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Introduction  

Stunting is a condition caused by chronic malnutrition that 

impedes physical growth and development in children. This condition 

is associated with cognitive development disorders and increased 

susceptibility to infections. One of the contributing factors to stunting 

is oxidative stress which is generated by free radicals that damage cells 

and tissues, inhibit growth, and affect the differentiation of essential 

cells such as osteoblasts. Furthermore, chronic inflammation triggered 

by pro-inflammatory cytokines such as Interleukin-6 (IL-6) contributes 

to the occurrence of stunting by hindering muscle growth and 

exacerbating tissue damage.1,2 Virgin Coconut Oil (VCO) contains 

Medium Chain Fatty Acids (MCFAs) that possess antioxidant and anti-

inflammatory properties. Virgin Coconut Oil has been shown to reduce 

oxidative stress and decrease the expression of pro-inflammatory 

cytokines, including Interleukin-6, while improving physical growth 

parameters that are disrupted due to toxin exposure or environmental 

stress 
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Virgin Coconut Oil has the potential to serve as an effective therapeutic 

alternative for preventing or addressing stunting through mechanisms 

of inflammation reduction and enhanced cellular metabolism.3,4  

The objective of this study is to evaluate the effect of VCO on IL-6 

expression and body length in zebrafish larvae in a stunting model 

induced by rotenone. Virgin Coconut Oil is expected to mitigate the 

effects of stunting and serve as a basis for the development of natural 

therapies for stunting prevention. 

 

Materials and Methods  
Virgin Coconut Oil (VCO)  

Virgin Coconut Oil (VCO) was used in the treatments for the 

assessment of its effect on Interleukin-6 (IL-6) expression and body 

length in zebrafish larvae. The Virgin Coconut Oil used in this study is 

a product produced by KWT Vigur Asri (VCO Palm 7, Cemoro 

Kandang, Malang, Product No. P-IRT 2063573011924-29).  

 

Preparation of Virgin Coconut Oil Concentrations 

The research team conducted exploratory testing to establish suitable 

concentrations of VCO to be used in this study. The VCO 

concentrations were determined by the results of the exploratory testing. 

Virgin Coconut Oil was prepared by mixing 1 ml of VCO with 20 µL 

of DMSO and water to reach a volume of 16 ml, resulting in a 6.25% 

concentration. The 6.25% solution was subsequently diluted to obtain 

concentrations of 3.125% and 1.5625%. Each treatment used a volume 

of 54 ml in total, which was distributed into multiple well plates with 

three replications. 
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Stunting poses a major global health concern, impairing physical and cognitive development, 

particularly in developing nations; it persists despite various nutrition initiatives. Virgin Coconut 

Oil (VCO) derived from local resources is emerging as an effective option to enhance nutrition 

and promote brain and motor skills growth in children suffering from stunting. The objective of 

this study is to evaluate the effect of VCO on the expression of Interleukin-6 (IL-6) and body 

length in zebrafish larvae induced with stunting by rotenone exposure. Zebrafish larvae 2 hours 

post-fertilization were treated with rotenone to induce stunting and subsequently administered 

VCO at various concentrations. IL-6 expression was measured using the Reverse Transcription 

Polymerase Chain Reaction (RT-PCR) method, and body length was measured at 3, 6, and 9 days 

post-fertilization. The results of the study showed that the body length of zebrafish larvae exposed 

to rotenone significantly decreased compared to the negative control group, measuring 3.04 mm 

on day 3 and 3.72 mm on day 9. Administration of VCO at a dose of 6.25% was able to increase 

the body length of the larvae to 3.32 mm on day 3 and 4.06 mm on day 9. The expression of the 

IL-6 gene, statistical analysis using one-way ANOVA revealed a highly significant difference 

among the groups (p < 0.001). These findings indicate that VCO effectively reduces inflammation 

and improves growth inhibited by rotenone exposure. 
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Stunting Model Induced by Rotenone 

