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Stunting is a chronic malnutrition condition that adversely affects organ function, including the
liver, kidneys, and brain. This study evaluated the effects of the supplementation of bilih fish
(Mystacoleucus padangensis) on biochemical parameters and histopathological changes in a
stunting animal model. Stunting was induced in Sprague-Dawley rats using a low-protein diet,
after which the animals were assigned to five groups: normal control (K1), stunting control (K2),
and three treatment groups receiving increasing doses of bilih fish oil (P1: 0.1 mL/day, P2: 0.2
mL/day, P3: 0.3 mL/day). Biochemical parameters measured included serum glutamic-pyruvic
transaminase (SGPT), serum glutamic-oxaloacetic transaminase (SGOT), blood urea nitrogen
(BUN), and creatinine. Histopathological analyses of liver, kidney, and brain tissues were also
conducted. Results demonstrated overall increases in hepatic and renal biochemical parameters
over time in all groups; however, several treatment groups exhibited lower elevations than the
untreated stunting control (K2). This trend across all groups, including controls, likely reflects
physiological growth rather than treatment effects and should not be interpreted as evidence of
a protective outcome in the absence of significant between-group differences. Histopathological
analysis revealed no significant differences in hepatic steatosis area (p = 0.14), renal glomerular
index (p = 0.38), or the percentage of active neuron cells (p = 0.11). In summary, bilih fish oil
supplementation did not produce statistically significant effects on biochemical or
histopathological parameters in the stunting model. Observed tendencies toward lower values in
certain treatment groups are preliminary and require confirmation in studies with larger sample
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sizes and more rigorous experimental designs.
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Introduction

Stunting is defined as linear growth failure in
children, characterized by a height-for-age z-
score (HAZ) below minus two standard deviations
from the World Health Organization (WHO)
growth standard median. The condition
represents the most prevalent manifestation of
chronic undernutrition among children under
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five years of age worldwide (Widyaningsih et al.,
2025). Stunting not only affects physical
dimensions but also generates a range of adverse
short- and long-term consequences. In the short
term, chronic malnutrition impairs brain
development, reduces intellectual capacity, and
weakens the immune system. Meanwhile, in the
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long term, it contributes to diminished cognitive
capacity, lower educational attainment, reduced
economic productivity in adulthood, and an
increased risk of non-communicable diseases
(Soliman et al., 2021).

Early-onset persistent stunting has been
shown to significantly reduce children’s cognitive
scores at five years of age. Children with this
condition have significantly lower cognitive
scores than those of children who are normal
(Alam et al., 2020). Based on longitudinal studies
conducted in Indonesia, stunting is associated
with reductions of 0.38-0.82 z-scores in cognitive
and numerical ability, an average of about two
fewer years of schooling, and a delay in school
enrollment of approximately 0.4 years (Lestari et
al., 2024). Data from the 2023 Indonesian Health
Survey (Survei Indonesia/SKI)
showed the prevalence of stunting in the country
at 21.5%. This implies that approximately one in
five children under five years of age is affected.
The highest incidence was observed in the 24-35-
month age group, and specific geographic
disparities were observed, with eastern regions
such as Papua, Nusa Tenggara, and Sulawesi
recording substantially higher prevalence rates
(Siramaneerat et al., 2024).

Kesehatan

The etiology of stunting is multifactorial,
comprising maternal malnutrition, inadequate
breastfeeding and complementary feeding
practices, poor sanitation, and unfavourable
socioeconomic conditions. Effective interventions
require a multisectoral approach targeting the
first 1,000 days of life as the critical window most
responsive to nutritional improvement
(Widyaningsih et al., 2025). A promising strategy
in the Indonesian context is the use of highly
nutritious local food resources to support efforts
to reduce stunting. As a result, bilih fish
(Mystacoleucus padangensis) present
potential local resource candidate due to its rich
nutritional profile and community-level
availability (Yahdillah et al., 2024). Nutritional
composition analysis of bilih fish
supplementation showed omega-3 fatty acid
content of 0.2669%, Eicosapentaenoic Acid (EPA)
0.0771%, Docosahexaenoic Acid (DHA) 0.1036%,
omega-6 0.2105%, omega-9 0.4346%, calcium
148.82 mg/100 g, iron 0.41 mg/100 g,
magnesium 57.30 mg/100 g, zinc 0.11 mg/ 100
g, and Vitamin A/Retinol 488.18 mcg/100 g. A
daily intake of 100 mL can provide approximately
14.9% of a child’s daily energy requirement,
making it a promising local functional food option

