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ABSTRACT
Objective: Acarbose and trans-chalcone are glucosidase inhibitors whose beneficial effects have
been demonstrated in diabetes. The present study aimed at investigating their potential effects in
obesity. Materials and methods: NMRI male mice (n = 48) were subjected to a high fat diet for
four weeks, which induced an initial state of obesity. One control group was given normal rodent
diet. Obese animals were then switched to normal rodent diet, and divided to four groups (n = 12 in
each): untreated, sham (receiving grape seed oil), and experimental groups receiving acarbose and
trans-chalcone (12 mg/kg) during eight weeks. Body weight, blood glucose and other biochemical
parameters including triglycerides (TG), cholesterol, HDL, AST, and ALT were measured, as well as
leptin, adiponectin, TNF-α, and total antioxidant capacity (TAC). Histological studies were performed
on adipose cells and liver tissue samples. Results: All factors were affected in a positive manner by
acarbose, save for body weight, blood sugar and leptin levels, on which acarbose effects, although
observable, were not statistically significant. Grape seed oil, used as a solvent for trans-chalcone was
found to possess significant effect on TG and TAC, and had beneficial effects on other factors including liver enzymes and cholesterol. Trans-chalcone effects were significant on HDL, leptin and ALT. All
compounds seemed to be able to affect fat deposition in liver tissue, and decrease the size of adipose
tissue cells to some extent. Conclusion: In conclusion, the tested compounds were able to affect lipid
accumulation in tissues and influence adipokines, which may result in an enhanced state with regard
to inflammation and oxidative stress. Arch Endocrinol Metab. 2015;59(3):202-9
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INTRODUCTION
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O

besity is a chronic metabolic disorder related to
energy imbalance resulting from a disproportion between food consumption and physical activity
(1). Currently, a high prevalence of obesity is observed
worldwide, in both adults and children (2,3). Health
practitioners’ concern about obesity prevalence is also
due to the fact that this condition is accompanied by a
wide range of complications including diabetes, nonalcoholic fatty liver disease (NAFLD) (4).
Among various approaches to combat obesity, inhibition of digestive enzymes is a logical solution. Lipase
inhibitor orlistat that was used as an anti-obesity drug
may cause various side effects including severe liver
injury (5), but the search for other lipase inhibitors
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continues, and other compounds have been reported
as potential drugs (6). Glucosidase enzymes such as
alpha-amylase are also considered to be an anti-diabetic
and anti-obesity target (7). Alpha-amylase inhibitors
have been demonstrated to reduce blood sugar levels
and cause weight loss (8).
Acarbose, which is a glucosidase inhibitor minimally
absorbed from the gastrointestinal tract (9), has been
used as a therapeutic supplement in diabetes, since it
controls the postprandial rise in blood glucose levels
(10). Acarbose is a competitive inhibitor of alpha-glucosidase and has a noncompetitive inhibitory behavior
toward alpha-amylase (11). Trans-chalcone structure is
a precursor to flavonoids and chalcone compounds and
possess a range of therapeutic properties including anArch Endocrinol Metab. 2015;59/3
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MATERIALS AND METHODS
Animals
Male NMRI mice (six weeks old) weighing 25 ± 5 g
were purchased from the Razi Vaccine and Serum Institute, Karaj, Iran. Mice were exposed to a 12-h light/
dark cycle, and were housed in standard cages. The
animal room was maintained at a constant temperature
of 25 °C. After one week of adaptation to the conditions, mice were randomly divided into two groups (n
= 12 in each group): normal group (receiving standard
rodent diet) and obese group (receiving high-fat diet
for eight weeks). The high-fat diet was prepared from
a mix of 15 g of mouse pellet standard chow, 10 g of
roasted ground nut, 10 g of milk chocolate and 5 g of
sesame crackers. To ten-fold of these ingredients 20 g
roasted sesame was added, resulting into 18 kJ/g ener
gy content. In addition, the obese group was fed 240 g
creamy biscuits (3644 kJ) weekly. The normal group
was allowed ad libitum access to standard chow, taking a total of 13 kJ/g weekly (15). After eight weeks,
all animals were given standard rodent diet, and the
obese animals were divided into four groups: sham,
obese and two experimental groups. The experimental
groups were treated with either acarbose or trans-chalcone (12 mg/kg/day) by oral gavage for eight weeks.
The obese group did not receive any treatment and the
sham groups received grape seed oil which was used
as trans-chalcone solvent. Mice were weighed weekly
during the eight weeks of treatment. At the end of the
experiment, the animals were anesthetized and sacrificed; blood samples were collected and immediately
centrifuged at 1500 g for 10 min at 4 °C. Serums were
then collected and stored at 4 °C until further analyzes
were made. The experimental protocol was performed
in accordance with the international guidelines set
out in the Guide for the Care and Use of Laboratory
Animals (Institute of Laboratory Animal Resources,
Arch Endocrinol Metab. 2015;59/3

