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A B S T R A C T

Maternal treatment with dexamethasone induces oxidative stress in the reproductive structures of offspring.
Consumption of Allium cepa Linn improves antioxidant status. This study was designed to evaluate the protective
role of Allium cepa Linn juice on maternal dexamethasone induced alterations in reproductive functions of the
female offspring of Wistar rats.

Twenty lactating dams (180–200 g) were randomly assigned into four groups (n ¼ 5) on the day of parturition
and treated as follows during lactation for 21 days: Control (5 ml/kg BW distilled water); Dexamethasone (60 μg/
kg BW); Allium cepa (5 ml/kg BW); Dexamethasone þ Allium cepa (60 μg/kg BW þ 5 ml/kg BW). The female
offspring were separated at birth. Days of vaginal opening and first oestrus cycle, length and frequency of estrous
cycle as well as serum hormonal profiles were assessed as measure of reproductive functions. Ovarian superoxide
dismutase (SOD) activity, catalase activity and malondialdehyde (MDA) level were measured as indices of
oxidative stress.

Oestrous cycle length, frequencies of diestrus as well as the Ovarian MDA were significantly increased (p <

0.05) in dexamethasone (DEX) group relative to control group. Serum 17β-oestradiol and corticosterone level in
addition to SOD and catalase activities were significantly reduced (p < 0.05) in DEX group relative to control. Co-
administration of Dex with Allium cepa Linn juice reduced the oestrous length, frequency of diestrous as well as
ovarian MDA. There was also a significant increase in serum 17β-oestradiol, ovarian SOD and catalase activity.

The results suggest that Allium cepa could protect against alterations in reproductive functions of offspring
induced by maternal treatment with dexamethasone during lactation in Wistar rats. The flavonoid constituent of
onion may also help in reducing oxidative stress in the offspring.
1. Introduction

Reports from epidemiological and clinical studies have shown that
adverse early life events affect health trajectories in later life (Barker,
1995; Drake et al., 2005, 2007, 2007). In addition, many experimental
studies in animal models have confirmed the fact that diseases in adult
life can be induced by manipulating the environment around the foetus
or the neonate (Bartol et al., 2009; Miller et al., 2013). Indeed, the evi-
dence that the intrauterine ‘nature’ and postnatal ‘nurture’ program
offsprings' physiology for adult diseases is overwhelming (Catalani et al.,
2011; Cameron, 2011; Jeje et al., 2016). This programming occurs when
the normal pattern of foetal/neonatal development is disrupted by an
abnormal signal (insult) at a critical period during gestation or lactation
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causing a permanent alteration in the structure and function of devel-
oping tissues with consequent development of chronic health problems
during postnatal life (Myatt, 2006).

There is evidence that during lactation, many factors such as homeo-
static genes, transcription factors, growth factors, hormones, nutrients,
maternal stress, infections, neonatal handling, synthetic glucocorticoids
exposure, and breast milk microbiome could regulate the development of
mammalian systems and, therefore, influence later pathophysiology
(Bakker et al., 2001; Welberg and Seckl, 2001; Nilsson et al., 2002; Gohir
et al., 2015; Perez-Munoz et al., 2017). A neonate can be exposed directly
to synthetic glucocorticoids if the neonate or the mother is treated for
medical conditions requiring the use of glucocorticoids such as dexa-
methasone as anti-inflammatory/immunosuppressant agents (WHO,
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2003). Neonatal and maternal medical conditions that could necessitate
glucocorticoid usage include asthma, colitis, croup, adrenal hormone de-
ficiencies, allergies, anaphylaxis, bacterial meningitis, cancers, palliation
of lymphoma, ulcerative colitis, thrombocytopenic purpura, multiple
myeloma, and many other conditions (Grunwald and Rosner, 1984;
Geelhoed et al., 1996; Ausejo et al., 1999; De Gans and van de Beek, 2002;
WHO, 2003; Jeerakompassawat and Suprasert, 2017). Another possible
exposure to exogenous glucocorticoids could be via maternal cosmetic
abuse for weight gain and skin whitening (De Wasch et al., 2001; Amar
et al., 2013).

Studies have shown that prenatal or lactational glucocorticoid excess,
either from endogenous overproduction during maternal stress or
through exogenous administration to the mother or neonate, could cause
metabolic imbalances, lifelong hypertension, hyperglycaemia, behav-
ioural abnormalities, reproductive dysfunction and infertility in offspring
(Cameron, 2011; Jeje et al., 2016).

Glucocorticoids affect gonadal function at multiple levels in HPG axis
by decreasing the synthesis and release of GnRH in the hypothalamus,
inhibiting the synthesis and release of LH and FSH from the pituitary and
modulating steroidogenesis and/or gametogenesis directly in the testis/
ovary (Whirledge and Cidowski, 2010). Specifically, increased level of
cortisol reduces oestradiol production by affecting the granulosa cell
functions within the follicle, which results in deterioration in oocyte
quality (Prasad et al., 2016).

