intervention lengths. The weight loss was only reported in 23% of trials and in 64% of animal studies. An
increasing tendency in Bifidobacterium species and butyrate-producing bacteria such as Faecalibacterium
prausnitzii were observed after consuming non-digestible carbohydrates, although these changes did not always
correlate with weight loss. Supplementation with high concentration of polyphenols reduced body weight gain
in animal studies and inhibited growth of detrimental species such as Clostridia and Enterobacteria while the
growth of Lactic acid bacteria and Akkermansia muciniphila is enriched.

Conclusions: Alteration of gut microbiota after interventions has been affected by the baseline composition of gut
microbiota. This systematic review shows that consumption of herbal products might have beneficial effects on
restoring healthy gut microbiome besides body fat reduction.

Weight loss
Herbal products

1. Introduction

The worldwide epidemic of obesity and its related metabolic com-
plications has become a major challenge for public health and has
imposed a heavy financial burden on society. > Excessive adiposity is
associated with insulin resistance and chronic inflammation. **
Therefore, as one of the leading causes of mortality, obesity sig-
nificantly enhances the risk of many chronic diseases, including dia-
betes, cardiovascular diseases, hypertension, cancer, osteoarthritis and
psychological diseases. *°

The rapid increase in obesity prevalence over the past few decades
can be partly explained by changes in lifestyles and dietary patterns.®

However, the major mediators in the development of obesity are still
investigating. Nowadays, the gut microbiota, microorganisms which
inhabit the human intestine, has been implicated in the etiology of
chronic diseases including obesity.”® Indeed, it has a role as a mediator
to diet-induced obesity.” Humans as supraorganisms consist of both
human cells and microbial cells, including the gut microbiota. Inter-
actions among the host, the microbiota and the environment influence
the human health.”® Although identification of the exact species in-
volved in weight management is not yet possible and remains to be
determined, the causative role for the endotoxin-producing bacteria in
the development of obesity has been demonstrated.” Impaired gut
barrier function in obesity increases uptake of endotoxin and
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Preferred Reporting Items for Systematic Reviews and Meta-Analyses; RCTs, randomized clinical trials; gPCR, quantitative polymerase chain reaction; FISH,
fluorescence in situ hybridization; DGGE, denaturing gradient gel electrophoresis; OTU, operational taxonomic units
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lipopolysaccharides (LPS) and eventually systemic inflammation.®
Short chain fatty acids, which produced from fermentation of in-
digestible dietary compounds by intestinal bacteria play a critical role
in regulating release of satiety hormones, including glucagon-like
peptide 1 (GLP-1), peptide YY (PYY) and leptin and expression of
fasting-induced adipose factor (FIAF).”®'? FIAF has an inhibitory effect
on lipoprotein lipase (LPL) activity and triglyceride accumulation in
adipose tissue.®'° It seems that gut microbiota manipulation could be
an appropriate approach to sustainable weight loss.'!

Herbal products as prebiotics could be a good candidate for mod-
ulating gut microbiota.'® The anti-obesity effects of medicinal plants
via increasing energy expenditure, appetite suppression, inhibition of
lipase activity, inhibition of food absorption, and regulation of adipo-
cyte differentiation and lipid metabolism have been documented so
far.'"'” However, the effects of herbal products on gut microbiota in
obesity should be investigated more. This systematic review was con-
ducted to assess the effect of herbal products supplementation on any
related parameters of gut microbiota in obesity.

2. Material and methods
2.1. Search strategy and study selection

A literature search of PubMed, Web of Science, Scopus and the
Cochrane Central Register of Clinical Trials was conducted for entire
clinical trials and animal studies exploring the effects of various herbal
products on gut microbiota composition in obesity up to May 2017.
There was no restriction regarding publication date or language. The
search was conducted by two separate investigators. Moreover, the
reference lists of the key reviews in the area were screened for any
additional relevant studies. The search strategy is shown in Table 1.

