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Abstract: The present study was intended to find out the curative potentials of Garlic (4//ium sativum) against di-(2-
Ethylhexyl) phthalate (DEHP) induced toxicity in the reproductive system of female mice. Forty female mice were
divided into four groups (n=10) as the (a) control group was given normal feed and drinking water, (b) aqueous garlic
extract treated group (500 mg/kg), (¢) DEHP group received 500 mg/kg in corn oil, and (d) DEHP + aqueous garlic
extract each at a dosage of 500 mg/kg body weight. All treatments were given daily through oral gavage for 28 days.
After completion of the experiment, all the animals were dissected through cervical dislocation to get reproductive
organs. Collected organs were weighed and processed through the conventional histology technique of staining with
eosin and hematoxylin. This study indicated that DEHP exposure caused a significant decrease (P<0.001) in body
weight and weight of the complete female reproductive tract as compared to the control group, while the garlic
co-administered group showed prominent improvement in body and organ weight when compared to only DEHP
treatment. The adverse effect of DEHP on the histology of the ovary such as a decreased mean number of developing
follicles, thin and irregular corona radiata, disruption of cumulus oophorus, and reduction in the size of the antral
cavity of the tertiary follicle was observed. However, a significant recovery in the development of follicles was seen
in DEHP plus garlic-treated group. DEHP plus garlic extract treatment showed protective effects on the uterus, such
as a significant increase in the diameter of the uterus (P<0.001), muscularis, mean number of endometrial glands
(P<0.001), and endometrial epithelial heights as compared to only DEHP exposed group. Hence, garlic extract showed
significant ameliorative potential against DEHP-induced reproductive anomalies in female mice.

Keywords: DEHP; reproduction; toxicity; garlic extract

1. INTRODUCTION of phthalates in people can be oral, dermal or

inhalation [1]. The presence of DEHP metabolites

Di-(2-Ethylhexyl) phthalate (DEHP) is extensively
utilized in the plastic industry for enhancing the
durability, transparency, and flexibility of polyvinyl
chloride (PVC) based polymers [1, 2]. DEHP is
widely used in non-polymeric substances such as
solvents in cosmetics, perfumes, insect repellents,
inks, paints, adhesives, additives in hair sprays,
building materials, and lubricating oil in the industry
[3]. As DEHP is weakly associated with plastics
and consequently easily releases and pollutes the
environment by leaching, abrasion, and evaporation
from the products [4]. The mode of introduction
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in several human urine samples has raised concerns
about its harmful effects on human populations
[5-7]. As previous studies have reported DEHP
metabolites in reproductive fluids like amniotic and
follicular [8-10] fluids, suggesting their ability to
assimilate from circulating plasma.

Meanwhile, limited shreds of evidence
suggest that exposure to DEHP may have adverse
female reproductive outcomes including, decrease
ovulation [11], reduced size of follicular granulosa
cells [12], inhibition of synthesis of estradiol [13],
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accelerated apoptosis [14, 15], delayed follicular
development [16], extended estrous cyclicity [17],
reduced folliculogenesis [12], endometriosis [18],
and delayed puberty onset [19]. Moreover, DEHP
had also been associated with failure of implantation
and fetal loss [10].

Several studies have shown that mono
(2-Ethylhexyl) phthalate (MEHP), a major
metabolite of DEHP, reduces the meiotic ability of
oocytes and affects the blastocyst phase. In vitro and
in vivo studies suggest that DEHP or MEHP can
induce metaphase Il spindle anomalies, negatively
modulate the transition of prophase I to metaphase
II, and thereby affect meiotic development
[14, 15, 20]. Furthermore, these metabolites can also
cause prolonged cumulus cell-oocyte aggregates
development to the blastula stage [21,22]. Previous
studies suggested that DEHP levels detected in
‘everyday’ environments (200 pgKg'day') and
work-related environments (2000 pgK-'day!) cause
zygote division and arrest zygote growth from the
second-cell stage [23].

Modern scientific studies highlighted the wide
usage of plants as a source of herbal medicine.
Conventionally Garlic (4/lium sativum) is utilized
against protozoans, toxins, viral, fungal, and
bacterial agents [24].

As garlic has different composites, due to
multivitamins, but sulfur component mainly
represents the biological and medicinal properties of
this plant [25]. It has several therapeutic effects on
different vital organs and tissues [26-35]. Garlic oil
thickens the zygotic wall, which demonstrates that
garlic oil has a positive effect on ovarian function
and increases the secretion of estrogen [36]. Garlic
extract triggers the emission of gonadotropic
hormones and ovarian hormones via stimulation of
the pituitary gland, increasing the Golgi complex
with drawl rate, cell cycle, and accelerating binding
to estrogen receptors [37]. Many plastic industry
female workers across the world are vulnerable
to heavy amounts of phthalates in daily life. The
use of utensils, food wrappers and packing made
of phthalates made the general population prone
to exposure to phthalates. Microwave application
is responsible for the leeching and mixing of
phthalates in food. Female reproductive disorders
are increasing day by day, so this research was

premeditated to investigate the adverse effects of
DEHP exposure on the female reproductive system
and to check the ameliorative effects of commonly
used cheapest spice i.e garlic extract against DEHP-
induced reproductive deformities in adult female
albino mice as an experimental model.

2. MATERIALS AND METHODS
2.1 Animals

Laboratory-raised Mus musculus (female albino
mice) were utilized as experimental animals in the
current research. Animal House of the Department
of Zoology, University of Sargodha, Sargodha was
used to take care of the animals under standard
environmental conditions such as 24-hour day
and night cycles, temperature 2542 °C, and 45 %
humidity. Steel cages bedded with wood shavings
were used to keep animals. Feed and water were
provided ad-libitum.

2.2 Treatment

Forty female albino mice aged 10-11 weeks and
weight 28-30 gm were used in this research and
divided into the following four groups=10).

