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Abstract 

Background: Diabetes mellitus type 2 (DMT2) and hyperuricemia are two prevalent 

metabolic diseases worldwide, including in Indonesia. Within the Minahasa tribe, the 

prevalence of these diseases is among the highest in Indonesia. The interaction 

between hyperuricemia and DMT2 is inconclusive, as previous studies about whether 

allopurinol and its related uric acid reduction correlate with insulin resistance have 

shown conflicting results.  

Objective: To examine whether allopurinol-induced uric acid reduction can modify 

insulin resistance in nondiabetic Minahasan male subjects and to study the putative 

molecular mechanisms of this interaction. 

Methods: The clinical part of this research was a pseudo-experiment with a pre-

test/post-test design. Twenty nondiabetic Minahasan male subjects were subjected to 

the daily dose of 300 mg allopurinol for three months. Plasma glucose, uric acid, and 

insulin levels were measured pre- and post-treatment. Homeostatic model assessment 

of insulin resistance (HOMA-ir) values was calculated by the Oxford HOMA 

calculator. For the wet lab experiment, the human embryonic kidney HEK293T cell 

line was treated tolerable allopurinol concentrations. The expression of glucose 

transporter 4 (GLUT4), glucose transporter 1 (GLUT1), insulin receptor isoform A (IR-

A), and thioredoxin-interacting protein (TXNIP) mRNAs were analyzed by 

quantitative real-time polymerase chain reaction (qPCR). 

Results: In nondiabetic Minahasan male subjects, allopurinol administration 

decreased uric acid serum level, but did not affect plasma glucose and insulin levels. 

In fact, there is a trend of increasing HOMA-ir among the subjects following 

allopurinol administration. In vitro, allopurinol treatment also did not significantly 

change the expression of the tested mRNAs, suggesting that allopurinol's effect on 

diabetes control has other, complex mediative pathways. The limitations of the current 

study include the small size of the clinical sample and target genes. 

Conclusion: Allopurinol administration and its related uric acid plasma reduction does 

not significantly affect insulin resistance; a trend however exists that allopurinol and 

uric acid reduction increased HOMA-ir. At the molecular level, mRNA expression of 

GLUT1, GLUT4, IR-A, and TXNIP is not significantly affected by allopurinol. 
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INTRODUCTION 

  Diabetes mellitus type 2 (DMT2) has been a critical 

and pervasive health issue globally, exerting a 

significant burden on individuals, healthcare systems, 

and societies. In Indonesia, DMT2 is also a significant 

health concern with a growing prevalence and 

substantial impact on the population's health and 

economy. The country has experienced a rise in diabetes 

cases, with an estimated national prevalence of 10.8% in 

2018, placing it among the top 10 countries with the 

highest prevalence of DMT2.1,2  
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  The 2018 nationwide Basic Health Research in 

Indonesia also reported a varying prevalence of DMT2 

based on regions, with North Sulawesi province ranking 

first on the national highest proportion of obesity and 

hypertension, and fourth on the diabetes mellitus 

prevalence, thus reflecting a possible hereditary and 

environmental effect on DMT2 pathogenesis.1  

Minahasa is a majority tribe in North Sulawesi, with a 

reported high prevalence of DMT2 and hyperuricemia, 

partially attributed to their eating habit.3,4 Their eating 

habits include high-calorie, high-fat, and high-purine 

diets, especially during the feasting seasons.5,6 This 

population may reflect a unique group of people where 

researchers can control a single parameter (e.g. uric acid 

level) while keeping other parameters wild type. 

  Allopurinol is the first line xanthine oxidase inhibitor 

used in the management of hyperuricemia and its clinical 

manifestations, such as gout and kidney stones. This 

xanthine oxidase inibition decreases the conversion of 

hypoxanthine to xanthine and to uric acid.7 Allopurinol 

is rapidly absorbed after oral administration, with peak 

plasma concentrations occurring within 1 to 2 hours.8 

The drug has a bioavailability of approximately 78%, 

and it is only minimally bound to plasma proteins, 

allowing it to be widely distributed throughout the 

body.8 Once absorbed, allopurinol is metabolized in the 

liver to oxypurinol, its primary active metabolite, which 

also inhibits xanthine oxidase.9 Oxypurinol has a much 

longer half-life (approximately 18 to 30 hours) 

compared to allopurinol (1 to 2 hours), which contributes 

significantly to the drug's therapeutic effects. 

Allopurinol is excreted primarily through the kidneys, 

with about 80% of the dose appearing in the urine as 

oxypurinol and other metabolites, while the remainder is 

excreted unchanged. Allopurinol and oxypurinol bind to 

the active  site of the xantine oxidase, thus preventing the 

substrate from binding.10 This mode of action not only 

decreases uric acid production but also leads to an 

increase in the concentration of the more soluble 

xanthine and hypoxanthine, which are more easily 

excreted.  

  In addition to its wide use in hyperuricemia 

management, allopurinol has also been studied for its 

potential effect on glucose levels in patients with 

diabetes. Several association studies have found a 

positive association between elevated serum uric acid 

levels and diabetes,11,12 while others,13,14 have reported 

an inverse relationship between increasing serum uric 

acid levels and diabetes mellitus. Other retrospective 

studies reported no correlation between UA and 

DMT2.15 Finally, a meta-analysis by Chen et al  of 

randomized controlled trials (RCTs) found that 

allopurinol use was associated with a significant 

reduction in fasting blood glucose (FBG) levels in the 

subgroup of patients without diabetes, but not in those 

with diabetes.16 This variability demands population-

specific studies to examine the allopurinol-uric acid-

DMT2 relationship within each subgroup of people.  

  Since the previous research yielded conflicting 

results, the direction of correlation was an open-ended 

question and need to be addresed separately in different 

population. Therefore, in this research, we aim to study 

whether allopurinol administration in healthy, 

nondiabetic male subjects in Minahasa may lead to the 

modification of HOMA-ir. Furthermore, using 

transcriptomic research, we also aimed to elucidate its 

molecular mechanism, at least partially.  

 

MATERIALS AND METHODS  

Clinical study 

  The clinical part of this study employed a pre- and 

post-test pseudo-experimental research design, where the 

parameters of before and after treatments were compared. 

The patients were conveniently drawn from the 

community, consisting of 22 subjects with inclusion 

criteria as follow: male, non-diabetic, age ranged from 

20-39 years, and from the Minahasa tribe. DMT2 

diagnosis for exclusion was made based on the national 

criteria (blood glucose >126 mg/dl after a minimum of 8 

hours fasting). Five patients were excluded due to 

uncountable HOMA-ir. Patients received a daily dose of 

300 mg allopurinol, to be taken in the morning with food 

for the next 3 months. Fasting blood glucose (FBG), 

plasma insulin (Ins) and other demographic 

characteristics were recorded. HOMA-ir, the parameter 

for insulin resistance, was calculated based on the Oxford 

HOMA calculator (https://www.rdm.ox.ac.uk/about/our-

clinical-facilities-and-units/DTU/software/homa). The 

final parameters consisted of plasma UA level, FBG, Ins, 

HOMA-ir, HOMA-s (insulin sensitivity), and HOMA-b 

(beta cell function). Two-tailed, paired t-tests were used 

to calculate significant differences between pre- and post-

treatment, with a significance level set to <0.05. An 

ethical clearance was obtained for the study (003/FIK).  

 

Laboratory study 

  Human embryonic kidney cell line HEK293T were 

cultured in standard Dulbecco's Modified Eagle Medium 

(DMEM) with fetal bovine serum and pen/strep 

antibiotics in a humidified 37-degree Celsius incubator 

with 5% CO2. This cell line was selected because it has 

been well characterized in the context of glucose 

metabolism study and can express key protein in 

response to experimental treatments.17,18 A low passage 

(p20-30) cell generations were used for the experiment. 

At 70% confluency, HEK293T cells were trypsin-

dissociated and seeded into 6-well culture plates in 

DMEM and pen/strep. After 48 hours (~40% 

confluency), 1 or 4 mm of allopurinol were added into 

the cultures and incubated for another 24 hours. Another 

set of wells was left untreated as the control group. 

Experiments were done in triplicates. Cells from each 

well were harvested and lysed in 1 ml Trizol for further 

RNA extraction using the phenol-chloroform method. 

The resulting RNA pellets were resuspended and diluted 

in RNAse-free ddH2O. A reverse transcriptase kit 

(Takara, Japan) was used to convert mRNA into cDNA. 

Ten nanograms of cDNA from each sample were used as 

a template for quantitative real-time polymerase chain 

reaction (qPCR). The target genes were GLUT1 

(SLC2A1) and GLUT4 (SLC2A4) glucose transporters, 

glucose-dependent protein thioredoxin-interacting 

protein (TXNIP), insulin receptor subunit alpha (IR-A), 

and beta-actin (ACTB), a housekeeping gene for internal 

control. Primer pairs for these genes are presented in 

Table 1   
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  The qPCR mixture containing the template, primer 

pair, and SYBRgreen Mastermix reagent (Thermo-

Fisher, USA) was amplified in an RT thermocycler 

(Applied Biosystem, USA). Each sample was loaded 

onto the 96-well plates in duplicates to account for 

possible technical errors. The delta-delta Ct value was 

used to calculate the mRNA expression foldchange. A 

one-way ANOVA was used to calculate statistical 

significance, followed by post-hoc Dunnett’s test. Graphs 

were generated using Prism 9.0.  

 

RESULTS  

 The respondent characteristics are presented in Table 

2. As expected, allopurinol treatment decreases uric acid 

 
Figure 1. The effect of allopurinol on uric acid, fasting blood glucose, and plasma insulin level; pre: before allopurinol treatment; 

post: after allopurinol treatment. Error bars are SEMs. 

 
 

 
Figure 2. The effect of allopurinol in HOMA-ir parameters showed no difference in insulin resistance before and after allopurinol 

treatment. A trend of HOMA-ir increase post-treatment is shown in HOMA-ir (right panel, p=0.0502). Error bars are SEMs. 

