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Exploring the relationship between
berberine and the gut microbiome:
A closer look at recent studies

Berberin ve bagirsak mikrobiyomu arasindaki
iliskinin arastirilmasi: Son calismalara yakindan
bir bakis

Abstract

Aim: Berberine, known for regulating blood glucose and reducing inflamlmation, also enhanc-
es gut microbiota diversity and repairs microbial profiles. However, comprehensive reviews
on its disease-specific impacts are limited. This study aims to explore berberine’s influence on
microbiota diversity in various diseases, offering a novel perspective.

Methods: A literature review was conducted using PubMed, Web of Science, ScienceDirect,
and Google Scholar, focusing on studies from 2018-2023. Keywords related to berberine and
gut microbiota were used, excluding irrelevant topics. A total of 84 titles and abstracts were
screened, with 33 articles meeting inclusion criteria for detailed review.

Results: Berberine promotes beneficial species like Bacteroidetes and Akkermansia, shows
antimicrobial properties, and targets specific pathogens. Studies, particularly in obese and
Type 2 diabetic mice, suggest it can improve gut microbiota and diversity. However, the opti-
mal dosage remains unclear, and individual microbial responses can vary, sometimes leading
to dysbiotic profiles.

Conclusion: Berberine shows promise in enhancing gut microbiota diversity and combating
pathogens. Nevertheless, further studies are needed to confirm its therapeutic potential and
establish optimal treatment protocols with long-term clinical outcomes.

Keywords: Berberine; microbiota; microbial; microbiome

Oz

Amag: Berberin, kan sekeri duzenleme ve iltihap azaltma 6zellikleriyle bilinir ve ayrica
bagdirsak mikrobiyota cesitliligini artirir ve mikrobiyal profilleri onarir. Ancak, hastaliklara 6zgu
etkileri Gzerine kapsamli incelemeler sinirlidir. Bu ¢calisma, berberinin ¢esitli hastaliklardaki mi-
krobiyota cesitliligi Uzerindeki etkisini arastirmayi ve bu konuda yeni bir bakis acisi sunmay!
amaclamaktadir.

Yontem: 2018-2023 yillari arasinda PubMed, Web of Science, ScienceDirect ve Google Scholar
gibi veritabanlarinda, berberin ve bagirsak mikrobiyotasi ile ilgili anahtar kelimeler kullanilarak
bir literatur taramas! yapilmistir. llgisiz konular haric tutularak 84 baslik ve 6zet incelenmis, 33
makale belirlenen kriterlere gére detayl olarak gdézden gecirilmistir.

Bulgular: Berberin, Bacteroidetes ve Akkermansia gibi yararli tlrleri destekler, antimikrobiyal
ozellikler gdsterir ve belirli patojenleri hedef alir. Ozellikle obez ve Tip 2 diyabetik farelerde
yapllan calismalar, badirsak mikrobiyotasi ve cesitliliginde iyilesme potansiyeline isaret et-
mektedir. Ancak, optimal dozaj belirsizdir ve bireysel mikrobiyal yanitlar farklilik gésterebilir,
bazen disbiyotik profillere yol acabilir.

Sonug: Berberin, bagirsak mikrobiyota cesitliligini artirma ve patojenlerle mtcadelede umut
vadetmektedir. Bununla birlikte, terapotik potansiyelini dogrulamak ve uzun vadeli klinik
sonuclar elde etmek icin daha fazla arastirma gereklidir.

Anahtar Sozciikler: Berberin; mikrobiyota; mikrobiyal; mikrobiyom
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INTRODUCTION

Berberine (BBR) is a distinctive molecule belonging
to the protoberberine group of isoquinoline alkaloids.
Classified as a quaternary ammonium salt, it is char-
acterized by the molecular formula C, H NO, (1, 2).
It is a bioactive compound found in many plants such
as B. Petiolaris, B. aristate, B. darwinii, and B. vulgaris
(3-6) (Figure 1). The stems and roots of Berberis aris-
tata, B. darwinii, B. petiolaris, and B. vulgaris have
been extensively studied for their high berberine con-
tent. Additionally, many other medicinal plants with
high berberine content have been reported, including
Coptis chinensis (Chinese goldthread) and Hydras-
tis canadensis (goldenseal) (7). Berberine is found in
various plant families, such as Annonaceae, Berberida-
ceae, Menispermaceae, Papaveraceae, Ranunculaceae,
and Rutaceae. Within the genus Berberis, B. vulgaris is
particularly significant, with its bark containing over
8% alkaloids, of which approximately 5% is berberine.
This compound is prevalent in the barks, leaves, twigs,
rhizomes, roots, and stems of numerous medicinal
plants like Argemone mexicana, Berberis aristata, and
Hydprastis canadensis. Research indicates that the high-
est concentrations of berberine are typically found in
the bark and roots of these plants (8).

