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Abstract. - OBJECTIVE: With this study, we
aimed at exploring the regulation mechanism of
Potentilla discolor-Euonymus alatus on intesti-
nal flora of T2DM (Type 2 Diabetes Mellitus) rats
induced by high-fat diet combined with strepto-
zotocin.

MATERIALS AND METHODS: T2DM rats were
induced by high-fat diet combined with strepto-
zotocin. There were normal control group, mod-
el group, metformin group, high-dose Chinese
medicine group and low-dose Chinese medi-
cine group. Each group included 10 rats. Normal
control group: normal feeding, no modeling, or-
dinary feed, and gavage of 0.9% normal saline.
Model group: T2DM rats, high-fat diet, and ga-
vage of 0.9% normal saline. Metformin group:
T2DM rats, high-fat diet and fed with metformin
solution. High-dose Chinese medicine group:
T2DM rats, high-fat diet, and gavage of concen-
trated Chinese medicine at a dose of 6 times
the clinical dose. Low-dose Chinese medicine
group: T2DM rats, high-fat diet, and gavage of
concentrated Chinese medicine at a dose twice
the clinical dose. The general situation of T2DM
rats was observed, and the changes of intestinal
flora were observed with 16SrDNA sequencing.

RESULTS: The T2DM rats induced by high-fat
diet combined with streptozotocin were mold-
ed. After intervention, at the class level, the ra-
tio of y-proteobacteria was 22.30% in the model
group, 11.97% in the metformin group, 3.24% in
the high-dose Chinese herbs group and 1.72% in
the low-dose Chinese herbs group; the ratio of
Erysipelothrix insidiosa was 4.73% in the model
group, 4.68% in the metformin group, 3.93% in
the high-dose Chinese herbsgroup and 2.92% in
the low dose group; the ratio of Lactinobacillus
was 2.30% in the model group, 0.01% in the met-
formin group, 0.00% in the high-dose Chinese
herbs group, and 0.00% low-dose Chinese herbs
group; at the portal level, the Firmicutes/Bacte-
roides was 0.88 in the normal control group, 3.40

in the model group, 1.71 in the metformin group,
2.74 in high-dose Chinese medicine group, and
1.34 in low-dose Chinese medicine group; at the
genus level, the relative abundance of Lactoba-
cillus in the model group was 3.28%, that of Ak-
kermansia was 1.99%, that of Shigella coli was
22.08%, and that of Vibrio phaseus was 7.67%.
All of them were improved after the intervention
of metformin and traditional Chinese medicine.

CONCLUSIONS: Potentilla discolor-Euony-
mus Alatus could improve the composition and
structure of intestinal flora in T2DM rats and reg-
ulate the diversity of intestinal flora. The ratio of
Firmicutes/Bacteroidetes was adjusted, mainly
to increase the number of Bacteroides; the flora
related to intestinal barrier was adjusted, mainly
to increase the number of Lactobacillus and Ak-
kermansia bacteria.
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Introduction

The treatment of obesity and diabetes is a long-
term process. Traditional hypoglycemic drugs,
such as insulin, increase the weight of patients to
a certain extent, which in turn increase the insulin
resistance of diabetic patients causing more dis-
ordered blood sugar metabolism. Statistics have
shown that the weight loss of 20 jin can reduce the
risk of death of T2DM patients by 25%!. At pres-
ent, there are many control strategies for T2DM,
mainly including weight management, medical
nutrition therapy, exercise therapy, smoking cessa-
tion, blood sugar monitoring, diabetes education,
oral hypoglycemic drug therapy (metformin, sul-
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fonylureas, glinides, TZD, etc.), insulin therapy,
etc. In addition, there are also some new thera-
peutic drugs®>. The above drugs have achieved
certain curative effect in lowering blood sugar,
but at the same time, they also bring some adverse
reactions’, which greatly affect the treatment effect
and patient compliance. Therefore, the treatment
of T2DM patients should have a definite effect in
lowering blood sugar, reducing weight, and at the
same time should avoid causing hypoglycemia,
and protect the function of islet beta cells.

