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Abstract

Background/Aims: |sobutylparaben (IBP) and phenylmercuric acetate (PMA) are extensively
applied in pharmaceuticals, cosmetics, and industrial chemicals, and are of concern for
developmental toxicity. This study was conducted to compare and assess the subchronic
effects of IBP and PMA on growth, neurobehavior, reproduction, and organ integrity in juvenile
female rats, and establish no-observed-adverse-effect levels (NOAELs). Methods: Juvenile
female Sprague-Dawley rats (n=10/group) were given IBP (10, 20, 50 mg/kg/day) or PMA
(2, 4, 8 mg/kg/day) by gavage for 70 days. Assays encompassed growth assessment, onset
of puberty (vaginal opening), estrous cyclicity (vaginal smears), neurobehavioral examination
(open-field activity, sensory reflexes, grip strength, motor activity), haematology, serum
biochemistry, thyroid hormones (ELISA), organ weights, and histopathology of reproductive,
hepatic, and renal tissues. Results: IBP and PMA at high doses significantly inhibited terminal
body weight, postponed vaginal opening, disrupted motor function, and affected exploratory
behavior. Biochemical indicators revealed hepatic and renal stress and histological findings of
hepatocellular hypertrophy and renal tubular degeneration. PMA was somewhat more toxic.
NOAELs were 20 mg/kg/day (IBP) and 4 mg/kg/day (PMA). Conclusions: Both IBP and PMA
caused dose-dependent developmental toxicity, calling for more stringent pediatric exposure
evaluations and more stringent chemical safety regulations. The results favor pediatric-specific
risk assessment and more stringent monitoring of exposures during vulnerable growth stages.
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Introduction

Recently, there has been worldwide concern about the long-term health effects of
environmental chemicals that are almost ubiquitous in our lives, especially endocrine-
disrupting and neurotoxic chemicals [1]. In particular, the chemicals isobutyl paraben
(IBP) and phenylmercuric acetate (PMA) received a great deal of attention because of their
common use and ability for human exposure [2]. These chemicals can be commonly found
in pharmaceuticals, cosmetics, food packaging, agricultural formulations, and in industrial
work and applications. As a result of their biospheric persistence and bioactive nature, the
ubiquitous use of these compounds in consumer products raises safety and health concerns,
especially if exposure occurs during important periods of biological development [3, 4].

[sobutyl paraben is classified as an alkyl ester of p-hydroxybenzoic acid and is commonly
used as a preservative in topical products, processed foods, and drugs [5]. Although
considered safe at low concentrations, recent studies have suggested that parabens, such
as IBP, have potential estrogenic activity and may interfere with endocrine systems [6]. IBP
possesses a similar structure to estradiol and can bind to an estrogen receptor, influencing
transcriptional pathways in ways that may affect development and reproduction [7]. Reports
of reproductive defects, delayed puberty, and changes in hormone levels related to paraben
exposure in animal models have been reported. Although these findings highlight potential
risks, the toxicological evidence remains largely fragmented, particularly concerning long-
term exposure during early developmental stages. The effects of sustained IBP exposure in
juvenile female rats, spanning the critical period from weaning to sexual maturity, have to be
thoroughly elucidated [8].

Phenylmercuric acetate, an organomercury compound, has historically been used as a
fungicide, bactericide, and antiseptic [9]. Although its usage has declined due to regulatory
interventions, its environmental persistence remains a significant concern. PMA and other
organomercurials possess a well-established profile of toxicity, particularly to the central
nervous system (CNS) and kidneys [10]. Mercury compounds exhibit a high affinity for
sulfhydryl groups, disrupting enzymatic and cellular redox systems [11]. Developmental
exposure to mercury, even at sublethal doses, has been associated with neurobehavioral
impairments, motor dysfunction, and delayed reproductive maturation in both animals and
humans [12]. The toxic effects of methylmercury are well documented; there exists a notable
scarcity of systematic studies addressing the subchronic and developmental toxicity of PMA
in juvenile organisms. This knowledge gap limits the ability to evaluate its risk potential
during vulnerable life stages.

The juvenile period, spanning from weaning through sexual maturation, represents
a critical window of vulnerability characterized by dynamic physiological, neurological,
and hormonal changes [13]. During this time, organ systems undergo extensive growth,
differentiation, and functional integration. Interference of such closely controlled processes
by the exogenous toxicants may have long-term or irreversible health implications [14].
Adolescent animal model, especially Sprague-Dawley rats, provides a good platform to
measure the above effects, since they have very close developmental milestones to those in
human adolescents [15]. The ICH M3(R2) guideline that promotes the use of a subchronic
study to determine the safety of the chemical in pediatric populations links to the importance
of toxicological evaluation during this phase across international regulations [16]. Despite
such awareness, there are also, to date few studies that have systematically explored the
long-term outcomes of endocrine and heavy metal toxicants that are given at the juvenile
stage in a controlled and dose-dependent way.

