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Protective Effect of White-Skinned Sweet Potato (/pormoea batatas L)
from Indonesia on Streptozotocin—Induced Oxidative Stress in Rats
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Sweet potato ([pomoea batatas L.) is widely used in Indonesia and other countries as a traditional medi-
cine for the treatment of diabetes mellitus (DM). The MeOH extract of white skinned sweet potatoes
(WSSP) was administered orally in doses of 100 and 200 mg/kg body weight in streptozotocin
(STZ)-induced diabetic rats. Experimental diabetes was induced by a single dose of STZ (45 mg/kg,
i.p.) injection. Oxidative stress was measured by tissue lipid peroxide (LPO) levels, serum aspartate
transaminase (AST), alanine transaminase (ALT), total triglyceride (TG), total cholesterol (TC) and by
antioxidative enzymatic activities of superoxide dismutase (SOD), catalase (CAT), glutathione perox-
idase (GPx) and glutathione S-transferase in the liver. An increase in blood glucose, LPO level, AST,
ALT, TG and TC levels was observed in the STZ-induced diabetic rats. Administration of MeOH ex-
tract of WSSP at a dose of 200 mg/kg for two weeks caused a significant reduction in blood glucose,
LPO levels, AST, ALT, TG and TC levels in the STZ-induced diabetic rats. Furthermore, oral admin-
istration of MeOH extract showed significant improvement in the activities of antioxidant enzymes
(SOD, GPx, and CAT) compared to STZ-induced diabetic rats. In conclusion, the obtained results
clearly indicate the role of oxidative stress in the induction of diabetes, and that the protective effects

of MeOH extracts of WSSP could be used to benefit diabetic patients.
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Introduction

Oxidative stress is postulated playing an important role
in chronic complications of diabetes and be associated with
increased lipid peroxidation [17]. Streptozotocin (STZ) is
usually used to induce diabetes mellitus (DM) in research
used animal through its toxic effects on pancreatic beta-cells
[34,44]. The generation of reactive oxygen species causing
oxidative damage is associated with the cytotoxic action of
STZ [35].

DM is a chronic metabolic disorder which now afflicts
3% of the world population. Based on individual etiologies,
DM is classified into two types (type 1 and type 2). Type
2 diabetes is diagnosed in around 95% of diabetic patients
[2]. Insulin resistance and insulin deficiency which can cause
hyperglycemia is a major feature of type 2 diabetes [19].
Therefore, maintenance of blood glucose level is a key strat-

egy in treating patients with type 2 diabetes.
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Current oral anti-diabetic agents, which include insulin
releasers, insulin sensitizers and a-glucosidase inhibitors,
have modest efficacy and limited of modes of action. Also
DM manifested by experimental animal models exhibit high
oxidative stress due to persistent and chronic hyper-
glycemia, which thereby depletes the activity of anti-
oxidative defense system [3]. Increased oxidative stress and
changes in antioxidant capacity, observed in both clinical
and experimental DM are thought to be the etiology of dia-
betic complications [4]. In diabetes there are significant
changes such as increased lipid peroxidation, dyslipidemia
and irregularities in the metabolism of proteins, lipids and
carbohydrates. Lipid is known to impair the exocrine pan-
creas by damaging the endothelium of blood vessels [41].
In addition, recent anti-diabetic drugs usually have adverse
side effects, decreased efficacy over time, ineffectiveness
against some long-term diabetic complications and low
cost-effectiveness [11]. Therefore, discovery and develop-
ment of novel drugs for DM is still needed.