More and more evidence shows that obesity,
insulin resistance (IR) and T2DM are all related
to the changes of intestinal flora. The abundance
of Lactobacillus and Enterococcus in firmicutes is
significantly increased, that of Bacteroides in Bac-
teroides is low, and that of Bifidobacterium and
Roche in Actinomycetes is low. At the same time,
in T2DM patients, the abundance of Clostridium
and other butyrate-producing bacteria decreased,
and the oxidative stress resistance function of mi-
croorganisms increased*. The abundance of four
lactobacillus strains in T2DM patients increased,
while that of five Clostridium strains decreased,
and indicated that intestinal flora is very important
in the metabolic changes related to T2DM?>°.

In this study, taking T2DM as the break-
through point, flora 16S rDNA sequencing meth-
od was used, and the mechanism and treatment
of T2DM after the intervention of the traditional
Chinese medicine pair Potentilla discolor-Euon-
ymus alatus were observed. Finally, the scientific
connotation of T2DM treatment with traditional
Chinese was clarified.

Materials and Methods
Drugs and Reagents

Drug preparation

1. Took 800 g of Euonymus alatus and Potentilla
discolor, refluxed and extracted for 2 hours
for the first time, and used 6,400 ml of 75%
ethanol; refluxed continuously for the second
time for 1 hour, used 4,800 ml of 75% ethanol,
and mixed the extractive solutions twice. After
filtering, concentrated the extractive solution
into 80 ml of concentrated solution (1 ml/10 g)
by vacuum rotary evaporator.

2. Metformin hydrochloride, Aladdin, article
number: M107827. Used 0.9% normal saline
to prepare the suspension. The gavage volume
was 10 ml/kg.

Animals Model

50 rats were divided into 5 groups, 10 rats fed
with normal diet and 40 rats fed with high-fat
and high-sugar diet on unrestricted diet. Normal
feed was purchased from Guangdong Laboratory
Animal Center, and high-fat feed was purchased
from Botai Hongda Biological Company.

Establishment of Type 2 Diabetes Rat
Model

After 4 weeks of feeding with high-fat diet: (1)
Fasting and water for 12 hours before modeling;
(2) Prepare 0.1 mol/L citric acid (solution A)-so-
dium citrate buffer (solution B). The preparation
method is as follows: add 21 g of citric acid to
1,000 ml of double-distilled water in liquid A,
add 29.4 g of sodium citrate to 1,000 ml of dou-
ble-distilled water in liquid B, and mix liquid A
and liquid B at a ratio of 1:1 to make the pH value
4.2-4.5. Then, the citric acid buffer (0.1 mol/L,
PH 4.2-4.5) was prepared. (3) Take an appropriate
amount of STZ in the dark as far as possible, dis-
solve it in citric acid buffer on ice, and prepare a
solution with a concentration of 1%. Protect from
light, place on ice, and use up within 15 min-
utes after preparation. (4) According to the body
weight of the rat and to the STZ of 40 mg/Kg, the
STZ solution was injected into the left lower ab-
domen of the rat to induce type 2 diabetes. They
received a high-fat diet immediately after STZ
injection. (5) Criteria for successful type 2 diabe-
tes model: collected blood from the tail vein for 3
consecutive days, and blood glucose was detect-
ed. If the blood glucose level was higher than 16.6
mmol/L for 2 consecutive days, the modeling was
considered to be successful.

Grouping and Dosing

There were 4 groups: model group, metformin
group, high-dose Chinese herbs group, and low-
dose Chinese herbs group. On the second day
after successful modeling, the rats were given
intragastric administration for 12 consecutive
weeks of continuous intervention. Blood glucose
and body weight were measured every week.
The intragastric dose of rats was calculated ac-
cording to 10 ml/kg body weight, and the intra-
gastric dose of each rat was adjusted according
to the body weight.

Animal Material

Before the experiment, the rat was fixed, the
perianal area was sterilized, the tail was lift-
ed, the abdomen of the rat was gently pressed
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Table I. Changes in fasting blood glucose levels of rats in each group (¥ + s).