Berberine, with its multi-target mechanism, has
demonstrated positive pharmacological effects in
diverse diseases, including inflammation, athero-
sclerosis, hyperlipidemia, mental disorders, liver dis-
eases, intestinal diseases, autoimmune and cardiovas-
cular diseases, and non-alcoholic fatty liver disease
(NAFLD), notably reducing blood lipids and glucose
in health issues like Type 2 diabetes and hyperlipid-
emia (9-14). Berberine supplementation significantly
reduced the levels of polysaccharide lyases and car-
bohydrate esterases compared to the control group,
while stimulating key pathways from the Kyoto Ency-
clopedia of Genes and Genomes (KEGG), including
carbohydrate metabolism and microbial metabolism,
by altering microbial enzyme activities. In vivo stud-
ies further demonstrated that while berberine did not
affect Enterobacteriaceae, it inhibited some butyrate-
producing bacteria and, at high doses, improved
chicken gut morphology and reduced inflammation
independently of gut microbiota changes (15).

BERBERINE .,r;*m“/‘:’

Palmatine OCH,

_ A_ocH,

Berbermubina

Figure 1. Molecular structures of berberine, berberrubine and pal-
matine

The intestinal microbiota, consisting of trillions of
microorganisms, serves as the primary endocrine or-
gan and plays a crucial role in essential physiological
processes, including macronutrient digestion and vita-
min synthesis, contributing to the preservation of host
homeostasis. Therefore, it is evident that alterations
in the balance of the intestinal flora can potentially
contribute to the onset of various chronic and auto-
immune diseases, such as obesity, diabetes, and other
metabolic syndromes (16). It has also been discussed
in previous studies that the low oral bioavailability of
berberine and its effects may be due to intestinal mi-
crobiota interaction (10, 17). Studies have suggested
that berberine may improve insulin resistance by
modulating the gut microbiota and may also help treat
cardiovascular diseases that accompany dyslipidemia
and obesity (18). Although there has been increas-
ing evidence in recent years that berberine can regu-
late the dysbiotic intestinal microbiome composition,
there are also studies showing that it reduces the over-
all intestinal microbial diversity (19-21). While some
studies suggest that berberine contributes to micro-
bial balance by replacing dominant gut bacteria, other
studies have emphasized the importance of berberine
dosage and have shown that high doses taken as a di-
etary supplement may lead to dysbiosis-like changes
in the intestinal microbiota (22). However, it’s worth
noting that, despite various studies addressing and
discussing BBR and gut microbiota interactions from
different perspectives, there has not yet been a com-
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prehensive discussion regarding berberin€’s effects on
the overall diversity of the gut microbiota, including
both the positive and negative aspects of these effects
(1,2, 10, 23).

—
METHODS

In this narrative review article, a comprehensive lit-

erature search was conducted to evaluate the effects
of berberine on the gut microbiota. Scientific studies
published between 2018 and 2023 were sourced from
various electronic databases, including PubMed, Web
of Science, Science Direct, and Google Scholar (Figure
2). The search strategy employed the following key-
words and combinations: (“Berberine” OR “Gut Mi-
crobiota” OR “Gut Microbiome”) OR (“Gut Bacteria
and Berberine” OR “Berberine and SCFA (short chain
fatty acid)” OR “Gut Microbiota Richness” OR “Gut
Microbiota Diversity” OR “Berberine and diseases”)
AND NOT (“review” [Title/Abstract] OR “Berberine
and Cancer” OR “Berberine and Neurology”). This ex-
tensive search yielded a total of 84 titles and abstracts
for initial screening, out of which 33 articles were thor-
oughly reviewed based on the inclusion criteria.

The selected studies prioritized those involving
16S rRNA and metagenomic analyses. The included
articles comprised review articles, clinical and experi-
mental intervention studies, observational studies, and
systematic reviews. These studies commonly explored

' ™
Google Scholar
(n=5970)

| l

Sciance Diract
[n=846])

berberine’s impact on gut microbiota alterations, mi-
crobial diversity and richness, short-chain fatty acids
(SCFA), and berberine’s potential therapeutic effects
mediated by gut microbiota on various diseases. Ad-
ditionally, studies investigating the effects of berberine
on health issues such as metabolic diseases, inflamma-
tory bowel diseases, and obesity were included.

This methodological approach facilitated a com-
prehensive evaluation of the existing literature, en-
abling a better understanding of the interactions be-
tween berberine and gut microbiota.

—
RESULTS

Berberine and gut microbiota interaction
While berberine is known to have beneficial health ef-

fects, its significantly low bioavailability has attracted
attention and has been extensively investigated. Stud-
ies suggest that the interaction of berberine with the
gut microbiota may contribute to potential health ben-
efits. BBR has poor oral bioavailability; therefore, the
ability to regulate gut microbiota and gut metabolites
may be present (24). It has the potential to contribute
to disease management. In human pharmacokinetic
studies, less than 5% of orally administered berberine
enters systemic circulation. Berberine is rapidly dis-
tributed and filtered by the liver, resulting in low cir-
culation levels, and undergoes phase I demethylation
followed by phase II conjugation processes. Its accu-

Web of Sciance
[n=250)

| —

PubMad
(n=215)

Total Articles
(n=7.281)

l

[ Retrieved Articles ]

(n=84)

|

—— Excludad articles based on criteria (n=51)

[ Analysed Articles ]

(n=33)

