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Background:
GLUT
GLUT4 is under control of insulin to transport glucose in skeletal muscle and adipose t
of GLUT
Objectives:
bitter herb
Materials and Methods:
GLUT
is obtained by fructose induction, egg yolks and lard for 90 days. The treatment group
doses 
metformin. Differences between the groups were determined by one
Results:
<0.05) in insulin resistance DM rats compared with negative cont
significantly at doses of 900 mg
Conclusions:
rats. 
 

 
 
 
 

 

INTRODUCTION 
 

Administered of fructose and high fat in rats caus
resistance (Tappy and Lee, 2010). Diabetes mellitus type 2 
insulin resistant is a disease characterized by
obesity (hyperlipidemia) resulted impaired signal translocation 
of GLUT-4 protein on muscle cell membranes cause 
decentralization muscle and fat tissue to insulin. I
resistant conditions provide a major impact on deep glucose 
regulation in relation to the translocation of GLUT
and Schetzer, 2010). 
 

Protein GLUT-4 is a transporter that plays a role in transporting 
glucose into skeletal muscle cells. The GLUT
transferred to the surface of the skeletal muscle cell membrane 
after signal stimulation of insulin attached to the insulin 
receptors in the muscle (Lauritze and Schetzer, 2010). So if 
there is insulin resistance then the GLUT-4 translocation to the 
cell membrane to transport glucose into the cells will be 
reduced either in the striated muscle, adipose tissue or in the 
liver resulting in an increase of blood glucose levels.
 

Some studies suggest that isolated flavonoid such as kaemferol
quercetin, cyanidin and apigenin. Kaemferol increase GLUT
expression in high fructose-induced diabetic rat (
al., 2005). Eid et al., 2015 reported that quercetin stimulates 
GLUT-4 translocation and expression in skeletal muscle, by
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ABSTRACT 

Background: The GLUT-4 isglucose transporter protein in cell membrane. In diabetes mellitus, 
-4 is decreasedin cell membrane because of the absence or insufficient sensitivity to insulin. 

GLUT4 is under control of insulin to transport glucose in skeletal muscle and adipose t
of GLUT-4 in skeletal muscle and adipose tissue causes insulin resistance.
Objectives: The objective of this study is to investigate the effects of flavonoid
bitter herb or Andrographis paniculata (FEFBH) on GLUT-4 translocation in high fructose feed fat rat. 
Materials and Methods: The aim of this study was to examined the activity of FEFBH on improving 

-4 translocation in rat soleus muscle. The diabetic rats mellitus (DM) model of insulin resistance 
is obtained by fructose induction, egg yolks and lard for 90 days. The treatment group

 of FEFBH 225 mg/KgBB, 450 mg/KgBB and 900 mg/KgBB. Control 
metformin. Differences between the groups were determined by one
Results: The results showed that the administration of FEFBH could increase GLUT
<0.05) in insulin resistance DM rats compared with negative cont
significantly at doses of 900 mg/KgBW 
Conclusions: Treatment of FEFBH can increase the amount of GLUT

of fructose and high fat in rats caused DM insulin 
Diabetes mellitus type 2 

is a disease characterized by the condition of 
impaired signal translocation 

muscle cell membranes cause 
muscle and fat tissue to insulin. Insulin-

a major impact on deep glucose 
in relation to the translocation of GLUT-4 (Lauritzen 

4 is a transporter that plays a role in transporting 
glucose into skeletal muscle cells. The GLUT-4 protein will be 
transferred to the surface of the skeletal muscle cell membrane 
after signal stimulation of insulin attached to the insulin 

eptors in the muscle (Lauritze and Schetzer, 2010). So if 
4 translocation to the 

cell membrane to transport glucose into the cells will be 
reduced either in the striated muscle, adipose tissue or in the 

blood glucose levels. 

flavonoid such as kaemferol, 
quercetin, cyanidin and apigenin. Kaemferol increase GLUT-4 

induced diabetic rat (Alkhalidy et 
reported that quercetin stimulates 

translocation and expression in skeletal muscle, by 

mechanisms associated with the activation of AMPK
adenosine monophosphate-activated protein kinase
Upregulated the GLUT-4 and down regulation
inflammatory adipocytokines
(Sasaki et al., 2007). EnhancedGLUT4 translocation upon 
apigen in treatment suggests more glucose lowering as well as 
β-cell preserving efficacy (Hossain
 

Flavonoids are one of the main components of 
herb beside andrographolide so it is expected that these 
flavonoid have anti DM activity
to investigate the effect of increased GLUT
insulin resistance DM rats after a
enriched fraction of bitter herb (FEFBH)
 

MATERIAL AND METHODS
 

Material 
 

Dried leaves and aerial parts of 
(Burm.f.) Nees were obtained from 
Yogyakarta, Indonesia. The authenticity of the sample was 
identified at Department of Pharmaceutical Biology, Faculty of 
Pharmacy, Gadjah Mada University, Indonesia.
 