Normal Model Metformin High-dose Chinese = Low-dose Chinese
control group group group medicine group medicine group-
1 week 4.53+£0.47 24.53 £4.40 2391 +4.58 22.36 £2.67 22.05+2.17
2 weeks 4.66 +0.53 23.06 +4.44 20.99 +2.64 21.87+2.29 23.52 +3.15
3 weeks 3.40+0.98 24.11 +3.19 18.62 + 1.46 19.94 £ 1.40 20.92 +2.47
4 weeks 3.87+0.89 23.39+3.75 18.00 = 1.47 19.84 £ 1.57 20.76 + 1.83
5 weeks 3.99+£0.79 23.08 +3.02 17.56 = 1.49 19.71 £ 1.09 2091 £ 1.49
6 weeks 3.62 £ 1.00 2456 £2.72 14.50 + 1.49 16.44 +1.92 20.24 £2.47
7 weeks 4.00+1.20 25.68 £2.71 9.47 +0.75 11.66 +2.18 16.46 £ 1.11
8 weeks 3.64+1.04 2773 +£2.71 7.87+1.10 9.25+1.02 14.25+1.41
9 weeks 4.21+0.75 2491 +1.79 7.99 +£0.59 8.60 + 0.68 13.24 +£2.09
10 weeks 4.05+0.89 2429 +4.72 7.46 £ 0.61 7.83 +£0.72 12.94 +1.53
11 weeks 4.30 +0.60 2543 £4.54 6.38 £ 0.93 7.11+0.85 11.29 + 1.80
12 weeks 4.07 £ 0.69 26.30 + 3.86 6.20 + 0.65 6.89 +0.81 11.17+1.24

to promote defecation, and the rat feces were
collected in a sterile cryopreservation tube,
which was then labeled, stored at -80°C and
shipped on dry ice. 16s rRNA was analyzed
by Hangzhou Lianchuan Biotechnology Co.
(Hangzhou, China).

Statistical Analysis

The measurement data of the experimental
results were expressed as meantstandard devi-
ation, and SPSS 23.0 statistical software (IBM
Corp., Armonk, NY, USA) was used for analysis.
Single factor analysis of variance was used for
comparison of multiple groups of means, and
LSD method was used for comparison between
pairs. p<0.05 indicated that the difference was
statistically significant.

Results

General Results

Before modeling, the rats were in a good men-
tal state, their fur was shiny, and their defeca-
tion and water consumption were normal. After
modeling, the rats were obviously depressed,
with polydipsia, polyphagia, polyuria, and dull
fur. After gavage of metformin and traditional
Chinese medicine, the rats’ spirits improved, and
their mobility was more active than that of the
model group. Due to the different tolerance of
rats to STZ, three rats died in the model group,
one rat died in the metformin group, two rats died
in the high-dose Chinese medicine group and
three rats died in the low-dose Chinese medicine

group.
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Effect of Potentilla Discolor-Euonymus
Alatus on Fasting Blood Glucose
of T2DM Rats

After modeling, the fasting blood glucose
of rats in each group was significantly higher
than that of the normal control group (p<0.05).
Compared with the model group, after inter-
vention, the fasting blood glucose of rats in the
metformin group and in the Chinese medicine
group began to decrease (p<0.05) after 4 weeks,
especially in the metformin group, which indi-
cated that Potentilla discolor-Euonymus alatus
had hypoglycemic effect on the fasting blood
glucose of T2DM rats (as shown in Table I and
Figure 1).
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Figure 1. Changes in fasting blood glucose levels of rats
in each group.
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Table Il. Alpha diversity index of each group.

Shannon Simpson Observed otus Chaotl
4.13+£6.22 0.91 £0.02 42.67+2.16 44.50 £ 5.87
4.81 £0.45 0.93£0.05 7775+ 1.50 77.50 = 1.50
4.96 +0.37 0.94+0.03 79.00 + 3.39 79.00 + 3.39
5.04 £0.28 0.95 +0.02 76.00 + 2.55 76.00 + 2.86
494+041 0.94 +£0.04 7520 +£4.44 75.80 + 4.60
Analysis of the Diversity of Intestinal Verrucomicrobia, erysipelothrix, Firmicutes,

Flora a in T2ZDM Rats by Potentilla
Discolor-Euonymus Alatus

The a diversity index of intestinal flora was
used to evaluate the diversity of microbial flora
among groups. In this study, indexes including
observed species, Shannon, Simpson and Chaol
were used to evaluate the o diversity of micro-
biota. Simpson index refers to the diversity and
evenness of species distribution in flora. Chaol
index is used to estimate the total number of spe-
cies contained in flora samples. In our study, the
Shannon and Simpson values of metformin group
and traditional Chinese medicine group increased
in different degrees. It shows that the diversity
of flora is increased, and the distribution is more
uniform. Therefore, Potentilla discolor-Euony-
mus alatus could maintain the diversity of intes-
tinal microbial flora in T2DM rats (as shown in
Table II).

