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Abstract. Type 2 diabetes mellitus (T2DM) is a metabolic disease characterized by 

hyperglycemia. High blood glucose levels in T2DM patients are treated by sulfonylurea. 

However, the long-term use of sulfonylurea can affect the regulation of glucose homeostasis 

and cause hypoglycemia. The cascade gene associated with the hypoglycemia is Kir6.2, a 

constituent of ATP-sensitive potassium channel (KATP), in the neuron. Kir6.2 mutations cause 

dysregulation of insulin secretion by pancreatic beta cells and glucagon secretion by pancreatic 

alpha cells. The aim of this study was to analyze the effect of CSN1S2 protein of etawah 

crossbred goat milk on Kir6.2 gene sequences in the rat model of T2DM. The experimental 

animals used were male Wistar rats (Rattus norvegicus) which were divided into two major 

groups, namely control group and T2DM group. Each group was administrated by CSN1S2 

protein with the dose of 375 mg/kg BW, 750 mg/kg BW, 1500 mg/kg BW, and without 

CSN1S2 protein administration. Each group was replicated three times. DNA was isolated 

from the rat brain. Kir6.2 gene was amplified by using specific primers. PCR products were 

purified and sequenced by using ABI 3730xl DNA Sequencer. DNA sequences were analyzed 

by using MEGA7 software. Amplification of the Kir6.2 gene produced 1173 bp DNA. There 

was no change in the Kir6.2 sequence in all treatments. The 25 mg/kg BW dose of 

streptozotocin had no effect on Kir6.2 gene sequence in the rat brain. This study also showed 

that administration of CSN1S2 protein at the dose of 375 mg/kg BB, 750 mg/kg BW, and 1500 

mg/kg BW did not cause mutations in the Kir6.2 gene in the brain of the rat model of T2DM. 

1. Introduction 
Diabetes mellitus (DM) tends to increase in number and significance so that it becomes one of the 

worldwide metabolic disorders. Indonesia has the sixth largest number of diabetic patients (10.3 

million) in 2017 [1]. DM can cause complications to premature death [2]. The presence of insulin 

resistance in type 2 DM (T2DM) is the cause of the high blood glucose levels (hyperglycemia) [3]. 
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The imbalance production of glucose and glucose intake as opposed to insulin-stimulated glucose 

uptake in target tissues are the factors affecting the development of hyperglycemia in T2DM [4]. It has 

been known that islet dysfunction and peripheral insulin resistance are present in T2DM [5]. Glucose-

stimulated insulin secretion in pancreatic islet is affected by ATP-sensitive potassium channels (KATP) 

[6].  

When blood sugar levels are high, pancreatic β-cells produce more energy in the form of ATP 

molecules. Increased levels of ATP will cause to the closure of KATP channel in the cell membrane. It 

triggers a cascade that leads to the release of insulin [7]. Sulfonylurea is used to stimulate the insulin 

secretion in T2DM patient. This drug targets the plasma membrane expressing the KATP channel of 

pancreatic β-cells. However, the long term used of sulfonylureas can cause undesirable side effects, 

such as hypoglycemia. It indicates the existence of impaired glucose homeostasis regulation [8–10]. 

The T2DM patients undergo impaired regulation of glucagon secretion characterized by an increase 

in plasma glucagon concentration in fasting conditions [11]. KATP channels in the hypothalamus play 

an important role in the glucose homeostasis by regulating the secretion of glucagon hormones and 

catecholamines through the autonomic nervous system [12]. The Kir6.2 subunit is a constituent of the 

KATP channel in the pancreatic β cells and neurons [13]. Several studies had investigated that mutation 

of Kir6.2 cause familial hyperinsulinemia in infancy and impaired counter-regulatory neurohumoral 

responses. The presence of defects in glucagon secretion in Kir6.2 null mice is an upstream of alpha 

cells that secrete glucagon [6,14,15]. Therefore, T2DM treatment does not only target the 

improvement in insulin secretion abnormalities, but also in dysfunctional glucagon secretion [11].  