Healthy maleWistar albino rats (weighing 80 
inthe experiments. Animals were housed in a well 
room, with room temperature 28
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isglucose transporter protein in cell membrane. In diabetes mellitus, 
4 is decreasedin cell membrane because of the absence or insufficient sensitivity to insulin. 

GLUT4 is under control of insulin to transport glucose in skeletal muscle and adipose tissue. depletion 
4 in skeletal muscle and adipose tissue causes insulin resistance. 

The objective of this study is to investigate the effects of flavonoid-enriched fraction of 
4 translocation in high fructose feed fat rat.  

The aim of this study was to examined the activity of FEFBH on improving 
The diabetic rats mellitus (DM) model of insulin resistance 

is obtained by fructose induction, egg yolks and lard for 90 days. The treatment groups were given 
and 900 mg/KgBB. Control group was given 

metformin. Differences between the groups were determined by one-way ANOVA. 
FEFBH could increase GLUT-4 translocation (P 

<0.05) in insulin resistance DM rats compared with negative controls. Increased GLUT-4 translocation 

GLUT-4translocation in soleus muscle 

mechanisms associated with the activation of AMPK (5' 
activated protein kinase). Cyanidin 
4 and down regulation of the 

dipocytokines in high fructose diabetic mice 
EnhancedGLUT4 translocation upon 

more glucose lowering as well as 
cell preserving efficacy (Hossain et al., 2014). 

of the main components of king of bitter 
beside andrographolide so it is expected that these 

flavonoid have anti DM activity.The purpose of this study was 
to investigate the effect of increased GLUT-4 translocationon 
insulin resistance DM rats after administration of the flavonoid-
enriched fraction of bitter herb (FEFBH). 

MATERIAL AND METHODS 

Dried leaves and aerial parts of Andrographispaniculata 
obtained from Kulon Progo Regency, 

The authenticity of the sample was 
at Department of Pharmaceutical Biology, Faculty of 

Pharmacy, Gadjah Mada University, Indonesia. 

rats (weighing 80 – 120g) were used 
inthe experiments. Animals were housed in a well ventilated 
room, with room temperature 28-32⁰C.They were feed with 
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standard laboratory animal feed and water ad libitum in 
accordance with the guidelines of the animal care of the 
Department of Pharmacology and Clinical Pharmacy, Faculty 
of Pharmacy, Gadjah Mada University, Indonesia. Ethical 
clearance was obtained from the Institutional Animal Ethical 
Committee-Approval No: 299/KEC.LPPT/VII/2015. 
 

Glibenklamid (PT Kalbe tbk.), Metformin (PT Kalbe tbk.), 
fructose (Merck, Jerman). Antibody primer antiGLUT-4 (IF8): 
sc-53566 (Santa Cruz Biotechnology, INC, USA), Starr trek 
HRP Universal Detection (Trekkie Universal Link, Trek 
Avidin-HRP, Bentazoid DAB Chromogen, Bentazoid DAB 
substrate buffer and background sniper (Biocare Medical, 
USA). 
 

Methods 
 

Preparation of the flavonoid-enriched fraction of bitter herb 
(FEFBH) 
 

Bitter herb plants age 3-4 months are harvested. The collected 
herbs were sorted and washed with running water. The washed 
herbs were dried in oven at 50-60⁰C.The dried bitter herbswere 
made into powder using a dry grinder. The powder was 
extracted by decoction method for 30 minutes, the time was 
calculated after the temperature reachedd 90°C. The filtrate was 
evaporated to obtain a viscous filtrate. 
 

The viscous filtrate of bitter herb was partitioned using 
chloroform and ethyl acetatesubsequebtly. Each filtrate of 
chloroform, ethyl acetate and residue were evaporated to get the 
solid mass (fractions). Each fraction then identified the 
flavonoid content with thin layer chromatography (TLC). The 
highest levels of flavonoids were obtained from TLC showing 
flavonoid spots with the highest intensity. The selected fraction 
was the highest flavonoid based on TLC test i.e ethyl acetate 
fraction. The ethyl acetate fraction was then removed by its and 
rographolide compound by means of vacum column 
chromatography (KVC). The free andrographolide fraction of 
ethyl acetate was used for hypoglycemic and hypolipidemic 
tests. 
 