Sweet potato (/Jpomoea batatas L.) is a represents an eco-

nomically important crop in tropical, subtropical and warm
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temperate regions. The world production of sweet potato
was estimated at 1294 Mt in 2005, of which more than 88%
were from Asian countries, particularly China, with 107.1
Mt [8]. The storage roots contain a high amount of starch,
which is as high as 30% of fresh weight for some cultivars.
They are used as staple food, raw material for alcohol pro-
duction, and animal feed. Stems and foliage are also used
as forage. Several studies have reported on the antioxidant
activity [16,18,23,39], and anti diabetic activity [5,32,40] of
sweet potato extracts. Sweet potatoes have been used as tra-
ditional medicine in Indonesia for DM [30]. Recent studies
on purple sweet potato showed attenuating in oxidative
stress and inflammatory respond [45]. Nevertheless, little
work has been done to explore white-skinned sweet potato
(WSSP) in oxidative stress. The object of this study was to
explore that WSSP protected rats liver from STZ-induced in-
jury by attenuating oxidative stress, since STZ - induced oxi-
dative stress results from the generation of free radical in
the liver. We presented the protective effect of liver injury
from STZ - induced oxidative stress by the methanol extract
of WSSP in this paper.

Materials and Methods

Animals

Male Sprague Dawley (SD) (200+10 g) rats were pur-
chased from Hyochang Science, Daegu, Korea. All animals
were maintained in the institutional animal facility and han-
dled according to the guidelines of the pharmacology de-
partment, college of pharmacy, Kyungsung University,
Republic of Korea. Animals were acclimatized for a week
before starting the experiments with condition, light/dark
cycle: 12 hr, humidity: 46-60%, temperature 22+0.5°C in uni-
versity animal room and with free access to rodent food and

water ad libitum throughout the experimental period.

Preparation of the extract

Fresh storage roots of white-skinned sweet potato
({pomoea batatas L.) were purchased from a local market in
Yogyakarta Indonesia. Samples were processed into extract
in Biology Pharmacy Department of faculty of Pharmacy,
Ahmad Dahlan University, Yogyakarta, Indonesia. The sam-
ples were sliced, dried and ground into powder. 8 kg of
powder was dissolved three times in § liters of methanol
for 3 days, filtered, and evaporated to obtain the crude meth-
anol extract (16 g). The crude methanol extracts freeze dried

for 3 days to get 10 g dried powder.

Animal groups and experimental treatment

Animals were divided into five groups with five animals
in each group; Group I, normal rats treated with the vehicle
only (tween:saline); Group II, control rats treated with the
vehicle and a single dose of STZ 45 mg/kg; Group IlI, rats
treated with STZ 45 mg/kg and MeOH extract of WSSP (100
mg/kg); Group 1V, rats treated with STZ 45 mg/kg and
MeOH extract of WSSP (200 mg/kg); Group V, rats treated
with STZ 45 mg/kg and glimepiride 0.5 mg/kg. After oral
administration with MeOH extract and glimepiride as
pre-experiment for 2 weeks, rat was injected with STZ
(Sigma Chemical Co. St. Louis, MO, USA. 45 mg/kg) in cit-
rate buffer (pH 4.5) by a single intraperitoneal injection to
make diabetes rats. Normal rats were injected with saline.
Three days after STZ treatment, development of diabetes
was confirmed by measuring the blood glucose levels using
glucose reagent strips (Glucometer 4 Ames, Bayer
Diagnostics). Rats with fasting blood glucose levels of 250
mg/dl or higher were considered to be diabetic. The MeOH
extract and glimepiride were orally administered daily dur-
ing the 2 weeks after STZ induced (post experiment). After
completion of the treatments, the animals were sacrificed us-
ing carbon dioxide as anesthesia. Blood was collected di-
rectly from the abdominal vein, and separated to obtain
serum. Liver were removed, cleaned and washed in ice-cold

normal saline for biochemical study.