as a
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for reducing the risk of stunting (Diana et al.,
2025). This potential is reinforced by prior
reports stating that bilih fish extract contains
exceptionally high zinc content (161.97 mg/100
g) and is non-toxic. Therefore, the product is safe
as an alternative organic zinc supplement for
addressing deficiency in stunted children
(Yuniritha et al., 2020).

At the preclinical level, an efficacy study of
biscuits made from bilih fish flour was conducted
in 21-day-old male Sprague-Dawley rats over 28
days. In the process, parameters such as body
weight and tail length were adopted to evaluate
linear growth. The result provided an initial
scientific foundation reinforcing the relevance of
bilih fish as an interventional food ingredient in
growth animal models (Diana et al., 2020).

Mechanistically, DHA and EPA contained in
bilih fish oil play a crucial role in protecting three
vital organs most susceptible to damage from
chronic malnutrition, namely the liver, kidneys,
and brain. At the hepatic level, prolonged
malnutrition leads to pathological intrahepatic
lipid accumulation, increased oxidative stress,
and activation of inflammatory pathways
culminating in hepatocyte injury. EPA and DHA
supplementation has been shown to significantly
reduce hepatic fat content and improve hepatic
injury marker enzymes, including serum
glutamic pyruvic transaminase (SGPT), serum
glutamic oxaloacetic transaminase (SGOT), and
gamma-glutamyl transferase (GGT), in both adult
and pediatric patients. This occurs through
PPAR-a receptor activation, which stimulates
fatty acid oxidation, inhibits the pro-lipogenic
transcription factor SREBP-1c, and promotes the
production of anti-inflammatory eicosanoids that
suppress hepatic inflammatory responses
(Dionysopoulos et al., 2023). In the kidneys,
chronic malnutrition induces tubulointerstitial
damage through increased oxidative stress and
systemic inflammation, which compromise
glomerular integrity. A large-scale cohort study
analyses 19 cohorts with more than 25,000
participants. The results showed that higher
levels of seafood-derived omega-3 fatty acids
(seafood n-3 PUFAs) were significantly associated
with a reduced risk of chronic kidney disease,
supporting the protective role of omega-3 on
renal function (Ong et al., 2023). In uremic rat
animal models, EPA and DHA supplementation
the PINK1-dependent mitophagy
pathway and modified Drpl protein expression,
thereby protecting mitochondrial structure in

activated



renal tubular cells from oxidative damage (Choi
et al., 2024). In the brain, which represents the
organ most vulnerable to nutritional deficiency
during developmental periods, DHA functions as
a principal structural component of neuronal
membranes. It maintains membrane fluidity,
supports synaptic transmission, as well as
facilitating neurogenesis and axonal growth. EPA
serves as a substrate for the formation of anti-
inflammatory lipid mediators (resolvins and
protectins) that suppress NF-kB activation and
pro-inflammatory cytokine production (IL-1f,
TNF-a) in brain tissue (Beltran-Velasco and
Clemente-Suarez, 2025). Meanwhile, DHA
incorporated into neuronal phospholipid
membranes enhances brain-derived
neurotrophic factor expression, protects neurons
from apoptosis by regulating the Bcl-2/Bax ratio,
and maintains blood-brain barrier integrity,
often compromised during malnutrition and
chronic inflammation (Tian et al., 2025; Beltran-
Velasco and Clemente-Suarez, 2025). Preclinical
validation using animal models represents an
indispensable step before human intervention
studies. Furthermore, post-weaning rats fed a
low-protein diet have been shown to exhibit
significant reductions in body weight and tail
length, which are valid and reproducible
indicators of stunting controlled
laboratory conditions (Rigottier-Gois et al., 2020).
Investigating the effects of bilih fish oil in an
animal model is a strategically appropriate
scientific step toward building robust preclinical
evidence before clinical trials in children at risk
of stunting in Indonesia. Therefore, this study
aimed to observe changes in blood biochemical
markers and organ histological features in a
stunting animal model. Based on its nutritional
composition and previous preclinical findings, we
hypothesized that bilih fish oil supplementation
may modulate biochemical and histopathological
alterations associated with stunting conditions.

