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Hibiscus surattensis L. is a traditional medicinal plant often used for 
diabetes treatment in Indonesia, especially in Central Sulawesi. The leaves 
contain mainly kaempferol, morine, and trifolin which have various 
pharmacological effects, including high antioxidant properties and the 
potential to increase insulin secretion. Therefore, this study aims to 
investigate the efficacy of the Hibiscus surattensis L. leaves (HSL) active 
fraction in reducing the levels of HbA1c, AGEs, and GLUT-4 expression in the 
muscle tissue of rat model with type 2 diabetes mellitus using a high-fat and 
fructose diet of 1.8 g/kg BW (HFD/HF) for 8 weeks. A total of 20 male rats 
were randomly assigned into four groups namely (1) normal control diet with 
standard rat chow; (2) negative control with HFD/HF diet; (3) treatment 
group with metformin 100 mg/kg BW as standard; (4) treatment group given 
HSL active fraction (FEA) 50 mg/kg BW. All treatments were given orally for 
21 days and the data obtained were analyzed by ANOVA and Duncan Post-Hoc 
test. HFD/HF induction significantly increased the HbA1c and AGEs levels 3.5 
times and 1.88 times higher than the normal control group. Moreover, the 
treatments significantly reduced (p<0.05) HbA1c and AGEs levels compared 
to the negative control on day 21. Blood HbA1C levels with FEA treatment 
decreased by 56.4%, while AGEs reduced by 54.7%. GLUT 4 expression in the 
muscle tissue was significantly different from the negative control with 
p<0.05. The results also indicate that the administration of FEA had an 
antidiabetic effect by reducing the levels of HbA1C and AGEs along with other 
potentially beneficial effects on the treatment of type 2 DM with the probable 
mechanism of targeting GLUT4 glucose transporter by increasing its 
translocation and expression. 
Keywords: AGEs, HbA1C, Hibiscus surattensis L, Glut-4. 
 

 
INTRODUCTION  

Diabetes mellitus (DM), simply recognized 
as diabetes is a non-communicable disease which 
has become a significant health problem due to its 
increasing number of cases and prevalence. It is 
estimated that 11.3% of the world's population will 
suffer from DM in 2030. Meanwhile, Indonesia is 
one of the countries with the highest number of        
DM sufferers globally, specifically, it ranks 5th             
out of 10 countries with the largest prevalence 
(International Diabetes Federation, 2021) and is 
predicted to increase every year. The development 

of DM occurs due to changes in lifestyle, lack of 
physical activity, and increased obesity. It is 
characterized by elevated blood glucose levels due 
to disturbances in the body's metabolic system 
(Kyrou et al., 2020). Continuous or prolonged high 
blood glucose levels also cause complications of 
diabetes. Various complications occur when DM 
treatment is not optimal, such as microvascular and 
macrovascular which affect the quality of life and 
can cause death. Furthermore, obesity is a risk 
factor for type 2 DM and the relationship between 
both can be explained through 2 mechanisms 
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namely resistance to obesity-associated insulin and 
pancreatic beta-cell dysfunction. Obesity and 
metabolic disorders can cause beta cell 
decompensation, but when the condition is 
prolonged, this leads to hyperglycemia and 
hyperinsulinemia. An abnormality in the body's 
metabolism which leads to a decreased response or 
sensitivity to insulin action is called insulin 
resistance (Al-Goblan et al., 2014). 

Glucose uptake into cells is regulated by 
insulin and occurs through a specific protein 
associated with the plasma membrane and 
facilitated by the glucose transporter. GLUT 4 is an 
important glucose transporter for maintaining 
glucose homeostasis in the blood. It is an insulin-
responsive glucose transporter in the skeletal 
muscle, brain, heart, and adipose tissue. GLUT 4 is 
translocated to the plasma membrane in response 
to insulin secreted by beta cells as a glucose sensor 
to reduce postprandial blood glucose levels. 
Besides, insulin resistance in type 2 diabetes will 
cause disturbances molecules in the insulin-
releasing system of the heart. After the release by 
pancreatic beta cells, insulin then induces the 
uptake of glucose into skeletal muscle through the 
binding to insulin receptors on the cell surface. 
Insulin resistance causes a reduction and 
impairment in GLUT4 translocation, leading to 
impaired glucose uptake and a high amount of 
circulating glucose (hyperglycemia) (Richter & 
Hargreaves, 2013; (Pereira et al., 2017). 

