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Abstract 

Ethyl iso-allocholate (EIA) has emerged as a compound of interest due to its potential antioxidant 

and antidiabetic properties. This study aimed to evaluate the antidiabetic and antioxidant potential of 

EIA through a combination of in vitro assays and in silico analysis. The antioxidant activity of EIA 

was assessed using the DPPH radical scavenging assay. EIA demonstrated significant antioxidant 

activity with inhibition percentages of 29% at 100μg, increasing to 88% at 500μg, compared to 

Vitamin C, the standard antioxidant, which showed 41% and 95% inhibition, respectively. In terms of 

antidiabetic potential, EIA’s efficacy was evaluated through alpha-amylase and alpha-glucosidase 

inhibition assays. EIA exhibited dose-dependent inhibition of alpha-amylase, with a maximum 

inhibition of 71.3% at 50μg, compared to 96% by acarbose, a standard antidiabetic agent. Similarly, 

in the alpha-glucosidase assay, EIA showed up to 70.25% inhibition at 50μg, while acarbose achieved 

95.7%. The cytotoxicity of EIA was assessed in 3T3-L1 cells over 48 hours, indicating a favorable 

safety profile. Additionally, Real-time PCR analysis revealed that EIA positively modulated the 

expression of key insulin signaling components (IR, IRS1, Akt, PI3K, and GLUT4) in 3T3-L1 cells. In 

silico molecular docking studies further supported these findings, showing strong binding affinities of 

EIA with insulin receptor (IR), IRS1, Akt, GLUT4, and PI3K, with the highest binding affinity 

observed with GLUT4 (-8.5 kcal/mol) and PI3K (-8.8 kcal/mol). These results suggest that EIA could 

be a promising candidate for further research into its therapeutic potential for diabetes and oxidative 

stress management. 
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Introduction 

Diabetes mellitus, a chronic metabolic 

disorder characterized by hyperglycemia, has 

reached epidemic proportions globally. The 

two primary forms of diabetes are Type 1 

diabetes (T1D) and Type 2 diabetes (T2D). 

T1D is an autoimmune condition leading to 

the destruction of insulin-producing beta cells 

in the pancreas, while T2D primarily involves 

insulin resistance and beta-cell dysfunction 

(American Diabetes Association, 2022) [1]. 

The latter, which constitutes the majority of 

diabetes cases, is closely associated with 

obesity, sedentary lifestyle, and genetic 

predisposition. Oxidative stress, an imbalance 

between reactive oxygen species (ROS) and 

antioxidant defenses, plays a pivotal role in the 

development and progression of diabetes. ROS 
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can damage cellular components, leading to 

complications such as cardiovascular disease, 

neuropathy, and retinopathy. The ability of 

cells to manage oxidative stress is essential for 

preventing these complications and 

maintaining overall metabolic health [2]. Ethyl 

iso-allocholate (EIA) is a bile acid derivative 

that has recently gained attention for its 

potential therapeutic effects. Bile acids, 

produced in the liver, aid in the digestion and 

absorption of dietary fats. Their derivatives, 

including EIA, have been found to exhibit a 

range of biological activities beyond their 

digestive functions, including antioxidant and 

anti-inflammatory effects [3]. EIA's dual 

potential to act as both an antioxidant and an 

antidiabetic agent makes it an interesting 

candidate for therapeutic research. Its chemical 

structure, which includes hydroxyl groups and 

a bile acid backbone, contributes to its 

biological activities. Understanding the 

mechanisms through which EIA exerts its 

effects can provide insights into its potential 

applications in managing diabetes and 

oxidative stress. 

The insulin receptor (IR) is a 

transmembrane receptor that plays a crucial 

role in regulating glucose homeostasis. Insulin 

binding to IR activates its intrinsic tyrosine 

kinase activity, leading to autophosphorylation 

and activation of downstream signaling 

pathways [4]. This activation is essential for 

the uptake and utilization of glucose by cells, 

particularly in muscle and adipose tissues. 

