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ABSTRACT 

This study aims to determine the effect of high glycemicindex (GI) diet 

on blood glucose, serum insulin, number of islet cells, Akt, and Pdx1 expression 

in beta cells. Eight weeks-old healthy male Balb/c mice were divided into two 

groups. The control group was given standard diet. The high glycemic index 

(highGI) group was given standard diet added with oral gavage of glucose 

solution everyday for 4 weeks. The dose of glucose solution was 0.013 g/gBW 

or 3-5% additional calories each day. Random blood glucose (BG) was taken 

before (pre) and after (post) treatment from tail vein. Serum insulin (SI) was 

taken after treatment from blood cardiac. Islet was removed after treatment. 

The number of islet cells was counted in HE staining. Akt and Pdx1 were 

analyzed in IHC staining. The results revealed that the changes of body weight 

before and after treatment were significantly different between groups 

(P=0.025). BG post in the highGI increased significantly compared to that in 

the control (P= 0.032). However, SI in the highGI decreased significantly 

compared to that in the control (P=0.003). The number of islet cells in the 

highGI decreased insignificantly (P=0.346). Meanwhile, Akt and Pdx1 in the 

highGI increased slightly (P=0.729; P=0.701). It can be concluded that a high 

GI diet can increase blood glucose level but reduce serum insulin level. 

However, there is no evidence of underlying mechanism of this chronic 

condition via Akt and Pdx1. Thus, further research is needed, especially for 

observing apoptosis and other modulators on beta cells. 
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INTRODUCTION 

 

The prevalence of diabetes mellitus (DM) is increasing. It is estimated that 

in 2040, the number of patients with DM will be more than 642 million  (Zheng 

et al., 2018). Hyperglicemia or high abnormal level of blood glucose is one of the 

signs of DM. International Diabetes Federation (2014) released the risk factors of 

DM, which include family history, overweight and obesity, disproportionate diet, 

sedentary lifestyle, and aging. Several studies have been conducted to observe the 

lifestyle (e.g. sedentary lifestyle and diet) of DM patients and glucose metabolism 

related disorders, such as insulin resistance (Pathak, 2012; Chong et al., 2017; 

Pathak and Putri et al., 2018). 

Glucose is a type of monosaccharide that has the highest glycemic index 

(GI) value. The GI is 100 (The President and Fellows of Harvard College, 2017). 

Food with high GI is absorbed faster, which leads to an increase of blood glucose. 

It has been known that high carbohydrate, especially with high GI diet, can trigger 

type 2 diabetes or glucose metabolism related disorders (Adeyi et al., 2012; 

Hasegawa-Tanaka and Machida, 2016). 

Glucose is one of several factors which can stimulate several transcription 

factors in beta cells, like Akt (protein kinase B or serine/threonine-specific 

protein kinase) and Pdx-1 (pancreatic duodenal homeobox-1). Akt is an important 

component for pro-survival and anti-apoptotic agent, which can inhibit caspase-

9 (Khwaja, 1999). Research by Puddu et al. (2013) showed that Akt can increase 

the mass of islets. It has also been identified that Akt impedes GSK-3 (glycogen 

synthase kinase-3). GSK-3 has a role in Pdx1 degradation (Humphrey et al., 

2010). Pdx1 is one of the transcription factors identified in the pancreas since 

embryonal phase, and it is still expressed in adult phase. Pdx1 has been identified 

to have a pivotal role in beta cell growth and adult beta-cell function (Spaeth et 

al., 2017). Therefore, Akt can stimulate Pdx1 through its inhibition effect on 

GSK-3 (Johnson et al., 2006; Murtaugh, 2007; Humphrey et al., 2010;). However, 

the implication mechanism of Akt and Pdx1 in the chronic high GI diet exposure 

is not clearly understood. Hence, the objective of this study is to determine the 

patterns of glucose and serum insulin levels, as well as the role of Akt and Pdx1 

in beta cells because of chronic exposure to high GI diet. 

 

MATERIAL AND METHODS 

 

Approval for this research has been obtained from Animal Care and Use 

Committee, Faculty of Veterinary, Universitas Airlangga (No. 561-KE). 

Animals 

Eight week-old healthy male Balb/c mice were used in this study. The 

animal subjects were obtained from Faculty of Veterinary, Universitas Airlangga. 