Determination of liver antioxidant activity of WSSP

Serum AST and ALT were determined according to the
method Reitman and Frankel [26], total triglyceride (TG) was
assayed according to the method of Richmond [28], total
cholesterol (TC) was determined according to the method
of McGowan [21], using a diagnostic kit from Asan Inc.,
Korea. The level of lipid peroxidation was measured as ma-
londialdehyde (MDA), a thiobarbituric acid reactive sub-
stance (TBARS), using 1'1'3'3'-tetra methoxypropane as the
standard [22]. Superoxide dismustase (SOD) activity was as-
sayed according to the method of Marklund and Marklund
[20]. This assay procedure involved the inhibition of epi-
nephrine auto-oxidation to adenochrome in alkaline me-
dium (pH 10.2) which is markedly inhibited by the presence
of SOD. Epinephrine was added to the assay mixture, con-
taining tissue supernatant with the change in the extinction

coefficient observed at 480 nm using spectrophotometer.



Catalase (CAT) changes H)O, into water. The CAT activity
in tissue was measured at 240 nm spectrophotometrically
by calculating the degradation of H,O,, the substrate of en-
zyme [1]. The glutathione peroxidase (GPx) activity was
measured according to the method of Paglia and Valentine
[24]. The assay was determined by measuring the decrease
in the glutathione (GSH) content after incubating the sample
in the presence of H;O, and NaNs. The glutathione S-trans-
terase (GST) was determined according to the method of
Habig [12]. This assay was determined by p-nitro-
benzylchloride as the substrate. The absorbance was meas-
ured UV-Vis spectrophotometrically at 310 nm.

Assessment  of  antidiabetic
tolerance in rats

activity ~ on  glucose
Glucose tolerance test (GTT) was assayed to investigate
antidiabetic effect of MeOH extract of WSSP. The overnight
fasted rats were divided into five groups with five rats in
each group. Glucose solution (2 g/kg) was injected to all
groups and MeOH extract of WSSP were administered.
Their fasting blood glucose level of each group was further
evaluated at 0, 30, 60, 90, 120 min respectively.

Statistical analysis

All results are expressed as meantSD. Total variation
present in a set of data was estimated by one-way analysis
of variance (ANOVA) followed by Duncan multiple range
post-hoc tests. p<0.05 was considered significant.

Results

Blood glucose level

Table 1 exhibited the effect of WSSP on the blood glucose
level. The mean blood glucose level in normal group (group
I) was stable throughout the experimental period. Until 2
weeks administration before STZ induced (pre experiment),
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all groups showed no significant difference (£>0.05) in blood
glucose level. On 7 days after STZ induced, treatments of
WSSP showed no significant (z>0.05) reduction in blood glu-
cose compared to diabetic control group. But treatment of
glimepiride showed significant (p<0.05) reduction in blood
glucose level as compared to diabetic control group. After
2 weeks of treatment (post experiment), diabetic animals had
significant responses to MeOH extract of WSSP compared
to diabetic control group. Also glimepiride treated group
showed significant (p<0.05) reduction in blood glucose level
compared to diabetic control and WSSP group. Oral admin-
istration of WSSP at dose of 200 mg/kg revealed more re-
duction in blood glucose level compared to WSSP at dose
of 100 mg/kg, but statistically no significant difference

(7>0.05).

Alanine aminotransferase (ALT) and
aminotrasferase (AST) concentration
Serum AST and ALT levels can describe the liver function

aspartate

of diabetic animals. Rats intoxicated with STZ alone devel-
oped severe hepatocellular injuries with a significant ele-
vation in serum AST and ALT activities when compared to
normal group (p<0.01). Oral administration with WSSP at
dose of 200 mg/kg significantly prevented the elevation of
serum enzymes compared to diabetic control group (z< 0.01)
(Fig. 1), but WSSP at dose of 100 mg/kg showed no sig-
nificant difference (£>0.05) reduced the AST and ALT levels
compared with the diabetic control group.