Analysis of the Effect of Potentilla
Discolor-Euonymus Alatus on the 8
Diversity of Intestinal Flora in
T2DM Rats Treated

The B diversity is a measure of the similarity of
flora composition among different samples, and
the difference of flora composition among dif-
ferent samples is observed. In this study, NMDS
analysis, PCoA analysis and ANOSIM analysis
were used for B diversity analysis.

According to NMDS analysis, certain differ-
ences among groups were detected. This indi-
cated that the intestinal flora of T2DM rats was
abnormal after modeling. And the intestinal flora
had recovered to some extent after the interven-
tion of metformin and traditional Chinese medi-
cine (as shown in Figure 2).

Analysis of Flora Composition at
the Class Level

At the class level, there were Bacteroides,
Clostridium, Coriobacteriaceae, proteobacte-
ria, Bacillus, Gamma Proteus, Firmicuteria,

Actinomycetes and Campylobacter in each
group. Among them, the y-proteobacteria in the
model group was 22.30%, significantly higher
than that in the model group (p<0.05). After
drug intervention, the y-proteobacteria level
decreased significantly (p<0.05), with 11.97%
in the metformin group, 3.24% in the high-dose
Chinese herbs group and 1.72% in the low dose
group. The rate of erysipelothrix in the mod-
el group was 4.73%, which was significantly
higher than that in the normal control group
(p<0.05). After intervention, it was 4.68% in
the metformin group, 3.93% in the high-dose
Chinese herbs group and 2.92% in the low-dose
Chinese herbs group. Actinobacillus in the mod-
el group was 2.30%, significantly higher than
that in the normal control group (p<0.05). After
intervention, it was 0.01% in the metformin
group, 0.00% in the high-dose Chinese medicine
group and 0.00% in the low-dose Chinese medi-
cine group. All of them were significantly lower
than those in the model group (p<0.05). This

NMDS Analysis ( Stress=0.12)

0.4

Figure 2. B-diversity NMDS analysis chart of each group.
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indicated that Potentilla discolor-Euonymus
alatus herb pair could regulate the class-level
flora of intestinal floras in T2DM rats (as shown
in Figure 3).

Analysis of Phylum Horizontal F
lora Composition

At the phylum level, the intestinal floras of rats
in each group included: Firmicutes, Bacteroide-
tes, Proteobacteria, Actinobacteria, Verrucomi-
crobia and Epsilonbacteraeota. The Firmicutes/
Bacteroides was 0.88 in the control group and
3.40 in the model group, showing a significant
increase compared with that in the normal control
group (p<0.05). However, after the intervention
of metformin and traditional Chinese medicine,
the Firmicutes/Bacteroides decreased significant-
ly (p<0.05), being 1.71 in the metformin group,
2.74 in the high-dose Chinese herbs group and
1.34 in the low-dose Chinese herbs group. This
shows that Potentilla discolor-Euonymus alatus
can effectively regulate the intestinal flora disor-
der of T2DM rats (as shown in Figure 4).

Analysis of the Composition of
Genus Level Flora

At the genus level, the intestinal floras of
rats in each group included: the uncategorized
genus  Murmurus, Corisella, Lactobacillus,
Shigella Escherichia coli, Bacteroides, Vib-
rio phasianus, Akkermansia, Lachnospiraceae
NK4A136 group, Heteroplasma, Desulfovibrio,
Rumatococcaceae NK4A214 group, Eubacteri-
um, Desulfovibrio, Biliophilus, Romebuthiella.,
Heterobacterium, Crestanaceae R-7 group, Fir-
micutes, spirillum, Allantozoon parapsilosis, and
other genera. The relative abundance of Lactoba-
cillus and Akkermansia decreased by 3.28% and
1.99% in the model group (p<0.05). The relative
abundance of Shigella Escherichia coli and Vib-
rio phaseus increased by 22.08% and 7.67%
(p<0.05). After the intervention of metformin and
traditional Chinese medicine (p<0.05), they were
all improved to a certain extent. This showed that
Potentilla discolor-Euonymus alatus could im-
prove the intestinal flora of T2DM rats (as shown
in Figure 5).
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Figure 3. Analysis of flora composition at the class level. A, Colony change clusters in each group at the class level; B, Heat
map of colony changes in each group at the class level; C, Histogram of colony changes in each group at the class level; D,