Insulin receptor substrate 1 (IRS-1) is a critical 

downstream signaling molecule in the insulin 

pathway. Upon phosphorylation by the 

activated insulin receptor, IRS-1 interacts with 

various signaling proteins, including 

phosphatidylinositol 3-kinase (PI3K) and Akt 

(protein kinase B). This interaction facilitates 

the transduction of insulin signals that promote 

glucose uptake and glycogen synthesis [5]. 

IRS-1’s role is crucial in maintaining insulin 

sensitivity and glucose homeostasis. Akt is a 

serine/threonine kinase that acts as a central 

regulator in the insulin signaling pathway. 

Activated by IRS-1 through PI3K, Akt 

mediates several metabolic processes, 

including glucose uptake, glycogen synthesis, 

and cell survival. Dysregulation of Akt 

signaling is commonly observed in insulin 

resistance and T2D, highlighting its 

importance in metabolic disorders [6]. GLUT4 

is an insulin-sensitive glucose transporter 

predominantly found in muscle and adipose 

tissues. Insulin stimulates the translocation of 

GLUT4 from intracellular vesicles to the cell 

membrane, enhancing glucose uptake into 

cells. Impaired GLUT4 translocation is a key 

feature of insulin resistance and T2D, 

underscoring its significance in glucose 

metabolism [7]. 

In vitro studies have provided evidence for 

EIA’s antidiabetic effects. For example, Kim 

et al. (2015) [8] demonstrated that EIA 

increased glucose uptake in insulin-resistant 

cell models. This effect was attributed to the 

modulation of insulin signaling pathways, 

particularly the activation of IRS-1 and Akt. 

EIA’s ability to enhance glucose uptake 

suggests its potential to improve insulin 

sensitivity and glycemic control. Further 

studies have explored EIA’s effects on glucose 

metabolism through its impact on GLUT4. 

Zhang et al. (2017) [9] reported that EIA 

treatment increased GLUT4 expression and 

translocation in muscle cells. This finding 

supports EIA’s role in enhancing glucose 

uptake by promoting GLUT4-mediated 

glucose transport. EIA’s antioxidant properties 

have been investigated in various cell models. 

The compound has been shown to scavenge 

free radicals and reduce oxidative stress 

markers. For instance, the EIA decreased ROS 

levels and increased the activity of antioxidant 

enzymes in cultured cells. These findings 

highlight EIA’s potential to mitigate oxidative 

damage associated with diabetes [9]. In this 

study, we have provided mechanisms of action 

of how EIA enhances insulin sensitivity in 

adipocytes via IR/IRS-1/AKT/GLUT4 



mediated signaling. Molecular docking 

analysis was also performed to validate the 

mechanisms. 

Materials and Methods 

Procurement of Cells and Cytotoxicity 

Assessment 

Mouse adipocytes cells 3T3-l1 adipocytes 

cells were purchased from the National Centre 

for Cell Science (NCCS) and cultured at 

ambient temperature according to protocols. 

Cell viability by MTT (3-(4,5-

Dimethylthiazol-2-yl)-2,5- 

Diphenyltetrazolium Bromide) assay After the 

KB cells reached confluence, 6000 cells were 

seeded in a plate, incubated, and then treated 

with Ethyl iso-allocholate at various doses. 

Following 48 hours of incubation, 50μL of 

MTT reagent from Abcam was added and 

incubated in the dark for 3-4 hours. 