A thorough understanding of the toxicodynamic profiles for IBP and PMA during early
life stages is especially needed. It seems plausible that these compounds are prevalent in
both commercial and environmental settings, and exposure during growth and puberty is
maintained. Regulatory decision-makers are currently relying on limited juvenile toxicity
data to determine acceptable safety levels for these chemicals [17]. When looking at the
extent literature, a comprehensive battery of endpoints (behavioral, neurofunctional,
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hematological, and histopathological) is not typically evaluated for long durations of
exposure. This limits the ability to identify the levels of no-observed-adverse-effect levels
(NOAEL) and weakens the underpinning for evidence-based regulations.

To fill the gaps, a well-structured 70-day subchronic toxicity study was performed in
juvenile female Sprague-Dawley rats at postnatal age (PND) 23 to 26, an age that corresponds
to early adolescence in humans and a very ideal window for evaluating the developmental
and reproductive toxicity of environmental agents [18]. The compounds under investigation,
IBP and PMA, were administered orally by gavage in three dose levels each: 10, 20, and 50
mg/kg/day for IBP, and 2, 4, and 8 mg/kg/day for PMA. Corn oil was used as the vehicle
control. These dose ranges were selected based on previously reported subchronic
tolerability profiles, pilot studies, and the need to identify threshold-dependent toxic effects.
Daily administration was maintained for 70 consecutive days to cover key physiological
transitions from prepuberty through sexual maturity.

To ensure a multidimensional assessment of toxicity, a comprehensive array of
biological endpoints was employed. These included clinical observations, body weight and
food consumption, functional observation battery (FOB) evaluations, sensory reactivity,
hindlimb foot splay, grip strength, and motor activity assessments during the final week [19].
Developmental and reproductive progress was evaluated through estrous cyclicity tracking
and the determination of age and weight at vaginal opening, a key indicator of puberty onset
[20].

Blood samples were analyzed for hematological parameters such as hemoglobin, RBC,
WBC, hematocrit, and reticulocyte count. Serum biochemistry was performed to assess
liver and kidney function, including markers such as ALT, AST, creatinine, total protein, and
electrolytes. Thyroid function was examined via ELISA assays for TSH and T4. At necropsy,
major Organ weights and histological analyses were performed, with specific attention to
the liver, spleen, thymus, adrenal glands, and reproductive tissues.

The study aims to examine and compare the subchronic impact of isobutylparaben and
phenylmercuric acetate on growth, neurobehavioral parameters, reproductive development,
and tissue histopathology in juvenile female rats after a 70-day oral exposure. The study
aims to identify compound-specific patterns of systemic toxicity and establish potential
no-observed-adverse-effect levels (NOAELs), providing essential data for the toxicological
profiles of both compounds. The findings of the investigation aim to bridge critical knowledge
gaps in juvenile toxicology and provide evidence-based insight for future regulatory
assessments concerning developmental exposure to environmental chemicals.

Materials and Methods

Study Design and Animal Husbandry

This subchronic toxicity study (70-day) was performed by the ICH M3(R2) (2009) guidelines to
ascertain the effects of isobutylparaben (IBP) and phenylmercuric acetate (PMA) on growth, neurobehavior,
development, and organ health in juvenile female rats. 80 Sprague-Dawley female rats aged 23-26 postnatal
days (PND) and weighing 40-55 g were randomly distributed into 8 distinct experimental groups, with each
group comprising 10 individuals (n = 10 per group).

Standard polypropylene cages with controlled environmental conditions (temperature = 22 + 3°C;
humidity = 55 + 10%; 12:12 h light/dark cycle) were used to house the animals in pairs. Rats had ad libitum
access to a certified rodent diet and filtered drinking water. Bedding was changed regularly, and health
status was monitored twice daily.

