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The  present  study  was  designed  to  investigate  the  effect  of  OJP1,  a polysaccharide  isolated  from  the
roots  of  Ophiopogon  japonica,  on  blood  lipid  metabolism,  antioxidant  activity,  as  well  as  its  protective
effect  on  the  liver  and  kidneys  in diabetic  rats.  Results  showed  that  OJP1  significantly  reduced  the  MDA
concentration  and  increased  the  activity  of  both  GPx  and  SOD  in the  serum,  liver  and  kidneys  of  diabetic
rats.  Moreover,  the values  of  TG,  TC,  LDL-C  and  HDL-C  in  diabetic  rats  were  significantly  reversed  by
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OJP1  treatment.  Biochemical  and  histopathological  analyses  also  showed  that  OJP1  can  alleviate  liver
and  kidneys  injury  in  diabetic  rats.  The  mRNA  expression  of  transforming  growth  factor-ˇ1  (TGF-ˇ1)
and  connective  tissue  growth  factor  (CTGF)  in diabetic  rats  decreased  significantly  after  administration
of  OJP1.  Altogether,  these  results  suggest  that OJP1  possess  potent  antioxidant  activity  and  can  protect

 the
xidative stress
iabetic complication

the  liver  and  kidneys  from

. Introduction

Diabetes mellitus (DM) is a complex metabolic disorder charac-
erized by high blood glucose level due to the inability of the body’s
ells to utilize glucose properly (Ugochukwu & Babady, 2002), often
ccompanied by hyperphagia (obesity), a selective loss of pancre-
tic islet ˇ-cell mass, and microvascular complications (Adikwu,
oshikawa, & Takada, 2004; Yamac et al., 2008). It is the most signif-

cant chronic disease and cause of death in modern society. With the
umber of people with diabetes mellitus rising exponentially, the
isease represents one of the greatest medical and socioeconomic
hallenges worldwide (Spinetti, Kraenke, Emanueli, & Madeddu,
008). While exogenous insulin and other medications can con-
rol many aspects of diabetes, numerous complications affecting
he vascular system, kidney, retina, lens, peripheral nerves, and
kin are common and are extremely costly in terms of longevity
nd quality of life (Maritim, Sanders, & Watkins, 2003). Therefore,
here is a strong need for safe and effective oral antihyperglycaemic

gents that provide an alternative option for preventing, treating
nd managing diabetes and its complications.

∗ Corresponding authors. Tel.: +86 577 86699652; fax: +86 577 86689717.
E-mail address: xmchen01@163.com (X. Chen).

1 These authors contributed equally to this work.
2 Present address: The Traditional Chinese Medicine Hospital of Wuxi, China.
3 Present address: The People’s Hospital of Pingyang, China.

144-8617/$ – see front matter ©  2013 Elsevier Ltd. All rights reserved.
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 injurious  effects  of diabetes.
© 2013 Elsevier Ltd. All rights reserved.

Many herbal extracts or derivatives have been documented
in traditional Chinese medicine (TCM) as having clinical effec-
tiveness in treating diabetes mellitus (Jia, Gao, & Tang, 2003;
Zhang, Zheng, Zhang, & Hai, 2012). Ophiopogon japonicus (Thunb.)
Ker-Gawl, widely distributed in South-east Asia, is a well known
traditional Chinese medicine that has been used to treat cardio-
vascular and chronic inflammatory diseases for thousands of years,
and has also been confirmed in various experiments as having anti-
inflammatory, anti-arrhythmia, and microcirculation-improving
properties. (Zhou et al., 2003). In recent years, the polysaccharides
isolated from the roots of O. japonicus have drawn the attention
of researchers and consumers due to their nutritional and health
protective value as an immunostimulant, as anti-ischaemetic and
hypoglycemic agent, and for their ability to inhibit platelet aggre-
gation. (Fan & Zhang, 2006; Zheng, Feng, Xu, Lin, & Chen, 2009).
In our previous research, a polysaccharide isolated from O. japo-
nicus named as OJP1 had an anti-diabetic effect on STZ-induced
diabetic rats (Chen et al., 2011b), however, no detailed study has
been carried out on the protective effect of the polysaccharide
on lipid peroxidation or on antioxidants in STZ-induced diabetic
rats, or to what extent OJP1 can prevent or alleviate diabetic
complications.