1. Control Group received only standard feed and
water.

2. Garlic Group received 500 mg/kg aqueous
garlic extract in 0.2 mL distilled water.

3. DEHP Group was given 500 mg/kg body
weight DEHP dissolved in 0.2 mL corn oil.
4-DEHP+Garlic Group was administered with
500 mg/kg DEHP in corn oil (0.2 mL) followed
by (gap of 2 hours) 500 mg/kg body weight
garlic extract. Doses were given by oral gavage
once daily for 4 weeks [1, 40,41].

2.3 Organ’s Recovery

After the completion of the experimental time, all the
animals were dissected after a cervical dislocation
[38] to obtain the ovary, oviduct (fallopian tube),
and uterus. Organs were placed in saline solution
and the fats that cover the reproductive organs were
removed. Fat-free organs were weighed on a digital
weight balance (HI-500) and fixed in Conroy’s
fixative for further processing [1].
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2.4 Histological Preparation

After gradual alcoholic dehydration (50 %, 70 %,
90 %, and 100 %), and clearance in xylene, the
organs were embedded in paraffin wax to obtain
serial sections of 5u thickness through rotary
microtome (ERMA TOKYO 42). Sections on
frosted slides were deparaffinized in xylene,
hydrated in descending grades of alcohol, stained
by dipping in hematoxylin, washed by tap water,
counter stained with 1 % Eosin, dehydrated by
ascending grades of alcohol, cleared in xylene and
mounted with Canada balsam. Microphotographs of
Hematoxylin and Eosin-stained sections were taken
by using a digital camera of Samsung company
(Model no. SM-J260F/DS-8.00 megapixel)
attached to the trinocular microscope (Labomid
CXR2) at 100x and 400x magnification [39]. The
photomicrographs of the concerned histological
portion were processed in Coral DRAW 7 for
sharpness, shading, and editing

2.5 Micrometry

The readings were taken from five arbitrarily
chosen areas on the computer screen utilizing a
pre-aligned advanced scale in Coral DRAW 7 from
digital photographs. The calibrations were made
from computerized photograph shots of the stage
micrometer on a similar magnification. The mean
number of mucosal folds of the ampulla, and the
number of primary, secondary, and tertiary follicles
of the ovary were taken at 100x objective of a
microscope. Diameter of the primary and secondary
follicles, the average cross-sectional area of tertiary
follicles, the epithelial height of the mucosal fold,
the muscular thickness of the ampulla, number of
uterine glands, diameter of round uterine glands,
the diameter of the uterus, endometrium and
myometrium thickness, and epithelial height of
uterus were measured at 400 x magnifications.

2.6 Statistical Analysis

Results were analyzed using One-Way Analysis of
Variance (ANOVA) and post hoc Tukey’s tests in
the IBM SPSS version 23.

2.7 Ethical Statement

This study was approved by the Biosafety and

Ethical Review Committee of the University of
Sargodha, 40100 Pakistan (Ref: SU/Acad/1167/2,
Dated: November 06, 2019).

3. RESULTS
3.1 Body Weight

IStatistically, no difference was observed in the
mean initial body weight of animals belonging to
different groups. While the mean final body weight
of the DEHP-treated group was significantly
(P<0.001) reduced as compared to the control,
garlic extract, and DEHP+ Garlic (P<0.01) given

group (Fig. 1).
3.2 Mean Weight of Female Reproductive Tract

Highly significant decrease was found by statistical
analysis in mean weight of complete female
reproductive tract of the DEHP treated group as
compared to control (P<0.001), garlic (P<0.01)
treated and DEHP+Garlic (P<0.01) administered
group (Figure 2). Effect of garlic in attempt to reduce
DEHP toxicity was obvious in co-administered

group.
3.3 Histological Observations

Histological study of ovary of the control group
showed developing primary, secondary, tertiary
follicles and corpus luteum in the cortex of ovary,
blood vessels, and normal stroma in the center
(Figure 3A). Ovary of garlic extract-treated group
(Figure 3B) indicated proper ovarian follicles with
normal blood vessels and stromal cells resembling
that of the control. Histological examination of
ovaries of mice given DEHP (Figure 3C) showed
a significantly reduced number of ovarian follicles
and that of corpus luteum, blood vessels appear
congested and dilated. In follicles, oocytes (O)
became distorted and granulosa cells were irregular.
Whereas DEHP+Garlic treated group (Figure 3D)
indicated an improvement in the ovarian structure
with decreased number of atretic follicles.

Histological analysis of primary follicles of
the control group and garlic extract-treated group
at higher magnification (Figure 4) showed normal
structure having a central oocyte surrounded by
granulosa cells encapsulated by theca cell. DEHP
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Fig. 1. Effect of 28 days oral exposure of 500 mg/kg b.wt. garlic extract, DEHP and
DEHP+garlic extract (500 mg/kg each) on mean body weight of female albino mice. Data
is represented as Mean+=SEM, **P<(.01, ***P<(.001
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Fig. 2. Effect of oral intake (28 days) of garlic extract, DEHP and DEHP+garlic extract
(500 mg/kg b. wt. each) on the mean weight of the complete reproductive system of
female albino mice. Data is represented as Mean+SEM, a = control vs treated groups,
b=Garlic extract group vs other treatments and c=DEHP treated group vs DEHP+garlic
group. **P<0.01, **P<0.001



Amelioration of DEHP-induced toxicity by garlic extract 43

Fig. 3. Hematoxylin and Eosin-stained sections of adult female mice ovary exposed to garlic extract (500 mg/kg),
DEHP (500 mg/kg), and DEHP+ garlic extract (500 mg/kg each) through gavage for 28 days (10X). Control (A)
and garlic extract (B) groups showing normal ovary with well follicular development such as primary follicle (PF),
secondary follicle (SF), Graafian follicle (GF) and corpus luteum (CL). DEHP group (C), ovary has reduced number
of all stages of the follicle. While ovaries of animals treated with DEHP+garlic extract (D) showed improvement in

the number of ovarian follicles.

exposed group represented primary follicles with a
lesser number of granulosa cell and distorted theca
cells. However, the DEHP + Garlic extract group
indicated a normal-sized primary follicle with
compact granulosa and theca covering.

