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Anti-diabetic effect of Yukmijihwangtang-Jahage in obese Zucker rats
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Abstract

The effect of the traditional herbal medicine Yukmijihwanglang-Jahage (Y[} on the improvement of insulin resistance

and lipid profile was studied using a model for non-insulin dependent diabetes mellitus, lean {Fa/-} and obese (fa/fa)
Zucker rats. Yukmijihwangtang-Jahage feeding for 4 weeks resulted in a significant decrease in the concentration of

plasma triglyceride in both lean and obese Zucker rats. Furthermore, Yukmijinwangtang-Jahage markedly decreased

both plasma cholesterol and fasting plasma insuhn levels, and significantly decreased the postprandial glucose level at

30 min during oral glucose tolerance test in obese Zucker rats. Although there was no statistical significance, the

crude glucose transporter 4 protein level of Yukmijihwangtang-Jahage dieted obese rats tended to increase when

compared to that of obese control rats. Therefore, the present resulls suggested that Yukmijhwangtang-fahage may be

useful in prevention and improvement of metabolic disorders characterized by hyperinsulinemia states such as

non-insulin dependent diabetes mellitus, syndrome X and corvonary arfery cisease.
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Introduction

Diabetes mellitus is not a single disease, but a group
of disorders of varying etiology and pathogenesis that
are characterized by increased fasting and postprandial
blood glucose concentrations, insulin deficiency and de-
creased sulin action, abnormalities of glucose, lipid and
protein metabolism and the development of both acute
and longterm compiications [2].

Insulin resistance, which is asscciated with hyper-
insulinemfa and impaired glucose tolerance (IGT), has

been well documented in obesity and non-insulin de-
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pendent diabetes mellitus (NIDDM) patients [6,27,50] ansl
animal models [28,33]. Although the mechanisms for this
insulin resistance remmn undefined, the defective glucose
transport system may play an important role in the
pathogenesis of peripheral insulin resistance, because
glucose transport appears to be a rate-limiting step for
glucose utilizatien in muscle [25].

On the other hand, previous epidemiologic studies
have suggested that both byperinsulinernia and insulin
resistance contribule to the etiology of hypertension in
patients with obesity and NIDDM [23,36] and are also
associated with syndrome X and increased rigk for cor-
onary artery disease (CAD) [31,32]. Patients with un-
treated hypertension, as compared with matched nor-

motensive control  subjects, are not only resistant to
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insulin-stimulated glucose uptake but also are hyper
insulinemic [10,11,34,37]. These patients exhibit elevated
plasma ftriglyceride levels when compared with control
subjects [34]. Based on these considerations, improve-
ment of insulin resistance could be required in prevent-
ing development of disorders accompanied by insulin
resistance. Thus, physical training [2,15] and dietary ap-
proaches [3] have been devised as a means of reducing
insulin resistance. Recent reports have alse documented
new compounds that reduce insulin resistance or poten-
tiate insulin action in genetically diabetic and/ or obese
animals [4,13,41].

The herbal medical system known as 'Hanbang med-
icine’ is a traditional Korean therapeutic system, It has
been used for the treatment of various diseases for hun-
dreds of years, including the clinical treatment of hyper-
plycemia, hypercholesterolemia, diabetes and obesity.
Yukmijihwangtang-Jahage (YJ} has been used for the
therapies of diabetic disease in traditional oriental
medicine. However, the pharmacological mechanism of
Yukmijihwangtang-fahage {¥]) on lipid metabolism and
diabeles mellitus are poorly understood,

The present study was performed to examine the

therapeutic effects of Yukmijihwanglang-Jahage (Y]) on

the abnormality of lipid metabolism caused by insulin
resistance and the improvement of wnsulin resistance in

geneticaily obese animal models.

Materials and Methods

Preparation of Yukmijihwangtang-Jahage (YJ)

Yulkimijjihwangtang-Jahage (Y]} used in this study was
obtained from Oriental Hospital, Dongguk University,
and is a dried decoctum of a mixture of six medicinal
plants as follows: Relumannia glutinosa LIBOSCH (16 g),
Dioscorea japonica THUNB (8 g), Cornus officinalis SIEB, et.
ZUCC (8g), Smilax glabra ROXB (6 g), Paconia sufruticosa
AVDR. (6 g) and Alisia plantago-aquatica var. orientale
SAMUELS (& g). An extract of Y] was preapred by
boiling for 5 h a mixture of six medicinal plants with
300 mé of distilled water. These aqueous extracts were
evaporaled with Rotavapor (Buchi RE121, Switzerland)
under vacuum. The crude extracts were then [iltered and
This

spray-dried to give a powdered extract.