Table 1. The primer pairs for the qPCR experiments 

Gene Forward primer sequence (5’ to 3’) Reverse primer sequence (5’ to 3’) 

GLUT1 CTGCTCATCAACCGCAAC CTTCTTCTCCCGCATCATCT 

GLUT4 TGGGCTTCTTCATCTTCACC GTGCTGGGTTTCACCTCCT 
IR-A TTTTCGTCCCCAGGCCATC GTCACATTCCCAACATCGCC 

TXNIP GGTCTTTAACGACCCTGAAAAGG ACACGAGTAACTTCACACACCT 
ACTB AGCCATGTACGTTGCTATCCA ACCGGAGTCCATCACGATG 

 

Table 2. Respondent characteristics 

Parameter  Mean + SD Min value Max value 

Age (year) 30+3.52 20 38 

BMI (kg/m2) 27.83+3.05 21.5 34.8 
UA (mg/dl), pre-treatment 8.11+1.16 7 11,5 

UA (mg/dl), post-treatment 6.81+1.30 4,6 9,5 

FBG (mg/dl), pre-treatment 89.00+5.15 78 100 

FBG (mg/dl), post-treatment 92.18+9.16 72 110 
Ins (mU/mL), pre-treatment 9.15+3.42 2,3 18 

Ins (mU/mL), post-treatment 11.42+4.86 2,3 22,1 
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level (average+SD pre-treatment: 8.11+1.16 mg/dl, 

post-treatment: 6.81+1.30 mg/dl, p=0.0041). However, 

there is no difference in fasting blood glucose (pre: 

89.00+5.15 mg/dl, post: 92.18+9.16 mg/dl, p=0.2440) 

and plasma insulin (pre: 9.15+3.42 U/ml, post: 

11.42+4.86 U/ml, p=0.1231, Figure 1).  Following 

HOMA-ir calculation, we found that there is no 

significant difference in insulin sensitivity (HOMA%s 

pre: 94.16+29.53, post: 79.96+35.55, p=0.2146), b-cell 

predicted function (pre: 111.06+38.52, post: 

115.21+33.27, p=0.7391), and insulin resistance 

(HOMA-ir pre: 1.18+0.42, post: 1.48+0.62, p=0.0502). 

The statistical calculation of the latter, however, shows 

that there exists a trend of increasing insulin resistance 

following allopurinol-induced uric acid decrease (Figure 

2). 

 We then followed up these findings with an In vitro 

experiment to further understand the possible molecular 

pathway involved in allopurinol-related glucose 

regulation. HEK293T cell line was cultured with or 

without allopurinol. Two concentrations (1 g/ml and 4 

g/ml) were selected based on the in-vivo measurement 

of allopurinol and its metabolite oxypurinol.19,20 There is 

no growth inhibition or massive cell death caused by this 

concentration of allopurinol in vitro, as can be seen from 

Figure 3a. Among the glucose transporter proteins, 

glucose transporter 4 (GLUT4) and glucose transporter 1 

(GLUT1) have been well known to be crucial in glucose 

uptake into the cells.21 Moreover, thioredoxin-

interacting protein (TXNIP), a glucose-responsive 

protein, were also measured to determine the glucose 

uptake of the cells.22,23 Insulin receptor isoform a (IR-A) 

were also measured to see whether the glycemic effect is 

insulin-mediated of insulin-independent. For all these 

experiments, the mRNA expressions were normalized 

agaist beta-actin (ACTB) gene expression as the internal 

control. Compared to the control, both 1 and 4 g/ml 

allopurinol did not significantly change the GLUT1, 

GLUT4, IR-A, and TXNIP expression level (Figure 3b, a 

representative of the qPCR amplification plot is shown in 

Figure 3c). However, a trend can be observed that 

allopurinol increases GLUT4 and IR-A mRNA 

expression, while decreasing TXNIP mRNA expression, 

especially at the higher concentration of 4 g/ml (Figure 

3b). Altogether, these suggest that at the molecular level, 

allopurinol treatment may increase the GLUT4 and 

insulin receptor alpha mRNA expression, which would 

result in an increase of glucose uptake. On the other hand, 

allopurinol also seems to decrease glucose uptake, as can 

be seen by the decreased level of TXNIP mRNA, which 

is sensitive to intracellular glucose concentration.24 

 

DISCUSSION  

  In this current research, we showed that daily 

administration of 300 mg allopurinol in healthy male 

subjects has no significant effect in insulin resistance, 

except for a trend of incresed HOMA-ir approaching 

statistical significance (p=0.0502. Figure 2 right panel). 

Likewise, the application of 1 g/ml allopurinol does not 

increase the expression of glucose transporters GLUT1 

and GLUT4, IR-A, and TXNIP mRNA expression In 

vitro. There are trends, however, that allopurinol 

increases GLUT4 and IR-A, but decreases TXNIP mRNA 

expression In vitro when applied in supraphysiological 

 
 

Figure 3. In-vitro analysis of allopurinol in HEK293T cell line. (a) The visual viability of the cells following 4g/ml allopurinol 

treatment; (b) the relative expression of several glucose metabolism-related mRNA (GLUT1, GLUT4, IR, and TXNIP) under 

the influence of allopurinol, showing no significant, but trending differences by one-way ANOVA and post hoc Dunnet’s test; 

(c) a representation of GLUT4 qPCR amplification plot from one biological repeat (two technical repeats each: 0 g/ml, 1g/ml 

and 4 g/ml allopurinol treatment) showing overlapping plots (not significant). Error bars are SEMs, n=3 repeats. 
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concentration (4 g/ml). 

  The results from the current literature are already 

heterogeneous with conflicting results reported from 

different researchers. Association studies from different 

populations have found a positive association between 

elevated serum uric acid levels and diabetes,11,12 while 

others13,14 have reported that serum uric acid levels is 

negatively correlated with glycaemic control. Other 

retrospective studies reported no correlation between 

uric acid level and DMT2.15 When analysed together, 

meta-analysis of randomized controlled trials (RCTs) 

found that allopurinol use was associated with a 

significant reduction in fasting blood glucose (FBG) 

levels in the subgroup of patients without diabetes, but 

not in those with diabetes.16 In our samples, there exists 

a trend that allopurinol administration and its related uric 

acid lowering actually increased insulin resistance, 

although it did not reach statistical significance. Our 

population (adult, non-diabetic males from the Minahasa 

tribe) is unique in the way that they have a high-calorie, 

high-fat, and high-purine diet.3–6. When allopurinol 

treatment was initiated, we did not give specific 

instructions on how to control the subjects’ diet, (i.e. the 

subjects were told “Please eat like you usually do”). 

Although this may increase the confounding variables, it 

is superior in reflecting the conditions in the community 

settings. Indeed, we found that allopurinol without any 

other diet modification had already shown a decrease in 

uric acid level, which is expected to be shown by an 

established drug. Interestingly, as a side effect, insulin 

resistance seems to be increased in our samples. Due to 

the nature of this pseudo-experiment, it is not possible to 

elucidate whether this increase reflects a physiological 

dynamic, the natural history of an ongoing disease 

progression, or a direct consequence of allopurinol and 

uric acid lowering. Moreover, DMT2 is a multifactorial 

disease, with both genetic and lifestyle contributing to its 

pathogenesis. Therefore, in different populations, the 

effect of allopurinol and urate-lowering therapy may be 

variable, thus similar research in different population 

settings is mandatory to tailor a comprehensive approach 

to DMT2 management. 

  In vivo, allopurinol is rapidly metabolized to 

oxypurinol. After oral administration, allopurinol may 

rise to 1 ug/mL within the first several hours, before 

metabolized to oxypurinol.19 The plasma concentration 

may rise to 4 g/mL when administered intravenously in 

experimental setting.16 We chose these as the working 

concentrations. At both 1 g/ml and 4 g/ml, the growth 

of HEK293T cells was not affected by allopurinol, 

suggesting the nontoxicity of the treatment.  A trend of 

change can be observed in GLUT4, IR-A, and TXNIP 

expression over increasing allopurinol concentration, 

but they did not reach statistical significance. The results 

from our experiment may be explained by several things. 

First, allopurinol shows a weaker xanthine 

oxidoreductase inhibition compared to its metabolite, 

oxypurinol,10 while In vivo, allopurinol is rapidly 

metabolized to oxypurinol. This pharmacokinetic 

response could not be replicated In vitro, thus, an In vivo 

experimental study in animal models is needed. Results 

from animal studies mostly highlighted the effect of 

allopurinol on the complications of diabetes. For 

example, allopurinol decreases kidney injury in diabetic 

mice,25 ameliorates hepatic steatosis,26 and alleviates 

cardiac anomaly in insulin resistance,27 but does not 

affect insulin resistance per se. Whether these effects are 

mediated by allopurinol, oxypurinol, or due to the uric 

acid lowering is not fully understood.  

 Although both our clinical and molecular studies did 

not reach statistical significance, interesting trends 

emerged from these current results. Allopurinol seems to 

increase insulin resistance in healthy, nondiabetic male 

subjects. At the molecular level, the expressions of IR-A 

and GLUT4 also tend to increase, suggesting that the 

glucose uptake should actually increase, resulting in less 

insulin resistance. However, the expression of TXNIP 

also tends to increase, thus suggesting a failure in 

uptaking the glucose from the culture medium.24 

Together, these results suggest that the effect of 

allopurinol on the expression of key protein related in 

glucose metabolism is versatile, depending not only on 

the cellular context in vitro,28 but also on the 

physiological condition at the organismal level,29 e.g. one 

gene may be expressed differentially in different 

individuals as a response to allopurinol. This complex 

molecular response can also explain the heterogeneity in 

the results of previous clinical research results11-16 in 

determining whether allopurinol increase or decrease 

insulin resistance. 

  Further research is necessary to fully capture the 

complex molecular mechanism of DMT2 and insulin 

resistance at the molecular levels. For example, 

controlling the dietary intake of the clinical experiment 

subjects for the duration of allopurinol administration is 

a way to control for confounding factors. More samples 

from more heterogenous populations and longer follow-

up duration will also increase the power of future studies. 

In terms of molecular studies, including more genes 

involved in DMT2 pathogenesis will also provide a 

clearer explanation about the effect of allopurinol in 

DMT2. These include glucagon receptors, other subunit 

of insulin receptors, IL1, glucocorticoid receptor, among 

others. 

 

CONCLUSION  

  The administration of allopurinol 300 mg daily for 

three months without any diet modification does not have 

a significant effect on insulin resistance. However, a 

trend existed indicating that allopurinol administration 

and uric acid lowering increase insulin resistance, which 

may be explained by the complex interaction between 

allopurinol and glucose metabolism-related genes. 

Further research involving larger clinical subjects and 

more molecular pathways is necessary to fully 

understand the mechanism of uric acid-related glycemic 

control. 
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Abstract 

Background: Coal dust is a source of pollution that increases the likelihood of 

respiratory diseases, including asthma. The combination of asthma and coal dust 

pollution is associated with inflammation cell activation and pulmonary remodeling. 