Rotenone was used to induce stunting in zebrafish larvae. It was 

dissolved in dimethylsulfoxide (DMSO) as the solvent, to prepare a 

solution with the appropriate concentration (12.5 ppb) used in this 

study. Zebrafish larvae 2 hours post-fertilization were divided into five 

groups: a negative control group, a positive control group, treatment 1 

(T1), treatment 2 (T2), and treatment 3 (T3). The negative control group 

was not given treatment of rotenone or VCO and was maintained in 

embryonic medium. The positive control group was treated with 12.5 

ppb rotenone, while the treatment groups were given the same dose of 

rotenone along with three concentrations of VCO. Treatment 1 (T1) was 

administered rotenone and 6.25% VCO, Treatment 2 (T2) was 

administered rotenone and 3.125% VCO, and Treatment 3 (T3) was 

administered rotenone and 1.5625% VCO.5  

 

Animal Model 

This study has been approved by the Health Research Ethics Committee 

of the Faculty of Medicine Brawijaya University with approval number 

492/EC/KEPK/12/2024. This study utilized zebrafish larvae (Danio 

rerio) as an animal model. Zebrafish embryos 2 hours post-fertilization 

were used as the research model. Larvae were studied from 0 to 9 days 

post-fertilization. Zebrafish were selected due to their similarity to 

human physiology and their ability to develop rapidly within a short 

period. The developmental stage of zebrafish larvae at 3 days post-

fertilization (dpf) is comparable to that of a human newborn, while 

larvae at 6 dpf are equivalent to a 2-year-old human infant, and larvae 

at 9 dpf are comparable to an 8-year-old human child.6  
 

Embryonic Medium 

Calcium chloride (CaCl₂), potassium chloride (KCl), sodium chloride 

(NaCl), and magnesium sulfate (MgSO₄) were used to prepare the 

zebrafish embryonic medium.7  

Measurement of Zebrafish Larvae Body Length 

After treatment, zebrafish larvae were maintained until 9 days post-

fertilization. Body length measurements of zebrafish larvae were 

performed at 3, 6, and 9 days post-fertilization using a microscope and 

an image raster application.8  

 

Measurement of Interleukin-6 (IL-6) Expression by Reverse 

Transcription Polymerase Chain Reaction (RT-PCR) 

The expression of Interleukin-6 (IL-6) was measured using the Reverse 

Transcription Polymerase Chain Reaction (RT-PCR) method to assess 

the inflammatory response in zebrafish larvae tissue. Zebrafish larvae 

were extracted and DNA was isolated using the RNA Mini Kit Tissue 

(Genoid) followed by reverse transcription to convert RNA into cDNA 

using ReverTra Ace qPCR RT Master Mix with gDNA Remover 

(Toyobo). The base sequence of the primers used is listed in Table 1 

and the RT-PCR protocol is provided in Table 2. The reaction process 

was carried out using a Real-time PCR instrument (CFX Opus 96) with 

the following composition: 5 µL of cDNA template, 10 µL of 

SensiFAST SYBR, 3.4 µL of Nuclease-Free Water, 0.8 µL of reverse 

primer, and 0.8 µL of forward primer.9  

 

Table 1: Primer Base Sequence of Interleukin-6 (IL-6) 
Forward Primer 

IL-6 5’-AAGGGGTCAGGATCAGCAC-3’ 

β-Actin 5’-CGAGCAGGAGATGGGAACC-3’ 

Reverse Primer 

IL-6 5’-GCTGTAGATTCGCGTTAGACATC-3’ 

β-Actin 5’-CAACGGAAACGCTCATTGC-3’ 

 

 

Data Analysis  

Statistical analysis for One Way ANOVA and Post-Hoc Least 

Significant Difference (LSD) test was performed using SPSS statistical 

software version 26. 