Groups of Circos diagrams at the class level.
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Figure 4. Analysis of phylum horizontal flora composition. A, Cluster map of colony changes in each group at the phylum
level; B, Heat map of colony changes in groups at the phylum level; C, Histogram of colony changes in each group at the
phylum level; D, Groups of Circos diagrams at the gate level.

Figure 5. Analysis of the composition of genus level flora. A, Cluster map of colony changes in each group at the genus level;
B, Heat map of colony changes in each group at the genus level; C, Histogram of colony changes in each group at the genus
level; D, Group Circos diagrams at the genus level.
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Discriminant Analysis of LEFSE
Multilevel Species Differences

The model group was compared to the normal
control group, the normal control group screened
out 40 biomarkers and the model group screened
out 96 biomarkers; the top five biomarkers in the
normal control group were: proteobacteria, en-
terobacteriaceae, Proteus, Enterobacter and un-
categorized Shigella Escherichia coli; the top five
biomarkers in the model group were: bacteroide-
ae, bacillus, Bacteroides, Moxiella, uncatego-
rized Moxiella. The model group was compared
with the high-dose Chinese medicine group, the
model group screened out 40 biomarkers and
the high-dose Chinese medicine group screened
out 15 biomarkers; the top five biomarkers in
the model group were: Proteus, enterobacteria-
ceae, enterobacteria, Escherichia shigella and
uncategorized Escherichia shigella; the top five
biomarkers in the high-dose Chinese medicine
group were: g clostridia, s clostridia, f clostridia,
RAY0 staphylococcus and g Bacillus piliformis
(as shown in Figure 6).

Discussion

According to IDF data, there are about 537
million diabetic patients in the world at pres-
ent, most of whom are T2DM patients. T2DM
is one of the main chronic diseases affecting
human health. Intestinal flora has been proved
to be involved in the occurrence and progress of
T2DM mellitus. The disorder of intestinal flora
can lead to the abnormal function of intestinal
mucosa and the increase of intestinal permea-
bility. As a result, many harmful metabolites
cannot be excreted, but enter the systemic cir-
culation, causing a series of inflammation in
the body, and ultimately damaging the function
of islet cells™!’. Some people have proved that
it is one of the mechanisms of lowering blood
sugar to correct the disorder of intestinal flora
by adjusting intestinal flora. Traditional Chinese
medicine is an oral medicine, which is bound to
be absorbed by the intestinal tract and affect the
intestinal flora. Potentilla discolor and Euony-
mus alatus are used for treating diabetes. Our
study observed the changes of intestinal flora
in T2DM rats through concentrated extract in
combination with Potentilla discolor-Euonymus
alatus, thus further revealing the hypoglycemic
mechanism of Potentilla discolor-Euonymus
alatus for T2DM.
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According to this study, at the class level,
the intestinal flora classes of rats in each group
included Bacteroides, Clostridium, Coriobacteri-
aceae, proteobacteria, Bacillus, Gamma Proteus,
Firmicuteria, Verrucomicrobia, erysipelothrix,
Firmicutes, Actinomycetes and Campylobacter.
Among them, the y-proteobacteria in the model
group was 22.30%, significantly higher than that
in the model group (p < 0.05). After drug in-
tervention, the y-proteobacteria level decreased
significantly (p<0.05), with 11.97% in the met-
formin group, 3.24% in the high-dose Chinese
herbs group and 1.72% in the low dose group.
The rate of erysipelothrix in the model group was
4.73%, which was significantly higher than that
in the normal control group (p<0.05). After in-
tervention, it was 4.68% in the metformin group,
3.93% in the high-dose Chinese herbs group and
2.92% in the low-dose Chinese herbs group. A4c-
tinobacillus in the model group was 2.30%, sig-
nificantly higher than that in the normal control
group (p<0.05). After intervention, it was 0.01%
in the metformin group, 0.00% in the high-dose
Chinese medicine group and 0.00% in the low-
dose Chinese medicine group. All of them were
significantly lower than those in the model group
(p<0.05). This indicated that Potentilla discol-
or-Euonymus alatus herb pair could regulate
the class-level flora of intestinal floras in T2DM
rats. The presence of y-proteobacteria in low-fat
diet is low, while that in high-fat diet is high.
Therefore, adjusting the abundance of intestinal
flora of y-proteobacteria is an important way to
effectively prevent and control glucose and lipid
metabolism; erysipelothrix has been detected in
the urine of diabetic patients, which may be due
to the low immunity of diabetic patients. As a re-
sult, the erysipelothrix enters the body and causes
some symptoms; therefore, erysipelothrix is also
an important indicator of diabetes. Actinobacil-
lus is closely related to infectious diseases, such
as endocarditis, meningitis, osteomyelitis, etc.
The increase of blood sugar in diabetic patients
damages the immune system, thus increasing the
abundance of Actinobacillus.