under

Material and methods

The sample of this study was male white
Sprague-Dawley rats obtained from standardized
laboratory animal facilities. All experimental
procedures received approval from the Animal
Research Ethics Committee under ethics number
361/KEH/SKE/IX/2025 and were conducted in

accordance with laboratory animal welfare
guidelines.  Furthermore, the rats were
maintained wunder controlled environmental
conditions at 22-25°C, 50-60% relative
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humidity, and a 12-hour light-dark cycle, with ad
libitum access to food and water.

Animal model

The stunting animal model was established
beginning from the gestational period. Pregnant
rats were fed a low-protein diet containing 8%
protein throughout gestation, while all other
husbandry conditions were maintained under
standard laboratory settings (Diana et al., 2025).
Upon weaning at postnatal day 21, offspring were
randomly allocated into five experimental groups
using a simple randomization procedure. The
first group (K1) served as the normal control and
received a standard diet. The second group (K2)
served as the stunting control and continued to
the low-protein diet
supplementation. The remaining three groups
received the low-protein diet supplemented with
bilih fish oil at doses of 0.1 mL/day (P1), 0.2
mL/day (P2), and 0.3 mL/day (P3), respectively.
The dose range was determined based on
nutritional content analysis of bilih fish oil
supplementation (Diana et al.,, 2025), which
estimated that a dose of 0.2 mL/day corresponds
to approximately 14.9% of a rat’s daily energy
requirement at this body weight, while 0.1 mL
and 0.3 mL represent lower and higher bounds
for sensitivity analysis. The intervention was
administered orally by gavage daily throughout
56 days following weaning (from postnatal day 21
to 77), giving a total experimental duration of
approximately 11 weeks, including the gestation
and neonatal induction period. All groups were
terminated on day 57 post-weaning for tissue
and blood collection.

receive without

Blood biochemical measurements

Biochemical parameter evaluation was
conducted through blood sampling at
predetermined observation time points. The

parameters analyzed included hepatic SGPT and
SGOT and renal function [blood urea nitrogen
(BUN) and creatinine], measured using standard
enzymatic methods. This was conducted in
accordance with diagnostic kit procedures (Glory
Diagnostic Kit, SPA).

Histopathological analysis

At the final stage of the study, histopathological
analysis was performed on liver, kidney, and
brain tissues. The organ tissues were fixed in
10% buffered formalin solution and subsequently

processed using standard histological



techniques, including dehydration, clearing,
paraffin embedding, and tissue sectioning at a
thickness of £5 um. Sections were stained with
hematoxylin-eosin (H&E) and examined under a
light microscope.

Hepatic histomorphometric evaluation was
performed using Imaged (NIH, US) to quantify the
area of hepatocyte steatosis. In the kidneys, the
glomerular area and Bowman’s capsule were
measured to assess changes in filtration
structure. In the brain, specifically the dentate
gyrus region, counts of viable and non-active
cells were performed as indicators of neural
tissue condition. Histopathological evaluation
was performed by analyzing 25 randomly
selected microscopic fields per slide under 400x
magnification. The analysis was conducted in a

blinded manner, where the observer was
unaware of the group allocation during
assessment.

Statistical analysis

In this study, data were presented as mean *
standard deviation (SD). Statistical analysis was
performed wusing one-way ANOVA under a
Randomized Complete Block Design (RCBD) to
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compare differences between groups, followed by
Tukey’s Honestly Significant Difference (HSD)
post hoc test for pairwise comparisons. A p-value
of < 0.05 was considered statistically significant.
All statistical analyses were performed using R
Software (version 4.4.0, 2024). No formal a priori
power calculation was performed due to the
exploratory nature of this study; the sample size
of n = 5 per group followed standard practice for
pilot preclinical studies and is acknowledged as
a limitation.