 

Table 2: Reverse Transcription Polymerase Chain Reaction (RT-

PCR) Protocol 
Steps IL-6 

Pre Denaturation(time/temperature) 2’/95OC 

Denaturation(time/temperature) 5”/95OC 

Extension(time/temperature) 20”/52.3OC 

 

Results and Discussion 
 

Body Length of Zebrafish Larvae in the Positive Control, Negative 

Control, and Virgin Coconut Oil (VCO) Treatment Groups 

The objective of this study is to analyze the effect of VCO on the body 

length growth of zebrafish larvae (Danio rerio) induced by rotenone as 

a stunting model. Measurements were taken at 3, 6, and 9 days post-

fertilization (dpf) with various treatments involving different doses of 

VCO. In Table 3, at 3 dpf, the negative control group that was not 

exposed to rotenone or VCO showed the greatest body length of the 

larvae (3.33 mm), indicating normal larval growth. In contrast, the 

positive control group exposed to rotenone showed the smallest body 

length (3.04 mm), indicating stunting. The treatment group that was 

given 6.25% VCO (T1) showed a significant increase in body length, 

reaching 3.32 mm, which was better than the positive control group. 

The other treatment groups of T2 (3.125% dose) and T3 (1.5625% dose) 

also showed improvements, although the differences were smaller. The 

analysis using One-Way ANOVA yielded a p-value of 0.000 for the 

body length of zebrafish larvae at 3 days post-fertilization (dpf), 

indicating that p < 0.05. This result suggests significant differences in 

the body length of stunted zebrafish larvae among the negative control 

group, positive control group, and the T1, T2, and T3 treatment groups. 

In Table 4, at 6 dpf, the increase in body length of the larvae is more 

evident. The positive control group still showed the smallest growth 

(3.41 mm), while the VCO treatment groups demonstrated progressive 

improvements. The T1 group that received the highest VCO dose 

showed the greatest body length (3.63 mm), followed by the T2 group 

(3.62 mm) and the T3 group (3.57 mm). This indicates that VCO can 

support growth improvement even when the larvae are exposed to 

rotenone. The analysis using One-Way ANOVA yielded a p-value of 

0.000 for the body length of zebrafish larvae at 6 days post-fertilization 

(dpf), indicating that p < 0.05. This result suggests significant 

differences in the body length of stunted zebrafish larvae among the 

negative control group, positive control group, and the T1, T2, and T3 

treatment groups. In Table 5, at 9 dpf, the negative control group still 

exhibited the greatest body length (4.15 mm), while the groups treated 

with VCO showed significant improvements compared to the positive 

control group. The T1 group that received a 6.25% VCO dose exhibited 

a body length of 4.06 mm, which is greater than the positive control 

group (3.72 mm), indicating that VCO is effective in mitigating the 

negative effects of rotenone that inhibit growth. The analysis using One-

Way ANOVA yielded a p-value of 0.000 for the body length of 

zebrafish larvae at 9 days post-fertilization (dpf), indicating that p < 

0.05. This result suggests significant differences in the body length of 

stunted zebrafish larvae among the negative control group, positive 

control group, and the T1, T2, and T3 treatment groups. Overall, the 

results of this study suggest that VCO administration can improve the 

body length growth of zebrafish larvae that are hindered by rotenone-

induced stunting. The 6.25% VCO dose (T1) yielded the best results 

with a significant increase in body length, highlighting the potential of 

VCO as an agent to address stunting in the zebrafish larvae model. 

This study demonstrates that the administration of VCO can improve 

the body length growth of zebrafish larvae exposed to rotenone, the 

model of stunting in this research. Rotenone exposure resulted in a 

significant reduction in body length, reflecting the occurrence of 

stunting. This finding is consistent with previous research that indicated 

that rotenone is a pesticide that specifically inhibits mitochondrial 

complex I of the electron transport chain as the initial point in oxidative 

phosphorylation for ATP production. When complex I is inhibited, the 

production of ATP, the primary energy source for cells, decreases. The 

resulting reduction in energy significantly affects energy-demanding 

cells, such as muscle cells, nerve cells, and osteoblasts (bone-forming 
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cells). The disruption of ATP production caused by rotenone also 

triggers an increase in Reactive Oxygen Species (ROS), which are 

reactive oxygen molecules that can damage cellular structures, DNA, 

proteins, and membranes. This reduces the ability of cells to proliferate 

and differentiate, including in the processes of bone elongation and 

overall body growth. Rotenone effectively induces stunting conditions 

through disruptions in energy metabolism oxidative stress and cell 

apoptosis, which affects body growth and in particular bone elongation. 

