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Objective: Huidouba (HDB) is a Chinese folk medicine used to treat diabetes in Sichuan Province, China.
Therefore, we investigated the anti-diabetic effects of HDB and its underlying mechanisms. We hypoth-
esized that HDB treatment could enhance glucose tolerance and insulin sensitivity, and thus prevent a
hyperglycemia state.
Methods: To test the hypothesis, streptozotocin (STZ)-induced diabetic mice and db/db mice, widely used
models of hyperglycemia and insulin-resistant diabetes, were either treated with HDB, metformin, or
acarbose. Blood glucose, oral glucose tolerance test, insulin tolerance test, pancreatic histopathology
and serum biochemistry were detected to assess the hypoglycemic effect of HDB.
Results: HDB treatments were found to show the effect in reducing glucose levels. HDB also resulted in a
significant reduction in body weight and food intake in the STZ-induced diabetic mouse model.
Furthermore, it significantly improved glucose and insulin tolerance in the two diabetic mouse models.
Importantly, insulin, glucagon, pancreatic polypeptide, and somatostatin immunohistochemistry
revealed that HDB treatment improved the function and the location of the cells in the islets compared
with the other two treatments. HDB treatment resulted in significant restoration of islet function. Our
results illustrated the underlying mechanism of HDB in the progression of diabetes, and HDB can be
an effective agent for the treatment of diabetes.
Conclusion: The results of this study suggested that HDB can reduce blood glucose levels in STZ-induced
hyperglycemic mice and db/db mice.

� 2021 Tianjin Press of Chinese Herbal Medicines. Published by ELSEVIER B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Type 2 diabetes mellitus (T2DM) is a metabolic disease charac-
terized by hyperglycemia caused by insulin resistance and insulin
deficiency. Chronic hyperglycemia may cause microvascular com-
plications, such as diabetic nephropathy, neuropathy, and
retinopathy, macrovascular complications, including peripheral
vascular disease, cerebrovascular disease and atherosclerosis, and
miscellaneous complications (Papatheodorou, Papanas, Banach,
Papazoglou, & Edmonds, 2016). Therefore, it is urgent to alleviate
hyperglycemia, delay the progression of diabetes, and reduce the
complications of diabetes.
The prevalence and ethnic pattern of diabetes and prediabetes
in China in 2013 suggested that Tibetan and Muslim Chinese had
significantly lower crude prevalence of diabetes than Han partici-
pants (14.7% for Han, 4.3% for Tibetan, and 10.6% for Muslim;
P < 0.001 for Tibetan and Muslim compared with Han) (Wang
et al., 2017). There are substantial differences in the genetic back-
ground, socioeconomic levels, climate and geographic features of
the residential area, lifestyle, and dietary pattern among 56 ethnic
groups, in China. The folk medicine Huidouba (HDB) which is con-
sidered to be Tibetan medicine is found only in Mount Emei in
Sichuan Province with remarkable therapeutic effects against dia-
betes, in China (Wu, Tian, & Zhu, 2009). HDB is a strip-shaped,
bag-shaped tube nest of Atypus, which is mainly formed by Atypus
heterothecus (Wang et al., 2019). However, its underlying
mechanism of blood glucose reduction is unclear, and researches
on HDB are rare. In recent years, more and more researchers began
to pay attention to the hypoglycemic activity of HDB. The
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a-glucosidase inhibitory activity and antioxidant activity in vitro of
polysaccharides and several extractions from HDB were reported
(Cai, 2019; Chen, Li, Zhou, Li, et al., 2018; Li & Peng, 2012). The dif-
ferent extractions of HDB (ethanol extraction, water extraction and
polysaccharide) improved the renal function of diabetic kidney
mice by decreasing levels of serum glucose and advanced glycation
end products (AGEs) and alleviating the glomerular basement
membrane thickening (Zhou, Jia, Liu, & Feng, 2018). HDB treatment
improved the impaired fasting glucose tolerance and ultrastructure
damage of podocyte and glomerular basement membrane in dia-
betic nephropathy rats (Yang et al., 2020). In our study, we aimed
to assess the antidiabetic efficacy of HDB in different animal mod-
els of diabetes. HDB treatments could lower blood glucose,
increase insulin secretion and improve the morphology and func-
tion of islet cells.
2. Materials and methods

2.1. Preparation of HDB

The HDB was cut into pieces, added with 8, 6 and 6 times the
volume of 70% ethanol, heated and boiled for extraction for 1 h
respectively. After filtration, the solution was concentrated under
reduced pressure until it had no alcohol flavor (Zhou et al., 2018).

