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Repeated oral treatment with polysaccharide sulfate reduces insulin
resistance and dyslipidemia in diabetic dyslipidem ic rat model
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Abstract: Polysaccharide sulfate ( PSS) is a new type of antiathe rosclerotic medicine for its effects of
anticoagulation, anti-thrombosis and modulation of dyslipidemia. However, it is still uncertain whether
PSS could modulate the diabetic dyslipidemia or not Here, the mt model of diabetic dyslipidemia was
developed and the effects of PSS on glucose and lipid levels were investigated in this animal model. W istar
rats were iv injected with streptozotocin 20 mg* kg ' after feeding with high fat diet for one and a half
month. Then, rats received omlly PSS (30, 90, and 180 mg* kg ') forl month. Afer oml treatment
with PSS (90 and 180 mg* kg ') forl month, the levels of triglyceride ( TG), total cholesterol ( TC),
low density lipoprotein-cholesterol ( LDL-C) were significantly reduced and the level of high density
lipoprote in-cholesterol ( HDL-C) increased, compared with diabetic control rats. Morover, PSS (30, 90,
and 180 mg* kg’l) had a tendency to reduce glucose and insulin levels, and significantly increased
insulin sensitivity index. Our results suggest that PSS could improve insulin sensitivity and relieve
dyslipidem ia in diabetic dyslipidem ic rats.
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As a new type of antiatherosclerotic medicine, anticoagulation,

anti-thrombosis and modulation of

polysaccharide sulfate ( PSS) possesses the effects of
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dyslipidem ia; hence it has been used to prevent and

treat ischem ic cerebral vascular disease and cardiovas-

(1-a1 Recently, a few clinic studies have

cular disease
reported that PSS might improve metabolic disorder on

type 2 diabetic patients. It is therefore mnised the
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diabe tic
dyslipidem ia or not. According to the rports fat-fed,

question whether PSS can modulat the

streptozotocin-treated rats provide a novel animal m odel
for type 2 diabetes, which is fit for dyslipidemia and
suitable for phamaceutical research™®!. In order to
understand the mechanisms of PSS for treatment of
diabetes, here we investigated the effects of PSS on
glucose and lipid levels using diabetic dyslipidem ic rats

induced by streptozotocin and high fat diet.

Materials and m ethods

Drug preparation sulfate
powder ( Haier Qingdao Third Phamaceutical Factory,
China),

( Baiyunshan Tangm ingdongdai Phamaceuticals Co.

Polysaccharide

Shandong, metform in hydrochloride tables
Ltd., China), and lovastatin capsules ( Heilongjiang
Ltd., China)
were prepared by dissolving them separately in saline.

Animnal modeling, grouping and treatment
Sixty-seven healthy male Wistar mats ( Grade I,
certificate No. 2003-0019) were obtained from Experi-
mental Animal Center of China Medical Unive rsity,
weighing (150 *£15) g The mts were exposed to
12/12-hour light/datk cycle and had free access to
food and water. Sixty rats were randomly selected and
fed with the high fat chow for one and a half month.
Then
mg* kg'1 of streptozotocin ( STZ, Sigma Chem ical
Co., MO, USA. Lot S0130) after an ovemight fast

Two weeks after the 42 fatfed,
streptozotocin-induced diabetic rats detem ined with

Zhaodonghuafu Phamaceuticals Co.

rats wer intravenously injected with 20

injection,

fasting blood glucose were randomly divided into six
groups as the following: diabetic control group (n =
7), ig saline (10 mL* kg '); low dose PSS group
(n=7), ig PSS (30 mg* kg '+ d'); middle dose
PSS group (n =7), ig PSS (90 mg* kg '+ d');
high dose PSS group (n =7), ig PSS (180 mg*
kg''* d'); metfom in hydrochloride group (1 =7),
ig metfomin (200 mg* kg '+ d'); lovastatin group
(n=7), ig lovastatin (4 mg* kg''* d'). Dgs
were given between 13 : 30 - 14 1 30 everyday for 1
month. Seven control rats not injected with STZ were
taken as nomal control group. All of groups were fed
with the conventional chow.

The high fat chow included 50%
chow, 30% fat oil, 18% sucrose, 1%
( Beijing Aoboxing Bio-technology Co. Ltd., China),

conventional

choleste rol

0.2% sodium deoxycholate ( Beijing Aoboxing Bio-
technology Co. Ltd., China).

The diabetic rats were diagnosed according to the
modified diabetes diagnosis standard suggested by the
America Diabetes Association for human: fast blood
glucose ( FBG) >7.0 mmol* L',

Biochem ical analysis Blood glucose was deter
m ined by glucosemetry ONE TOUCH II ( LIFESCAN
Co. Ltd. ). Tail vein blood was sampled for glucose
detem ination before and after treatment with drgs.