Therefore, the present study was  conducted to evaluate the
effect of OJP1 on blood lipid metabolism and antioxidant activ-

ity, and to evaluate its protective effect on the liver and kidneys
in diabetic rats in order to better understand the possible
hypoglycemic mechanisms and the health benefits of the polysac-
charide.

dx.doi.org/10.1016/j.carbpol.2013.01.037
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
mailto:xmchen01@163.com
dx.doi.org/10.1016/j.carbpol.2013.01.037
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. Materials and methods

.1. Materials and chemicals

The roots of O. japonicus were collected in Zhejiang province
China). Sephadex G-100, DEAE-cellulose, and streptozotocin (STZ)
ere purchased from Sigma. RPMI-1640 medium was  purchased

rom Gibco. TRIZOL Reagent, DNA ladder marker and cDNA reverse
ranscription kits were purchased from TaKaRa Biotechnology
o., LTD, Dalian, China. Blood Glucose Meters were purchased
rom Lifescan (Milpitas, CA, USA). The assay kits for total choles-
erol (TC), triglyceride (TG), high density lipoprotein cholesterol
HDL-C), low density lipoprotein cholesterol (LDL-C), glutathione
eroxidase (GPx), superoxide dismutase (SOD), malondialdehyde
MDA), aspartate transaminase (AST), alanine transaminase (ALT),
erum creatinine (SCr), uric acid (UA) and urea were purchased
rom Jiancheng Bioengineering Institute, Nanjing, Jiangsu Province,
hina. All other chemicals used were of analytical grade.

.2. Animals

Sprague-Dawley rats (body weight 250 ± 20 g) used for exper-
ments were purchased from Experimental Center, Wenzhou

edical College, Wenzhou, Zhejiang, China. The rats were acclima-
ized for at least one week before starting the experiment. Before
nd during the experiment the rats were housed under controlled
nvironmental conditions of temperature (22 ± 2 ◦C) in a 12 h light
nd dark cycle, and were maintained on (unless otherwise stated)
tandard food pellets and tap water ad libitum.

All animal handling procedures were performed in strict accor-
ance with the P. R. China legislation on the use and care of

aboratory animals, adherence to the guidelines established by the
nstitute for Experimental Animals of Wenzhou Medical College,
nd were approved by the college’s committee for animal experi-
ention.

.3. Establishment of the diabetic rat model

The diabetic rats were induced by the intraperitoneally (i.p.)
njection of freshly prepared STZ at a dose of 60 mg/kg body weight.
hree days after STZ injection, the glucose level of blood from
he tail vein was determined, and hyperglycemic rats (blood glu-
ose level > 16.7 mmol/L) were used as the diabetic rats for further
xperiments.

.4. Experimental design

The STZ-induced diabetic rats (mentioned above) were ran-
omly divided into four groups (8 rats per group), and normal rats
ere used as the control group.

Group I (n = 8): normal control (NC), normal rats were allowed
ree access to a normal diet and treated with saline solution for 28
ays.

Group II (n = 8): diabetic control (DC), the diabetic rats were
llowed free access to a normal diet and treated with saline solution
or 28 days.

Group III (n = 8): OJP1-150, diabetic rats were put on a normal
iet and treated with 150 mg/kg/d of OJP1 for 28 days.

Group IV (n = 8): OJP1-300, diabetic rats were put on a normal
iet and treated with 300 mg/kg/d of OJP1 for 28 days.

Group V (n = 8): Metformin, diabetic rats were put on a normal
iet and treated with 200 mg/kg/d of metformin for 28 days.
Weekly body weights were also recorded.
On the last day of experimentation, the animals were deprived

f food overnight and sacrificed by cervical dislocation. Blood was
ollected in polystyrene tubes without tan anticoagulant, and the
mers 94 (2013) 378– 385 379

serum was immediately separated by centrifugation at 3000 rpm at
room temperature for 10 min. Samples were stored at -70 ◦C until
assayed.

The kidney and liver were carefully excised, blotted dry and
weighed. One section of each kidney and liver was used to assay the
GPx, SOD and MDA  activity. The tissues were homogenized (1:10
(w/v)) in cold 0.9% saline solution by using a motor-driven Teflon
glass homogenizer. Homogenate was then centrifuged at 3500 rpm
for 10 min  at 4 ◦C. Another section of each kidney was  frozen in
liquid nitrogen and stored at -70 ◦C until the analysis of reverse
transcription-polymerase chain reaction (RT-PCR).

2.5. Preparation of the polysaccharide

The polysaccharide (OJP1) was  prepared as described previously
(Chen et al., 2011b).  Briefly, the roots of O. japonicus were soaked
with 95% ethanol to remove the pigments and small lipophilic
molecules. The residue was then extracted with 10 vol. of distilled
water at 90 ◦C for 3 h thrice. All water-extracts were combined, fil-
trated, concentrated, and precipitated with 95% EtOH (1: 4 (v/v))
at 4 ◦C for overnight. The precipitate was collected by centrifuga-
tion, then deproteinated by Sevag method. Finally the supernatant
was lyophilized to give crude polysaccharides. The crude polysac-
charides were purified by DEAE-52 cellulose and Sephadex G-100,
and the main polysaccharide fraction (OJP1) was  collected and
lyophilized. OJP1 was  used for further study.