Figure 2. Flow diagram
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mulation in tissues (e.g., liver, kidneys, muscle, brain)
explains the pharmacological effects observed in clini-
cal studies (e.g., cholesterol and blood glucose reduc-
tion) despite low plasma levels (25). Several studies
have shown that berberine exhibits positive effects on
various diseases such as cancer, inflammation, bacte-
rial infections, and non-alcoholic fatty liver disease. In
a study conducted in rats, the absolute bioavailability
of orally administered 100 mg/kg berberine was mea-
sured at 0.68%. In dogs, the maximum concentration
of berberine in the blood was found to be 36.88 ng/
mL when administered at a dose of 50 mg/kg. This dis-
crepancy between the low bioavailability and the po-
tent pharmacological effects of berberine has puzzled
researchers for some time (2, 23). It has been proposed
that the bioavailability of berberine, which is mark-
edly below 1%, is estimated to result in a peak plasma
concentration of around 0.4 ng/ml following the ad-
ministration of a 400 mg oral dose, thus reinforcing
this suggestion (23). Additionally, a report highlights a
specific finding on the interaction between berberine
and the gut microbiota, indicating that approximately
43.5% of berberine undergoes metabolism in the in-
testines. Furthermore, nitroreductases within the gut
microbiota have been documented to transform ber-
berine into dihydroberberine (dhBBR), a more read-
ily absorbable form that boasts a fivefold increase in
intestinal absorption compared to berberine (26).
Moreover, recent research has revealed that berberine
modulates the gut microbiota, promoting microbial
balance in rats subjected to a high-fat diet, and mani-
fests therapeutic effects in metabolic diseases, particu-
larly impacting the phylum-level composition (11, 27).

Health effects of berberine on intestinal
microbiota

Berberine takes center stage as a potential adjunct in
the management of various diseases, particularly by
revealing its biological effects through interactions
with the intestinal microbiota. Its ability to modulate
the balance of gut microbiota positions berberine as
a promising compound for therapeutic research, em-
phasizing its significance in promoting overall health.
The antidepressant effect of BBR is linked to its regula-
tion of the brain-gut axis via gut microbiota and SC-
FAs, increasing levels of serotonin, norepinephrine,

dopamine, and BDNE This mechanism alleviates de-
pression-like behaviors (28). In a study, the effects of
Diane-35, probiotics, and berberine were compared in
a dihydrotestosterone (DHT)-induced polycystic ova-
ry syndrome (PCOS) rat model. Diane-35 and probi-
otics improved reproductive and metabolic functions
in PCOS rats by restoring gut microbiota diversity
(29). It has been observed that berberine intervention
significantly alters the gut microbiota in mice with
glucose and lipid metabolism disorders, enriching
bacteria such as Akkermansia, Eubacterium, and Ru-
minococcus (30). The use of berberine for therapeutic
purposes has been observed to significantly increase
the richness and diversity of the microbial commu-
nity, alleviating symptoms of Type 2 diabetes in dia-
betic rats (24). Additionally, in another study aiming
to compare the effects of berberine in combination
with probiotics and berberine alone in Type 2 diabe-
tes (T2D) patients, it was observed that they shared
similar changes in terms of microbial alterations and
functions. As a result of the study, the use of berberine
for correcting intestinal microbiota dysbiosis in T2D
patients was recommended (31). In other research
evaluating the combination of BBR with a probiotic,
it was found that the combination did not provide any
additional benefit in improving postprandial plasma
triglycerides (pTG) compared to berberine alone (32).
In a study conducted on chickens, the impact of low
(0.1 g/kg feed), medium (0.5 g/kg feed), and high (1 g/
kg feed) doses of berberine intervention on the micro-
biome composition was investigated. Analysis of 16S
rRNA gene sequences revealed that low and medium
doses of berberine promoted beneficial bacteria from
the Lachnospiraceae family in the chicken’s cecum,
while medium and high doses tended to increase vil-
lus length in the small intestine. The highest concen-
tration of berberine significantly increased microbial
diversity in the ileum. These findings suggest that ber-
berine dosages can influence microbiome composi-
tion, with effects varying depending on the dose (33).
However, berberine has been shown to have beneficial
effects, like probiotics and antibiotics, in creating the
microbial composition targeting the increase in lacto-
bacilli and bifidobacteria in inflammatory bowel dis-
ease (IBD) patients (34). It can also be seen that the
cholesterol-lowering effect of berberine is due to its
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Table 1. Berberine's interactions with gut microbiota.