10,11 

Table 3: Average Body Length of Zebrafish Larvae at 3 dpf 
Age 3 days post fertilization 

Group Negative 

Control 

Positive 

Control 

(Rotenone 

12.5 ppb) 

T1 

(Rotenone 

12.5 ppb + 

VCO 

6.25%) 

T2 

(Rotenone 

12.5 ppb + 

VCO 

3.13%) 

T3 

(Rotenone 

12.5 ppb + 

VCO 

1.5625%) 

Picture  

 

 

 

 

 

 

 

    

Mean 

(mm) 

±SD 

3.33 

± 

0.07 

3.04 

± 

0.15 

3.32 

± 

0.09 

3.29 

± 

0.07 

3.24 

± 

0.09 

P 

Value 

0.000 

 
 

Rotenone causes a decrease in body length (stunting) in zebrafish larvae 

(Danio rerio) through mechanisms involving bioenergetic disruption 

and oxidative stress. As an endocrine-disrupting chemical (EDC), 

rotenone acts as an inhibitor of mitochondrial complex I of the electron 

transport chain. The inhibition of complex I disrupts oxidative 

phosphorylation, leading to a decrease in Adenosine Triphosphate 

(ATP) production, the primary energy molecule in cells.12  Virgin 

Coconut Oil has been proven effective in reducing the negative effects 

of rotenone, which is shown by an increase in body length in zebrafish 

larvae across all treatment groups given VCO. Virgin Coconut Oil 

contains medium-chain fatty acids, which have strong antioxidant 

properties that enable the repair of cell and tissue damage caused by 

oxidative stress. The medium-chain fatty acids in VCO function to 

reduce the toxic effects of harmful chemicals such as rotenone. These 

medium-chain fatty acids, particularly lauric acid (C12:0), capric acid 

(C10:0), and caprylic acid (C8:0), each possess biologically significant 

properties beneficial for human health. The production process of VCO 

is carried out without high heat or chemicals, which preserves its natural 

bioactive compound content. Lauric acid as the primary component of 

VCO has antimicrobial, antiviral, anti-inflammatory, and 

immunomodulatory effects. Virgin Coconut Oil exhibits strong 

antioxidant activity due to its total phenolic content. Studies have shown 

that VCO can suppress the formation of free radicals and reduce 

oxidative stress.13,14  The effects and benefits of VCO on stunted 

toddlers, with an emphasis on the metabolic and immunological roles 

of the MCFAs in VCO, are significant. VCO is a plant-based oil 

containing approximately 90% saturated fats, mostly in the form of 

MCFAs such as lauric acid (approximately 47-53%). These fatty acids 

have different properties from long-chain fatty acids; they are more 

rapidly digested and directly transported to the liver to be metabolized 

into energy, without the need for complex enzymatic processes such as 

bile or pancreatic enzymes. This makes VCO an efficient energy source 

that is quickly utilized by the body rather than being stored as fat. This 

process also increases calorie expenditure and induces satiety more 

quickly, which has the potential of reducing the risk of obesity and 

improving metabolic efficiency in children with growth disorders. 