concentrated by  Iyophilization. decoclion  was

Animals and diets
Obesc (fa/fa) and thew lean littermates {Fa/-) Zucker

rats [3] were purchased from Tokyo Experimental Animals

Table 1. Composition of control and experimental diets (%)
Ingredient Control diet Experimental diet
Casien 20.0 200
Sucrose 10.0 10.0
Corn Starch 50.0 50.0
Lard 3.0 5.0
Corn oil 3.0 5.0
Mineral Mixture" 353 35
Vitamin Mixlure' 1.0 L0
Di-methionine 0.5 05
Cellulose 5.0 4.5
Y] powder’ - 0.5

"This is identical with AIN-76 mixture.
2Yukrmjlhwang-tfmg,.
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(Tokyo, Japan} at three months of age and maintained on a
laboratory chow diet consisting of 52.7% carbohydrate, 23.6%
protein, 4% fat, 49% fiber, 6.6% minerals and vitamins
(CE-2, Clea Japan Incorp., Tokyo) for 1 week, and water.
They were individually housed in stainless steel cages
and kept in an isolated room at a controlled temperature
(23-247C) and ambienl humidity (50-60%). Lights were
mantained on a reversed 12-h light/dark cycle. Ubese
and Zucker rats (13 weeks-cld, male) were divided into
two groups (Y] diet and control diet groups, each with 5
rats, respectively). Table 1 shows composition of the
control and experimental diets. The control group received
a diet with 5% cellulose, and the experimental group had
diet containing 0.5% (w/w) Y] powder. Except for the oral
glucose tolerance test (OGIT), the animals were always
allowed free access to the diet for 4 weeks. At 18 weeks of
age, the animals were anesthetized via intraperitoneal
injection of pentobarbital sodium (5 mg/100 ¢ of body
weight) after an overnight fast, followed by OGTT.

Oral glucose tolerance test (OGTT)

After an overnight fast, D-glucose {1 g/kg body weight)
was given by oral tube. Blood samples were obtained by
cutting the tail end before giucose loading, and at 30, 60
and 120 min after glucose loading, respectively. Blood

glucose levels were determined with TIDEX glucose
analyzer (Miles, Slough, UK.).

Plasma measurement
After anesthesia, blood was drawn from the nferior
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Tig. 1. The effect of Yukmijihwangtang-Jahage {Y]) diet
on plasma insulin levels in Zucker rats. O-Y].;
obese Zucker rats fed Y] diet, O-Cent; obese
Zucker rats fed control diet, 1-Y]; [ean Zucker
rats fed Y[ diet, L-Cont lean Zucker rats fed
control diet. Values are mean*S8E for the five
samples. Asterisk indicates siatistically significant
difference between obese Zucker rats fed YJ diet
and obese control rats fed conirol diet at P<
0.05.

vena cava and centrifuged at 47. Plasma was used for
measurements of glucose, immunoreactive insulin, trigly-
ceride and total chelesterol. After blood was collected,

gastrocmeruus skeletal muscle from each leg was quickly

Table 2. Effect of Yukmijihwang-tang(Y]) on body weight, plasma glucose, triglyceride, and cholesterol concentrations

Body weight

Plasma glucose

Plasma triglyceride Plasma chelesterol

Animal ® (/) (rag /el (g
Obese-Y] 565 +8° 95+ 230+ 24° 1734 12°
Obese-Control 578 +12° 110+5° A3+A9° 23845
Lean-Y] 375+5° 96 +a° 44+5 7545
Lean-Control 387+14" 104+2° 7627 78+

Values are mean = SE; N=5 rats. Values within a column with cifferent superscripl letters are significantly different from each

other (p<0.05).
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excised, weighed, clamp-frozen in liquid nitrogen, and
stored at -80T wuntl amalysis. Immunoreactive insulin was
measured by radicimmunoassay as described previeusly [9]
using human insulin as the standard. The concenirations
of tiglyceride and lotal choleslerol were measured by
enzyme assay with Determiner TG and Determiner

TCHEE (Kyowa Medics, Tokyo, Japan), respectively.

Immuncklotting

Crude membrane fraction from gastrocnemius skeletal
muscle was prepared in accordance with a previously
described method [9]. The protein separated by SDS-
PAGE was electrophoretically translerred to polyviny-
lidine difluoride sheets {Immobilion, Millipore, Bedford,
MA), and immunoblotted with an antiserum specific for
C-terminal amino actd sequence of glucose transporier 4
{GLUT4) and then L labeled protein A as described
previously [9]. To quantify GLUT4, pieces of sheel con-
taining the GLUT4 protein were cut out and radio-

activity was counted on a gamma-counter.