In the control and garlic extract groups,
secondary follicles presented normal structures
having central oocyte surrounded by compact
zona granulosa. Between the zona granulosa and
oocyte, a thick glycoprotein coat of zona pellucida
was present (Figure 4). Whereas in DEHP exposed
group, the secondary follicles were filled with
autophagic granulosa cells with a thin thecal layer.
Toxic effect was evident in the combined treatment
group as the secondary follicles were surrounded
by vacuolated granulosa layers (Figure 4).

While the tertiary follicle of control group
showed a normal mature oocyte surrounded by
granulosa layers with normal corona radiata and
cumulus oophorus. Animals treated with garlic
extract represented the normal structure of the
preovulatory follicle. The most evident histological
changes in DEHP exposed group include
vacuolation in granulosa cells of preovulatory
follicles. Moreover, other changes indicated thin
and irregular corona radiata, disruption of cumulus

oophorus, and reduction in the size of the antral
cavity of the Graafian follicle. Animals given
DEHP+Garlic showed the ameliorative effect of
garlic against toxicant on the mature follicle as
shown in Figure 4.

Histological analysis of oviduct section
of control group presented normal anatomical
structure as branched and highly invaginated
mucosa surrounding the oviduct lumen. A compact
and organized epithelium of the oviduct was
observed with normal-sized ciliated principal cells
and richly populated basal cells (Figure SA&B).
Oviduct of garlic extract-treated group indicated
normal organization of mucosal folds with deep
grooves and prominent epithelium with fine ciliated
principal cells and round basal cells near lamina
propria (Figure 5C&D). Histological deformities
were seen in mucosal folds and epithelial layer
of the DEHP exposed group as compared to the
control. Branching invaginations of mucosal folds
were decreased and a wider lumen was prominent.
DEHP also showed disorganized loosely packed
epithelium where basal cells were more abundant
as compared to columnar cells and exfoliation
of principle cell was the prominent feature in
epithelium (Figure S5E&F). The DEHP+Garlic
treated group showed tall mucosal folds with a
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Fig. 4. Photomicrographs of all stages of follicles, secondary oocyte and corpus luteum of control and
treated groups at higher magnification. Effect of Phthalate is prominent on all follicles as hypertrophy in
granulosa (Gc) and theca cells (Tc), congested antrum (A), reduced corona radiata (C), disrupted zona
pellucida (Zp) and regressed oocyte as compared to control and other treatments. Garlic coadministration
can be seen as a rescuing treatment against DEHP intoxication. H&E staining.
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slight portion of lumen. Epithelium clearly showed
rehabilitative potential of garlic as size and shape of
principle and basal cells resemble to that of control
but still, exfoliation can be seen (Figure 5G&H).

In control and garlic-treated groups, uterus
had a very dense external muscular layer, the
endometrium, and myometrium. Deep invaginations
were observed within the endometrial stroma
(Figure 6 A&B). Histomorphological alterations
were observed in uteri of DEHP-given animals as
compared to the garlic and control groups. The size
of uterus was decreased having less invaginated
epithelium, and endometrium was thicker with
marked proliferation and hypertrophy in the
stromal cell (Figure 6C). While the DEHP+Garlic
extract treated group showed normal anatomical
structure of uterine layers and lumen as garlic
seems to attenuate the effect of toxin in this group
(Figure 6D).

In control and Garlic treated sections of uterus,
densely populated and well-organized (circular
and elongated) endometrial glands were present
in the uterine endometrium (Figure 7B&E).
However, comparatively small-sized, undeveloped
and congested endometrial glands were observed
in the DEHP-treated group (Figure 7H). While
small circular and glands were prominent in the
DEHP+Garlic extract treated group where the
effect of toxin was prominent (Figure 7K).

In the control and garlic extract-treated uterine
sections, the epithelium was well-defined, and thick
having compact tall columnar ciliated cells with a
prominent basement membrane on which basal
nuclei were lying (Figure 7C and F). However,
in the DEHP group, the organization and shape
of epithelium, and basement membrane were so
distorted that stromal tissues and endometrium
epithelium were lacking a clear demarcation
(Figure 7I) Epithelial sloughed cells were present
in lumen. In the in DEHP+Garlic treated group,
cuboidal shaped principal cells were present
with hypertrophy in round basal cells. Detaching
epithelial cells can be seen toward lumen
(Figure 7L).

3.3 Micrometric Analysis of Ovary

3.3.1 Mean Number Ovarian Follicles and
Corpus Luteum

Statistically, no significant difference was noted
in mean number of primary follicles in ovaries
of treated females as compared to control group.
Whereas, mean number of secondary and tertiary
follicles was reduced (P<0.05) by DEHP treatment
as compared to control and garlic extract given
group. DEHP treatment also caused a reduction in
mean number of secondary follicles when compared
to the co-exposed (P<0.01) group as given in
Table 1.

Table 1. Mean number of primary, secondary, tertiary follicles, and corpus luteum in control and treated groups after
28 days oral exposure to DEHP and garlic extract alone and in combination.

Groups Mean number of Follicles

Primary Secondary Tertiary Corpus luteum
Control 433+033  3.50+0.23 1.00:£0.00 3.50+0.28
Garlic 5.00£0.44  3.50+0.23 1.00+0.00 3.83+0.40
DEHP 3.83£0.47  2.83x0.16™"  0.66+0.14™"  2.00£0.24°"
DEHP+Garlic  4.83£0.30  3.55+0.12"  0.83+0.11 3.66+0.22°"

Values are expressed as Mean + SEM and comparison is made by Tukey’s test. a = Control vs treated groups, b = DEHP group vs
Garlic and DEHP+Garlic group and ¢ = Garlic vs DEHP+Garlic group. *P<0.05, **P<0.001, ***P<0.001
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Fig. 5. Hematoxylin and Eosin-stained sections of Ampulla from the oviduct of control and treated mice at low and high
magnification. Control group (A) shows branched, tall mucosal folds with deep grooves, muscle layer, and epithelium
(B) containing ciliated columnar principal cell lying on round basal cells. Garlic extract-treated group (C) shows many
mucosal folds, thick muscle layer, and epithelium (D) with an organized adluminal layer of ciliated principal cells
and a dense layer of basal cells. While DEHP exposure (E) resulted in reduced muscle layer thickness, less branches
and disorganized epithelium (F) with loose flaking principal cells and hypertrophy in basal cells. Combined group
(G) showing increased mucosal folds, and epithelium (H) presented much improved signs as compared to only toxin-
treated epithelium as regular-sized principal cells and basal cells was prominent.