The average polysaccharide content of OJP1 was 98.5% as
measured using the phenol-sulfuric acid assay, which is mainly
comprised of arabinose, glucose and galactose with a relative molar
ratio of 1:16:8 by GC analysis. The average molecular weight of OJP1
was determined as 35.2 kDa by HPGPC.

2.6. Measurement of glucose level and lipid profiles

Blood glucose was  determined by an OneTouch® II micro blood
glucose instrument (American Life Scan Company). Serum TC, TG,
LDL-C and HDL-C concentrations were measured by enzymatic
methods using an automated biochemistry analyzer. Assays were
performed using commercially available kits following the manu-
facturer’s instructions.

2.7. Assay of oxidative stress

Antioxidation capacity in vivo was studied by measuring the lev-
els of SOD, GPx and MDA  using commercially available kits. Briefly,
the determination of SOD activity was based on the production of
O2

− anions by the xanthine/xanthine oxidase system. The amount
of SOD that inhibits 50% the rate of reduction under the specified
conditions was regarded as one enzyme unit.

GPx activity was  estimated by the analysis of GSH in the
enzymatic reaction. Reduced glutathione (GSH) is catalyzed by glu-
tathione peroxidase (GPx) in the presence of hydrogen peroxide.
One unit of enzyme activity represents a decrease in GSH concen-
tration of 1 �M/min  after subtracting the non-enzymatic mode.

Lipid peroxidation was  determined by quantifying MDA  con-
centrations, which was  spectrophotometrically measured by the
absorbance of a red-colored product with thiobarbituric acid.

2.8. Assay of ALT, AST, SCr, UA and UREA

Hepatic function was assessed by detecting the activities of
AST and ALT according to reported methods (Pandikumar, Babu,

& Ignacimuthu, 2009). Renal function was  assessed by estimating
SCr, UA and UREA according to reported methods (Arora, Reddy, &
Balakuma, 2010). All the procedures were performed according to
the kit manufacturer’s instructions.
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.9. Histopathological observation of rat livers and kidneys

Processing of tissue samples for histology assessment followed
stablished procedures. In brief, the tissues were fixed with 10%
eutral paraformaldehyde, embedded in paraffin and then manu-
lly sections with a microtome to obtain 5 �m-thick sections. The
issues were stained using the hematoxylin and eosin (H&E) stains.
he sections were dewaxed in two changes of xylene, hydrated
n two changes of 100% ethanol, followed by 95% ethanol and
0% ethanol, rinsed with water and stained. The stained tissues
ere dehydrated with 80% ethanol followed by 95% ethanol, placed

n two changes of 100% ethanol, and cleaned with two changes
f xylene. Histological examinations were carried out by optical
icroscopy. The following parameters were used for histological

escription: 1) area of fat droplet in rats’ liver; 2) diameter of
lomerulus in rats’ kidney. Then, a semi-quantitative analysis of
hese parameters was calculated. The histological assessment was
erformed in eight different sections by Image-Pro Plus.

.10. Reverse transcription-polymerase chain reaction (RT-PCR)

Total RNA was isolated using TRIZOL Reagent, followed by
DNA synthesis using a commercially available cDNA reverse
ranscription kit in a Bio-Rad thermocycler. The final volume
f 20 �L consisted of 1 �L dNTPs, 1 �L oligo dT primer, 5 �L
otal RNA, 4 �L 5 × buffer, 1 �L retroviridase and 8 �L DEPC-H2O.
he reverse transcription conditions were as follows: 30 ◦C for
0 min, 42 ◦C for 30 min  and 95 ◦C for 5 min. Then the obtained
DNA was amplified by PCR. PCR was performed in a final vol-
me  of 25 �L as follows: 2.5 �L cDNA, 2.5 �L 10 × PCR buffer,

 �L dNTPs, 0.5 �L forward primer, 0.5 �L reverse primer, 0.25 �L
aq DNA polymerase and 17.75 �L DEPC-H2O. The sequences
sed were as follows: transforming growth factor-ˇ1 (TGF–ˇ1),
orward primer: 5’-TCTCCTCAGCCATGACCTCC-3’, reverse primer:
’-GTCCCATACCGTCCCTTCTTG-3’, connective tissue growth fac-
or (CTGF): forward primer, 5’-GTCCCGTTAGCCTCGCCTTGGT-3’,
everse primer: 5’-TGCGGTCCTTGGGCTCATCAC-3’, ˇ–actin, for-
ard primer: 5’-CACCCGCGAGTACAACCTTC-3’, reverse primer:

’-CCCATACCCACCATCACACC-3’. The PCR ampliformed as follows:
n initial denaturing at 94 ◦C for 4 min, followed by 30 cycles of
enaturing at 94 ◦C for 30 s, annealing at 60 ◦C for 30 s, and exten-
ion at 72 ◦C for 1 min, with a final extension at 72 ◦C for 10 min.
he products of amplification were confirmed using electrophore-
is in 1.0% agarose gels and visualized by staining with ethidium
romide (EB).

.11. Statistical analysis of the data
All results were presented as mean ± S.D. Data were analyzed by
ne-way ANOVA using SPSS and Dunnett’s test. P values less than
.05 were considered significant.

able 1
ffects of OJP1 on blood glucose and lipids levels in diabetic ratsa

Blood glucose (mmol/L) TG (mmol/L) 

Normal control 5.30 ± 0.41 1.45 ± 0.23 

Diabetic control 22.43 ± 2.18 c 3.45 ± 0.45 c

OJP1-150 13.45 ± 2.69 c,e 2.18 ± 0.27 c,e

OJP1-300 17.32 ± 3.83 c,d 3.04 ± 0.32 c

Metformin 15.45 ± 3.09 c,e 1.74 ± 0.26 e

a Data represent mean ± S.D. (n = 8 for each group).
b P < 0.05 compared with the normal control.
c P < 0.01 compared with the normal control.
d P < 0.05 compared with the diabetic control.
e P < 0.01 compared with the diabetic control.
ymers 94 (2013) 378– 385

3.  Results

3.1. Effects of OJP1 on blood glucose and lipids levels in diabetic
rats

In the present model, as shown in Table 1, blood glucose lev-
els in normal rats were significantly (P < 0.01) lower than those of
STZ-induced diabetic rats of the remaining four groups. The daily
administration of OJP1 (150, or 300 mg/kg) in STZ-induced diabetic
rats caused a significant reduction in the blood glucose levels when
compared with the diabetic control group (P < 0.05 or P < 0.01). At
the end of experimentation, the serum TG, TC and LDL-C levels
in the diabetic control group were significantly higher than those
in the normal control group (P < 0.05 or P < 0.01), whereas serum
HDL-C levels in the diabetic control group were significantly lower
(P < 0.05) (Table 1). After 28 days of oral administration, rats in the
OJP1-150 group showed significant (P < 0.05 or P < 0.01) decreases
in serum TG, TC, and LDL-C levels as well as significant (P < 0.05)
increases in serum HDL-C levels when compared to rats of the
model group. Both the OJP1-300 and metformin-treated groups had
slightly reversed effects on lipids level, when compared with the
diabetic control group.

3.2. Effects of OJP1 on SOD activity in STZ-induced diabetic rats

As shown in Table 2, the activity of SOD was significantly
(P < 0.01) decreased in the serum, liver, and kidneys of the dia-
betic control rats. OJP1 treatment (150, 300 mg/kg) significantly
(P < 0.01) increased SOD activity in diabetic rats. In fact, OJP1 treat-
ment had a greater effect on SOD activity in the liver and kidneys
than metfromin treatment, however, no difference was  observed
in serum. Metfromin treatment significantly (P < 0.01 or P < 0.05)
increased the activity of SOD in the serum and kidneys, however,
no significant difference was observed in the liver compared with
rats in the diabetic control group.

3.3. Effects of OJP1 on GPx activity in STZ-induced diabetic rats

As shown in Table 2, the activity of GPx in diabetic control group
was significantly (P < 0.01) decreased in the serum, liver and kid-
neys. OJP1 treatment significantly increased (P < 0.01) the activity
of GPx in the serum and liver of diabetic rats, and treatment with
150 mg/kg OJP1 also significantly increased (P < 0.01) the activity
of GPx in kidneys. Metformin treatment significantly increased
(P < 0.01) the activity of GPx in the serum and kidneys of diabetic
rats, yet no significant difference was  observed in the liver when
compared with the diabetic control group.
3.4. Effects of OJP1 on MDA level in STZ-induced diabetic rats

The levels of malondialdehyde (MDA), a secondary prod-
uct of lipid peroxidation in the serum, liver and kidney tissue

TC (mmol/L) HDL-C (mmol/L) LDL-C (mmol/L)