Statistical analysis

Data were expressed as mean®SE for five rats in each
group. Statistical analysis was performed by one-way
analysis of variance (ANOVA), and differences between
means were tested using Duncan’s multiple range test.

Values of P<Q.05 were considered to be significant.

Results

Final body weight and plasma concentrations of glucose,
triglyceride and total chalesterol in obese and lean
Zucker rals are summarized in Table 2. Y] feeding had
no statistically significant effects on body weight between
these animals.

In the fasting plasma glucose values, there were no
significant differences between obese (1105 mg/dl) and
lean (104+2 mg/dl) Zucker rats. However, in obese

Zucker rats, Y] feeding caused a 42% reduction in plasma

300
—8— 0-vJ
—0— (O-Cont
= 250 ok LY
> -—4#—-—- L-Cont
£ 200
o
8
o 150 4
3
o]
g 104 ¥  FTUToe
h
o
o 50 -
0 T T T T T
(] 30 60 120
Time (min)

Fig. 2. The effect of dietary Yukmijihwangtang-lahage
(YT) feeding on oral glucose tolerance tests in
Zucker rats. O-YJ; obese Zucker rats fed Y] diet,
O-Control; chese Zucker rats fed control diet,
L-Y]; lean Zucker rats fed Y] diet, L-Contrel; lean
Zucker rats fed confrol diet. Values are mean*5SE
for the five samples. Asterisk indicates statisti-
cally significant difference between obese Zucker
rats fed Y] diet and obese control rats fed control
diet at P< 0.05.

triglyceride concentration (403149 vs. 232=24 mgl/dl)
and a 27% decrease in cholesterol concen- trabon (23815
vs. 173112 mg/dl). In addition, for triglyceride values,
Y] feeding resulted in a 42% de- crease (7617 vs. 44+5
mg/di) in lean Zucker rats. Fig. 1 shows the effect of Y]
on plasma insulin level in Zucker rats.

As expected, an excessive degree of hyperinsulinemia
was exhibited in obese Zucker rats, and a normal range
was observed in their lean littermates. The fasting
plasma insulin level of obese Zucker rats, which was
eleven fold higher than that of their lean control (372+
43 vs. %6 pU/ml respectively), significantly de-

creased in Y] diet group. In lean Zucker rats which have
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Fig. 3. The effect of dietary Yukmijihwangtang-Jahage (Y])
feeding on GLUT4 protein level in gastrocnemiuts
skeletal muscle of Zucker rats. Protein (50 g) from
mixed gastrocnemivs skeletal muscle was extract-
ed, subjected to SDS-PAGE, transferred to im-
mobilion membrane, and immunoblotted with
polyclonal antibody to GLUT4 protein in accor-
dance with a previously described methods [9].
O-YT; obese Zucker rats fed Y] diet, O-Cont;
obese Zucker rats fed control diet, L-Y]; lean
Zucker rats fed Y] diet, L-Cont; lean Zucker
rats fed control diet. GLUT4 protein was mea-
sured by gamma-counter obtained from im-
munoblotting analysis. Values are mean®5E for
the five samples.

been shown to exhibit normal insulin levels the insulin
level in Y] feeding group tended to increase but the
difference was not significant. To determine the
functional effects of dietary Y], OGITs were performed.
As shown in Fig, 2, there was no significant difference
in fasting plasma glucose levels between obese and lean
Zucker rats. However, dietary Y] feeding resulted in
significant decrease in plasma glucose level at 30 min

after glucose loading in obese Zucker rats. From these

02 / A

results, dietary Y], when compared to control diet,
caused a significant decrease in lipid levels and im-
provement of insulin resistance in obese Zucker rats. To
elucidate the mechanism involved in improvement of
insulin resistance, GLUT4 protein levels were deter-
mined in gastrocnemius skeletal muscle of Zucker rats
by immunobletting using a polyclonal antisera. The
quantification by gamma counler is showed in Fig. 3.
There was no significant difference in GLUT4 protein
levels between obese Zucker rats and their lean litter-
mates as control groups. However, GLUT4 protein levels
tended to increase in obese Zucker rats fed Y[ diet when

compared to obese conirols.

Discussion

We investigated the effect of dietary Y] on improve-
ment of insulin resistance and lipid metabolism by using
the rodent model of cbesity with insulin resistance, (fa/
fa) Zucker rat, and their lean littermates (Fa/-). Dietary
Y] feeding significantly reduced plasma triglyceride and
total cholesterol levels in obese Zucker rals. In addition,
Y] feeding resulted in the improvement of impaired glu-
cose ftolerance (IGT) and reduction of hyperinsulinemia.
These results indicale that dielary Y] is effective on
abnormal glucose and lipid metabolisms associated with
insulin resistance responsible for diabetic syndromes
(hyperglycemia, glucose intolerance, hypertriglyceridermia,
and hyperinsulinemia).

