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Abstract

Background: Gibberellic acid (GA3) is a plant growth regulator used to improve the quality of crops but its residues in
food causes many hazardous effects. In contrast, olive oil has registered several health benefits including antioxidant,
anti-inflammatory, and anti-cancer. Thus, the present study suggests the use of olive oil as a natural food source to
counteract the GA3 toxicity during mice development. In a preliminary experiment, 18 mature females were classified
into control and GA3-treated subgroups with ascending doses of GA3 (55, 110, 240, 480, 960mg/kg B.W.) for 2 weeks.
In the main experiment, 20 pregnant females at the 7th day of gestation were divided into four groups: G1 is control,
G2 treated orally with GA3 (55mg/kg), G3 treated with olive oil, and G4 treated with GA3-olive oil. The pregnant
females were dissected at prenatal stages at E14 and E18 of gestation.

Results: The high doses of GA3 in the preliminary experiment showed decrease of uterine folds, reduction of
carbohydrates content and TNFR2 expression of the uterine glands, degeneration of the ovarian follicles,
blood vessels congestion, and altered TNFR2 expression in oocyte membrane as compared with the control.
In the second experiment, GA3-treated embryo at E14 and E18 revealed histopathological changes and
altered TNFR2 immunostaining in the developing liver, kidney, and skin tissues. Treatment of GA3 with olive
oil improves the negative effects induced by GA3.

Conclusion: The study concluded that a supplementation rich diet with olive oil creates a protective effect
against gibberellic acid-induced embryotoxicity during pregnancy.
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Background
Plant growth regulators (PGRs) usually are defined as
endogenous plant hormones which are produced natur-
ally by plants and are essential for regulating growth,
formation of leaves and flowers, elongation of stems, and
development and ripening of fruits. PGRs are classified
into 5 types as auxins, gibberellins, cytokinins, ethylene,
and abscisic acid. The gibberellins represent the import-
ant item of plant growth hormones. Gibberellins were
discovered isolated whereas there are at least 136 Gib-
berellin types (Boğa et al., 2009). Gibberellins (GAs) are

plant hormones which control various processes such as
stem elongation, stem germination, dormancy, flowering,
sex expression, enzyme induction, and fruit senescence
(Rios-Iribe, et al., 2011; Rangaswamy, 2012). Gibberellic
acid (GA3) is accumulated in the soil for months
(Schwechheimer and Willige, 2009). Exposure to resi-
dues of GA3 as a result of consumption of different
kinds of exposed vegetables and fruits causes toxicity
and hazardous effects on the health of human and ani-
mals (Tomlin, 2004). GA3 has been documented to alter
the antioxidative systems and production of free radicals
in some organs (Celik and Tuluce, 2006). GA3 is consid-
ered carcinogenic and induce tumor formation (El-

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

* Correspondence: flashein@yahoo.com
Faculty of Science, Zoology Department, Sohag University, Sohag, Egypt

The Journal of Basic
and Applied Zoology

Abu Amra et al. The Journal of Basic and Applied Zoology           (2020) 81:44 
https://doi.org/10.1186/s41936-020-00182-y

http://crossmark.crossref.org/dialog/?doi=10.1186/s41936-020-00182-y&domain=pdf
http://creativecommons.org/licenses/by/4.0/
mailto:flashein@yahoo.com


Mofty et al., 1994). It affects the sexual differentiation
and the fecundity of mammals (Ozmen et al., 1995).
Vegetable oils are considered an important source of an-