Excess glucocorticoids exposure has been shown to increase the
production of reactive oxygen species and reduce mitochondrial activ-
ities leading to oxidative stress (Tang et al., 2009). Experimental studies
in the ovaries have confirmed that oxidative stress triggers apoptosis in
most germ cells within the ovary and even in ovulated oocytes (Pandey
et al., 2010). Both mitochondria as well as death-receptor pathways are
involved in oocyte apoptosis (Tiwari et al., 2015, 2016, 2016; Prasad
et al., 2016). Oxidative stress-induced mitochondria-mediated pathway
plays a major role in the elimination of most germ cells from the ovary
(Tiwari et al., 2016). Oxidative stress in the follicular fluid deteriorates
oocyte quality and reduces reproductive outcome (Ebbesen et al., 2009).
Indeed, oxidative stress is one of the major factors that have a direct
negative impact on oocyte quality and limits female reproductive
outcome in several mammalian species including human (Prasad et al.,
2016). Hence there is a clear link between excessive production of glu-
cocorticoids with oxidative stress and reproductive dysfunction in the
female. Excess of cortisol (in humans but corticosterone in rodents) in-
duces granulosa cell apoptosis and affects 17β-oestradiol biosynthesis in
the ovary (Prasad et al., 2016). Reduced level of oestradiol in the ovary
impairs growth and development of follicles and deteriorates oocyte
quality by inducing apoptosis (Prasad et al., 2016). This could be one of
the factors responsible for the increase in female related infertility and
failure in assisted reproductive procedures, which have been overlooked
(Demyttenaere et al., 1992; Kala et al., 2016).

Studies from our laboratory have shown that maternal dexametha-
sone treatment during gestation increased oxidative stress in the repro-
ductive structure of the male offspring (Jeje et al., 2017). To minimize
oxidative stress, antioxidants are useful since they scavenge free radicals
and reduce reactive oxygen species level in the body (Agarwal et al.,
2012). Available evidence confirms that antioxidant supplementation is
beneficial to overcome deleterious effects of glucocorticoid-induced
oxidative stress on oocytes (Lian et al., 2013). Supplementation of
daily food practices with different antioxidant rich foods such as fresh
green leafy vegetables, legumes, and other plant products may provide
support to compensate oxidative stress (Asservatham et al., 2013),
especially in pregnant and lactating women. One of such antioxidant rich
and widely consumed food is Allium cepa, known commonly as onion
(Slimestad et al., 2007; Izawa et al., 2008). It is very rich in flavonoids
compoundwell known for its potent antioxidant activity (Maroon, 2009).

Allium cepa has been used in traditional medicine for decades and is
prominent for its reproductive health boosting properties (Griffiths et al.,
2002). It also possess antithrombotic, hypolipidemic, antihypertensive,
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antibiotic, antidiabetic, antiatherogenic and anti-cancer properties
(Augusti, 1996; Lee et al., 2013, 2017, 2017; Ndoye-Foe et al., 2016).
Allium cepa bulb is a very rich source of dietary quercetin; a strong
antioxidant flavonoid with the ability to chelate metals and scavenge free
radicals, which in turn inhibits lipid peroxidation (Griffiths et al., 2002;
Slimestad et al., 2007; Izawa et al., 2008). Recent studies reported that
oral administration of fresh Allium cepa juice significantly improves
serum testosterone levels, protects against testicular damage, and re-
stores normal sexual behaviour in sexually dysfunctional male rats
(Ola-Mudathir et al., 2008; Khaki et al., 2009; Allouh et al., 2013; Mal-
viya et al., 2013). In male rats exposed to the toxic effects of aluminum,
Ige and Akhigbe (2012) reported that Allium cepa bulb extract antago-
nizes the toxic effects of aluminium and improves the antioxidant status
and sperm quality of male rat.

Therefore, this study was designed to evaluate effects of maternal
administration of dexamethasone and Allium cepa bulb juice during
lactation on reproductive functions in the female offspring of Wistar rats.

2. Materials and methods

2.1. Experimental animals

Adult male and nulliparous female Wistar rats weighing 200–230 g
and 180–200 g respectively were used for the study. The rats were
housed in well aerated plastic cages and allowed access to rodent's
pelletized feed (Ladokun Feed Mill, Ibadan. Feed Composition: 26.5%
protein, 40% carbohydrates, 29% Fat and 4.5% crude fibre) and water ad
libitum. All animals were acclimatized to the environmental conditions of
the laboratory for two weeks before the commencement of the study. All
animal experiments were conducted in accordance with the International
Ethical Norms on Animal Care and Use as contained in NIH publication/
85–23, revised in 1985. The study was approved by Ethical committee on
the use of laboratory animals, Department of Physiology, Cross River
University of Technology, Calabar, Nigeria.

2.2. Preparation of dexamethasone

Dexamethasone-BP (DEX) tablets (Xasthen®, Jiangsu Penyao Phar-
maceuticals Ltd, China) was suspended in distilled water and adminis-
tered at an oral dose of 60 μg/kg body weight daily.

2.3. Collection and preparation of Allium cepa bulb juice

Allium cepa bulb juice was prepared according to the method
described by Ola-Mudathir et al. (2008). The Kano Red Creole variety of
fresh Allium cepa bulbs was purchased from Bodija market in Ibadan. It
was identified at the herbarium of Botany Department, University of
Ibadan and National Institute of Horticultural Studies (NIHORT), Ibadan.
The Kano Red Creole species was selected as studies have reported its
high antioxidant potency (Denton and Ojeifo, 1990). The fresh Allium
cepa bulbs were washed, cut into small pieces and homogenized in a
blender. The resultant slurry was squeezed and filtered through a fine
cloth and the filtrate was used. The Allium cepa bulb extract was
administered to the rats with the aid of a flexible oral gavage tube
throughout the course of the study. Fresh juice was prepared daily in the
morning.