1.92 ± 0.34 1.61 ± 0.21 0.29 ± 0.04
2.72 ± 0.49 c 1.27 ± 0.21 b 0.37 ± 0.08 b

2.17 ± 0.26 d 1.53 ± 0.19 d 0.26 ± 0.11 d

2.32 ± 0.25 b 1.41 ± 0.25 0.33 ± 0.16
2.11 ± 0.25 d 1.50 ± 0.24 d 0.29 ± 0.12 d
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Table  2
Effects of OJP1 on activities of SOD, GPx and levels of MDA  in diabetic rat a

Normal control Diabetic control OJP1-150 OJP1-300 Metformin

Serum
SOD (U/mL) 309.17 ± 27.73 247.24 ± 24.87 c 319.66 ± 17.83 e 321.35 ± 22.34 e 321.33 ± 25.75 e

GPx (U/mL) 4206.9 ± 279.7 3286.7 ± 261.1 c 4077.6 ± 320.8 e 3981.4 ± 290.13 e 3922.1 ± 222.66 e

MDA (nmol/mL) 7.34 ± 0.60 11.36 ± 0.88 c 8.87 ± 0.51 b,e 10.05 ± 0.61 c,d 11.21 ± 0.68 c

Liver
SOD (U/mg.protein) 292.51 ± 15.37 228.46 ± 18.03 c 322.45 ± 11.82 b,e 283.15 ± 11.90 e 247.08 ± 19.35 c

GPx (U/mg.protein) 533.72 ± 39.92 408.64 ± 38.93 c 609.78 ± 51.39 b,e 574.27 ± 45.34 e 447.69 ± 52.62 c

MDA (nmol/mg.protein) 1.21 ± 0.17 2.89 ± 0.30 c 1.86 ± 0.14 c,e 2.32 ± 0.21 c,e 2.76 ± 0.20 c

Kindey
SOD (U/mg.protein) 364.16 ± 27.99 311.35 ± 29.44 c 393.88 ± 14.20 b,e 371.92 ± 21.01 e 353.96 ± 25.40 d

GPx (U/mg.protein) 710.92 ± 53.26 565.01 ± 49.53 c 694.88 ± 48.78 e 596.33 ± 36.01 c 702.58 ± 33.16 e

MDA (nmol/mg.protein) 1.71 ± 0.21 3.48 ± 0.30 c 2.11 ± 0.20b,e 2.36 ± 0.31 c,e 1.82 ± 0.25 e

a Data represent mean ± S.D. (n = 8 for each group).
b P < 0.05 compared with the normal control.
c P < 0.01 compared with the normal control.
d P < 0.05 compared with the diabetic control.
e P < 0.01 compared with the diabetic control.

Table 3
Effects of OJP1 on liver and kidney index, ALT and AST activities and SCr, UA and UREA levels in diabetic rat a

Normal control Diabetic control OJP1-150 OJP1-300 Metformin

Liver index (mg/g) 27.27 ± 0.77 47.77 ± 1.47 c 35.56 ± 2.54 c,e 41.36 ± 1.01c,d 43.31 ± 2.78 c

Kindey index (mg/g) 5.77 ± 0.73 12.61 ± 0.54 c 11.45 ± 0.37 c 11.42 ± 0.18 c 11.13 ± 0.25 c

ALT (U/L) 41.37 ± 2.48 181.62 ± 12.49 c 80.48 ± 4.73 b,e 112.51 ± 7.62 c,e 89.29 ± 5.45 c,e

AST (U/L) 124.36 ± 3.41 544.62 ± 14.93 c 178.39 ± 6.96 b,e 291.67 ± 9.35 c,e 113.88 ± 7.32 b,e

SCr (�mol/l) 35.46 ± 1.38 61.5 ± 4.26c 45.17 ± 3.07 c,e 21.28 ± 2.74 c,e 21.99 ± 2.97 c,e

UA (�mol/l) 39.91 ± 2.35 122.35 ± 7.2 c 116.2 ± 5.24 b,d 74.98 ± 3.29 c,e 119.66 ± 6.91c

UREA (mmol/L) 6.52 ± 1.19 22.4 ± 4.13 c 12.6 ± 3.24 c,e 9.31 ± 1.74 c,e 17.85 ± 3.77 c,d

a Data represent mean ± S.D. (n = 8 for each group).
b P < 0.05 compared with the normal control.
c P < 0.01 compared with the normal control.
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d P < 0.05 compared with the diabetic control.
e P < 0.01 compared with the diabetic control.

omogenate, are shown in Table 2. The levels of MDA  in the
iabetic control groups were significantly (P < 0.01) increased com-
ared with the normal control group. OJP1 treatment significantly
ecreased (P < 0.01 or P < 0.05) the levels of MDA  in the serum, liver
nd kidneys of diabetic rats. However, metformin treatment only
ignificantly (P < 0.01) decreased the levels of MDA  in the kidneys
f diabetic rats.