Animal/ human models Dosage of BBR Key findings Refs.
150 mig botoitet
Healthy Sprague-Dawley rats daily for 4 weeks Firmicutes) (20)
Diversityl
T2D symptoms!
200 mg/kg "lglz‘e,ecrc;ir?yr?umty richness?
-Dawl ily f ke 24
Sprague-Dawley rat daily for 6 weeks Lactobacillaceae’ (24)
Bacteroidetes!
Proteobacteria” Verrucomicrobial
BBR; 0.6 g (6 pills) twice daily before
meals 78 species changed
Human, diagnosed with T2D Probiotics; 4 g (2 strips of powder) once BBR alone or in combination with probiotics ~ (31)
daily at bedtime altered the gut microbiome
for 12 weeks
BBR; 0.6 g (6 pills) twice daily before
meals Prob + BBR group did not show added
Human, diagnosed with T2D Probiotics;4 g (2 strips of powder) once benefits in improving pTG compared to BBR  (32)
daily at bedtime alone.
for 12 weeks
Blautiat
Akkermansia?l
Clostridium XI1
Hyperlipidemic human Robinsoniellay
atient 0.5 g twice daily for 3 months Cronobacter?
P : Anaerostipest (35)
Coprobacillust
Alistipes!
Helicobacterl
Enterorhabdus!
Desulfovibriol
Anti-hyperlipidemic effect of BBR
Blautia producta?
C57BL/6 mice i(;?l Ir;(g)ikng davs Clostridiales? (36)
Y 4 Akkermansia muciniphilat
In the HFD + BBR group; Blautiaf
. 100-200-300 mg/kg Akkermansiat
iiizlﬁc pathogen-free ICR daily for 5 weeks Too high dose of BBR may act as a weak (38)
antibiotic.
Sprague-Dawley and .
hamsters 100 mg/kg Treatment of HFD-hamsters with BBR 37)
daily 10 days increased the butyrate content
Berberine in HFD-fed Apoe —/— mice;
Apoe —/— mice 0.5 g/L in water Restored intestinal barrier (40)
(SPF class) daily for 14 weeks HFD-induced inflammation!
Akkermansia spp. 1
In the berberine and metformin groups;
Butyricimonas?
Lactobacillit
BKS-Leprdb (db/db, T2DM  136.5 mg/kg BRB Coprococcus?
model) and C57BLKS/JNju ~ 113.75 mg/kg metformin pre (41)
mice daily 19 weeks Ruminococcust
Y Akkermansia?t
Prevotellal
Proteus!
Sprague-Dawley rats 150 mg/kg berberine chloride HDF-induced metabolic disorders ameliorated “2)

daily for 4 months

Bactriodetes phylum?
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Human, diagnosed with

0.5 g oral BBR tablets twice daily
0.70 g live Bifidobacterium capsules twice

HbAlcl

Bifidobacterium enhances the hypoglycemic ~ (43)

hy 1 i dail
ypergiycemia f(jrl 316 weeks effect of berberine
Combination metformin and berberine;
6 groups of db/db mice (db, M250, B250, zzzii"i‘;;fi;’;; N
db/db mice and wild type B125, B250 + M250, and B125 + M250)
: > B125 + M250; (44)
mice with wild type (WT) as control . . i
for 14 days insulin sensitivity?
distinct changes in intestinal microbial
communities
Metformin more dominant effect on
B 200 mg/kg BBR Lactobflcﬂlus and Kle.bswllaT
Specific pathogen-free (SPF) Berberine more dominant effect on
. 100 mg/kg BBR ) ) (45)
Wistar rat Allobaculum, Blautia, Bacteroides and
200 mg/kg MET once a day for 18 weeks .
Butyricicoccus?
HDF-induced changes were reversed in both
BBR altered the intestinal microbiota in rats
with MS.
A. muciniphilat
150 mg/kg Bacteroidest
HDE- Sprague Dawley rats daily for 4 weeks Ruminococcus? (46)
Candidatus arthromitus!
Prevotellal
Phascolarctobacterium!
Intragastric administration twice a week ~ BBR may ameliorate HFD-induced
Male apoE-/- mice; Mice are 50 mg/kg atherosclerosis via gut microbiota modulation. 47)
coprophagic (feces-eating) for 12 weeks BBR-treated gut microbiota transferred
between mice.
HDF-induced intestinal dysbiosis}
Bacteroidetes?
C57BL/6] mice 109 mg/kg oral Clostridiales? (48)
daily for 4 weeks ‘
Lactobacillaceae?
Bacteroidale?
Inhibit the synthesis of trimethylamine
150 mg/kg via gavage N-oxide
Sprague-Davwley rats daily for 6 weeks remodeled the intestinal microbiota (49)
Lactobacillus genus?
It may improve chronic HFD-induced
metabolic syndrome.
C57BL/6] mice 100 pg/kg/d Its combination with antibiotics is no different  (50)
for 15 weeks . . .
from its effect alone in preventing HDF-
induced weight gain.
In two groups;
Bacteroidetes!
200 mg/kg BBR Bacteroidetes/Firmicutesl
Goto-Kakizaki (GK) rats 100 mg/kg Metformine Muribaculaceael (51)
intragastricly once daily for 8 weeks Allobaculum?
Berberine can modulate gut microbiota in
T2DM rats
500 ppm berberine Restored the eflterlc microbiome community
. . in HFD-fed mice.
C57BL/6]J-Apc min/+ mice  for 12 weeks . al
and wild-type C57BL/6 Verrucomicrobia. (52)
Akkermansial
SCFA?T
150 mg/kg/day Protective effect in hypertension
C57BL/6 ] mice BBR chloride via intragastric Firmicutes/Bacteroidetes| (53)
for 4 weeks Lactobacillust
The results showed that BBR could modulate
Balb/c mice 40 mg/kg BER, once a day the intestinal microbiota composition in (54)

for 10 days

ulcerative colitis model mice.
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HFD group,
LB group (HFD+75 mg/kg/day BBR),

The a-diversity of the gut microbiota, which
was for 8 weeks significantly reduced by
HED nutrition, was significantly reversed by