Induction high-fructose-fat-fed rats 
 

Test animals were given a diet fructose and high fat fed orally. 
Administered of fructose in test animals as much as 1.8 g / 
kgBW rat. The high fat fed given to each ratswere 2 mL lard 
and 2 mL duck egg yolks. Feeding of fructose and high fat was 
done for 104 days. 
 

At the 90th day,normal rats and high fructose-fat fed rats 
anaesthetized by using ketamine (24mg/kgBW,intramuscular 
injection), and sacrificed by decapitation. Soleus muscle were 
surgically removed, washed with physiological salin. Normal 
rats and high fructose-fat fed rats were examinated theirGLUT-
4translocation on soleus muscle with immunohistochemistry 
method (IHC). 
 

Design experiment 
 

The rats were treated with the flavonoid-enriched fraction of 
bitter herb(FEFBH) on91th day.Experimental rats were divided 
into 5 groups of 6 rats in each group. 
 
 
 
 
 
 
 
 
 
 

During treatment, insulin resistance rats groups (group II-VI) 
were always given fructose and high fat feeding. FEFBH were 
given on day 91th until 104th.After 14days treatment, rats in all 6 
groups were examinated of GLUT-4translocation on soleus 
muscle with immunohistochemistry method (IHC). 
 

Immunohistochemistry (IHC) 
 

Sliced paraffin blocks with a thickness of 5 μM on dehydrated 
slides and rehydration were then rinsed with water for 10 
minutes. After that, washed with PBS for 5 minutes then 
continued incubation with 0.3% H2O2 solution in methanol for 
15 minutes. washing done 3 times each 5 minutes with PBS pH 
7.4. The slides drop with the primary antibody then incubated 
in a humid chamber at 4° C for 12 hours. The incubated slides 
are then rinsed with PBS 3 times each 5 minutes. After rinsing, 
then droped with secondary antibodies. 
 

The slide was placed on the Avidin-HRP Track (Streptavidin-
Horseradish Peroxidase) Label to mark the antibody antigen 
bonds to be stained with the DAB (diaminobenzidine) 
chromogen used, the slide then allowed for 10 minutes in the 
humid chamber and washed with PBS 3 times. The slide was 
dried anddroped with a mixture of DAB. Left for 15 minutes 
then washed with aquadest for 5 minutes. After being dried, the 
slides stained Mayemat's Hematoxylin solution with a 1: 2 
aquadest and were allowed to stand for 15 minutes in a humid 
chamber. Slide washed with running water for 30 seconds and 
rinsed with aquadest. The tissue dehydration was carried out 
with 70, 80, 90, 95% and absolute (1 min each), then with xylol 
I, II, III (3 min) respectively. The preparation were dried 
(keeping the tissue sections undamaged and not too dry). The 
final stage of the mounting process, the tissue slices are stained 
with Canada Balsam and carefully covered with not air bubbles. 
The slides were left in room temperature until the canals balsam 
harden. 
 

GLUT-4 protein translocation was a protein that expressed on 
the surface of the blood membrane of muscle cells. The muscle 
tissue observed was soleus muscle of the rat. GLUT-4 
translocation was observed with immunohistochemistry. The 
presence of GLUT-4 translocation was characterized by the 
incidence of a brown color.  
 

Statistic analysis 
 

The measured parameter, which was semi-quantitative data of 
the GLUT-4protein translocation of the rats soleus muscle in an 
image field observed. The presence of GLUT-4 translocation 
was characterized by the appearance of a brown color. The 
qualitative data of GLUT-4 protein translocation was quantified 
by scoring the area and intensity of the translocation area using 
image raster software. The semiquantitative data were then 
tested statistically using oneway ANOVA with 95% confidence 
level. 
 