tioxidants (Ramadan and Moersel, 2006). Olive oil is ob-
tained from the fruit Olea europaea and has been used
since ancient times in the traditional medicine, skin pro-
tectants, cosmetics, soaps, bath oils, creams, and perfumes
(Brun, 2000). Olive oil contains multiple bioactive and
antioxidant components, e.g., vitamins (alpha- and
gamma-tocopherol and betacarotene), phytosterols, squa-
lene, pigments, terpenic acids, flavonoids (luteolin and
quercetin), polyphenols, unsaturated fatty acids (oleic,
linoleic and linolenic acids), microconstituents (e.g., phen-
olic compounds in the unsaponifiable fraction), and
micronutrients (A, E and b-carotene) (Visioli and Galli,
2002; Covas, 2007). The healthful properties of olive oil
are attributed to its contents of a series of phenolic com-
ponents, e.g., hydroxytyrosol, tyrosol, oleuropein, and
ligostride (Omar, 2010). In addition, olive oil contains dec-
arboxymethyl ligstroside aglycone that is considered a nat-
ural anti-inflammatory substance which counteracts the
inflammatory processes (Parkinson and Keast, 2014;
Rosillo et al., 2014). Pharma-nutritional evidence from the
last decade indicates that olive oil has an important
role in cardioprotection and prevents neurodegenera-
tive diseases, e.g., Alzheimer’s disease (AD), Parkin-
son’s disease (PD), and mitigating the spinal cord
injury (SCI). In addition, olive oil has antimicrobial,
hypoglycemic, anti-inflammatory, antioxidant, and
anti-hypertension and is beneficial to wound healing
process and antiviral (Crespo et al., 2018; Figueiredo-
González et al., 2018). Olive oil was documented as
having anti-oncogenic activity and anti-cancer espe-
cially colorectal and breast cancer (Menendez and
Lupu, 2006; Pelucchi et al., 2011) and decreases
chronic disease such as cardiovascular diseases (CVD)
(Ruiz-Canela and Martínez-González, 2011) and ath-
erosclerosis (Kok and Kromhout, 2004). Health-
protective effects of olive oil have been traditionally
due to its high content of monounsaturated fatty acid
mostly in the form of oleic acid (Escrich et al., 2011;
Bermudez et al., 2011). Olive oil biophenols have po-
tential preventive actions against cancer by inhibition
of cell proliferation and tumor progression (Crespo
et al., 2018). Therefore, the aim of the work is to in-
vestigate the counter effect of olive oil against GA3-
induced embryotoxicity during prenatal stages of
mice.

Materials and methods
Gibberellic acid (GA3)
Berelex tablet (10 g) contains 10% GA3 and manufac-
tured by Valent BioSciences Corporation, Illinois, USA.

Stock solution was prepared in saline and renewed as re-
quired during the experimental period.

Olive oil
Virgin olive oil (VOO) was purchased from a local mar-
ket. VOO contained 68.23% of monounsaturates (mainly
oleic acid), 16.29% of saturates (palmitic and stearic
acids), and 14.21% of polyunsaturated fatty acid.

Experimental procedure and animal grouping
Immature mice (3 weeks old) Mus musculus were ob-
tained from animal house of Sohag University. Animals
were acclimatized in laboratory at normal light and
temperature conditions with free access to food and
water till maturity. In a preliminary experiment, 18 ma-
ture females were divided into control and GA3 oral
daily exposed for 1 week with ascending doses of GA3
(55, 110, 240, 480, 960 mg/kg B.W.). The exposed fe-
males (3 animals each) for each dose were mated with
one mature male with continuous dosing for an
additional week. Females were dissected for pregnancy
clarification. In the second experiment, 20 pregnant fe-
male mice (25–30 g) at the 7th day of gestation were di-
vided into four groups (five females in each group).
Group 1 served as controls. Group 2 received GA3
through drinking water (55 mg/kg equivalent to 1/100 of
LD 50) (Troudi et al., 2011; El-Sayyed et al. 2012).
Group 3 was treated with olive oil (16.6 ml/kg. B. W.)
via gastric gavage. The dose of olive oil is relatively simi-
lar to the Mediterranean diet style of olive oil consump-
tion (Esposito et al., 2004). Group 4 combined
administered with GA3 and olive oil. The experimental
groups were kept under experimentation from the 7th
day of pregnancy up to the 18th day. The use of studied
animals and experimental protocol complied according
to the guidance of ARRIVE guidelines and the Institute
of Laboratory Animal Resources (ILAR, 1986; Kilkenny
et al., 2010).