Syrian golden hamsters HB group (HFD+150 mg/kg/day BBR), MTF and BBR; A relatively milder effect of (55)
LM group (HFD+75 mg/kg/day MTE), berberine than MTF was detected on bacterial
HM group (HFD+150 mg/kg/day MTF diversity.
* BBR: Berberine, T2D: Type 2 Diabetes, Prob: Probiotic, HDF: High fat diet, MS: Metabolic syndrome
Table 2. Effect of berberine on intestinal diversity.
Animal/ human models Dosage of BBR Key findings Refs.
Broiler Chickens 1 g berberine/kg supplemented diet ~ Proteobacteria?t (15)
for 21 days Firmicutes!
High doses of BBR have dysbiosis-like effects.
C57BL/6] mice 10 mg/kg BBR There is no significant dose-response relationship ~ (21)
50 mg/kg BBR for BBR between 10 - 100 mg/kg.
100 mg/kg BBR Richness and diversityl
for 33 days A. muciniphila
It may reduce alcoholic fatty liver.
Healthy Duorc x (Landrace  0.1% for 21 days Beneficial bacteria like; (22)
x Large White) weaned S. variabile?
piglet L. johnsoniit
P, distasonis?t
Richness and diversity]
Sprague-Dawley rat 150 mg/kg oral Richness? (27)
daily for 6 weeks Alleviated HFD-induced hepatic steatosis and
damage.
Wistar rats 50 mg/kg BBR Richness! (28)
100 mg/kg BBR BBR can reduce depression in rats.
intragastrically once daily for 14
consecutive days
Wistar rats 150 mg/kg via intragastric for 1 Species diversityl (29)
month The amount of intestinal microbiotal
It did not show any improvement in PCOS.
Akkermansia?
Eubacterium?
. 200 mg/kg Ruminococcust
C57BL/6] mice for 14 weeks Microbial richness and diversityl (30)
BBR may improve glucose and lipid metabolism
disorders.
BBR is a broad spectrum antibiotic.
C57BL/6 mice Of 3,10, 30, 100, 300 mg/kg of BER Bacteroidet (57)
via gavage for 2 weeks .
Ruminococcus)
Both high and low doses Turicibactert
High dose BBR;
Alistipest
. Roseburia?
ApoE—/— mice and éginm/gék%%%ihyiizczlzgf:a da Bacteroidetes! (74)
C57BL/6] mice §g SOR DY gavag Y Low dose BBR;
for 13 weeks
Allobaculum?
Blautiat

Both high and low doses of BBR can alleviate
HFD-induced atherosclerosis.

* PCOS: Polycystic ovary syndrome
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association with the intestinal microbiota, as the effect
of berberine is significantly reduced in the absence of
Blautia and in metagenomic analysis, the key species
most enriched by berberine was found to be the Blau-
tia genus of B. producta (35, 36).

In a study, 83 hyperlipidemic patients were admin-
istered 1 g of oral berberine or a placebo daily for three
months, and it was found that berberine significantly
reduced serum levels of triglycerides (TG), total cho-
lesterol (TC), and low-density lipoprotein cholesterol
(LDL-c) compared to the placebo group (35). Another
study demonstrated that oral administration of ber-
berine (BBR) promotes butyrate production in the gut
microbiota, which subsequently leads to berberine en-
tering the bloodstream and reducing blood lipid and
glucose levels (37).

Modern pharmacological studies emphasize the
importance of gut microbiota in the development stag-
es of type 2 diabetes mellitus (T2DM), akin to genetic,
environmental, and dietary factors. Berberine, when
administered intragastrically at a dose of 136.5 mg/
kg in db/db mice, increases the ratio of Butyricimonas,
Coprococcus, and Ruminococcus bacteria, which pro-
duce short-chain fatty acids. These short-chain fatty
acids lead to increased secretion of glucagon-like pep-
tide-1 (GLP-1), improve insulin secretion, and sup-
press glucagon secretion to improve blood sugar levels.
Gegen Qinlian decoction (containing BBR as the main
component) and BBR alone enrich bacteria producing
butyrate, such as Faecalibacterium and Roseburia, and
increase SCFA levels in feces (2).

Exploring berberine’s impact on restoring
gut diversity and bacterial abundance
Berberine’s effect on intestinal microbiota composi-
tion is known not only by increasing SCFA-producing
bacteria but also by selectively inhibiting harmful bac-
teria (39). In a corroborative study, it is highlighted
that berberine facilitates the growth of Akkermansia
by triggering increased mucin secretion in the colon
(25). As shown in Table 1, some human and animal
studies have revealed that BBR can regulate gut mi-
crobiota composition, promote the increase of benefi-
cial bacteria such as SCFA, reduce disease symptoms,
and provide microbial restoration(20, 24, 31, 32, 35,
36, 38-55). Furthermore, BBR can regulate intestinal

microbiota-associated metabolites (such as LPS, SC-
FAs, BAs) and reverse metabolic disorders by revers-
ing the changes in the amount, structure, and compo-
sition of the intestinal microbiota (17). Among these
studies, the three most commonly used models are the
high-fat diet (HFD) induced disease model, the type 2
diabetes model, and the models compared to metfor-
min or probiotics. Dietary berberine was observed in
this study to increase the abundance of beneficial bac-
teria such as S. variabile, which inhibits food allergy
in mice, and L. johnsonii, which can be considered as
probiotics, by improving the intestinal mucosal im-
mune response. In contrast, it has also been noted that
dietary berberine may cause systemic autoimmunity
because it promotes decreased interleukin-18 produc-
tion by reducing the abundance of P. Copri (22).