Dosing and Experimental Groups

Rats were administered IBP or PMA via oral gavage once daily for 70 consecutive days. IBP was tested
at 10, 20, and 50 mg/kg/day, and PMA at 2, 4, and 8 mg/kg/day. Corn oil was used as the vector for both
compounds and served as a control in the respective groups. The dosing amount was 10 mL/kg/day and
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was adjusted weekly based on  Table 1. Experimental grouping and dosing schedule for juvenile
individual body weights, as female rats exposed to isobutylparaben (IBP) or phenylmercuric

shown in Table 1. acetate (PMA)
Clinical Observations and Group Compound IDess NeL e e Duration
(mg/kg/day) Animals
Body Weight Monitoring Corn 0il (Control for o
Throughout the trial, every 1 0 10 Gavage 70 days
. . IBP) g
animal was checked twice a
o Oral
day for clinical symptoms and 2 1BP 10 10 Gavage 70 days
mortality. Body weights were oral
) 3 IBP 20 10 G 70 days
measured on the first day before avage
treatment and then every week 4 IBP 50 10 Ga‘g;ael 70 days
until the trial was over. These
Corn 0il (Control for Oral
measurements were used for 5 0 10 ra 70 days
A i ) i Gavage
monitoring growth and adjusting PMA)
dosing volumes. 6 PMA 2 10 Oral 70 days
Gavage
Oral
Food Consumption 7 PMA 4 10 Gavage 70 days
Food intake was tracked 8 PMA 8 10 Oral 70 days
Gavage

every week by subtracting the
residual feed from the amount
provided at the start of each
week. The data were averaged per cage and expressed as mean daily intake per animal.

Neurological Assessments (Functional Observation Battery)
Neurological evaluations were performed during the 10" week of the study and included:

Home Cage Observations
Rats were assessed for posture, unusual vocalizations, and convulsions without disturbing the cage.

Open Field Observations

Each rat was placed individually in a clean arena lined with absorbent paper and observed for 2
minutes. Behavioral endpoints included gait, posture, arousal level, mobility, rearing, urination, defecation,
stereotypies, clonic/tonic movements, bizarre behavior, and vocalization.

Sensory Reactivity
Reflex responses were measured using standard stimuli, including approach, touch, tail pinch, click
sound, aerial righting, and pupillary response.

Hindlimb Landing Foot Splay

Once the heels were inked, the animals were dropped onto a recording sheet from a height of 30 cm.
The distance between the hindlimb heel prints was measured from three trials, and the mean was used for
analysis, following the method by Edwards and Parker [21].

Sexual Maturation Assessment

Beginning on Day 30, all animals were checked for vaginal opening every day. The age and corresponding
body weight during vaginal opening were recorded to assess the onset of puberty.

Estrous cyclicity was assessed daily from Days 50-70 by vaginal smears collected with salinemoistened
swabs. Smears were stained with methylene blue and examined microscopically (40x) to determine the
stage of the cycle: proestrus (nucleated epithelial cells), estrus (anucleated cornified cells), metestrus
(mixed cornified cells and leukocytes), and diestrus (predominantly leukocytes). Cycles of 4-5 days were
considered regular, whereas prolonged diestrus or persistent estrus were classified as irregular.
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Clinical Pathology Investigations

On Day 71, blood samples were obtained through retro-orbital puncture under isoflurane anesthesia
for clinical pathology evaluation.

Hemoglobin, red blood cells (RBC), white blood cells (WBC), hematocrit (Hct), platelet count,
mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin
concentration (MCHC), differential leukocyte count (DLC), reticulocytes (Retic), and mean platelet volume
(MPV).

Alanine aminotransferase (ALT), alkaline phosphatase (ALP), aspartate aminotransferase (AST),
albumin, blood urea nitrogen (BUN), creatinine (Creat), gamma-glutamyl transferase (GGT), glucose,
phosphate, potassium (K*), sodium (Na*), chloride, calcium (Ca**), lactate dehydrogenase (LDH), total
protein (T. Pro), total bilirubin (T. Bil), triglycerides (Trig), cholesterol (T. Chol), globulin (Glob), and
albumin/globulin ratio (A/G).

Organ Weights

At necropsy on Day 71, animals were euthanized by CO, inhalation. The liver, kidneys, brain, ovaries,
and adrenal glands were excised and weighed. Weights were recorded to the nearest 0.01 g and expressed
as absolute values.

Results

Clinical Observations and Mortality

No mortality occurred in any experimental group throughout the 70-day oral exposure
period. All rats appeared generally healthy, with normal grooming, posture, and activity
levels.

Transient signs of hypoactivity and piloerection were checked in a few groups from the
IBP (50 mg/kg) and PMA (8 mg/kg) groups during Weeks 4 to 6. These effects were mild and
self-resolving.

Ophthalmological Evaluation

Ophthalmologic examinations performed pre-study and at termination using 1%
tropicamide revealed no abnormalities. Fundus, retina, lens, and ocular vasculature
appeared normal in all groups. No signs of cataract, inflammation, or retinal degeneration
were detected.

Body Weight and Food Consumption

All animals gained weight progressively across the 10-week study period. Both IBP-
and PMA-treated rats exhibited significantly lower body weight gain from Week 4 onwards
compared to controls, with notable differences at Weeks 6 and 9, as shown in Table 2. Average
weekly food consumption was reduced transiently in treated groups during Weeks 4 to 6 but
normalised by the end of the study, as mentioned in Table 3.