Histological and immunohistochemical examinations
The tissues from the first experiment (ovaries and uteri
of control and GA3-treated groups) and from the second
experiment (embryos at E14 and E18 at studied groups)
were fixed in Carnoy’s fixative. The fixed tissues were
dehydrated in absolute ethanol, cleared in methyl benzo-
ate, and infiltrated in paraffin wax. The paraffin blocks
of studied tissues were cut at 5 μm thick by microtome
(RM 2125RTS; Leica Biosystems, Shanghai, China). The
paraffin sections were mounted on glass slides and dried
at 40 °C in an oven for 3 days. Selected sections of the
first experiment (uterus, ovary) and from the second ex-
periment (developing liver, kidney, skin at E14 and E18)
were stained with hematoxylin and eosin for general
histological picture and with periodic acid Schiff’s (PAS)
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reaction for polysaccharide detection (Drury and Wall-
ington, 1976).
In the immunohistochemical study, the selected sec-

tions of the first experiment (uterus, ovary) and from the
second experiment (developing liver, kidney, skin at E14
and E18) were mounted on positive slides (Superfrost/
Plus). According to the manufacturer’s protocol of
Spring Bioscience company, the selected sections were
deparaffinized in xylene, rehydrated in descending alco-
hol series (100, 90, 70, 50%), and retrieved for re-
antigenicity using citrate buffer (10 mM, pH = 6) in an
oven at 100 °C for an hour (Buchlowalow and Bocker,
2010). Sections were treated for 10 min with 3% hydro-
gen peroxide block and then with protein block (phos-
phate buffer solution, pH 7.6, with 0.5% BSA, 0.5%
casein, and less than 0.1% sodium azide) for 10 min to
block nonspecific background staining. Sections were in-
cubated with primary antibody (tumor necrosis factor
receptor 2, TNFR2) (Rabbit polyclonal, Spring Bio-
science, USA). The washing step was carried out by
using phosphate buffer (pH = 7.4) for three times. Sec-
tions were incubated with biotinylated goat anti-

polyvalent in phosphate buffer for 30 min. Then, sec-
tions were incubated with Streptavidin Peroxidase for
30 min. Sections were immersed in freshly preparation
of solution (20 μl of DAB Chromogen (3, 3′-diamino-
benzidin) + 1 ml of DAB substrate) for 15 min. Sections
were dehydrated in ascending series of ethanol (50%,
70%, 90%, 100%). The clearing process occurred by
xylene and mounting by using DPX mounting media.
Selected sections of adult tissues (uterus, ovary) and de-
veloping tissues at E14 and E18 days (liver, kidney, skin)
were photographed as required. Imaging were made
using a light microscope (Axiolab Standart 20, Carl
Zeiss, Germany) provided with camera (Axion Cam, Carl
Zeiss, Germany).

Results
Uterine and ovarian tissues
The histological structure of the control uterus showed
the normal uterine folds in the endometrium (Fig. 1a, c).
GA3-treated group (110 mg/kg B.W.) provoked a de-
crease of uterine folds and an increase of pyknotic cells
(Fig. 1b, d). The uterine gland of control uterus showed

Fig. 1 Photomicrographs of histological sections (H&E and PAS). Control uterus showed normal structure (a, c). GA3-treated showed a decrease
of uterine folds and an increase of pyknotic cells (arrow, b, d). Uterine gland of GA3-treated group showed a decrease of PAS content (arrow, f)
as compared to control PAS (arrow, e). MM, myometrium; EM, endometrium; LE, luminal epithelium; S, stroma; GE, glandular epithelium. Scale bar
= 50 μm (a, b) and 10 μm (c–e)
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a positive carbohydrate reaction (PAS) (Fig. 1e), whereas
the GA3-treated group (110 mg/kg B.W.) showed nega-
tively staining of carbohydrate contents in the uterine
glands (Fig. 1f). Immunohistochemical study showed
positive localization of TNFR2 in control uterine glands
(Fig. 2a) that was absent in the luminal epithelium ex-
cept its apical cell surface (Fig. 2c). GA3-treated group
(110 mg/kg B.W.) showed decrease in the TNFR2 ex-
pression in the uterine glands (Fig. 2b) and alteration in
the expression of luminal epithelium that was detected
throughout the cells (Fig. 2d). Treating animals with
GA3 for a continuous 2 weeks causes histopatho-
logical alterations in the ovary including severe de-
generation of the ovarian follicles and congestion of
blood vessels (Fig. 3b, d) as compared to the normal
structure in control (Fig. 3a, c). Degenerated follicles
in the ovary of GA3-treated group showed alteration
in the carbohydrates content (Fig. 3f) as compared to
the normal localization in the oocyte membrane of
control (Fig. 3e). TNFR2 expression was detected in
the zona pellucida of control ovary (Fig. 3g), whereas
ovarian toxicity with GA3 showed undistinguished
TNFR2 expression in zona pellucida with an increase
in the expression of zona granulosa cells (Fig. 3h).

