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Background: Acanthopanax trifoliatus (L.) Merr. is a medicinal plant found in Southeast
Asia, and its young leaves and shoots are consumed as a vegetable. The main bioactive
components of this herb are polysaccharides that have significant anti-diabetic effects. The
aim of this study was to evaluate the immunoregulatory effect of 4. trifoliatus (L.) Merr.
polysaccharide (ATMP) on a mouse model of type 1 diabetes mellitus (T1DM).

Methods: The monosaccharide composition and mean molecular mass of ATMP were
determined by HPLC and HPGPC. T1DM was induced in mice using STZ, and 35, 70 and
140mg/kg ATMP was administered daily via the intragastric route for six weeks. Untreated
and metformin-treated positive control groups were also included. The body weight of the
mice, food and water intake and fasting glucose levels were monitored throughout the
6-week regimen. Histological changes in the pancreas and spleen were analyzed by H&E
staining. Oral glucose tolerance was evaluated with the appropriate test. Peroxisome pro-
liferator-activated receptor Y (PPARY) mRNA and protein levels in the spleen were measured
by quantitative real time PCR and Western blotting. IL-10, IFN-y and insulin levels in the
sera were determined by ELISA. The CD4" and CD8'T cells in spleen tissues were detected
by immunohistochemistry (IHC).

Results: ATMP and metformin significantly decreased fasting blood glucose, and the food
and water intake after 6 weeks of treatment. In contrast, serum insulin levels, glucose
tolerance and body weight improved considerably in the high and medium-dose ATMP
and metformin groups. TIDM was associated with pancreatic and splenic tissue damage.
The high dose (140mg/kg) of ATMP reduced infiltration of inflammatory cells into the
pancreas and restored the structure of islet B-cells in the diabetic mice. Consistent with
this, 35, 70 and 140mg/kg ATMP increased IL-10 levels and decreased that of IFN-y, thereby
restoring the CD4"/CD8" and Th1/Th2 cytokine ratio. At the molecular level, high-dose
ATMP up-regulated PPARY in the splenic cells.

Conclusion: ATMP exerts a hypoglycemic effect in diabetic mice by restoring the immune
balance in the spleen.

Keywords: Acanthopanax trifoliatus (L.) Merr, type 1 diabetes mellitus, PPARy, CD4"
T cells, CD8" T cells, immunoregulation

Introduction

Diabetes mellitus (DM) is a chronic metabolic disease and the third major cause of
deaths worldwide. It is the result of either inadequate insulin production or insulin
resistance.! According to the International Diabetes Federation (IDF), the number
of confirmed cases of diabetes increased from 151 million in 2000 to 425 million in
2017 globally, and is estimated to reach 629 million by 2045.% Diabetes is asso-
ciated with several life-threatening complications, such as diabetic nephropathy,
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retinopathy, and coronary heart disease.” Exogenous insu-
lin, a-glucosidase inhibitors and biguanides can control the
symptoms of DM, but are associated with considerable
side effects.*”

Polysaccharides are the active component of various
Chinese herbal medicine formulations.®” Recent studies
show that polysaccharides derived from tea, lotus, litchi,
Sargassum fusiforme etc. can mitigate diabetes with minimal
side effects.®* ! The hypoglycemic effects of polysacchar-
ides can be attributed to the inhibition of the mitochondrial
apoptotic pathway in the pancreatic B-cells,® activation of the
PI3K/Akt survival pathway,'” modulation of plasma and
intestinal GLP-1 levels by inhibiting alpha glucosidase,'”
and anti-inflammatory and immunomodulation effects.®’ In
addition, polysaccharides have low toxicity, which signifi-
cantly broaden their clinical applications.

Acanthopanax trifoliatus (L.) Merr. is a herb of the family
Araliaceae that is widely distributed in Asian subtropical
countries, such as India, Japan, Philippines, Thailand,
Vietnam and China." It is used in folk medicine in South-
East Asia owing to ginseng-like effects.'*'> The roots and
bark of A. trifoliatus (L.) Merr. are used as tonics and sedatives
for treating rheumatism and diabetes,'® and the young leaves
and shoots are often consumed as tea and vegetables.'” Studies
show that A. trifoliatus (L.) Merr. extracts have anti-cancer,'®

anti-inflammatory,'® and anti-depressant effects,*’

although
a hypoglycemic activity has not been reported so far.