2.4. Determination of oestrous cycle pattern

The determination of oestrous cycle was done using the Marcondes'
technique (Marcondes et al., 2002) Oestrous pattern was studied by
determining the oestrous phase of each animal every morning between
7:00 am and 8:00 am throughout the study. Vaginal content was
collected with a Pasteur pipette containing about 0.1 mL of normal saline
(0.9% NaCl) by gently inserting the tip of the pipette into the rat's vagina.
The pipette was pressed to release the fluid content 2 or 3 times in order
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to make a vaginal lavage which contained some of the vaginal cells of the
rat. The fluid and its content were thereafter siphoned with pipette and
the content was placed on a glass slide. A new and clean glass slide was
used for each animal. The slide was viewed using the �10 and �40
magnification objective lens of the microscope (Olympus, Japan). The
cell types and the proportion among them were used to determine the
oestrous cycle phase of the rat.
2.5. Co-habitation and confirmation of mating

Female rats were paired with male rats at ratio 2:1 (female: male)
during the proestrus phase of the female rats' cycle. On the morning after
pairing, vaginal lavage was collected with Pasteur pipette filled with
about 0.1 mL of normal saline (0.9% NaCl) by gently inserting the tip of
the pipette into the rat's vagina. The withdrawn vaginal content was
dropped on a glass slide and the smear was spread out evenly. The glass
slide was examined using the �40 objective lens of the light microscope
(Olympus, Japan) to determine the presence of spermatozoa. Mating was
confirmed by the presence of spermatozoa in the vaginal smear.
2.6. Parturition/pup morphometry

Confirmed pregnant dams were transferred into nursing cages.
Pregnant dams were allowed to litter naturally, and the day of parturition
was designated as Post-Natal Day (PND) 1. The litter size was stan-
dardized to six pups per litter. Birth weight was measured within 24 h of
postnatal life. They were weighed on a sensitive electronic scale (Lisay,
China).
2.7. Grouping of lactating dams/pups

Twenty (20) lactating dams were divided into four groups (I-IV) of
five rats each on PND1 and treated as follows:

Group I was administered 5 ml/kg body weight distilled water orally.
Group II received 5 ml/kg body weight Allium cepa bulb juice orally

(Lee et al., 2013).
Group III received 60 μg/kg body weight dexamethasone orally

(Amar et al., 2013).
Group IV received 60 μg/kg body weight dexamethasone and 5 ml/kg

body weight Allium cepa bulb juice orally.
Administration was done in each group in the morning within

8–10am daily, and pups were fed by dams ad libitum.
Administration was done using an orogastric gavage method with an

oral cannula. Administration lasted for 21 days (lactation period) after
which the female pups were weaned and transferred into separate cages
where they were allowed to mature.
2.8. Post-weaning handling

The female offspring were weaned on PND 28 (Post-Natal Week
[PNW] 4 and pooled into groups depending on maternal lactational
treatment. The weaned offspring were fed standard rat chow (Ladokun
Feed Limited, Ibadan) and allowed access to water ad libitum. No
administration was done on the randomly selected offspring. Body
weight was recorded on post-natal weeks 4, 8, and 12.

2.8.1. Determination of vaginal opening and first oestrus
Sexual maturity of the female rodents was determined by vaginal

opening. This heralds the attainment of puberty and sexual maturity. The
first oestrus is an indication of the ability of the animal to conceive.
Beginning from PND 40, the female rats were checked for vaginal
opening and commencement of oestrous cycle was monitored. Date of
vaginal opening (VOD), first oestrus, oestrous pattern (frequency,
length), were monitored for 21 days.
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2.9. Blood collection and serum preparation

On the 14th week of postnatal life during proestrus, the rats were
euthanized under sodium thiopental anaesthesia (50 mg/kg, i.p.). They
were surgically opened at the linea alba of the anterior abdominal wall to
the thoracic cavity to expose the heart and other organs. Using a 5 mL
syringe and needle, blood was collected into plain serum bottles through
cardiac puncture. The blood was allowed to clot for at least 60 min after
which it was centrifuged at 3000 rpm for 10 min. The serum portion
which is the supernatant was decanted from the centrifuged blood and
stored at �20 �C for hormonal assay. Serum levels of Follicle Stimulating
Hormones (FSH), Luteinizing Hormones (LH), oestradiol, and cortico-
sterone were assayed in the female offspring. The ovaries and uteri were
harvested and freed of adherent tissues. All harvested organs were fixed
in 10% formalin for histological examination.

2.9.1. Serum hormonal concentration level by enzyme-linked
immunosorbent assay (ELISA) method

The serum corticosterone, FSH, LH and estradiol levels were deter-
mined per animal using the ELISA kit ((Fortress Diagnostics, UK) ac-
cording to the protocol in respective manufacturer's manual.

2.10. Determination of ovarian redox status

One of the harvested ovaries was homogenized in phosphate buffer
(pH 7.4) and the homogenate was centrifuged at 10,000 g � 15 min at 4
�C. The supernatant was collected for the assay of total protein, malon-
dialdehyde (for lipid peroxidation), superoxide dismutase, catalase, and
glutathione peroxidase concentration in the ovaries. All biochemical
assays were done within 48 h of sample collection.

2.10.1. Assessment of ovarian lipid peroxidation
Ovarian lipid peroxidation was determined by measuring the Thio-

barbituric Acid Reactive Substances (TBARS) produced during lipid
peroxidation (Ohkawa et al., 1979). This method is based on the reaction
between thiobarbituric acid (TBA) and malondialdehyde (MDA), an end
product of lipid peroxide during peroxidation.

2.10.2. Assessment of superoxide dismutase (SOD) activity
The level of SOD activity was determined by the method of Misra and

Fridovich (1972). The ability of SOD to inhibit the autoxidation of
epinephrine at pH 10.2 makes this reaction a basis for a simple assay for
this dismutase. Superoxide radical generated by the xanthine oxidase
reaction caused the oxidation of epinephrine to adrenochrome and the
yield of adrenochrome produced per superoxide introduced increased
with increasing pH and also increased with increasing concentration of
epinephrine.