Eosinophils and Interleukin (IL)-13 as inflammatory cells and cytokines also play a 

role in asthma's pathogenesis and development. This study investigates the impact of 

coal dust exposure on eosinophil and IL-13 levels in an asthmatic mice-like model on 

pulmonary remodeling.  

Methods: An experiment was conducted on 20-25 g BALB/c mice aged 6 to 12 weeks. 

The three groups had ten mice each. Groups were sensitized with normal saline, 

ovalbumin (OVA)-sensitized, and OVA-sensitized + coal dust. The parameters of 

pulmonary remodeling (the thickness of the epithelium, smooth muscle thickness, the 

number of goblet cells, and subepithelial fibrosis) and the number of eosinophils were 

measured with histomorphometry analysis. Total IL-13 concentrations were measured 

using an IL-13 ELISA kit. The data group of a combination of OVA + coal dust was 

analyzed using the path analysis method.  

Results:  From path analysis, it was found that Eosinophils (b=0.006; 95%CI=-2.594 

to 2.606; p=0.000) had positive, direct, and statistically significant effects on IL-13. 

Eosinophils indirectly affected epithelium thickness and subepithelial fibrosis 

thickness via IL-13. Interleukine-13 had positive, direct, and statistically significant 

effects on epithelium thickness (b=0.67; 95%CI=-0.129 to 1.471; p=0.010) and 

subepithelial fibrosis thickness (b=0.682; 95%CI=0.301 to 1.062; p=0.000). 

Conclusion: Eosinophils' indirect effect on pulmonary remodeling via IL-13 and IL-

13 directly affects airway remodeling, especially epithelium and subepithelial fibrosis 

components. 

 

Keywords: Airway remodeling; Asthma, Coal dust; Eosinophil; IL-13 
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INTRODUCTION 

 Pulmonary remodeling is a cellular and tissue 

structure transformation caused by the intrusion of 

foreign substances into the lungs, such as allergens, air 

pollutants, and others. Asthmatic individuals display 

airway remodeling. Characterizations of airway 

remodeling in asthma include epithelial thickness, 

smooth muscle hypertrophy, goblet cell hyperplasia, and 

subepithelial fibrosis.1,2 Changes in pulmonary structure 

affect mechanical features such as decreased lung 

compliance, airflow limits, reduced pulmonary function, 

and increased airway hyper-reactivity compared to 

persons without health issues.3  

 Pulmonary remodeling in asthma involves many 

inflammatory mediators. In asthma, eosinophilic and 

cytokine dominant inflammation from T-helper2/Th2 

lymphocytes such as IL-4, IL-5, IL-9, and IL-13.  
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 Mediators such as histamine, leukotrienes, 

prostaglandins, and cytokines can cause bronchial 

spasm, edema, increased mucus secretion, and bronchial 

smooth muscle contractions in asthma.3 Eosinophils 

increase the secretion of proteolytic enzymes, growth 

factors (transforming growth factor/TGF-β, platelet-

derived growth factor/PDGF, fibroblast growth 

factor/FGF), and oxidative products involved in 

pulmonary remodeling. Interleukin-13 triggers collagen 

production and proliferation in fibroblasts and activates 

TGF-β by upregulating matrix metalloproteinase/MMP.4 

T cells, mast cells, basophils, dendritic cells, and 

keratinocytes are a few examples of immune and 

nonimmune cells identified as IL-13 producers. 

According to some theories, IL-13 acts as an activator, 

chemotactic, and survival factor for eosinophils. Part of 

the way that IL-13 encourages eosinophilic 

inflammation is by increasing the expression of 

chemokines that attract eosinophils and bind to CCR3. 

IL-13 promotes leucocytes and resident airway cells to 

produce CCR4-binding chemokines, which are more 

prevalent in allergic asthma patients.5 

 Air pollution causes decreased airway function in 

asthmatic patients.6 Other studies have reported a 

relationship between asthmatic exacerbation and air 

pollution containing PM 2.5, ozone (O3), and nitrate 

dioxide (NO2).7 Coal dust is one of the air pollutants 

containing various organic and inorganic compounds that 

could trigger inflammation and changes in lung structure, 

like pulmonary remodeling. Repeated exposure to the 

airway has been documented to induce harmful 

respiratory consequences, including asthma.8 The 

pathogenesis of the progression of pulmonary 

remodeling is thought to involve the release of cytokines, 

chemokines, and growth factors from both inflammatory 

cells and structural cells due to the induction of 

exogenous agents. Acute exposure to coal dust induces a 

pulmonary immune response by increasing the 

 
 
Figure 1. The HE staining of the mouse bronchioles' epithelial histology and smooth muscle (scale 100 µm, 400x 

magnification); the yellow arrow denotes epithelial thickness. The white arrow indicates smooth muscle. I = Control, II = OVA, 

and III = OVA + coal dust. 

 

 
 
Figure 2. Masson's Trichrome staining of fibrosis subepithelial bronchioles in mice (scale 100 µm, 400x magnification). The 

yellow arrow indicates the thickness of subepithelial fibrosis. I = Control, II = OVA, and III = OVA + coal dust. 

 

  
 
Figure 3. Image of mouse bronchioles goblet cells stained with PAS (scale 100 µm, 400x magnification). The yellow arrow 

indicates the goblet cell. I=Control; II=OVA; III= OVA + coal dust. 
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infiltration of leukocytes, neutrophils, and alveolar 

macrophages.9,10 In the serum of coal mine workers was 

found an increase in IL-1β, TNF-, and IL-6.11  

 Nonetheless, despite the clinical significance of 

airway remodeling, the mechanism behind its induction 

to airway epithelial cells, inflammatory cells, and 

cytokines remains unclear, with only limited studies 

investigating this topic. An animal model treated with 

ovalbumin helps research airway remodeling, and 

subjecting the model to repeated chronic exposure to 

allergens could lead to chronic inflammation and 

subsequent airway remodeling. Therefore, this study 

investigates the pulmonary remodeling process in 

asthmatic mice exposed to coal dust over a prolonged 

period. We examined the changes in inflammatory cells 

such as eosinophil and cytokine (IL-13) in 

bronchoalveolar lavage and how they impact pulmonary 

remodeling after exposure to coal dust in animal models 

of asthma. 

MATERIALS AND METHODS  

Animal model 

 Thirty Mus musculus (BALB/c), mice from the 

Farma Veterinary Center in Surabaya, consisting of only 

females, as they respond better to allergens than males.12 

The inclusion criteria were mice aged 6-12 weeks 

weighing 20-25 g with a health condition and disease-

free (good food consumption, good activity, and no hair 

loss). All test animals were acclimatized for seven days 

in the Biochemistry and Biomolecular Laboratory of the 

Faculty of Medicine, Universitas Lambung Mangkurat. 

The experimental animals were provided with food and 

water according to laboratory standards. Experimental 

animals were divided randomly into three treatment 

groups, each consisting of 10 mice: (I) negative control; 

(II) 1% OVA sensitization; (III) OVA 1% sensitization 

and exposure to coal dust size ≤5μm concentration of 

12.5 mg/m3. Twenty-four hours after the last exposure 

on day 76, the mice were killed by anesthetized 

intraperitoneally with ketamine at 150 mg/kg BW and 

midazolam at 0.5 mg/kg BW. Then, surgery is 

performed to take bronchoalveolar lavage fluid. An 

intravenous catheter is inserted through an incision in the 

trachea, and then the lungs are rinsed with cold saline. 

The rinse results for eosinophil and IL-13 examination. 

The lung organ is taken for histomorphometry 

examination. The ethics committee Faculty of Medicine, 

Universitas Lambung Mangkurat approved this research 

with No. 304/KEPK-FK UNLAM/EC/IV/2017).  

 

Ovalbumin (OVA) sensitization 

 The negative controls received an intraperitoneal 

(i.p) injection of 1 mg Al(OH)3 in 0.5 ml of normal 

saline and inhalation of normal saline. The remaining 

two groups were sensitized and exposed to ovalbumin 

(OVA) and coal dust. The allergen used was chicken 

ovalbumin (TCI®). The initial sensitization was 

performed by administering intraperitoneal injections 

(i.p) of 10g OVA and 1 mg Al(OH)3 in 0.5 ml normal 

saline on days 0 and 14. Furthermore, the repeat 

sensitization involved inhaling OVA 1% using a 

nebulizer of type NU-017 for 20 minutes, three times per 

week, for 8 weeks. This process starts from day 21-75.13 

Coal dust creation and exposure 

 A total of 2 kg of coal were crushed with a pulverizing 

tool. Making coal dust was conducted in the Carsurin 

Coal Banjarmasin laboratory. The particles produced 

were then filtered using a 5 μm PVC chiffon filter to 

obtain coal dust size ≤ 5 μm.10 

 The exposure to coal dust after four weeks of OVA 

sensitization. It used a chamber size of 30x30x30 cm3 

with 1.5–2 L/min airflow that resembled the 

environmental coal mine airflow available at the 

Biochemistry and Biomolecular Laboratory, Faculty of 

Medicine, Universitas Lambung Mangkurat. This tool 

provides an ambient environment containing coal dust 

exposure to the animal's airway for 1 hour/day for four 

weeks on days 45-75. An oxygen supply is also provided 

in the chamber to prevent hypoxia and discomfort. The 

negative control group was only exposed to room air.10  

 

The IL-13 measurement concentrations from lung-

homogenate supernatant  

 Tissues from the left lung were sonicated and 

mechanically homogenized in a 50 mM Tris-HCl 

buffered solution at a pH of 7.4. At 40 degrees Celsius, 

the homogenate was centrifuged at 3200 rpm for two 

minutes. The lung homogenate supernatant was utilized 

for the IL-13 determination.10 Per the manufacturer's 

instructions, the lung homogenate supernatant was 

quantified using ELISA kits (Bioassay Technology 

laboratory/Cat.No. E0019Mo). The Central Biomedical 

Laboratory, Faculty of Medicine, Universitas Brawijaya, 

analyzed IL-13. 10  

 
Figure 4. Comparison graph of the number of eosinophils 

and levels of IL-13 pulmonary remodeling between OVA 

group with a combination of OVA+coal dust group. Values 

are presented in mean ± SD.  *p <0.05, statistically t-
independent test significant. 

 

 

 
 

Figure 5: Identification of the path analysis model. 
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Eosinophil’s lung-homogenate supernatant analysis 

 The supernatant was obtained from the left lung 

homogenate for eosinophil examination. One drop of 

supernatant was placed on the slide, fixed, and stained 

using Wright-Giemsa stain. One hundred cells were 

examined on each slide using established criteria to 

categorize different types of white blood cells. The 

analysis of eosinophils in the Central Biomedical 

Laboratory, Faculty of Medicine, Universitas Brawijaya.  

