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ABSTRACT

AlIM: To evduatethe effects of konjac extract (KE) on insulin sengitivity in insulin resistance (IR) rats induced by
highfat diet (HFD). METHODS: Wigtar ratswere fed on HFD for 4weeks, then treated with KE 1.5, 3.0 gkg " and
metformin (Met) 0.1 g>kg ™ for 4 weeks, respectively. The effects of KE on intake of food and drink, body
weight, and excretionwere investigated. Serum insulin was measured by double-radioimmunoassay. Blood gucose,
total cholegerol (TC), triglycerides (T G), and high-densty lipoprotein-cholesterol (HDL-C) were measured by
enzyme methods, respectively. Low-densty lipoprotein-cholesterol (LDL-C) was cadculated. Tissue glycogen
was determined by modified anthracene ketone method and tissue TG by glycerin phosphor sour oxidation enzyme
method. Insulin sengitivity was measured by modified glucose-insulintolerance test (K value). RESULTS: HFD
caused IR after 4 weeks (K value: 5.2+0.9 vs 8.310.7, P<0.01), the levels of blood insulin, TG, and LDL-C
increased, while HDL-C, glycogen inliver and skeletal muscle decreased. The storage of TG in liver and skeleta
muscle increased. After HFD rats were treated with KE 1.5 and 3.0 gkg ™™ for 4 weeks, respectively, the fagting
blood glucose (FBG) was decreased from 6.4+0.4 to 6.05+0.26, 6.0+0.3 (P<0.01). SerumTC, TG, LDL-C were
decreased, while HDL-C/TC was increased as compared with HFD rats. There was no significant effect on insulin
level. KE1.5, 3.0 gkg ™, and Met 0.1 gkg ™ coud improveinaulin sensitivity (K vaueswere 6.1+0.5, 5.9+0.6,
and 6.5+0.8 vs5.2+0.9, P<0.05), devate glycogen, and decrease TG inliver and skeletal muscle. CONCLUSION:
KE could promote glycogen synthesesand adjust blood lipid metabolism so astoimprove IR in HFD rats.

INTRODUCTION complications. Now the ways to increase insulin sen-

Insulin resistance (IR) which widely exigtsin type sitivity include: diet, exercise, and drugs such as
I diabetic patients, is arisk factor which can cause ~ Metformin (Met), they can clearly improvelR, protect
the function of b-cell and control blood glucosefor a
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from its tuber. Its main component is Konjac gluco-
mannan'? which isakind of excellent edible fiber. It
was reported®* that this polysaccharide could decrease
total chol esterol (TC) and blood glucose, lose fat, and
excretion. Recent studies indicated that KE could obvi-
oudy improvethe glucosetolerance in diabetic patients
and animals®. High fa diet (HFD) could induce IR by
migrating triglycerides(TG) to muscles®. The object
of our sudy was to invedigate the effect of KE on
insulin seng tivity in HFD rats and i ts mechanism.

MATERIALSAND METHODS

Rats MaeWidar rats (9-10 weeks old, 190-230
g, Grade |1, Certificate He 97040 were provided by Ani-
mal Breeding Center of Soochow Universty.
Reagents KE was provided by the Inditute for
Drug Control of Nanjing Military Command, the con-
tent of Konjac glucomannan was 82.4 %, Met was
bought from Shuanghe Pharmacy Factory (Kunshan,
Ching). Insulin was bought from Sigma, USA. Lipid
measured reagent kits (Dongou Biology Project
Company, Ching). Insulin measuredreagent kits(China
Indtitute of Atomic Energy). All other chemicals were
of analytical gradeand commercially available.
Preparation of HFD rats model All ratswere
fed with about 300 kJd quartity of caorie value. Nor-
mal control rats were fed standard feedingstuff (calorie
value of carbohydrate 62 %, caorie valueof fat 12 %).
Other rats werefed HFD confected temporarily (caorie
va ue of carbohydrate 20 %, calorievalue of fat 61 %)™,
The main component of this fat iscooked lard. The
rats were randomly selected in control rats (n=10) and
HFD rats (n=10) to make glucose-insulin tolerance test
when the rats were fed HFD for 4 weeks. IR was
confirmed to form by measuring K value (5.2+0.9 s
8.310.7, P<0.01), which was compared with glucose
insulin clamp technique (Clamp), being highly-relative
and able to give reproduci ble results®. Then therats
were divided into 5 groups: control group ; HFD modd
group ; Met 0.1 gkg ™™ group ; KE 1.5 gkg ™ group;
KE 3.0 gkg™d* group. The control group and HFD
model group were administered distilled water. During
4 weeks experimental period, al ratswere alowed to

drink water freely.

Thebody weightsof al ratsweremeasured weekly,
the effects on quantity of food and drink and excretion
by drugs wereinvestigated. Whole blood was collected
from orbital veins, fasting blood glucose (FBG) was
anayzed by glucose-oxidize enzymemethod. TC, TG,
and HDL-C were measured by enzyme methods ac-
cording to reagent kits explanation. LDL-Cwas calcu-
lated by formulaLDL-C=TC- (TG/2.2+HDL-C). Se-
rum insulin was measured by double-antibody radio-
immunoassay.