Long-term high blood glucose levels in DM 
patients can trigger lipid and protein glycation, 
which increases advanced glycation end products 
(AGE). Meanwhile, AGE plays a significant role in 
the occurrence of various complications in 
diabetes. An increase can also stimulate the 
production of advanced glycation end product 
(RAGE) receptors. The interaction of AGE with 
RAGE can affect intracellular signal transduction, 
gene expression, the release of pro-inflammatory 
molecules, and the production of reactive oxygen 
species (ROS) that contribute to the pathology of 
diabetic vascular complications. The initial product 
of this reaction is called Schiff base, which will 
spontaneously form the Amadori product in 
diabetes known as HbA1c (Mendez, 2003; Peppa et 
al., 2003). Long-term glycemic status monitoring of 
DM patients can be carried out by measuring 
HbA1c to identify the quality of blood glucose 
control between 2-3 months. Normal HbA1c ranges 
from 4-6%, and extremely high levels potentially 
cause complications (Sherwani et al., 2016). Every 
1% rise in HbA1c will increase the risk of 

microvascular and macrovascular complications by 
37% and 14% respectively as well as cause a 21% 
increase in the risk of death from diabetes, hence, a 
decrease in HBA1c is beneficial for DM patients 
(Jiang et al., 2019).  

Diabetes treatment using insulin and oral 
hypoglycemic drugs is still a problem due to the 
accompanying side effects, including 
hypoglycemia, and the inability to prevent 
complications in ROS-mediated DM. Consequently, 
alternative therapies are needed to reduce certain 
side effects, treatment costs, as well as for the 
prevention and treatment of vascular 
complications (Chaudhury et al., 2017; Al Kury et 
al., 2022). Meanwhile, the World Health 
Organization (WHO) recommends using herbs to 
treat DM when access to conventional medicine is 
inadequate. This condition can increase the use of 
natural products that have antidiabetic activity 
(Kasole et al., 2019). 

One of the plants with antidiabetic effects is 
Hibiscus surattensis L. (HSL) from familia 
Malvaceae. The leaves have traditionally been used 
to treat various diseases (Anoopa John L et al, 
2020) such as DM. Previous studies showed that 
the active fraction (FEA) of HSL leaves had 
antioxidant and antidiabetic effects. Moreover, this 
plant reportedly contains several secondary 
metabolites such as alkaloids, tannins, 
triterpenoids, and flavonoids including kaempferol, 
morin, and trifolin (Yuliet et al., 2020). 

The compounds contained in the active 
fraction of HSL can also be used to treat diabetes 
and prevent damage or complications. Therefore, 
this study aims to examine the efficacy of HSL 
active fractions on HbA1c and AGEs levels, as well 
as GLUT 4 translocation in the skeletal muscles in 
diabetic rats, fed a high-fat diet and fructose. 

 

MATERIAL AND METHODS 
The materials used include Metformin 

(Glucophage 500®), CMC Na, standard rat feed (Rat 
Bio/CitraFeed)), fructose (Krystar®), rat HbA1c 
ELISA kit, rat Advanced Glycation End Products 
ELISA kit (Bioassay Technology Laboratory), 
insulin (Novarapid), rotary evaporator (Buchi 
rotavapor R-124, Buchi water bath B480), 
glucometer One Touch Horizon (Life Scan Johnson 
& Johnson), and microplate reader (Infinite M200 
Pro). The high-fat feed consisted of 5% chicken 
liver, 10% beef fat, 10% goat fat, 10% quail eggs, 
5% duck egg yolks, 20% corn flour, 20% fish meal, 
and 20% mung bean flour. Meanwhile, the test 
animals were male Wistar strain rats which were 3-
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4 months old with body weight ranging from 150-
200 grams and healthy physical condition with no 
defects or abnormalities. The study protocol was 
approved by Ethical Committee, Padjajaran 
University (No.51/UN6.KEP/EC/2019). The active 
fractions of ethyl acetate fraction/FEA used were 
made according to a previous study (Yuliet et al., 
2020).  