1996) and approved by the Animal Ethics Committee
of the Science and Research Branch, Azad University,
Tehran.

Biochemical parameters
Serum levels of total cholesterol, triglyceride, HDL,
ALT and AST were measured with the use of enzyma
tic methods (Pars Azmoon, Iran). As a complementary
test, blood glucose levels were measured by a gluco
meter apparatus (ACCU-CHEK, Germany).

Adipokines, TNF-alpha and total antioxidant capacity
(TAC)
Plasma adiponectin‚ TNF-α and leptin concentration
were determined by ELISA (respectively R&D Systems,
USA; Enzo life Science, USA and ALPCO, USA). Plasma total antioxidant capacity (TAC) levels were measured by a colorimetric method (BioVision, USA).

Histological studies
Sample adipose tissue was fixed in formalin. Smear microscopy of adipose tissue were prepared and stained
with hematoxylin and eosin (H&E).

Statistical analysis
The data were statistically analyzed by SPSS. With the
use of ANOVA and Tukey’s test. Values are reported as
mean ± SD and the level of significance considered at
p < 0.05.

RESULTS
Body weight and blood glucose
After the second eight weeks of the experiment, weight
gain of animals was compared. It was found that the
untreated obese group gained more weight compared
with the other groups, while this weight gain was the
least in the control group (Table 1). Treatment with
acarbose and chalcone prevented the excessive weight
gain (Table 1), but not significantly. The obese group
presented elevated blood glucose levels compared to
the control group (Table 2). Upon treatment, mice
showed lower levels of blood glucose, although the
change was not significant. The sham and chalcone
groups presented a similar result while acarbose was
slightly less effective.
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tioxidant, cytotoxic, anticancer, antimicrobial, antiprotozoal, antiulcer, antihistaminic and anti-inflammatory
(12). We had previously observed the alpha-amylase
inhibitory effect of trans-chalcone in vitro (13), and
its beneficial effect on streptozotocin–induced diabetic
mice (14).
In this study, we aimed at evaluating the effect of
trans-chalcone treatment on obese mice, and compa
ring it with acarbose.
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Table 1. Effects of acarbose and chalcone treatment on body weight (g). Mean body weight of the mice at the week 1 and week 8 of the treatment period.
(Week 1: w1, Week 8: w8). Data are reported as mean ± SD values. P-values are shown in separate columns
Groups

Body weight (kg)
Week 1

Control

37.88 ± .66

Obese p = 0.32
Sham p = 0.54
Acarbose p = 0.070
Chalcone p = 0.64

39.83 ± .75

Obese p = 0.058
Sham p = 0.71
Acarbose p = 0.49
Chalcone p = 0.58

Obese

40.95 ± .46

Control p = 0.32
Sham p = 0.99
Acarbose p = 0.98
Chalcone p = 0.97

44.08 ± .49

Control p = 0.058
Sham p = 0.54
Acarbose p = 0.49
Chalcone p = 0.43

Sham

40.35 ± .37

Control p = 0.54
Obese p = 0.99
Acarbose p = 0.87
Chalcone p = 0.85

41.75 ± .69

Control p = 0.71
Obese p = 0.54
Acarbose p = 1.000
Chalcone p = 1.000

Acarbose

41.65 ± .73

Control p = 0.07
Obese p = 0.98
Sham p = 0.87
Chalcone p = 1

41.96 ± .85

Control p = 0.49
Obese p = 0.49
Sham p = 1.000
Chalcone p = 1.000

Chalcone

41.76 ± 1.28

Control p = 0.064
Obese p = 0.97
Sham p = 0.050
Acarbose p = 1

41.79 ± 1.0

Control p = 0.58
Obese p = 0.43
Sham p = 1.000
Acarbose p = 1.000

Body weight (g)
Week 8

p (W1)

p (W8)