Fig. 1 illustrates the mean weekly body weight and daily food intake in the control, IBP
(50 mg/kg), and PMA (8 mg/kg) groups over a 10-week period. Treated groups showed
reduced weight gain and transient decreases in food consumption, especially during Weeks
4-6.

Functional Observational Battery and Reflex Integrity

Observations conducted in Week 10 revealed normal posture and absence of convulsions
across all groups. In open-field assessments, the number of rearing events per minute
significantly declined in treated rats (p < 0.05), suggesting a reduction in exploratory activity.
Hindlimb foot splay distances were increased dramatically in both IBP and PMA groups
compared to controls, indicative of neuromuscular impairment, as mentioned in Table 4.
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Table 2. Weekly mean body- Week Control IBP 50 mg/kg PMA 8 mg/kg

weight progression of juvenile Week 1 59221 57.8+2.0 58.1%2.2

female rats during 70-day oral Week 2 885 3.4 85.4+33 86.1+3.1

X r i Iparaben (IBP

exposure to SObl_lty paraben (IBP) Week 3 107.3 £ 4.2 1032+3.9 104.0 + 4.0

or phenylmercuric acetate (PMA)
Week 4 128248 1228+ 4.1 1216 + 4.4
Week 5 1441+5.1 138.0 £ 4.3 1365+ 4.2
Week 6 1543 +4.7 1463 + 4.5% 1452 + 4.4%
Week 7 164.4+5.0 155.0 + 4.6 1533+ 4.7
Week 8 1738+53 167.4+ 4.9 1659+ 4.5
Week 9 179.5+5.2 171.2 + 4.8% 170.5 + 4.6*
Week 10 187.3+5.4 1754+ 4.7 1739+ 4.9

Table 3. Weekly mean food Week Control IBP 50 mg/kg PMA 8 mg/kg

intake of juvenile female rats Week 1 14.6+0.7 143£06 142+05

during 70-day oral exposure Week 2 1624038 158+0.7 159+0.6

to isobutylparaben (IBP) or

: Week 3 17.4+09 17.0+0.8 16.9+0.7

phenylmercuric acetate (PMA)
Week 4 180 0.7 17.3£06 17.1£0.7
Week 5 186+0.8 18.0£0.7 17.8+0.6
Week 6 19.1+0.6 18.2£0.6 18.0+0.5
Week 7 19.5+0.7 19.2+0.7 19.0 0.6
Week 8 19.9+0.8 195407 19.3+0.7
Week 9 201£0.7 19.8+ 0.6 19.7 0.6
Week 10 203038 20107 200£0.6

Control Control
1504 8PS0y | 209+ BPSOmgky
=+ MMl + MASmglg

=

=

Body Weight (g)

=
Food Intake (g/rat/day)

‘t ;‘) Iv .‘\ ‘b " » 4 ‘h \:\ 4 1y \Q
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ek ek

Fig. 1. Growth performance of juvenile female rats during 70-day oral exposure to isobutylparaben (IBP)
or phenylmercuric acetate (PMA).

Fig. 2 illustrates the effects of isobutylparaben (IBP, 50 mg/kg/day) and phenylmercuric
acetate (PMA, 8 mg/kg/day) on exploratory behavior and neuromuscular coordination in
juvenile female rats after 70 days of exposure. Both compounds led to a reduction in rearing
frequency (events/min), indicative of diminished exploratory drive, while foot splay distance
increased, reflecting impaired neuromuscular control.
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Table 4. Neurobehavioral Parameter Control IBP 50 mg/kg PMA 8 mg/kg
assessment  of  juvenile Rearing (events/min) 12'21* 156+2.3* 149+22*
female rats after 70-
Foot Splay (cm) 58+0.3 6.5+04* 6.7+05%*
day oral exposure to
. Gait WNL WNL WNL
isobutylparaben (IBP) or
) Posture WNL WNL WNL
phenylmercuric acetate
- Mobility Score WNL Slightly Slightly
(PMA). Abbreviations WNL: reduced reduced
Within Normal Range, ND: Clonic/Tonic ND ND ND
Movements
Not Detected
Stereotypic Behaviors ND ND ND
Bizarre Behaviors ND ND ND
Vocalizations ND ND ND
Defecation (pellets) WNL WNL WNL
Urination WNL WNL WNL
Approach Response Detected Detected Detected
Touch Response Detected Detected Detected
Click Response Detected Detected Detected
Tail-Pinch Response Detected Detected Detected
Pupil Response WNL WNL WNL
Aerial Righting Reflex WNL WNL WNL

Fig. 2. Pubertal onset and body weight
at vaginal opening in juvenile female 25
rats exposed to isobutylparaben (IBP)
or phenylmercuric acetate (PMA).