Fig. 6. Hematoxylin and Eosin-stained uterine longitudinal sections of adult female control and treated mice. Control
(A) and garlic extract group (B) sections exhibited prominent invagination and branching in endometrium (E), well-
organized myometrium (M), and clear lumen (L). While the DEHP group (C) showed congestion in all layers of uterus
with a significantly reduced lumen. DEHP+Garlic extract group (D) showed improvement signs in uterine tissue as
compared to only DEHP given group.
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Fig. 7. Photomicrographs taken from sections of endometrium and uterine epithelium (Ep) of adult female mice
of control and treated groups at different magnifications. Control (A, B, C) and garlic extract (D, E, F) group show
regular-sized uterine glands (Gl) embedded in rich stromal tissue, while in epithelium columnar cells with prominent
basal nuclei on a clear basement membrane were obvious. While DEHP exposed group (G,H,I) present distorted
glands in the disorganized stroma, epithelium with shorter principle cells and irregular-shaped cells sloughed in lumen.
DEHP+Garlic treated group (J,K,L) showed improvement in columnar epithelium with normal basement membrane
and seems to lessen the effect of DEHP but exfoliating cells are also prominent. A,D,G,I at 10X and all other at 100X.

3.3.2 Mean Diameter of Ovarian Follicles

Statistical analysis indicated that combined
treatment of DEHP+Garlic caused a significant
(P<0.05) increase in mean diameter of primary
follicles as compared to control, garlic and DEHP
alone administered (P<0.01) females. Mean
diameter of secondary follicles of mice given
different treatments was not statistically different
from that of control. Significant (P<0.05) decrease

in the mean diameter of tertiary follicles was noticed
in DEHP-exposed mice as compared to control and
garlic-treated mice (Table 2).

3.4 Micrometric Analysis of Oviduct

Statistical analysis (ANOVA) showed that treatment
of DEHP caused a highly significant (P<0.001)
decrease in the mean number of mucosal folds
as compared to the control and other treatment
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Table 2. Mean diameter of primary, secondary and tertiary follicles in control and treated groups after 28 days of oral
exposure of DEHP and garlic extract alone and in combination.

Groups Diameter of Follicles (um)
Primary Secondary Tertiary
Control 1.34+0.11 3.58+0.18 8.62+0.51
Garlic 1.36+0.07 3.89+0.30 8.63+0.57
DEHP 1.200.05 3.05+0.14 7.17£0.20*"
DEHP+Garlic ~ 1.74+0.14*°" 3.77+0.28 8.49+0.20

Values are expressed as Mean + SEM and comparison is made by Tukey’s test. a = Control vs treated groups, b = DEHP group vs
Garlic and DEHP+Garlic group and ¢ = Garlic vs DEHP+Garlic group. *P<0.05, **P<0.01.

groups. While mean number of mucosal folds was
significantly (P<0.001) increased in DEHP+Garlic
treated ampulla as compared to DEHP treated
oviduct which showed the protective ability of
garlic extract. Mean epithelial height was observed
to be significantly (P<0.001) increased in garlic
and DEHP+Garlic exposed group as compared to
control. Whereas, the DEHP-given group displayed
a considerable (P<0.001) reduction in mean
thickness of ampullary epithelium as compared to
control and other treatment groups. Toxic effect of
Phthalate was prominent on epithelium of ampulla.
Epithelial height was also reduced (P<0.05) in
DEHP+ Garlic treatment as compared to only garlic
extract given group. Muscle layer thickness of the
oviduct was not significantly affected by any of the
treatments (Table 3) as compared to control.

3.5 Micrometric Analysis of Uterus
3.5.1 Uterine Diameter and Epithelial Height

According to one-way ANOVA, a highly significant
increase was found in the mean diameter of uterus
of female mice exposed to DEHP+Garlic when
compared to the control while other treatments
caused no noticeable difference when related to
control. Among treated groups, significant (P<0.001)
decrease was observed in the mean diameter of the
uterus of DEHP exposed group as compared to
the garlic and DEHP+Garlic administered group.

Noteworthy (P<0.001) increase was seen in mean
epithelial height of uterus in garlic extract-given
group as compared to control and all other treatment
groups. Whereas, DEHP and combined treatment
caused a prominent (P<(.01) decrease in mean
epithelial height as compared to control (Table 4).

3.5.2. Number of Uterine Glands

Data after statistical analysis revealed a significant
(P<0.001) decrease in the mean number of uterine
glands in Garlic and DEHP alone treatments
as compared to the control group while co-
administration of both increased (P<0.001) in mean
number of glands in uterine stroma as compared to
control. Among treated groups, the mean number
of uterine glands was significantly (P<0.001)
decreased in DEHP exposed group as compared
to garlic and DEHP+Garlic extract given groups.
However, combined exposure of DEHP+Garlic
extract resulted in highest (P<0.001) number of
uterine glands as compared to other treatments
(Table 4).

3.5.3 Muscular Thickness: Endometrium and
Myometrium

One-way ANOVA showed no significant effect on
the mean thickness of endometrium by any treatment
as compared to control. While a significant (P<0.05)
reduction was observed in the mean thickness of
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Table 3. Mean number of mucosal folds, muscular thickness and epithelial height (um) in ampulla region of oviduct
in control and treated groups after 28 days of oral exposure to DEHP and/or garlic extract.