Another benefit of VCO is its ability to enhance nutrient absorption, 

including vitamins, minerals, and amino acids, which are essential in 

supporting child growth and development. The increase in body length 

in the treatment groups suggests that VCO can help improve growth 

development that has been hindered by exposure to toxic substances.4 

The increase in body length in the treatment groups indicates that VCO 

can help restore growth development that was hindered by exposure to 

the toxic substance. Furthermore, the effect of different VCO doses on 

body length growth in larvae showed significant differences, with the 

6.25% dose (T1) having the most pronounced effect in increasing larval 

body length. This indicates that VCO can dose-dependently repair 

damage caused by rotenone, with higher doses yielding greater 

improvements. These results are consistent with previous findings that 

suggest that higher doses of natural substances such as VCO can 

produce stronger therapeutic effects.15   

 

Table 4: Average Body Length of Zebrafish Larvae at 6 dpf 
Age 6 days post fertilization 

Group Negative 

Control 

Positive 

Control 

(Rotenone 

12.5 ppb) 

T1 

(Rotenone 

12.5 ppb + 

VCO 

6.25%) 

T2 

(Rotenone 

12.5 ppb + 

VCO 

3.13%) 

T3 

(Rotenone 

12.5 ppb + 

VCO 

1.5625%) 

Picture  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Mean 

(mm) 

±SD 

3.74 

± 

0.17 

3.41 

± 

0.19 

3.63 

± 

0.10 

3.62 

± 

0.10 

3.57 

± 

0.12 

P Value 0.000 

 

The increase in body length in the larvae groups treated with VCO also 

reflects the potential of VCO to repair damage caused by oxidative 

stress. Oxidative stress induced by exposure to harmful chemicals such 

as rotenone can disrupt normal physiological processes in organisms. 

With its antioxidant properties, VCO can reduce damage caused by free 

radicals, allowing for the restoration of body cells and ultimately 

supporting faster growth recovery in zebrafish larvae.16,17  Overall, the 

results of this study indicate that VCO has the potential to mitigate the 

negative effects of rotenone exposure on zebrafish larvae development. 

Virgin Coconut Oil administration not only improved body length that 

was impaired due to rotenone exposure but also provided protection 

against tissue damage caused by oxidative stress, enhancing recovery 

and supporting normal growth. Therefore, VCO can be considered as 

an effective therapeutic agent for addressing growth disturbances 

caused by exposure to harmful chemicals in a stunting model. 

 

The Effect of Virgin Coconut Oil (VCO) on IL-6 Expression in Zebrafish 

Larvae Using RT-PCR Method 

The objective of this study is to measure the effect of VCO 

administration on IL-6 expression in zebrafish larvae induced with 

rotenone. Measurements were taken at 9 days post-fertilization (dpf) 

using the RT-qPCR method. Normality testing showed that IL-6 

expression data were normally distributed, with a p-value of 0.061, 

indicating that the data met the assumption of normal distribution. 

Homogeneity testing also indicated that the IL-6 expression data were 

homogeneous, with a p-value of 0.092. Virgin Coconut Oil is an oil 

obtained from fresh coconut meat without high heat processing, 

preserving the natural compounds present in coconut oil. This oil is rich 

in MCFAs, including lauric acid, and contains phenolic compounds, 

tocopherols, and tocotrienols that have strong antioxidant effects. 

Virgin Coconut Oil is known to have various pharmacological benefits 

such as reducing lipid peroxidation, enhancing the body's antioxidant 

defense system, and decreasing oxidative stress, which plays a role in 

various medical conditions. 18,19 
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Table 5: Average Body Length of Zebrafish Larvae at 9 dpf 
Age 9 days post fertilization 

Group Negativ
e 

Control 

Positive 
Control 

(Rotenon

e 12.5 

ppb) 

T1 
(Rotenon

e 12.5 

ppb + 

VCO 

6.25%) 

T2 
(Rotenon

e 12.5 

ppb + 

VCO 

3.13%) 

T3 
(Rotenon

e 12.5 

ppb + 

VCO 

1.5625%) 

Pictur
e 

 
 
 
 
 
 
 
 
 
 

    

Mean 
(mm) 
±SD 

4.15 
± 

0.11 

3.72 
± 

0.14 

4.06 
± 

0.11 

4.00 
± 

0.20 

3.80 
± 

0.18 

P 
value 

0.000 

 

 

In Figure 1, the results of analysis for IL-6 expression showed 

significant differences among the treatment groups. The negative 

control group that was not given treatment showed an average fold 

change in IL-6 expression, with a value of 1.0067 ± 0.13204. The 

positive control group exposed to rotenone (12.5 ppb) showed a 

significant increase in IL-6 expression, with an average value of 3.5733 

± 0.15503. 