20

15
10
0 . . .

Control IBP 50 mg/kg PMA 8 mg/kg

Mean value

wn

Parameter

H Rearing (events/min)  ® Foot Splay (cm)

Sensory reactivity parameters, including the click response, tail-pinch, and aerial
righting reflexes, remained intact across all groups. Pupillary response to light was normal,
and no abnormal vocalisations, defecation, or urination were observed during the testing
period.

Sexual Maturation

Vaginal opening (VO), a key marker of pubertal onset, occurred significantly later (p
< 0.05) in both IBP- and PMA-treated rats compared to controls. The mean body weight at
VO was correspondingly higher in treated groups, indicating a delay in sexual maturation
attributable to compound exposure, as shown in Table 5.

Estrous Cycle Monitoring

Estrous cyclicity was monitored in the final three weeks of exposure (Days 50-70). A
significant proportion of high-dose IBP and PMA groups displayed irregular estrous cycles,
characterised by extended diestrus or disrupted transitions between phases. The percentage
of animals with regular 4-5 day cycles declined markedly in the IBP 50 mg/kg and PMA
8 mg/kg groups (60% and 50%, respectively) compared to controls (90%). Prolonged
diestrus was the most common abnormality, as shown in Table 6.

742



Cellular Physiology Cell Physiol Biochem 2025;59:736-750

. . DOI: 10.33594/000000821 © 2025 The Author(s). Published by
and Biochemistry pubished oniine: 17 October 2025 |cell physiol Biochem press Gmbriaco. ks 743

Darekar et al.: Juvenile Toxicity of Isobutylparaben and Phenylmercuric Acetate

Table 5. Pubertal onset in juvenile
female rats following 70-day oral
exposure to isobutylparaben (IBP)
or phenylmercuric acetate (PMA)

Table 6. Estrous-cycle
characteristics of juvenile female
rats after 70-day oral exposure
to isobutylparaben (IBP) or
phenylmercuric acetate (PMA)

Fig. 3. Estrous cycle length in
juvenile female rats following
70-day oral exposure to
isobutylparaben (IBP) or
phenylmercuric acetate (PMA).

Fig. 4. Neurobehavioral
performance of juvenile female
rats after 70-day oral exposure
to isobutylparaben (IBP) or
phenylmercuric acetate (PMA).

Group Age at VO (days) Body Weight at VO (g)
Control 36.2+1.1 104.5+3.6
IBP 50 mg/kg 389+15* 110.8 £ 4.2
PMA 8 mg/kg 393+£1.7% 112.1+39
G % Rats with Mean Cycle Predominant
roup Regular Cycle Length (days) Irregularity
Control 90% 43+05 None
IBP 50 . )
me/ke 60% 5.6+0.8 Prolonged Diestrus
PMA 8 « Prolonged Diestrus,
mg/kg 50% 59£09 Anestrus
8
@
7
ik
s 6
on
g
-5
=
S 4
@]
g3
=]
&
= 2
=
g1
=
0
Control IBP 50 mg/kg PMA 8 mg/kg
Group
18
16
14
12
E 10
)
6
4
2
0
Control IBP 50 mg/kg PMA 8 mg/kg
Group
® Hemoglobin (g/dL) ®RBC (x10%pL)

The mean cycle length was significantly extended in both high-dose groups (p < 0.05), as
shown in Fig. 3, further supporting endocrine disruption by these compounds.

Hematological Evaluation

Significant reductions in hemoglobin levels and red blood cell counts were observed
in both treated groups (p < 0.05), indicative of mild anemia, as shown in Fig. 4. Other
erythrocytic indices, such as hematocrit, mean corpuscular volume, and mean corpuscular
hemoglobin concentration, showed marginal but non-significant changes. Platelet, white
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blood cell counts, and
reticulocyte levels remained
within physiological ranges,
suggesting preserved
immunological and
thrombocytic function, as
shown in Table 7.

Fig. 4 illustrates the
effects of isobutylparaben
(IBP, 50 mg/kg/day) and
phenylmercuric acetate
(PMA, 8mg/kg/day) on
hemoglobin concentration
and red blood cell (RBC)
count in juvenile female
rats after 70 days of
oral exposure. Both
treatment groups exhibited
statistically significant
reductions in hemoglobin
and RBC levels compared to
controls, indicative of mild
anemia.