Table 2. Effects of acarbose and chalcone treatment on blood glucose (mg/dL). Mean blood glucose of the mice at week 4 (W4) and week 8 (W8) of the
treatment period is reported. Data are reported as mean ± SD values. P-values are shown in separate columns
Groups

Blood glucose (mg/dL)
week 4

Control

132 ± 6.50

Obese p = 0.87
Sham p = 0.57
Acarbose p = 0.98
Chalcone p = 0.096

123.50 ± 2.50

Obese p = 0.89
Sham p = 0.94
Acarbose p < 1.000
Chalcone p < 0.98

Obese

149.50 ± .50

Control p = 0.87
Sham p = 0.98
Acarbose p = 0.72
Chalcone p = 0.66

135.50 ± 5.50

Control p = 0.89
Sham p = 0.66
Acarbose p = 0.88
Chalcone p = 0.73

Sham

159.5 ± .50

Control p = 0.57
Obese p = 0.98
Acarbose p = 0.44
Chalcone p = 0.38

112 ± 7

Control p = 0.94
Obese p = 0.66
Acarbose p = 0.97
Chalcone p = 0.99

Acarbose

125.66 ± 6.98

Control p = 0.98
Obese p = 0.72
Sham p = 0.44
Chalcone p = 1,000

121 ± 14.29

Control p = 1.000
Obese p = 0.88
Sham p = 0.97
Chalcone p = 0.99

Chalcone

123.33 ± 20.89

Control p = 0.96
Obese p = 0.66
Sham p = 0.38
Acarbose p = 1.000

116 ± 15.62

Control p = 0.98
Obese p = 0.73
Sham p = 0.99
Acarbose p = 0.99

p (W4)
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Adipokines
In comparison with the control group, the untreated
obese mice had decreased serum adiponectin levels
and increased leptin levels (Figure 1 A and B). Upon
eight-week administration of acarbose and chalcone, a
significant increase of adiponectin level was observed
for acarbose (p < 0.01), the effect of chalcone was not
significant (Figure 1A). On the other hand, treatment
204

Blood glucose (mg/dL)
week 8

p (W8)

with chalcone had a remarkable lowering effect on
leptin concentrations (p < 0.001 compared to the untreated obese group), while this decrease was not significant in acarbose group.

ALT and AST
The untreated obese group had increased levels of serum AST and ALT compared with the control group
Arch Endocrinol Metab. 2015;59/3
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(Figure 2A and B). Upon treatment, although all
AST levels were decreased (Figure 2A), the decrease
was found to be significant in the acarbose group only
(p < 0.01). In the case of ALT, both chalcone and acarbose groups showed significant decrease (p < 0.05 and
p < 0.01 respectively) (Figure 2B).

Lipids
The serum triglyceride (TG) levels of the untreated
obese group were found to be significantly higher than
those in the control group, while HDL levels were lo
wer and cholesterol levels were also higher, but not significantly (Figure 3). Acarbose had a significant effect
in lowering TG, increasing HDL and lowering cholesterol levels of the treated obese group (Figure 3). Chalcone had a significant effect on HDL only (Figure 3B).
Interestingly, the sham group showed also significantly
decreased TG levels, in a similar manner to acarbose,
and chalcone effect itself was not significant.

1
0.9
0.8
0.7
0.6

Total antioxidant capacity was found to be lower in untreated obese mice, although not significantly (Figure
4A). Acarbose administration increased remarkably the
serum TAC while chalcone had no significant effect.
The sham group showed also significantly increased
TAC (Figure 4A). TNF-α is an inflammatory factor, which was higher in the untreated obese group,
although not significantly (Figure 4B). Acarbose was
found to significantly reduce serum TNF-α levels (p <
0.01), while in the chalcone group decrease occurred,
but was not significant.