 

Histomorphometry analysis 

 The histological study was analyzed in the Pathology 

Anatomy Laboratory, Faculty of Medicine, Universitas 

Brawijaya. The right lung was preserved with 10% 

formalin, blocked with paraffin, and microtome to a 

thickness of 3 mm. Hematoxylin-eosin (HE) staining 

was utilized to determine the epithelium's and smooth 

muscle's thickness. The periodic acid Schiff (PAS) 

technique measured the goblet cell. In contrast, 

bronchioles subepithelial fibrosis was measured with 

Massch's Trichome staining collagen deposition by 

examining blue-stained positive spots chosen beneath 

the basement membrane. The slides were examined 

using an Olympus BX51 light microscope at 

magnifications of 100x and 400x. Three fields of view 

were observed on each preparation. The photographs 

were taken with an Olympus DP71 digital camera. 

Morphometric investigation of structural modifications 

utilizing Image-Pro Plus 6.1 (Media Cybernetics, Silver 

Spring, MD). 

 

Statistical analysis 

 The differentiation between the number of 

eosinophils and IL-13 level with histomorphometry 

parameters (epithelial thickness, smooth muscle 

thickness, subepithelial fibrosis thickness, and bronchial 

goblet cells) between the two treatment groups (OVA vs 

OVA + coal dust) was carried out through an independent 

t-test. STATA/MP 13 (StataCorp LP, College Station, 

TX, USA) was used to investigate the impact of 

eosinophil count and IL-13 levels on histomorphometry 

parameters. The results are presented as the mean ± 

standard deviation (SD) and β coefficient, with statistical 

significance at p<0.05. 

RESULTS  

 This study revealed that combining OVA and coal 

dust increased the number of eosinophils, IL-13 levels, 

epithelial thickness, smooth muscle thickness, 

subepithelial fibrosis thickness, and bronchial goblet 

cells compared to OVA alone (Figure 1-3). The epithelial 

thickness, smooth muscle thickness, subepithelial 

fibrosis thickness, and bronchial goblet cells numbers of 

the ovalbumin epithelium + coal dust were significantly 

higher than the ovalbumin sensitization group with 

(27.763 ± 4.70 μm vs. 18.607 ± 6.727 μm, p = 0.005),  

(10.290 ± 1.549 μm vs. 7.444 ± 1.925 μm, p = 0.005), 

(20.018 ± 3.843 μm vs. 9.79 ± 3.293 μm, p = 0.000) and 

(15.692 ± 2.790/100 vs. 6.444 ± 1.255/100,p = 0,000), 

respectively. The t-independent analysis found 

significant differences (Table 1 and Figure 4).  

 

Eosinophil 

 Table 1 shows that the number of eosinophils in the 

ovalbumin + coal dust combination group (5.889 ± 

0.782%) was significantly higher than in the ovalbumin 

sensitization group (5.167 ± 0.75%) (p = 0.014). Table 2 

shows that eosinophils do not directly affect pulmonary 

Table 1. Comparison of the number of eosinophils and levels of IL-13 pulmonary remodeling between the OVA group with a 

combination of OVA + coal dust group. 

Variable (mean ± SD) OVA 
OVA +  

Coal Dust 
p-value 

Eosinophils (%) 5.167 ± 0.75 5.889 ± 0.782 0.014 

IL-13 (ηg/L) 12.494 ± 1.382 16.927 ± 3.111  0.005 

Epithelium thickness (µm) 18.607± 6.727 27.763 ± 4.709 0.005 

Smooth muscle thickness (µm) 7.444 ± 1.925 10.290 ± 1.549  0.005 

Fibrosis thickness (µm) 9.79 ± 3,293 20.018 ± 3.843 0.000 

Goblet cell (/100 µm) 6.444 ± 1.255/10 15,692 ± 2,790/100 0.000 

 
Table 2. Results of the analysis of the factor pathways that affect pulmonary remodeling using the eosinophil and IL-13 

pulmonary tissue approach 

Variable 

dependent 

Variable 

independent 

Coef.        

Std. Err 
95% Conf. Interval p 

Direct effects 

Epithelium thickness Eosinophils 

IL-13 

-2.335 

0.671 

-5.518 

-0.129 

0.847 

1.471 

0.150 

0.010 

Smooth muscle 

thickness 

Eosinophils 

IL-13 

-1.048 

-0.032 

-2.144 

-0.308 

0.047 

0.243 

0.061 

0.818 

Fibrosis thickness Eosinophils 

IL-13 

-0.017 

0.682 

-1.532 

0.301 

1.498 

1.062 

0.983 

0.000 

Goblet cells Eosinophils 

IL-13 

1.938 

-0.249 

-0.942 

-0.973 

4.818 

0.474 

0.187 

0.499 

Indirect effects 

Epithelium thickness,  
Fibrosis thickness 

 IL-13    Eosinophils 
 

0.006      -2.594 2.606 0.000 

Log like hood= -112.398; N observation=9; df=19; AIC=262.795; BIC=266.542 (path analysis method STATA MP13) 
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remodeling but indirectly via IL-13 on epithelial and 

subepithelial fibrosis thickness. 

 

IL-13 level 

 The levels of IL-13 ovalbumin + coal dust group 

(16.927 ± 3.111 ηg/L) were significantly higher than the 

ovalbumin group (12.494 ± 1.382 ηg/L) (p = 0.005) 

(Table 1). Table 2 displays that IL-13 directly influences 

the thickness of the epithelial and subepithelial fibrosis 

of the bronchi and bronchioles.  

The path coefficient value of each variable shown in 

Table 1 is more than zero and statistically significant. It 

shows that the model created in the path analysis in 

Figure 5 processing with STATA/MP 13 is based on the 

existing sample data. Therefore, it is unnecessary to re-

validate the path analysis model. 

DISCUSSION  

Effect of eosinophils lung tissue on pulmonary 

remodeling after exposure to coal dust in an asthma 

mice model 

 This study showed that eosinophils do not directly 

affect lung remodeling. Allergic host reactions involve 

eosinophils. Degranulation of cationic proteins in 

cytoplasmic granules is linked to their effector activities. 

The ability of eosinophils to generate cytokines that 

mediate a wide range of actions in the local environment 

has led to the recognition of more diversified functions 

for eosinophils in multiple tissue areas where they were 

previously dismissed.14 

 Eosinophils from mice are a source of several 

cytokines. For instance, mouse eosinophils have mRNA 

and protein for a ligand that induces proliferation (IL-4, 

IL-6, IL-10, and TNF-α). Mouse eosinophils produce 

both type 1 and many chemokines and type 2 

cytokines.15–17 Eosinophils produce several cytokines, 

such as IL-13, which triggers airway 

hyperresponsiveness (AHR) and promotes excessive 

mucus production by stimulating the growth of goblet 

cells. Mice that did not have eosinophils were shielded 

from airway hyperresponsiveness (AHR) and excessive 

mucus production.18 The Cysteinyl 

leukotrienes (CysLTs) in asthma significantly 

exacerbate asthma. In asthmatic patients, there is a 

substantial association between eosinophil counts and 

cysteine leukotriene receptor 2 (CyLTR2 M01 V) 

polymorphism.19 Goblet cell hyperplasia, collagen 

deposition, α-smooth muscle actin expression, and 

profibrotic gene expression are signs of AHR and slow 

airway remodeling. They can decrease by the leukotriene 

receptor inhibitor treatment.20 

 Eosinophils secrete several growth factors and 

fibrogenic mediators to stimulate airway remodeling. 

Eosinophils are the main source of TGF-β in the 

bronchial biopsies of asthmatic patients and can 

stimulate epithelial cells to release various mediators, 

including TGF-β.21 TGF- β plays a role in modifying 

tissues by causing an increase in the number and size of 

smooth muscle cells, and it controls the activity of 

fibroblasts that promote fibrosis.22 Following decreasing 

eosinophil numbers, TGF-β mRNA expression 

decreases.23  

 

Effect of IL-13 lung tissue on bronchial and 

bronchiole epithelium thickness after exposure to coal 

dust in an asthma mice model 

 The results showed a significant positive effect 

between IL-13 lung tissue and epithelium thickness. 

Interleukin 13 increases the bronchial epithelium's and 

bronchioles' thickness had a log odd 0.67 times (b = 0.67; 

95% CI = -0.129 to 1,471; p = 0.010). Each increase in 

IL-13 lung tissue will increase the thickness of the 

epithelium by 0.67 times. This study's results are 

consistent with Everman et al.'s studies that said the 

direct interaction of IL-13 with epithelial cells increases 

epithelial cell proliferation in vitro.24 Other studies 

mentioned that IL-13Rα2 inhibition would inhibit IL-13 

signaling, which causes decreased expression and 

secretion of growth factors that play a role in repair and 

are related to airway remodeling.25 

 

Effect of IL-13 lung tissue on bronchial and 

bronchiole smooth muscle thickness after exposure to 

coal dust in an asthma mice model 

 The results showed an insignificant influence 

between IL-13 lung tissue and smooth muscle thickness. 