Groups Ampulla

Mucosal folds Epithelial height (um) Muscularis (um)
Control 28.33+0.81 0.446+0.01 1.00+0.10
Garlic 28.16+0.70 0.45740.01"" 1.3620.15
DEHP 17.3340.71%™ 0.3610.01°™ 1.06+0.11
DEHP+Garlic  26.75+0.70° 0.455+0.02%" 1.16+0.13

Values are expressed as Mean = SEM and comparison is made by Tukey’s test. a = Control vs treated groups, b = DEHP group vs
Garlic and DEHP+Garlic group and ¢ = Garlic vs DEHP+Garlic group. *P<0.05, ***P<0.001

Table 4. Mean diameter of uterus, epithelial height, mean number of uterine glands and thickness of endometrium and
myometrium in control and treated groups after 28 days of oral exposure to DEHP and/or garlic extract.

Groups Uterus (um) Thickness (um)
Diameter Epithelial height Uterine glands Endometrium  Myometrium
Control 4.82+0.28 0.47+0.02 171.83+5.67 1.24+0.11 0.700.07
Garlic 5.65+0.29 0.58+0.02"""" 143.00+3.91" 1.20+0.08 0.64+0.06
DEHP 3.98+0.23"7"  0.38+0.01°""" 106.66+10.47°™"  0.98+0.11 0.500.03"
DEHP+Garlic  6.01:024™"""  0.38+0.01%"°" 192.83+12.93®"  1.20+0.09 0.65+0.02

Values are expressed as Mean + SEM and data was compared by Tukey’s test. a = Control vs treated groups, b =DEHP treated vs
Garlic and DEHP+Garlic treated groups and ¢ = Garlic vs DEHP+QGarlic group. ***P<0.001, **P<0.01, *P<0.05

myometrium in female mice treated with DEHP as
compared to the control group (Table 4).

4. DISCUSSION

DEHP, a potent toxicant, is widely used in various
products and found everywhere in the environment.
The initial studies suggest that the reproductive
system is more vulnerable to phthalates as
compared to other organs [42]. On the other
hand, oxidative stress caused by environmental
contaminants can be prohibited or reduced by
dietary natural antioxidants through their capacity
by scavenging these products [43]. This study was
intended to investigate the lesser-known protective
effects of aqueous extract against DEHP-induced
reproductive toxicity in adult female mice.

Our study indicated that the number of
developing primary, secondary, and tertiary follicles
and corpus luteum were adversely affected by DEHP
exposure in mice. DEHP treatment also caused
histomorphological alteration such as degeneration
of ovarian follicles, oocytes degradation, antral
reduction and granulosa cells hypertrophy. It has
been reported by Wang et al. (2012) [29] that antral
follicle growth of mice was reduced by using all
doses (0.1, 1, 10, 100 pg/mL) of MEHP and DEHP.
Furthermore, DEHP can alter the antioxidant system
causing the accumulation of superoxide (O2 ) that
in turn damage the antral follicle [44]. In the current
study, DEHP-induced superoxide addition might be
the cause of degenerative features in ovarian tissue.
result showed that the

Our clearly
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histomorphology of the ovary was improved by
garlic extract supplementation. Diameter and
number of developing primary, secondary, antral
follicles and corpus luteum were ameliorated
upon garlic extract supplementation in DEHP-
intoxicated mice. A previous study reported that
garlic oil supplementation played a direct and
indirect role in enhancing the activity of ovaries by
stimulating the release of sex hormones together
with estrogen [36]. Another research found that
garlic extract induces secretion of ovarian hormones
and gonadotropins through the stimulation of the
pituitary gland, cell cycle, and accelerates estrogen
receptors binding [37]. These reported effects of
garlic on female reproduction are also established
in this study in an improved form of ovarian
histological architecture in garlic-exposed groups
that might be due to enhanced gonadotropins input
and boosted hormone receptor binding. All these
reports point toward the importance of garlic intake
as an important nutraceutical to nullify effect of
environmental toxicants.

In the mammalian oviduct, the ampulla is a
major anatomical region in which fertilization
takes place and it is the main site of early embryo
development [45, 46]. Results of our research
indicated that DEHP exposure adversely affected
the oviduct of mice by a reduction in the number of
mucosal folds along with histological alteration in
the ampullary region in comparison to the control
and garlic extract-treated group. According to
another research oviduct with a reduced number
of ciliated cells [47] and low circulating estrogen
[48] level would lead to ectopic pregnancies in
comparison to normal intrauterine gestation. The
structural changes in the ampulla of oviduct in this
study might be attributed to DEHP interference in
hypothalamic gonadal axis.

Our results demonstrated that histomorphology
of oviduct was improved upon garlic extract
supplementation in the co-administered group. It
has been reported in previous studies that garlic
has antioxidant properties and often prevents cell
damage, aging and cancer [36]. These properties
of garlic seem to be playing role in attenuating the
toxic effects of DEHP in co-exposed ampullary
tissue in this study.

In the uterus, a significant decrease overall

diameter of uterus, muscularis, mean number
of uterine glands, and epithelium heights were
observed in DEHP exposed group as compared
to control in the current study. Another similar
research also emphasized on the toxic effects of
DEHP on uterus which disturbed the morphology
and physiology of the uterus by causing a change
in stromal cell patterns comparable to changes
observed in females on progestin contraceptives
[49]. Altered patterns of cell proliferation were
observed in the DEHP-exposed uterus leading to
de-regulation of the normal oestradiol-progesterone
responses in the uterus which in turn causing to
an anti-estrogenic effect [50]. DEHP-imposed
anti-estrogenic effects might be the reason behind
histopathological alterations in uterine tissue in this
study as uterus ia an estrogen-dependent organ.
While our result dictated the ameliorative abilities
of aqueous garlic extract on uterine histology and
morphometry due to its antioxidant and gonadal
axis stimulatory abilities.