2.2. Animals

4-Week-old male Kunming mice supplied by Beijing Vital River
Laboratory Animal Technology Co., Ltd., and 4-week-old male db/
db mice (C57BL/KsJ-db/db) and wild-type mice (C57BL/KsJ-db/+)
purchased from Nanjing Biomedical Research Institute of Nanjing
University (Nanjing, China) were used. Procedures for the use of
experimental animals conformed to the Guide for the Care and
Use of Laboratory Animals and were approved by the Biological
and Medical Ethics Committee, Minzu University of China (ECMU-
C2019010AO). The mice were maintained at 24 �C and (55 ± 5)%
relative humidity on a 12-h light/12-h dark cycle. The animals
had free access to standard rodent pellet food, except when fasted
before experiments, and water ad libitum. The mice were acclima-
tized for a period of 3 d in the new environment before the initia-
tion of the experiment.

2.3. Induction of diabetes by STZ

Diabetes mellitus was induced using STZ (Sigma Aldrich, St.
Louis, MO, USA) as described previously (Talchai, Xuan, Lin,
Sussel, & Accili, 2012). After mice were fasted for at least 8 h in
the morning, stable diabetes was induced by successive intraperi-
toneal injections of STZ (50 mg/kg body weight) dissolved in
0.1 mol/L sodium citrate buffer (pH 4.5) to the mice once a day,
5 d in a row. The mice in control group received only citrate buffer
once a day, 5 d in a row. The mice then received a standard diet and
water ad libitum for one week. One week after STZ injection, non-
fasted plasma glucose and fasted plasma glucose levels were mea-
sured using a glucometer (Sinocare, China). Only mice with fed
blood glucose levels over 16.7 mmol/L were considered as diabetic
mice and used for the experiment. The mice used in the experi-
ment were divided into one group of the normal control group
(NCG) and six groups of diabetic mice (n = 10 in each group). There
were diabetic group (DG), high dosage of HDB group (HDG, crude
drug 48 g/kg), medium dosage of HDB group (MDG, crude drug
24 g/kg), low dosage of HDB group (LDG, crude drug 12 g/kg), met-
formin group (MG, 0.2 g/kg) and acarbose group (AG, 0.04 g/kg).
Doses were administered orally for 35 d. The mice in the normal
control group and diabetic group were given equal volumes of
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water. Food intake, water intake, fasting plasma glucose level,
and the body weights of all animals were monitored throughout
the experiment.

2.4. Experimental db/db mice and treatment

After adaptation for 3 d, blood samples were obtained from the
tail vein every week to measure glucose levels. Thereafter, db/db
mice were divided into five groups (n = 10/group) until the age
of 8 weeks when fed blood glucose levels were over 16.7 mmol/L
and fasting plasma glucose levels reached 11.1 mmol/L. The
wild-type mice (n = 10), i.e., the normal control group (Control),
were used for comparison with the diabetic groups. The db/db
mice were grouped into the diabetic group (Model), HDB treatment
group (HDB, crude drug 48 g/kg, the dosage of HDB extract was
determined according to the preliminary experiment), metformin
(Met, 0.2 g/kg). Body weight and fasting plasma glucose level were
measured weekly during the administration period.

2.5. Oral amylum starch tolerance test (OATT), oral sucrose tolerance
test (OSTT), oral glucose tolerance test (OGTT)

All mice were fasted in the morning for 8 h. Thereafter, mice
were orally administered with amylum starch (3 g/kg), sucrose
(2.5 g/kg) and glucose (2 g/kg). Blood samples were collected from
the tail vein at 0, 30, 60, 90, and 120 min and glucose levels were
measured using a blood glucose meter (Yusoff et al., 2015).

2.6. Insulin tolerance test (ITT)

For the insulin tolerance test, all mice were fasted in the morn-
ing for 6 h. Thereafter, insulin (0.15 U/kg) was injected intraperi-
toneally. Glucose measurements were performed at 0, 30, 60, 90,
and 120 min after insulin injection.