RESULT 
 

The flavonoid-enriched fraction of bitter herb (FEFBH) 
 

The fraction obtained had rich flavonoid and didnot contain and 
rografolide then called flavonoid-enriched fraction of bitter  
 
 
 
 
 
 

Group I : Normal group, rats without treatment. 
Group II : Negative control group, insulin resistance DM rats received oral  0.5% CMC-Na twice daily respectively for 14 days. 
Group III : Positive control group, insulin resistance DM rats received oral dose of 45 mg/kgBW metformin twice daily respectively for 14 days. 
Group IV : Insulin resistance DM rats received oral dose 225 mg/kgBW FEFBH twice daily respectively for 14 days. 
Group V : Insulin resistance DM rats received oral dose 450 mg/kgBW FEFBH twice daily respectively for 14 days. 
Group VI : Insulin resistance DM rats received oral dose 900 mg/kgBW FEFBH twice daily respectively for 14 days. 
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herb (FEFBH). The rendement of FEFBH wast 
4,52%asyellowish white powder, distinctive bitter smell and 
tasted. 
 

High-fructose-fat-fed rats 
 

Normal group of rats were compared with the high fructose and 
fat-fed rats group. The administration in high fructose and fat-
fed rats group was performed for 90 days. Normal group and 
high fructose-fat-fed groupswere given pellet feed. 
 

One of the important parameters for determining the insulin 
resistance DM rats is to quantify the GLUT-4 protein 
translocation in soleus muscle in test animals. Insulin resistance 
DM rats had decreased tissue sensitivity characterized by a 
decrease in the amount of GLUT-4 protein in muscle cell 
membranes. Results of independent sample t-test analysis on 
parameters between normal group and high fructose-fat-fed 
group showed significant differences (p <0.05). Quantification 
the GLUT-4 protein translocation in soleus muscle used a 
multiplication between broad area and intensity. 
 

Table I Results of quantification (broad area x intensity) of 
protein translocation area of GLUT-4 soleus muscle of rat 

 

photomicroscopy test 
subjects 

Broad area x intensity 
Normal 

rats 
High fructose and fat-

fed rats 
Rat 1 Picture 1 2332 576 

 Picture 2 2499 320 
 Picture 3 1330 306 

Rat 2 Picture 1 2380 598 
 Picture 2 1767 735 
 Picture 3 1911 630 

Rat 3 Picture 1 1323 594 
 Picture 2 1456 399 
 Picture 3 1782 306 

Average 1864,44 496 
SEM 151,43 54,52 

 

The result of quantification of GLUT-4 translocation in the 
normal group and high fructose-fat-fed-rats shown in table 1. 
The GLUT-4 translocation of normal group was higher than the 
high-fructose-fat-fed rats, they were 1864,44±151,43 and 
496±54,52.It can be seen also in figure 1. 
 

 
 

Figure 1 The mean value of quantified GLUT-4 protein translocation results in 
soleus muscle cells 

 

Figure 1 showed normal group rats compare high fructose-fat-
fed rats have significant difference (p<0,05). There was 
decrease of GLUT-4 protein translocation inhigh fructose-fat-
fedgroup compared to the normal group. Induction high 
fructose-fat-fedfor 90 days decreased the GLUT-4 protein 
translocation. 

The fat and fructose in the body will be metabolized and 
produce many intermediate compounds, such as diacylglycerol, 
fatty acyl CoA and ceramid. These three intermediates will 
activate protein kinase Cθ (PKCθ). PKCθ will phosphorylate 
the insulin receptor substrate (IRS) on serine amino acids, so 
the IRS can not stick to PI-3 kinase (PI3K). PI3K plays a role in 
the GLUT-4 translocation from the intracellular reserve to the 
plasma membrane, so if the PI3K is inactive then GLUT-4 can 
not be transferred to the plasma membrane. Transport of 
glucose from blood to tissue will be disrupted (Shulman, 2000). 
 

Effect of FEFBH on GLUT-4 translocation 
 

Each treatment group consisted of 4 rats. GLUT-4 translocation 
data of each rat was obtained from an average of 5 visual fields 
(5 photos). 
 

Table II Results of quantification (broad area x intensity) of 
protein translocation area of GLUT-4 soleus muscle of rat 

 

Photomicroscopy 
test subjects 

Average value of quantified results 
treatment group (broad area x intensity) 

 Na-CMC Metformin Negatif FEFBH 1 FEFBH 2 FEFBH 3 
Rat 1 5305,2 198,4 2465,4 423,2 795,4 1479,2 
Rat 2 5218,4 259,2 2311,2 363,8 868,6 1373,8 
Rat 3 5647,2 355,2 1875,8 478,6 759,8 1349,6 
Rat 4 8359 330,8 1876,2 500,2 1189,6 1386 

Average 6132,45 285,9 2132,15 441,45 903,35 1397,15 
SEM 1.495,86 71,15 302,40 61,09 196,13 56,75 

 

The mean value of GLUT-4 expression in normal mice was 
6132.45. Negative group showed a very low decrease in GLUT-
4 translocation. It was 285.9. Increased GLUT-4 translocation 
in treatment groups with FEFBH and metformin were 441.45; 
903.35; 1397.15 and 2132.15 respectively. The use of FEFBH 
and metformin for 14 days has not been able to normalize 
GLUT-4 translocation in the soleus muscle.The figure can be 
seen in figure 2.  
 