Histological studies

Adipocytes
Hematoxylin-Eosin (H&E) staining of the adipose tissues taken from abdominal fat is shown in figure 5. Adipocytes larger size is clearly observed in the untreated

A

**

400
350
300
AST (IU/L)

0.5
0.4
0.3
0.2
0.1
0

200
*

150
100
50

Ch

alc

on

e

e
os
Ac
arb

se

am
Sh

Co
n

B

Ob
e

tro
l

ne
lco
Ch
a

os
e
Ac

arb

am
Sh

se
Ob
e

Co
n

tro
l

0

B

450
400

300

350

250

300

200

250

ALT (IU/L)

150
100
***

50

200
150
100

*

**

50

Arch Endocrinol Metab. 2015;59/3

Figure 2. Effect of acarbose and chalcone supplementation on the serum
AST (A) and ALT (B) in mice (n = 12 in each group) after eight weeks of
treatment. Data are shown as mean ± SD. ** p < 0.01 compared with the
obese group. * p < 0.05 compared with the obese group.
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Figure 1. Effect of acarbose and chalcone supplementation on serum
adiponectin (A) and leptin (B) in mice (n = 12 in each group) after eight
weeks of treatment. Data are shown as mean ± SD. ** p < 0.01 compared
with the obese group. * p < 0.05 compared with the obese group.
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Figure 4. Effects of acarbose and chalcone on serum total antioxidant
capacity (TAC) (A) and TNF-α (B) in mice (n = 12 in each group) after eight
weeks of treatment. Data are shown as mean ± SD. ** p < 0.01 compared
with the obese group. * p < 0.05 compared with the obese group.
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Figure 3. Effect of acarbose and chalcone supplement on serum triglycerides
(TG) (A), HDL (B), and cholesterol (C) in mice (n = 12 in each group) after
eight weeks of treatment. Data are shown as mean ± SD. ** p < 0.01
compared with the obese group. * p < 0.05 compared with the obese group.
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Hepatocytes
In the liver sections of obese animals, fat droplets and
multinucleate cells are observed. Furthermore, disordered cell structure is observed when comparing the
untreated obese animals tissue with the control group
(Figures 6A and 6B). When treated with grape seed oil,
chalcone, and acarbose, cell structures become more
ordered and the number of two- and multi-nucleated
cells is decreased (Figures 6C-6E).

4.5

TAC (nmol/I)

obese mice (Figure 5B). Interestingly, both acarbose
and chalcone are able to influence the adipose tissue,
followed by grape seed oil (administered in the sham
group). From the slides, it may be inferred that adipose
cells were disrupted by acarbose and chalcone.

Acarbose has been used as supplementary therapeutic
in diabetes (10), could be envisaged as a potential antiobesity compound as other alpha-amylase inhibitors.
Trans-chalcone, on the other hand, is relatively less
studied as it is a basic polyphenolic structure: usually,
studies are done on its derivatives (16). However, with
regard to its alpha-amylase inhibitory effect (13), we
thought it interesting to be compared with the wellknown acarbose.
The high fat diet which was used here induced an
initial state of obesity in mice. After that, all mice were
fed normal rodent diet, so the compounds effects that
we have observed are in fact additional to a switch to a
normal diet. In some instances, the grape seed oil that
had been used as trans-chalcone solvent has a more
pronounced effect than chalcone itself. Grape seed oil
has been indeed reported to have beneficial effect in
overweight and obese patients (17). Concerning weight loss, acarbose, grape seed oil and trans-chalcone
treated groups were all showing a more moderate inArch Endocrinol Metab. 2015;59/3
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Figure 5. Effect of acarbose and chalcone on adipose tissue: representative H&E stained sections of perinephric adipose tissue from (A) control group,
(B) obese group, (C) acarbose group, (D) chalcone group and (E) sham group after at eight weeks of treatment.

crease in weight gain, compared with the untreated
group. With regard to the fact that the control group
was also gaining weight, this effect could be interpreted
as some weight loss. In this case, trans-chalcone may
have not been effective, since its effect was similar to
grape seed oil.
While an obvious effect of treatment with high-fat
diet and the resulting obesity is an altered lipid profile,
the potential of compounds in restoring normal values
would be of interest. Acarbose was successful with regard to TG and cholesterol levels, while grape seed oil
was effective regarding TG and chalcone itself had an
effect on HDL levels. Acarbose has been reported to
possess beneficial effects on the lipid profile of type 2
diabetes patients (18), and to be able to decrease TG
in obese patients with hypertension (with no effect on
LDL and HDL) (19). Grape seed oil has been observed
to have an effect on decreasing the fat content of other
animals bodies (lambs) (20). While more studies are
necessary to clarify the exact mechanism of action, we
could hypothesize these effects to be related to phenolic compounds that are present in grape seed oil (21).
Polyphenolic compounds that are structurally related to
chalcone, including flavonoids (22) and coumarin chalcones (23) have been reported to improve lipid profile
in high-fat fed or hyperlipidemic animals. Interestingly,
the used compounds are also able to act directly on the
adipose cells, which presented altered morphology in
the treated animals, and chalcone itself seems to posArch Endocrinol Metab. 2015;59/3

