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The hypoglycemic and hypolipidemic effects of a triterpenoid-rich extract from the Euryale shell (ES) was
analyzed in streptozotocin-induced diabetic mice. Normal and diabetic mice treated with glimepiride were
used as negative and positive controls, respectively. Body weight, organ weight index and cholesterol-
related lipid profile parameters were observed after 4 weeks. The hypoglycemic activity was assessed
by fasting blood glucose (FBG) and fasting insulin (FINS) to calculate the insulin sensitivity index (ISI).
In addition, the potentially regulative mechanisms on insulin resistance were discussed. The results indi-
cated that a triterpenoid-rich extract of ES could inhibit reduction in the body weight of diabetic mice
and regulate glucose metabolism. The hypolipidemic action after this extract supplementation was con-
firmed by significant (p < 0.05) decreases in the levels of cholesterol, LDL and triglycerides and increase
in HDL compared with the untreated diabetic mice, especially when using a high dose, which sug-
gested that the ES extract could effectively reverse the abnormal enlargement of the liver and spleen
(p < 0.01). The present data suggest that the triterpenoid-rich extract from the ES has both hypoglycemic
and hypolipidemic effects that can not only help cure and manage diabetes but also improve insulin
resistance (IR).

1. Introduction

Type 2 diabetes mellitus (T2DM) is the most common endocrine
disorder (King et al. 1998). It is a group of metabolic alter-
ations characterized by hyperglycemia resulting from defects in
insulin secretion, insulin action or both (Bhavna Sharma et al.
2008). More than 150 million people suffer from TD2 M world-
wide, and this number is likely to increase to 300 million by
the year 2025 (Anusha Bhaskar et al. 2008). Chronic hyper-
glycemia in diabetes has been associated with the long-term
damage, dysfunction and eventual failure of organs, especially
the eyes, kidneys, nerves, heart and blood vessels (Huang et al.
2005). Additionally, either the availability of many anti-diabetes
agents and pharmacotherapies targeting T2DM causes a great
burden to patients, society, health care systems and the economy
or their side effects and contraindications limit their use (Tahrani
et al. 2010).
Medicinal plants provide a useful source of oral hypoglycemic
compounds for the development of new pharmaceutical leads
and as dietary supplements to existing therapies (Bailey and
Day 1989). Current evidence has suggested that some plants,
especially soluble supplements, result in some improvements
in glucose metabolism (Brennan et al. 2005; Oliveira et al.
2005; Topping 2007). Some of the plants that are being used for
the treatment of diabetes have received scientific or medicinal
scrutiny, and even the WHO expert committee on diabetes rec-

ommends that this area warrants further attention. Consequently,
plants have been used as sources of drugs for the treatment of
diabetes in developing countries where the cost of conventional
medicines is a burden to the population (Kim et al. 2009; Wood
2007; Yasuda et al. 2003).
Euryale ferox is a mature seed of the Euryale genus of
Nymphaeaceae (Nath BK et al. 1985). Originally produced in
Southeast Asia, and China, it has been cultivated for a long
time. The outer package of the Euryale ferox seeds is a hard
shell. In the processing of the Euryale ferox, many of the shells
are discarded (Row et al. 2007). It has been used to treat kidney
diseases (Zhao et al. 1994), and the anti-hyperglycemic activ-
ity of Euryale ferox seeds has been well established (Lee et al.
2002). However, there is little information on the effect of the
extract from Euryale shell in diabetes and its role in improving
lipid profiles.
The aim of this present work was to explore the scientific
basis of the utility of the triterpenoid-rich extract from ES
on the biochemical and enzymatic parameters of mildly dia-
betic mice (type 2 diabetes mellitus) that still had functional
beta cells in order to correct the hyperglycemia and hyperlipi-
demia associated with diabetes. Low (200 mg/kg BW), middle
(400 mg/kg BW) and high (600 mg/kg BW) doses of the ES solu-
tion extracts were used to evaluate the hypoglycemic effects in
streptozotocin-induced diabetic mice (Van De Laar et al. 2005).
Furthermore, this study investigated the association between
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Fig. 1: Body weights at the end of the experiment were compared among all the
groups. NC, normal control group (physiological saline); MD, model diabetic
mice group (physiological saline); LG, low-dose ES extract group (200 mg
kg−1 BW); MG, middle-dose ES extract group (400 mg·kg−1 BW); HG,
high-dose ES extract group (600 mg·kg−1 BW); and PC, positive control
group (glimepiride solution). In addition to the oral administration, all mice
were fed with the normal columnar diet. The data were presented as the
means ± S.D, n = 5. Compared with the MD group, b means that the
difference is significant (p < 0.05), a means that the difference is higher
(p < 0.01), and other means that the difference is not significant (p > 0.05)