Nutrition is one of the alternatives that can be used in the treatment of T2DM [16]. Bioactive 

peptides play an important role as signaling molecules in physiological functions and chronic diseases, 

such as hypertension and diabetes. CSN1S2 protein is a specific protein found in ethawah goat's milk 

[17,18]. CSN1S2 protein is known to have many function, including anti-inflammatory in rheumatoid 

arthritis, antimicrobial, and antioxidants [19,20]. The main focus of this study is to analyze the effect 

of CSN1S2 protein of etawah crossbred goat milk on Kir6.2 gene sequences in the rat model of 

T2DM. We predict that the CSN1S2 protein will not lead to Kir6.2 mutation. 

 

2. Materials and Methods 

 

2.1 Isolation of CSN1S2 Protein from Etawah Crossbred Goat Milk 

A 250 ml of Etawah Crossbred Goat Milk was heated at 40°C, then 5 ml of glacial acetic acid was 

added. Samples were filtered using nylon membranes to obtain protein from the milk. The protein 

obtained was quantified by the UV-vis NanoDrop spectrophotometer. Long-term storage was carried 

out at -20°C [18,21].  

 

2.2 Type 2 Diabetes Mellitus Animal Model Establishment 

The experimental animals used were male Wistar rats (Rattus norvegicus) with an age range of 2-3 

months and body weight range of 150-200 grams. Experimental animals were purchased from The 

Integrated Research and Testing Laboratory (LPPT), Gadjah Mada University. They were 

acclimatized for 1 week. There were two types of experimental groups, namely the control group and 

the diabetes mellitus group. Each group was fed for 2 months. The control group was given comfeed 

pars. The diabetes mellitus group was given comfeed pars and high-fat diet. Cholesterol level 

measurement was done every 2 weeks during the treatment by using cholesterol sticks. The rats in 

diabetes mellitus group with cholesterol levels exceeding 200 mg/dl were injected with streptozotocin 

(STZ). The injection was carried out intraperitoneally with a dose of STZ 25 mg/kg body weight. 

After the STZ injection, blood glucose levels were monitored. DM is diagnosed when blood sugar 

exceeds 250 mg/dl [22,23]. Blood sugar levels were measured every 2 weeks.  
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2.3 CSN1S2 Protein of Etawah Crossbred Goat Milk Treatment 

The control (C) and diabetes mellitus (DM) group were not treated with CSN1S2 protein. There were 

three variations of CSN1S2 protein concentration used in this study. Each CSN1S2 protein 

concentration was administered to the control group and diabetes mellitus group. The control group 

was consisted of C+375 mg/kg BW of CSN1S2 protein treatment (CM375), C+750 mg/kg BW of 

CSN1S2 protein treatment (CM750), and C+1500 mg/kg BW of CSN1S2 protein treatment 

(CM1500). The diabetes mellitus group was consisted of DM+375 mg/kg BW of CSN1S2 protein 

treatment (DMM375), DM+750 mg/kg BW of CSN1S2 protein treatment (DMM750), and DM+1500 

mg/kg BW of CSN1S2 protein treatment (DMM1500). Each group consists of three replications. The 

CSN1S2 protein treatment was carried out orally for 28 days [24,25]. 

 

2.4 DNA Isolation and Amplification 

DNA isolation method of the rat brain samples was according to Sambrook et. al. [26] with some 

modifications. The quantity and quality of DNA were measured by using NanoDrop 

spectrophotometer and 0.8% agarose gel electrophoresis then visualized by BioRad Gel 

Documentation. Amplification of the Kir6.2 gene was carried out using the Biorad PCR machine. 

Primer was designed based on Kir6.2 mRNA sequence of Rattus norvegicus obtained from NCBI with 

gene ID: X97041.1. The forward and reverse primer were 5'-ATGCTGTCCCGAAAGGGCA-3' and 

5'-TCAGGACAAGGAATCTGGAG-3', respectively. The PCR program consisted of hot start 95°C 

for 3 minutes (1 cycle), denaturation 95°C for 30 seconds, annealing 55°C for 30 seconds, and 

extension 72°C for 2 minutes (34 cycles), and then post extension 72°C for 7 minutes (1 cycle). PCR 

products were measured qualitatively by using 1.5% agarose gel electrophoresis. 

 

2.5 Sequencing and Sequencing Data Analysis 

The 5 µl of purified PCR products were put into a 1.5 mL sterile microtube and added to the forward 

or reverse primer solution. The sample was homogenized by mixing gently. Sequencing of the DNA 

samples was carried out by using ABI 3730xl DNA Sequencer (Koeln, Germany). DNA sequencing 

samples were analyzed using MEGA7 software. 