Liver
The control liver at E14 of gestation showed normal
hematopoietic tissue. PAS-stained sections showed posi-
tive megakaryocytes (Fig. 4b). TNFR2 expression was lo-
calized in the blood vessel of the developing liver with

pale or faint expression in hepatic parenchyma (Fig. 4c).
In GA3-treated embryo, the developing liver showed
vacuolation of hematopoietic tissue that was associated
with increase inflammatory cells (Fig. 4d). GA3-treated
embryo showed an increase in the abundance of mega-
karyocytes in the PAS-stained sections (Fig. 4e) and
downregulation of TNFR2 expression (Fig. 4f) as com-
pared to control. The olive oil-treated group elucidated
similarity to the control group regarding the structure of
hematopoietic tissue, positive megakaryocytes, in
addition to increased TNFR2 expression along to the
endothelial lining of the blood vessels (Fig. 4g–i). The
olive oil-treated GA3 group showed improvement in the
alterations induced by GA3 (Fig. 4j–l). The developing
liver at E14 of gestation in the studied groups showed a
negative stain of glycogen. The control liver at E18 of
gestation showed hematopoietic tissue and developing
hepatocytes which contact with each other to form hep-
atic cords (Fig. 5a). Hepatocytes of the developing liver
in control revealed regularly positive stainability to
carbohydrate content (PAS staining) throughout the
hepatic parenchyma (Fig. 5b). TNFR2 expression was
observed in the blood vessel and in some hepatocytes
(Fig. 5c). The hematoxylin and eosin-stained sections of
the developing liver at E18 in GA3-treated embryo
showed pale-staining of less viable tissue, difficulty to
differentiate the nuclei and decline in erythropoietic ac-
tivity (Fig. 5d). In GA3-treated embryos, the developing
liver revealed depletion of hepatic parenchyma in PAS
stainability (Fig. 5e) and downregulation of the TNFR2

Fig. 2 Photomicrographs of immuno-stained sections of uterine tissues showed TNFR2 expression in the control uterine gland (arrow, a). GA3-treated
group showed a decrease in TNFR2 expression in the uterine gland (arrow, b). High magnification field showed alteration in TNFR2 expression of the
endometrium (d) as compared to control (c). MM, myometrium; EM, endometrium; LE, luminal epithelium; S, stroma; GE, glandular epithelium. Scale
bar = 50 μm (a, b) and 10 μm (c, d)
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expression (Fig. 5f) as compared to control. In olive oil-
treated embryos, the histological (H&E) and histochem-
ical (PAS) stains of developing liver at E18 revealed simi-
larity to control group (Fig. 5g, h). An increase of
TNFR2 expression was observed in the hepatic tissue of
olive oil-treated embryos (Fig. 5i) as compared to con-
trol. The GA3-olive oil-treated group showed improve-
ment of the alterations that is induced by GA3 at the
level of histology (H&E), histochemistry (PAS), and im-
munohistochemistry (TNFR2) (Fig. 5j–l).

Kidney
The developing kidney at E14 of gestation in the studied
groups showed glomeruli and tubules. There are no
abrupt histopathological changes that were observed in
the developing kidney at E14 at the level of H&E, PAS,
and TNFR2 stains in the studied groups, GA3 (Fig. 6d–f),
olive oil (Fig. 6g–i), and GA3-olive oil (Fig. 6j–l), as com-
pared to control (Fig. 6a–c). The control kidney at E18 of
gestation showed well-developed Bowman-s capsules,
glomeruli, and tubules (Fig. 7a). PAS-stained sections of