.5. Effects of OJP1 on hepatic and renal function in STZ-induced
iabetic rats

To elucidate the effect of OJP1 on diabetic rats, the functions
f liver and kidney were investigated. As shown in Table 3, the
iver and kidney indices of the diabetic rats were increased signif-
cantly compared with those of rats in the normal control group.
fter OJP1 treatment, the liver index was significantly (P < 0. 01
r P < 0. 05) decreased compared with that in the diabetic control
roup, whereas the kidney index showed no significant difference
etween the OJP1-treated groups and diabetic control group.

Serum ALT and AST activities in the diabetic control group
ere significantly higher than those in the normal control group

P < 0.01) (Table 3), and abnormal behavior of the liver factors were
bserved. After treatment, the ALT and AST activities in the OJP1-
50, OJP1-300 and metformin groups were significantly (P < 0.01)
ecreased, compared with those in the diabetic control group.

Serum creatinine, UA and UREA levels of rats in the diabetic

ontrol group were significantly (P < 0.01) increased (Table 3) com-
ared with those of rats in the normal control group, indicating
he renal functions of diabetic rats were deteriorated. In con-
rast to the SCr levels of the rats in the diabetic control group,
the SCr levels in the OJP1-treated and metformin-treated groups
were significantly (P < 0.01) decreased. Likewise, the serum UA
and UREA levels of rats in the OJP1-treated groups were also
significantly (P < 0.01 or P < 0.05) decreased compared with those
of rats in the diabetic control group. Administration of OJP1
revealed a notable (P < 0.01 or P < 0.05) decline in SCr, UA, and
UREA when compared with the diabetic control group. There
was no significant difference between serum UA levels of rats
in the metformin group and those of rats in the diabetic control
group.

3.6. Histopathological observations of rat livers and kidneys

As shown in Fig. 1, the hepatic cell cords arranged in orderly
manner and hepatocyte morphology was normal. Each hepatocyte
had an abundant cytoplasm, distinct cell borders, and a round,
central nucleus (Fig. 1A). In the diabetic group, the hepatic cords
in liver were not arranged in an orderly manner, and large num-
bers of liver cells had undergone degeneration. Different sizes of
fat droplets (Table 4) and fatty degeneration of the liver were
observed in the cytoplasm of hepatocytes (Fig. 1B). After OJP1 treat-
ment, the circular fat droplets in the cytoplasm were significantly
decreased, and the degeneration of the hepatocyte was markedly
decreased, in addition, the liver cell structure was similar to nor-
mal  liver architecture (Fig. 1C). Semi-quantitative of the area of
fat droplets in rats’ liver showed that it decreased to 0.5-fold in

OJP1-treated groups compared with the diabetic control group
(Table 4). The histopathological analysis was  consistent with data
on ALT and AST activities, which are biochemical indicators of liver
function.
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ig. 1. Effects of OJP1 on livers of diabetic rats (H&E stain × 400). (A) Nondiabetic an
ontrol,  (C) diabetic animals given OJP1 at a dose of 150 mg/kg, (D) diabetic anima
00  mg/kg.

The changes in renal histology of the different groups are
hown in Fig. 2. The sections from the normal control group were
ormal sizes without any abnormal phenomena by visual observa-
ion (Fig. 2A). Conversely, glomerular proliferation and mesangial

atrix augmentation occurred in the diabetic group. These broad
hanges caused loading of the Bowman’s capsule space and adhe-
ion of capillaries to the wall (Fig. 2B). The structures of the kidney
ections of OJP1-treated groups also changed in morphology, how-
ver, a decreased extent of the expansions in the glomerulus and

he mesangial matrix were observed (Fig. 2C and D). When a semi-
uantitative analysis was used, it became readily apparent that a
ifference in the histological change was present the diabetic con-
rol group and other groups. As shown in Table 4, the diameter of

able 4
emi-quantitative analysis of histological changes in the rats’ liver and kidney.

Normal control Diabetic control 

Area of fat droplet (�m2) – 9682.4 ± 3851.3 

Diameter of glomerulus (�m)  816.2 ± 155.8 a 1320.6 ± 100.6 

ata represent mean ± S.D.
a P < 0.01 compared with the diabetic control.
given saline as the negative control, (B) diabetic animals given saline as the diabetic
en OJP1 at a dose of 300 mg/kg, (E) diabetic animals given Metformin at a dose of

glomerulus nearly increased to 1.7-fold in diabetic control group
compared with the normal control group, and it was observed that
the diameter of glomerulus in OJP1-treated groups decreased to
0.7-fold of that in diabetic control group.