Triglycerides ( TG) and total cholesterol ( TC)
were detem ined by enzyme end-point method, low
density lipoprotein-cholesterol ( LDL-C) and high
density lipoprotein-cholesterol ( HDL-C) were deter
mined by method of elimination. All of them wer
determined with Hitachi 7600-Automatic Analyzer
Report with commercial kits ( Nippon First Phamaceu-
ticals Co. Ltd. ) before and after treatment with drugs.
Blood samples were collected from fossa orbitalis plexus
venous after an ovemight fasting. After separation of
blood, an aliquot of serum was taken for measurement of
lipid levels. The remainder was for insulin dete m ination.

Serum insulin was measured by radioimmunoassay
using insulin reagent kit ( China Institute of Atom ic
at the end of tratment
sensitivity index was calculated as follow ing:

1
[ insulin ] X[ glucose ]

Energy, China) Insulin

ISI = In(

Statistical analysis All values are expressed as
x s Statistical analysis was perfomed using the SPSS
11.5 program. The data wer analyzed by one-way
ANOVA. Statistical significance was defined as P <

0.05.

Results
1 Some parameters of diabetic dyslipidemic rat
model

The Wistar rats were fed with the high fat chow for
one and a half month, then injected with STZ 20 mg*
kg'l. After 2 weeks, the blood glucose in fat-fed,
streptozotocin-induced rats was higher than that in
nomal control group ( P <0.01). Moreover, in fat
fed, streptozotocin-induced rats, the levels of TG, TC
and LDL-C were higher, and the level of HDL-C was
lower, as compared with that of nomal control group
(P <0.05 or P <0.0l). The data indicated that
diabetic dyslipidem ic rat model was developed. In this
rat model, body weight of rats decreased significantly,
wheras water intake increased significantly, and food
consumption did not change, compared with nomal
control rats. All of data showed in Table 1.
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Table 1 Changes of the diabetic dyslipidemic rats on
body weight, food consumption, water intake, triglyce-
rides ( TG), total cholesterol ( TC), low density lipo-
protein-cholesterol ( LDL-C), high density lipoprotein-
cholesterol ( HDL-C) and fasting blood glucose

Pammeter Nomal control Diabetic control
Body weight/g 273 *4 225 *12°
Food consumption/g 25.0 £0.4 30.2%1.6
Water intake /mL 62.5*1.0 117 £6"°
TG /mmols L' 0.26 £0.02 0.50 *0.06"
TC /mmols L' 1.55 0. 11 3.18 £0.23° "
LDL-C/mmols L' 0.26 %0.03 0.69 £0.04" "
HDL-C /mmols L' 1.01 £0.10 0.68 £0.06" "
Fasting blood glicose /mmole L™' 5.9 £0.3 14.2F2.1" "
n=7, xfs. " P<0.05, " P <0.01 vs nomal control group

2 Effect of polysaccharide sulfate on body weight,
food consumption and water intake in diabetic
dyslipidem ic rats

sulfate  for 1
month, the water intake in polysaccharide sulfate ( 90

Treatment with polysaccharide

and 180 mg* kg ') groups was lower than that in
diabetic control group ( P < 0.05 or P < 0.01).
However, there was no significant difference on body
weight and food consumption between dmugs-treated
group and diabetic control group ( Table 2).
3 Effect of polysaccharide sulfate on lipid meta-
bolic param eters

After dug treatment for 1 month, the levels of
TG, TC and LDL-C reduced obviously in polysaccharide

Table 3

Table 2 Effect of polysaccharide sulfate ( PSS) on
body weight, food consumption and water intake in
diabetic dyslipidem ic rats

Group Dose | Body weight Food- Water intake

/mge* kg /g consum ption/g /mL
Diabetic control 262 14 42.8 £2.3 169 +9
PSS 30 298 *19 42.8 £2.8 129 £8
90 294 14 47.1 £2.2 124 *¢°

180 289 121 38.4 2.8 93 £7° °

Me tfom in 200 286 *15 44.0 £2.2 106 5" °
Lovastatin 4 285 9 46.0 £1.5 138 *4

Effect of polysaccharide sulfate ( PSS) on triglycerides ( TG),

n=7, x£s. " P<0.05, °" P <0.0l vs diabetic control group
sulfatt ( 90 and 180 mg* kg'1 ), metfomin and
lovastatin groups compared with those in diabetic
control group ( P <0.01), wheras the level of HDL-C
elevated significantly (P <0.05 or P <0.01). All of
data showed in Table 3.
4  Effect of polysaccharide sulfate on glucose
m etabolic param eters