After combining the search results of different databases, duplicates
were removed. Two investigators screened the titles and abstracts of
articles, independently. Then, the full texts of potentially eligible stu-
dies were reviewed. Disagreements and uncertainty between the two
investigators were resolved by discussion, and studies were included if
they assessed the effect of herbal products supplementation on any
related parameters of gut microbiota among obese patients and ani-
mals. In Vitro studies, case studies, case series, cross-sectional, study
protocols, literature reviews, and studies which did not include in-
testinal microbiota assessment were excluded from the systematic re-
view. All kinds of herbs, vegetables, fruits, herbal extracts, oligo-
saccharides, fiber and antioxidants derived from herbs were included in
this review. Studies with multiple intervention components (combina-
tion of probiotics and prebiotics or combination of prebiotics and vi-
tamins and minerals) which the independent effects of prebiotics on gut
microbiota were not assessed were excluded from the study. Studies

Table 1
Search Strategy.
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which conducted on normal-weight subjects, patients with gastro-
intestinal disorders or patients who had undergone bariatric surgeries
were excluded. Studies comparing herbal products with placebo or no
supplementation were included. This study was conducted according to
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines.'®

2.2. Data extraction

The following information was extracted from included studies: first
author’s name, publication year, study design, sample size, duration of
supplementation, demographic characteristics of participants, types of
prebiotics and the daily dose, methods of gut microbiota evaluation and
evaluated outcomes. The primary outcome was gut microbiota assess-
ment and the secondary outcome included anthropometric indices.
Relevant data were extracted from studies by two separate in-
vestigators.

2.3. Quality assessment

Delphi checklist was used to assess the quality of included clinical
trials and SYRCLE’s risk of bias tool was used to evaluate the quality of
included animal studies."®*° The quality assessment of included studies
was done by two separate investigators and consensus-based discussion.

3. Results

Overall, we identified 2766 articles in databases and hand searches.
Titles and abstracts of 2044 articles were screened after removing the
duplicates. 1971 articles were excluded for being review (n = 139) and
irrelevant to the main topic (n = 1832). Out of 73 remained full texts,
studies with no relevant outcomes were omitted (n = 5), and finally 55
animal studies and 13 clinical trials were included in the systematic
review (n = 68). Two clinical trial articles were the results of same
research which were published in two parts.?"?* A detailed flowchart
showing the process of study selection is presented in Fig. 1. The
characteristics of the 68 included studies are summarized in Tables 2
and 3 categorizing studies based on herbs, herbal extracts and bioactive
ingredients. It should be noted that many of the herbal extracts are used
in traditional Chinese medicine.

Trials were published between 2006 and 2017 with high frequency
in 2013 and 2016 (3 studies in each year). Human studies had different
designs; six of them were double-blind randomized clinical trials (RCTs)
(four with parallel assignments and two with cross-over design), two
were single-blind RCTs, one was RCT and three were quasi-experiments
(single-group assessment). The sample size of the trials varied between
7 and 53. Geographically, 5 (41.7%) of the trials were conducted in

Search components Search keywords

Component 1: Herbal products

("Herbal Medicine"[Mesh] OR Herbalism[TIAB] OR "Plants, Medicinal"[Mesh] OR ((Herb*[tiab] OR Plant*[tiab]) AND (Intervention* [tiab] OR

treat[tiab] OR TREATMENT[TIAB] OR Therap*[tiab] OR "therapy" [Subheading] OR medicin*[tiab] OR Healing[TIAB] OR Pharmaceutical
[TIAB])) OR "Phytotherapy'[Mesh] OR "Phytotherapy" [TIAB] OR "Naturopathy"[Mesh] OR Naturopath*[TIAB] OR "Drugs, Chinese
Herbal"[Mesh] OR ((Chinese[TIAB] OR Drug* [TIAB]) AND Plant[TIAB]) OR "Medicine, Traditional"[Mesh] OR (Folk[TIAB] AND
(Remed*[TIAB] OR medicine[TIAB])) OR (Indigenous[TIAB] AND Medicine[TIAB]) OR Ethnomedicine [TIAB] OR (Medicine[TIAB] AND
Traditional[TIAB]) OR "Ethnopharmacology"[Mesh] OR "Ethnopharmacology” [TIAB] OR "Ethnobotany"'[Mesh] OR "Ethnobotany"[TIAB] OR
"Plant Extracts"[Mesh] OR "Prebiotics'[Mesh] OR PREBIOTIC*[TIAB] OR (Plant*[TIAB] AND Extract*[TIAB]))