glucose and lipid metabolism in type 2 diabetic mice and then
studied the possible regulatory mechanism of the insulin resis-
tance in type 2 diabetic mice.

2. Investigations and results

2.1. Changes in body weight

After 4 weeks of the ES extract treatment, the body weight val-
ues of each group were evaluated at the beginning and end of
this experiment. The experimental data were analyzed, and the
results were as follows (Fig. 1):
After the experiment, the normal control (NC) group without the
STZ injections grew well. At the same time, the body mass in the
model diabetic (MD) group was significantly lower than that in
the NC group, but after management with the ethanol extract
from ES and treatment with glimepiride, their body weight
increased. Compared with the MD group, the differences in the
low-dose (LG) group were not significant (p > 0.05). At the end
of week 4, the body weights of the MG mice were near that of
their initial weight, and there was a significant (p < 0.05) differ-
ence in the diabetic groups compared with MG group. Moreover,
the body weights of the mice in the high-dose (HG) ES extract
and positive control (PC) groups were higher (p < 0.01) than that
of the MD groups; however, the HG mice were similar to the
PC mice.

2.2. Effect of the ES extract on the organ index

Table 1 shows that, compared with normal mice, the liver, kidney
and spleen of the diabetic mice were significantly enlarged at
1.5, 1.6 and 1.4 times that of normal mice, respectively. In the
PC group, the index of the liver, kidney and spleen had a highly
significant (p < 0.01) downward trend, and obvious changes in
the liver index were observed in particular.
The treatment of these diabetic mice with the ES extract led to
a decline in the percentage of liver index by 14% and 23% for
the MG and HG groups, respectively (p < 0.01), compared with
the diabetic controls, and resulted in a significant recovery of
the liver level, returning to the control level.
The inhibitory effect of the kidney and spleen levels of the
ES extract on the diabetic mice was also investigated. HG
led to a significant (p < 0.05) elevation in the kidney and
spleen levels compared with their diabetic counterpart, but the
improvement was only marginal in the LG and MG mice (not
significant).

2.3. Fasting blood glucose and insulin responses

The fasting blood glucose (FBG) response was investigated for
4 weeks in the streptozotocin-induced diabetic and normal mice
(Fig. 2). In the NC group, the fasting blood glucose values were
normal from the beginning to the end of the experiment, whereas
the other results of injecting a low dose of STZ were the mild
destruction of the islet B cells and elevation of the blood glucose
levels.
Although the streptozotocin injection rapidly induced hyper-
glycemia after a 4-week treatment with the ES extract, blood
glucose levels were reduced. The reduced levels of the FBG con-
centrations (MG 28%, HG 41%) were almost as small as those of
the glimepiride control (51%) mice. The more concentrated the
extract, the more the values were reduced. The statistical analy-
sis of the HG and PC groups are significantly different from the
initial blood glucose data (P < 0.01). Obviously, the ES diet can
regulate the blood glucose metabolism.
The fasting serum insulin (FINS) concentrations are shown
in Table 2. However, until the end of the experiment, the
fasting serum insulin of the middle-dose (MG) groups barely
reached the level of the high-dose (HG) group, which was higher
(p < 0.05) when including low-dose (L) ES extract mice versus
the MD mice. The fasting serum insulin of the HG mice was sim-
ilar to that of the PC mice, and both were significantly higher
(p < 0.01) than the MD mice. The insulin sensitivity index (ISI)
was assessed by the same formula in all groups. The ISI in the
glimepiride group and high-dose feeding group was significantly
higher than that in the model group (p < 0.01), with both nearing
the normal level.
The changes in the FINS and ISI suggested that a high-dose
extract of the Euryale shell might restore the function of the