Interleukin 13 had a log odd to reduce bronchial smooth 

muscle thickness and bronchioles -0.032 times (b = -

0.032; 95% CI = -0.308 to 0.243; p = 0.818). The findings 

of this study contrast with those of another study, which 

stated that the basic fibroblast growth factor (bFGF) is 

among the factors released by IL-13 in airway smooth 

muscle cells, promoting smooth muscle cell 

proliferation.26 Another review mentioned that IL-13 

affects the proliferation of bronchial smooth muscle cells 

through increased regulation of cysteine leukotriene 

receptors (cysLT1R) in response to LTD4.27  

Understanding the causes of airway smooth muscle 

hyperplasia or hypertrophy, regardless of IL-13, can 

provide insights into how asthma mice model interact 

with coal dust exposure. Severe pulmonary remodeling 

due to coal dust exposure in an asthma mice model can 

trigger smooth muscle cell responses, regardless of IL-13 

signals during sub-chronic exposure to coal dust. It may 

be the involvement of other mediators induced by coal 

dust, such as IL-8, eotaxin, and MIP-1 reduces the rate 

of apoptosis of smooth muscle cells in smooth muscle 

cells, not asthmatics. 28 

 

Effect of IL-13 lung tissue on bronchial and 

bronchiole subepithelial fibrosis thickness after 

exposure to coal dust in an asthma mice model 

 The results showed a positive and significant effect 

between IL-13 pulmonary tissue and increased thickness 

of subepithelial fibrosis after exposure to coal dust in 

asthma mice models. Interleukin 13 had a log odd to 

increase thick bronchial and subepithelial bronchial 

fibrosis 0.68 times (b = 0.682; 95% CI = 0.301 to 1.062; 

p = 0.000). Inflammation (via eosinophils and B cells) 

and remodeling (by fibroblasts, airway smooth muscle, 

dendritic cells, and epithelial cells) are stimulated by IL-

13.29 These results are consistent with previous studies 

that IL-13 plays a role in the pathogenesis of pulmonary 

inflammation and alveolar remodeling after exposure to 

coal dust and provide evidence that polarization of Th2 

cells involving IL-13 can support the development of 

pulmonary fibrosis.30 Blocking the IL-13Rα2 signal 
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decreases collagen deposition in bleomycin-induced 

fibrosis.31 In vitro, IL-13 activates epithelial cells, and 

then activation of epithelial cells releases growth factors 

such as TGF-β and enhances the regulation of collagen 

type I production.29 The transition metal content within 

the coal dust probably causes the effects of coal dust in 

causing airway remodeling by stimulating cytokines 

production. According to a scientific study, mineral dust 

can directly produce fibrosis in the airway wall.32 

Minerals like Cd, Cu, and Se are positively related to 

asthma exacerbations.33 

 

Effect of IL-13 lung tissue on bronchial and 

bronchiole the number of goblet cells after exposure 

to coal dust in an asthma mice model 

 Hyperplasia and hypertrophy of goblet airway cells 

are features of airway remodeling in asthma related to 

airway protection and allergen removal.3 The 

immunological response is correlated with an 

augmentation in the quantity of goblet cells of Th2 cells, 

mainly controlled by IL-13 and IL-4 in asthma. This 

study showed no positive and significant effect between 

IL-13 lung tissue and increased goblet cells after 

exposure to coal dust in asthma mice models. The 

possible reason for the variation in goblet cell count, 

regardless of IL-13, could be the interaction between the 

asthma mice model and coal dust. Coal dust causes 

pathology in the lungs. Severe pulmonary remodeling 

due to coal dust exposure in an asthma mouse model can 

trigger goblet cell responses, regardless of IL-13 signals 

during sub-chronic exposure to coal dust. This study's 

results align with those of Ge et al., who stated that other 

cytokines from Th2 may stimulate goblet cell 

proliferation, such as IL-9 and IL-5. IL-9 and IL-5 

directly induce goblet cell hyperplasia without IL-13 

dependence on a mouse model-induced chronic allergen 

exposure.34 These data demonstrate that airway goblet 

cell hyperplasia can be independent of IL-13 associated 

with the OVA + coal dust combination. 

  This study established the effects of respiratory coal 

dust particles on lung epithelial and inflammatory cells 

in mice asthma models, but it had some limitations. We 

only examined differentiation between two groups, 

OVA and OVA + Coal dust group, and did not compare 

with the coal dust group alone. In future studies, it would 

be interesting to compare the effects of coal dust only on 

tissue damage and the biomarkers associated with 

Eosinophil and IL-13. Our study also was based on a 

mouse model of asthma; in the future, we plan to confirm 

the molecular mechanism in human pneumoconiosis. 

 

CONCLUSION  

 Coal dust is a pollutant particle that can potentially 

increase the severity of airway remodeling in animal 

models induced by OVA through the indirect effect of 

eosinophils via IL-13 and the direct effect of IL-13 on 

the epithelium and subepithelial fibrosis thickness. The 

results of this study are hoped to serve as a 

rationalization for coal pneumoconiosis management 

and prevention, as well as a starting point for future 

studies. 
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Abstract 

Background: Chlorpyrifos is one of the organophosphate pesticide types frequently 

utilized as a pest control agent in Indonesia. Despite its effectiveness in combating 

pests, the residue levels of chlorpyrifos in the environment and plants have raised 

serious concerns. Long-term accumulation of chlorpyrifos in the body can lead to 

organ damage, particularly in the liver and kidneys, which may decrease serum 

albumin levels. 

Objective: To investigate the impact of low-dose chlorpyrifos exposure over time on 

serum albumin levels in Wistar rats. 

Methods:  This study used a posttest-only randomized control group design method, 

conducted from May until September 2023. Thirty male Wistar rats were divided into 

five groups: the normal control group (Kn) received normal saline solution (+5% 

Tween 20) orally for 56 days, while the treatment groups (K1, K2, K3, and K4) were 

administered chlorpyrifos at a dose of 5 mg/kg body weight for 7 days, 14 days, 28 

days, and 56 days orally. Serum albumin levels were measured using the dye-binding 

method with a spectrophotometer. 

Results: The measurement results indicate that the normal control group (Kn) had the 

highest serum albumin levels (4.326±0.519 g/dL). Serum albumin levels decreased in 

the groups treated with chlorpyrifos. The longer the chlorpyrifos exposure, the lower 

the serum albumin levels. The lowest serum albumin levels were found in group K4 

with chlorpyrifos exposure for 56 days (2.826±0.358 g/dL). Statistical analysis using 

One-way ANOVA and Post Hoc LSD tests showed significant differences (p<0.05) 

between all treatment groups (K1, K2, K3, and K4) and the control group (Kn). 

Conclusion: This study shows that administering low-dose chlorpyrifos over a period 

of 7 to 56 days has a significant effect in reducing serum albumin levels in Wistar rats. 

The clinical implications of this decrease in serum albumin levels need to be 

considered in the context of exposure to organophosphate pesticide residues in 

humans. 

 

Keywords: Organophosphates; hepatic toxicity; proteins; pesticide residues. 
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INTRODUCTION 

  Organophosphates are the most widely used type of 

pesticide in the world due to their effectiveness in 

eradicating agricultural pests.1 One of the 

organophosphate pesticides frequently used in Indonesia 

is chlorpyrifos.2 Chlorpyrifos accounts for 40% of the 

total organophosphate pesticides used.3 The 

effectiveness of chlorpyrifos in pest eradication is 

proportional to the residue it generates in the 

environment and plants. A study revealed that using 

chlorpyrifos in agriculture leads to chlorpyrifos residues 

in soil exceeding the maximum pesticide residue.2 Long-

term residue exposure can lead to the accumulation of 

chlorpyrifos in the body, resulting in symptoms of 

chlorpyrifos toxicity.4  
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 Long-term accumulation of chlorpyrifos can damage 

various organs, including the nervous, cardiovascular, 

respiratory, liver, and kidneys.4 Studies indicate that 

administration of 1 mg/kg BW of sub-chronic 

chlorpyrifos to experimental animals for 90 days 

damaged hepatocytes.5,6 The metabolic process of 

chlorpyrifos by esterase and cytochrome P450 enzymes 

in the liver produces more toxic compounds, namely 

chlorpyrifos-oxon, and 3,4,5-trichloro-2-pyridinol 

causing oxidative stress and triggering liver cell 

damage.7,8 Liver cell damage also results in decreased 

albumin production, causing hypoalbuminemia.5 

Additionally, the effects of long-term accumulation of 

chlorpyrifos in the body can also cause kidney damage.7 

Chlorpyrifos is excreted from the body through the 

kidneys in the form of 3,5,6-trichloro-2-pyridinol (TCP), 

a metabolite that is more soluble in air and can be easily 

excreted by the kidneys into the urine.9 Accumulation of 

TCP in the kidneys can cause oxidative stress on 

glomerular epithelial cells, triggering damage to 

epithelial cells in the glomerulus.7 Damage to the 

glomerular epithelium can interfere with the ability to 

filter substances visually so that albumin and other 

proteins can leak into the urine and cause 

hypoalbuminemia.10 

  Hypoalbuminemia can impact various bodily 

functions, including systemic edema and pleural 

effusion, due to decreased oncotic pressure in the blood 

vessels. Hypoalbuminemia can also interfere with 

transporting various hydrophobic molecules, such as 

lipid-derived hormones (thyroid, estrogen, testosterone, 

and cortisol), lipid-based drugs, and other air-insoluble 

ions.11 Hypoalbuminemia also impacts decreased cell 

regeneration ability, reduced immunity, and impaired 

neutralization of free radicals.12  

  The results of research on the effect of chlorpyrifos 

on albumin levels in rats are still limited13, more often 

carried out on fish as experimental animals.14–16 Those 

studies showed decreased albumin levels in the group 

given chlorpyrifos. In a study conducted by Ravikumar 

et al. (2020), Wistar rats were given chlorpyrifos at a 

high dose of 25 mg/kg BW for 28 days, and albumin 

levels were checked on the 15th and 29th days. The study 

results showed a significant decrease (p<0.05) in total 

protein and albumin levels in the group given 

chlorpyrifos on the 15th and 29th days of the 

experiment.13 Studies on organophosphate poisoning 

patients showed symptoms of hypoalbuminemia in those 

poisoned by chlorpyrifos.8  

  Studies in mammalian animals have focused more on 

liver and kidney cell damage caused by chlorpyrifos, and 

the results have had different effects on these organs. In 

addition, these studies have not provided much data on 

the decrease in albumin levels caused by chlorpyrifos. 

Administration of a low dose of chlorpyrifos (2 mg/kg 

BW) for 12 hours in rats causes an oxidative stress 

response in the liver.17 There were no changes in liver 

histology in rats at low doses (1 mg/kg BW) for 12 

weeks.6 High doses of chlorpyrifos (50 mg/kg BW) for 

4 weeks showed proliferation of Kupffer cells in the liver 

and local bleeding in the kidneys.7  

  Research on administering low doses of chlorpyrifos 

over various periods in the same study is still limited. In 

Esisenia fetida, an earthworm species, chlorpyrifos 

toxicity was lower after 28 days compared to groups 

exposed to other compounds but higher after 56 days of 

administration.18  

  Therefore, using a time-series study design, research 

on albumin in long-term low-dose chlorpyrifos 

administration can help identify possible impacts over a 

more extended period. By monitoring albumin levels 

over time, it can be seen whether low-dose chlorpyrifos 

administration can cause significant changes in albumin 

levels. This study is expected to provide new insights into 

the potential side effects of chlorpyrifos on the systemic 

body, especially in the context of albumin levels.  