Experimental animals used were white 
male rats where they were first acclimatized for 1 
week before testing, adjusted to the conditions, and 
their bodyweight was weighed. A total of 20 rats 
were used with 4 test groups, each consisting of 5 
rats. The grouping was divided into two categories, 
namely the normal and the hyperglycemic induced 
rat group. Hyperglycemia induction was performed 
by giving fructose at a dose of 1.8 g/kg BW and a 
high-fat diet for 60 days. This was carried out based 
on several previous studies that used a high-fat and 
fructose diet in a rat model of insulin-resistant DM 
(Haroun et al., 2011; Lozano et al., 2016). Standard 
feed in the normal and high-fat feed in the induced 
animal group was given every day up to 20 g/rat. 
Before and after induction, fasting blood glucose 
levels were measured, while the Lee index and 
insulin tolerance test were calculated. 

Hyperglycemic rats were divided into three 
groups (n=5) and one control which was not 
induced by diabetes. The normal and negative 
controls were given 0.5% Na CMC, the comparison 
group was given metformin 100 mg/kg BW, while 
the others were treated with FEA at a dose of 50 
mg/kg BW. The treatment was given orally once a 
day for 21 days. Subsequently, the fasting blood 
glucose and KITT namely glucose decay constant 
percentage levels of test animals in all groups were 
measured on the 21st day after treatment. On day 
81, the test animals were sacrificed, then blood          
was taken to measure insulin, HbA1c, and AGEs 
levels. Skeletal muscle tissue was also taken at the 
gastrocnemius part of each group at the end                     
of the study, while the immunohistochemical 
examination was carried out using the GLUT4 
polyclonal antibody. In addition, an 
immunohistopathological examination of the heart 
muscle tissue was conducted. The measurement of 
insulin, HbA1c, and AGEs levels was carried out 
using the ELISA kit.  

 
Insulin resistance test 

In the animal model, an insulin resistance or 
sensitivity test was performed using the insulin 
tolerance method. This was carried out by 
measuring the rat blood glucose levels every 15 

minutes for 1 hour after insulin administration up 
to 0.5 IU/kg BW intraperitoneally. Insulin 
sensitivity is expressed in the KITT value, namely 
the gradient or slope of the curve multiplied by 100 
from the linear regression curve of the natural 
logarithm of blood glucose levels to time. The K 
value represents insulin receptor sensitivity, and 
the low value indicates poor sensitivity (Ratwita et 
al., 2017). 

 
Measurement of insulin, HbA1c levels and AGEs 
with ELISA method 

Insulin levels were determined by the 
enzyme-linked immunosorbent assay method 
(ELISA). Tests are carried out according to the 
procedure for using the Bioassay Technology 
Laboratory® Rat Insulin ELISA kit. The HbA1c and 
AGEs levels were measured according to the kit 
instructions. Specifically, HbA1c level was 
measured with the standard solution available in 
the reagent ELISA Rat Hemoglobin A1c with a 240 
ng/mL. Standard solution series were prepared 
using a diluent to obtain serial concentrations of 
7.5, 15, 30, 60, 120, and 240 ng/mL. Meanwhile, 
AGEs levels were assessed with a standard solution 
available in Rat Advanced Glycation End Products 
ELISA reagent with a concentration of 1920 ng/mL. 
The standard solution series was formulated using 
a diluent to obtain serial concentrations of 60, 120, 
240, 480, 960, and 1920 ng/mL, while a standard 
diluent was used as zero control (0 ng/mL). 