Type 1 diabetes mellitus (TIDM) is the result of
impaired insulin production due to autoreactive T cell-
mediated destruction of the pancreatic islets of
Langerhans,”’ and the imbalance between the Thl (type
1 helper) and Th2 (type 2 helper) cells. Polysaccharides
can decrease the Th1/Th2 cytokine ratio in mice,”> which
is suggestive of a potential anti-diabetic effect. The aim of
this study was to analyze the therapeutic effects of
A. trifoliatus (L.) Merr. polysaccharide (ATMP) in
a streptozotocin (STZ)-induced mice model of TIDM,

and explore the underlying molecular mechanisms.

Materials and Methods

Isolation and Purification of ATMP

A. trifoliatus (L.) Merr. were harvested from Enping
(Guangdong Province, China) and identified by professor
Liu Jizhu. The voucher specimen is deposited at the
School of Traditional Chinese medicine, Guangdong
Pharmaceutical University. ATMP was extracted as pre-
viously described.”® After removing proteins by the Sevag

method, the crude polysaccharide fraction was purified
using DEAE-52 Cellulose and Sephadex G-50 gel col-
umns. ATMP (Mw=2.31KDa) was composed of glucose,
galactose, mannose and rhamnose, and no nucleic acid or
proteins were detected by HPLC and HPGPC.

Establishment of STZ Model and

Treatment Regimen

Male C57BL/6 mice (6—8weeks, 20+2g) were purchased from
Guangdong Medical Laboratory Animal Center, and housed in
standard pathogen free conditions. The experiments were per-
formed in accordance with the Guide for Care and Use of
Laboratory Animals, and approved by the Institutional Animal
Care and Use Committee of Guangdong Pharmaceutical
University. Diabetes was induced by intraperitoneally inject-
ing the mice with 60mg/kg STZ (sigma, United States) for five
consecutive days, and healthy mice were given equal volume
of the vehicle. Seven days after the last injection, fasting blood
glucose levels were measured by glucose meter (Sinocare,
China) and diabetes onset was diagnosed when it was
>16.7mmol/L in 3 consecutive tests. The diabetic mice were
randomly divided into the diabetes (water), metformin
(285mg/kg-d "), ATMP high-dose (ATMP-H, 140mg/kg-d ),
ATMP medium-dose (ATMP-M, 70mg/kg-d ') and ATMP
low-dose (ATMP-L, 35mg/kg-d ') groups (n=8 each).
Healthy mice were selected as normal controls (n=8) and
given equal volume of vehicle. All drugs were administrated
intragastrically at the dosage of 10mL/kg once a day. During
the 6-weeks treatment regimen, the body weight, food and
water intake and fasting glucose levels were monitored.

Oral Glucose Tolerance Test (OGTT)

At the end of the experiment, the mice were fasted for 8 h and
OGTT was performed via intragastric administration of glu-
cose solution (2g/kg). Blood glucose levels were respectively
measured at 0, 30-, 60-, 90- and 120-min post intake.

Histological Analysis

The spleen and pancreas were harvested and fixed in 4%
paraformaldehyde for 24 hours at 25°C, and embedded in
paraffin. The sections were stained with hematoxylin and
eosin for histopathological examination.

Western Blotting

Total protein was extracted by homogenizing the spleen tissues
in RIPA lysis buffer, and quantified using the BCA Assay kit
(Thermo, China). Equal amounts of protein per sample (40ug)

2630

Dove!

Drug Design, Development and Therapy 2021:15


https://www.dovepress.com
https://www.dovepress.com

Dove

Li et al

were denatured in the sample buffer at 95°C for 5 min, and
separated by 10% SDS-PAGE. The protein bands were trans-
ferred to polyvinylidene fluoride membranes (PVDF), blocked
for 1 hour, and incubated overnight with rabbit anti-PPARy
antibody (1:1000; C26H12; cell signaling technology; USA)
and anti-f3-actin monoclonal antibody (1:1000; 13ES; cell sig-
naling technology; USA) at 4°C. After washing with tris-buffer
saline with Tween-20 (TBST), the blots were incubated with
goat anti-rabbit peroxidase-coupled secondary antibody
(1:5000; GTX213110-01; Gene Tex; USA) for 1 hour
Positive bands were developed using an enhanced chemilumi-
nescence (ECL) kit (Thermo, China), and detected by
a chemiluminescence imaging system (Tanon 5200, China).
The protein bands were normalized against B-actin and their
relative densities were measured.