Evaluation of insulin senstivity Insulin sens-
tivity was evaluated by K vaué*?. Rats were anaes-
thetized at non-limosis sate, and catheter was i nserted
by jugular vein. Then glucose wasinjedted (700 mgkg “dl™?)
in the vein, exogenousinsaulin 0.175 U/kgwasinjected
immediately, blood were collected & 0, 3, 6, 9, 12, 15,
and 18 min after administration of exogenousinsulin.
Taking time as abscissa, bl ood glucose value by trans-
forming naturelogarithmas vertical coordinate. K vdue
gained by liner was expressed as insulin senstivity
(K=-100r). Liver, and skeleta muscle weretaken out
rapidly for measurement of glycogen, and stored at
-20 1.

Measurement of glycogen and TG in liver and
skeletal muscle Glycogen inliver muscleand skeleta
muscle was measured by modified anthracene ketone
method™. TG of liver and skeletal muscle was mea-
sured by glycerin phorsphor sour oxidation enzyme
method, according to improved Storlien method*”.

Statigtical analysis Data were expressed as
mean+SD, sudent’ st test was used for the datidtica
evaluation of the results.

RESULTS

Effect on common index During the experi-
menta period, the quantity of food and drink in KE 1.5,
3.0 gkg™d?, and Met 0.1 gkg ™™ treated groupswere
less than control group, especialy in KE 3.0 gkg™xd*
group. Body weightsin KE 1.5, 3.0 gkg ™™, and Met
0.1 gkg I groups were markedly decreased as com-
pared with HFD mode group (P<0.05). Excretionin
HFD model group and KE 1.5, 3.0 gkg & andMet 0.1
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gkg ™ groups were watery, and in KE 1.5 and 3.0
gkg™xd™ groups increased accordingly as compared
with control group.

Effect on theblood lipid Thelevelsof TC, TG,
LDL-C of KE 1.5, 3.0gkg ™" , and Met 0.1 gokg e ™*
groups were lower than those of HFD modd group,
whileHDL -C was higher than that in HFD model group,
but it was only raised dightly. Theratioof HDL-C/TC
in KE 1.5, 3.0 g>kg b was higher than that in HFD
model group (Tab 1).

Effect on FBG and insulin FBG and insulinin
HFD model group were markedly increased (P<0.01vs
control group), and FBG of KE 1.5 and 3.0 gkg™xd*
groups were lower than that of HFD mode group
(P<0.05) (Tab 2).

Effect on insulin sendtivity In glucose-insulin
tolerance test, blood glucose had no difference at 3 min
afterinjecting insulin, but a 6, 9, 12min, blood glucose
levelsin KE 1.5, 3.0 gkg™d™*, and Met 0.1 gkg™d*
treated groupswere lower than thet inHFD model group.
Insulin sangtivity indexesof each group wereexpressed
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Tab 2. Effect on FBG and insulin after treated with KE in
HFD rats. n=10. MeanzSD. °P<0.01vscontrol. ®P<0.05\s

HFD modd.

Group FBG/mmolt?  Insulin/muUst?
Contral 5.0£0.4 7.3£1.0
HFD mode 6.4+0.4° 20+4°
KE1.5gkghd? 6.05+0.26°¢ 20+£3°
KE3.0gkghd? 6.0£0.3° 20+3°
Met 0.1 gkg L™ 6.00.4° 20.4+2.9°

as K value respectively: K vaue of HFD mode group
was decreased by 37.3 % as compared with control
group (P<0.01). K value in KE 1.5, 3.0 gx
kg™, and Met 0.1 gkg ™" groups were increased
by 17.3 %, 13.5 %, and 25 %, respectively (P<0.05,
Tab 3).

Effect on tissueglycogen and TG After treated
with KE 1.5, 3.0 gkg ™, and Met 0.1 gkg ™™ for 4
weeks, glycogensin liver and skeleta muscle were

Tab 1. Effect on theblood lipid after treated with KE for 4 weeksin HFD rats. n=10. Mean+SD. °P<0.05, °P<0.01 vscontrol.

®P<0.05, P<0.01 vs HFD modd.