3.7. The expressions of TGF-ˇ1 and CTGF

To further elucidate the effect of OJP1 on the kidneys of diabetic
rats, the effects of OJP1 on renal expressions of TGF-ˇ1 and CTGF

were determined by RT-PCR. As shown in Fig. 3, the expression
levels of ˇ-actin in different groups was consistent. However, the
expression levels of both TGF-ˇ1 and CTGF were up-regulated
in the diabetic control group compared with the normal control

OJP1-150 OJP1-300 Metformin

4091.1 ± 2271.8 a 4837.1 ± 2373.0 a 4999.4 ± 2944.9a

909.1 ± 142.7 a 956.2 ± 257.1 a 920.8 ± 245.2 a
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ig. 2. Effects of OJP1 on kidneys of diabetic rats (H&E stain × 400). (A) nondiabet
iabetic control, (C) diabetic animals given OJP1 at a dose of 150 mg/kg, (D) diabet
ose  of 200 mg/kg.

roup. Renal expression of mRNA for TGF-ˇ1 and CTGF were both

ignificantly increased in the diabetic group. OJP1 treat-
ent decreased their expression in a dose-dependent
anner.

ig. 3. Effect of OJP1 on the gene expressions of TGF-�1 and CTGF in diabetic rats.
T-PCR analysis of TGF-�1 and CTGF was  performed as described in Materials and
ethods.
mals given saline as the negative control, (B) diabetic animals given saline as the
mals given OJP1 at a dose of 300 mg/kg, (E) diabetic animals given Metformin at a

4. Discussion

Diabetes mellitus is one of the most common human metabolic
diseases, and derangements in lipid metabolism caused by dia-
betes are often important determinants of the course and status
of the disease (Yu et al., 2009). In addition, diabetic patients have
an increased risk of cardiovascular disease and stroke. Abnormal
increases in serum TC, TG and LDL-C along with a decrease in HDL-C
is an indicator of both coronary artery disease and artheroscle-
rosis and is the main cause of cardiovascular disease worldwide
(Lin et al., 2005). When compared with normal rats, the present
results showed that the TC, TG and LDL-C levels in the serum
were significantly increased (P < 0.05), whereas serum HDL-C level
was significantly decreased (P < 0.05) in the STZ-induced diabetic
rats. After administration of OJP1 for 28 days, the alteration in
lipid metabolism was  partially attenuated when compared with
untreated diabetic rats, indicating that OJP1 can reduce the risk of
artherosclerosis and cardiovascular diabetic complications.
Oxidation phenomena have been implicated in many illnesses,
such as diabetes mellitus, arteriosclerosis, nephritis, Alzheimer’s
disease and cancer (Misthos et al., 2005; Pacher, Obrosova, Mabley,
& Szabo, 2005; Sullivan & Brown, 2005). In diabetes mellitus,
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hronic hyperglycaemia produces multiple biochemical sequelae,
nd diabetes-induced oxidative stress could play a role in the symp-
oms and progression of the disease. Diabetic patients as well as
xperimental animal models exhibit high oxidative stress due to
ersistent and chronic hyperglycemia, which may  disrupt natural
ntioxidant defense mechanisms (Hong et al., 2004; Obrosova et al.,
002; Xue, Chen, Lu, & Jin, 2009). It was reported that reactive oxy-
en species (ROS) and free radicals were increased in both type of
iabetes (Johansen, Harris, Rychly, & Ergul, 2005). Moreover, the
nset of diabetes has been confirmed to be closely associated with
xidative stress in both clinical and experimental diabetes mellitus
Rosen et al., 2001). Under conditions of oxidative stress, the gen-
ration of free radicals such as superoxide radical, hydroxyl radical
nd other reactive oxygen species can lead to damage or destruction
f a variety of tissues, which may  contribute to the development of
iabetic and its complications.