Fig. 3 Photomicrographs of H&E-, PAS-, and TNFR2 immuno-stained sections in the ovary. Normal histological structure was observed in control
ovary (a, c). GA3-treated group showed congestion of blood vessel (red arrow, b), degeneration of the follicles (black arrow, b), and vacuolation
(black arrow, d). GA3-treated group showed alteration in the carbohydrates content (PAS) (arrow, f) as compared to the normal localization in the
zona pellucida of control ovary (arrow, e). TNFR2 expression was detected in the zona pellucida of control ovary (arrow, g), whereas GA3-treated
ovary showed undistinguished TNFR2 expression in zona pellucida (black arrow, h) with increase the TNFR2 expression in zona granulosa cells
(red arrow, h). O, oocyte; F, follicle; N, nucleus; ZP, zona pellucida; ZG, zona granulose; TI, theca interna; TE, theca externa. Scale bar = 50 μm (a, b)
and 10 μm (c–h)
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control kidney at E18 revealed positively stained brush
border of proximal convoluted tubules and glomeruli (Fig.
7b). TNFR2 expression was localized in the kidney tubules
(Fig. 7c). The kidney of GA3-treated embryos revealed
pale-staining, degeneration of renal tubules, and shrinkage
of renal corpuscles (Fig. 7d) as compared to the control.
Depletion of polysaccharides in brush border and the
glomeruli (PAS stain) (Fig. 7e) and downregulation of
TNFR2 expression were observed in the kidney of GA3-
treated embryos. Olive oil-treated embryo showed similar
kidney structure of control but an increase in the expres-
sion of TNFR2 was noted (Fig. 7g–i). The kidney in the
GA3-olive oil-treated embryos revealed improvement in
the alterations that is induced by GA3 (Fig. 7j–l).

Skin
The skin at E14 of gestation showed epidermis and dermis.
The epidermal layer is characterized by primordia of hair

follicles that are surrounded by dense mesenchyme of the
dermis (Fig. 8a). The carbohydrates were detected in the
basement membrane of the epidermis (Fig. 8b). TNFR2 ex-
pression was localized in the dermal layer (Fig. 8c). The skin
of GA3-treated embryos revealed a thin epidermis with poor
development of primordial hair follicles that was associated
with vacuolization and pyknotic cells (Fig. 8d). Decrease in
the epidermal PAS staining (Fig. 8e) and TNFR2 expression
(Fig. 8f) was noted in the GA3-treated embryo. The H&E-
and PAS-stained sections in the skin of olive oil-treated em-
bryos showed similar structure to the control (Fig. 8g, h) but
an increase of TNFR2 expression was observed (Fig. 8i). Im-
provement in the histopathological changes was noted in
GA3-olive oil treatment (Fig. 8j–l). The control skin at E18
consists of well-differentiated layers: Malpighian, stratum spi-
nosum, stratum granulosum, stratum cornium, and a well-
developed hair follicle (Fig. 9a). PAS- and TNFR2-stained
skin sections revealed localization of carbohydrates and

Fig. 4 Photomicrographs of H&E-, PAS-, and TNFR2-stained sections of developing liver at E14. The control liver showed normal structure of hematopoietic
tissue, positive megakaryocytes in PAS reaction (black arrow, b), and TNFR2 expression was localized in blood vessel (black arrow, c). GA3-treated group
exhibited loosely arranged hematopoietic cells (black arrow, d), pyknotic cells (red arrow, d), increase the number of megakaryocytes in PAS reaction (arrow, e),
and decrease TNFR2 expression (arrow, f). Olive oil-treated embryo did not exhibit any histopathological alteration (g, arrow h, arrow i). GA3-olive oil- treated
embryo showed improvement in the GA3 alterations (j, arrow k, arrow l). BV, blood vessel; H, hematopoietic. Scale bar (a–l) = 10μm
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TNFR2 expression in the epidermal layer (Fig. 9b, c). The
histological, histochemical, and immunohistochemical alter-
ations induced by GA3 were concomitant with a thin wrin-
kled epidermis, a less abundant and disorganized hair
follicles with shrinkage of dermal papilla and decrease in
PAS and TNFR2 expression in the epidermal layer (Fig. 9d–
f) as compared to control. H&E- and PAS-stained sections in
the skin of olive oil-treated embryo showed similarity to con-
trol. High TNFR2 expression was noted in the epidermis and
dermis of skin of olive oil-treated embryo (Fig.9i). The skin
of GA3-olive oil-treated embryos showed improvement in
the H&E, PAS, and TNFR2 expression as compared with
skin of GA3-treated embryo (Fig. 9j–l).