Total triglyceride and total cholesterol concentration

The effect of oral administration of MeOH extract of
WSSP in severe diabetic rats was shown in Fig. 2. STZ treat-
ment caused elevation of serum TC and TG compared to
normal group. Treatment with MeOH extract of WSSP at
dose of 200 mg/kg produced significant (<0.05) reduction
not only in TG levels but also in TC levels compared to dia-

Table 1. Effect of MeOH extract of WSSP on the blood glucose levels in STZ-induced diabetic rats

Blood glucose level (mg/dl)

Group (n]igo/slfg) Before STZ-induced After STZ-induced
0 week 1 week 2 week 1 week 2 week
Normal 101.6+8.53° 96.37.26° 100.6+8.25" 103.4+5.26° 103.9+11.4°
Control 97.347.26" 103.6+5.48" 98.7+7.12° 530.4+46.7° 580.2+37.8°
MeOH ext. 100 99.8+8.17° 98.5%7.46" 101.4+8.16 500.2+39.2° 531.8+57.2°
200 106.3+10.4° 99.3+8.53" 106.4%9.43" 498.7+40.3" 487.8+31.4°
Glimepiride 0.5 103.7+9.43° 101.7+7.46° 95.6+8.46" 390.9+33.5" 321.4+25.8°

Values are the means+SD (n=5). Values within a column with different superscripts are significantly different at <0.05 by the Duncan’s

test.
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Fig. 1. Effect of MeOH extracts of WSSP on the serum AST and
ALP in STZ-induced diabetic rats. AST: aspartate trans-
aminase, ALT: alanine transaminase. Values are the
means+SD (n=5). Values within a column with different
superscripts are significantly different at <0.05 by the
Duncan test.

oTG
a1c

Control WSSP 100 WSSP 200 Glimepiride

Fig. 2. Effect of MeOH extract of WSSP on the serum TG and
TC in STZ-induced diabetic rats. TG: triglyceride, TC:
total cholesterol. Values are the means*SD (n=5). Values
within a column with different superscripts are sig-
nificantly different at <0.05 by the Duncan’s test

betic control group, meanwhile MeOH extract of WSSP at
dose of 100 mg/kg showed significant (2<0.05) reduction on-

ly in TG levels compared to control group.

Lipid oxidation activity in liver

Lipid oxidation has been established as a major mecha-
nism of cellular injury in many biological systems of plant
and animal origin. The mechanism involves a process
whereby unsaturated lipids are oxidized to form additional
radical species as well as toxic by-products that can be harm-
ful to the host system. Polyunsaturated lipids are especially
susceptible to this type of damage when in an oxidizing en-
vironment and they can react to form lipid peroxides.
Polyunsaturated fatty acid peroxides further react to form
MDA, which is found in most biological samples including
foodstuffs, serum, plasma, tissues and urine, as a result of

lipid hydroperoxides, and has become one of the most widely
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Fig. 3. Effect of MeOH extract of WSSP on LPO in STZ-induced
diabetic rats. Values are the meanstSD (n=5).Values
within a column with different superscripts are sig-
nificantly different at <0.05 by the Duncan’s test.

reported analytes for the purpose of estimating oxidative
stress effects on lipids [15]. Fig. 3 showed the level of ma-
londialdehyde (MDA), a secondary product of lipid perox-
idation in the liver tissue homogenate. STZ-induced rats re-
sulting in a significant (p<0.05) increase in MDA levels com-
pared to normal group, whereas oral administration of
MeOH extract of WSSP at dose of 100; 200 mg/kg exhibited
significant (7<0.05) reduction compared with diabetic control

group.

Antioxidant enzyme activity in liver

As shown in Table 2, a significant (p<0.05) decrease in
the activities of SOD, CAT and GPX compared to normal
group was a notable manifestation of STZ toxicity. The activ-
ity of these enzymes were improved significantly (p<0.05)
by the administration of MeOH extract of WSSP at dose of
200 mg/kg when compared with diabetic control group.
Also administration of glimepiride, an insulin releaser, im-
proved these enzymes activities. While, oral administration
of MeOH extract of WSSP at dose of 100 mg/kg showed
no significant difference (£>0.05) reduction in antioxidant
enzyme activities compared with diabetic control group.