2.10.3. Assessment of catalase activity
Catalase activity was determined according to the method of Sinha

(1972). This method is based on the fact that dichromate in acetic acid is
reduced to chromic acetate when heated in the presence of H2O2, with
the formation of perchromic acid as an unstable intermediate. The
chromic acetate then produced is measured colorimetrically at 570–610
nm. Since dichromate has no absorbency in this region, the presence of
the compound in the assay mixture does not interfere at all with the
colorimetric determination of chromic acetate. The catalase preparation
is allowed to split H2O2 for different periods of time. The reaction is
stopped at a particular time by the addition of dichromate/acetic acid
mixture and the remaining H2O2 is determined by measuring chromic
acetate colorimetrically after heating the reaction mixture.

2.10.4. Assessment of glutathione peroxidase activity
Glutathione peroxidase (GPx) catalyzes the redox reaction between

reduced glutathione (GSH) and hydrogen peroxide (H2O2). The amount
of GSH utilized is estimated by measuring it in the assay mixture before



Fig. 1. Oestrous cycle length in the female offspring of dexamethasone (DEX)
and Allium cepa (A.cepa) treated lactating Wistar rats. Columns represent mean
� SEM. n ¼ 5. ap<0.05 when compared with the control group. bp < 0.05 when
compared with the Allium cepa treated group. cp < 0.05 when compared with
the dexamethasone treated group. Analysis was based on one-way analysis of
variance (ANOVA) and Turkey post hoc test.
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and after the enzyme activity (Rotruck et al., 1973). GSH reacts with
Ellman's reagent (5, 50-dithiobis-2-nitrobenzoic acid or DTNB) to give a
yellow colour which was then measured at 412 nm.

2.10.5. Histological assessment of the organs
Histological assessments were conducted following heamatoxylin and

eosin staining techniques.

2.11. Statistical analysis

Data are expressed as mean � Standard Error of Mean (SEM). Dif-
ferences between mean values were evaluated by analysis of variance
(ANOVA), followed by Tukey's post-hoc test for pairwise comparisons.
Values of P < 0.05 were considered statistically significant. GraphPad
Prism 7.0 software (GraphPad Inc, USA) was used for the statistical
analysis.

3. Results

3.1. Effects of maternal administration of dexamethasone and Allium cepa
bulb juice during lactation on oestrous pattern of the female offspring of
Wistar rats

Diestrus frequency significantly increased (p < 0.05) in the female
offspring of dexamethasone treated group when compared with control
group. There was also a significant increase (p < 0.05) in the diestrus
phase frequency in female offspring of dexamethasone treated group
when compared with Dex þ Allium cepa treated group (Table 1). There
was no significant difference in the proestrus phase frequency across all
groups (Table 1). There was no significant difference in the oestrus phase
frequency across all groups (Table 1). Metestrus frequency significantly
decreased (p < 0.05) in the female offspring of dexamethasone treated
group when compared with control group. The metestrus phase fre-
quency was significantly decreased (p < 0.05) in the female offspring of
dexamethasone treated group when compared to Dex þ Allium cepa
treated group (Table 1).

Oestrous cycle length significantly increased (p < 0.05) in the female
offspring of dexamethasone treated group when compared with control
group. The oestrous cycle length was significantly increased (p< 0.05) in
the female offspring of dexamethasone treated group when compared
with Dex þ Allium cepa treated group (Fig. 1).

Data represent mean� SEM. n¼ 5. ap<0.05 when compared with the
control group. bp < 0.05 when compared with the Allium cepa treated
group. cp< 0.05 when compared with the dexamethasone treated group.
Analysis was based on one-way analysis of variance (ANOVA) and Turkey
post hoc test.

3.2. Effect of maternal administration of dexamethasone and Allium cepa
during lactation on day of vaginal opening (DVO) and day of first oestrus
(DFO)

There was no significant difference in the day of vaginal opening
Table 1
Percentage frequency of Estrous Cycles phases in the female offspring of dexa-
methasone (DEX) and Allium cepa (A.cepa) treated lactating Wistar rats.

Diestrous
frequency (%)

Proestrous
(%)

Estrous
(%)

Metestrous
(%)

Control 34.24 � 1.76 20.98 � 1.15 22.86 �
0.94

21.92 � 1.15

A.cepa 35.17 � 1.89 20.04 � 0.94 23.81 �
1.50

21.93 � 1.89

Dex 52.38 � 4.26 a,b 15.26 � 1.79 19.06 �
21.3

14.30 �
1.52a,b

Dex þ
A.cepa

38.16 � 4.65c 19.01 � 2.10 21.91 �
2.42

20.98 � 1.15
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across all groups (Table 2). In addition, there was no significant differ-
ence in the day of first oestrus across all groups (Table 2).

Weight at vaginal opening was significantly decreased (p < 0.05) in
the female offspring of Allium cepa treated group when compared with
control group. Weight at vaginal opening was not significantly different
in female offspring of dexamethasone and dexamethasone þ Allium cepa
treated group when compared with control group (Table 2).