Measurement of HbA1c and AGEs levels was 
carried out by preparing tools and material. Pre-
coated ELISA microplate was washed with buffer 2 
times, then solution sample containing test animal 
blood serum of 40 µL, standard solution and zero 
control 50 µL each, was then inserted into the wells. 
The mixture was added with 10 µL anti-HbA1c 
antibody for testing HbA1c levels and 10 µL anti-
AGEs antibody for testing AGEs levels. Afterward, 
the sample and standard solutions were added 
with 50 µL of streptavidin-HRP each, covered with 
a plastic plate sealer, and incubated for 60 minutes 
at a temperature of 37°C. The solution was 
removed by inverting the microplate, then 350 µL 
of wash buffer was added to each well. The wash 
buffer was later removed, and the microplate was 
tapped against the tissue paper several times. The 
sample was washed and dried 5 times until there 
were no more droplets on the surface well. Next, 50 
µL of substrate A and 50 µL of B were added to each 
well, covered with a plastic plate sealer, and 
incubated for 10 minutes at 37°C, a blue color       
will be formed according to concentration. 
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Subsequently, 50 µL stop solution was added to 
each well, shaken for 5 seconds, a color change with 
the appearance of yellow color was observed, and 
the absorbance was read at a wavelength of 450 nm 
with a microplate reader for 30 min. The 
absorbance was processed by linear regression, 
while the HbA1c and AGEs levels were obtained in 
units of ng/mL using the curve standard 
respectively. 
 
Glucose transporter 4 (GLUT-4) protein 
translocation analysis with the 
immunohistochemical method 

Immunohistochemical analysis of GLUT-4 
was conducted according to Feitosa et al., (2018). 
Observations were made under a microscope with 
400 times magnification. The results of 
gastrocnemius muscle tissue preparations with 
GLUT-4 antibody produced a color whose intensity 
was measured to determine the amount of GLUT-4 
protein which reacts with these antibodies, the 
greater the reaction, the higher the intensity and 
brighter the color. Observations were carried out 
by taking photos of the preparations from a light 
microscope with 400x magnification in 5 fields of 
view. Gastrocnemius muscle cells containing the 
reacted GLUT-4 protein appear in the form of a 
brown-colored spot expressed in the cytoplasm. 
Quantification of GLUT-4 protein translocation 
used parameter extent, while the intensity was 
assessed using the Image J program with the IHC 
Profiler plug-in (Varghese et al., 2014). 

 

RESULT AND DISCUSSION 
An animal model of insulin resistance was 

formed through induction using a high-fat diet            
and fructose of 1.8 g/kg BW orally for 60 days               
The parameters measured were insulin tolerance 
test constants (KITT), insulin levels, HBA1c, AGEs, 
and GLUT-4 immunohistochemistry in the 
gastrocnemius muscle. Moreover, the comparison 
drug used was metformin which has a mechanism 
of increasing insulin sensitivity and is one of the 
oral antidiabetic drugs often prescribed for obese 
type 2 DM patients. The mechanism of action is to 
reduce glucose production in the liver, improve the 
uptake from tissues, and enhance the muscles and 
fat cells to absorb excess glucose from the 
bloodstream to lower blood sugar levels (Rena et 
al., 2017). 

To induce obesity in the rats, the feed must 
contain fats ranging from 30-50% of the total 
calories.   According  to  Kucera & Cervinkova, 2014,  

the standard feed contains less than 10% fat of the 
total calories, while high and very high-fat feeds 
contain 30-50% and more than 50% respectively. 
The administration of a high-fat and fructose feed 
at a dose of 1.8 g/kg BW for 60 days induced 
obesity, hyperglycemia, and insulin resistance. One 
of the causes of insulin resistance is obesity 
through increased production of free fatty acids 
which accumulate in the tissues, especially in the 
liver and muscles. Insulin resistance causes 
reduced lipase inhibition in fat cells, leading to 
increased lipolysis and production of free fatty 
acids which are then transported to the liver 
causing elevated VLDL production, apolipoprotein 
B, and triglyceride secretion (Choi & Ginsberg, 
2011). 