 

3. Results and Discussion 

The Kir6.2 gene amplification (Figure 1a) was successfully demonstrated in 1.5% agarose gel 

electrophoresis. The DNA size of 1173 bp was established. Alignment by using MEGA 7 showed no 

mutation in the control group and the CSN1S2 protein-treated control group (Figure 1b). It indicated 

that the administration of CSN1S2 protein at a dose of 375 mg/kg BW, 750 mg/kg BW, and 1500 

mg/kg did not cause mutations in the Kir6.2 gene in the brain.  

Several studies of CSN1S2 protein of etawah crossbred goat milk have been established 

[18,20,21,27]. The CSN1S2 protein will be broken down into several bioactive peptides by the 

protease enzyme in the small intestine. The rat model of rheumatoid arthritis showed transversion 

mutation in STAT3 gene. The CSN1S2 milk treatment induced the mutated STAT3 gene to become 

normal. In addition, the administration of CSN1S2 milk did not cause mutation in STAT3 gene of the 

normal rat group [20]. The bioactive peptide of goat's milk Etawah can act as an inhibitor of AGEs-

RAGE interactions that interferes the cascade transduction signals at the cellular level [27].   
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Figure 1. The Kir6.2 gene in normal rat and T2DM rat model. (A) 1173 bp of Kir6.2 gene visualized 

in 1.5% agarose gel. (B) The Kir6.2 DNA sequence alignment by using MEGA7 software. K+: 

positive control, K-: negative control; C: control group, CM375: control + 375 mg/kg BW of CSN1S2 

protein, CM750: control + 750 mg/kg BW of CSN1S2 protein, CM1500: control + 1500 mg/kg BW 

of CSN1S2 protein, DM: diabetes mellitus group, DMM375: DM + 375 mg/kg BW of CSN1S2 

protein, DMM750: DM + 750 mg/kg BW of CSN1S2 protein, DMM1500: DM + 1500 mg/kg BW of 

CSN1S2 protein, M: 100 bp DNA ladder (Gene aid) 

 

STZ is widely used in the establishment of animal models of diabetes. STZ, 2-deoxy-2- (N methyl-

N-nitrosourea)-1-D-glucopyranose is a strong alkylating agent. STZ can enter the pancreatic β cells 

through glucose-GLUT2 transporters and induce DNA methylation and DNA damage [22,28]. It 

induces diabetes in mouse models by inhibiting O-GlcNAcase. GLUT2 in β cells transports STZ into 

cells and causes irreversible alkylation of β cells and necrosis [29]. In DM group, no mutation was 

found in the Kir6.2 gene. The similar result was found in the DMM375, DMM750 and DMM1500 

treatment (Figure 1b). This study revealed that the Kir6.2 gene was not directly affected by 

hypercholesterol treatment in T2DM rat model establishment.  

The condition of hypercholesterol is known to induce damage to insulin receptors in cells through 

the formation of reactive oxygen species (ROS). This condition is also able to induce damage to the 

pancreatic β cells [30]. To make T2DM rat model, a high-fat diet and streptozotocin (STZ) were 

given. This model involves a combination of a high-fat diet to produce animal model with conditions 

of insulin resistance, hyperinsulinemia and/or glucose intolerance followed by the administration of 

STZ, which causes a reduction in the mass of functional β cells. These two factors are designed to 

mimic the T2DM pathology [31]. This condition targets the damage of pancreatic β cell directly so 

that this could be the reason for the Kir6.2 gene of T2DM rat brain not to mutate. In addition to 

pancreatic beta cells, STZ damages other organs that express GLUT2, such as the kidneys and liver. 

The brain is not directly affected because the blood brain barrier lacks of GLUT2 protein. There are 

A. 

B. 
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cells that express GLUT2 in the brain, especially in circumventricular and hypothalamic organs. Some 

of these cells may be involved in glucose sensing [32]. 

 

4. Conclusion 
The administration of CSN1S2 protein at a dose of 375 mg/kg BW, 750 mg/kg BW, and 1500 mg/kg 

BW did not cause changes in the Kir6.2 gene sequence in the brain of T2DM rat model. 
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