Clinical Biochemistry

Biochemical analysis
revealed significantly
elevated serum levels of
alanine aminotransferase,
aspartate aminotransferase,
creatinine, and blood urea
nitrogen (BUN) in both
IBP and PMA groups (p <
0.05), indicating hepatic
and renal stress. Minor,
non-significant shifts were
observed in ALP, albumin,
globulin, total protein,
electrolytes (Na*, K*, CI"),
LDH, and glucose across
groups. The A/G ratio
remained stable, as shown
in Table 8.

Absolute Organ Weights

Both IBP and
PMA groups exhibited
significant increases (p <
0.05) in liver and Kkidney
weights  compared to
controls, suggesting organ
hypertrophy. Ovarian
weights  were  slightly
reduced, though not
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Table 7. Hematological parameters of juvenile female rats following
70-day oral exposure to isobutylparaben (IBP) or phenylmercuric

acetate (PMA)

Parameter Control IBP 50 mg/kg PMA 8 mg/kg
Hemoglobin (g/dL) 145+0.8 123+0.7* 120+09%*
RBC (x106/pL) 78+0.3 6.9+04* 6.7+03*
Hematocrit (%) 42021 39.2+2.0 387+23
MCV (fL) 539+ 1.6 56.8+1.9 57.2+2.1
MCH (pg) 19.3£0.9 18.8+0.7 18.5+£0.8
MCHC (g/dL) 357+13 349+1.1 345+1.2
WBC (x103/uL) 82+05 8.0+0.6 8107
Platelets (x103/uL) 52040 505+ 37 498 + 42
Reticulocytes (%) 25+03 24+04 2.6+0.2
MPV (fL) 7604 7703 7.5+0.5

Table 8. Clinical biochemistry parameters of juvenile female rats after
70-day oral exposure to isobutylparaben (IBP) or phenylmercuric

acetate (PMA)

Parameter Control IBP 50 mg/kg PMA 8 mg/kg
ALT (U/L) 46.3 4.1 68.2+6.7* 70.5+59*
AST (U/L) 741£6.3 92.4+72% 948+ 6.5*
ALP (U/L) 112+7.1 125+8.2 127 7.6
Creatinine (mg/dL) 0.42 +0.06 0.61+0.05* 0.66 +0.07 *
BUN (mg/dL) 162+ 15 203+2.1% 21.0+1.8*
Glucose (mg/dL) 1085+9.3 112.1+8.6 110.7+9.8
Albumin (g/dL) 38+02 3.7+03 3.6+03
Globulin (g/dL) 27+03 29+04 2803
Total Protein (g/dL) 6.5+ 0.4 6.6+0.5 6.4+0.3
Total Cholesterol (mg/dL) 84.2+6.1 86.5+5.9 83.4+6.5
Triglycerides (mg/dL) 923+54 95.2+6.0 941+52
LDH (U/L) 285+18 293+20 288+19
Na* (mmol/L) 143.1+23 1425+2.1 1433+25
K* (mmol/L) 48+0.4 5005 49+04
Ca2* (mg/dL) 9403 93+02 9.2+04
CI~ (mmol/L) 104.2+28 103.7+2.4 104.5+2.7
A/G Ratio 141 1.28 129

Table 9. Relative organ weights of juvenile female rats after 70-day oral
exposure to isobutylparaben (IBP) or phenylmercuric acetate (PMA).
Values are expressed as mean * SD. Asterisks (*) indicate statistically
significant differences compared to the control (p < 0.05)

Organ Control IBP 50 mg/kg PMA 8 mg/kg
Liver 8.19 £ 0.54 9.52+0.61* 9.37 £0.58*
Kidney 1.71+0.16 1.98+0.17* 1.92+0.16*
Ovary 0.10 +0.02 0.09 +0.01 0.08+0.01
Brain 1.40+0.23 1.43+0.21 1.44+0.20
Adrenal 0.06 +0.01 0.06 +0.01 0.06 +0.01

statistically significant. Brain and adrenal weights showed no meaningful differences across

groups, as shown in Table 9.
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Fig. 5. Hematological changes in
juvenile female rats after 70-day oral 12
exposure to isobutylparaben (IBP) or

10
phenylmercuric acetate (PMA).
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Fig. 5 depicts the absolute organ weights of the liver and kidneys in juvenile female rats
after 70 days of oral exposure to isobutylparaben (IBP, 50 mg/kg/day) and phenylmercuric
acetate (PMA, 8 mg/kg/day). Both compounds caused a statistically significant increase in
liver and kidney weights compared to the control group, suggesting organ hypertrophy and
potential toxicological stress.

Histopathological Findings

Microscopic examination revealed mild centrilobular hepatocellular hypertrophy and
vacuolar degeneration in liver tissues from the treated groups. Kidneys displayed early signs
of tubular dilation and epithelial degeneration. Ovarian, adrenal, and brain tissues appeared
histologically normal with no evidence of necrosis, inflammation, or structural disruption.