Results

Biochemical analysis

Measurements of hepatic and renal function
parameters showed a tendency for values to
increase over time across all study groups,
including both treatment and control groups.
SGPT levels in all groups at week 1, 4, and 8
ranged from 17-25IU/L, 26-40 IU/L, and 18-97
IU/L, respectively, as detailed in Figure 1. A
similar increase was observed in SGOT levels,
with values at week 1, 4, and 8 ranging from 40—
59 IU/L, 55-69 IU/L, and 110-185 IU/L,
respectively (Table 1).
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Figure 1: Serum transaminase enzyme levels during the experimental period. (A) Serum SGPT (alanine
aminotransferase/ALT) levels and (B) serum SGOT (aspartate aminotransferase/AST) levels were measured at Week 1, Week
4, and Week 8 in all experimental groups. Data are presented as mean * SD (n = 5/group). Circular markers represent mean
values, and error bars indicate standard deviation. Statistical analysis was performed using one-way ANOVA under a
Randomized Complete Block Design, followed by Tukey’s HSD post hoc test using R Software (v4.4.0). ns = non-significant (p

> 0.05).

Renal function parameters showed a consistent
pattern with the results. BUN at week 1, 4, and 8
ranged from 8-9 mg/dL, 10-17 mg/dL, and 19—

40 mg/dL, respectively. Meanwhile, creatinine
levels remained relatively stable at the beginning
of observation (0.2-0.3 mg/dL at week 1), with
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slight fluctuation at week 4 (0.1-0.3 mg/dL), and
a mild increase at week 8 to 0.3-0.5 mg/dL, as
detailed in Table 1.

Histopathological analysis

Histopathological analysis was performed on the

area affected by steatosis was measured, as
detailed in Figure 2. In the kidney, the area of the
Bowman’s capsule was assessed (Figure 3), while
in the dentate gyrus of the brain, counts of active
and non-viable neuron cells were performed.
Finally, the measurement results are presented
in Figure 4.

liver, kidney, and brain tissues. In the liver, the

Table 1: Blood Urea Nitrogen (BUN) and Creatinine levels.

Weeks Groups BUN (mg/dL) Creatinine (mg/dL)
K1 9.0+ 0.7 0.26 = 0.05a
K2 8.4+0.52 0.24 + 0.04=
1 P1 8.4 +£0.52 0.22 = 0.04a
P2 8.6 £0.52 0.24 £ 0.07a
P3 8.6 £ 0.5 0.22 £ 0.04=
K1 154+ 1.1= 0.26 + 0.052
K2 11.2+0.82 0.22 £ 0.042
4 P1 11.2+0.8=2 0.18 £ 0.04=
P2 11.0+1.0= 0.16 + 0.052
P3 11.2 +0.8 0.18 £ 0.04=
K1 22.8 + 2.0 0.34 +£0.102
K2 27.0 £ 3.52 0.27 £ 0.072
8 P1 27.0 +8.0a 0.36 £0.122
P2 28.0 £2.02 0.40 £ 0.052
P3 27.2+2.2a 0.44 £ 0.082

Note: results are expressed as mean + SD; values followed by different superscript letters within the same
column indicate a significant difference at p < 0.05; statistical analysis was performed using one-way ANOVA
under a Randomized Complete Block Design followed by Tukey’s HSD post hoc test using R Software. R Software
(v4.4.0).
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Figure 2: Hepatic steatosis area (%) in experimental animals across all treatment groups. Data are presented
as mean * SD (n = 5/group). K1 = normal control; K2 = stunting control; P1-P3 = treatment groups receiving
bilih fish supplementation at different doses. Black dots represent individual animal values. Statistical analysis
was performed using one-way ANOVA under a Randomized Complete Block Design followed by Tukey’s HSD
post hoc test. No statistically significant differences were observed among groups (ANOVA, p = 0.14; ns = non-
significant, p > 0.05).
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One-way ANOVA showed no statistically
significant difference in steatosis area (%) among
treatment groups (ANOVA, p = 0.14). However,
descriptive analysis revealed mean differences
between groups, with the K2 and P2 groups
showing the highest and lowest steatosis values,
respectively. The remaining groups, namely K1,
P1, and P3, fell within an intermediate range.
Relatively high intragroup variability,
particularly in the control groups, suggests
biological response heterogeneity or potential
limitations in model consistency and
measurement precision. Although no statistically
significant differences were identified, the
tendency toward reduced steatosis area in
certain treatment groups, particularly P2, may
suggest a potential biological effect that could not
be strongly confirmed in this study. These results
underscore the need for further studies with
larger sample and more rigorous
experimental establish  the

sizes
controls to
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significance and consistency of the observed
effects.