5. CONCLUSION

Various histo-protective effects in reproductive
organs were noticed in the combined group
(DEHP+Garlic) as compared to only DEHP
exposed group that reflected the antioxidant abilities
of garlic extract. These findings indicated that
garlic is a common, cheapest, and most effective
remedy against reproductive toxicity induced by
environmental pollutants. Many female workers
of plastic industries and other industries where
phthalates are used in abundance are exposed to
heavy amounts of a mixture of phthalates and are
at much higher risk of developing reproductive
abnormalities. However, simple natural products
such as garlic can be useful to reduce the damage
caused by these environmental pollutants. As
we know that exposure to toxicants generates
reproductive abnormalities so daily intake of diet-
based cheap and easily available remedies like
garlic are suggested by this study.

6. ACKNOWLEDGEMENTS

We appreciated the support of the University of Sargodha
regarding the providence of chemicals, and equipment
for this research work. However, this research did not
receive any specific grant from funding agencies.



Amelioration of DEHP-induced toxicity by garlic extract 51

7. CONFLICT OF INTEREST

All authors unanimously declare no competing conflict
of interest in any regard for this research work.

8. REFERENCES

1. H. Shaheen, S.M. Khan, D.M. Harper, Z. Ullah, 1.
F. Iram, S. Batool, S. Shameem, I. Aslam, S. Batool,
M. Shaheen, and R. Aziz. Effect of aqueous garlic
(Allium sativum) extract against di-(2-ethylhexyl)
phthalate induced reproductive toxicity in male
mice. Andrologia 14480 (2022). https://doi.
org/10.1111/and.14480

2. E. Yuwatini, N. Hata, H. Kuramitz, and S. Taguchi.
Effect of salting-out on distribution behavior
of di (2-ethylhexyl) phthalate and its analogues
between water and sediments. SpringerPlus
2(422): 1-8 (2013). http://www.springerplus.com/
content/2/1/422

3. P.C. Huang, CJ. Tien, Y.M. Sun, C.Y. Hsich, and
C.C. Lee. Occurrence of phthalates in sediments
and biota: relationship to aquatic factors and the
biota-sediment accumulation factor. Chemosphere
73: 539-544 (2008). https://doi.org/10.1016/].
chemosphere.2008.06.019

4. M. Wittassek, HM. Koch, J. Angerer, and T.
Briining. Assessing exposure to phthalates—the
human biomonitoring approach. Molecular nutrition
& food research 55(1): 7-31 (2011). https://doi.
org/10.1002/mnfr.201000121

5. JLH. Kim, H.Y. Park, S. Bae, Y.H. Lim, and Y.C.
Hong. Diethylhexyl phthalates is associated with
insulin resistance via oxidative stress in the elderly:
apanel study. PLoS One 8(8): €71392 (2013).https://
doi.org/10.1371/journal.pone.0071392

6. C. Philippat, D.H. Bennett, P. Krakowiak, M. Rose,
H.M. Hwang, and I. Hertz-Picciotto. Phthalate
concentrations in house dust in relation to autism
spectrum disorder and developmental delay in the
Childhood Autism Risks from Genetics and the
Environment (CHARGE) study. FEnvironmental
Health 14 (1): 56 (2015).

7. R. Hauser, A.J. Gaskins, 1. Souter, K.W. Smith,
L.E. Dodge, S. Ehrlich, J.D. Meeker, A.M. Calafat,
P.L.Williams, and E.S. Team. Urinary phthalate
metabolite  concentrations and  reproductive
outcomes among women undergoing in vitro
fertilization: results from the EARTH study.
Environmental health perspectives 124 (6): 831—
839 (2016). https://doi.org/10.1289/ehp.1509760

10.

11.

12.

13.

14.

15.

16.

S.P. Krotz, S.A. Carson, C. Tomey, and J.E. Buster.
Phthalates and bisphenol do not accumulate in human
follicular fluid. Journal of assisted reproduction and
genetics 29 (8): 773-777 (2012).

Y.Y. Du, Y.L. Fang, Y.X. Wang, Q. Zeng, N. Guo,
H. Zhao, and Y.F. Li. Follicular fluid and urinary
concentrations of phthalate metabolites among
infertile women and associations with in vitro
fertilization parameters. Reproductive toxicology
61: 142-150  (2016). https://doi.org/10.1016/].
reprotox.2016.04.005

A .M. Calafat, J.W. Brock, M.J. Silva, L.E. Gray Jr,
J.A. Reidy, D.B. Barr, and L.L. Needham.Urinary
and amniotic fluid levels of phthalate monoesters in
rats after the oral administration of di(2-ethylhexyl)
phthalate and di-n-butyl phthalate. Toxicology
217 (1): 22-30 (2006). https://doi.org/10.1016/j.
t0x.2005.08.013

O. Carnevali, L. Tosti, C. Speciale, C. Peng, Y.
Zhu, and F. Maradonna. DEHP impairs zebrafish
reproduction by affecting critical factors in
oogenesis. PLoS One 5(4): ¢10201 (2010).https://
doi.org/10.1371/journal.pone.0010201
I.Svechnikova, K. Svechnikov, and O. Soder. The
influence of di-(2-ethylhexyl) phthalate on steroid
ogenesis b ythe ovarian granulose cells of immature
female rats. Journal of endocrinology 194(3): 603—
609 (2007).https://doi.org/10.1677/JOE-07-0238

W. Wang, Z.R. Craig, M.S. Basavarajappa, R.K.
Gupta, and J.A. Flaws. Di (2-ethylhexyl) phthalate
inhibits growth of mouse ovarian antral follicles
through an oxidative stress pathway. Toxicology and
applied pharmacology 258 (2): 288-295 (2012).
https://doi.org/10.1016/j.taap.2011.11.008

B. Ambruosi, M.F. Uranio, A.M. Sardanelli, P.
Pocar, N.A. Martino, M.S.Paternoster, F.A. mati,
and M.E. Dell’Aquila. In vitro acute exposure to
DEHP affects oocyte meiotic maturation, energy
and oxidative stress parameters in a large animal
model. PLoS One 6(11): 27452 (2011).https://doi.
org/10.1371/journal.pone.0027452

T. Zhang, L. Li, X.S. Qin, Y. Zhou, X.F. Zhang,
L.Q. Wang, M. Felici, H. Chen, G.Q. Qin, and W.
Shen. Di-(2-ethylhexyl) phthalate and bisphenol
A exposure impairs mouse primordial follicle
assembly in vitro. Environmental and molecular
mutagenesis 55(4): 343-353 (2014).
https://doi.org/10.1002/em.21847

PR. Hannon, K.E. Brannick, W. Wang, and J.A.
Flaws. Mono (2-ethylhexyl) phthalate accelerates
early folliculogenesis and inhibits steroidogenesis



52

17.