 

 
Figure 1: The Effect of Virgin Coconut Oil on IL-6 

Expression in Zebrafish Larvae Stunting Model 
 

The treatment groups that received VCO showed a reduction in IL-6 

expression compared to the positive control group, with significant 

differences between the groups with administered VCO doses. The T1 

group (VCO 6.25%) and T2 group (VCO 3.13%) showed similar 

results, with average fold changes of 1.5167 ± 0.31565 and 1.5533 ± 

0.06658 respectively and no significant difference between them. 

However, the T3 group (VCO 1.5625%) showed an increase in IL-6 

expression with an average fold change of 2.3567 ± 0.18930, which was 

higher than the T1 and T2 groups but still lower than the positive control 

group. 

Further analysis using One-Way ANOVA showed significant 

differences in IL-6 expression between groups with a p-value of 0.000, 

indicating that VCO treatment can alter IL-6 expression in zebrafish 

larvae with rotenone-induced stunting. Post Hoc LSD testing identified 

significant differences across all treatment groups except between the 

T1 and T2 groups, which did not show significant differences from each 

other. 

Overall, the results of this study indicate that VCO administration can 

reduce IL-6 expression, which is increased due to rotenone exposure in 

zebrafish larvae with the 6.25% (T1) and 3.13% (T2) VCO doses 

providing better effects compared to lower doses. 

This study demonstrates that the administration of VCO can reduce the 

increased expression of IL-6 caused by rotenone exposure in zebrafish 

larvae. Rotenone, which is a neurotoxic agent, induces oxidative stress 

and inflammation in zebrafish larvae, as evidenced by the elevated IL-

6 expression in the positive control group. The increased expression of 

IL-6 indicates that rotenone can stimulate the body's inflammatory 

response; this is consistent with previous findings showing that IL-6 is 

one of the pro-inflammatory cytokines produced in response to 

oxidative stress and tissue damage caused by toxin exposure. IL-6 is a 

cytokine that serves as a key mediator in chronic inflammation. 

Inflammation triggered by IL-6 leads to the release of nitric oxide (NO). 

IL-6 can exacerbate neurodegenerative damage by increasing the 

expression of other inflammatory mediators, such as TNF-α and IL-1β, 

which further disrupt metabolic processes and elevate oxidative stress 

in the brain.20,21,22  

Interleukin-6 (IL-6) is a pro-inflammatory cytokine produced during the 

inflammatory process. IL-6 serves as a key signal in modulating the 

body's immune response by regulating the activation of immune cells 

such as macrophages and microglia (immune cells in the brain). When 

IL-6 production is excessive and prolonged, this cytokine exacerbates 

the inflammatory process, increases oxidative stress, and causes tissue 

damage including neuronal damage in the brain.23  

Interleukin-6 plays a crucial role in the inflammatory process that 

affects child growth. An increase in IL-6 contributes to detrimental 

changes in the gut microbiome, mucosal damage, and systemic 

inflammation, which ultimately leads to stunting. IL-6 can be used as 

an indicator to identify children at risk of stunting, and managing 

systemic inflammation may be an integral part of interventions to 

prevent or correct stunting in children.24  

The administration of VCO in the treatment groups resulted in a 

significant reduction in IL-6 expression. The groups treated with 6.25% 

VCO (T1) and 3.13% VCO (T2) showed similar results in reducing IL-

6 expression and there were no significant differences between the two 

groups. This indicates that both doses have similar anti-inflammatory 

effects. This reduction is highly relevant to the anti-inflammatory 

properties of VCO, which are likely due to the presence of active 

compounds such as lauric acid, polyphenols, and flavonoids that can 

inhibit inflammatory signaling pathways, including the NF-κB 

pathway, which plays a crucial role in IL-6 production.25 Therefore, 

VCO may provide protection against inflammation induced by rotenone 

exposure. 