One-way ANOVA showed no statistically
significant differences in glomerular index (%)
among treatment groups (ANOVA, p = 0.38).
Descriptively, all groups featured relatively
homogeneous values with closely overlapping
mean ranges. K2 appeared to have slightly higher
values compared to the other groups, while P1
tended to be lower. Based on observation, the
differences did not reach statistical significance.
Intragroup variability appeared moderate, with
individual data distributions overlapping across
groups. This showed that the administered
treatments did not produce a measurable effect
on glomerular index changes. Accordingly, the
absence of significant differences reflects either
minimal biological effects or limitations in model
sensitivity and sample size in detecting
structural renal changes within the observed
parameters.

ns ns ns
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Figure 3: Glomerulus index (%) in experimental animals across all treatment groups. Data are presented as
mean = SD (n = 5/group). K1 = normal control; K2 = stunting control; P1-P3 = treatment groups receiving bilih
fish supplementation at different doses. Black dots represent individual animal values. Statistical analysis was
performed using one-way ANOVA under a Randomized Complete Block Design followed by Tukey’s HSD post

hoc test. No statistically significant differences were observed among groups (ANOVA, p = 0.38; ns =

significant, p > 0.05).
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Figure 4: Percentage of active neuron cells in experimental animals across all treatment groups. Data are
presented as mean * SD (n = 5/group). K1 = normal control; K2 = stunting control; P1-P3 = treatment groups receiving bilih
fish supplementation at different doses. Black dots represent individual animal values. Statistical analysis was performed
using one-way ANOVA under a Randomized Complete Block Design, followed by Tukey’s HSD post hoc test. No statistically
significant differences were observed among groups overall (ANOVA, p = 0.11). The notation “ns” indicates non-significant
differences (p > 0.05), while “**” indicates a significant difference at p < 0.01.

No statistically significant difference
observed in the percentage of active neurons
across treatment groups (ANOVA, p = 0.11).
However, descriptive analysis showed variation
between groups: K1 and P2 had relatively high
mean values, while K2 and, particularly, P3
tended to be lower. There were indications of
significant differences in certain pairwise
comparisons (denoted by **), suggesting specific
effects between group pairs that were not
reflected in the overall ANOVA analysis.
Interpretation of the results should be
approached with caution. This is because
substantial intragroup variability, particularly in
the P3 group, affects statistical detection power
and increases the possibility of interpretive bias.
The results showed that the treatments have not
produced consistent effects on neuronal
activation. However, tendencies toward change in
certain groups may hold potential biological
significance and require further confirmation
through studies with larger sample sizes and
more sensitive statistical analyses.

was

Histopathological analysis showed varying
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degrees of structural changes between groups,
particularly in hepatic tissue. The highest
steatosis area was observed in the K1 control
group, whereas the treatment groups, especially
P2, showed lower mean values. Observed results
suggested a tendency toward partial protective
effects against hepatocyte lipid accumulation in
some treatment groups. However, evidence did
not follow a consistent pattern across all groups.
This suggests that the observed effects may be
limited or dependent on specific conditions such
as dose or individual response.

The histopathological results were not entirely
in line with the elevations in hepatic biochemical
parameters (SGPT and SGOT) observed across all
groups. This suggests that elevated
transaminase levels may reflect functional
metabolic stress rather than severe structural
hepatic damage. In other words, the biochemical
changes observed were not fully proportional to
the degree of tissue morphological changes,
which in some cases remained within the bounds
of physiological adaptation.
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Figure 5: Representative photomicrographs of histopathological sections from liver (A), kidney (B), and brain
(C) tissues of Sprague-Dawley rats in the stunting animal model. (A) Hepatic section stained with hematoxylin and
eosin (H&E) showing normal hepatocytes (yellow arrow, upper) characterized by round nuclei, prominent nucleoli, and
eosinophilic cytoplasm, alongside steatotic hepatocytes (yellow arrow, lower) exhibiting cytoplasmic vacuolation consistent
with lipid accumulation. (B) Renal cortex section (H&E) illustrating the glomerulus (yellow arrow, center), Bowman's capsule
(yellow arrow, upper right), and surrounding proximal tubules (yellow arrow, lower right). The glomerular tuft and pericapsular
space were used to calculate the glomerular index as a structural indicator of filtration integrity. (C) Brain section (H&E) from
the dentate gyrus region of the hippocampus depicting active (viable) neuron cells (yellow arrow, right) identified by intact
round nuclei with visible nucleoli and well-defined eosinophilic cytoplasm, and dead (non-viable) neuron cells (yellow arrow,
left) characterized by pyknotic nuclei, karyorrhexis, and cytoplasmic pallor. All images were captured at 400x magnification.
Scale bars = 50 uym. H&E = hematoxylin and eosin.