In this study, the intestinal floras of rats in
each group included Firmicutes, Bacteroidetes,
Proteobacteria, Actinobacteria, Verrucomicro-
bia and Epsilonbacteraeota. The Firmicutes/
Bacteroides was 0.88 in the control group and
3.40 in the model group. After the intervention of
metformin and traditional Chinese medicine, the
Firmicutes/Bacteroides decreased significantly
(p<0.05), reaching 1.71 in the metformin group,
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Figure 6. Discriminant analysis of LEFSE multilevel species differences. A, Histogram of distribution of LDA values in
normal control group and model group by LEfSe analysis; B, Histogram of distribution of LDA value of traditional Chinese
medicine high-dose group and model group by LEfSe analysis; C, Clade diagram of LEfSe analysis in normal control group
and model group; D, Clade diagram of LEfSe analysis of traditional Chinese medicine high-dose group and model group.

2.74 in the high-dose Chinese herbs group and
1.34 in the low-dose Chinese herbs group. Stud-
ies'!2 have shown that the number of Firmicutes
in the intestinal tract of obese diabetic mice in-
creased, while the number of Bacteroidetes and
Firmicutes/Bacteroides decreased. Firmicutes,
known as obese bacteria, can increase the accu-
mulation of sugar and fat in the body and gain
weight by improving the utilization rate of food.

However, Bacteroidetes is called “lean bacteria”.
The increase of blood sugar in diabetes causes the
abundance of Bacteroides to decrease but causes
the abundance of Firmicutes to increase. So,
the ratio of Firmicutes/Bacteroidetes in diabetic
intestinal flora will increase. The same is true
of this study. After drug intervention, the abun-
dance of Bacteroides to Bacteroides increased,
thus reducing the ratio of Firmicutes/Bacteroides.
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Therefore, Potentilla discolor-Euonymus alatus
medicine can regulate blood sugar in T2DM rats.
At the phylum level, the hypoglycemic effect
may be realized by increasing the abundance of
Bacteroidetes.