The area under the curve (AUC) was obtained using Eq. (1):
AUC = (BG0min + BG30min) � 0.5 h � 0.5 + (BG30min + BG60

min) � 0.5 h � 0.5 + (BG60min + BG90min) � 0.5 h � 0.5 + (B
G90min + BG120min) � 0.5 h � 0.5.

2.7. Serum biochemical assay and ELISA

After treatment, blood was collected in a centrifuge tube, clot-
ted at room temperature for 2 h and then centrifuged at 2000�g
for 15 min at 4 �C to obtain serum. We detected high-density
lipoprotein (HDL), low-density lipoprotein (LDL), total cholesterol
(TC) and triglycerides (TG) concentration using commercial kits
(Nanjing Jiancheng). Insulin and proinsulin levels were measured
using ELISA (Millipore and Mercodia) according to the manufac-
turer’s instructions. The molar insulin concentration subtracted
the molar proinsulin concentration from molar total insulin and
then the serum proinsulin-insulin ratio was calculated (Hasnain
et al., 2014).

2.8. Histological examination and immunohistochemical analysis

Pancreas tissue samples were obtained from the db/db mice,
fixed in 4% formaldehyde solution, and then embedded in paraffin.
Paraffin sections (5-mm-thick) were used for immunohistochemical
and morphometric analyses. For pancreatic polypeptide (PPY) and
somatostatin (SST) positivity determination, the mean optical den-
sity (MOD) of islet PPY and SST were measured and calculated
using Image-Pro Plus 6.0 software. Insulin and glucagon were stud-
ied by immunofluorescence staining, which was performed as pre-
viously described. The following primary antibodies were used:
somatostatin (rabbit polyclonal, Abcam), pancreatic polypeptide
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(goat polyclonal, Abcam), insulin (guinea pig polyclonal, Abcam),
and glucagon (goat polyclonal, Abcam).

2.9. Statistical analysis

Statistical analysis was performed using IBM SPSS 20.0. Data are
presented as mean ± SD values and were analyzed using the two-
tailed Mann-Whitney U tests or one-way ANOVA as specified. The
trapezoidal rule was applied to analyze the AUC. Fed blood glucose,
fasting blood glucose and body weight were analyzed by using
repeated measurements and multivariate ANOVA process of the
general linear model. LSD pairwise comparison methods were used
to compare the variance. Differences were considered statistically
significant when P < 0.05.
3. Results

3.1. HDB modulation improves glycemic control in STZ-induced
diabetic mice

After four weeks of continuous administration, water and food
intake in the HDG, MDG, LDG compared to the DG were signifi-
cantly lowered (Tables 1 and 2, P < 0.01). HDB limited body weight
gain in the STZ-induced diabetic mouse model. In comparison with
DG, HDG, MDG, and LDG showed decreased body weights after
3 weeks of treatment (Table 3). Fed blood glucose and fasting blood
glucose were reduced, especially, blood glucose fluctuation was
improved with HDB (Fig. 1A–F). The HDG caused a marked reduc-
tion of fed blood glucose. However, there was no significant differ-
ence in fed blood glucose levels between the MG and DG during the
first 14 days (Fig. 1A and B). The fasting glucose levels were signif-
icantly lower in the HDG than in the DG (Fig. 1F, P = 0.043). After
5 weeks of treatment, there were no significant effects on oral
amylum starch tolerance (Fig. 2A and B) and sucrose tolerance
(Fig. 2C and D). Obviously, glucose tolerance and the AUC values
in the HDG, MDG, and LDG were better than the DG (Fig. 2E–F,
P < 0.05). Insulin sensitivity was enhanced in comparison with that
in DG showed a dose-dependent (Fig. 2G and H). The AUC values in
Table 1
Daily water intake per mouse during administration period (mean ± SD, n = 10).

Groups Daily water intake / (mL�mouse-1�d-1)

1st week 2nd week

NCG 9.0 ± 1.7 8.3 ± 0.5
DG 44.2 ± 2.7## 52.3 ± 2.6#

HDG 35.4 ± 8.4 24.5 ± 1.5**

MDG 37.2 ± 5.0 31.5 ± 2.7**

LDG 38.5 ± 1.4 36.2 ± 1.1**

MG 37.1 ± 4.7 30.5 ± 1.6**

AG 37.5 ± 3.0 40.4 ± 2.1**

#P < 0.05, ##P < 0.01 vs normal control group (NCG), *P < 0.05, **P < 0.01 vs diabetic gro

Table 2
Daily food intake per mouse during administration period (mean ± SD, n = 10).