AND
Component 2: gut microbiota

AND

((gut[TIAB] OR Colon*[TIAB] OR "Gastrointestinal Tract"[Mesh:NoExp] OR (Gastrointestin* [TIAB] AND Tract*[TIAB]) OR “GI Tract” [TIAB]

OR “GI Tracts” [TIAB] OR (Digestive*[TIAB] AND Tract*) OR Intestin* [TIAB] OR "Intestines"[Mesh] OR "Feces"[Mesh] OR "Feces"[TIAB] OR
fecal[TIAB] OR faecal[TIAB]) AND (microbiota[TIAB] OR MICROBE[TIAB] OR MICROBES[TIAB] OR microbial[TIAB] OR "Microbiota"[Mesh]
OR microflora[TIAB] OR bacteria*[TIAB] OR microbiome[TIAB] OR microorganism*[TIAB] OR "dysbiosis"[Title/Abstract] OR

"Dysbiosis"[Mesh]))
AND AND

Component 3: obesity

(obes*[tiab] OR Overweight[tiab] OR “OveR weight”[TIAB] OR weight[tiab]OR "Overweight"[Mesh] OR "Body Fat Distribution"[Mesh] OR

"Body Weight"[Mesh] OR "Adiposity"[Mesh] OR ADIPOS*[TIAB] OR (FAT[TIAB] AND (MASS[TIAB] OR BODY)))
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Records identified through database searching
(n=2761)
PubMed: 860 Web of Science: 730
Scopus: 1096  Cochrane: 75
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abstract
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Review (n=139)

v

Irrelevant studies
(n=1832)

Full-text articles assessed for
eligibility
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Full-text articles excluded

v

v

(n=5)

Articles included
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Animal studies (n=55)
Clinical trials (n=13)

Fig. 1. Flow diagram of the systematic literature search.

Asia and 7 (58.3%) in Europe.

Two third of the studies were conducted on women and the rest of
studies had no gender limit. The ages of the included subjects varied
between 18 and 70 years old. The duration of the trials varied from 3 to
12 weeks. Type of interventions and methodology of microbiota ana-
lysis were highly variable among the trials. In all of the trials, changes
of gut microbiota composition were assessed as an outcome.

Different techniques including cultivation (1 study), quantitative
polymerase chain reaction (qQPCR) (2 studies), fluorescence in situ hy-
bridization (FISH) (3 studies), combination of denaturing gradient gel
electrophoresis (DGGE) and qPCR (2 studies), 16S rRNA sequencing (3
studies) and metagenomic analysis (1 study) were used to assess the
intestinal microbiome in trials.

The interventions varied and included fruit (n = 1), herbal and fruit
extracts (n = 4), thylakoids (n = 1), and different kinds of fibers
(n = 6) (very long chain inulin, glucomannan, mucilage, galactooligo-
saccharide, inulin-type fructans, arabinoxylans).”' > The herbal pro-
ducts had diverse effects on microbial phylum in gut microbiota,

186

although most of the trials showed an increase in the Actinobacteria
phylum, as Bifidobacterium spp. enriched after intervention in 7 stu-
dies.?1?%:24-26:29.32.33 [pterventions exerted inconsistent impacts on
Firmicutes and Bacteroidetes abundances. Firmicutes was decreased after
the intake of Schisandra chinensis or Rehmannia glutinosa extracts,”®
although this phylum showed no changes after Bofutsushosan and
Arabinoxylan intakes.?®*° On the other hand, an increase in Firmicutes
was observed after inulin-type fructans consumption.?’:** Alteration of
Bacteroidetes was also inconsistent after various interven-
tions.21,22,26,28,30,33