In brain tissue, specifically the dentate gyrus
region, no consistent pattern of change was
identified between control and treatment groups. Glutamic Pyruvic Transaminase (SGPT, also
The considerable inter-individual variation in known as alanine aminotransferase/ALT) is an
viable and non-active cell counts signified enzyme found almost exclusively in the
response heterogeneity, making it difficult to Ccytoplasm of hepatocytes. It is considered the
draw strong conclusions regarding the effects of Mmost sensitive specific marker of hepatocellular
treatment on neural tissue structure. Therefore, injury (Sharma and Patial, 2024). Elevated serum
these results should be interpreted with caution SGPT activity reflects enzyme leakage resulting
and are insufficient to support the existence of from compromised hepatocyte —membrane

significant neuroprotective effects. integrity, which can be triggered by oxidative
stress, inflammation, intrahepatic lipid

Discussion
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accumulation, or mitochondrial dysfunction (EI-
Gendy et al., 2021; Musazadeh et al., 2023). In
the context of stunting attributable to protein-
energy malnutrition, the liver is a highly
vulnerable organ given its central role in protein,
lipid, and glucose metabolism. As a result,
chronic nutrient substrate deficiency can trigger
a cascade of pathological changes at the cellular
and molecular levels (Sharma and Patial, 2024).

At week 4, all treatment groups (P1, P2, P3)
showed lower SGPT levels compared to K1
(normal control) and comparable levels to K2
(stunting control), indicating that the treatment
did not significantly differentiate from the
stunting condition at this time point. The
relevant clinical comparison for assessing a
treatment effect is between treatment groups and
K2; in this regard, no statistically significant
attenuation of SGPT elevation was demonstrated
relative to the untreated stunting control. A
relatively lower SGPT trend was observed in

treatment groups compared to untreated
stunting  animals. Possible = mechanisms
underlying these observations may involve

pathways previously reported for EPA and DHA.
First, EPA and DHA activate the PPAR-a receptor
(peroxisome  proliferator-activated  receptor-
alpha) in hepatocytes. This stimulates fatty acid
oxidation while simultaneously inhibiting de
novo lipogenesis by suppressing SREBP-1c and
FAS (fatty acid synthase) gene transcription
(Musazadeh et al., 2023; El-Gendy et al., 2021).
Second, EPA and DHA increase intrahepatic
glutathione (GSH) levels and antioxidant enzyme
activity, including superoxide dismutase (SOD),
thereby directly suppressing oxidative stress.
This represents the primary mediator of
hepatocyte damage in malnutrition (El-Gendy et
al., 2021). Third, EPA specifically reduces pro-
inflammatory cytokine levels of TNF-a and IL-6 in
hepatocytes by inhibiting the NF-kB pathway.
Meanwhile, DHA additional anti-
inflammatory effects by forming pro-resolving
lipid mediators (resolvins and protectins) that
accelerate the resolution of hepatic inflammation
(Musazadeh et al., 2023; Ghimoradi et al., 2024).
These results are consistent with those of El-
Gendy et al. (2021), who documented significant
SGPT reductions in rats pretreated with omega-3
PUFAs prior to hepatotoxicity induction. A meta-
analysis by Musazadeh et al. (2023) also reported
a 43.4% reduction in SGPT levels in the
EPA+DHA supplementation group (4 g/day)
compared with placebo.