Discussion
The present study showed histopathological changes
after treatment with GA3 in the adult tissues (uterus,
ovary) and developing tissues (liver, kidney, skin) of mice

at prenatal stages E14, E18 at the level of histology
(H&E), histochemistry (PAS), and immunohistochemis-
try of TNFR2. Previous studies reported that GA3 in-
duces histopathological and biochemical alterations in
the ovary of albino rats at a dose of 50 mg/kg B.W. of
GA3 for 4 weeks (Lamfon, 2013). GA3 toxicity was doc-
umented in adult rats and their progeny (Troudi et al.,
2010). In the same context, GA3 has transplacental pas-
sage properties and affects the fetal tissues (Alsemeh
et al., 2019). Exposure to GA3 causes teratogenicity in
the Xenopus embryos and in the albino rat, whereas the
live embryos have severe negative effects by accumula-
tion (Boğa et al., 2009; El-Sayyad et al., 2012). GA3 also
induces abnormal development of the external morph-
ology and ossification of rat skeleton (El-Sayyad et al.,
2012). Oral exposure of GA3 to Wistar rats during late
pregnancy, lactation, and early postnatal periods causes
histopathological alteration in the suckling rats and their

Fig. 5 Photomicrographs of H&E-, PAS-, and TNFR2-stained sections of developing liver at E18. The control liver showed normal structure of hepatic
cord, positive carbohydrates (red arrow, b), and TNFR2 expression was localized in blood vessel and in some hepatocytes (black arrow, c). GA3-treated
group exhibited loosely arranged hepatic cords with pale-staining and vacuolation (black arrow, d), decrease the PAS reaction (red arrow, e), and
decrease TNFR2 expression (black arrow, f). Olive oil-treated embryo did not exhibit any alteration in H&E and PAS (g, arrow h) but showed an increase
of TNFR2 expression (black arrow, i). GA3-olive oil-treated embryo showed improvement in the GA3 alterations (j, arrow k, arrow l). BV, blood vessel;
HC, hepatic cords. Scale bar (a–l) = 10 μm
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mothers (Troudi et al., 2011). Abnormal biochemical pa-
rameters of brain, liver, and kidney were reported after
exposure to GA3 (Troudi et al., 2012; Abdel Rahm et al.,
2017). The harmful effects induced by Gibberellic acid
were attributed to inducing oxidative stress, reactive
oxygen species (ROS) that oxidize and attack the vital
cellular component to initiate or progress the cellular
damage (Stadtman and Levine, 2000). Other factors such
as impairment of the antioxidant enzymes system, redu-
cing cellular defense system, and production of free radi-
cals that account to the histopathological alteration
induced by GA3 were reported (Halliwell and Gutter-
idge, 1999; Troudi et al., 2010). Exposure to GA3-
induced damage of DNA of the cells due to oxidative
stress that was caused by reactive oxygen species (Chen
et al. 2012). The current study showed a decrease of the
carbohydrate contents during the development of the
liver, kidney, and skin in the GA3-treated group. Similar
reports indicated a failure of energy preservation after

exposure to insecticides. Also, during stress, more en-
ergy will be needed to get rid of the toxicants and min-
imizing the dangerous effects (Sharma and Agarwal,
2004; Seleem, 2019).
Olive oil was found to contain a mix of phenolic com-

pounds such as oleuropein and hydroxytyrosol which
have therapeutic capabilities and scavenging abilities,
e.g., decrease ROS production, malondialdehyde (MDA),
and downregulate of cyclooxygenase 2 (COX-2) expres-
sion and inducible nitric oxide synthase (iNOS)
(Camargo et al., 2014; Incani et al., 2016). Oleuropein
and hydroxytyrosol assert their anti-inflammatory prop-
erties by several mechanisms, e.g., effect on cytosolic
Ca2+ levels, reduction of cytokines IL-α and TNF-α, de-
creasing the number of infiltrating neutrophils, and acti-
vation T and B lymphocytes (Gong et al., 2009; Zbidi
et al., 2009). Oleuropein and hydroxytyrosol showed
protective effects on vascular endothelial cells by limit-
ing oxidative injury and inflammatory damage mediated