Lactobacillus genus was increased after the intake of very long chain
inulin, glucomannan and fructans.?"*>2%2> The abundance of Bacter-
oides, Prevotella, Faecalibacterium and Clostridium genera showed con-
tradictory results.>2*3'~3 Manipulation of gut microbiota with the
use of mucilage and Schisandra chinensis extract resulted in depletion of
Ruminococcus abundance.”*® An increase in Akkermansia genus was
observed after Schisandra chinensis extract intake.*> Two clinical trials
reported no impact on gut microbiome following interventions®*>° and
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one trial showed that alterations of gut microbiota were dependent on
the baseline richness and taxonomic microbial composition of the pa-
tients’ intestinal microbiota.?”

Short-chain fatty acid concentrations showed inconsistent results
after interventions.*'-*>*° Mild weight loss was only reported in three
trials and mean of reduced weight was below two kg,*”>*®*! while the
remaining trials observed no impact on body weight. However, a de-
crease in body fat percentage was reported in four studies®'->%27-25:33
and three studies revealed a waist circumference reduction.
Adverse effects were reported in six studies®'>>2>27-33; the most pre-
valent one was flatulence®*>?° and the remaining were changed bowel
habits,>**> coughs,>® headache, nausea and dyspepsia.>” The quality
score of included clinical trials was between two and eight from nine
with a mean of six. Two-third of the studies had scored higher than four
from nine, showing moderate quality.

Animal studies were published between 2003 and 2017. Most of
them (54.4%) were conducted on mice, 40.3% were conducted on rats
and 5.3% on hamsters. The duration of the interventions varied be-
tween 2 and 22 weeks. Like clinical trials, various techniques were used
for microbiome analysis; which among these methods, gPCR and pyr-
osequencing were most used.

A variety of natural plants (herbs, fruits and vegetables) and their
bioactive ingredients have been explored in animal studies; the effects
of different types of dietary fibers and oligosaccharides (glucomannan,
arabinoxylan, oligofructose, inulin, pectin, hydroxypropyl methylcel-
lulose, resistant starch, and isomalto- oligosaccharides) and phyto-
chemicals (polyphenols, berberine, lycopene, quercetin and epigallo-
catechin 3-O-methyl gallate) on gut microbiota in obese animals have
been explored.>"*® Weight loss and fat mass reduction were reported in
64% Of animal studies.34,38—44,47,48,5]—53,55,60—63,66,67,70—72,75—8],83—86,88
On the phylum level, an increase was observed in Bacteroidetes and a
decrease was reported in Firmicutes abundance in most of the
studies, 46:5%:61,64,67,69,73,76,80,81,83,84,88 yelye studies explored the ef-
fects of fructo-oligosaccarides on microbiome which 50% of them re-
ported weight reduction or decreasing in weight gain and fat accumu-
lation in high fat diet feeding animals.?>0:41:42:43:45,46,49,50,54
Bifidobacterium, Lactobacillus and Akkermansia were increased after the
intake of fructo-oligosaccarides and the abundance of Clostridium spp.
was decreased.’*3%41:46:47:55,56.64.70.75.78 A increasing tendency in
butyrate-producing bacteria such as Faecalibacterium prausnitzii, Eu-
bacterium, and Roseburia species were observed after the intake of non-
digestible carbohydrates.”® The quality score of included animal ex-
periments was between three and eight from ten, showing poor to
moderate quality.

muciniphilia, Clostridium

Results (Intervention vs
coccoides group,

control after
1 Bacteriodes fragilis,

supplementation)

| Body weight

1 Total bacteria,

<> Akkermansia
Clostridium leptum
subgroup,
Enterobacteriaecae,
Lactobacillus

26,28,33

microbiota
chain reaction

analysis
Quantitative

Methods of
polymerase

Duration
12 weeks

soup + 208 g rapeseed

blueberry drink
(50 ml blueberry
oil) (n = 16)