Discussion

This study systematically evaluated and compared the subchronic developmental and
systemic toxicity profiles of isobutylparaben (IBP) and phenylmercuric acetate (PMA) in
juvenile female rats over a 70-day oral exposure period, targeting a critical window of growth
from weaning through sexual maturation. The data reveal distinct overlapping patterns
of toxicological impact for both compounds, highlighting their potential to compromise
physiological, neurological, and reproductive development in a dose-dependent manner.

Comparative analysis of the two agents underscores similarities in systemic toxicity
while also delineating subtle differences in organ-specific and functional outcomes that may
inform future risk assessment and regulatory decisions.

Both IBP and PMA exerted statistically significant reductions in body weight gain at their
highest administered doses, with declines beginning around the fourth week of exposure
and persisting until termination. Although the magnitude of reduction was comparable
across compounds, PMA-treated animals exhibited slightly more pronounced suppression
of terminal body weight and delayed recovery in food intake normalisation, suggesting a
potentially greater disruption of metabolic processes or gastrointestinal function. This
pattern aligns with PMA’s broader toxicodynamic reach, as mercury compounds are known
to disrupt mitochondrial activity and nutrient absorption efficiency [22]. IBP-associated
growth delays may be primarily endocrine-mediated, as supported by its estrogen receptor-
binding affinity and reported interference with thyroid hormone regulation. These
differential mechanisms warrant further mechanistic exploration to delineate compound-
specific pathways affecting adolescent growth dynamics.

The onset of puberty, evaluated through weight and age at the vaginal opening,
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was significantly delayed in both treatment groups, with PMA causing a slightly longer
postponement than IBP. This delay, alongside increased body weight at the time of VO,
strongly implicates disruption of the hypothalamic-pituitary-gonadal axis by both agents.
IBP, due to its structural similarity to endogenous estrogens, possibly exerts its effects
through estrogen receptor modulation, resulting in feedback inhibition and subsequent
delay in gonadotropin secretion. PMA, on the other hand, may act via indirect mechanisms,
such as redox imbalance in neuroendocrine tissues or interference with zinc-dependent
enzymes critical for reproductive hormone synthesis. Despite the overlapping phenotype,
these divergent mechanistic underpinnings suggest that IBP and PMA disrupt pubertal
maturation through different biochemical routes

[23, 24].

Neurological assessments revealed compound-specific effects as well. While both IBP
and PMA significantly reduced rearing behavior in open-field tests, indicative of suppressed
exploratory drive, the foot splay test revealed a marginally larger increase in hindlimb splay
distance in PMA-treated animals. This difference may reflect PMA’'s neurotoxic potential
via neuronal demyelination or synaptic transmission inhibition, consistent with existing
literature on mercury-induced neurobehavioral toxicity. IBP’s effects, though evident,
appeared more confined to behavioral suppression than gross motor coordination deficits.
The preservation of reflex integrity across all groups suggests that neither compound caused
acute damage to sensory or spinal circuits; the subtle functional impairments underscore
the need for more granular neurochemical and histological analyses in future studies.

From a hematological perspective, both compounds induced reductions in hemoglobin
and red blood cell counts, pointing toward mild, non-regenerative anemia. The uniformity
of this effect across compounds suggests a common impact on erythropoiesis or red cell
lifespan, though PMA-treated animals exhibited slightly greater declines. Mercury’s known
interference with heme synthesis and bone marrow function, this finding is consistent with
previously documented organomercurial effects. IBP may indirectly suppress erythropoiesis
through hepatic stress and systemic inflammation [25].

Clinical biochemistry data further support hepatotoxic and nephrotoxic trends, with
both compounds significantly elevating ALT, AST, creatinine, and BUN levels. While the
hepatic enzyme elevations were of similar magnitude between groups, PMA appeared to
induce a slightly higher rise in creatinine, potentially indicating greater renal burden [26].
Histopathological observations corroborated these trends, with liver sections from both
groups showing centrilobular hypertrophy and vacuolar degeneration, while kidney tissues
exhibited early tubular epithelial damage. Ovarian and adrenal histology remained unaltered,
suggesting that functional disturbances in these endocrine tissues might precede structural
damage or fall below the detection threshold of routine microscopy. No histopathological
changes were observed in the brain, although functional deficits identified through
behavioral testing imply that neurotoxicity may occur without overt anatomical damage, at
least at the light microscopy level.