18.

19.

20.

21.

22.

23.

24.

Batool et al

in cultured mouse whole ovaries and antral follicles.
Biology of reproduction 92 (5): 1-11 120 (2015).
https://doi.org/10.1095/biolreprod.115.129148

J. Ernst, J.C. Jann, R. Biemann, H.M. Koch, and B.
Fischer. Effects of the environmental contaminants
DEHP and TCDD on estradiol synthesis and aryl
hydrocarbon receptor and peroxisome proliferator-
activated receptor signalling in the human granulosa
cell line KGN. Molecular human reproduction
20 (9): 919-928 (2014). https://doi.org/10.1093/
molehr/gau045

L. Cobellis, G. Latini, C. De Felice, S. Razzi, I.
Paris, F. Ruggieri, P. Mazzeo, and F. Petraglia.
High plasma concentrations of di-(2-ethylhexyl)
phthalate in women with endometriosis. Human
Reproduction 18(7): 1512—1515 (2003). https://doi.
org/10.1093/humrep/deg254

M.M. Dobrzynska, E.J. Tyrkiel, E. Derezinska,
K.A. Pachocki, and J.K. Ludwicki. Two generation
reproductive and developmental toxicity following
subchronic exposure of pubescent male mice to
di(2-ethylhexyl) phthalate. Annals of Agricultural
and Environmental Medicine 19 (1): (2012).

F. Absalan, S. Saremy, E. Mansori, M.T. Moghadam,
AR.E. Moghadam, and R. Ghanavati. Effects of
mono-(2-ethylhexyl) phthalate and di-(2-ethylhexyl)
phthalate administrations on oocyte
maturation, apoptosis and gene quantification in
mouse model. Cell Journal (Yakhteh) 18(4):503
(2017). doi: 10.22074/cell}.2016.4717

D.P. Chu, S. Tian, L. Qi, C.J. Hao, H.F. Xia, and
X. Ma. Abnormality of maternal to embryonic
transition contributes to MEHP induced mouse 2
cell block. Journal of Cellular Physiology 228(4):
753-763 (2013). https://doi.org/10.1002/jcp.24222
D. Kalo, and Z. Roth. Low level of mono
(2-ethylhexyl) phthalate reduces oocyte
developmental competence in association with
impaired gene expression. Toxicology 377: 3848
(2017). https://doi.org/10.1016/j.tox.2016.12.005

L. Y. Parra-Forero, A. Veloz-Contreras, S. Vargas-
Marin, M.A. Mojica-Villegas, E. Alfaro-Pedraza,
M. Uriéstegui-Acosta, and I. Hernandez-Ochoa.
Alterations in oocytes and early zygotes following
oral exposure to di (2-ethylhexyl) phthalate in
young adult female mice. Reproductive Toxicology
90: 53-61 (2019).https://doi.org/10.1016/].
reprotox.2019.08.012

P. Sarkar, H. Kumar, M. Rawat, V.P. Varshney, T.K.
Goswami, M.C. Yadav, and S.K. Srivastava. Effect
of administration of garlic extract and PGF 2 a on

meiotic

25.

26.

27.

28.

29.

30.

31.

32.

33.

hormonal changes and recovery in endometritis
cows, Asian-australas. Journal of Animal Science
19(7): 964-969 (2006). https://doi.org/10.5713/
ajas.2006.964

A.C. Cobas, A.C. Soria, M.C. Martinez, and
M. Villamiel. A comprehensive survey of garlic
functionality. Nova Science Publishers 5: 1-60
(2010). http://hdl.handle.net/10261/45036

A.M. Mousa. Light and electron microscopic study
on the effect of diazepam on the cardiac muscle
of adult albino rat and the possible role of garlic.
Egyptian journal of histology 37(1): 102-111 (2014).
doi: 10.1097/01.EHX.0000444077. 09624.b1

D.A. Ghareeb, A.A. Khalil, A.M. Elbassoumy,
H.M. Hussien, and M.M. Abo-Sraiaa. Ameliorated
effects of garlic (Allium sativum) on biomarkers
of subchronic acrylamide hepatotoxicity and brain
toxicity in rats. Toxicological and environmental
chemistry 92(7): 1357-1372 (2010). https://doi.
org/10.1080/02772240903348187

S.H. Lee, Y.T. Liu, K.M. Chen, C.K. Lii, and C.T.
Liu. Effect of garlic sulfur compounds on neutrophil
infiltration and damage to the intestinal mucosa by
endotoxin in rats. Food and Chemical Toxicology
50(3-4): 567-574 (2012). https://doi.org/10.1016/].
fct.2011.11.027

Y.L. Wang, X.Y. Guo, W. He, R.J. Chen, and R.
Zhuang. Effects of alliin on LPS-induced acute lung
injury by activating PPARY. Microbial Pathogenesis
110:375-379(2017).https://doi.org/10.1016/j.
micpath.2017.07.019

M. Waly, H.A. El-Mezayen, and M. Mohyee.
Potential role of curcumin and garlic acid against
diazinon and propoxur hepatotoxicity. International
Journal of Pharmaceutical Sciences and Research
33(2): 50-57 (2015).