Table 1: Index of different organs before and after the administration of the triterpenoid-rich fraction of Euryale shells in
streptozotocin-induced diabetic mice

Treatment Group Liver index (mg/g) Kidney index (mg/g) Spleen index (mg/g)

NC 40.12 ± 1.48 5.20 ± 0.26 2.53 ± 0.15
DM 60.03 ± 1.35 8.16 ± 0.13 3.87 ± 0.42
LG 56.03 ± 2.52 7.89 ± 1.05 3.97 ± 0.21
MG 52.31 ± 2.80b 6.83 ± 0.95 3.27 ± 0.21
HG 46.74 ± 2.13a 6.13 ± 1.04b 2.87 ± 0.25b

PC 44.06 ± 2.10a 5.75 ± 0.78a 2.70 ± 0.10a

Organ index (mg/g) = (mice liver, kidney and spleen weight/body weight of mice) × 100%. Each value represents the mean ± S.D. (n = 5). a and b represents statistical significance (p < 0.05) and higher
significance (p < 0.01) compared with the MD groups, respectively, among each class of index.
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Fig. 2: FBG at the end of the study were compared among all the groups. NC,
normal control group (physiological saline); MD, model diabetic mice group
(physiological saline); LG, low-dose ES extract group (200 mg·kg−1 BW);
MG, middle-dose ES extract group (400 mg·kg−1 BW); HG, high-dose ES
extract group (600 mg·kg−1 BW); and PC, positive control group
(glimepiride solution). In addition to the oral administration, all mice were
fed with the normal columnar diet. The data are presented as the
means ± S.D., n = 5. Compared with the MD group, b means that the
difference is significant (p < 0.05), a means that the difference is higher
(p < 0.01), and other means that the difference is not significant (p > 0.05)

islet beta-cells and reduce the insulin resistance by regulating
the level of insulin secretion, indicating it could help improve
the status of the diabetic mice despite the fact that the effect was
not as good as glimepiride.

2.4. Comparison of lipid values after treatment

The serum TC and TG levels were significantly elevated (21%
and 62%, respectively) in the diabetic mice groups compared
with the normal controls (Table 3). The supplementation with the
ES extract for 4 weeks in the MD mice resulted in a significant
diminution of these parameters (p < 0.05), and the levels of these
parameters returned to the control level. In particular, the TC
concentrations in the HG group had the levels reduced below
the normal level more effectively (p < 0.01) than the PC group.
Other hyperlipidemic parameters such as the serum LDL
cholesterol were mildly elevated in the MD diabetic groups
(Table 3) but decreased significantly (p < 0.05) in the extract-
supplemented groups.
HDL cholesterol, a healthy lipoprotein, was decreased in the MD
groups compared with the control (Table 1). After 4 weeks of
treatment with the ES extract, there was a highly significant ele-
vation (p < 0.01) of this lipoprotein level in both the HG and PC
groups. The improvement in the HDL levels was not significant
in the LG and MG groups.

Table 2: FBG, FINS and ISI in the streptozotocin-induced dia-
betic mice in response to the ES extract treatment

Treatment Group FBG (mmol/L) FINS (mIU/L) ISI

NC 5.45 ± 0.66 4.833 ± 0.603 –3.273 ± 0.032
DM 20.50 ± 1.59 9.301 ± 0.346 –5.247 ± 0.095
LG 16.52 ± 2.45 8.721 ± 0.608 –4.967 ± 0.221
MG 13.32 ± 2.58b 7.310 ± 0.436b –4.577 ± 0.231b

HG 11.02 ± 2.88a 6.133 ± 0.252a –4.210 ± 0.050a

PC 9.81 ± 0.88a 5.900 ± 0.265a –4.070 ± 0.050a

The insulin sensitivity index (ISI) was calculated as ln(1/fasting blood glucose × fasting serum
insulin). Each value represents the mean ± S.D. (n = 5). a and b represent statistical significance
(p < 0.05) and higher significance (p < 0.01) compared with the MD groups, respectively, and other
means that the difference is not significant (p > 0.05).