Control group

green-plant membranes

(thylakoids),
5g/d + blueberry drink

(50 ml blueberry
soup + 208 g rapeseed

Intervention group
oil) (n = 18)

Sample
size (n)
34

Mean BMI (kg/mz)
Thylakoid:28.9 * 2.2,
Placebo:28.6 + 2.3

4. Discussion

Regarding the growing interest in weight management by gut mi-
crobiota manipulation, this systematic review was conducted to assess
studies of herbal product interventions on gut microbiota in overweight
and obese patients and animals. There were significant differences in
types of herbal products, methodology, design, duration and outcomes
among the included studies. Moreover, the baseline gut microbiota
composition depends on race, age, sex and lifestyle and the microbial
colonization process is modulated by several factors, including mode of
delivery, dietary pattern, environment, and exposure to antibiotics. So
the inter-individual variations of gut microbiota could have effects on
the observed alteration of microbiota after interventions. Although
long-term dietary patterns exert key impacts on the gut microbiota
composition,®’ dietary interventions and supplementations have a rapid
and powerful influence on gut microbiome too.

The important challenge in comparing the results of different stu-
dies was the diverse techniques which have been used for gut micro-
biota assessment with different ways of presenting microbiota compo-
sition for example differences in the assessed taxonomic level. Even in
sequencing technique, differences in DNA extraction protocol,

Healthy women, aged 40-

Population sex and age
65 y, BML: 25-33

)

Quality
score
(Delphi)
5/9

Study design
Single-
blinded,
single-
centered,
randomized
and placebo-
controlled
trial

Country
Sweden

Study(year)

Others

Stenblom
et al.
(2016)

Table 2 (continued)
“Results of two articles.
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sequencing depth, bioinformatics tools, clustering methodology and
operational taxonomic units (OTU)-picking approaches were present.
Moreover, the lack of uniformity in the methodology of the studies
including, faecal collection and storage may alter the results of micro-
bial composition.’’ These differences among studies were the key ob-
stacle to conducting a meta-analysis. Another challenge was differences
in prebiotics types and intervention durations. Furthermore, the pre-
sence of chronic disorders which is common in obesity could be a
confounder for gut microbiota composition.

Despite the aforementioned challenges in the interpretation of the
results of the included studies, we showed that inter-individual differ-
ences in the gut microbiota composition might result in the inconsistent
changes in gut microbial taxa after herbal product interventions.
Previous microbiome studies tried to find a relationship between
Firmicutes/Bacteroides ratio and obesity. However, there is no simple
taxonomic signature of obesity in gut microbiota,’® supporting the
importance of inter-individual variations of gut microbiota in inter-
ventions. Therefore, the baseline gut microbiota composition should be
considered in these studies, highlighting the beneficial role of perso-
nalized medicine approach to weight management.”*

Some of the herbal supplements contained a high concentration of
polyphenols. Regarding the low bioavailability and limited absorption
of polyphenols, they reach to the colon in adequate concentration and
contact with the intestinal microbiota. Biotransformation of poly-
phenols into their metabolites by gut microbiota increases their bioa-
vailability.”? In addition to activating cellular processes such as au-
tophagy regulation and stress resistance in the body, polyphenols exert
an antimicrobial effect t00.°>~°° Therefore, the growth of detrimental
species such as Clostridia and Entrobacteria is inhibited while the growth
of Lactic acid bacteria is enriched.’>°® Akkermansia muciniphila, a
mucin-degrading bacterium which has been associated with intestinal
integrity and lean phenotype, enriched after polyphenols intakes.**
Polyphenols provide a favorable environment for growth of Akker-
mansia via acting on goblet cells and increasing mucus secretion.’®
Moreover, polyphenols could scavenge free oxygen radicals in favor of
the growth of Akkermansia, as an obligate anaerobe. Akkermansia reg-
ulates the expression of genes related to lipid metabolism and increases
the intestinal expression of FIAF which reduces fat storage.”®