Groups Daily food intake/(g�mouse-1�d-1)

1st week 2nd week

NCG 6.8 ± 0.79 6.7 ± 0.4
DG 12.1 ± 1.4## 13.3 ± 0.4#

HDG 10.5 ± 1.7 8.1 ± 0.4**

MDG 11.0 ± 1.6 9.0 ± 0.4**

LDG 11.2 ± 1.0 11.3 ± 1.3**

MG 12.1 ± 0.9 10.1 ± 0.6**

AG 10.8 ± 1.1 11.1 ± 0.4**

#P < 0.05, ##P < 0.01 vs normal control group (NCG), *P < 0.05, **P < 0.01 vs diabetic gro
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the ITTs for the treatment groups were significantly lower than
that for the STZ-induced diabetic group, the HDG being most sig-
nificantly (Fig. 2H, P = 0.035).

3.2. HDB treatment reduced fasting blood glucose and alleviated
dyslipidemia to promote insulin secretion in db/db mice

HDB treatment showed better effects on reducing the fasting
blood glucose levels after administration for 21 d (Fig. 3A,
P < 0.05). Importantly, blood glucose fluctuation in HDB was lower
than the model group. However, there was no obvious influence on
the body weight of db/db mice with HDB treatment (Fig. 3B). Oral
glucose tolerance (Fig. 3C and D) and insulin tolerance of mice that
received HDB treatment were improved from that in the model
group (Fig. 3E and F). Serum HDL, LDL, TC and TG in the model
group were higher compared with the control group (Fig. 4A–D).
Serum HDL of db/db model mice was significantly higher than nor-
mal, while HDB further increased HDL (Fig. 4A, P = 0.047). Serum
TG contents showed lower after HDB intervention (Fig. 4D,
P = 0.008). There were no significant differences in serum LDL
and TC between HDB and model (Fig. 4B and C). Fasting serum total
insulin concentration was higher with HDB therapy than the model
mice (Fig. 5A, P = 0.017). And Fasting serum proinsulin concentra-
tion was lower with HDB treatment than the model mice (Fig. 5B).
Fasting serum insulin concentration was higher with HDB therapy
than the model mice (Fig. 5C, P = 0.011). The fasting serum
proinsulin-insulin ration was lower in HDB group (Fig. 5D).

3.3. HDB treatment in db/db mice improved morphology, function, and
location of d and pp cells in db/db mice

Histopathological examination of the pancreatic sections
revealed a reduction in the size of pancreatic islets as well as the
number of b-cells per islet count in the db/db model group. After
treatment, the mice exhibited normal islet morphology in the
HDB treatment group (Fig. 6A). HDB treatment decreased the PP-
and somatostatin-positive areas in immunohistochemical staining
of the pancreas. Moreover, the PP- and somatostatin-positive areas
3rd week 4th week

8.7 ± 0.6 10.9 ± 1.6
# 49.7 ± 3.8## 55.5 ± 2.4##

25.8 ± 1.4* 33.3 ± 2.3**

38.8 ± 0.5 40.0 ± 0.9**

40.8 ± 4.0 45.8 ± 1.2**

33.0 ± 2.0* 32.4 ± 1.9**

40.8 ± 0.8 37.9 ± 0.6**

up (DG).

3rd week 4th week

6.8 ± 0.4 6.8 ± 1.2
# 13.3 ± 0.2## 13.6 ± 0.3##

8.3 ± 0.2** 9.9 ± 0.2**

10.1 ± 0.5** 10.6 ± 0.5**

10.4 ± 0.3** 12.1 ± 0.5**

10.4 ± 0.5* 10.9 ± 1.7**

10.9 ± 0.1* 11.2 ± 0.7**

up (DG).



Table 3
Body weight during administration period (mean ± SD, n = 10).