Data represent mean� SEM. n¼ 5. ap<0.05 when compared with the
control group. Analysis was based on one way analysis of variance
(ANOVA) and Turkey post hoc test.
3.3. Effect of maternal administration of dexamethasone and Allium cepa
during lactation on serum reproductive hormones and corticosterone in
female offspring of Wistar rats

Serum concentration of 17β-estradiol significantly decreased (p <

0.05) in the female offspring of dexamethasone only and dexamethasone
þ Allium cepa treated group when compared with control group. Serum
concentration of 17β-estradiol significantly decreased (p < 0.05) in the
female offspring of dexamethasone and dexamethasone þ Allium cepa
treated group when compared with Allium cepa treated group (Fig. 2). In
addition, co-administration of Dex with Allium cepa significantly raised
the serum 17β-estradiol when compared with Dex treated group. There
was no significant difference in the serum concentration of luteinizing
hormone and follicle stimulating hormone across all groups (Table 3).

Serum corticosterone level significantly decreased (p < 0.05) in the
female offspring of dexamethasone only and dexamethasone þ Allium
cepa treated group when compared with control group. However, serum
corticosterone level significantly increased (p < 0.05) in the female
Table 2
Days of Vaginal opening, First estrous cycle and Weight at vaginal opening in the
female offspring of dexamethasone (DEX) and Allium cepa (A.cepa) treated
lactating Wistar rats.

Days of Vaginal
Opening (Post natal
Days)

Day of First Estrous
cycle (Postnatal Days)

Weight at Vaginal
Opening (g)

Control 53.20 � 1.12 54.40 � 1.83 101.8 � 1.39
A.cepa 51.20 � 1.36 52.40 � 1.17 86.40 � 2.42 a
Dex 54.00 � 1.30 54.80 � 1.32 88.20 � 4.40
Dex þ
A.cepa

52.20 � 1.59 53.40 � 1.72 93.20 � 4.89



Fig. 2. Serum concentration of 17β-oestradiol in female offspring of dexa-
methasone (DEX) and Allium cepa (A.cepa) treated lactating Wistar rats. Col-
umns represent mean � SEM. n ¼ 5. ap<0.05 when compared with the control
group. bp < 0.05 when compared with the Allium cepa treated group. cp < 0.05
when compared with the dexamethasone treated group. Analysis was based on
one-way analysis of variance (ANOVA) and Turkey post hoc test.

Table 3
Serum concentration of LH and FSH in female offspring of dexamethasone (DEX)
and Allium cepa (A.cepa) treated lactating Wistar rats.

LH mlU/ml FSH ml/U/ml

Control 1.71 � 0.17 0.48 � 0.01
A.cepa 1.91 � 0.17 0.53 � 0.04
Dex 1.93 � 0.16 0.51 � 0.03
Dex þ A.cepa 1.86 � 0.07 0.51 � 0.02

Data represent mean � SEM. n ¼ 5.

Fig. 3. Serum concentration corticosterone in female offspring of dexametha-
sone (DEX) and Allium cepa (A.cepa) treated lactating Wistar rats. Columns
represent mean � SEM. n ¼ 5. ap<0.05 when compared with the control group.
bp < 0.05 when compared with the Allium cepa treated group. cp < 0.05 when
compared with the dexamethasone treated group. Analysis was based on one-
way analysis of variance (ANOVA) and Turkey post hoc test.

Table 4
Oxidative stress indices in the female offspring of dexamethasone (DEX) and
Allium cepa (A.cepa) treated lactating Wistar rats.

SOD activities (U/mg
protein)

Catalase Activities (U/
mg protein)

MDA level
μM/mg
protein

Control 1342 � 44.77 1.05 � 0.08 25.28 � 3.40
A.cepa 1101 � 107.4 1.45 � 0.09 15.75 � 1.50
Dex 689.3 � 100.3 a,b 0.92 � 0.11b 48.70 �

3.24a,b
Dex þ
A.cepa

926.2 � 36.36 a,c 1.22 � 0.03a,c 39.33 �
3.22a,b,c

Data represent mean � SEM. n ¼ 5. ap<0.05 when compared with the control
group. bp < 0.05 when compared with the Allium cepa treated group. cp < 0.05
when compared with the dexamethasone treated group. Analysis was based on
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offspring of dexamethasone treated group when compared with Dex þ
Allium cepa treated group (Fig. 3).
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3.4. Effect of maternal administration of dexamethasone and Allium cepa
during lactation on antioxidant enzymes activities in female offspring of
Wistar rats

The ovarian superoxide dismutase (SOD) activity was significantly
decreased (p < 0.05) in the female offspring of dexamethasone only and
dexamethasoneþ Allium cepa treated group when compared with control
group. Also, SOD activity was significantly decreased (p < 0.05) in the
female offspring of dexamethasone treated group when compared with
Dex þ Allium cepa treated group. The increase in the SOD activity in
dexamethasone þ Allium cepa treated group when compared with Allium
cepa treated group was not statistically significant (Table 4).

The ovarian catalase activity was significantly decreased (p< 0.05) in
the female offspring of dexamethasone treated group when compared
with Allium cepa treated group. There is also a significant increase in the
catalase activity in Dexþ Allium cepa treated group when compared with
Dex treated group (Table 4).

Ovarian MDA level was significantly increased (p < 0.05) in the fe-
male offspring of dexamethasone only and dexamethasone þ Allium cepa
treated group when compared with control group. Ovarian MDA level
also was significantly increased (p < 0.05) in the female offspring of
dexamethasone and Dexamethasone þ Allium cepa treated group when
compared with Allium cepa treated group (Table 4).

3.5. Effect of maternal administration of dexamethasone and Allium cepa
during lactation on body weight in female offspring of Wistar rats

At birth (PND1), there was no statistically significant difference in the
body weights of female pups from all four groups. At post-natal week
(PNW 4), mean body weight of female offspring was significantly
decreased (p< 0.05) in the dexamethasone and dexamethasoneþ Allium
cepa treated group when compared with control. At PNW 8, mean body
weight of female offspring was significantly decreased (p < 0.05) in the
dexamethasone and dexamethasone þ Allium cepa treated group when
compared with control. At PNW 12, there was no statistically significant
difference in the body weights of adult female offspring from all four
groups (Table 5).