 
 

Figure 2 The mean value of quantified GLUT-4 protein translocationin soleus 
muscle cells for 14 days treatment. 

 

The result of oneway ANOVA statistical analysis on the 
quantified value of GLUT-4 protein translocation, treatment 
group with metformin and dose 900 mg/KgBW were significant 
differences (p<0,05) compared to negative control (high 
fructose and fat-fed ratsgroup). Treatment with FEFBH at 225 
mg/KgBWand 450 mg/KgBW were no significant differences. 
This suggests that the flavonoid-purified fraction improved the 
translocation of GLUT-4 at dose 900 mg/KgBB. 
 

The quantified value of GLUT-4 protein translocation all 
treatment groups were compared with a normal group indicates 
there wereno significant difference (p <0,05).Positive controls 
that use metformin may increase GLUT-4 protein translocation 
but have not yet achieved their normal value. This suggests that 
the administration of metformin dose of 45 mg/KgBW for 14 
consecutive days has not been able to significantly increase the 
protein content of GLUT-4.This means in all these treatment 
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groups unable to normalize insulin resistance DM condition 
after 14 days of treatment with metformin and FEFBH in all 
dosesgiven.  
 

The fewer of GLUT-4 protein that is transferred to the muscle 
cell membrane, the less glucose is transported into the tissues. 
This results in high blood glucose levels even though pancreatic 
beta cells produce insulin. Administration high fructose-fat-fed 
rats can increase blood fat levels. High blood fat levels can lead 
to impaired insulin-signal signals to transmit the GLUT-4 
transporter protein in cell membranes. The decreased amount of 
GLUT-4 protein translocation to the cell membrane may inhibit 
the glucose intake into the muscle cells so that the blood 
glucose level increasealthough normal insulin levels (Wolf, 
2008). 
 

 
Figure 3 Histology of translocationGLUT-4 in soleus muscle cell rats. Normal 

rats (a), Negative control group(b), Positive control group(c), dose 225 
mg/kgBW (d), dose 450 mg/kgBW (e), dose 900 mg/kgBW (f). 

 

The brown colour indicates the presence of GLUT 
translocation. The average value of the highest GLUT-4 protein 
translocation is in the normal group of rats. Groups of treated 
rats with FEFBH had lower GLUT-4 values. This suggests that 
FEFBH has the ability to improve insulin resistance conditions 
by increasing the amount of GLUT-4 protein transferred to the 
cell membrane. 
 

According to others published research purified extract bitter 
herb dose 1303 mg/KgBW increased GLUT-4 translocation 
insoleus muscle cell compared to negatif control. This means 
that purified extract bitter herb is able to improve GLUT-4 
translocation (Lindawati et al., 2014). Ethanol extracts of A. 
paniculata and and rografolide can increase the translocation of 
Glut-4 protein in fructose and high fat induced rats and lower 
blood sugar levels (Nugroho et al., 2012). Bitter herbs may 
increase usage muscle glucose in diabetic rats through 
stimulationGLUT-4 transporter so it can degrade plasma 
glucose levels in rats. Compound and rografolide increases 
mRNA translocation as well as the GLUT-4 protein level, 
transport carrier glucose penetrates the cell (Yu et al., 2008). 
Total flavonoid from Sanguis draxonis have hypoglycemic and 
hypolipidemic effects in insulin resistance diabetes mellitusrats. 
The mechanism of flavonoid are possible alleviating chronic 
inflammation responses and protecting pancreatic islets (Chen 
et al., 2013). 
 

There are two group of active compound in A. Paniculata, 
diterpen lacton group represented mainly by andrografolide and 
flavonoid. 
 
 

CONCLUSION 
 

Administered of  flavonoid-enriched fraction of bitter 
herb(FEFBH) could increase GLUT-4 translocation in insulin 
resistance DM ratssignificantly on dose 900 mg/KgBW. 
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