After dug treatment for 1 month, insulin sensi
tivity index was significantly heightened by polysaccha-
ride sulfate ( P <0.01) and metfomin ( P <0.01).
Blood glucose was lowered in metformin group ( P <
0.05),
contrast, both PSS and metformin groups decreased
levels, but significance only
observed in PSS (90 and 180 mg* kg ') groups (P <
0.01, Table 4).

but not in polysaccharide sulfate group. In
serum  insulin

was

total cholesterol ( TC), low

density lipoprotein-cholesterol ( LDL-C) and high density lipoprotein-cholesterol ( HDL-C)

1

G roup Dose /mg* kg~ TG /mmole L' TC /mmol* L' LDL-C /mmol* L' HDL-C /mmols L'
Diabetic control 0.56 £0.06 2.79 £0.16 0.70 £0.04 0.65 +0.09
PSS 30 0.46 £0.07 1.92%0.14" " 0.52 £0.10" " 0.86 £0.08"

90 0.32 £0.04" ° 1.62 +0.08" ° 0.41 *£0.02" " 0.86 %0.04"
180 0.26 £0.05" " 1.59 £0.10" " 0.36 £0.04" " 0.95 £0.06" "
Me tfom in 200 0.34 £0.06" " 1.95%0.10" " 0.46 £0.03" " 0.90 %0. 08"
Lovastatin 4 0.24 £0.03" " 1.50 £0.08" ° 0.40 £0.04" ° 0.96 £0.10" "
n=7, xEts. " P<0.05, "7 P <0.0l vs diabetic control group

Table 4
insulin sensitivity index

Effect of polysaccharide sulfate ( PSS) on fasting blood glucose, fasting blood insulin and

Dose Dose /mg® kg'l Fasting blood glucose /mmol* L™' Fasting blood insulin/mm ol® L-! Insulin sensitivity index

Diabetic control 15.0%1.9 23.1 3.2 -5.74 %0.15

PSS 30 10.6 £2.9 19.3 +3.0 -5.05%0.12" "
90 13.7 2.1 12.9 £2.0" " -5.03%0.19" "
180 12.3 £3.0 12.6 f1.5" " - 4.85 %0.22"°

Me tform in 200 8.210.5 16.2+2.6 - 4.82 %0.14" "

Lovastatin 4 14.9 £2.1 15.8 £0.7 -5.39%0.18

n=7, xts. " P<0.05, " P <0.01 vs diabetic control group
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By combining high fat diet and STZ adm inistration,
Zhang FL et al''' developed a mt model of type 2
diabetic mellitus. In the present study, we initiated our
efforts to establish a rat model which became insulin
resistant after a given period of high fat diet, and then
added a relative low dose of STZ (20 mg+ kg ')
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developed into diabetic dyslipidemic rat model, which

adm inistration. of experiment mats were
was chancterized by hyperglycemia and dyslipidem ia
simulattd the natural history and metabolic
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Unexpectedly, the diabetic dyslipidemic rats decreased
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significantly on body weight compared with nomal
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rat model is not yet well understood and it may be not
just attributed to appetite.

With this model, we investigated the effects of
polysaccharide sulfatt on blood glucose and lipid
levels. It was demonstrated that polysaccharide sulfate
did not of the diabetic

dyslipidem ic rats. As we know, diabetic dyslipidem ia

influence body weight
is characterized by low concentration of HDL-C and
high concentrations of LDL-C combined with hype rtrig-
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ride sulfate decreased the levels of serum TG, TC and
LDL-C, and increased serum HDL-C levels. In addr
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that in the dose of 30 mg* kg '+ d
continence with several clinic observations '*’.

groups were found to be better than

" The result is

Insulin sensitivity index can be assessed by many
methods. Eu-glycemic clamp method is most accurate
one, but it is difficult and expensive. We have used an
easy but recognized method proposed by Li GW et
at'’l. sulfate has
sensitivity index, although the blood glucose level has

Polysaccharide improved insulin

no significant change compared with those in diabetic

control group. Polysaccharide sulfate might possess

facilitating insulin secretion property, or rducing
Or this

effect may be a consequence of rlieving dyslipidem ia.

insulin resistance of the peripheral tissues.

Although the exact mechanisms rmain uncertain,
we found that polysaccharide sulfate could improve
insulin sensitivity and relieve dyslipidemia in diabetic
dyslipidem ic rats, and it should assist physicians in
finding more suitable drugs for treating type 2 diabetic

patients with dyslipidem ia.
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