In our study, the intestinal floras of rats in each
group includes: the uncategorized genus Murm-
urus, Corisella, Lactobacillus, Shigella Esche-
richia coli, Bacteroides, Vibrio phasianus, Ak-
kermansia, Lachnospiraceae NK4A4136 group,
Heteroplasma, Desulfovibrio, Rumatococcaceae
NK4A4214 group, Eubacterium, Desulfovibrio,
Biliophilus, Romebuthiella., Heterobacterium,
Crestanaceae R-7 group, Firmicutes, spirillum,
Allantozoon parapsilosis, and other genera. The
relative abundance of Lactobacillus and Akker-
mansia decreased by 3.28% and 1.99% in the
model group (p<0.05). The relative abundance of
Shigella Escherichia coli and Vibrio phaseus in-
creased by 22.08% and 7.67% (p<0.05). After the
intervention of metformin and traditional Chi-
nese medicine (p<0.05), they were all improved
to a certain extent. It belongs to Gram-positive
bacteria and is one of the normal intestinal flora.
Lactobacillus is very important to maintain the
normal intestinal balance of the body and is of
great significance to intestinal health. It can play
a probiotic role to increase the number of ben-
eficial flora in the intestinal tract and adjust the
structure of flora, thus enhancing the body’s dis-
ease resistance. Lactobacillus can produce short-
chain fatty acids, such as lactic acid, to lower the
pH value in the intestinal tract and produce anti-
bacterial property, thus inhibiting the growth and
reproduction of harmful colonies. It can maintain
the intestinal barrier and keep the integrity of
intestinal epithelial cells'*!"*. Akkermansia is also
a normal bacterium in the intestinal tract of the
organism, and it is a Gram-negative anaerobic
bacterium. Some scholars have found that taking
Akkermansia orally can improve the symptoms
of mice with abnormal glucose and lipid metabo-
lism. Akkermansia is also an important factor in
maintaining the regulation of intestinal barrier,
and it is very important to the homeostasis of
the organism. Akkermansia can reduce the level
of inflammatory factors in diabetic patients and
improve the inflammatory state of the body, es-
pecially the inflammatory factors caused by the
increase of blood sugar. It can improve the glu-
cose tolerance of diabetic mice and promote the
expression of insulin secretion genes. Our study
indicated that the levels of Akkermansia in the
model group was the lowest, but it was improved
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after drug intervention. Therefore, increasing the
abundance of Akkermansia in intestinal tract is
probably one of the mechanisms of hypoglycemic
effect of Potentilla discolor-Euonymus alatus.

Conclusions

Potentilla discolor-Euonymus Alatus could im-
prove blood glucose levels, the composition and
structure of intestinal flora in T2DM rats and
regulate the diversity of intestinal flora. The ratio
of Firmicutes/Bacteroidetes was adjusted, mainly
to increase the number of Bacteroides; the flora
related to intestinal barrier was also adjusted,
mainly to increase the number of lactobacillus
and Akkermansia bacteria.

Conflict of Interest

The authors declared no potential conflicts of interest with
respect to the research, authorship and publication of this
article.

Funding

This work was supported by the Guangdong Medical Re-
search Fund Project (No. A2020601), and by the Guang-
dong College Students’ innovation and entrepreneurship
training program (No. S201910573059).

Ethics Approval

All experiments conform to the ethical requirements of ani-
mal experiments. The study was reviewed and approved by
the Experimental Animal Ethics Committee of the First Af-
filiated Hospital of Guangdong Pharmaceutical University.

Informed Consent
Our experiments did not involve clinical trials and had no
informed consent form to sign.

Availability of Data and Materials

The datasets used and analyzed during the current study
are available from the corresponding author on reasonable
request.

Authors’ Contribution

Shaoying He, Xinmei Qiu participated in animal model-
ing and statistical analysis. Yeqing Wang,Zhiqing Su, Bi-
yu Zhang; Zheng Wen,Yifu Yang and Bingfeng Xing par-
ticipated in drafting the manuscript.Min Hong participat-
ed in statistical analysis. Rui Liao conceived of the study
and participated in its design and coordination and helped
to draft the manuscript. All authors read and approved the
final manuscript.



Intervention effect of Potentilla discolor-Euonymus alatus on intestinal flora of T2ZDM rats

1)

5)

6)

7)

References

Hariharan R, Odjidja EN, Scott D, Shivappa N,
Hébert JR, Hodge A, de Courten B. The dietary
inflammatory index, obesity, type 2 diabetes, and
cardiovascular risk factors and diseases. Obes
Rev 2022; 23: €13349.

Dahlén AD, Dashi G, Maslov |, Attwood MM,
Jonsson J, Trukhan V, Schiéth HB. Trends in An-
tidiabetic Drug Discovery: FDA Approved Drugs,
New Drugs in Clinical Trials and Global Sales.
Front Pharmacol 2022; 12: 807548.

Ren G, Ma X, Jiao P. Effect of liraglutide com-
bined with metformin or acarbose on glucose
control in type 2 diabetes mellitus and risk factors
of gastrointestinal adverse reactions. Am J Transl
Res 2022; 14: 3207-3215.