The mice were divided into two groups: control group and high glycemic index 
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diet group (highGI). Each group consisted of seven mice. The control group was 

given standard diet. Meanwhile, the highGI group was given standard diet added 

with daily oral gavage of glucose solution 0.013 g/g of body weight or 3-5% 

additional calories each day. Basu et al. (2013) said that 150 kcal/person/day of 

sugar or about 7.5% each day was associated with increased diabetes prevalence. 

However, based on previous research, the addition of calories more than 7.4% 

each day in mice gave only 16.7-36.4% on survival rate (Herawati et al., 2016). 

Therefore, we decided to give a lower dose of additional calories. The duration 

of the treatment was 4 weeks. 

At the end of the treatment, the mice were sacrificed by intraperitoneal 

anesthesia. The anesthesia cocktail was made up of 1 ml ketamine (100 mg/ml), 

0.5 ml xylazine (20 mg/ml), 0.3 ml acepromazine (10 mg/ml), and 8.2 ml of 

sterile water. The intraperitoneal anesthesia dose was 0.05-0.1 ml/10g body 

weight. 

Intracardiac blood was taken to analyze the serum insulin level and the 

pancreas was removed. Then, histologic preparations were set by hematoxylin-

eosin (HE) staining on pancreatic organs to calculate the number of islet cells and 

immunohistochemical (IHC)  staining for Akt and Pdx1. 

Blood glucose 

Random blood glucose (BG) samples in mg/dL were blood drops from the 

tail taken before and after the treatment. It was measured by an Accucheck 

Performa glucometer. 

Insulin serum 

The blood from intracardiac was centrifuged and the serum was taken for 

further examination for serum insulin levels in IU/L by Elisa (BT laboratory). 

Islet cells 

The number of islet cells was analyzed using Image-J software with HE 

staining. The average number of islet cells was from 5 fields of view.  

Akt and Pdx1 expression 

IHC slides were used to interpret the expression of Akt and Pdx1. The Akt 

and Pdx1 expression measurements were performed by counting the average 

number of beta cells in 5 fields of view, which gave a positive reaction to Akt 

antibody monoclonal (Anti-AKT1/2/3 antibody, EPR16798, ab179463, Abcam) 

and Pdx1 monoclonal antibody (B-11, sc. 390792, Santa Cruz Biotechnology) 

with 1000x enlargement using a light microscope (Nikon eclipse E100) equipped 

with DS Fi2 300 megapixel digital camera. 

The Akt and Pdx1 expression in each sample were assessed 

semiquantitatively according to the modified Remmele method (Nowak et al., 

2007), in which the Remmele’s Immuno Reactive Score (IRS) Index was 
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obtained from multiplication of positive immune-reactive cell percentage scores 

with a color intensity score at immune reactive cells (Table 1). 
 

Table 1. Semiquantitatively scale of Remmele’s Immuno Reactive Score. 
  

A 

(positive immunoreactive cells) 

B 

(color intensity score of immunoreactive cells) 
Score 0 : 0% Score 0 : no color reaction 

Score 1 : <10% Score 1 : color intensity low 

Score 2 : 11% - 50% Score 2 : color intensity moderate 

Score 3 : 51% - 80% Score 3 : color intensity high 

Score 4 : >80%  

Note:  Multiply positive immunoreactive cell percentage scores (A) with color intensity score at immunereactive 

cells (B). IRS=AxB. 

 

Statistic analysis  

Normality test was performed to evaluate data distribution. The 

independent-T test was used when it was normally distributed. The wilcoxon-

mann whitney test was applied when it was not normally distributed. 
 

RESULTS  

 

The data of variables measured in this study can be seen in Table 2. The 

body weight before treatment (BW_pre) and blood glucose levels before 

treatment (BG_pre) showed insignificant differences. It told us that at the 

beginning of the treatment, the animals were in a relatively homogeneous state. 
 