Despite the strengths of the investigation, including the use of a well-characterised
juvenile animal model, an extended exposure window, and a comprehensive battery of
functional and biochemical endpoints, several limitations must be acknowledged. First,
the study was conducted only in female rats, without hormonal assays such as serum
estradiol, FSH, or LH, and without a post-exposure recovery phase, which limits detailed
mechanistic understanding and long-term interpretation of the findings. The omission of
these endocrine biomarkers is noteworthy because estradiol, FSH, and LH are key indicators
of hypothalamic-pituitary- gonadal axis activity; previous work has demonstrated their
value in linking chemical exposures to delayed puberty and disrupted reproductive
development [27, 28]. The study exclusively utilized female rats, precluding the evaluation
of sex-specific toxicological responses. Given that hormonal pathways and detoxification
processes can differ markedly between sexes during adolescence, inclusion of male subjects
would have supported the findings’ generalizability. The absence of hormonal assays, such
as serum estradiol, FSH, or LH, limited the mechanistic interpretation of pubertal delays and
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endocrine effects [29]. The 70-day study design, while sufficient to capture early maturation
outcomes, did not include a post-exposure recovery phase, leaving open questions
regarding the reversibility or persistence of observed toxic effects. Lastly, histopathological
analyses, though insightful, lacked molecular validation such as immunohistochemistry or
oxidative stress markers, which could have clarified underlying pathogenic processes [30].
Future studies should aim to address these limitations through multi-sex cohort designs,
incorporation of hormonal and molecular biomarkers, and longitudinal follow-up to assess
the permanence of developmental disruptions. Investigating the effects of these compounds
in combination with other commonly encountered environmental agents may also provide
ecologically relevant insights into mixture toxicity [31]. Exploration of gene expression
changes, epigenetic modifications, and neurochemical imbalances will be instrumental in
elucidating compound-specific mechanisms of action, particularly regarding neuroendocrine
regulation and developmental plasticity.

The study provides compelling evidence that both isobutylparaben and phenylmercuric
acetate exert dose-dependent toxic effects on juvenile female rats, with overlapping
outcomes in growth retardation, delayed sexual maturation, mild neurobehavioral deficits,
anaemia, and hepatic and renal stress. While both compounds induced similar toxicological
patterns, PMA demonstrated slightly higher potency in several parameters, reflecting its
broader biochemical reactivity [32].

The identification of distinct NOAELs for each compound (20 mg/kg/day for IBP and 4
mg/kg/day for PMA) offers valuable benchmarks for risk assessment in juvenile populations.
These experimental thresholds are directly relevant to human health risk assessment because
they align with early-life exposure scenarios where endocrine and neurodevelopmental
processes are highly vulnerable. Given that both parabens and organomercurials are still
detected in consumer products and environmental media, our findings highlight the need to
reevaluate acceptable daily intake limits, particularly for infants, children, and adolescents.
Regulatory agencies may consider incorporating adolescent-specific safety factors and
endocrine-disruptor screening tests when updating guidelines for these chemicals. In
addition, the evidence of subtle neurobehavioral changes without overt histopathological
lesions underscores the importance of including sensitive neurodevelopmental endpoints in
future human biomonitoring and policy frameworks.

Conclusion

Findings of this study highlight the developmental susceptibility of young organisms
to two common environmental and pharmaceutical tolerants, isobutylparaben (IBP) and
phenylmercuric acetate (PMA). These compounds resulted in dose-dependent, unequivocal,
and unambiguous effects on the physiological growth, neurobehavioral functioning,
reproductive maturation, and health endpoint of organs on prolonged oral exposure, carried
out during the adolescent period. The puberty onset and exploratory behavior were severely
delayed with high-dose treatments, and there were hematological effects, hepatotoxic
and nephrotoxic biochemical dysfunctions, as well as histopathological liver and kidney
damage. Although the patterns of systemic toxicity were quite similar in both compounds,
PMA produced slightly stronger effects, which can be explained by neurotoxic and other
biochemical activities of this compound. The identification of NOAELs for IBP and 4 mg/kg/
day for PMA provides valuable benchmarks for refining pediatric safety thresholds. These
findings highlight the importance of age-specific toxicological evaluations, as reliance on
adult exposure data may fail to capture the unique susceptibilities of developing biological
systems. The endocrinedisruptive and neuromodulatory profiles observed here support
growing concerns about the silent, cumulative impact of low-dose, chronic exposures during
early life stages. Enhanced scrutiny of chemical exposures during critical developmental
windows is essential for informed regulatory decision-making. Future studies should
extend these findings through longitudinal analyses, inclusion of male cohorts, mechanistic
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exploration via molecular markers, and combined exposure models that better reflect
environmental realities. By advancing understanding of juvenile toxicodynamics, the
current work contributes meaningfully to public health policy and the ongoing evolution of
toxicological risk assessment frameworks.
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