exerts
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The dramatic elevation in SGPT levels in the
P2 group at week eight (73.00 = 22.76 U/L),
which was higher than all other groups including
K1 (59.80 = 17.99 U/L), represents the most
interpretively challenging observation in this
study. It is important to note that this finding did
not reach statistical significance and must be
regarded as speculative pending further
investigation. Several hypothetical explanatory
frameworks can be proposed, though none can
be confirmed by the current data. First, it is
speculative that the phenomenon may reflect a
dose-specific, transient pro-oxidant effect at the
P2 dose level. High-dose DHA supplementation
has been shown in some experimental contexts
to paradoxically increase lipid peroxidation due
to the high degree of polyunsaturation,
potentially increasing cytotoxic metabolites such
as malondialdehyde (MDA) (Musazadeh et al.,
2023; El-Gendy et al., 2021). However, this
mechanism has not been confirmed in the
present study, as oxidative stress biomarkers
were not measured. Second, the high standard
deviation in the P2 group (£22.76) strongly
suggests that the elevated mean is driven by
substantial inter-individual variability rather
than a consistent dose-specific effect. This
variability may reflect differences in individual
fatty acid metabolism capacity, making it
premature to draw mechanistic conclusions. In
summary, the elevated SGPT in the P2 group at
week 8 should be interpreted with considerable
caution. Further studies incorporating oxidative
stress markers and larger sample sizes are
required to determine whether this represents a
reproducible biological phenomenon or a chance
finding.

The P3 group at week eight (50.80 + 12.40
U/L) did not differ significantly from K1 but
showed relatively more controlled and consistent
values, with a smaller standard deviation than
P2. The divergent responses between P2 and P3
may reflect a bell-shaped dose-response curve
frequently observed with polyunsaturated fatty
acid supplementation. In this context,
excessively high doses exceed the capacity of
endogenous  antioxidant mechanisms to
neutralize the omega-3 lipid peroxidation
products themselves (El-Gendy et al., 2021). The
phenomenon may reflect variability in biological
responses to omega-3 supplementation across
doses. The P1 group (51.40 + 19.41 U/L) showed
SGPT values approaching those of K1 at week 8,
although the biological significance of this finding



remains unclear. These observations may
indicate differences in response dynamics over
time and warrant further investigation using
larger sample sizes and additional mechanistic
biomarkers.

SGOT (aspartate aminotransferase/AST) is a
mitochondrial and cytoplasmic enzyme that is
more ubiquitous than SGPT/ALT. It is found not
only in the liver but also in cardiac muscle,
skeletal muscle, kidneys, brain, and
erythrocytes. Consequently, SGOT is considered
less specific for hepatic injury compared to SGPT.
Its elevation is more commonly associated with
multi-organ involvement rather than isolated
hepatic injury (Sharma and Patial, 2024).

The absence of significant differences between
groups in SGOT measurements is consistent with
several physiological explanations. First, since
SGOT also reflects enzyme activity from active
muscle tissue, the uniform elevation observed
across all groups most possibly signifies
increased muscle mass due to growth rather than
purely hepatic damage (Sharma and Patial,
2024). Second, the meta-analysis by Musazadeh
et al. (2023) reported that omega-3
supplementation does not consistently produce
significant changes in SGOT levels despite
producing meaningful changes in SGPT. This is
consistent with the non-specificity of SGOT as an
exclusive marker of hepatic function. Third, the
stunting condition in the animal model may not
have damage to
differentiate SGOT levels between groups, as the
induced protein-energy malnutrition primarily
affected hepatic function and visceral protein
metabolism rather than skeletal muscle.

The study by Sharma et al. (2025), who
induced steatohepatitis in rats through a low-
protein diet, reported elevations in hepatic injury
markers, including SGOT, albeit with varying
severity depending on the duration and degree of
protein deficiency. The lack of significant SGOT
differences in the present study may also indicate
that the organ damage resulting from stunting is
more functional and reversible than reflecting
morphological damage. This is
consistent with the partial chronic malnutrition
model (as opposed to total starvation) commonly
adopted in stunting animal model studies (Alam
et al., 2020; Widyaningsih et al., 2025). In rat
models using low-protein diets, a relative
elevation of SGOT over SGPT (high De Ritis ratio)
may indicate deeper involvement of hepatic
mitochondria. However, confirmation requires

caused sufficient muscle
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more specific histopathological examination and
measurements of mitochondrial damage
biomarkers.