In examining some animal studies, it was seen that
berberine could improve intestinal microbiota dysbio-
sis and restore the intestinal barrier by enriching SC-
FA-producing bacteria such as Bacteroides and Blautia
in rats with obesity induced by a high-fat diet (11).
Berberine intervention in rats with HFD-induced
metabolic syndrome (MS) has been shown to cause
positive microbial changes by increasing the abun-
dance of beneficial microflora such as Akkermansia
muciniphila (A. muciniphila), Bacteroides, and selec-
tively reducing the abundance of harmful microflora,
and it has been suggested that it may have benefits in
the treatments of obesity and insulin resistance (46).
Despite this, some studies observed that berberine did
not have any impact on the prevalence of the Bacte-
roidetes phylum, which is known for its beneficial ef-
fects (27) while other studies reported a significant
increase in the number of Bacteroides after berberine
treatment (54).

Looking at the changes observed in another High-
fat diet (HFD) + BBR (150 mg/kg/day, 4 months)
group, the enriching effect of berberine intervention
on the Bacteroides phylum confirmed to produce
SCFA was clearly seen (p <0.05). Moreover, the abun-
dance of several genera within the Firmicutes phylum,
including Roseburia, Dorea, and Blautia, which expe-
rienced an increase due to the high-fat diet, was re-
versed with the administration of berberine (42). In-
tragastric administration of 200 mg/kg berberine for
6 weeks on diabetic rats was found to reduce the rela-
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tive abundance of the phylum Proteobacteria and Ver-
rucomicrobia while increasing the relative abundance
of Bacteroides and probiotic Lactobacillaceae, which
is negatively correlated with the risk of T2DM(10).
Moreover, upon comparing the impact of BBR and
metformin (MTF) in ApoE (-/-) mice subjected to a
high-fat diet, similar alterations in intestinal micro-
bial composition were noted. This included a notable
reversal of reduced gut microbiota a-diversity, miti-
gating the dysbiosis induced by the high-fat diet (55).
In a study on db/db mice comparing metformin and
berberine, it was observed that both the diversity
and richness of the gut microbiome were reduced by
berberine intervention, unlike metformin. Interven-
tion with metformin or berberine has been shown to
positively affect the gut microbiota by increasing the
abundance of probiotic bacteria, including Lactobacil-
lus and Akkermansia, in db/db mice (41). Addition-
ally, in a study investigating the combination of met-
formin at a dosage of 250 mg/kg and berberine at 125
mg/kg in db/db mice, it was observed that significant
changes occurred in the intestinal microbial commu-
nities, especially Verrucomicrobia, and insulin sensi-
tivity increased in these mice compared to individual
mice (44).

Berberine intervention at 150 mg/kg/day for a
month in NASH mice alleviated HDF-induced intes-
tinal dysbiosis by increasing Bacteroidetes and Lacto-
bacillaceae, and modulated gut microbiota associated
with bile acid de-conjugation and transformation.
This modulation was evidenced by changes in bile
acid species, such as deoxycholic acid and ursodeoxy-
cholic acid (48). Moreover, in a study investigating its
relationship with NAFLD, berberine was shown to
significantly reduce bacterial diversity in the intesti-
nal flora (OTUs) and promote the increase of SCFAs
by increasing Bacteroidetes which may have protec-
tive effects on NAFLD. Notably, berberine increased
Bacteroidetes and decreased Firmicutes compared to
previous results (20). In addition, the Firmicutes/Bac-
teroidetes ratio has a higher Firmicutes content. At a
dose of 150 mg/kg, berberine intervention appeared
to reduce the abundance of Firmicutes and restore
balance with a slight increase in Bacteroidetes (56).
In summary, BBR can increase microbial diversity
by regulating the composition of both animal and
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human gut microbiota, have probiotic-like effects by
supporting the growth of beneficial bacteria, and al-
leviate T2D and other diseases by reshaping the dis-
rupted microbiota caused by HFD.

Berberine may positively influence gut microbiota
by regulating bacterial abundance and diversity. In
this context, it is suggested that berberine could con-
tribute to maintaining a healthy intestinal environ-
ment, potentially offering health benefits. Therefore,
the interactions between berberine and gut microbio-
ta play a significant role in understanding crucial bio-
logical effects on health. In a group of HFD-fed Apoe-
/- mice, berberine intervention has been reported
to contribute to a healthy intestinal environment by
increasing the relative abundance of Bacteroides and
Akkermansia (40, 46). A study observed correlations
between berberine concentrations and the composi-
tion of gut flora, highlighting negative correlations
with bacteria such as Ruminococcus gnavus, Rumino-
coccus schinkii, Lactobacillus acidophilus, Lactobacil-
lus murinus, and Lactococcus lactis (57). As shown in
Table 2, some studies on animal models have found
data that berberine reduces overall microbial diver-
sity and causes dysbiotic microbiota formation. When
alpha diversity analysis was examined in this study, it
was seen that berberine; consistent with previous re-
ports, it was observed that it significantly reduced the
variety and diversity of the intestinal microbiota. The
emphasized feature of berberine at this stage is that it
acts as a broad-spectrum antimicrobial agent against
pathogens in the microbiota (40).