Real-Time Quantitative PCR

Spleens were removed and homogenized in Trizol, and the
extracted RNA was
spectrophotometer (Biotek epoch2, United States). One micro-

quantified using a micro-
gram RNA per sample was reverse transcribed to cDNA using
the RNA reverse transcription kit (Takara, China). The cDNA
template was diluted 1:20, and real-time PCR was performed
on the Lightcycler 96 (Roche, United States) using Fast Start
Universal SYBR Green Master kit (Takara, China). The
cycling conditions were as follows: initial denaturation at
95°C for 120s, followed by 40 cycles of denaturation at 95°
C for 5s, annealing at 55°C for 30s and extension at 72°C for 1
min. The relative expression level of PPARy gene was normal-
ized to B-actin, and calculated using the 27" method. Each
sample was analyzed thrice. The primers were used as follows:
PPARy forward: 5' CGC CAA GGT GCT CCA GAA GATG
3’ reverse: 5’ GGT GAA GGC TCATGT CTG TCT CTG 3
B-actin forward: 5 GTG CTATGT TGC TCT AGA CTT CG
3, reverse: 5" ATG CCA CAG GAT TCC ATA CC 3'.

Enzyme Linked Immunosorbent Assay
(ELISA)

At the end of the 6-week treatment, the mice were
anesthetized with diethyl ether, and blood was collected
by aortic puncture and left undisturbed at room tem-
perature to separate the serum. IL-10 and IFN-y levels
in the spleen homogenates and insulin levels in the sera
were determined using specific ELISA kits (CUSABIO,
China) according to manufacturer’s instructions. Optical
density at 450 nm was measured using a microplate
reader (Thermo, United States).

Immunohistochemistry (IHC)

Spleen tissues sections were processed for IHC as per stan-
dard protocols,”* and incubated overnight with anti-CD4
antibody (1:500; ab183685; Abcam; United Kingdom) or
anti-CD8 antibody (1:400; ab203035; Abcam; United
Kingdom) at 4°C. Following incubation with HRP-
(1:200;  G23303;
Servicebio; China) for 1h at room temperature, the sections

conjugated secondary antibodies
were stained with diaminobenzidine (DAB) and counter-
stained with hematoxylin. The staining intensity was

assessed in terms of integrated optical density (IOD).

Statistical Analysis

Data were presented as the mean + SEM, and compared
between groups using one-way ANOVA followed by two-
tailed Student’s #-test as appropriate. Real-time quantitative
PCR results were analyzed by Wilcoxon matched-pairs signed
rank test. P<0.05 was considered statistically significant.

Results
ATMP Restored Body Weight, Food

Intake and Water Intake of Diabetic Mice
Compared to the normal controls, the diabetic mice pre-
sented the typical symptoms of TIDM, such as decreased
body weight, and increased food and water intake. Six
weeks of metformin and ATMP treatment significantly
increased the body weight of the diabetic mice in a dose-
dependent manner (P<0.05), with 140mg/kg ATMP (high
dose) showing similar ameliorative effects as 185mg/kg
metformin (Table 1). As shown in Figure 1, the intake of
food and water was significantly higher in the STZ-
induced diabetic mice compared to that of the normal
group before the treatment regimen (P<0.05), and was
restored to normal levels by both metformin and high
dose ATMP. Taken together, ATMP can normalize the
food and water intake in diabetic mice.

ATMP Restored Fasting Blood-Glucose

and Serum Insulin (INS) Levels

Since T1DM is characterized by abnormal blood glucose
and insulin levels, we next estimated these indices in the
different treatment groups. As shown in Figure 2A, the
fasting blood glucose levels in the diabetic mice were
significantly higher compared to that in normal mice,
and were decreased by metformin and ATMP in a dose-
dependent manner (P<0.05). However, even 140mg/kg
ATMP showed lower hypoglycemic effect than 285mg/