The provision of high-fat and fructose feed is 
expected to improve obesity conditions, which can 
trigger insulin resistance conditions, especially in 
muscles and the liver. A high-fat diet can increase 
the fat cell size and number, the increase in cell size 
through lipogenesis elevates the number of 
preadipocytes through proliferation and 
differentiation into mature adipocytes. It is 
regulated by the transcription factor sterol 
regulatory element-binding protein (SREBP)-1 
(Pereira, Botezelli, et al., 2017). With an excessive 
intake of carbohydrates and saturated fatty acids 
(SFA), SREBP-1 will increase the synthesis of fats 
such as fatty acids, triglycerides, and 
phospholipids. Furthermore, a high-fat diet causes 
hyperinsulinemia which potentially increases the 
work of SREBP-1 adipocytes leading to 
hypertrophy of the cells. New adipocytes are then 
formed repeatedly by insulin growth factor-1 
(IGF1) which leads to hyperplasia and an increase 
in free fatty acids (FFA). This condition affects 
insulin action, as well as decreases glucose             
uptake, glycolysis, and glycogen synthesis. 
Prolonged intake of a high-fat diet, especially for 
approximately 60 days can cause insulin           
resistance due to visceral fat accumulation. An 
increase in visceral fat mass can elevate the    
amount of free fatty acids (FFA) in the liver, as well 
as the circulating triglycerides and the rate of 
hepatic glucose production. Meanwhile, one of the 
causes of insulin resistance is abdominal obesity. 
There is a direct relationship between the 
consumption of a diet rich in fat and insulin 
sensitivity. This does not depend on the body 
weight but the quality of fat consumption,              
namely foods   high   in   fatty acids (McArdle et al., 
2013). 
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Obesity was determined based on the Lee 
index in which the rats were declared obese when 
the index value is >300 (Table I.) Compared with 
the normal value, the body mass index value on day 
60 in the induced group was obese (Malafaia et al., 
2013). Table 1 shows that the induction with a 
high-fat and fructose diet significantly increased 
the body mass index value, the rats fed for 60 days 
had a Lee index value ranging from 342.99-376.05. 
At the end of the treatment, after 21 days, all 
treatment groups except the negative control had a 
significantly lower Lee index value (p<0.05). This is 
caused by a reduction in the size and number of 
adipocytes, leading to a decrease in fat tissue mass 
as evidenced by a decline in body weight. This 
shows that the administration of metformin extract 
and the active fraction of H. surattensis L. leaves can 
reduce the body weight of insulin resistance test 
animals. 

An insulin tolerance test is used to observe 
the sensitivity of the tissue to insulin. The results 

are often in the form of blood glucose levels, hence, 
it needs to be converted into a constant value of the 
insulin tolerance test (KITT). Insulin resistance 
refers to the sensitivity of tissues such as skeletal 
muscle, liver, kidneys, and adipocytes to insulin, 
leading to reduced utilization of blood glucose for 
metabolism, causing hyperglycemia. The obtained 
KITT value indicates insulin sensitivity, hence, an 
increase in the value leads to a proportional rise in 
insulin sensitivity. The induction with a high-fat 
and fructose diet in the test animals for 60 days 
caused insulin resistance characterized by a 
significant decrease in KITT as shown in Figure 2 
compared to the normal group which had a value 
ranging from 40-42%. On the 81st days after 
treatment, a significant increase in KITT was 
observed in the groups treated with metformin and 
FEA with values amounting to 2,1 and 2,2 times 
respectively compared to the negative control. 
These results indicate that FEA increased 
sensitivity in insulin-resistant diabetic rats. 

Table I. The mean Lee index of insulin resistance diabetic rats before and after induction, as well as after 
treatment 
 

Groups 
(n=5 each group) 

Lee index 
Day 0 (before treatment) Day 60 (after induction) Day 81 (after treatment) 

Normal control 275.3 ± 4.6 288.3 ± 3.3 286.2 ± 3.8# 
Negative control 270.2 ± 2.8 376.1 ± 9.0* 416.6 ± 9.0 
Metformin 276.7 ± 5.2 346.5 ± 7.1* 296.8 ± 7.4# 
FEA 50 267.8 ± 3.1 354.7 ± 5.2* 287.7 ± 3.9# 

 

Values are expressed in mean±SEM values, n=5, *: shows a significant difference with the normal group (p<0.05),                     
#: shows a significant difference with the negative control (p<0.05)  
 