In another research examining the effect of berber-
ine alone in combination with antibiotics on micro-
bial diversity, ob/ob mice receiving oral antibiotics for
3 days were simultaneously treated with berberine or
antibiotics for 10 days. The study revealed that treat-
ment with both berberine and antibiotics reduced the
bacterial colony by 57% compared to berberine alone
(37). Subsequent to the intervention of berberine hy-
drochloride, suggested to regulate intestinal microbial
functions in Parkinson’s patients, microbial diversity
decreased in the berberine group compared to the
control group (58). Similarly, intervention of berber-
ine (200 mg/kg, e.g.) in normal rats showed that the
number of species decreased and imbalance in the
gut microbiota developed with the concentration of
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SCFAs (short-chain fatty acids) in berberine-induced
rats (59).

In a different study on rats, it was reported that
berberine and metformin showed high similarity in
enriching short-chain fatty acid-producing bacteria
and inhibiting various intestinal microbes. The study
also highlighted that high doses of berberine reduced
the abundance of Bacteroidetes, whereas low doses of
berberine and metformin did not have such an effect
(45). Echoing these findings, in vivo results of another
study on chickens also showed that increasing berber-
ine dosage inhibited the growth of butyrate-produc-
ing bacterial strains (15).

Microbial diversity as an indicator of health

The microbial profiling approach, based on the 16S
rRNA gene, has played a crucial role in systematically
characterizing microbial communities. This method
has provided valuable insights into the microbiome of
healthy individuals, establishing connections between
microbial changes and various diseases and health
conditions. Our understanding in this field has ex-
panded significantly, thanks to research on the human
gut microbiota, which houses several hundred differ-
ent bacterial species. Conducted across continents,
extensive population-based studies have contributed
valuable information. Sequencing techniques can
currently identify between 100 and 200 different spe-
cies of bacteria in a single sample, and phylogenetic
classification is still unable to account for the physi-
ological variations that species-level diversity causes
among individuals (60). The gut microbiota is highly
diverse, with each healthy adult human typically har-
boring more than 1,000 species of bacteria belonging
to the dominant phyla Bacteroidetes and Firmicutes
and relatively few other known bacterial phyla (61).
Infections and inflammatory illnesses are caused by
dysbiosis, a shift in the composition of gut microbes.
Immune, metabolic, and neurobehavioral aspects of
human health are all significantly influenced by gut
microbes (62). Researchers discovered in a study that
T2DM patients had a GM imbalance and had fewer
Lactobacillus and Bifidobacterium than controls. The
study also found a possible link between decreased
microbial diversity and an increased risk of develop-
ing diabetes mellitus and developing insulin resis-

tance (56). Dysbiosis in the gut microbiota has been
associated with a range of human diseases, including
diabetes, inflammatory bowel disease, anxiety, hyper-
tension, cardiovascular diseases, liver disease, heart
disease, obesity, and depression (63, 64). It has been
reported that the alpha diversity of the gut microbi-
ome is associated with human health, and lower di-
versity levels have been found to be linked to various
acute and chronic diseases. When previous analyses of
gut community composition and alpha diversity are
examined, a negative relationship is often observed
with the Bacteroidetes phylum. However, comparisons
of gut microbiomes between rural Africans and urban
Europeans have revealed the opposite, showing higher
diversity and corresponding Bacteroidetes richness in
rural Africans. Therefore, a single measurement such
as the Firmicutes/Bacteroidetes (F/B) ratio, Bacteroide-
tes ratio, or microbial diversity may not allow us to
reach a comprehensive and accurate conclusion for
overall health (65). While a decrease in metagenomic
richness is identified as an indicator of metabolic syn-
drome, the concept of dysbiosis lacks a precise defini-
tion due to the absence of a universally accepted norm
for healthy microbiota. In adults, the diversity of the
microbiota is considered a potential indicator linked
to states of health or disease. Diminished microbial
diversity, quantified through measures like Simpson,
Shannon, Chaol, or phylogenetic diversity, has been
documented in various disease states. Due to the ab-
sence of a precise definition of a healthy or normal
microbiota, the concept of dysbiosis remains contro-
versial. However, analyses in infants have reported that
certain factors, like diminished microbial diversity or
abnormal microbial composition, are associated with
diseases such as asthma, intestinal diseases, inflamma-
tory bowel disease, and metabolic disorders that occur
in later stages of life, including in the infant. It has also
been reported that the gut microbiota in breastfed in-
fants exhibits lower diversity than in bottle-fed babies
(19). Diversity analyses of the gut microbiome have
associated the gut microbiome of people with large
social networks with higher diversity, while the gut
microbial diversity of people experiencing, stress, and
anxiety is associated with a lower diversity and an al-
tered microbiome (66). Recent research has implicated
gut microorganisms in various human diseases such
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as psoriasis, obesity, autism, and mood disorders (67).
Unlikely, obesity, type 2 diabetes, and inflammatory
bowel diseases, whose prevalence has increased sharp-
ly in recent years, have been associated with a reduc-
tion in gastrointestinal microbiome biodiversity. Loss
of dietary biodiversity, one of the most important fac-
tors affecting microbial diversity, has been implicated
as a critical factor in the development of obesity linked
to reduced gastrointestinal microbiome diversity (68).
Although there is ongoing disagreement regarding the
relative importance of different intestinal taxa, it is
generally agreed that having a diverse gut microbiome
is beneficial. Studies that assess the functions that bac-
teria contribute, as opposed to variety, are also avail-
able. According to the study, this is because a diverse
community appears to have a stronger correlation with
health as it encompasses a wider range of functional
domains. The investigation also noted that complex
connections between shared species offer advantages
that no single species can provide (60).

