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Alyamani, N. M., Subchronic  Propylparaben (PP) is widely employed as a preservative in consumer
Oral Exposure to Propylparaben products such as cosmetics, pharmaceuticals, and food items, prompting
Induces Endocrine Disruption increasing safety apprehensions due to its possible endocrine-disrupting
and Genotoxicity in Male Rats.  properties. A controlled experimental investigation was conducted to
STJ,2026, 1 (4), 1-8 assess the toxicological effects of sub-chronic propylparaben exposure on
https://doi.org/10.70957/uqu.ed the testes of ‘adult male rats. Twenty adult male rats (n = 20) were
w.sa/s.toxicology.s/stj.2026.1 4. randprply a§s1gned to two groups (10 rats per gropp): a control group
1 receiving distilled water and a treated group receiving PP orally at a

dosage of 100 mg/kg body weight once daily for four consecutive weeks.
Received: 18 Jan 2026 This dosage was selected based on prior toxicological research indicating

detrimental reproductive consequences after repeated exposure.
Toxicological, hormonal, histopathological, and genotoxic assessments
Published: 15 Apr 2026 were performed. Data were analyzed using an unpaired Student’s t-test and
are presented as mean = SEM, with statistical significance established at p

< 0.05. Exposure to propylparaben resulted in marked toxicological

disruptions and hormonal dysregulation, as reflected by a reduction in
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Copyright: © 2026 by the testosterone (142 + 5.9 ng/dL, p < 0.0001), an increase in luteinizing
authors. hormone (10.4 + 0.4 IU/L, p < 0.0001), and an elevation in follicle-
Licensee Umm Al-Qura stimulating hormone (9.6 + 0.43 mIU/mL, p < 0.0001) compared to
University, Makkah, Saudi controls. Genotoxicity was evident through increased DNA damage,
Arabia indicated by a heightened comet assay tail length (261.33 £ 4.1 um, p <

0.0001). Histopathological evaluation demonstrated atrophy and structural
disarray of seminiferous tubules, characterized by luminal constriction,
epithelial degeneration, and localized tubular necrosis with associated
inflammatory infiltration. These results indicate that repeated oral
exposure to propylparaben induces measurable hormonal disturbances,
genotoxicity, and structural damage to the testes, supporting concerns
regarding its potential reproductive toxicity.
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1. Introduction

Propylparaben (PP), or E-216, is a paraben molecule
extensively utilized as a preservative in cosmetics,
medicines, food items, dental products, and healthcare
formulations due to its structural stability, low
toxicity, and non-irritating characteristics [1].
Notwithstanding their prevalent application, water-
based formulations are particularly susceptible to
microbial proliferation, requiring robust preservation
methods [2]. Regulatory bodies, such as the Cosmetic
Ingredient Review (CIR), have generally concluded
that parabens are safe when used within prescribed
limits; however, mounting evidence suggests that
propylparaben may act as an endocrine disruptor,
raising concerns about its potential reproductive
toxicity [3].

Animal studies indicate that prolonged exposure to
propylparaben can interfere with normal hormonal
regulation, leading to alterations in testosterone,
luteinizing hormone (LH), and follicle-stimulating
hormone (FSH), as well as dose-dependent reductions
in sperm parameters [4-6]. Moreover, propylparaben
has been associated with genotoxic effects, including
DNA breakage, reduced mitotic activity, and
chromosomal abnormalities, suggesting its potential to
cause lasting cellular harm [8-7]. Early-life and
embryonic exposures have also been linked to
persistent ~ genomic  and  neurodevelopmental
alterations in vertebrate models, indicating long-term
biological effects [9].

While prior research has established the endocrine-
disrupting and genotoxic properties of propylparaben,
most studies have examined hormonal, histological, or
DNA impacts in isolation, leaving the mechanistic
connections between these endpoints inadequately
explored. This highlights a clear gap in the current
toxicological literature.

Therefore, this study aimed to determine whether sub-
chronic oral exposure to propylparaben disrupts
endocrine homeostasis, induces DNA damage, and
causes histopathological alterations in the testes of
male rats.

2. Materials and Methods

Chemicals:

Propylparaben:

Propylparaben (PP), with CAS No: 94-13-3, was
acquired in powder form from Sigma Chemical
Company, located in St. Louis, USA.