3.6. Effect of maternal administration of dexamethasone and Allium cepa
during lactation on absolute organ weight in the female offspring of Wistar
rats

The absolute weight of the adrenal gland, ovaries, and uteri was not
significantly different in the female offspring of Allium cepa, dexameth-
asone, and dexamethasone þ Allium cepa treated group when compared
with control group (Table 6).
one-way analysis of variance (ANOVA) and Turkey post hoc test.



Table 5
Effect of maternal administration of dexamethasone and Allium cepa during
lactation on body weight in the female offspring of Wistar rats.

AT BIRTH PNW4 PNW 8 PNW12

Control 5.51 � 0.28 43.72 �
2.92

107.2 �
2.78

129.8 �
4.12

A.ceparowhead 5.61 �
0.37rowhead

43.22 �
3.18

87.2 �
2.154

126.4 �
2.62

DEX 5.57 � 0.30 23.23 �
1.02a

81.4 �
5.15a,b

122.0 �
0.95

DEX þ A. cepa 5.77 � 0.22 29.87 �
3.144a

90.4 �
6.79a,b

132.4 �
4.13

Data represent mean � SEM. n ¼ 5. ap<0.05 when compared with the control
group. bp < 0.05 when compared with the Allium cepa treated group. PNW: post
natal week; Analysis was based on one way analysis of variance (ANOVA) and
Turkey post hoc test.

Table 6
Effect of maternal administration of dexamethasone
and Allium cepa during lactation on relative organ
weight in the female offspring of Wistar.

Group
Ovaries (%)

Control
0.05 � 0.01

A. cepa
0.06 � 0.01

DEX
0.07 � 0.01

DEXþ A. cepa
0.05 � 0.01

Data are expressed as mean� SEM. n¼ 5. Analysis was
based on one-way analysis of variance (ANOVA) and
Turkey post hoc test.
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3.7. Effect of maternal administration of dexamethasone and Allium cepa
during lactation on histology of ovaries in the female offspring of Wistar rats

Female offspring from the control and Allium cepa treated dams had
normal ovarian stroma with luteinization within the granular cells. Fe-
male offsprings from the dexamethsone treated dam had poor ovarian
stroma with increased fibroblast. There is severe vascular congestion
with perivascular infiltration with few Graafian follicles noted. Female
offsprings from the dexamethasone þ Allium cepa treated dams had
normal ovarian stroma with matured Graafian follicles (with thick theca
cells) (Fig. 4).

4. Discussion

Exposure to stressful stimulus early in life could disrupt the differ-
entiation of reproductive organs in both male and female leading to
adverse outcomes which may culminate in reproductive dysfunction in
adult life. Consumption of natural products has been shown to ameliorate
the deleterious effects of the aforementioned (Brummelte et al., 2006;
Khaki et al., 2009; Allouh et al., 2013; Kala et al., 2016). In the present
study, the protective role of Allium cepa on maternal dexamethasone
induced alterations in reproductive functions of female offspring were
investigated.

The results from this study showed that maternal treatment with
dexamethasone significantly reduced the body weight in the female
offspring. Co-administration with Allium cepa was able to improve the
body weight at 12 weeks of postnatal life. This observation is in agree-
ment with previous study that maternal exposure to dexamethasone
during lactation or early neonatal life reduce growth rate (Wang et al.,
2010; Jeje and Raji, 2015).

In both rodents and humans, sexual maturity is reached earlier in
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females than in males. In male rats, puberty is assessed by the day of
preputial separation and in female rats, complete vaginal perforation or
opening and commencement of regular oestrous cycle following the first
oestrus (Marcondes et al., 2002; Goldman et al., 2007) indicates puberty.
Among other factors, body weight has been associated with the attain-
ment of sexual maturity in both human (Ganong, 2005) and rats (Rivier
and Rivest, 1991). In this study, the mean age of vaginal opening was not
significantly different in all the treated rats. This disagrees with reports
from other study, that dexamethasone treatment during gestation or
lactation may increase pubertal timing in the offspring (Smith and
Waddell, 2000; Jeje et al., 2016). However, these previous studies use
higher doses (100 μg/Kg bwt). Therefore, the resultant effect could be
dose dependent. It is also evident from this study that offspring of dams
treated with Allium cepa attained sexual maturity at a lower weight than
offspring from the other groups.