Drug Design, Development and Therapy 2021:15

2631

Dove:


https://www.dovepress.com
https://www.dovepress.com

Li et al

Dove

Table | Effect of ATMP on Body Weight in All Groups

Body Weight(g)
Normal Diabetes Metformin ATMP-H ATMP-M ATMP-L
Oweek 21.40+0.48* 19.36+0.72% 19.75+0.77% 19.39+0.75% 19.67+0.57% 19.76+0.46"
Iweek 21.73+0.45%* 19.24+0.6 | 19.75+0.77% 19.73+0.77% 19.99+0.65% 19.74+0.48%
2week 21.98+0.47%* 18.97+0.64" 20.25+0.65 20.31+0.74 19.99+0.65% 20.01+0.44*
3week 22.44+0. 44 18.93+0.63" 20.72+0.64 20.62+0.74 20.69+0.75% 20.25+0.59%
4week 22.93+0.37%* 19.05+0.60"# 21.29+0.62%* 21.53+0.88* 20.69+0.75% 20.41+0.42%%
Sweek 23.61+0.38%* 19.14+0.59" 21.56+0.647* 21.53+0.88%* 21.50+0.72%* 21.01+0.49%%
6week 24.04+0.46** 18.95+0.54"# 21.89+0.6 % 22.01+0.74%¢ 21.50+0.72%* 21.11+0.70%%

Note: Data were presented as the mean = SEM, n=6 per group. *P<0.05; **P<0.01 vs diabetes group. “P<0.05; *P<0.01 vs normal group.

kg-d™' metformin. In addition, the low insulin levels in
the diabetic mice were restored by both metformin and
ATMP, with stronger effect of 140mg/kg ATMP com-
pared to metformin (Figure 2B). Taken together, ATMP
can effectively regulate the fasting blood-glucose levels
and improve serum insulin in diabetes.

ATMP Improved Glucose Tolerance in the

Diabetic Mice
The effect of ATMP on glucose metabolism was analyzed
during the last week of treatment by OGTT. As shown in
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Figure 3A, the blood glucose level increased significantly
in the diabetic mice within 30 min of the oral glucose
challenge (P<0.05), and the hyperglycemic state persisted
in the absence of any treatment. In contrast, the metformin
and ATMP-treated mice showed a decrease in blood glu-
cose levels after 60 min, which dropped significantly after
120 min of the glucose challenge (P<0.05). Further analy-
sis of the area under the glucose-responding curve (AUC)
over 120 min showed disrupted glucose tolerance in the
STZ-induced diabetic mice, which was improved by met-
formin and ATMP (Figure 3B).

B Il 0 wesks
54 P2 6 weeks
4 ? *%
§ % ox ;
3 5 M7
Q #H#t xx
T
£
S
3 27
(18
1-
0' T T T T T 4'
> &F & o M
o&@ ’Oé@ o‘&\ 4\& §§ * «@Q
T E v v

Figure | Effects of ATMP on food and water intake in STZ-induced diabetic mice. (A) Water intake. (B) Food intake. Data were presented as the mean + SEM, n=6 per
group. "P < 0.01 vs diabetes group at 0 weeks; **P < 0.01 vs diabetes group at 6 weeks.
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Figure 2 Effect of ATMP on fasting blood glucose and serum insulin in STZ-induced diabetic mice. (A) Fasting blood glucose levels during 42 days. (B) Serum insulin levels at
the end of 6-week administration. Data were presented as the mean = SEM, n=6 per group. *P < 0.05; **P < 0.01 vs diabetes group. *P < 0.05; P < 0.01 vs normal group.
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Figure 3 Effect of ATMP on oral glucose tolerance test (OGTT). (A) Blood glucose levels during the OGTT. (B) The area under the glucose-responding curve (AUC). Data
were presented as the mean = SEM, n=6 per group. *P < 0.05; **P < 0.01 vs diabetes group. **P < 0.01 vs normal group.
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ATMP Alleviated Diabetes-Induced Tissue
and Cellular Damage in the Pancreas and
Spleen

To determine the cellular basis of the anti-diabetic effects of
ATMP, the pancreas and spleen tissues of different groups

were examined histologically. As shown in Figure 4A, the
untreated normal mice had intact pancreatic islets with

Normal

Diabetes

abundant and regularly-arranged B-cells, while STZ-induced
diabetes resulted in the infiltration of inflammatory cells,
severe degeneration of the islet cells and cellular swelling in
the internal islets. ATMP treatment significantly alleviated
pancreatic injury, indicated by decreased infiltration and
more organized tissue structure in the islets of Langerhans,
in a dose-dependent manner, and the structure of pancreatic
islets was restored to a greater extent in the high dose group.