 

Virgin Coconut Oil is a potential anti-inflammatory agent due to its 

primary content of medium-chain fatty acids (MCFAs) and their 

derivatives, such as monolaurin. Medium-chain fatty acids, in particular 

lauric acid, capric acid, and caprylic acid, are known to have various 

biological benefits, including anti-inflammatory properties. The anti-

inflammatory effects of VCO are primarily attributed to the ability of 

its active compounds to inhibit the activity of enzymes involved in the 

inflammatory process, one of which is cyclooxygenase-2 (COX-2). 

After being metabolized into monolaurin, lauric acid exerts a stronger 

effect in inhibiting COX-2 and reducing the production of 

prostaglandins that cause inflammation. These anti-inflammatory 

effects are also associated with the ability of VCO to reduce oxidative 

stress, which plays a crucial role in various chronic inflammatory 

conditions.26,25  

One of the mechanisms of action of VCO is through the reduction of 

oxidative stress. As a strong antioxidant, VCO contains compounds that 

can reduce the formation of free radicals generated by rotenone 

exposure, thereby preventing the activation of inflammatory pathways. 

The presence of tocopherols and phenolic compounds in VCO also 

plays a role in suppressing the activation of NF-κB, which is a key 

pathway involved in the production of pro-inflammatory cytokines such 

as IL-6. This explains how VCO can reduce IL-6 expression in 

zebrafish larvae exposed to rotenone.27,28  Phenolic compounds, 

recognized for their antioxidant properties, play a crucial role in 

regulating inflammatory responses by inhibiting pro-inflammatory 

cytokines such as interleukin-6 (IL-6), scavenging free radicals, 

reducing oxidative stress, preventing oxidative damage, and preserving 
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cellular and tissue integrity. In this way, they contribute to the reduction 

of chronic inflammation and protection against diseases related to 

oxidative stress.29,30 Oxidative stress occurs when the production of free 

radicals exceeds the body’s defense system capacity to neutralize them, 

resulting in damage to lipids, proteins, and DNA within cells, including 

neurons. Excessive free radicals can trigger inflammation and cell 

death. 31 Oxidative stress occurs due to an imbalance between the 

production of free radicals and the body's antioxidant defense system, 

which can lead to cell damage and various health issues. The ability of 

VCO to reduce oxidative stress is particularly beneficial when the body 

is exposed to intense physical activity, which increases the formation of 

free radicals. 32,33  

Another relevant mechanism is the effect of rotenone as a neurotoxic 

agent, which inhibits complex I in the electron transport chain in the 

mitochondria, resulting in an increase in ROS and oxidative stress. This 

condition activates inflammatory signaling pathways such as MAPK 

and NF-κB and subsequently stimulates the production of inflammatory 

cytokines, including IL-6. The administration of antioxidant-rich VCO 

can reduce this oxidative stress, inhibit the activation of inflammatory 

pathways, and ultimately decrease IL-6 expression.34  Overall, the 

results of this study demonstrate that VCO has potential as an anti-

inflammatory agent that can reduce the inflammatory impact during the 

early life stages of zebrafish larvae exposed to rotenone. The 

administration of VCO can decrease IL-6 expression induced by 

oxidative stress, provide protection against tissue damage, and improve 

the disrupted inflammatory response caused by toxin exposure. These 

anti-inflammatory effects support the potential of VCO as a therapeutic 

candidate for addressing the inflammatory impacts caused by exposure 

to harmful chemicals in organisms, particularly during vulnerable 

developmental stages. 

 

Conclusion 
This study demonstrates that the administration of VCO significantly 

reduces Interleukin-6 (IL-6) expression and increases body length in 

zebrafish larvae induced with stunting due to rotenone exposure. These 

findings support the hypothesis that VCO can reduce IL-6-mediated 

inflammation and improve physical growth impaired by oxidative 

stress. These results highlight the potential of VCO as an effective 

intervention for addressing stunting by modulating inflammation and 

supporting body growth. 
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