 
 
Figure 1. Insulin tolerance test 

Notes: Values are expressed in terms of mean±SEM, n=5, *: significantly different from normal control (p<0.05);                      
#: significantly different from the negative control group (p<0.05) 
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The results of insulin, HbA1c, and AGEs 
levels (Table II) show that the negative control 
group had high insulin and fasting blood glucose 
levels. This indicates that insulin secreted by 
pancreatic cells did not reduce fasting blood 
glucose levels, which means that insulin resistance 
occurred. Furthermore, the HOMA-IR level 
parameter was used to determine the condition of 
insulin resistance, the higher the level, the greater 
the insulin resistance and vice versa. In the 
negative control group, the HOMA-IR level had the 
highest value indicating high insulin resistance, 
while the levels in the treatment group were lower. 
These results indicate that the administration of 
metformin and the active fraction of H. surattensis 
L. (FEA) increased insulin sensitivity. Based on the 
reference, a HOMA-IR value of 1.9 is indicated as an 
early symptom, while values > 2.9 represent high-
risk insulin resistance (Table II).  

The HbA1c levels increase in the negative 
control group compared to the normal (Table II). 
This phenomenon is related to the high glycation 
process of free radicals formed due to chronic 
hyperglycemia with hemoglobin lysine. When the 
blood glucose level is high, the non-enzymatic 
glycation process increases. The glycation also 
elevates the concentration of free radicals, which 
triggers an increase in HbA1c levels. High                      
levels of HbA1c might be associated with more 
interactions between free radicals mainly 
malondialdehyde/MDA and hemoglobin lysine. 
The MDA aldehyde group reacts with lysine to form 
N-(h)-lysine amino acrolein (h-LAA). This radical 
then interacts with the glucose aldehyde to form 
HbA1c (Astari et al., 2017; Sharma et al., 2017). 

The active fraction of H. surattensis L. leaves 
(FEA) reduced HbA1c levels in insulin-resistant 
diabetic rats by approximately twofold (Table II). 
This decrease was due to the chemical contents 
contained in FEA, which potentially prevent 
glycation and ward off free radicals. The inhibition 

of hemoglobin glycation by polyphenols is based on 
the binding to the reactive side of glucose in the 
form of a carbonyl by a polyphenol hydroxy group. 
Moreover, the decrease in MDA by polyphenolic 
compounds can prevent the reaction of these 
radicals with hemoglobin lysine. The low acrolein 
formed affects the reaction with the glucose 
aldehyde leading to a reduction in HbA1c formation 
(Sadowska-Bartosz & Bartosz, 2015). The decrease 
in HbA1c indicates decreasing blood glucose levels 
with increased insulin secretion. 

The measurement results of the mean AGEs 
levels using the ELISA method (Table II). Based on 
the results, the administration of FEA inhibited the 
formation of AGEs which were significantly 
different compared to the negative control group. 
The ethyl acetate fraction showed the best 
potential in inhibiting the formation of AGEs. Long-
term high blood glucose levels in DM patients 
trigger the process of lipid and protein glycation, 
which increases advanced glycation end products 
(AGE). Meanwhile, AGEs play a significant role in 
the occurrence of various complications in 
diabetes. They are a group of highly oxidized 
compounds implicated in the development of 
diabetes and several other chronic diseases 
(Sanchis et al., 2018). Besides, they are complex 
biochemicals formed by non-enzymatic glycation 
reactions between glucose and amino acids. The 
formation process known as the Maillard or 
Browning reaction occurs through a non-enzymatic 
reaction between the carbonyl group of reduced 
glucose, proteins, lipids, and nucleic acids. An 
increase in AGE can also stimulate the production 
of advanced glycation end product (RAGE) 
receptors. The interaction of AGE with RAGE 
potentially affects intracellular signal transduction, 
gene expression, the release of pro-inflammatory 
molecules, and the production of reactive oxygen 
species (ROS) that contribute to the pathology of 
diabetic vascular complications. 