Table 2. Mean of the variables. 
  Groups 

  Control highGI 

BW_pre (gram) 21.03  ±    0.89   18.67  ±   3.64 

BW_post (gram) 21.79  ±    3.62             23.30  ±   3.75 

BWpre_post (gram)   0.76  ±    3.98       4.60  ±   2.00* 

BG_pre (mg/dL)        112.57  ±  16.30           100.00  ± 20.03 

BG_post (mg/dL) 98.57  ±  21.87   119.00  ±  14.88* 

Δ BGpre_post (mg/dL)        -14.00  ±  26.06     19.00  ±  31.01* 

SI (IU/L)  4.13   ±   0.90      2.76  ±    0.18* 

Islet cells (å)         51.16   ± 13.75            44.37  ±  12.10 

Akt (score)  5.71   ±   2.56              6.17  ±    2.25 

Pdx1 (score)  4.56   ±   2.68              5.20  ±    2.10 

Note:  Data are expressed as mean ± SD. (n=7 in each group). Statistical analyses were done using the 

independent T test (n= 7 in each group). *significantly different (P<0.05) from the control groups. 
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Effects of high GI on body weight 

 Body weight before and after treatment were not significantly different 

(Table 2; Figure 1a). Nevertheless, the highGI group gained more weight 

compared to the control group (P=0.025) (Table 2; Figure 1b). 

 

 
Figure 1. (a) Body weight (gram) before and after treatment.; (b) Body weight 

changes (gram) during treatment. Statistical analyses were done using 

the independent T test (n= 7 in each group). *significantly different 

(P< 0.05) from the control groups. 

 

Effects of high GI on blood glucose and serum insulin 
After 4 weeks of treatment, the random blood glucose (BG post) of the 

high GI group increased significantly (P=0.032) (Table 2; Figure 2a). The 

difference of blood glucose level of the highGI group was also significantly 

higher (P=0.026) (Table 2; Figure 3). Meanwhile, the serum insulin levels in the 

highGI group experienced a significant decrease compared to the control group 

(P=0.003) (Table 2; Figure 2b). It is interesting that it was not in line with the 

insulin levels secreted by higher blood glucose levels in the highGI group. 

 

 

Figure 2.  (a) Random blood glucose level (mg/dL) before and after treatment.; 

(b) Serum insulin level (IU/L) after treatment. Statistical analyses 

were done using the independent T test (n= 7 in each group). 

*significantly different (P< 0.05) from the control groups. 
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Figure 3.  Blood glucose level changes (mg/dL). Statistical analysis was done 

using the independent T test (n= 7 in each group). *significantly 

different (P< 0.05) from the control groups. 

 

Effects of high GI on the islet cells 

It is proven that most cells in the islet are beta cells. They are 70-80% of all 

islet cells. The treatment of a highGI diet had not shown a significant difference 

(P= 0.346) (Table 2; Figure 4). However, there was a tendency for the highGI 

group to have a lower number of islet cells. 
 

Figure 4.  Number of islet cells after treatment (P=0.346). Statistical analysis 

was done using the independent T test (n= 7 in each group). No 

significantly different (P≥ 0.05) between groups. 
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Figure 5. Islet cells in pancreatic islets (arrows: the margins of islet) with 

hematoxylin eosin staining, microscope Nikon eclipse Ci, enlarged 

1000x, Optilab Viewer 2.2, Image raster 3.0 

 

Effects of high GI on Akt and Pdx1 expression 

The score of expression of Akt and Pdx1 in beta cells showed no significant 

difference between group (P= 0.729; P= 0.701) (Table 2; Figure 6). However, the 

average patterns seemed to have an increasing trend of score of expression of  Akt 

and Pdx1. 

 

 
Figure 6.  (a) Akt expression after treatment (P=0.729); (b) Pdx1 expression 

after treatment (P=0.701). Statistical analyses were done using the 

independent T test (n= 7 in each group).  No significantly different 

(P≥ 0.05) between groups. 
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a) 

 
b) 

 
 

Figure 7.  a) Akt expression in pancreatic islets; b) Pdx1 expression in 

pancreatic islets, with IHC staining, microscope Nikon eclipse Ci, 

enlarged 1000x, Optilab Viewer 2.2, Image raster 3.0 

 

DISCUSSION 

 

Additional calories of monosaccharide carbohydrates (glucose), a type of 

food with the highest glycemic index, will increase body weight. It was due to 

the calories intake. In mice, the estimated standard calorie diet is about 25 calories 

per day and the amount of additional calories in this study was extra 3-5% of 

standard calories per day.  However, several studies revealed different results.  