Subsequently, the medium was gently 

aspirated, and 100μL of dimethyl sulfoxide 

(DMSO) solvent was introduced into all the 

wells. The mixture was covered with foil, 

agitated for 5 minutes, and measured at 590 

nm. 

mRNA expression by RT-PCR 

To analyze the gene expression pattern of 

molecules in response to Ethyl iso-allocholate 

treatment, 5×106 cells were loaded into 

separate wells of a 6-well plate, and hesperidin 

was added with a serum-free medium at a 24- 

hour incubation. Using the TRIR kit, we 

extracted the total RNA from the cells. The 

RNA was then subjected to complementary 

DNA synthesis using a reverse transcriptase 

kit. The cDNA was utilized for mRNA studies 

using real-time PCR. The following gene 

specific primers were used in this study. 

Molecular Docking Analysis 

The study delved into the investigation of 

binding interactions between Ethyl iso-

allocholate and crucial insulin signaling 

regulating proteins, specifically for pro-

inflammatory and apoptotic proteins, and a 

total of 100 genetic algorithm runs were 

conducted to explore various binding 

conformations and orientations, 

comprehensively examining the potential 

binding interactions between Ethyl iso-

allocholate and these proteins. 

Statistical analysis 

The data were presented as mean ± SD. The 

statistical significance of the findings was 

assessed through statistical analysis performed 

with GraphPad Prism 8 software. A t-test was 

applied to assess the significance of the data, 

with the representation of p-value as ***< 

0.001, **< 0.01, and *< 0.05.

 

Gene Forward primer Reverse primer 

IR 5’-AGTGAAGATGGAAGGAAAGA-3’ 5’ AGAGTGAAGGAATGACAGG-3’ 

IRS1 5’-TGGCAGTGAGGATGTGAAAC-3’ 5’-CTTGGATGCTCCCCCTAGAT-3’ 

AKT 5’- ATCCCCTCAACAACTTCTCAGT -

3’ 

5’-CTTCCGTCCACTCTTCTCTTTC-3’ 

GLUT

4 

5’-GAGCCTGAATGCTAATGGAG-3’ 5’-GAGAGAGAGCGTCCAATGTC-3’ 

β-actin 5’-CCTGAGGCTCTTTTCCAGCC-3’ 5′-AGAGGTCTTTACGGATGTCAACGT-3′ 

Gene Forward primer Reverse primer 

IR 5’-AGTGAAGATGGAAGGAAAGA-3’ 5’ AGAGTGAAGGAATGACAGG-3’ 

IRS1 5’-TGGCAGTGAGGATGTGAAAC-3’ 5’-CTTGGATGCTCCCCCTAGAT-3’ 

AKT 5’-ATCCCCTCAACAACTTCTCAGT-

3’ 

5’- CTTCCGTCCACTCTTCTCTTTC -3’ 



GLUT

4 

5’-GAGCCTGAATGCTAATGGAG-3’ 5’-GAGAGAGAGCGTCCAATGTC-3’ 

β-actin 5’-CCTGAGGCTCTTTTCCAGCC-3’ 5′-AGAGGTCTTTACGGATGTCAACGT-3′ 

Results 

DPPH Radical Scavenging Activity 

The antioxidant activity of Ethyl iso-

allocholate (EIA) was evaluated using the 

DPPH radical scavenging assay. As shown in 

Table 1 and Figure 1, EIA demonstrated a 

concentration-dependent increase in radical 

scavenging activity. At 100μg, EIA exhibited 

29% inhibition, which significantly increased 

to 88% inhibition at 500μg. Comparatively, 

Vitamin C, a well-established antioxidant, 

showed inhibition values of 41% at 100 μg and 

95.4% at 500 μg. These results indicate that 

EIA possesses substantial antioxidant 

potential, although it is slightly less effective 

than Vitamin C at higher concentrations. 

 

Figure 1. Represents the DPPH Activity (% of inhibition). 

Table 1. Represents the Dose-Dependent Inhibition of DPPH Radical Formation. 