Table II. Mean insulin levels, HOMA-IR index, HbA1c and AGEs levels of insulin resistance after the end of 
treatment 
 

Groups 
(n=5 each group) 

Plasma insulin level (mIU)/L) HOMA-IR HbA1c (ng/mL) AGEs (ng/mL) 

Normal control 8.8±0.6# 1.60±0.02# 36.5±2.2# 327.0±15.3# 
Negative control 14.2±0.4* 2.16±0.06 127.8±11.3* 614.3±29.4* 

Metformin 13.1±0.5*.# 1.64±0.10# 58.0±2.3*.# 426.5±12.3*.# 

FEA 50 11.5±0.9*.# 1.48±0.12# 55.7±1.5*.# 278.3±32.7# 
 

Values are expressed in mean ± SEM, n=5, *: significantly different from the normal group (p<0.05); #: significantly 
different from the negative control (p<0.05) 
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AGEs can induce oxidative stress and 
inflammation through various bonds, which in turn 
cause pathological effects associated with                  
long-term damage and dysfunction of several 
organs of the body, especially the eyes,                   
kidneys, nerves, heart, blood vessels, as well as 
various complications, including atherosclerosis, 
neuropathy, kidney failure, and retinopathy 
(Moldogazieva et al., 2019; Cepas et al., 2020). 
Ramasamy et al., 2011 suggested that elevated 
expression of RAGE in diabetes is associated with 
increased glycosylation of hemoglobin. 
Glycosylated hemoglobin species are precursors of 
AGEs or ligands of RAGE as demonstrated in the 
correlation between HbA1c and AGEs of 0.772, 
which indicates a strong correlation. Moreover, 
decreased hyperglycemia contributes to a 
reduction in HbA1c levels. This was observed in the 
relationship between blood glucose level and 
HbA1c of 0.845, which shows a significant 
correlation. 

One of the prominent features of type 2 DM 
is a decrease in the ability of insulin to act on 
peripheral target tissues, especially muscle and 
liver, which is known as insulin resistance. This 
condition can impair glucose utilization by insulin- 

sensitive tissues and increase hepatic glucose 
output leading to a reduction in the synthesis and 
translocation of glucose transporter 4 (GLUT-4) to 
cell membranes. GLUT-4 is present in several 
tissues, especially in the muscle and adipose tissue 
where translocation requires insulin and high 
glucose concentrations. Therefore, a decrease in 
GLUT-4 translocated to cell membranes will reduce 
the amount of glucose entering the cells. This leads 
to an increase in circulating blood glucose levels 
(hyperglycemia) because only a small amount of 
glucose can be transported into the tissues (Chadt 
& Al-Hasani, 2020). 

GLUT-4 is a major glucose transporter 
located mainly in muscle and fat cells. Meanwhile, 
insulin binds to an insulin receptor substrate (IRS) 
located on the cell membrane causing the 
production of a valuable signal for regulating 
glucose metabolism in muscle and fat cells. After 
binding, signal transduction plays a role in 
increasing the quantity of GLUT-4 to occupy a 
position in the cell membrane. The process of 
synthesis and translocation of GLUT-4 potentiates 
the entry of glucose from the extracellular to the 
intracellular space for further metabolism (Abdul-
Ghani & Defronzo, 2010). 
  

 

 
Figure 2. Immunohistochemical staining of normal control (a), negative control (b), metformin (c) and 
FEA (d).  ◯ = GLUT-4 expression 
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The GLUT-4 protein was examined by 
counting the amount in gastrocnemius muscle cells 
stained by immunohistochemistry. The 
immunohistochemical technique used was the 
indirect method of forming antigen-antibody bonds 
(Figure 2). The antigen is the GLUT-4 protein 
present in skeletal muscle cells, while the primary 
antibodies are polyclonal and anti-GLUT-4. 
Besides, the secondary antibody is biotinylated and 
was labeled to visualize the antigen-binding (Jafri 
et al., 2019). The muscle cells observed were 
considered representative with unfolded cells, no 
overlapping cells, and no thick slices.  