It has been reported in many reproductive toxicity studies that
following vaginal patency, few pubertal rats initially show some irregular
cycles, before settling down to recurrently synchronized patterns of
ovulatory cycles of 4 or 5 days (Goldman et al., 1985). However, expo-
sure to toxic agents could cause misalignment in cycle pattern, occur-
rence and length resulting in irregularities, which could be of
significance. It is established that when female rodents spend 50% of
their time on a phase or have an average cycle length of 7 days or longer,
they are considered to have irregular oestrous patterns (Goldman et al.,
2007; Li et al., 2017). The findings of this study showed that offspring of
the dexamethasone treated dams exhibited prolonged and irregular
oestrous cycle pattern in comparison with the control group and the
Allium cepa treated group. In the view of Ryan and Schwart (1997), rats
who have prolonged diestrus may indicate acyclical periods. Although
maternal exposure to dexamethasone did not adversely affect sexual
maturity adjudged from day of vaginal opening, however, adult offspring
showed acyclical patterns later in life. Notwithstanding, the fact that
exposure to certain xenobiotic compounds at low dose could cause
disruption in the cyclicity of the oestrous phases, however, despite
continuous dosing, the system is able to adapt after a period and resume
cyclicity and normal ovulation (Ryan and Schwart, 1997). These facts are
consistent with the observation of this study, as the aberration observed
early after puberty was only short lived as most of the offspring resumed
regular cycles later in life before they were euthanatized. Another
interesting finding of this study was, the fact that offspring of Allium cepa
treated dams showed regular oestrous patterns gives credence to the
reproductive functions promoting the effect of Allium cepa in rats (Khaki
et al., 2012). Additionally, even offspring from dexamethasone þ Allium
cepa treatment group even showed regular oestrous cycle patterns similar
to offspring from control and Allium cepa treatment groups. It is therefore
evident that Allium cepa administration was able to ameliorate the
negative effect of maternal dexamethasone treatment on offspring's
oestrous cyclicity. Estrous cyclicity is highly dependent on production
and release of essential reproductive hormones including both gonadal
and pituitary hormones.

The result from this study, showed that maternal dexamethasone
administration during lactation reduced serum oestradiol concentration
in the female offspring at adulthood. However, co-administration with
Allium cepa significantly increased the serum level of estradiol at adult-
hood. Allium cepa Linn has been reported to increase oestrogenic function
(Ahrafaie et al., 2011). This could be responsible for increased levels of
estrogen level observed in the offspring. It has been reported that dexa-
methasone reduced oestrogen level by inhibiting the substrates used for
oestrogen synthesis such as DHEA and DHEAs. In a study among women
with polycystic ovarian syndrome, DHEAs–an androgen precursor pro-
duced by the adrenal gland was reduced by 46% in dexamethasone
treated group (Vanky et al., 2004). This indicates that low dose dexa-
methasone could suppress adrenal androgen synthesis. In another study,
dexamethasone influence ovarian functions by inhibiting the enhance-
ment of FSH in granulosa cells as well as estrone cells in-vitro (Suzuki
et al., 1999). In another study, dexamethasone inhibits FSH induced



Fig. 4. Photomicrographs of ovarian sections from female offspring of dexamethasone (DEX) and Allium cepa (A.cepa) treated lactating Wistar rats. Sections were
stained with H&E presented at �100 magnification. Mature Graafian follicles (white arrow); mild inflammatory cells (slender arrow); follicles with thick theca cells
(green arrow); Severe vascular congestion with perivascular infiltration (red arrow).
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estrogen synthesis in cultured rat granulosa cells (Hsueh and Erickson,
1978). Yet another study concluded that a single dose of dexamethasone
could disrupt gonadal functions in female rats and could lead to infertility
(Illera et al., 2005). The fact that offspring of dams from the dexameth-
asone þ Allium cepa treatment group had reduced oestradiol levels when
compared with offspring from the control group shows that Allium cepa
showed a weak action against effects of dexamethasone exposure. This
reduction did not cause any obvious effect on the oestrous cycle pattern
of the rats, showing that this reduction may rather be multifactorial.

During the oestrous cycle, the levels of the sex hormones vary. FSH
mimics the pattern of LH, with the highest levels peaking during late
proestrus and again early in oestrus (Goldman et al., 2007). However, in
this study, the serum levels of FSH and LHwere not significantly different
in each group. The findings of the present study agree with other studies
who did not find any adverse effect on FSH and LH release following the
administration of synthetic glucocorticoids (Rockwell and Koos, 2009;
Amorim et al., 2011; Dalatabadi and Zarchii, 2015) and Allium cepa juice
administration in female and male rats (Khaki et al., 2009, 2012). Since
the FSH/LH surge is necessary for ovulation to occur. The preovulatory
surge is triggered by LH releasing hormone (LHRH) which is dependent
on estradiol levels (Khaki et al., 2009) since the levels were low in the
dexamethasone group, this could be associated with the acyclical oestrus
patterns observed in the dexamethasone treated group. The result of this
study suggest a neonatal programming of the pituitary gland by
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dexamethasone as reduction in estradiol levels should normally be fol-
lowed by a feedback increase in FSH or LH.

In this study, corticosterone level significantly decreased in the fe-
male offspring of dexamethasone only and dexamethasone þ Allium cepa
treated group when compared with control group. Also, corticosterone
level significantly increased in the offspring of dexamethasone treated
group when compared with Dex þ Allium cepa and Allium cepa treated
groups.

The finding is consistent with results from previous studies (Catalani
et al 2000, 2011, 2011; Casolini et al., 2007). According to Catalani et al.
(2000), the female offspring from dams who drank water supplemented
with low dose of corticosterone (200 μg/mg of corticosterone hemi-
succinate) from post-natal day 1 to weaning exhibited: (i) lower stress
induced corticosterone secretion; (ii) higher number of corticosteroid
receptors in the hippocampus; (iii) better performance in conditioned
learning; (iv) reduction in fearfulness in two conflict situations. In their
viewpoint, a moderate increase in corticosterone in infancy provides the
offspring a better coping strategy to deal with during stressful situations
later in life. The possible explanation given is that rise in corticosterone
in dams could induce pup over care in the mother that in turn triggers off
a chain of events of beneficial outcomes (Catalani et al., 2011). It is re-
ported that maternal care goes a long way to influence the development
of the offspring even later in life. Even among humans, the nature of
maternal care that an infant receives affects child's emotional and
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cognitive development and better shapes that neonate to cope with
challenges later in life (Catalani et al., 2011). Although, this observation,
contradict our observation in male offspring. We have observed, an
increased in corticosterone level in the male offspring following maternal
treatment with dexamethasone during lactation (Jeje et al., 2020). The
reason for this is not known but however, cases of sex dependent
response of offspring to maternal exposure to endocrine disrupters is not
uncommon.