Sample 

concentration 

% of 

Inhibition 

(EIA) 

% of Inhibition 

(Vit C) 

100 μg 29±8 41±3.41 

200 μg 49.5±9 58.14±1.14 

300 μg 51±4 76.87±2.24 

400 μg 67±7 80.35±1.41 

500 μg 88±4 95.4±3.05 

Alpha-Amylase Inhibition Activity 

The alpha-amylase inhibition assay assessed 

the antidiabetic potential of EIA by measuring 

its ability to inhibit alpha-amylase activity. As 

depicted in Table 2 and Figure 2, EIA showed 

a dose-dependent inhibition of alpha-amylase. 

At 10 μg, EIA exhibited an inhibition of 18%, 

increasing to 71.3% at 50 μg. In comparison, 

the standard antidiabetic agent acarbose 

demonstrated inhibition levels of 40.54% at 10 

μg and 96% at 50 μg. EIA’s inhibition profile, 

while not as potent as acarbose, indicates its 

potential as an antidiabetic agent, especially at 

higher concentrations. 



 
Figure 2. Represents the Alpha-amylase (% of inhibition). 

Table 2. Represents the Alpha-amylase Activity (% of Inhibition). 

Sample 

concentration 

% of 

Inhibition 

(EIA) 

% of Inhibition 

(Standard - 

Acarbose) 

10 μg 18±8.5 40.54±3.5 

20 μg 48.15±0.5 60.1±3.0 

30 μg 51.3±1.5 75.25±4.1 

40 μg 61.9±2.5 86±5.3 

50 μg 71.3±4.5 96±2.2 

Alpha-Glucosidase Inhibition Activity 

The alpha-glucosidase inhibition assay 

further evaluated the antidiabetic potential of 

EIA by measuring its inhibitory effect on 

alpha-glucosidase. As illustrated in Table 3 and 

Figure 3, EIA demonstrated effective 

inhibition of alpha-glucosidase activity. At 10 

μg, EIA achieved 15.4% inhibition, which 

increased to 70.25% at 50μg. The standard 

acarbose exhibited higher inhibition values, 

with 43.4% at 10μg and 95.7% at 50μg. EIA’s 

inhibition of alpha-glucosidase, though not 

reaching the levels of acarbose, suggests its 

potential efficacy in managing postprandial 

glucose levels. 

 
Figure 3. Represents the Alpha-glucosidase (% of Inhibition). 

Table 3. Represents the Alpha-glucosidase Activity (% of Inhibition). 

Sample 

concentration 

% of 

Inhibition 

(EIA) 

% of Inhibition 

(Standard - 

Acarbose) 

10 μg 15.4±3.4 43.4±2.8 

20 μg 44.95±0.9 60.85±1.8 

30 μg 49.65±2.7 74±2.2 



40 μg 59.15±3.0 83.5±5.4 

50 μg 70.25±4.5 95.7±1.7 

Cytotoxicity 

The cytotoxicity of EIA was assessed in 

3T3-L1 cells over a 48-hour period. Figure 4 

presents the cell morphology and viability 

results, indicating that EIA does not exhibit 

significant cytotoxic effects at the tested 

concentrations. The cells maintained their 

normal morphology, and cell viability assays 

showed no significant reduction in cell 

survival, suggesting that EIA is relatively non-

toxic to 3T3-L1 cells. 

 
Figure 4. Cytotoxicity Assay of Ethyl iso-allocholate in 3T3-L1 Cells on 48 hrs. 

mRNA Expression Analysis 

The effect of EIA on the mRNA expression 

levels of insulin receptor (IR), insulin receptor 

substrate-1 (IRS1), Akt, phosphoinositide 3-

kinase (PI3K), and glucose transporter type 4 

(GLUT4) was investigated using real-time 

PCR. Figure 5 illustrates that EIA significantly 

modulated the expression of these key 

components of the insulin signaling pathway. 

EIA treatment resulted in increased expression 

of IR, IRS1, Akt, PI3K, and GLUT4 in 3T3-

L1 cells compared to the control, indicating 

that EIA may enhance insulin signaling and 

glucose uptake. 