Preparation of Solution:
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The test solution was generated weekly by dissolving
propylparaben in distilled water at a concentration of
100 mg/kg body weight, maintaining uniformity and
freshness throughout the trial [10].

Experimental Animals:

Twenty healthy adult male Wistar albino rats,
weighing between 160 and 200 grams, were procured
from the Pharmacy College at King Abdul-Aziz
University (KAU) in Jeddah, Saudi Arabia. The
animals were acclimatized for one week before the
experiment and kept under conventional laboratory
settings (22 + 2°C, 50-60% humidity, 12-hour
light/dark cycle) with unrestricted access to food and
water.

Eithc Approval

All experimental procedures conformed to the
regulations established by the study ethics committee
at King Abdul-Aziz University (KAU), sanctioned
under No: P115-2023.

Experimental Design

Rats were randomly allocated into two groups (n=10
each group):

. G1 — Control Group: Rats were administered
distilled water orally on a daily basis for a duration of
four weeks.

. G2 — Treated Group: Rats were administered
100 mg/kg of propylparaben orally on a daily basis for
a duration of four weeks [10].

It is important to note that this pilot study did not
incorporate a positive control; subsequent studies
featuring numerous doses and a positive control are
necessary to enhance toxicological interpretation.
Randomization was executed using simple random
assignment. Histological and genotoxic assessments
were performed by researchers unaware of group
assignments.

Biochemical Assay

Testosterone, luteinizing hormone (LH), and follicle-
stimulating hormone (FSH) serum concentrations
were quantified utilizing rat-specific ELISA kits
(BioSource, USA) in accordance with the
manufacturer's guidelines [11].

Histological Assessment

At the end of the study, rats were euthanized with
intraperitoneal injections of xylazine (80 mg/kg) and
ketamine (80 mg/kg). The testes were excised,
weighed, cleaned with isotonic saline, and sectioned
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Tablel Effect of daily administration of PP (100 mg/kg orally) after the 4th week (G2) on serum levels of
testosterone, LH, and FSH in male Wistar albino rats.

Statistical analyses were performed between control and treated (N=10) animals by using unpaired ¢'test. Values were expressed as

Parameters Level of Testosterone Level of LH Level of FSH
(mean+S.E) (mean+S.E) (meanzS.E)
(ng/dI) (IU/L) (mIU/mL)
Control Treated 5 328.6:4.4 4.8:022 4£0.2
Group
Treated Group G2 142+5.9* 10.44+0.4* 9.6+0.43*
% -56% 116% 140%

mean + S.E. *: Significant versus control (P<0.05). %: percentage of change from control.
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Fig.(1): Effect of daily administration of PP (100 mg/kg oral) after the 4™ week (G2) on serum levels of
testosterone in male Wistar albino rats. Data was expressed as mean =+ standard error of the mean, significance
groups made by an unpaired #-test. *: significance compared to control. #: significance compared to the control

group.

into 0.5 cm fragments. Specimens were fixed in 10%
neutral buffered formalin for histological examination
[12].

Histopathological changes were evaluated semi-
quantitatively by scoring the severity as mild,
moderate, or severe by a blinded observer. Sections
were stained with hematoxylin and eosin (H&E) and
examined under a light microscope (x400).

Genetic Procedures

DNA damage was assessed by using the Comet Assay
Kit (3-well slides, ab238544), in accordance with the
manufacturer's instructions. Single-cell suspensions
were generated from testicular tissue and assessed for
DNA strand breakage.

Statistical analysis

Data are presented as mean =+ standard error of the
mean (SEM). Statistical analysis was conducted
utilizing an unpaired Student’s t-test (IBM SPSS

https://doi.org/10.70957/uqu.edu.sa/s.toxicology.s/stj.2026.1.4.1

Statistics, version 23, IBM Corp., Armonk, N.Y.,
USA). Statistical significance was established at p <
0.05.

3. Results

Biochemical Assay:

Table (1) presents a summary of serum testosterone,
luteinizing hormone (LH), and follicle-stimulating
hormone (FSH) concentrations in control (G1) and
propylparaben-treated (G2) rats after four weeks of
daily oral administration of propylparaben (100
mg/kg) (n = 10 per group).