Groups Body weight/g

0 day 7 days 14 days 21 days 28 days 35 days

NCG 36.1 ± 0.7 39.7 ± 1.0 39.2 ± 0.9 40.9 ± 0.9 41.2 ± 0.9 43.5 ± 1.0
DG 32.2 ± 0.9## 34.3 ± 3.0# 31.7 ± 1.2# 35.2 ± 3.1## 36.3 ± 1.0## 37.6 ± 1.4##

HDG 31.8 ± 0.9 29.1 ± 2.5 29.5 ± 0.9 30.9 ± 2.9** 31.3 ± 1.2* 33.3 ± 1.1
MDG 31.5 ± 0.7 31.1 ± 2.5 29.3 ± 0.8 32.5 ± 2.6 33.0 ± 1.0 34.9 ± 1.0
LDG 31.5 ± 1.0 31.5 ± 0.9 30.5 ± 1.1 33.1 ± 0.8 33.9 ± 1.1 34.8 ± 1.2
MG 30.9 ± 0.6 30.5 ± 3.2 32.5 ± 0.9 33.0 ± 2.8 33.4 ± 1.0 34.9 ± 1.1
AG 31.8 ± 0.7 33.3 ± 2.6 31.3 ± 0.8 34.1 ± 2.7 35.2 ± 0.8 36.5 ± 1.0

#P < 0.05, ##P < 0.01 vs normal control group (NCG), *P < 0.05, **P < 0.01 vs diabetic group (DG).

Fig. 1. HDB treatments lower fed blood glucose and fasting blood glucose in STZ-induced diabetic mice. (A) Fed blood glucose levels in the different treatment groups for 7 d;
(B) Fed blood glucose levels in the different treatment groups for 14 d; (C) Fed blood glucose levels in the different treatment groups for 21 d; (D) Fed blood glucose levels in
the different treatment groups for 28 d; (E) Fed blood glucose levels in the different treatment groups for 35 d; (F) Fasting blood glucose levels in the different treatment
groups for 35 d. #P < 0.05, ##P < 0.01 vs normal control group (NCG), *P < 0.05, **P < 0.01 vs diabetic group (DG).

Fig. 2. HDB treatments improve glucose tolerance and insulin tolerance in STZ-induced diabetic mice. (A) Oral amylum starch tolerance test (OATT); (B) The area under the
curve of OATT; (C) Oral sucrose tolerance test (OSTT); (D) The area under the curve of OSTT; (E) Oral glucose tolerance test (OGTT); (F) The area under the curve of OGTT; (G)
Insulin tolerance test (ITT); (H) The area under the curve of ITT. #P < 0.05, ##P < 0.01 vs normal control group (NCG), *P < 0.05, **P < 0.01 vs diabetic group (DG).
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Fig. 3. HDB treatment in db/db mice reduces fasting blood glucose. (A) Fasting blood glucose levels in the different treatment groups; (B) Body weight in the various
treatment groups; (C) Oral glucose tolerance test (OGTT) after 4 weeks of treatment; (D) The area under the curve of OGTT; (E) Insulin tolerance test (ITT) after 4 weeks of
treatment; (F) The area under the curve of ITT. #P < 0.05, ##P < 0.01 vs control group, *P < 0.05, **P < 0.01 vs model group.

Fig. 4. Effects of HDB on blood lipid levels in db/db mice. (A) Serum HDL content after treatment; (B) Serum LDL content after treatment; (C) Serum TC content after
treatment; (D) Serum TG content after treatment. #P < 0.05, ##P < 0.01 vs control group, *P < 0.05, **P < 0.01 vs model group.
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were located from the edge to the center in the model group. After
HDB treatment, there were few PP- and somatostatin-positive cells
in the center of islets. The MOD of somatostatin and PP in the HDB-
treated groups was lower than that in the model group (Fig. 6B and
C).

3.4. HDB therapy resolved morphology of pancreas and islet a cells and
b cells in db/db mice

Immunofluorescence staining revealed disrupted architecture
with a marked loss of insulin content and insulin-positive b-cells
in the islets from the representative untreated diabetic pancreas
206
in the model group (Fig. 7). However, HDB treatment improved
islet morphology in db/db mice. The insulin content and insulin-
positive b-cells were partly restored in the islets from the HDB-
treated group, and the treatment also drove a-cells to the periph-
ery of the islets. Such a b-cell centric architecture was typically
observed in the islets of Langerhans in normal mice, and the insulin
content of the pancreas in the treated groups was higher than that
in the model. Glucagon staining in the treated groups was lower
than that in the model group. After treatment, the glucagon-
stained area moved to the edge of the islet with no glucagon
immunoreactive cell staining, which was similar to the normal
morphology of the wild-type mice.