 
Figure 5. Effect of Ethyl iso-allocholate on IR, IRS1, Akt, PI3K, and GLUT4 mRNA. 



Molecular Docking Analysis 

Molecular docking studies were performed 

to investigate the binding affinity of EIA to 

key targets involved in insulin signaling: IR, 

IRS1, Akt, PI3K, and GLUT4. As shown in 

Table 4 and Figure 6, EIA exhibited strong 

binding affinities with these targets. Notably, 

EIA showed the highest binding affinity to 

GLUT4 (-8.5 kcal/mol) and PI3K (-8.8 

kcal/mol), with significant interactions at 

amino acid residues such as GLN298 for 

GLUT4 and ASN457, TYR467, GLN475, and 

THR471 for PI3K. The binding affinities and 

interactions suggest that EIA may effectively 

influence these pathways, potentially 

contributing to its antidiabetic effects. 

 
Figure 6. Molecular Docking Analysis of Selected Targets (IR, IRS1, Akt, PI3K, and GLUT4). 

Table 4. Binding Affinity Details of Selected Targets (IR, IRS1, Akt, PI3K, and GLUT4). 

Compound 
Proteins 

Binding score 

(Kcal/mol) 

Amino acids with 

H bonds 

EIA (CID ID: 

6452096) 
IR 

-7.5 ASP1229, 

ASP1232 

IRS-1 -7.1 ARG89, SER199 

AKT -7.3 GLY312, HIS355 

GLUT4 -8.5 GLN298 

Discussion 

The antioxidant activity of EIA was 

assessed using the DPPH radical scavenging 

assay, a common method to evaluate free 

radical scavenging potential. DPPH (2,2-

diphenyl-1-picrylhydrazyl) is a stable free 

radical used to test the ability of antioxidants 

to donate hydrogen atoms or electrons, thereby 

neutralizing radicals and reducing oxidative 

stress [10]. The results indicate that EIA 

exhibited a concentration-dependent increase 

in radical scavenging activity, with inhibition 

values ranging from 29% at 100μg to 88% at 

500μg (Table 1, Figure 1). This trend 

highlights EIA's potential as an effective 

antioxidant. While EIA’s antioxidant activity 

is promising, it is slightly less potent compared 

to Vitamin C, a well-established antioxidant 

[11]. Vitamin C showed inhibition values of 

41% at 100μg and 95.4% at 500μg, surpassing 

EIA at all tested concentrations. Nonetheless, 

EIA's substantial radical scavenging activity 

indicates that it could be a valuable source of 

antioxidants, potentially contributing to the 

management of oxidative stress-related 

conditions. 

Diabetes mellitus is characterized by 

impaired glucose metabolism, and inhibition 

of alpha-amylase, an enzyme responsible for 

breaking down carbohydrates into glucose, is a 

key strategy in managing postprandial 

hyperglycemia [12]. The alpha-amylase 

inhibition assay revealed that EIA effectively 

inhibits alpha-amylase activity in a dose-

dependent manner. At 10μg, EIA exhibited an 

18% inhibition, increasing to 71.3% at 50μg 

(Table 2, Figure 2). The standard antidiabetic 



agent, acarbose, demonstrated higher 

inhibition values, with 40.54% at 10μg and 

96% at 50μg. Although EIA's inhibition is less 

potent compared to acarbose, its ability to 

inhibit alpha-amylase suggests that EIA could 

contribute to reducing postprandial glucose 

levels. This is consistent with studies showing 

that plant-derived compounds with moderate 

alpha-amylase inhibition can still be beneficial 

in diabetes management [13]. Inhibition of 

alpha-glucosidase, another key enzyme 

involved in carbohydrate digestion, is a well-

established approach to control postprandial 

blood glucose levels [14]. The alpha-

glucosidase inhibition assay demonstrated that 

EIA inhibits alpha-glucosidase activity, with 

values ranging from 15.4% at 10μg to 70.25% 

at 50μg (Table 3, Figure 3). This inhibition 

profile is again less potent than that of the 

standard acarbose, which exhibited 43.4% 

inhibition at 10μg and 95.7% at 50μg. Despite 

not matching the efficacy of acarbose, EIA’s 

significant inhibition of alpha-glucosidase 

suggests that it could be a promising candidate 

for managing postprandial glucose spikes. 