Metformin

R

Metformin

ATMP-H

ATMP-L

Figure 4 Histopathological findings of the protective effects of ATMP against pancreas and spleens damage in diabetes. Representative images of pancreas and spleen tissues
stained with hematoxylin and eosin dye for the normal, diabetes, metformin, ATMP-H, ATMP-M and ATMP-L groups. (A) Pancreases (magnification 400 x). Cell swelling and
cytoplasm loose vacuoles (red arrows), cell nucleus pyknosis (black arrows) (B) Spleens (magnification 200 x). Germinal centers (black arrows), cells were necrotic or
apoptotic, with pyknotic or fragmented nuclei (red arrows).
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The spleens of the diabetic mice showed a reduction in
white pulp volume and expansion in the range of germinal
centers, and activation of red pulp tissue compared to the
normal group (Figure 4B). In the spleen tissues of the
diabetes group, lymphoid follicles were irregularly shaped,
and germinal centers were visible. In addition, some cells
in the germinal centers were necrotic and apoptotic, with
pyknotic or fragmented nuclei. Treatment with ATMP
partly reversed these alterations in the white pulp and red
pulp, and reduced cell death and apoptosis. In addition, the
splenocytes of the normal group were tightly and uni-
formly arranged, and showed clear nucleoli and small
stroma space. The splenocytes of the ATMP-H group
was the closest to that of healthy mice. Taken together,
ATMP can significantly mitigate the diabetes-induced tis-
sue damage in the pancreas and spleen.

ATMP Upregulated the Expression of
PPARY of Diabetic Mice

The immunoregulatory transcription factor PPARy was
significantly downregulated in the diabetic animals, and
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partly restored by medium- and high-dose ATMP
(P<0.05), whereas the lower dose of ATMP and metformin
had no significant effects (Figure 5).

ATMP Regulated IFN-y and IL-10 Levels
to Restore IFN-y/IL-10 Ratio

As shown in Figure 6, STZ-induced diabetes was accom-
panied by a significant decrease in IL-10 and increase in
IFN-y levels (P<0.05), which were reversed by ATMP,
resulting in a lower IFN-y/IL-10 ratio. However, metfor-
min showed no significant effects on the cytokine levels.

ATMP Improved CD4" and CD8"

Expression in Spleen

To further elucidate the immunoregulatory effects of
ATMP, we analyzed the proportion of CD4" and CD8"
cells in the spleens. As shown in Figure 7, the diabetic
mice showed lower CD4" and CD8" expression compared
to the normal mice, and ATMP treatment markedly
increased both populations (P<0.05). However, the ratio
of CD4/CD8" cells was decreased in the metformin and
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Figure 5 ATMP administration increased the expression of PPARy in STZ-induced diabetic mice. (A) The mRNA expression of PPARy using real-time quantitative PCR. (B)
The protein expression and quantitation of PPARy using Western blot. Each sample for real-time quantitative PCR and Western blot was repeated for three times. Data
were presented as the mean = SEM, n=6 per group. *P < 0.05; **P < 0.01 vs diabetes group. “P < 0.05; P < 0.0 vs normal group.
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Figure 6 The effect of treatment with ATMP on the splenic cytokines. (A) IFN-y. (B) IL-10. Data were presented as the mean * SEM, n=6 per group. *P <0.05; **P <0.01 vs

diabetes group. #P < 0.05; *P <0.01 vs normal group.

ATMP-treated mice compared to the untreated diabetic
mice. Taken together, ATMP can restore immune function
in the STZ-induced diabetic mice.

Discussion
STZ-induced diabetes in rodents simulates the immunolo-
gical and clinical signs of TIDM in humans,® and is
a suitable model for studying the molecular and immuno-
logical mechanisms underlying autoimmune insulitis.?®
Accordingly, we established the STZ-induced T1DM
model in C57BL/6 mice to investigate the immunothera-
peutic action of ATMP.
Polysaccharides are macromolecular compounds
formed by more than 10 monosaccharide molecules linked
by glycosidic bonds, and exhibit anti-tumor, anti-viral,
immunoregulatory, hypoglycemic and hypolipidemic
effects. The drugs currently used to treat diabetes include
metformin, acarbose etc., which are associated with multi-
ple side effects and ‘to><ici‘[y.4’5 In contrast, several plant-
derived polysaccharides can reduce blood glucose levels
by regulating glucose metabolism, oxidative stress, inflam-
matory response and the intestinal flora, with little to no
toxicity.® '* The composition and structure of polysacchar-
ides are closely related to their functions. Glucose-rich
polysaccharides are usually more bioactive due to higher