3. Discussion

In diabetes mellitus, hyperglycemia is usually caused by low
insulin levels (type 1 diabetes mellitus) or by resistance to insulin
at the cellular level (type 2 diabetes mellitus), depending on the
type and state of the disease. We know that the elevation of blood
glucose associated with the amount of insulin and the lack of
insulin may lead to type 2 diabetes (De Fronzo et al. 1997).
The present investigation reports the hypoglycemic and
hypolipidemic effects of the extract of Euryale shells (ES) on
STZ-induced diabetic mice. The main aim of this study was to
assess the multiple roles of an ES ethanol extract as an anti-
diabetic agent for the correction of T2MD or NIDDM in mice
that have only partial degeneration of beta cells of islets of
Langerhans like other natural products have shown (Vessal et al.
2003; Sharma et al. 2003).
The extract used was the triterpenoid-rich extract from the
Euryale shell and had been used as the experimental material
to evaluate the anti-diabetic function on streptozotocin-induced
type 2 diabetic mice. The results showed that the ES extract could
inhibit organ enlargement caused by diabetes and restored the
essential function of the liver and kidney. Moreover, the results
in this study also demonstrated that the ES extract at a level of
600 mg/kg BW provided a protective effect to the diabetic mice
similar to glimepiride and enhanced the insulin sensitivity index
(ISI), which improved insulin resistance (Matveyenko et al.
2006). Low insulin levels or insulin resistance prevent the body
from converting glucose into glycogen, which in turn makes
removing excess glucose from the blood difficult or impossi-
ble (Leahy 2005). In addition to the dose-dependence, changes
in the lipid profile play an important role in the improvement
of insulin resistance (IR). Gong et al. (2004) found that resistin
could promote the differentiation of anterior adipose cells, which
might be an important factor to induce insulin resistance from
obesity.
There were a number of controversial issues regarding the effect
of the ES triterpenoid-rich extract on blood glucose manage-
ment. One was the dose-response, with a low dose having little
contribution to the treatment of diabetic mice and a high dose
potentially causing unadaptable changes. The other was that
the IR mechanism was also related to protein kinase, mitogen
activated protein and phosphatidylinositol 3-kinase, but the reg-
ulatory mechanism needs further study (Song et al. 2002; One
et al. 2001; Gedulin et al. 2005).
Above all, the triterpenoid-rich extract from Euryale shell had
less adverse effects and would be more convenient practically
compared with treatments suggested by the traditional medi-
cal system for the therapy of diabetes mellitus. Therefore, the
triterpenoid-rich extract from Euryale shell could be considered
effective for the treatment of T2DM to some degree and would
be a good functional food ingredient.

4. Experimental

4.1. Preparation of the triterpenoid-rich extract of the Euryale shell

Euryale shells were collected in and around Huainan City. The broken shells
of the Euryale seed were thoroughly washed with water and dried in the
shade. A total of 500 g of air-dried shells were ground into fine powder and
soaked in 75% ethanol at 60 ◦C for 16 h for the extraction. The extract was
concentrated with a vacuum rotary evaporator at 50 ◦C. The concentrated
extract was then diluted with water, and the solution was extracted 3 times
with petroleum ether, ethyl acetate and water-saturated butanol, in that order.
The extracts were then pooled and concentrated using a rotary evaporator
to yield triterpenoid-rich main fractions.