sess an independent effect (i.e, independent from grape
seed oil).
Levels of the adipokines leptin and adiponectin,
which are considered to be therapeutic targets/tools
in obesity (24), were also observed to be affected by
these compounds. In our study, acarbose was found
to increase adiponectin levels in the treated obese rats,
which is in accordance with previous reports concerning diabetic patients (25) and diabetic obese rats (26).
In our study, leptin levels were not significantly affected
by acarbose, which is in contrast with the previously
mentioned reports, but it should be noted that in both
reports, acarbose had been chronically administered
for three months, while our treatment period was eight weeks. The effect of acarbose on adipokines may
be linked with its ability to increase insulin sensitivity
(27). On the other hand, we have observed a lowering
effect of chalcone on leptin levels, which does not seem
to have been reported yet for the chalcone core itself,
but some flavonoids have been observed to affect adipokines, via a pathway which may be dependent (28)
or independent (29) to PPARg. There is also a study
performed on naringenin chalcone (composed of a flavonoid and the chalcone moiety), which indicates that
this compound induces adiponectin secretion again via
PPARg activation (30).
Overall, these results are indicative of a beneficial
effect of the tested compounds on body fat at several levels, which is also seen in liver cells. Fatty liver is
207
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Figure 6. Effect of acarbose and chalcone on liver tissue representative H&E stained sections of liver tissue from (A) control group, (B) obese group,
(C) sham group, (D) chalcone group and (E) acarbose group after at eight weeks of treatment.

Copyright© AE&M all rights reserved.

Comparing chalcone and acarbose effect in obesity

present in obese patients and may lead to toxicity and
complications (31). As a consequence to obesity and
the subsequent liver disorder, ALT and AST levels may
become elevated (32), and these two factors are even
considered as supplementary risk factors for metabolic
syndrome that could be detected from childhood (33).
Both acarbose and chalcone influenced the levels of
ALT in a significant manner, and their beneficial effect
is also observable on liver tissue. There is also an association between adipokine levels and the occurrence of
fatty liver and elevated ALT levels (34).
Since obesity is accompanied with an inflammatory
state (and increase of inflammatory cytokines) (35),
the reduction of these factors by potential anti-obesity
compounds could be an indicator of their efficacy in
controlling the multiple manifestations of the disease. In our study, obese rats showed increased levels
of TNF-alpha, while all tested compounds resulted in
some degree of TNF-alpha decrease, but only acarbose
effect was significant. It may also be noted that these could be indirect effects of the compounds, since
adipokines leptin and adiponectin may also influence
TNF-alpha levels (36). The inflammatory process that
occurs in obesity is also associated with oxidative stress,
which is now considered to be a common factor between obesity, diabetes and breast cancer (37). In our
study, obese rats showed a moderate decrease in the
antioxidant capacity, while acarbose and grape seed
oil were able to increase the antioxidant capacity in a
significant manner, and chalcone effect is moderate.
Polyphenols could prevent the oxidative damage that
occurs as a consequence of high fat diet (38). Concerning acarbose, a study conducted on diabetic patients
has not found any beneficial effect of acarbose on oxidative stress (39), while another study suggests a possible capability of acarbose in reducing oxidative stress by
increasing hydrogen production in the digestive tract
(40).
In conclusion, our study has demonstrated that
acarbose has a beneficial effect on the adverse effects
of obesity, and a moderate effect on weight. Previous
reports on acarbose are mostly related to its use in diabetes or obesity cases in which diabetic state is present.
Since acarbose is observed to affect adipose tissue, lipid levels, adipokines, and liver enzymes in a relatively
limited time period, it may be possible to elicit a better response upon its use over more than two months.
Chalcone, which has a basic polyphenolic structure, is
also shown to have an effect on HDL, leptin, adipose
208

tissue and ALT. It could be suggested that chalcone
derivatives may thus be potentially effective candidates
in obesity treatment. Finally, the marked effect of grape
seed oil in attenuation of obesity consequences is of
interest and is worth being more investigated.
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