Figure (1) illustrates that serum testosterone levels in
the treated group were significantly diminished
(142.0+ 5.9 ng/dL) relative to the control group (328.6
+ 4.4 ng/dL), indicating a mean reduction of 186.6
ng/dL, accompanied by an exceptionally large effect
size (Cohen’s d = —11.34) and a 95% confidence
interval (CI) of —202.1 to —171.1 ng/dL, which was

https://uqu.edu.sa/s.toxicology.s/S.T.J
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Fig.(2): Effect of daily administration of PP (100 mg/kg oral) after the 4™ week (G2) on serum levels of LH in
male Wistar albino rats. Data was expressed as mean + standard error of the mean, significance groups made by
an unpaired #-test. *: significance compared to control group. #: significance compared to the control group.

statistically significant (P < 0.0001).

In contrast, LH levels were markedly increased in the
treated group (10.4 £ 0.4 TU/L) compared to controls
(4.8 £ 0.22 TU/L), resulting in a mean elevation of 5.6
IU/L, a substantial effect size (Cohen’s d = 5.49), and
a 95% confidence interval of 4.64 to 6.56 IU/L (P <
0.0001) (Figure 2).

In the treatment group, FSH concentrations were
markedly elevated (9.6 = 0.43 mIU/mL) compared to
the control group (4.0 £ 0.2 mIU/mL), indicating a
mean increase of 5.6 mlIU/mL, with a substantial
effect size (Cohen’s d = 5.28) and a 95% confidence
interval of 4.60 to 6.60 mIU/mL (P < 0.0001) (Figure
3).

All data are shown as mean + standard error of the
mean (SEM).

Histological assessment

Control Group (G1)

Testicular sections from the control group (Gl)
showed typical seminiferous tubules (S.T) with an
intact basal lamina (B.L), well-structured germinal
epithelium, and no signs of necrosis or inflammation
(Figure 4). All samples were assessed without
knowledge of group assignment.

Group Treated with Propylparaben (G2)

https://doi.org/10.70957/uqu.edu.sa/s.toxicology.s/stj.2026.1.4.1

Conversely, testis from rats treated with
propylparaben (G2) exhibited significant histological
changes, including:

Atrophic seminiferous tubules exhibiting restricted
lumens, narrowing, and fissuring.
Degeneration of the basal lamina (B.L). Focal tubular
necrosis with associated inflammatory infiltration
(Figure 5).

Evaluation Metrics and Quantitative Assessment

A semi-quantitative scoring method was utilized to
evaluate the extent of tube damage.

Zero equals normal.

1 signifies mildness

2 signifies mild

3 signifies severe

All slides underwent assessment by a blinded
histopathologist.

Control group (G1): 0+ 0

Treated group (G2): 2.8 + 0.2, signifying significant
tubular disruption.
The unpaired t-test statistical analysis verified that the
intergroup difference was extremely significant (P <
0.0001).

https://uqu.edu.sa/s.toxicology.s/S.T.J
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Fig.(3): Effect of daily administration of PP (100 mg/kg oral) after the 4™ week (G2) on serum levels of FSH in
male Wistar albino rats. Data was expressed as mean =+ standard error of the mean, significance groups made by
an unpaired #-test. *: significance compared to control group. #: significance compared to the control group.
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Fig. 4. Light microphotograph of treated control group (G1) testis section of male rat showing the normal
histological structure of seminiferous tubules (S.T), lamina (L), and basal lamina thickness. (B.L). (H&E, x400)

Genetic Results:
Table 2 and Figure 6 depict the impact of sub-chronic
propylparaben exposure on DNA integrity in rat
testicular cells, assessed via the Comet assay.
e Control group (G1): Head length = 228.15 +
5.6 um, Tail length = 12.23 £ 5.9 um
e Treated group (G2): Head length = 98.33 +
4.4 um, Tail length =261.33 + 4.1 um
These results indicate substantial DNA damage in
G2 compared with controls.
e Mean difference (tail length): 249.1 um

https://doi.org/10.70957/uqu.edu.sa/s.toxicology.s/stj.2026.1.4.1

o Effect size (Cohen’s d): 45.0 — extremely
large effect

e 95% CI (tail length): 238.5-259.7 pm

e P-value: <0.0001 (unpaired t-test)
The significant decrease in head length, along with the
notable rise in tail length, signifies substantial
genomic impairment in testicular cells after sub-
chronic exposure to propylparaben. Although other
conventional comet metrics, including tail moment,
Olive tail moment, and percentage of DNA in the tail,
were not assessed in this work, the data unequivocally
indicate substantial genotoxicity.