Fig. 6 Photomicrographs of H&E-, PAS-, and TNFR2-stained sections of developing kidney at E14. The developing kidney at E14 of gestation in
the studied groups showed glomeruli (G) and tubules (T). There is no histopathological alteration noted in the developing kidney at E14 at the
level of H&E, PAS, and TNFR2 stains in the studied groups; GA3 (d–f), olive oil (g–i), GA3-olive oil (j–l) as compared to control (a–c). Scale bar (a–l)
= 10 μm
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by TNF-α Zrelli et al., 2011). Administration of olive oil
with hydroxytyrosol is beneficial in acute inflammation
and rheumatoid arthritis; it decreases paw edema, bone
resorption, inducible nitric oxide, and osteophyte forma-
tion, inhibiting cancer cell lines of breast, prostate, and
colon (Silva et al., 2015; Rosignoli et al., 2016). In
addition, olive oil with its phenolic compound has been
shown inhibitory effects on neovascularization and
angiogenesis abrogation by inhibition of MMP-2, MMP-
9 activity, and downregulation of VEGF expression (Sco-
ditti et al., 2012; Lamy et al., 2014). In the same scenario,
ingestion of phenol-rich olive oil exerts positive regula-
tory effects on neuronal function and chemopreventive
effects of DNA damage and modulates the expression of
microRNAs in mothers and offspring during pregnancy
and reduces inflammatory action that is caused by joint-
degenerative and neurodegenerative diseases (Casas-

Agustench et al., 2015; Luceri et al., 2017). Moreover,
administration of phenolic-rich olive improves neuro-
logic deficit, counteract age-related dysfunctions, and re-
duces brain edema and blood-brain barrier permeability
(Pitozzi et al., 2012; Rabiei et al., 2013).
Inhibition of TNFR2 expression was noted in the

GA3-treated group that might be attributed to losing the
viability of cells to synthesize required factors to main-
tain its normal life function under the stress of GA3 tox-
icity. A previous study documented the reduction of
TNFR2 expression alongside blood sinusoids in adult
liver tissue and decrease TNFR2 expression in glomeru-
lus, extracellular matrix, and tubules in adult kidney
after exposure to GA3 (Seleem and Hussein, 2018). Also,
TNF expression was decreased after arsenic exposure
(Hermann and Kim, 2005). Clothianidin insecticide in-
hibits TNF-α expression (Di Prisco et al., 2017). The

Fig. 7 Photomicrographs of H&E-, PAS-, and TNFR2-stained sections of developing kidney at E18. The control of developing kidney at E18 of
gestation showed glomerulus (G), and tubules (T) (a). The kidney tubules showed positive carbohydrates (PAS reaction) (b) and TNFR2 expression
(c). GA3-treated embryos revealed kidney of pale-staining, tubule degeneration, shrinkage of renal corpuscles (arrow, d), decrease stainability of
carbohydrates (e) and TNFR2 localization (f). Olive oil-treated embryo showed similar kidney structure such that observed in the control but an
increase in the expression of TNFR2 was noted (g–i). The kidney in the GA3-olive oil-treated embryos revealed improvement in the alterations
that induced by GA3 (j–l). Scale bar (a–l) = 10 μm
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reduction of TNF expression might be due to activation
of death domain in TNFR causing apoptosis, whereas
the receptors recruit procaspase-8 and procraspase-3
that mediate an apoptotic pathway in mammalian cells
(Chang et al., 2003). The present study showed an in-
crease in the expression of TNFR2 in the olive oil-
treated group in the studied tissues. Our results were
supported with previous observations in which the con-
sumption of olive oil increased gene expression of some
factors, e.g., brain-derived neurotrophic factor in the
prefrontal cortex of rats (Zrelli et al., 2011; Ayissi et al.,
2014). Also, administration of olive oil in pregnancy and
breastfeeding may increase fibroblast growth factors
(FGF-2) mRNA expression (Pase et al., 2015). Limited
information is available about the effect of olive oil on
TNFR2 and immune system. The maternal diet of olive
oil can decrease the plasma pro-inflammatory cytokine