Staining was performed using DAB 
(Diaminobenzidine) to make the muscle tissue that 
contains GLUT-4 appear as dark-brown color. This 
indicates that some GLUT-4 are translocated to 
activated cell membranes and bound to antibodies. 
In DM patients, spots on muscle tissue will appear 
silvery-gray compared to dark-brown. This is due 
to the delivery of the PI-3 kinase signal, which leads 
to reduced GLUT-4 translocation to the cell 
membrane. This occurs in muscle tissue with 
insulin resistance diabetes mellitus. Furthermore, 
muscle cells containing the protein GLUT-4 have a 
blue nucleus surrounded by brown cytoplasm. The 
observation results of GLUT-4 protein expression 
in the gastrocnemius muscle tissue of insulin-
resistant rats after treatment for 21 days (Figure 2) 
show that the negative control group has a fainter 
and thinner color intensity in the cell membrane 
than the normal group. This means that GLUT-4 
expression in negative control is weaker compared 
to the normal group. Based on the results, long-
term induced feeding of high fat and fructose diet 
can cause desensitization and downregulation of 
insulin receptors to interfere with intracellular 
GLUT-4 translocation to the plasma membrane of 
skeletal muscle cells leading to hyperglycemia. 
Meanwhile, the metformin and the active fraction 
of H. surattensis L. leaves showed a higher brown 
color intensity than the negative control. This 
implies that the metformin group and FEA 
increased the amount of GLUT-4 translocated to 
activated cell membranes. 

The amount of GLUT-4 protein was 
examined using a light microscope with 400x 
magnification for each muscle slice (Figure 3).  

Based on the results, the calculation showed 
that GLUT-4 protein in the negative control was 
significantly different from the normal group. This 
indicates that the hyperglycemic state causes a 
decrease in the amount of GLUT-4 protein in the 
gastrocnemius muscle of rats. Furthermore, the 

amount of the transport protein in the normal 
group, as well as metformin, and FEA showed 
almost the same high value, and there was no 
significant difference, indicating that the FEA can 
increase the amount of GLUT-4 protein 
translocation. There was an increase in the 
expression of the transport protein in the active 
fraction of H. surattensis L. leaves due to the 
presence of flavonoids such as kaempferol, morine, 
and trifolin which increase the secretion of the 
hormone glucagon-like peptide-1 (GLP-1) by L cells 
in the human small intestine. Glucagon-like 
peptide-1 activates phosphoinositide 3-kinase 
(PI3K) in skeletal muscle cells, which can increase 
GLUT 4 expression and glucose entry. Meanwhile, 
skeletal muscle is the main site for the use of 
consumed glucose transferred from the blood by 
GLUT-4. Disruption of this activity will inhibit the 
use of glucose in skeletal muscle leading to 
hyperglycemia, hence, one of the therapeutic 
targets is to increase the expression of GLUT-4 to 
reduce blood glucose levels (Hajiaghaalipour et al., 
2015; Fang et al., 2019). 
 

 
 
Figure 3. GLUT-4 protein expression of rat 
gastrocnemius muscle cells insulin resistance                   
*: significantly different from negative control 
(p<0.05) 
 

Based on the statistical correlation analysis, 
it can be concluded that the decrease in blood 
glucose levels was influenced by the increase in the 
amount of GLUT-4 protein in rats with insulin 
resistance DM. The probability value (p) was 
smaller than the 5% level of significance (0.00 < 
0.05), meaning that there is a relationship between 
the decrease in blood glucose levels and the 
expression of GLUT-4. Moreover, the Pearson 
Correlation (r) test showed a value of -0.851, 
indicating that the relationship between decreasing 
blood glucose levels and GLUT-4 expression is 
strong. The negative value obtained implies that 
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there is an inverse relationship between a decrease 
in blood glucose levels and the amount of GLUT-4, 
hence, a decrease in blood glucose levels will 
proportionally increase the amount of GLUT-4 
protein translocated to the gastrocnemius muscle 
cell membrane. 

 

CONCLUSION 
This study proves that the active fraction of 

H. surattensis L. (FEA) leaves can increase insulin 
sensitivity, reduce HbA1c and AGEs levels, as well 
as increase GLUT4 translocation as a 
complementary therapy in type 2 diabetes. 
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