https://uqu.edu.sa/s.toxicology.s/S.T.J
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Fig 5. Light mlcrophotograph of testicular sectlons from propylparaben treated rats (G2) showing atrophic
seminiferous tubules (S.T) with constricted lumens, tubular splitting, and atrophy of the basal lamina (B.L).
Focal tubular necrosis with associated inflammatory infiltration is also evident. (H&E, x400)

Table (2): Effect of daily administration of PP (100mg/kg/day) for four weeks on treated group (G2) compared
to control treated group (G1) on head and tail length of DNA in male rats.

Gr DNA head length DNA tail length
oup Meant SE Mean+ SE
Control Treated Group (G1) 228.15+£5.6 12.23+£5.9
98.33+4.4" 261.33+4.1"
Treated Group (G2) s
-57% 2036%

Data was expressed as mean + standard error of the mean, significance groups made by an unpaired #-test. *: significance compared to
control group. #: significance compared to the control group.

2500%
2000%
1500%
1000%

500%

comet assay valus px

0%
*

-500% .
Comet assay head Comet assay tail

-57% 2036%

Fig.(6): Effect of daily administration of PP (100 mg/kg. oral) and subsequent treatment for 4 weeks on head
and tail length of DNA of male Wistar albino rats. Data was expressed as mean =+ standard error of the mean,
significance groups made by #-test. *: significance compared to control group. #: significance compared to the
control group.
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4. Discussion

Propylparaben (PP) is extensively utilized as a
preservative in cosmetics, pharmaceuticals, and food
items; nevertheless, increasing evidence suggests it
may function as an endocrine disruptor with possible
reproductive and genotoxic consequences. The
hypothalamic-pituitary-gonadal (HPG) axis is pivotal
in male reproductive function, as pulsatile GnRH
secretion prompts the release of pituitary LH and
FSH, which subsequently govern testosterone
synthesis by Leydig cells and spermatogenesis in
Sertoli cells [13-14].

This study demonstrated that sub-chronic oral
administration to PP at 100 mg/kg/day for four weeks
significantly decreased testosterone levels while
increasing LH and FSH levels, indicating disturbance
of the hypothalamic-pituitary-gonadal axis. These
hormonal  imbalances were associated  with
histological changes, including atrophic seminiferous
tubules[15-16] , atrophy of the basal lamina, tubular
necrosis, and inflammation, as well as significant
DNA damage in testicular cells, as assessed by the
comet assay. The results align with other research
indicating  PP-induced testicular damage and
endocrine disruption in rodents, along with genotoxic
effects in mammalian cells[17-20].

Although these findings corroborate the harmful
potential of PP in rodents, some caveats must be
recognized. The study utilized a single dose without
evaluating dose-response, and did not incorporate a
positive control group. The sample size (n=10 per
group) was comparatively limited, and several comet
test parameters (tail moment, Olive tail moment, %
DNA in tail) were not assessed. Moreover, direct
extrapolation to humans is constrained, as the
administered dose (100 mg/kg) above standard human
exposure thresholds from cosmetics, and interspecies
variations in absorption, metabolism, and elimination
may affect systemic toxicity.

Notwithstanding these limitations, the data underscore
that even sub-chronic PP exposure can disturb
endocrine homeostasis, cause anatomical testicular
injury, and impair genomic integrity in male rats.
Subsequent research ought to investigate various
dosages, incorporate positive and vehicle controls,
evaluate comprehensive comet assay characteristics,
and analyze long-term reproductive effects, preferably
utilizing  pharmacokinetic = modeling to more
accurately correlate animal dosages with human

https://doi.org/10.70957/uqu.edu.sa/s.toxicology.s/stj.2026.1.4.1

exposure.
5. Conclusions

This study elucidates the mechanisms behind PP-
induced testicular toxicity, revealing a correlation
among endocrine disturbance, histopathological
damage, and genotoxicity in a sub-chronic exposure
context. These observations highlight the necessity for
additional research to elucidate potential human health
hazards linked to propylparaben.
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