Table 3 showed that the concentration of GST in animals
treated with STZ which were significantly (p<0.05) decreased
compared to normal group in liver. Whereas oral admin-
istration of MeOH extract of WSSP and glimepiride showed
no significant difference (£>0.05) compared with diabetic

control group.

GTT activity in blood
In order to choose the optimum dose for the normal ani-
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Table 2. Effect of MeOH extract of WSSP on antioxidant enzyme levels in STZ-induced diabetic rats

Dose
Group (mg/kg) SOD Catalase GPx
Normal 31.9+2.17° 3.82+0.42° 2.92+0.17°
Control 11.3+1.23¢ 2.16+0.30 1.85+0.13°
MeOH ext. 100 12.4+2.46" 241041 2.0140.26°
200 18.943.27° 2.76+0.25™ 23940.18"
Glimepiride 05 22.6+3.01° 3.15+0.31° 2514027

Superoxide Dismustase (SOD, U/mg protein); Glutathione Peroxidase (GPx, NADPH oxidized/min/mg protein); Catalase (CAT,

nmol of HO, consumed/min/mg protein).

Values are the means=SD (n=5). Values within a column with different superscripts are significantly different at <0.05 by the Duncan’s test.

Table 3. Effect of MeOH extract of WSSP on Glutathion-S-
Transferase in STZ-induced diabetic rats

Group Dose Glutathiqn—S—transfergse
(mg/kg) (nmol/min/mg protein)
Normal 216.4+39.8°
Control 123.8+21.7°
MeOH ext. 100 131.6430.9"
200 137.9+25.2°
Glimepiride 05 135.2+40.7°

Values are the means+SD (n=5). Values within a column with
different superscripts are significantly different at <0.05 by the
Duncan’s test
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Fig. 4. Effect of MeOH extract of WSSP on GOTT levels in
STZ-induced diabetic rats. Values are the meansiSD
(n=5). Values within a column with different super-
scripts are significantly different at <0.05 by the
Duncan’s test.

mals, MeOH extracts of WSSP at 100 and 200 mg/kg dose
were evaluated on glucose tolerance in normal rats along
with the standard drug glimepiride (0.5 mg/kg). A reduc-
tion of 13% in blood glucose levels was observed within 120
min on GTT by the dose of 200 mg/kg. Whereas, at dose
of 100 mg/kg showed reduction of 9.8%. The reductions in
both the WSSP groups showed statistically significant differ-
ence compared to diabetic control group (p<0.05). However,
both the MeOH extracts of WSSP at dose of 100 and 200

mg/kg showed no significant difference (£>0.05) in blood
glucose levels after 120 min treatment (Fig. 4).

Discussion

Imbalance between the reactive oxygen species (ROS) pro-
duction and ROS elimination in the biological system caused
oxidative stress. It leads to oxidative damage to cell and tis-
sue paralleled by modifications in the morphology and func-
tion, resulting in aging and premature cell death [7].
Oxidative stress had been reported play a role in the patho-
genesis and progression of diabetic tissue damage [14,43].
Index of increased oxidative stress and subsequent cytotox-
icity commonly used lipid peroxidation of unsaturated fatty
acid [13]. The high level of LPO is due to increased pro-
duction of ROS (superoxide radicals, hydrogen peroxide and
hydroxyl radicals) [36]. In our research, we investigated a
significant elevation of the MDA a secondary product of
LPO in STZ-induced animal. This elevated level of LPO is
due to increased production of ROS (superoxide radicals, hy-
drogen peroxide and hydroxyl radicals).

The elevation of blood glucose levels during the ex-
perimental period clearly indicates the persistent hyper-
glycemia in the STZ-induced diabetic rats. However, admin-
istration with MeOH extract of WSSP markedly reduced the
blood glucose concentration in diabetic rats. This result in-
dicates that MeOH extract of WSSP acts as an anti-
hyperglycemic agent. Moreover, the oral glucose tolerance
test in the normal rat exhibited MeOH extract of WSSP at
120 min has antidiabetic activity, and showed similar effect
with synthetic drug glimepiride an insulin releaser.