A study by Xu et al. (2010) on male wistar rats given 12-week carbohydrate diet 

showed that the low carbohydrate diet group gained the biggest weight. Herawati 

et al. (2018) conducted research using sugar solution given to high GI category 

for 8 weeks, which showed lower body weight compared to the control group. 

Adeyi et al. (2012) also demonstrated that the high GI/low-fat diet in the form of 
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bread for 8 weeks also generated similar results. It seemed that our different result 

is related to the shorter duration of the treatment. 

The random blood glucose level after treatment in the highGI group 

increased significantly compared to the control group. This is similar to high  

fat-high sucrose diet for 19 weeks which resulted in increased fasting glucose 

level (Hu et al., 2016) and increased random blood glucose level on high 

carbohydrate diet for 9 weeks on rats (Herawati et al., 2019). Nevertheless, 

several prior studies revealed varied findings. High glucose diet for 12 weeks on 

mice presented no significantly difference on blood glucose (Sheng et al., 2017). 

Meanwhile, a different study revealed lower level of fasting glucose in control 

group compared to the treatment group (high protein, high dextrose, high fat diet 

for 24 weeks) (Forbes et al., 2013), which aligns with the results of this study.  

The highGI group had lower insulin level. It had a linearity effect with the 

level of blood glucose. The increase of blood glucose level could be the result of 

lower serum insulin level. The lower insulin levels cause the blood glucose to 

enter the cells lower, affecting higher blood glucose level in the highGI group. 

The islet cells number showed an insignificant difference between groups. 

Smaller numbers were in the treatment group. This result is similar to the result 

of research conducted by Campos (2012) indicating that the beta cells mass 

decreased because of glucose diet through the apoptosis mechanism. Meanwhile, 

Sheng et al., (2017) revealed a different result, in which high glucose diet for 12 

weeks resulted in increased beta cells mass. The increment trend of islet 

pancreatic area was also was found in high carbohydrate diet for 9 weeks 

(Herawati et al., 2019). The insignificant decrease of islet cells in this study could 

be related to the insignificant increase of Akt and Pdx1 expression. Also, more 

explanations about the mechanism are needed such as apoptosis analysis which 

has a trend to increase (Herawati et al., 2018). However, research conducted by 

Jiang et al. (2015), Hu et al. (2016) and Wang et al. (2016) indicated that high 

fat-high sucrose diet for 19 weeks caused injured pancreatic islet through intrinsic 

apoptosis pathway such as cytochrome c, caspase-3, caspase-9, and also via 

inflammatory mediator that induced pancreatic islet apoptosis. 

The highest average Akt expression score of beta cells was found in the 

highGI group. However, there was no statistically significant difference. It 

indicates that this treatment had not been able to promote an effect to Akt. Yet, 

the statictic showed not significant difference; the mean of the Akt expression 

score was in line with the increase in Pdx1 expression scores. In previous studies, 

related to Akt, there were different results. They depended on the organs 

examined. Glucose diet for 24 weeks presented no sigficantly different increase 

of phospho-Akt/Akt ratio in the liver and no sigficantly different decrease of 

skeletal muscle (Forbes et al., 2013). 

The mean of Pdx1 beta cells in the highGI group had a higher expression 

score than that of the control group. However, statistically, there was no 
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significant difference between groups. This indicates that treatment could not 

have an effect on beta cell Pdx1 expression. Previous research showed that Akt 

can hinder GSK-3. It has been known that GSK-3 can stimulate the degradation 

of Pdx1. Accordingly, if there is a condition that can stimulate the increase of 

Akt, it can support the inhibition of Pdx1 degradation since GSK-3 can be 

inhibited by Akt (Humphrey et al., 2010). Prior studies showed that since E.13.5 

to birth of embryo on mice, there are other transcription factors that can activate 

insulin transcription besides Pdx1. They are mammalian transcription factor 

(MafA and MafB), Nkx6.1 and Glut-2 (Seymour and Sander, 2011).  

 

CONCLUSION 

 

Our study has revealed that the chronic high GI diet can increase blood 

glucose level but reduce serum insulin level. However, there is no evidence of 

underlying mechanism of this chronic condition via Akt and Pdx1. Thus, further 

research is needed for other modulators on beta cells. 
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