 

MATERIALS AND METHODS  

Research Design and Experimental Animal 

  This research was conducted after obtaining ethical 

approval from the Health Research Ethics Commission 

of the Faculty of Medicine, University of Jember, with 

approval number 1813/H25.1.11/KE/2023. The research 

used a posttest-only randomized control group design 

method. A total of 30 healthy white male rats of the 

Wistar strain (Rattus norvegicus) aged 2-3 months, 

weighing 150-200 g, were randomly divided based on 

weight into five groups, with six rats each. The number 

of samples for each group was calculated using the 

resource equation method and correction factor to 

anticipate dropout. The five groups were the normal 

control group given 5 mL/kg BW saline (+5% Tween 20) 

orally for 56 days (K), the chlorpyrifos group 5 mg/kg 

BW orally for 7 days (P1), 14 days (P2), 28 days (P3), 

and 56 days (P4). The animals were kept in full hygienic 

conditions and had free access to fresh water and standard 

pellets. This study was conducted from May until 

September 2023 in the experimental animal house, 

Pharmacology Laboratory, and Clinical Pathology 

Laboratory Faculty of Medicine, University of Jember. 

 

Figure 1. Graph of albumin levels according to duration of 

exposure 
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Table 1. Measurement of Serum Albumin Levels 

Group Mean Serum Albumin Levels (g/dL) 

(Mean±standard deviation) 

Kn 4,326±0,519 

K1 (7 days) 3,578±0,599 

K2 (14 days) 3,42±0,704 

K3 (28 days) 3,41±0,481 
K4 (56 days) 2,826±0,358 
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Materials 

  This study used chlorpyrifos pestanal analytical 

standard (Sigma-Aldrich), saline, Tween 20, distilled 

water, reagen BCG Albumin (Dialab), and 30 male 

Wistar rats. 

 

Preparation of Chlorpyrifos Solution 

  Chlorpyrifos solution 5 mg/kg BW (1/30 LD50) was 

made by weighing chlorpyrifos. After that, it was mixed 

with Tween 20, and then saline was added and stirred 

until evenly mixed.  

 

Albumin Level Examination 

  After the treatment, the rats were terminated using 

intraperitoneal injection of pentobarbital at a dose of 200 

mg/kg BW, and their blood was taken intracardially to 

examine serum albumin levels. Serum preparation began 

with incubation of rat blood for 10-20 minutes, then 

centrifugation was carried out at a speed of 3000 rpm for 

10 minutes. The blood serum was separated from the 

solution and then put into micro tubes and labeled. 

Before serum albumin level examination, blank reagent 

and standard reagent were prepared by inserting 5 µL of 

distilled water and 500 µL of BCG reagent into the blank 

tube, and 5 µL of standard solution and 500 µL of BCG 

reagent into the standard tube. Serum albumin sample 

examination was done using the dye-binding method by 

inserting 5 µl of blood serum and 500 µl of BCG reagent 

into the sample tube.19 All solutions were homogenized 

using a vortex and incubated for 10 minutes at 20-25 

degrees Celsius. Albumin level readings were carried out 

by measuring the absorbance value of the solution using 

a spectrophotometer with a wavelength of 546 nm. 

 

Statistical Analysis 

  The research data obtained were presented in tables 

and processed using One Way ANOVA statistical 

analysis with a confidence level of 95% (α = 0.05), then 

continued with the Post Hoc LSD difference test.  

 

RESULTS  

 The results of serum albumin levels measurement 

and the graph of albumin levels according to the duration 

of exposure are shown in Table 1 and Figure 1, 

respectively. Based on the average serum albumin levels 

measured in each group, it was found that the Kn group 

had the highest albumin levels compared to the other 

groups, at 4.326±0.519 g/dL. The lowest albumin levels 

were observed in group K4, which received chlorpyrifos 

for 56 days at 2.826±0.358 g/dL. The albumin levels 

from K1 to K4 showed a decreasing trend, indicating that 

with prolonged exposure to chlorpyrifos, the albumin 

levels in rats also decreased. 

 The obtained serum albumin level results were further 

subjected to comparative analysis using One-way 

ANOVA. The requirement for the one-way ANOVA test 

to be carried out is that the data must be normally 

distributed and homogeneous. Therefore, the data was 

previously analyzed using the Shapiro-Wilk normality 

test and the homogeneity test using the Levene test. The 

results of the normality and homogeneity tests of the data 

obtained p>0.05, which means that the data is normally 

distributed and homogeneous so that it can be continued 

with the one-way ANOVA test. Based on the One-way 

ANOVA test, a significance result of 0.002 (p<0.05) was 

obtained. The analysis was continued with the Post Hoc 

LSD test. The results of the Post Hoc LSD test (Table 2) 

showed a significant difference (p<0.05) in serum 

albumin levels between the control group (Kn) and the 

chlorpyrifos-exposed groups (K1, K2, K3, and K4), as 

well as between group K1 and K4. This difference can be 

attributed to the varying exposure durations, especially 

between K1 exposed for 7 days and K4 exposed for 56 

days. The difference in exposure durations provides an 

insight into the accumulation of significant effects of 

chlorpyrifos exposure on serum albumin levels, thus 

demonstrating that with prolonged (chronic) exposure to 

chlorpyrifos, serum albumin levels will also decrease. 

 

DISCUSSION  

  This study aims to prove the effect of low-dose 

chlorpyrifos administration on albumin levels in Wistar 

rats, using a time series, namely administration in 7, 14, 

28 and 56 days. These times were chosen to represent 

acute (7 days), subacute (14 days), and subchronic (28 

and 56 days) toxicity in animal toxicity assessment.20 A 

low dose of chlorpyrifos was given to resemble the 

residual dose found in vegetables and fruits consumed by 

humans, considering that chlorpyrifos is often used in 

agriculture, especially to control pests in vegetable and 

fruit products.21 Chlorpyrifos has an oral LD50 in rats 

ranging from 66-195 mg/kg BWor 150 mg/kg BW.22,23 It 

is stated in research conducted by Noushi (2013) that a 

low dose is 1/30 of the LD50, so from the LD50, the dose 

range that can be used is 2.2 - 6.5 mg/kg BW or 5 mg/kg 

BW.24 

  Our study showed that the group given low-dose 

chlorpyrifos 5 mg/kg BW for 7, 14, 28, and 56 days had 

significantly lower serum albumin levels compared to the 

group not given chlorpyrifos. Normal albumin levels in 

male Wistar rats are 3-5.1 g/dL, and the group not given 

chlorpyrifos had albumin levels of 4.236 ± 0.519 g/dL, 

indicating that the levels were within the normal range. 

Table 2. Results of Post Hoc LSD Test 

 Kn K1 K2 K3 K4 

Kn  0,025* 0,008* 0,007* 0,000** 

K1 0,025*  0,619 0,597 0,025* 

K2 0,008* 0,619  0,975 0,071 

K3 0,007* 0,597 0,975  0,076 

K4 0,000** 0,025* 0,071 0,076  

Explanation: (*) indicates significant difference (p<0.05), (**) indicates highly significant difference (p<0.001) 
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In this study, it was found that the average albumin 

levels decreased in the group given chlorpyrifos, starting 

on the seventh day of treatment, namely 3.578±0.599 

g/dL, and the lowest on the 56th day was 2.826±0.358 

g/dL. A retrospective study by Noh et al. (2020) 

investigating the effects of organophosphate poisoning 

on 217 patients showed the presence of 

hypoalbuminemia. The study examined several 

organophosphates that were accidentally ingested, 

categorized as low dose (2 mg/kg body weight) and high 

dose (> 2 mg/kg body weight), followed by observation 

after 24 hours.8 The doses are doses in humans, where 

the dose used in our study was a low dose after being 

converted to humans, which was 0.8 mg/kg BW (≤ 2 

mg/kg BW). From Noh's study, organophosphates were 

shown to trigger an oxidative stress response in the liver, 

which can result in reduced albumin production.8 

  In this study, the exposure of low-dose chlorpyrifos 

was found to significantly decrease serum albumin 

levels, with an average of 3.41±0.481 g/dL at 28 days 

and a further decrease at 56 days with an average of 

2.826±0.358 g/dL. This effect is believed to occur due to 

the accumulation effect of low doses of chlorpyrifos, 

causing increasingly severe hepatocyte damage resulting 

in decreased albumin production. In contrast, a study by 

Zhang et al. (2021) found that exposure to low-dose 

chlorpyrifos (1 mg/kg body weight) for 12 weeks did not 

show any significant changes in liver histological 

examination in rats.6 This is because the dose exhibited 

significant hepatotoxicity in that study was 5.4 mg/kg 

body weight, leading to hepatotoxicity through changes 

in liver enzyme markers' profiles such as ALP, AST, 

LDH, and organ structure. Chlorpyrifos can elevate 

TNFα, IL-1β, and IL-6 levels and induce inflammatory 

responses with increasing doses.6 

  The metabolism of chlorpyrifos in the liver through 

hydrolysis by esterase enzymes and cytochrome P450 

results in the formation of a more toxic compound called 

chlorpyrifos-oxon (CPO), which triggers liver cell 

damage through oxidative stress mechanisms. Liver cell 

damage affects the physiological function of the liver, 

one of which is the production of albumin protein. 

Research indicates that the decrease in serum albumin 

levels correlates with the degree of hepatocyte damage.25 

Such a condition can exacerbate the development of 

hypoalbuminemia resulting from chlorpyrifos 

exposure.8 

  Exposure to chemical substances such as 

chlorpyrifos can trigger oxidative stress in the liver, 

primarily due to the high production of reactive oxygen 

species (ROS), especially from mitochondria and 

NADPH oxidase. Elevated ROS levels can cause 

damage to liver cell components, including lipids, 

proteins, and nucleic acids. Additionally, oxidative 

stress can disrupt normal mitochondrial function, 

altering energy production processes within liver cells 

and leading to structural and functional changes in the 

liver that can affect overall organ performance. One 

consequence of this oxidative stress is the reduction in 

albumin production by the liver, leading to 

hypoalbuminemia. Therefore, oxidative stress plays a 

key role in the mechanism of liver damage and the 

decrease in albumin levels.26,27 

  Oxidative stress due to chlorpyrifos exposure leads to 

changes in metabolic function, ultimately resulting in cell 

death. The mechanism of non-cholinergic pro-oxidant 

effects on chlorpyrifos and chlorpyrifos-oxon (CPO) 

toxicity has been studied by Naime et al. (2020).28 

Exposure to chlorpyrifos and chlorpyrifos-oxon (CPO) 

results in a significant decrease in glutathione levels, 

preceding a significant reduction in cell viability. The 

study indicates that, apart from being a stronger 

acetylcholinesterase inhibitor, chlorpyrifos-oxon is also a 

potent pro-oxidant molecule. Thus, oxidative injury can 

contribute to liver and kidney damage as the human liver 

expresses CYP2B6, the main enzyme responsible for 

chlorpyrifos metabolism, into chlorpyrifos-oxon. 