Group TC/mmolx.™? TG/mmolx™*  HDL-C/mmolx®  LDL-C/mmolt.* HDL-C/TC

Control 2.6+0.5 0.42+0.05 1.07+0.18 0.85+0.17 0.39+0.05

HFD modd 3.610.3° 0.88+0.17¢ 0.840.3° 1.20+0.09° 0.23+0.06°

KE1.5gkghd? 3.30+0.19° 0.62+0.19°' 1.0£0.2 0.93+0.25' 0.29+0.06"°

KE3.0gkghd? 3.27+0.25 0.74+0.13°¢ 1.0+0.3 1.05+0.19"¢ 0.300.07°f

Met 0.1 gkghd® 3.41+0.14° 0.75+0.09°f 0.93+0.14 0.99+0.28° 0.28+0.06"°

Tab 3. Effect on insulin sensitivity. n=10. Mean+SD. °P<0.01 vs control. ®P<0.05, P<0.01 vs HFD mod.
Blood glucose/mmolt.*
Group . . . . . . )
Omin 3min 6min 9min 12 min 15 min 18 min K vdue

Control 5.0£0.3 12.41+0.28 9.0+0.4 6.76+0.17 5.240.3 4.70£0.22 4.91+0.14 8.3+0.7
HFD mode 6.4+0.4° 13.310.4° 11.740.3° 9.74+0.26° 8.68+0.20° 6.65+0.28° 6.3+0.17° 5.2+0.9°
KE1.5gkghd®  6.05+0.22°¢  13.240.4° 11.56+0.22°  9.4+0.3° 8.05+0.17°" 6.93+0.26° 6.11+0.16° 6.1+0.5°
KE3.0gkghd® 5.98+0.19° 12.83+0.16° 11.3+0.4°°  9.08+0.25" 7.940.4  6.45+0.14° 5.89+0.23° 5.9+0.6°
Met 0.1 gkghd®  6.04+0.25° 12.39+0.09'  10.02+0.22°" 8.52+0.11 7.0+0.3% 6.3+0.4° 6.0+0.4° 6.5+0.8°°
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increased, while TG contentsin KE 1.5, 3.0 gkg™d*
groups decreased as compared with HFD modd group
(P<0.05, Tab 4).

Tab 4. Effect on tissue glycogen and TG after treated with
KE for 4 weks. n=10. Mean+SD. °P<001 vscontrol. °P<0.
05, 'P<0.01 vs HFD modd .

Liver Skdetd Liver TG Skeleta
glycogen musce /mmobg’wet muscle
Group Imggiwet glycogen  tissue TG
tissue  /mggtwet /mmobgtwet
tissue tissue
Control 18+3 5.9+0.9 2.4+0.6 2.69+0.20
HFD modd 10+4° 2.240.6° 5.0+¢1.0° 3.8+0.4°
KELS5gkghd® 1444 4.1+0.8" 4.2405° 3.4105°
KE3.0gkghd! 14#4" 39+0.5 4.1+0.8°® 3.5+0.8°
Met0.1 gkghd® 1444 4.3+1.0" 4.3+0.8°° 3.5+0.6°

DISCUSSION

IR is insulin sendtivity decrement. It exigtsin
three main parts: liver, skeleton, and fat tissue. IR in
liver exhibits increment of liver glycogen outputting; IR
in skeleton and fat tissue indicated that the using rate of
glucose decomposition decreased. IR could cause the
abnormity of serum glucose and lipid metabolism on
type |l diabetes. Therefore IR played akey rolein the
occurrence and development of typell diabetes™. The
biological effects of insulin is affected by the back-
groundsaf inheritance and environmental factors, food-
stuff isan important factor affecting insulin sendtivity.
It was reported™ that the fat including saturated fatty
acid and poly-non-saturated £} -6 fatty acid could cause
IR. HFD was used to establish IR model in this
experiment. TGinliver and keletal muscle washigher,
glycogen in liver and skeletal muscle was lower than
that of pre-treatment. It was known that glycogen syn-
thesswas an important way to use glucose by non-
oxidation approach. It was suggested that the reduc-
tion of glycogen synthesismight be related to assmila
ting obstruction of glucose induced by IR in HFD
animals,

Research indicated that Met could improve insulin

sengtivity of diabetic patients. After Met treated IR
rats for 4 weeks in this sudy, results demondrated
thatit coudincrease K vdue, improveinsulin sengtivity,
and enhance glycogen synthesis. In addition, Met could
lower TC, TG, and LDL-Cin HFD rats. These effects
werebeneficia toimprove IR.

Itiswel knownthat i mproving IR would be im-
portant in curing type | diabetes and hypertension. IR
causes a series of the unconventionality of glucose,
lipid, and insulin metabolism. We found that KE was
able to decrease glucose in norma animals, aswell as
in diabetic animalsinduced by aloxan'™*. Thepresent
sudies discovered firgly that KE might not only im-
prove IR and increase K vaue, but also lower FBG and
glycogenin liver and skeleta muscle, but it had no
effect on therelease of insulin. The experimenta re-
aultsrevedledthat KE might improveinsulin sengtivity
by increasing glucose usage of non-oxidation approach,
not depend on thereease of insulin. In addition, KE
not only decrease serum TC, TG, and LDL-Clevel, but
also increasethe glycogen and decrease TG in liver and
skeletal muscle in HFD rats. Although KE had no sig-
nificant effect on HDL-C, KE coul d increase the ratio
of HDL-C/TC. From theseresults, KE could inhibit the
occurrence and development of IR to a certain extent,
increase i naulin sendtivity, and improve blood glucose
and lipid levelsin IR rats. Its mechanism of improving
IR included increment of glycogen synthess and the
improvement of lipid metabolism.
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