Guo LX, Hu QY, Xiong DQ. Research progress of
gut microbiota regulating the occurrence and de-
velopment of type 2 diabetes mellitus. Journal of
Practical Medicine 2020; 36: 1142-1147.

Karlsson FH, Tremaroli V, Nookaew |, Bergstrom
G, Behre CJ, Fagerberg B, Nielsen J, Backhed F.
Gut metagenome in European women with nor-
mal, impaired and diabetic glucose control. Na-
ture 2013; 498: 99-103.

Sharma S, Tripathi P. Gut microbiome and type 2
diabetes: where we are and where to go. J Nutr
Biochem 2019; 63: 101-108.

Qi Q, Li J, Yu B, Moon JY, Chai JC, Merino J, Hu
J, Ruiz-Canela M, Rebholz C, Wang Z, Usyk M,
Chen GC, Porneala BC, Wang W, Nguyen NQ,
Feofanova EV, Grove ML, Wang TJ, Gerszten
RE, Dupuis J, Salas-Salvad6 J, Bao W, Perkins
DL, Daviglus ML, Thyagarajan B, Cai J, Wang
T, Manson JE, Martinez-Gonzéalez MA, Selvin E,
Rexrode KM, Clish CB, Hu FB, Meigs JB, Knight
R, Burk RD, Boerwinkle E, Kaplan RC. Host and
gut microbial tryptophan metabolism and type 2
diabetes: an integrative analysis of host genetics,
diet, gut microbiome and circulating metabolites
in cohort studies. Gut 2022; 71: 1095-1105.

8)

10)

11)

12)

13)

14)

Diez-Sainz E, Milagro Fl, Riezu-Boj JI, Lo-
rente-Cebrian S. Effects of gut microbiota-de-
rived extracellular vesicles on obesity and diabe-
tes and their potential modulation through diet. J
Physiol Biochem 2022; 78: 485-499.

Song Z, Li S, Li R. An Investigation into the Cor-
relation of Intestinal Flora with Obesity and Ges-
tational Diabetes Mellitus. Comput Math Methods
Med 2022; 2022: 5677073.

SantaCruz-Calvo S, Bharath L, Pugh G, San-
taCruz-Calvo L, Lenin RR, Lutshumba J, Liu R,
Bachstetter AD, Zhu B, Nikolajczyk BS. Adaptive
immune cells shape obesity-associated type 2 di-
abetes mellitus and less prominent comorbidities.
Nat Rev Endocrinol 2022; 18: 23-42.

Hosomi K, Saito M, Park J, Murakami H, Shibata
N, Ando M, Nagatake T, Konishi K, Ohno H,
Tanisawa K, Mohsen A, Chen YA, Kawashima H,
Natsume-Kitatani Y, Oka Y, Shimizu H, Furuta M,
Tojima Y, Sawane K, Saika A, Kondo S, Yonejima
Y, Takeyama H, Matsutani A, Mizuguchi K, Miya-
chi M, Kunisawa J. Oral administration of Blautia
wexlerae ameliorates obesity and type 2 diabe-
tes via metabolic remodeling of the gut microbio-
ta. Nat Commun 2022; 13: 4477.

Liu J, Zhao W, Gao ZW, Liu N, Zhang WH, Ling
H. Effects of Exogenous Hydrogen Sulfide on
Diabetic Metabolic Disorders in db/db Mice Are
Associated With Gut Bacterial and Fungal Mi-
crobiota. Front Cell Infect Microbiol 2022; 12:
801331.

Michels N, Zouiouich S, Vanderbauwhede B,
Vanacker J, Indave Ruiz Bl, Huybrechts I. Hu-
man microbiome and metabolic health: An over-
view of systematic reviews. Obes Rev 2022; 23:
e134009.

Zhao J, Wang L, Cheng S, Zhang Y, Yang M,
Fang R, Li H, Man C, Jiang Y. A Potential Synbi-
otic Strategy for the Prevention of Type 2 Diabe-
tes: Lactobacillus paracasei JY062 and Exopoly-
saccharide Isolated from Lactobacillus plantarum
JY039. Nutrients 2022; 14: 377.