Fig. 5. Effects of HDB on serum insulin and proinsulin contents in db/db mice. (A) Serum total insulin content after treatment; (B) Serum proinsulin content after treatment;
(C) Serum insulin content after treatment; (D) Serum proinsulin and insulin ratio. #P < 0.05, ##P < 0.01 vs control group, *P < 0.05, **P < 0.01 vs model group.

Fig. 6. Immunohistochemical staining of decreased d-cell and pp-cell numbers and positive area in db/db mice. (A) Representative images of the pancreas stained with
hematoxylin and eosin (the first line of figure A), somatostatin immunohistochemistry (the second line of figure A), and pancreatic polypeptide immunohistochemistry (the
third line of figure A) from different treatment groups. Magnification �200, Bar = 100 mm; (B) Mean optical density values for somatostatin immunohistochemistry. (C) Mean
optical density values for pancreatic polypeptide immunohistochemistry. #P < 0.05, ##P < 0.01 vs control group, *P < 0.05, **P < 0.01 vs model group.
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Fig. 7. HDB treatment improved the co-staining of pancreas glucagon (red) and insulin (green) immunofluorescence in db/db mice. Magnification � 200, Bar = 100 mm,
Magnification �400, Bar = 50 mm.
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4. Discussion

In our study, the hyperglycemic diabetic mouse model was
induced by low dosage STZ five times in a row. The diabetic mice
whose blood glucose level meets the standard: fasting blood glu-
cose is 11.1 mmol/L and random blood glucose is 16.7 mmol/L,
were selected. However, the fasting blood glucose level fluctuates
greatly. It is particularly critical to develop appropriate standards
for diabetic mouse models to evaluate the pharmacodynamic
activity.

The folk usage and dosage of HDB in Mount Emei is that the ini-
tial stage (under 5 years), patients were given 50 g per day with a
course of treatment of 30 d; Patients in the intermediate stage (5–
10 years) were given 60 g per day for a course of treatment of 40 d;
In severe cases (over 10 years), 80 g per day for a course of 50 d. In
our study, HDB treatment can significantly reduce blood glucose
levels in different diabetic mice models. After HDB treatment for
7 d, the fed blood glucose levels of HDB were lower than MG in
STZ-induced mice. During the 21 days of HDB administration, there
was prominent difference in fed plasma glucose. After 28 days of
intervention, fed blood glucose measurements showed no differ-
ence between HDB and the model group, which may be because
STZ severely damaged the pancreatic islets. For the fasting blood
glucose, HDB reduced the fasting blood glucose during 35 days of
therapy. HDB significantly attenuated the rise in plasma glucose
after glucose loaded, but there were no differences between the
HDB treatment and the STZ-induced mouse model on oral amylum
208
starch and sucrose. HDB extraction may not inhibit a-amylase
activity. Here we evaluated the activities of HDB on glucose toler-
ance and insulin secretion in db/db mice. HDB showed better
effects on blood glucose reduction, improved dyslipidemia and
impaired glucose tolerance. After 21 days of HDB administration,
the fasting glucose of db/db mice was significantly reduced. Type
2 diabetes are characterized by elevated blood glucose due to an
insufficiency of the insulin. Insulin plays an important role in glu-
cose homeostasis. HDB can effectively inhibit the increase of the
proinsulin/insulin ratio in diabetic mice. And the release of incom-
pletely processed proinsulin was lowered after HDB intervention.
We also monitored the water and food intake in db/db mice (not
shown), but there was no difference between the groups, possibly
because db/db mice were leptin receptor deficient mutant mice
whose appetite was not controllable.

More and more studies have confirmed the hypoglycemic activ-
ity of HDB. However, its hypoglycemic active ingredient is rarely
reported except HDB polysaccharides (Chen, Li, Zhou, Sun, et al.,
2018). More studies will find out the hypoglycemic active ingredi-
ents of HDB. We needed to do more research to explore the mech-
anism of HDB in treating diabetes.
5. Conclusion

We showed a significant effect of HDB treatment on glucose
homeostasis in STZ-induced diabetic mice and db/db mice. Our
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results showed an improvement in glucose tolerance, insulin toler-
ance and the protection of b-cells in diabetic mouse models.
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