Fecalibacterium prausnitzii, a butyrate-producing bacterium, which is
related to gut barrier function, has been documented to increase after
supplementation in some studies.?>*°%77:82 Although herbal products
had limited effects on reducing body weight, their intake exerted ben-
eficial effects on gut microbiota. Prebiotics which are resistant to di-
gestion reached the colon and fermented by gut microbes. Therefore,
butyrate-producing bacteria were increased after the intervention and
contributed to the source of energy for colonocytes and improved gut
barrier function, immunomodulatory and anti-inflammatory activ-
ities.”” Prebiotics exerted bifidogenic effects and enriched the Bifido-
bacterium species. Several functions have been attributed to bifido-
bacteria including fermentation of non-digestible carbohydrates,
stimulation of the immune system, and production of vitamin B, anti-
oxidants, and conjugated linoleic acids.®” During life and in obesity, the
abundance of bifidobacteria decrease and modification with prebiotics
could compensate this reduction.”” On the other hand, since depletion
of butyrate-producing bacteria and enrichment of Proteobacteria are
common after dietary restrictions and bariatric surgeries, modulation of
gut microbiota with herbal products could be effective.'!

Short chain fatty acids, including acetic, propionic and butyric acids
as microbiota-derived metabolites have remarkable effects on host
physiology and their changes after herbal and prebiotics interventions
were inconsistent. Most bacteria, such as Akkermansia muciniphila,
Bacteroides spp., Bifidobacterium spp., Prevotella spp., Ruminococcus spp.,
Blautia hydrogenotrophica, Clostridium spp., and Streptococcus spp., are
among the main producers of acetic acid which suppress appetite
through a central hypothalamic mechanism.’®° Bacteroidesspp., Dial-
ister spp., Veillonella spp., Megasphaera elsdenii, Coprococcus catus,
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Salmonellaspp., Roseburia inulinivorans, and Ruminococcus obeum are
propionic acid-producing bacteria. Propionate could inhibit fatty acid
production and suppress low-grade inflammation.”®°° Moreover,
acetate and propionate might suppress adipogenicity through the FFA2
receptor. Firmicutes phylum members including Anaerostipes spp., Co-
prococcus catus, Eubacterium rectale, Eubacterium hallii, Faecalibacterium
prausnitzii, Roseburia spp. are among the intestinal bacteria which
produce butyric acid. Butyric acid as the main energy source for colo-
nocytes regulates gene expression and affects energy homeostasis.”**°
Moreover, fermentation end products are reported to affect the epige-
netic regulation of inflammatory reactions via free fatty acid re-
ceptors.”$10!

This review provides a comprehensive summary about the effects of
a variety of natural plants (herbs, fruits and vegetables) and their ex-
tractions and bioactive ingredients (oligosaccharides, fibers and phy-
tochemicals) on gut microbiota composition as a target of obesity
management. However, some limitations of this study should be ac-
knowledged. Lack of comparison of the intestinal microbiota of obese
subjects after intervention with the gut microbial composition of lean
individuals makes it difficult to assess how much improvement in obese
microbiota is achieved. Considering the normal weight control group in
these trials could be useful for better understanding of the effects of
herbal products on gut microbiota. Furthermore, different types of in-
terventions and study designs, diverse methodologies of faecal samples
collection and gut microbiota assessment, various durations of inter-
ventions and differences in the population characteristics caused the
heterogeneity of included studies. Therefore, meta-analysis of the re-
sults was not feasible and this is a limitation in generalizations of the
results. More focused future systematic review by narrowing the se-
lection criteria of articles is warranted.

5. Conclusion

Various herbal interventions have different effects on the gut mi-
crobiota composition. However, this impact is not always correlated
with the amount of weight loss. Moreover, the baseline composition of
the gut microbiota has effects on alteration of gut microbiota after in-
terventions. This systematic review shows that consumption of herbal
products might have beneficial effects on gut microbiome in addition to
body fat reduction and its use could be recommended to obese persons
who take low-calorie diets. However, for better conclusions and gen-
eralizations, more well designed human clinical trials with similar
techniques for microbiota assessment are needed.
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