Blood Urea Nitrogen (BUN) and serum
creatinine represent two primary biomarkers
widely used to assess renal function. However,
interpretation requires caution as the biomarkers
are influenced by various non-renal factors. BUN
reflects the end product of nitrogen catabolism
formed in the liver through the urea cycle.
Furthermore, its blood levels are substantially
influenced by protein intake, the rate of protein
catabolism, and hepatic and renal function.
Conversely, creatinine is a byproduct of creatine
phosphate metabolism in muscle with a relatively
constant production rate, making it a more
reliable marker of glomerular filtration function
(Sharma et al., 2025).

The EPA and DHA content in bilih fish oil,
together with essential amino acids such as L-
Lysine and L-Threonine detected in the
supplementation (Diana et al., 2025), play an
important role in improving body nitrogen
balance. These fatty acids have been shown to
enhance insulin sensitivity in the liver and
peripheral tissues, which, in turn, suppress
excessive gluconeogenic activity and reduce
muscle protein catabolism as an energy source
(Ahon et al., 2022; Musazadeh et al., 2023).
Accordingly, bilih fish oil supplementation may
contribute to metabolic adaptations associated
with nitrogen balance and renal biomarker
stability.

These nephroprotective observations of bilih
fish oil are consistent with the study by Ahon et
al. (2022), who reported that omega-3 at a dose
of 600 mg/kg body weight significantly reduced
urea and with
gentamicin-induced nephrotoxicity, suggesting
significant protection of the tubules and
glomeruli. Furthermore, omega-3
supplementation reduced glomerular pressure
via vasodilatory prostanoids derived from EPA,
limited leukocyte infiltration into renal tissue,
attenuated tubulointerstitial fibrosis through
TGF-B1 inhibition, and promoted pro-resolving
mediators that support the resolution of renal
inflammation (Ong et al., 2023; Choi et al., 2024).
The study by Schacke et al. (2021) also reported
that blood omega-3 fatty acid levels were
inversely associated with the albumin-to-
creatinine ratio (ACR). This signified a
nephroprotective effect of omega-3 even in
healthy with preserved

creatinine levels in rats

individuals renal



function.

This study has several limitations that should
be explicitly acknowledged. First, the sample size
of n = 5 per group is small, and no a priori power
calculation was performed, which substantially
limits the statistical power to detect true
between-group differences. This is an important
caveat when interpreting all non-significant
findings. Second, the absence of molecular
biomarkers for oxidative stress, inflammation, or
lipid metabolism prevents mechanistic
interpretation of the observed trends. Third,
randomization was performed at the group
allocation level, but individual blinding of
caretakers during intervention was not
implemented, which may introduce performance
bias. Fourth, the stunting model may not fully
capture the multifactorial complexity of chronic
malnutrition in human children, as
environmental, microbiome, and socioeconomic
factors are not replicated under controlled
laboratory conditions. Fifth, the absence of body
weight, body length, and IGF-1 data in the
results section limits verification of the stunting
model’s success, and future studies should
report these parameters explicitly. Therefore, the
findings of this study must be considered
exploratory, and further research with larger
sample sizes, longer intervention durations, and
more comprehensive outcome assessments is
required before any clinical inference can be
drawn.

Conclusions

This study extends previous preclinical findings
on bilih fish-based interventions by providing
preliminary data on the effects of bilih fish oil
supplementation on  hepatic and renal
biomarkers stunting conditions. No
statistically significant effects were observed on
any biochemical or histopathological parameters.
Descriptively, a trend toward relatively lower
SGPT levels was observed in treatment groups at
week 4 compared to the untreated stunting
control (K2), and a tendency toward BUN
normalization at week 4 was also noted. However,
these patterns did not reach statistical
significance and should be interpreted with
caution given the small sample size (n = S5 per
group) and high intragroup variability. These
findings are preliminary and hypothesis-
generating only. Larger, well-powered studies
with longer intervention periods, molecular
biomarkers, and rigorous blinding are needed to
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determine whether bilih fish o0il has any
meaningful biological effect on organ function
under chronic protein-energy malnutrition
conditions.
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