4.2. Materials and chemicals

Streptozotocin was purchased from Sigma Chemical Co. (Nanjing, China).
The citrate-citrate buffer solution (25 mg/kg, l% solution of 0.1 mol/L pH
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Table 3: Serum level of different lipids after the administration of ES extracts in streptozotocin-induced diabetic mice

Treatment Group TC (mmol/L) TG (mmol/L) LDL (mmol/L) HDL (mmol/L)

NC 2.30 ± 0.05 0.81 ± 0.03 1.50 ± 0.01 1.83 ± 0.02
DM 2.89 ± 0.04 1.32 ± 0.04 1.85 ± 0.04 1.27 ± 0.03
LG 2.78 ± 0.07 1.34 ± 0.05 1.90 ± 0.02 1.27 ± 0.07
MG 2.59 ± 0.13b 1.03 ± 0.13b 1.68 ± 0.07b 1.32 ± 0.02
HG 2.38 ± 0.08a 0.87 ± 0.10a 1.57 ± 0.02a 1.64 ± 0.04a

PC 2.44 ± 0.07a 0.86 ± 0.05a 1.54 ± 0.02a 1.72 ± 0.02a

Each value represents the mean ± S.D. (n = 5). a and b represent statistical significance (p < 0.05) and higher significance (p < 0.01) compared with the MD group, respectively, and other represents a difference
that is not significant (p > 0.05).

4.4 sodium) and glimepiride were purchased from Pharmaceutical Group
Co., Ltd. (Anhui, China). All other reagents and chemicals used were of
analytical reagent grade.

4.3. Selection of animals and induction of diabetes mellitus

Sixty male mice (weighing 18–20 g, Anhui Medical University, Hefei) were
maintained under standard environmental conditions (12:12 h light dark
cycles) and fed with a standard diet (Pharmaceutical Technology Co., Ltd.,
Hefei) and water ad libitum. All the experiments were approved by the
Animal Experiment Committee of China.
After 1 week of dietary manipulation, a subset of the mice (52) were injected
intraperitoneally with a low dose of streptozotocin (100 mg/kg BW) dis-
solved in 0.1 mol/L citrate buffer (Maiti et al. 2005). The 8 mice used as the
normal control (NC) were injected intraperitoneally with the buffer solution.
Three days after the STZ injection, diabetic mice were defined as having a
plasma glucose level greater than 11.0 mmol/L.

4.4. Experimental design

Except for the normal control group (NC), the 40 mice that had developed
T2DM with the closest body weights were chosen. They were randomly
divided into five groups of 8 animals each, including the model diabetic
mice (MD) group, positive control (PC) group and the extract from ES
(Low-dose, LG; Middle-dose, MG; and High-dose, HG) groups (Yoshida
et al. 2009).
The normal control (NC) and diabetic mice (MD) were fed with the standard
diet, whereas the LG, MG and HG groups received the triterpenoid-rich
extract of ES suspended in distilled water orally at doses of 200, 400 and
600 mg/kg, respectively. The positive control (PC) group received 5 mg/kg
of glimepiride, used as a reference standard drug. Each treatment lasted for
4 weeks, during which period the mice had free access to food and water.

4.5. Effect of body weight and organ index

The weights of the mice were recorded at the start and end of the experimen-
tal period with an electronic balance. After 4 weeks of treatment with the ES
extract, the mice were sacrificed under ether anesthesia. The organs were
removed from the mice quickly, rinsed in saline water and weighed. The
organ index (mg/g) = (mice liver, kidney and spleen weight/body weight of
mice) × 100%

4.6. Detection of serum biochemical indicators and calculation of
ISI

The mice were fasted for 12 h before sacrifice. Fasting blood glucose was
evaluated from the tip of the tail vein using the Roche Glucometer. Fast-
ing serum insulin was measured by magnetic separation enzyme linked
immunosorbent assay. The insulin sensitivity index (ISI) was calculated as
ln(1/fasting blood glucose × fasting serum insulin).

4.7. Estimation of lipid profile in blood samples

On completion of the treatment, the blood samples were collected, and the
lipid profiles of all six groups of animals were measured using commercially
available kits. The total cholesterol (TC), high density lipoprotein (HDL)
and triglyceride (TG) levels in the serum were determined according to the
instructions of the manufacturer.

4.8. Statistical analysis

The statistical software Origin 6.1 (Origin Lab Corporation, USA) was used
by the first author in this study. All experimental data were expressed as
the means ± S.D. The differences between the test and control groups were
evaluated by Student’s t-test.
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