Another significant finding in this study was the reduction in serum
corticosterone levels in offspring from dams treated with Allium cepa
when compared with offspring of dams treated with dexamethasone and
dams of the control group. Although it is a claim in alternative medical
practices that consumption of Allium cepa could help relieves stress, there
are no experimental studies reporting this. Nevertheless, this effect could
be attributed to its Allium cepa's rich quercetin content (Griffith et al.,
2002). In their study, Nagaraja et al. (2009) found that quercetin sup-
plementation caused a significant reduction in corticosterone levels in
rats exposed to forced swimming test. Corroboratively, Kawabata et al.
(2010) reported that quercetin suppresses CRF mRNA in the hypothala-
mus. Since hypothalamic CRF is the most important component of the
HPA hormonal cascade, there may be a decrease in CRF and ACTH after
quercetin exposure in the lactating pups, and in turn, it decreased the
corticosterone levels in later life. However, in the light of this present
study, there is a need for further mechanistic research into how and
where the chemical constituents in Allium cepa influence corticosterone
release, especially during neonatal development.

The increased level of MDA in the female offspring of dexamethasone
treated group clearly indicates that the offspring of dexamethasone
treated dams were prone to oxidative stress even though they could cope
with physical and psychological stress. It is now known that synthetic
glucocorticoids treatment has been shown to increase the production of
reactive oxygen species and reduce mitochondrial activities leading to
oxidative stress (Tang et al., 2009). So far, studies have opined that
administration of synthetic glucocorticoids can be associated with
oxidative stress owing to its ability to reduce the activities of the anti-
oxidant enzymes (superoxide dismutase, catalase, and glutathione
peroxidase) both in vivo and in vitro (Zafir and Banu, 2009). In this study,
offspring from dams treated with dexamethasone had a significant
reduction in ovarian superoxide dismutase and catalase levels. This
finding is similar to that reported by McIntosh et al. (1998) and Jeje et al.
(2017).

On the contrary, MDA levels were significantly low in offspring of
Allium cepa treated dams. Other studies have extensively reported on the
antioxidant properties of Allium cepa in the gonads following direct
administration (Olamudathir et al., 2008; Khaki et al., 2009; Allouh et al.,
2013; Malviya et al., 2013) but this the first study to report on the effect
on offspring's ovarian tissue following maternal exposure. It is therefore
obvious that Allium cepa did not only promote lactation but decrease the
tissue markers of oxidative stress on the offspring's ovaries. On the other
hand, in offspring of Allium cepa treated dams, superoxide dismutase
activities were similar with; catalase activities were increased, while
glutathione peroxidase activities were reduced in comparison with
offspring of the dams in the control group.

The levels of superoxide dismutase and catalase both serve as lines of
defense against reactive oxygen and nitrogen species and could confer a
measure of protection on the offspring ovarian tissues against being
overwhelmed by oxidative stress. Experimental studies in the ovaries
have confirmed that oxidative stress triggers apoptosis in the majority of
germ cells within the ovary and even in ovulated oocytes (Pandey et al.,
2010). Although both mitochondria-as well as death-receptor pathways
are involved in oocyte apoptosis, oxidative stress induced
mitochondria-mediated pathway plays a major role in the elimination of
the majority of germ cells from the ovary (Tiwari et al., 2016). Oxidative
stress in the follicular fluid deteriorates oocyte quality and reduces
reproductive outcome (Ebbesen et al., 2009). Indeed, oxidative stress is
one of the major factors that have a direct negative impact on oocyte
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quality and limits female reproductive outcome in several mammalian
species including human. This was confirmed in histological sections of
the ovaries and uteri from offsprings of the dams from all the groups in
this study. Photomicrograph of ovaries of offsprings from control and
Allium cepa treated dams showed normal ovarian stroma with luteini-
zation within the granular cells. Several developing and mature graffian
follicles were noted. In contrast, the photomicrograph of ovarian section
from offspring of dexamethasone treated dams showed poor ovarian
stroma with increased fibroblast. There was also severe vascular
congestion with perivascular infiltration while few few graffian follicles
were noted. According to the study by Ristic et al. (2008), exposure to
dexamethasone decreased the pool of non-growing follicles in the ovary
without affecting the processes of folliculogenesis and atresia. Also,
dexamethasone induces germ cell apoptosis in neonatal ovary (Poulain
et al., 2012), Reduction in estradiol observed in the group could have
effects on granulosa cell functions resulting in deterioration in oocyte
quality (Prasad et al., 2016). The biochemical assay also showed
increased MDA levels which is a clear indication of oxidative stress and
this could be responsible for poor ovarian stroma and vascular congestion
on the histological sections. On the reversed side, photomicrograph of
ovarian tissue from offspring of dams treated with dexamethasone þ
Allium cepa showed normal graffian follicles development. The observed
follicles had thick theca cells and normal stroma with fibroblastic tissues
but infiltration of inflammatory cells was not observed. There was also
moderate vascularization without congestion in the tissues. This showed
that even in the face of dexamethasone induced ovarian toxicity, Allium
cepa was able to profer some measure of protection and maintain a
healthy outlook in the ovaries. This could be atrributed to its rich anti-
oxidant properties.

In conclusion, the results suggest that Allium cepa ameliorated dele-
terious reproductive alterations and ovarian oxidative stress in offspring
of lactating Wistar rat dams treated with dexamethasone.
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