The therapeutic role of berberine in clinical
diseases in the future

Since the introduction of the microbiome concept
to the scientific community, we have been navigat-
ing a process that not only uncovers more profound
insights into health and disease but also allows us to
gain deeper knowledge through analyses, thanks to
technological advancements. Although we know a
lot about the microbiome thanks to valuable studies,
the microbiome is an area that has not yet been fully
elucidated and needs deeper and long-term observa-
tions. Healthy microbiota and dysbiosis do not yet
have a precise profile definition. In addition to the
many benefits of berberine, the fact that it reduces in-
testinal microbial diversity and causes the formation
of a dysbiotic environment with its broad-spectrum
antibiotic effect is an issue that needs to be further
researched and clarified. Berberine is considered a
promising compound in the treatment of diseases,
as it enhances the growth of beneficial bacteria that
produce health-related metabolites, especially SCFA
and butyrate. It also modulates the disrupted micro-
bial composition in metabolic diseases, promoting
beneficial bacteria while reducing harmful ones, ef-
fectively acting as a probiotic. A meta-analysis of 21
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clinical studies found that berberine had therapeutic
effects comparable to other therapeutic regimens on
T2DM, hyperlipidemia, and hypertension (69). The
pro-inflammatory condition that dysbiosis induces in
the gut damages the intestinal barrier’s ability to func-
tion, which allows bacterial endotoxins to translocate
and triggers a systemic immune response, which could
be one reason why NAFLD occurs. Studies on humans
and animals that connect microbial dysbiosis with gut
inflammation provide credence to this theory (56). As
a result of a study investigating the intestinal barrier
protective effect of berberine against NAFLD in rats,
it was observed that berberine reduced serum lipids
and improved intestinal mucosal barrier dysfunction
(70). In addition to these data, the examination of
whether microbial diversity was restored in the long
term as a result of the berberine intervention, optimal
dose rates, and dose-dependent personalized micro-
bial responses was not undertaken. To the best of our
knowledge, one of the first analyses of the microbiome
profiles of functional constipation patients individu-
ally and a study using a personalized diet modulation
intervention based on the literature was conducted by
us. In our study, it was determined that symptoms and
quality of life of functional constipation patients were
improved through personalized microbiome modula-
tion with dietary intervention based on artificial in-
telligence-supported fecal microbiome profiling (71).
The importance of personalized microbial responses
is emphasized by our study, which is the first in the
literature to compare the therapeutic effect of an Al-
based personalized diet for irritable bowel patients. In
our study, machine learning was utilized to identify a
personalized diet to modulate the microbiota of an ir-
ritable bowel syndrome patient population to a similar
“healthy” state. Consequently, it was demonstrated in
our study that the score improvement for the personal-
ized diet group was significantly higher than the stan-
dard irritable bowel syndrome diet group, highlighting
the importance of personalized microbial responses
(72). Both high (100 mg/kg) and low (50 mg/kg) doses
of Berberine (BBR) administered alleviate atheroscle-
rosis induced by a high-fat diet (HFD) in ApoE-/- and
C57BL/6] mouse models, and may impact different
components of gut microbiota (73). Therefore, the
proposed berberine intervention for the treatment
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of complex and multifactorial metabolic and chronic
diseases necessitates more detailed studies, the assess-
ment of individual microbial responses, and long-term
follow-up studies of microbiome effects.

I
CONCLUSIONS

The interaction between berberine and the gut mi-

crobiota has significant health implications. Our lit-
erature review elucidates the multifaceted effects of
berberine on the composition and diversity of the gut
microbiota, shedding light on its therapeutic potential.
Berberine promotes the growth of beneficial bacteria
while targeting specific pathogens and exhibiting anti-
microbial properties. Studies, particularly in obese or
Type 2 Diabetic models, suggest potential benefits in
improving gut microbiota and diversity (20, 24, 31, 32,
35, 36). However, the lack of a defined optimal dosage
and unassessed individual microbial responses have
been linked to the formation of dysbiotic microbiota
profiles (15, 38, 57).

It is apparent that berberine may have benefits
arising from its interaction with the gut microbiota.
Throughout various studies, the variety of the gut
microbiota was significantly enhanced by berberine
intervention, although some studies observed the op-
posite. Understanding the impact of berberine on the
composition of the gut microbiota will improve the
efficacy of this compound in the treatment of meta-
bolic and chronic diseases by elucidating its long-term
efficacy, elucidating individual microbiota-dependent
responses, and determining optimal dosage.

Further research into the long-term effects, indi-
vidual microbial responses, optimal dosage rates, and
personalized interventions based on microbial profiles
will enhance our understanding of berberine’s thera-
peutic role in complex metabolic and chronic diseases.
Such research will pave the way for more tailored and
effective treatments.
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