Previous research has also indicated that even 

moderate inhibition of alpha-glucosidase can 

be beneficial for glycemic control [15]. 

Cytotoxicity assays are critical for assessing 

the safety profile of potential therapeutic 

agents. In this study, EIA was tested in 3T3-L1 

cells over a 48-hour period. Figure 4 shows 

that EIA did not induce significant cytotoxic 

effects at the tested concentrations. The cells 

maintained their normal morphology and 

viability, suggesting that EIA is relatively non-

toxic to 3T3-L1 cells. This is an important 

finding as it indicates that EIA could be a safe 

candidate for further development in diabetes 

management, aligning with studies that 

emphasize the need for non-toxic therapeutic 

agents [16]. The impact of EIA on the insulin 

signaling pathway was investigated by 

analyzing the mRNA expression levels of 

insulin receptor (IR), insulin receptor 

substrate-1 (IRS1), Akt, phosphoinositide 3-

kinase (PI3K), and glucose transporter type 4 

(GLUT4) using real-time PCR. Figure 6 

demonstrates that EIA significantly 

upregulated the expression of these key 

components in 3T3-L1 cells. Enhanced 

expression of IR, IRS1, Akt, PI3K, and 

GLUT4 indicates that EIA may improve 

insulin signaling and glucose uptake. 

These results are consistent with previous 

studies that show the modulation of insulin 

signaling components as a mechanism for 

improving insulin sensitivity and glucose 

metabolism [17-20]. By increasing the 

expression of these critical factors, EIA could 

contribute to enhanced insulin sensitivity and 

better glucose control. Molecular docking 

studies were conducted to explore the binding 

affinity of EIA to key targets involved in 

insulin signaling: IR, IRS1, Akt, PI3K, and 

GLUT4. Table 4 and Figure 7 reveal that EIA 

exhibits strong binding affinities with these 

targets, with the highest affinity observed for 

GLUT4 (-8.5 kcal/mol) and PI3K (-8.8 

kcal/mol). Significant interactions at specific 

amino acid residues, such as GLN298 for 

GLUT4 and ASN457, TYR467, GLN475, and 

THR471 for PI3K, suggest that EIA may 

effectively influence these pathways. The 

binding affinities and interactions identified in 

this study support the hypothesis that EIA may 

have a direct impact on insulin signaling 

pathways, potentially contributing to its 

antidiabetic effects. Molecular docking results 

align with previous findings that demonstrate 

the efficacy of natural compounds in 

modulating insulin signaling pathways [21-

23]. 

Conclusion 

The results from this study provide 

compelling evidence of Ethyl iso-allocholate’s 

(EIA) antioxidant and antidiabetic potential. 

EIA demonstrated significant antioxidant 

activity in the DPPH radical scavenging assay 

and showed promising inhibition of key 

enzymes involved in carbohydrate 



metabolism, including alpha-amylase and 

alpha-glucosidase. Additionally, EIA exhibited 

non-toxic effects in cell viability assays and 

positively modulated insulin signaling 

components as evidenced by mRNA 

expression and molecular docking studies. 

Overall, EIA's combination of antioxidant and 

antidiabetic properties, along with its favorable 

safety profile, suggests that it could be a 

valuable compound for further investigation in 

the development of therapeutic agents for 

oxidative stress and diabetes management. 

Future studies should focus on in vivo 

evaluations and clinical trials to confirm these 

findings and explore the therapeutic potential 

of EIA in clinical settings. 
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