Hyperlipidemia has been reported to accompany hyper-
glycemia states [9,25,37] i.e. characterized by increase in TC,
LDL, VLDL, TG and fall in HDL. The marked hyper-
lipidemia that characterizes the diabetic states may be re-
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garded as consequence of the uninhibited actions of lipolytic
hormones on the fat depots [10]. High levels of TC and more
importantly LDL cholesterol are major coronary risk factors
[38]. Lowering of serum lipid concentration through dietary
or drug therapy seems to be associated with a decrease in
the risk of vascular diseases [27]. The result of this study
reveals that a daily administration of MeOH extract of WSSP
with dose of 200 mg/kg for 2 weeks after STZ induced near-
ly normalized lipid profile in diabetic animals. MeOH ex-
tract at WSSP of dose of 200 mg/kg exhibited hypocholester-
olemic and hypotriglyceridemic effect.

Several researchers have reported increases in AST and
ALT activities as well as changes in lipid concentration in
the serum of diabetic patients [31,33]. AST and ALT levels
consider due to of liver function; hence, restoration of the
normal level of AST and ALT may indicate the normalizing
effect of both oral administration of MeOH extract of WSSP
dose 100 mg/kg and 200 mg/kg.

In analysis of thiobarbituric acid reactive substance
(TBARS), our study clearly showed that MDA level was de-
creased in MeOH extract of WSSP treated diabetic rats and
it may have role in scavenging hydroxyl and peroxyl radi-
cals generated by STZ. Lipid peroxidation in DM can be con-
sidered with overproduction of oxidants or a decrease in
antioxidant defenses [42]. Three antioxidant enzymes which
has important function are SOD (scavenges superoxide
anions), GPx (removes H,O, and lipid peroxides), also CAT
that are considered primary antioxidant enzymes involved
in the direct elimination of ROS. According to our results,
MeOH extract of WSSP treatment showed significant im-
proved free radical scavenging enzymes (SOD, CAT, GPx)
in the liver of STZ treated rats. SOD, CAT, and GPx are
enzymes that break the peroxides and play an important role
in supplying antioxidant defenses to an organism. SOD re-
duces superoxide to HyO; that can be readily reduced to wa-
ter principally by CAT and GPx [29]. The functions of these
three enzymes are interconnected with the lowering of their
activities resulting in the accumulation of lipid peroxides
and an associated increase in oxidative stress in diabetic rats
[6]. Oral administration of MeOH extract of WSSP improved
the activities of these enzymes and thus may help protect
the generation of free radicals generated during DM. The
decreased activities of SOD and CAT in tissue are due to
excess availability of superoxide (O,¢ ) and H;O; in the
biological systems, which in turn generate hydroxyl and per-

oxyl radicals, resulting in the initiation and propagation of

lipid peroxides [25]. Meanwhile MeOH extract of WSSP
treatment has similar effect with glimepiride produced no
significant (£>0.05) reduction in GST liver compared with
control group. Based on the results, protective effect of
MeOH extract of WSSP is may be due to the counteraction
of free radicals throughout three antioxidant enzymes (SOD,
GPx, and CAT), increasing antioxidant free radical for-
mation, leads to reduce LPO and a significant lowering in
blood glucose level. However, the precise molecular mecha-
nism by which MeOH extract of WSSP exerts its protective
effect against oxidative damage remains to be established.
These results suggest that MeOH extract of WSSP admin-
istration has protective effect in STZ-induced oxidative stress
in rats

In conclusion, MeOH extract of WSSP from Indonesia has
preventive potential against many complication of diabetes
by attenuating oxidative stress and hence protects organism

from oxidative damage and dyslipidemia.
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