heteroglucan content.’” The proportion of glucans and

galactose in ATMP is 72%, which correlated to a potent
anti-diabetic effect on the STZ-induced model, as charac-
terized by increased body weight, decreased food and
water intake, and improved insulin secretion and glycemic
control. TIDM is an autoimmune disorder caused by the
loss of pancreatic islet B-cells due to autoreactive
CD4 T-cells that target B cell-specific antigens, which
eventually  disrupts  blood 12830
Polysaccharides decelerate B-cell death by suppressing

glucose  contro
apoptosis and mitigating pancreatic inflammation, which
symptoms of TI1DM.
Histopathological that ATMP
decreased tissue damage in the pancreas and spleen of

in turn alleviates the

examination showed
the diabetic mice, thereby preserving pancreas function
and blocking TIDM development.

Peroxisome proliferator-activated receptor y (PPARY)
is a ligand-activated nuclear receptor that regulates glyco-
lipid metabolism, and is a potential therapeutic target
against diabetes.>'? It is expressed in various immune
cell types, especially the T and B cells. Studies show that
PPARy can alter the CD4"/CD8" ratio and Treg cells
numbers to regulate T cell responses.**~** Consistent with
this, the diabetic mice were deficient in PPARy, which
corresponded to a higher CD4/CDS8" ratio in the spleens.
In addition, PPARY also decreases the levels of Thl cyto-
kines and increases that of Th2 cytokines, which results in
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Figure 7 Effects of ATMP on the expression of CD4" and CD8" by immunohistochemistry in spleens. Representative images of CD4* and CD8" for normal, diabetes,
metformin, ATMP-H, ATMP-M and ATMP-L groups in the left panel and quantitative analysis correspondingly in the right panel. (A) Image of CD4" and CD8" (maghification
200 x). (B) The optical density of CD4". (C) The optical density of CD8". (D) CD4"/CD8" ratio in spleens. Data were presented as the mean + SEM, n=6 per group. **P <

0.01 vs diabetes group. *P < 0.05; *P <0.01 vs normal group.
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a Th1/Th2 imbalance that is known to drive autoimmune
diseases including TIDM.?>>3® Reversing this Th1/Th2
imbalance can potential prevent and even reverse
TI1DM.?” The diabetic mice also had increased circulating
levels of IFN-y and lower IL-10, indicating an immune
imbalance. Consistent with previous reports,*®*° ATMP
not only restored the CD4"/CD8" ratio by up-regulating
PPARYy, but also decreased the Th1/Th2 cytokine ratio.
Taken together, ATMP alleviates the immune imbalance
in the diabetic and reverses B-cell destruction by up-regulating
PPARY, indicating its therapeutic potential in TIDM.

Conclusions

This study demonstrates the therapeutic effect of ATMP
against T1DM for the first time. ATMP relieved the symp-
toms of STZ-induced TIDM in mice, and attenuated
hyperglycemia by restoring the CD4"/CDS8" T cells and
Th1/Th2 balance via PPARy upregulation in the spleen.
ATMP is a promising drug for treating TIDM and war-
rants clinical investigation.

Abbreviations

ATMP, Acanthopanax trifoliatus (L.) Merr. polysacchar-
ide; TIDM, type 1 diabetes mellitus; HPLC, high perfor-
mance liquid chromatography; HPGPC, high performance
gel permeation chromatography; OGTT, oral glucose tol-
erance test; PPARy, peroxisome proliferator-activated
receptor gamma; H&E, hematoxylin and eosin; STZ,
streptozotocin; IL-10, Interleukin-10; IFN-y, Interferon-y;
INS, insulin; ELISA, enzyme-linked immunosorbent
assay; TBST, tris-buffer saline with Tween-20; THC,
immunohistochemistry; DAB, diaminobenzidine; 10D,
integrated optical density; PVDF, polyvinylidene fluoride;
Normal, normal group; Diabetes, untreated diabetic group;
Metformin, diabetic group treated with metformin; ATMP-
H, diabetic group treated with high dose ATMP; ATMP-M,
diabetic group treated with medium dose ATMP; ATMP-L,
diabetic group treated with low dose ATMP.
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