Hyperlipidemia, in particular hypeririglyceridemia, is
one of the most prominent features of obese {fa/fa)
Zucker rats. This study showed that the abnormality was
significantly improved by treatment with Y]. The
association of hyperlipidemia with insulin resistance has
been documented: the increase in hepatic very-low-
densily lipoprotein (VLDL)-triglyceride secretion caused
by hyperinsulinemia and the reduction of the rate of
removal of VLDL-triglyceride from plasma that accom-

panies insulin resistance has been shown to cause hy-
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pertriglyceridemnia [24]. 1t is thus conceivable that the
amelioration of hyperlipidemia through feeding Y| diet is
due to the improvement of hyperinsulinemia through
augmentation of insulin sensitivity.

Skelelal muscle is the predominant tissue responsible
for insulin-stimutlated glucose disposal and a major site
of insulin resistance in diabetes [30]. The genetically
obese {fa/fa) Zucker ral hag proven to be a useful model
for the study of mechanisms of insulin resistance because
of the well characterized defect in insulinstimulated
glucose uptake by skeletal muscle [7, 16, 35]. Glucose
lransport in skeletal muscle is regulated primarily via
GLUT4  [82240]. The defect of GLUT4 which is
responsible for facilitated glucose transporter in response
to insulin, may have a significant contribution to whole
body insulin resistance. The increase of the amount of
GLUT4 could contribute to the improvement of insulin
resistance. In the present study, however, despite the
improvement of insulin resistance by dielary Y] feeding,
GLUT4 protein level was not significantly affected in
skeletal muscle of obese Zucker rats. These findings
suggesl that, in genelically insulin-resisiant rodents, the
increase in the level of GLUT4 prolein does not
necessarily reflect the improvement of insulin resistance.
This suggestion is supported by previous results
oblained from obese (fa/fa) Zucker rats, in which the
insulin resistance in the genetic form of obesity is not
due to depletion of GLUT4 protein in skeletal mwscle
[12]. Some studies have reported changes of giucose
uptake associated with insulin resistance without a sig-
nificant change of GLUT4 protein level [17,20,29] It has
been demonstrated that insulin-resistant states such as
obesity and NIDDM 1n which decreased glucose uptake
into skeletal muscle cannol be explamed by a decrease
in GLUT1 or GLUTZ [17,20,29]. Very recently, met-
formin, an antihyperglycemic agenl used in the ireal-
ment of NIDDM, reduced the extent of hyperglycemia

and hyperinsulinemia, consistent with a reduction of

insulin resistance without increasing either new synthe-
wis of GLUT1 and GLUT4 or numbers of these tran-
sporters in the muscle membrane of dexamethasone-
treated mice [39]. Thus, we could speculate on the other
factors for reduction of fastng plasma insulin levels
such as increase of translocation and/or intrinsic activity
of GLUT4 and improvement of insulin sensitivity and/
or responsiveness in the skeletal muscle. This may be
supported from significant decrease of postprandial 30
min glucose level en OGTT.

On the other hand, 1t is well known that impairment
of insulin-stimulaled glucose uptake 15 associated with
hyperinsulinemia, glucose intolerance, increased plasma
triglyceride, decreased HDL-chelesterol concentration and
high blood pressure. This cluster of phenomena has been
calied syndrome X [6]. Insulin resistance may play a role
in the etiology of this syndrome, and all of these
proposed consequences of insulin resistance have been
shown te be associated with increased risk for CAD [31].
Based on these considerations, if insulin resistance can be
improved, development of this syndrome will be
reduced, and the risk for CAD will be minimized. In the
previous paper [18], Kim et al reported that dietary
Platycoden grandiflorum (P, g} grown for 22 years has
shown a beneficial effect on preventing hypercholes-
terolemia and hyperlipidemia in diet-induced hyper-
limdemia rats. Morever, dictary P. g. grown for 22 years
markedly decreased both plasma cholesterol and fasting
plasma insulin levels, and significantly decreased the
postprandial glucose level at 30 min during oral glucose
tolerance test in obese Zucker rats [19]. In the present
study, it is noteworthy that dietary Y] has shown a
significant  lipid-lowering effect in  genetically obese
Zucker rats.

The present results suggest thal dietary Y] may be
useful n reducing the incidence of metabolic disorders
characlerized by hyperinsulinemia such as  NIDDM,
syndrome X and CAD.
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