levels and regulates some growth factors (Shen et al.,
2015; Pase et al., 2015) that may be attributed to the
high contents of monounsaturated fatty acids in olive oil
(Ayissi et al., 2014). The administration of olive oil ex-
erts beneficial effects on the immune system (Puertol-
lano et al., 2010) that may be attributed to oleic acid in
olive oil components (Puertollano et al., 2007).
Many attempts have been carried out to countereffect

the toxicity of GA3 as using phycocyanin, pomegranate
peel extracts, and grape seeds proanthocyanidin extract,
terbium gibberellic complex by their ability as a scaven-
ger of oxygen radicals or antioxidant properties (Hussein
et al., 2015; Seleem and Hussein, 2018; Khalaf et al.,
2019). In the same context, previous studies which ad-
ministrated Nigella sativa oil, silymarin, and vitamin C
to reduce the histopathological alteration induced by
GA3 during rat embryogenesis were conducted (Ali

Fig. 8 Photomicrographs of H&E-, PAS-, and TNFR2-stained sections of developing skin at E14. The skin consists of the epidermis (Ep), hair follicles
primordium (FP), and dermis. The control skin showed positive carbohydrates in the basement membrane of the FP (b) and TNFR2 expression in
the dermis (c). The skin of GA3-treated embryos showed a thin Ep with poor development of FP, decrease carbohydrate content, and
downregulation of TNFR2 expression. The skin of olive oil-treated embryos showed similar structure to the control (g, h) but an increase of TNFR2
expression was observed (i). Improvement in the histopathological changes was noted in the skin of GA3-olive oil-treated embryos (j–l). Scale bar
(a–l) = 10 μm
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et al., 2018; Alsemeh et al., 2019). The current study
used olive oil to counteract the GA3 toxicity that led to
a marked improvement in the histopathological changes
occurring in the developing liver, kidney, and skin. Olive
oil was reported in protection of embryos and newborns
during pregnancy and breastfeeding (Trapani et al.,
2017). Olive oil consumption during pregnancy prevents
wheezing in children, asthma development, and atopy in
children (Chatzi and Kogevinas, 2009; Trapani et al.,
2017). Also, oral administration and topical application
of olive oil used in the treatment of wounds and burns
of skin conditions in infants and neonates (Sakazaki
et al., 2007; Kiechl-Kohlendorfer et al., 2008). Adminis-
tration of pregnant women with healthy diet contain
olive oil reduces risk postpartum depressive symptoms,
protect their children from expected dangers, and influ-
ence the urinary metabolome of nursing mothers and
the health of breastfed children (Chatzi et al., 2011; Silva

et al., 2015). Also, supplementation of olive oil is consid-
ered protective against hepatotoxicity induced in male
Wistar rats and protects red blood cells from oxidative
damage (Paiva-Martins et al., 2015; Kalaiselvan et al.,
2016).

Conclusion
The present study was conducted to evaluate the ameli-
orative effect of olive oil on GA3-induced embryonic de-
fects during mice gestation. From the presented data, it
is obvious that olive oil supplementation during preg-
nancy ameliorates the defects induced with GA3 at both
histological and immunohistochemical levels of the de-
veloping liver, kidney, and skin. The study recommended
to consider olive oil as a protective agent against the
hazardous effects of plant regulators that are widely used
and reach the developing embryos during intrauterine
development.

Fig. 9 Photomicrographs of H&E-, PAS-, and TNFR2-stained sections of developing skin at E18. The control skin contains Malpighian (M), stratum
spinosum (SS), stratum granulosum (SG), stratum cornium (SC), and a well-developed hair follicle (HF) (a). PAS- and TNFR2-stained skin sections
revealed localization of carbohydrates and TNFR2 expression in the epidermis (b, c). The skin of GA3-treated embryos showed a thin wrinkled
epidermis, a less abundant and disorganized hair follicles with shrinkage of dermal papilla and decrease in PAS and TNFR2 expression in the
epidermis (d–f). The skin of olive oil-treated embryo showed H&E and PAS staining similar to control, but high TNFR2 expression (i). The skin of
GA3-olive oil-treated embryos showed improvement in the histopathological changes (j–l). Scale bar (a–l) = 10 μm
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