Major antioxidant enzymes, including SOD and GPx, are
egarded as the first line of the antioxidant defense system against
eactive oxygen species generated in vivo during oxidative stress.
heir ability to decompose superoxide peroxide while blocking
ipid peroxidation as well as their involvement in cellular defense

echanisms helps to protect tissues against oxidative damage (Yao
t al., 2005). Our study showed that OJP1 treatment markedly
estored the activity of SOD and GPx in the serum, liver and kidneys
f STZ-induced diabetic rats. The enhanced activity of SOD and GPx
an be very effective in scavenging the various types of oxygen free
adicals and their products. Pancreatic ˇ-cells may  be protected
rom oxidative damage (induced by STZ) according to this recipro-
al mechanism. Therefore, OJP1 has a direct or indirect preventive
nd protective effect in diabetes by decreasing oxidative stress and
y preserving the integrity of pancreatic ˇ-cell. These mechanisms
ay  help explain why OJP1 has a protective effect in STZ-induced

iabetic rats.
MDA, regarded as an index of cellular damage and cytotoxicity,

s the end product of lipid peroxidation. It is generated by high lev-
ls of unsavanged free radicals and may  result in protein damage
nd the inactivation of membrane-bound enzymes (Bagchi, Bagchi,
assoun, & Stohs, 1995). Our study showed that the level of MDA

n the serum, liver, and kidneys of STZ-induced diabetic rats is
ncreased, yet OJP1 treatment decreased MDA  levels and the level
f lipid peroxides. The results may  be associated with OJP1’s poten-
ial protective effect on the organs in diabetic rats, and by improved
lycometabolism and lipid metabolism in these rats.

ALT and AST are two of the most reliable markers of hepato-
ellular injury or necrosis. Their levels can be elevated in a variety
f hepatic disorders. Of the two, ALT is thought to be more spe-
ific for hepatic injury, and is a sensitive index to measure the
iver’s function because it is present mainly in the cytosol of the
iver and in low concentrations elsewhere (Giboney, 2005). The
resent study showed that the serum activities of AST and ALT in
ats of the diabetic group were significantly (P < 0.01) increased.
his was attributed to damage to the structural integrity of the liver,
ince these factors were located in the cytoplasm and were released
nto circulation after cellular damage. OJP1 significantly (P < 0.01)
ecreased the amount of ALT in the serum suggesting a reduction

n hepatic injury. The biochemical analysis was consistent with the
istopathological analyses of the livers.

Diabetic nephropathy (DN) is one of the major complications
iabetes and it is known as the leading cause of mortality in diabetic
atients due to a serious gradual decline in renal function (Chen,
ei, Liu, Xiong, & Ruan, 2011a).  SCr, UA and UREA are the most
ommonly used indicators of renal function. In addition, SCr and

REA are noticeable indices for expressing the glomerular filtration

ate. In this study, the SCr, UA and UREA levels were significantly
ncreased in the diabetic group, and treatment with OJP1 like-

ise prevented this increase. This finding indicated that OJP1 may
ymers 94 (2013) 378– 385

protect glomeruli from the injurious effects of diabetes. The results
of the histopathological examination of the kidneys also showed
that OJP1 could reduce the glomerular damage in diabetic rats.

TGF-ˇ1 plays a crucial role in the development of pathological
lesions in diabetic nephropathy. Two  of the characteristic changes
in diabetic nephropathy, glomerular basement membrane thicken-
ing and expansion of the mesangial-matrix, are mediated in large
part by the TGF-  ̌ system (He, Li, Guo, Lin, & Lin, 2006). Connective
tissue growth factor (CTGF), a novel fibrogenic protein induced by
TGF-ˇ1, is a potent inducer of extracellular matrix synthesis and
increases in various clinical and experimental nephropathies (Zhou,
Li, & Cai, 2004). In the present study, the expression levels of both
TGF-ˇ1 and CTGF were up-regulated in diabetic rats, and treatment
with OJP1 decreased the expression of these factors in the rats of
the diabetic group.

Based on our findings in this study, OJP1 was able to attenu-
ate the diabetic nephropathy in rats. On one hand, the activities
of antioxidant enzymes were enhanced and the oxidative stress
was relived. On the other hand, the TGF-ˇ1-dependent pathologic
lesions of nephropathy were attenuated. The levels of SCr, UA and
UREA were decreased. Finally, the renal function was  improved.
However, the exact mechanisms involved in DN are still unknown.
Further studies are needed to investigate the exact mechanism of
OJP1 on diabetic nephropathy.

In conclusion, the present investigation showed that OJP1
possess potent antioxidant activity, improves lipid metabolism, and
protects the liver and kidney from the injurious effects of diabetes,
however, there are no significant different between these two doses
(150 mg/kg and 300 mg/kg). From the results, we hypothesize that
OJP1 exerts protective effects in experimental diabetic animals,
possibly by reducing oxidative stress, and hence, we assert that
OJP1 protects the organism and its cells from oxidative damage
and lipid abnormalities, and may  reduce the development of dia-
betic complications. Above all, the results of this study may provide
a mechanistic basis for using OJP1 as a potential natural plant-
derived drug and functional food as an alternative means for the
prevention and alleviation of diabetes and its complications.
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