Additionally, subacute exposure to low doses forms toxic 

oxon metabolites, causing hyalinization, vacuolization, 

nuclear necrosis, hepatocyte edema, and lipid 

degeneration. These morphological changes may also be 

associated with impaired cell function and lower 

antioxidant capacity.28,29 

  Apart from liver cell damage, hypoalbuminemia can 

also occur due to kidney damage. Research conducted by 

Sakinah et al. in 2024 showed that oral administration of 

low-dose chlorpyrifos pesticides in 7, 14, 28 and 56 days 

can cause increased BUN and creatinine levels and 

decreased glomerular diameter in the group given 

chlorpyrifos compared to the group without 

chlorpyrifos.30 A study by Aung et al. (2022) investigated 

the exposure of chlorpyrifos to kidney damage in 18 rats 

treated with subacute and subchronic doses of 18 mg/kg 

body weight via subcutaneous injection. From the study, 

kidney damage was observed through oxidative stress 

processes. One of the most well-known mechanisms of 

organophosphate pesticide-induced kidney damage in 

subacute and subchronic exposure is through oxidative 

stress effects on the kidneys. Malondialdehyde (MDA) is 

a product of lipid peroxidation and is considered an 

oxidative marker. The results of the study indicated 

significant changes in oxidative damage as the basis of 

nephrotoxicity, as serum MDA levels increased and were 

strongly expressed in renal tubular cells in animals 

exposed to chlorpyrifos. 31 

 Accumulation of 3,4,5-trichloro-2-pyridiol in the 

kidney can induce oxidative stress in glomerular 

epithelial cells, damaging the glomeruli's visceral 

epithelial cells (podocytes).7 Damage or abnormalities in 

glomerular podocytes can disrupt their ability to filter 

substances selectively. As a result, albumin and other 

proteins may leak into the urine.32 When the amount of 

albumin lost in the urine exceeds the liver's capacity to 

replace the loss, the level of albumin in the plasma 

decreases (hypoalbuminemia).33 

 One of the factors that can affect albumin levels is the 

age of the rats. In the study of Olukuran (2018), it was 

shown that there was a relationship between changes in 

urinary protein excretion in rats at various ages. The 

study proved that some of the molecular weight of protein 

in the urine of rats aged 1, 9, and 12 months was higher 

than that of rats aged 3 and 6 months. The total protein 

concentration in the urine of male and female rats aged 9 

and 12 months was significantly higher than that of rats 

aged 1 and 3 months.34 In our study, we used rats aged 2-

3 months. Thus, selecting 2-3-month-old rats should not 

affect albumin levels in the rats we studied. 



124 

 

 

Journal of Biomedicine and Translational Research, 10 (3) 2024, 120-125 
 

 Our study has limitations: albumin levels were not 

checked at hour 0 to ensure that all groups had the same 

albumin levels before chlorpyrifos administration. 

However, albumin levels in the treatment group were 

compared with normal control groups that were not 

given chlorpyrifos. So, by including the same age in the 

research inclusion criteria, getting the same type of food, 

and using the same environmental conditions, it is 

expected to reduce the possibility of bias in this study 

that can affect the study results. The results of this study 

can be the basis for further research, for example, on the 

effect of chlorpyrifos on drug pharmacokinetics, 

especially in terms of drug distribution bound to 

albumin. 

 

CONCLUSION  

  This study concluded that the duration of low-dose 

chlorpyrifos exposure can cause changes in serum 

albumin levels in Wistar rats. Albumin levels in the 

chlorpyrifos administration group were significantly 

lower than those without chlorpyrifos. This result proves 

that the longer the organism is exposed to low-dose 

chlorpyrifos pesticides, the lower the organism's 

albumin levels. 
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Abstract 

Background: Central obesity due to visceral fat can cause insulin resistance, risking 

type 2 diabetes mellitus (DM) with many complications, including coronary heart 

disease (CHD). The visceral adiposity index (VAI) was developed as a new indicator 

of visceral fat dysfunction. The gold standard for assessing insulin resistance is the 

hyperinsulinemia-euglycemia (HEC) clamp. This method is invasive and expensive, 

so homeostasis model assessment-insulin resistance (HOMA-IR) and quantitative 

insulin sensitivity check index (QUICKI) are more accessible, practical, and less 

invasive measurement methods. This study not only analyzed the relationship between 

VAI and HOMA-IR but also with QUICKI as a marker of insulin resistance. 

Objective: To determine the correlation between visceral adiposity index and insulin 

resistance (HOMA IR and QUICKI) in patients with type 2 diabetes mellitus. 

Methods: A cross-sectional study on 70 adult outpatients with diabetes mellitus in the 

Diponegoro National Hospital Semarang was performed. Fasting glucose was 

examined using the hexokinase method, while     HDL-C and TG used the colorimetric 

enzymatic method with an automated clinical    chemistry device. Fasting insulin was 

tested using the Enzyme-Linked Immuno Sorbent Assay (ELISA) method. Weight and 

height measurement by Tanita body composition scales. VAI, HOMA IR, and 

QUICKI were calculated manually. Data analysis was performed using the Pearson 

test (p< 0.05). 

Results: There was a moderate positive correlation between VAI and HOMA-IR 

(r=0.480; p=<0.001). There was moderate negative correlation between VAI and 

QUICKI (r=-0.475; p=<0.001).  

Conclusion: This study shows that the higher the VAI value, the higher the HOMA 

IR value. Conversely, the higher the VAI value, the lower the QUICKI value. These 

results indicate that the higher the VAI value, the more severe the insulin resistance in 

DM patients. Severe insulin resistance can lead to more serious complications in DM. 

 

Keywords: Diabetes Mellitus; central obesity; Insulin resistance 
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INTRODUCTION 

  In the last few decades, the prevalence of type 2 

diabetes mellitus (DM-T2) has increased throughout the 

world. In 2015, Indonesia was ranked seventh in the 

world for the highest prevalence of DM. According to 

the 2018 Indonesian Ministry of Health Health Research 

Study, Central Java province has the highest prevalence 

of type 2 DM.1 

  Diabetes mellitus is a significant risk factor for 

premature death, and an enormous social and economic 

burden.  Central obesity is closely related to the high 

prevalence of T2DM, including acute and chronic 

complications.2 High visceral fat in obesity is associated 

with various systemic diseases including NAFLD, 

PCOS, hypertension and others.  
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  Individuals with high visceral fat are at increased risk 

of insulin resistance. A further consequence is that the 

risk of developing T2DM is also greater.3 Insulin 

resistance is a metabolic disorder characterized by the 

failure of fat storage into subcutaneous adipose tissue, 

leading to ectopic fat deposition into visceral fat tissue 

and insulin-sensitive tissues such as liver and skeletal 

muscle. These tissues progress to lipotoxicity status, 

interfering with insulin signaling and action, resulting in 

insulin resistance.4 The state of insulin resistance in DM 

patients will cause an increase in further complications 

such as CHD.5 

  The best measurement of insulin resistance of insulin 

resistance is using a hyperinsulinemic-euglycemic clamp 

(HEC), but this method is invasive, time-consuming, and 

expensive to implement in clinical practice. Current 

assessment of insulin resistance using the homeostatic 

model (HOMA-IR) and quantitative insulin sensitivity 

check index (QUICKI) are more straightforward, 

practical, and minimally invasive measurement methods. 

HOMA-IR and QUICKI can be calculated using fasting 

blood glucose (GDP) and insulin levels.6 Apart from that, 

not all laboratories provide parameters for insulin level 

measurement. 

  Magnetic resonance imaging (MRI) and 

computerized tomography scans (CT) can be used to 

examine visceral fat, which is essential in the 

mechanism of insulin resistance. However, these 

techniques are costly, have radiation side effects, and are 

unavailable in every health service. There is a need for a 

simple alternative parameter to measure visceral fat.7 The 

visceral adiposity index (VAI) was developed as a new 

visceral adipose tissue dysfunction indicator. A previous 

study reported that VAI can be used to replace  visceral CT 

scan examination as a marker of visceral adiposity. The 

visceral     adiposity index itself is an indirect measurement 

method based on gender that measures a combination of 

anthropometric examinations based on waist 

circumference (WC), body mass index (BMI), 

triglyceride (TG) levels, and high-density lipoprotein 

(HDL) cholesterol levels.7,8 The laboratory's parameters 

for determining the VAI value are easy and cheap. 

Almost all laboratories measure all of these parameters. 

Previous study reported a correlation between VAI and 

homeostatic model assessment of insulin resistance 

(HOMA-IR) in participants with normal weight.8 

Another study showed an increase in VAI and HOMA-

IR values in type 2 DM patients than control group.3 The 

quantitative insulin sensitivity check index is an 

empirical math-transformed calculation of fasting 

glucose and plasma insulin levels that has been shown to 

provide better predictive power consistently and 

precisely. QUICKI is a variation of the HOMA equation, 

according to Gutch et al. QUICKI has a better correlation 

in patients with diabetes and obesity.6 A cut-off value of 

HOMA-IR > 2.5 indicates insulin resistance while 

QUICKI <0.328.10 

  Based on the explanation above, we want to analyze 

the correlation between VAI and insulin resistance 

assessed by the HOMA-IR and QUICKI methods in 

patients with type 2 diabetes mellitus. Previous studies 

only analyzed VAI and HOMA-IR in DM groups and 

healthy controls. The difference between this study and 

several previous studies is that this study not only 

analyzed the relationship between VAI and HOMA-IR 

but also with QUICKI as a marker of insulin resistance. 

 

MATERIALS AND METHODS 

  A Cross-sectional study on 70 adult diabetes mellitus 

patients in outpatient care at Diponegoro National 

Hospital from March to April 2022. Subjects with a 

history of hepatic, renal, and   thyroid disease were 

excluded from this study. Ethical clearance was obtained 

from the Health Research Ethics Commission (KEPK) of the 

Faculty of Medicine, Universitas Diponegoro, with No: 

62/EC/KEPK/FK-UNDIP/III/2022. 

  All subjects agreed to participate in this study by 

signing an informed consent form. Venous blood was 

drawn for fasting glucose levels, lipid profiles 

(cholesterol, HDL, LDL, triglycerides), and insulin 

levels. They were also subjected to anthropometric 

examination, including height and weight. A nutritionist 

took measurements of the height and weight of the study 

subjects using the Tanita BC tool using Tanita body 

composition monitor (Tanita Health Equipment H.K. 

Ltd). 