S. Miltonprabu, N.C. Sumedha, and P. Senthilraja.
RETRACTED: Diallyl trisulfide, a garlic polysulfide
protects against As-induced oxidative
nephrotoxicity, apoptosis and inflammation in rats by
activating the Nrf2/ARE signaling pathway. (2017).
https://doi.org/10.1016/j.intimp.2017.06.011

W. Han, S. Wang, M. Li, L. Jiang, X. Wang, and
K. Xie. The protective effect of diallyl trisulfide on
cytopenia induced by benzene through modulating
metabolism. Food and Chemical
Toxicology 112: 393-399 (2018). https://doi.
org/10.1016/.fct.2017.12.060

F.K. Ola-Mudathir, and S.M. Suru. Onion and garlic
extract as potential antidotes for cadmium-induced
biochemical alterations in prostate glands of rats.

renal

benzene



34.

35.

36.

37.

38.

39.

40.

41.

42.

Amelioration of DEHP-induced toxicity by garlic extract 53

Andrologia 47(9): 1075-1082 (2015). https://doi.
org/10.1111/and.12383

E. Khordad, A. Fazel, and A. E. Bideskan. The
effect of ascorbic acid and garlic administration on
lead-induced apoptosis in rat offspring's eye retina.
Iranian biomedical journal 17(4): 206 (2013). doi:
10.6091/ibj.1229.2013

1.O. Fiedan, E.A. Ahmed, and H.E.D.M. Omar.
Acrylamide induced testicular toxicity in rats:
protective effect of garlic oil. Biomarkers 1(1): 5
(2015).

A. Kadhim. Reclaiming Iraq: the 1920 revolution
and the founding of the modern state. University of
Texas Press (2012).

G.0. Obochi, S.P. Malu, M. Obi-Abang, Y. Alozie,
and M.A. Iyam. Effect of garlic extracts on
monosodium glutamate (MSG) induced fibroid in
Wistar rats. Pakistan Journal of Nutrition 8(7): 970-
976 (2009).

S. Batool, S. Batool, S. Shameem, T. Batool,
and S. Batool. Effects of dibutyl phthalate and
di (2-ethylhexyl) phthalate on hepatic structure
and function of adult male mice. Toxicology and
industrial health 38(8): 470—480 (2022). https://doi.
org/10.1177/07482337221108578

S. Batool, S. Batool, S. Shameem, F. Khalid, T.
Batool, S. Yasmeen, and S. Batool. Atrazine Induced
Histopathological Alterations in the Liver of Adult
Male Mice. Punjab University Journal of Zoology
36(2): 165-170 (2021). https://dx.doi.org/10.17582/
journal.pujz/2021.36.2.165.170

X. Liu, D.W. He, D.Y. Zhang, T. Lin, and
G.H. Wei. Di (2-ethylhexyl) phthalate (DEHP)
increases transforming growth factor-p1
expression in fetal mouse genital tubercles.
Journal of Toxicology and Environmental Health,
Part 4 71(19): 1289-1294 (2008). https://doi.
org/10.1080/15287390802114915

S.J. Flora, A. Mehta, and R. Gupta. Prevention of
arsenic-induced hepatic apoptosis by concomitant
administration of garlic extracts in mice. Chemico-
biological interactions 177(3): 227-233 (2009).
https://doi.org/10.1016/j.cbi.2008.08.017
A.J.Martino-Andrade, and I. Chahoud. Reproductive
toxicity of phthalate esters. Molecular nutrition &
Jfood research 54(1): 148-157 (2010).

https://doi.org/10.1002/mnfr.200800312

43.

O.I. Aruoma. Free radicals, oxidative stress, and
antioxidants in human health and disease. Journal
of the American oil chemists' society 75(2): 199-212
(1998).

https://doi.org/10.1007/s11746-998-0032-9

44,

P. Erkekoglu, W. Rachidi, O.G. Yuzugullu, B. Giray,
A. Favier, M. Ozturk, and F. Hincal. Evaluation of
cytotoxicity and oxidative DNA damaging effects
of di (2ethylhexyl)-phthalate (DEHP) and mono
(2-ethylhexyl)-phthalate (MEHP) on MA-10 Leydig
cells and protection by selenium. Toxicology and
applied pharmacology 48(1): 52-62 (2010).

https://doi.org/10.1016/j.taap.2010.07.016

45.

46.

47.

48.

49.

50.

G.J. Killian. Evidence for the role of oviduct
secretions in sperm function, fertilization and
embryo development. Animal Reproduction Science
82: 141-153 (2004). https://doi.org/10.1016/].
anireprosci.2004.04.028

P. Coy, F.A. Gracia-Vazquez, and P.E. Visconti.
Roles of the oviduct in mammalian fertilization.
Reproduction 144 649-660 (2012). doi: 10.1530/
REP-12-0279

G. Vasquez, RM.L. Winston, and [.A. Brosens.
Tubal mucosa and ectopic pregnancy. BJOG:
An  International  Journal — of  Obstetrics
&Gynaecology 90(5): 468-474 (1983). https://doi.
org/10.1111/5.1471-0528.1983.tb08946.x

C. Norman, M. Runswick, R. Pollock, and R.
Treisman. Isolation and properties of cDNA clones
encoding SRF, a transcription factor that binds
to the c-fos serum response element. Cell 55(6):
989-1003  (1988). https://doi.org/10.1016/0092-
8674(88)90244-9

A. Dinh, I. Sriprasert, A.R. Williams, and D.F.
Archer. Areview of the endometrial histologic effects
of progestins and progesterone receptor modulators
in reproductive age women. Contraception
91(5): 360-367 (2015). https://doi.org/10.1016/].
contraception.2015.01.008

D. Chung, and S.K. Das. Mouse primary uterine
cell co-culture system revisited: ovarian hormones
mimic the aspects of in vivo uterine cell proliferation.
Endocrinology 152(8): 3246-3258 (2011). https://
doi.org/10.1210/en.2011-0223