Table 1. Data characteristics of research subjects 

Variable Mean ± SD Median (min – max) 

Age (year) 56.91 ± 10.16  

WC (cm)  91.50 (66 – 120) 

BMI (kg/m2)  25.55 (16.40 – 39.70) 

Cholesterol (mg/dL)  200.50 (122 – 346) 

LDL-C (mg/dL) 130.04 ± 52.07  

HDL-C (mg/dL) 43.9 ± 13.78  

Triglycerides (mg/dL) 158.15± 74.69  

FBS (mg/dL) 155.30 ± 77.55  

Insulin (IU) 24.05 ± 37.80  

VAI 9.51 ± 16.93  

HOMA-IR 0.30 ± 0.04  

QUICKI 6.50 ± 3.92  

WC, waist circumference; BMI, body mass index; HDL, high-density lipoprotein- cholesterol; FBS fasting blood sugar; HOMA–

IR, homeostasis assessment of insulin resistance; QUICKI, quantitative insulin sensitivity assessment index; VAI, visceral 

adiposity index; SD (standard deviation); min (minimum); max (maximum). 
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  Consecutive sampling will be done according to the 

research criteria until the number of samples is met. 

Fasting glucose was examined using the hexokinase 

method, while HDL-C and TG used the colorimetric 

enzymatic method with an automated clinical chemistry 

device (Indiko TM, Thermo Fisher Scientific, Waltham, 

MA USA). Fasting insulin was tested using the Enzyme-

Linked Immuno Sorbent Assay (ELISA) method. Body 

mass index (BMI) examination calculates of body 

weight in kg divided by height in meters squared 

(kg/m2). VAI was calculated based on the combination 

of (WC), (BMI), triglyceride (TG), and (HDL) 

examinations with the formula8: 

Numerical data is displayed as mean±SD if the data 

distribution is normal or median(min-max) if the data 

distribution is not normal. Test the relationship between 

VAI with HOMA-IR and QUICKI using the Pearson test 

(p<0.05). 

 

RESULT 

 A total of 70 patients who met the criteria 

participated in the study. Seventy samples were 

obtained, consisting of 36 (51,4%) men and 34 (48,6%) 

women. The distribution of subject characteristics is 

presented in Table 1. Variables with normal data 

distributions are shown with the mean±SD, while 

variables with abnormal data distributions are shown 

with the median (min-max). 

 The results of data analysis with the Pearson test 

showed a moderate positive correlation between the 

number of VAI and HOMA-IR (p=<0.001; r=0.480) and 

a moderate negative correlation between VAI and 

QUICKI (p=<0.001; r=-0.475) can be seen in table 2. 

The distribution of VAI data with HOMA-IR and 

QUICKI can be seen in Figure 1 and 2. 

  

DISCUSSION 

  There was a positive correlation between VAI and 

HOMA-IR and a negative correlation between VAI and 

QUICKI. The correlation between VAI and HOMA-IR is 

in line with previous research which shows that VAI is 

closely related to HOMA-IR. This condition can be used 

as an independent risk factor influencing the increase in 

HOMA-IR rates in both male and female groups.9 

  VAI is considered a fat indicator and is essential in 

managing fat loss. Conventional ways to reduce fat are 

lifestyle interventions or using medication.  This research 

also showed that obesity is strongly associated with 

insulin resistance. Those in the BMI >30kg/m2 group will 

experience four times more insulin resistance.  Increasing 

TG levels is associated with decreased insulin sensitivity. 

The lower the HDL-C levels, the more insulin resistance 

occurs.11 

  Another study on 528 subjects with suspected 

obstructive sleep apnea with and without obesity and 

metabolic syndrome, reported that increased VAI was 

associated with insulin resistance.12 Study of 439 

Bangladeshi population, reported VAI had a positive 

correlation with HOMA-IR in patients with Type 2 DM 

but did not show a significant correlation in controls.3 

  A previous study showed that visceral fat has a link 

with insulin resistance calculated by HOMA IR and 

QUICKI and metabolic syndrome, which has a better 

correlation in pre-diabetic women and patients with type 

2 DM population.13 Another study by Vizzuso et al. 

reported a significant correlation between VAI, HOMA-

IR, and QUICKI in a population of Caucasian children 

aged 8-15 years with metabolic syndrome.14 Another 

study concluded a moderate correlation between VAI, 

HOMA- IR, and QUICKI in 396 obese children in 

Mexico.15 

  Previous studies have demonstrated the correlation 

between visceral  adipose tissue and insulin resistance. A 

meta-analysis study by Zhang et al. reported a significant 

positive association between adipose tissue build-up and 

insulin resistance as measured by HOMA-IR. The visceral 

fat mass is closely correlated with HOMA-IR, followed 

by total fat mass, BMI, and WC.7 

  Sun et al. said there is a correlation between visceral 

fat in several measurement methods and the risk of 

diabetes and insulin resistance.3 Borel et al. showed that 

changes in visceral adipose tissue were associated with 

improved insulin sensitivity after one year of lifestyle 

intervention.15 The increase influenced the increase in 

VAI values in WC, BMI, and TG levels. This condition 

supports the theory that increased fat, especially visceral 

fat and dyslipidemia, increases glucose blood levels due 

to insulin resistance. An increased risk of diabetes may 

result from excess visceral fat. Visceral fat has more 

excellent endocrine activity than subcutaneous fat and is a 

marker of adipose tissue dysfunction and ectopic fat 

deposition. These circumstances cause lipotoxicity and 

insulin resistance in muscle cells, liver, and pancreatic 

cells that inhibit glucose uptake. Therefore, visceral fat 

contributes as one of the risk factors for diabetes.13 

  Insulin resistance measurement with HOMA-IR was 

done more than 15 years ago.5 HOMA-IR has been 

observed to have a linear correlation with glucose clamp 

and minimal model in estimating insulin 

sensitivity/resistance in various studies in different 

populations. In contrast, QUICKI is the logarithm of 

HOMA- IR, which explains its almost perfect correlation 

with HOMA.17 This is consistent with this study, where a 

very strong correlation was found between HOMA-IR and 

QUICKI. Katz et al., in their study, also mentioned that 

Table 2. Correlation test results of VAI between 

HOMA-IR and QUICKI 

Variable 
VAI 

p r 

HOMA-IR <0.001 0.480 

QUICKI <0.001 -0.475 

 
 

𝑀𝑎𝑙𝑒: 𝑉𝐴𝐼 = (
𝑊𝐶

(39.58 + (1.886 ∗ 𝐵𝑀𝐼))
) ∗ (

𝑇𝐺

1.03
) ∗ (

1.31

𝐻𝐷𝐿
) 

 

𝐹𝑎𝑚𝑎𝑙𝑒 𝑉𝐴𝐼 = (
𝑊𝐶

(36.58 + (1.896 ∗ 𝐵𝑀𝐼))
) ∗ (

𝑇𝐺

0.81
) ∗ (

1.52

𝐻𝐷𝐿
) 

 

𝐻𝑂𝑀𝐴 − 𝐼𝑅 =
𝑔𝑙𝑢𝑐𝑜𝑠𝑒 𝑚𝑔/𝑑𝐿 ∗ 𝑖𝑛𝑠𝑢𝑙𝑖𝑛 µU/L

405
 

 

QUICKI =
1

[log(𝐼𝑛𝑠𝑢𝑙𝑖𝑛 µU/mL) + log (Glucose mg/dL)] 
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HOMA-IR and QUICKI have a better correlation than 

HOMA-IR with glucose clamp.18 

  Insulin resistance occurs due to impaired insulin 

action in metabolically active tissues and organs, 

including skeletal muscle, liver, and fat tissue.13 In insulin 

resistance, the effect on adipose tissue is an increased 

hepatic free fatty acid flow that tends to increase hepatic 

very low-density lipoprotein (VLDL) production. At the 

same time, ketogenesis remains suppressed due to 

compensatory hyperinsulinemia.9 Fat-induced insulin 

resistance, where there is decreased fat storage capacity 

within the subcutaneous adipose tissue, will lead to 

ectopic fat deposition into visceral fat tissue and insulin-

sensitive tissues such as liver and skeletal muscle. These 

tissues will progressively develop to lipotoxicity status, 

disrupt insulin signaling and action, and cause insulin 

resistance and decreased glucose tolerance. Insulin 

resistance increases as BMI, WC, and especially waist- 

hip ratio increases. This reflects an increase in adiposity 

and incredibly visceral adipose tissue.2,19 

  The visceral adiposity index was developed as a novel 

indicator of visceral adipose tissue dysfunction that 

proved to be a good indicator of endocrine dysfunction 

and low-grade inflammation of adipose tissue in a state 

referred to as adipose tissue dysregulation.20 Adipose 

tissue dysregulation altered fat distribution and function 

and is believed to be a cornerstone in the pathogenesis of 

insulin resistance through altered adipocytokine 

production, increased lipolytic activity, and 

inflammation.21 Other studies have shown a relationship 

between obesity parameters and lipid profiles in the form 

of lipid accumulation products, inflammatory conditions, 

and glucose levels.22  

  The results of this study indicate that VAI values 

obtained from examining lipid profile levels (triglycerides 

and HDL-cholesterol) can be used to assess the state of 

insulin resistance. This parameter makes it easier for 

 

 
 

Figure 1. Scatter plot graph of Correlation VAI and HOMA-IR 

Figure 1 shows the scatter plot of the VAI and HOMA IR relationship. The line in the figure shows a positive 

correlation between VAI and HOMA IR, i.e., the higher the VAI value, the higher the HOMA IR value. The higher 
the VAI value, the more severe the state of insulin resistance 

 

 

 
 

Figure 2. Scatter plot graph of VAI correlation with QUICKI 

Figure 2 shows the scatter plot of the relationship between VAI and QUICKI. The line in the figure shows a negative correlation 

between VAI and QUICKI, i.e., the higher the VAI value, the lower the QUICKI value. The higher the VAI value, the more 

severe the state of insulin resistance. 
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patients to control further insulin-resistant states. This 

study did not analyze the length of time the subject 

suffered from DM. Further research is needed on DM 

patients and on the period of time after the patient is 

diagnosed with DM. 

 

CONCLUSION 

 This study has a positive correlation between the 

number of VAI and HOMA-IR and a negative correlation 

between VAI and QUICKI. The higher VAI value 

indicates a more severe insulin-resistant state, as seen 

from the increasing HOMA IR and decreasing QUIKI. 

The higher the VAI value, the more severe the state of 

insulin resistance, which can increase complications in 

DM. Further studies linking VAI and insulin resistance 

to DM complication parameters are needed. 
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