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	 Nowadays there is a great increase of restaurants providing processing food rich in 
fat diet which altered body composition and increase lipid laden product in body organs and 
development of obesity. It is also associated with the development of metabolic diseases and 
infertility among young females. The present study designed to illustrate the developmental 
aspects of ovaries of offspring maternally fed on a high cholesterol diet and how supplementation 
of barley and date palm fruit to this die improved the  ovarian  structure and function. Ninety-
six pregnant  Wister albino  rats categorized into eight groups (n=12);  control (C), barley (B) , 
dates (D) ,  barley & dates ,  hypercholesterolemic- (H) , hypercholesterolemic& barley (H+B),  
hypercholesterolemic& dates (H+D) and hypercholesterolemic& barley & dates groups (H+B+D). 
Hypercholesterolemic diet (3% cholesterol) was intake for 6 weeks before conception and 
throughout gestation and lactation period. Diet containing 20% barley or dates were applied 
to control and hypercholesterolemic groups. The combined barley and dates supplement 10% 
per each. At 2 and 3 weeks post partum the offspring were sacrificed and their ovaries were 
removed and fixed 10% phosphate buffered formalin (pH 7.4),and  subjected  for histological 
and immunohistochemical investigation and  other groups was fixed  in 2% glutaraldhyde in 
phosphate buffer (pH 7.4) for transmission electron microscopy. Extra groups were homogenized 
and processed for biochemical investigations. Sera of mothers were subjected for assessments 
of reproductive hormones. The present findings revealed dramatic loss of ovarian follicles in 
offspring maternally fed in hypercholesterolemic groups associated with decreased expression 
of PCNA and over expression of caspase 3 manifesting cell death. At transmission electron 
microscopy, the ovaries of hypercholesterolemic group illustrated electron-dense chromatin 
condensation of the nuclei of oocyte and follicle cells. Following Flowcytometric assessments 
of annexin v, there was a marked increase of the summation UR+LR manifesting apoptosis 
in ovaries of offspring maternally maintained in hypercholesterolemic diet and improved in 
those supplemented hyypercholesterolemic die containing barley and/ date palm fruits.  On the 
other hand, the ovaries of offspring maternally fed on hypercholesterolemic diet plus barley 
and date palm fruit  improved the decreased activities of catalase, superoxide dismutase and 
glutathione-s- transferase in comparison with the control. However, there was a marked increase 
of malondialdehyde, caspase 3,  8-hydroxy-2‘-deoxyguanosine and tumor necrosis factor-á  in 
comparison with the control. Also, the sera levels of hyperocholesterolemic mothers such as 
follicle stimulating hormone , estradiol, and antimullerian hormone were almost retained to 
the normal level in animal groups fed on hypercholesterolemic diet containing dates  /or barley 
grains. The authors finally concluded that offspring maternally fed on hypercholesterolemic 
diet developed reduction of ovarian follicular reserve,  increases lipid peroxidation and altered 
maternal reproductive hormone involved in ovarian development. These dramatic alterations 
were improved post adding barley and/ or date palm fruits to the hypercholesterolemic diet.
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	 Obesity and hypercholesterolemia are 
multifactorial in origin, and may result from 
overconsumption of a high cholesterol. They are 
associated with the development of atherosclerosis, 
hypertension, obesity, diabetes, and cancer 
(Ahmadizar et al., 2018; Baek et al., 2017; 
Ceska, 2017; Czubkowski et al., 2017). There is 
a close association between higher cholesterol 
diet and development of diabetes (El-Sayyad 
et al.,2010,2011,2014 ). High consumption  of  
fat diets developed  obesity leading to diabetes 
(Heydemann, 2016) and  increase circulating 
glucose after 1 week of consumption (Winzelland 
Ahrén , 2004).Rats fed on a high fat diet for 15 
weeks showed characteristic features of diabetes 
characterized by increased plasma level of TG, and 
glucose and decreased HDL-cholesterol (Ramalho 
et al., 2017). 
	 Mice fed on a high fat diet increased the 
levels of proinflammatory cytokines, reduction 
in primordial follicles, and increased ovarian 
macrophage infiltration (Skaznik-Wikiel et al., 
2016). In obese girls with central precocious 
puberty, increased BMI was associated with 
depleted LH levels at early pubertal stages (Lee 
et al., 2016). Ovaries from offspring maternally 
fed on a HF diet during weaning period   showed 
a depletion of the small follicle numbers coincides 
with increased plasma estradiol levels and 
depletion of the luteinizing hormone at 6 months 
of age (Lin et al., 2017).Intake of high fat diet  
disorganised the hypothalamic-pituitary-adrenal 
axis through  the increase of both leptin level and 
basal PRL receptor mRNA levels in the choroid 
plexus in both sexes of knockout mice (Kalyani 
et al., 2016). Obese women related to dysfunction 
of hypothalamic-pituitary-adrenal axis was found 
to increase of the serum cortisone level (Al-Safi 
et al., 2017) which impaired  ovarian function 
(Rosmondand Björntorp, 2000).
	 On the other hand, fetuses maternally fed 
a HF diet developed failure of oocyte development 
(Léveillé et al., 2014; Tsoulis et al., 2016) as well 
as overexpression of   genes associated cell death 
(FoXO3a), follicular growth (Gdf9) (Cheong et 
al., 2014). Also, the reduction of the  antral and 
preovulatory follicles was closely related with the 
down-regulation of the gene expression involved 
in ovarian development as well as overexpression 
of genes related  steroidogenesis synthesis such 

as oncreasedkiss1 mRNA and kisspeptin protein 
(Zhou et al., 2019). 
	 Although the high fat diet and obesity were 
involved in reduction of ovarian follicles, however 
the mechanism of ovarian damage as well as the 
capacity of improvement post-supplementation 
of date palm fruits and barley are not illustrated 
and there is no available literature concerning it. 
The present study aims to illustrate the influence 
of a high cholesterol diet during intrauterine life 
and breast-feeding period on ovarian follicle 
differentiation via histo-cytological investigation, 
biochemical assessments of antioxidant capacity 
and maternal reproductive hormonal levels.   At the 
same time illustrate how can barley and date-palm 
fruit diet plus high cholesterol diet can be improved 
the mentioned criteria of ovarian structure and 
function.

Materials and Methods

Induction of hypercholesterolemia
	 This was carried according to Enkhmaa 
et al.( 2005).  The dietary components involve  
3% cholesterol, 8% cocoa butter, 2% cholic 
acid and 1% thiouracil and the rest is standard 
diet formula plus minerals and vitamins.  The 
hypercholesterolemic group maintained on the 
mentioned formula for 6 weeks before matina and 
through outgestation and lactation period at 1,2& 
3 weeks.  
Diets containing barley and or dates
	 The standard diet include either 20% 
barley or dates or 20% of both (10% dates plus 10% 
barley). Also, the hypercholesterolemic groups 
were fed on a diet containingeither  20% barley 
and/ or date plam fruits according to the previously 
mentioned.
Experimental work
	 One houndred and twenty eight fertile 
virgin female and males of albino rats weighing 100-
110 g. body weight (at a ratio of 1 male: 3 females) 
were obtained from Hellwan Animal Breeding Farm 
( Ministry of Health, Cairo, EGYPT) and housed in 
plastic cages and maintained in a room at 23 oC with 
a 12 h light- 12 h dark cycle. Free access of standard 
diet and water were allowed ad-libitum.  Females 
were made pregnant by keeping them with healthy 
fertile males  for 12 hour between 8 hour overnight  
till  8 hour in the next morning (at a ratio of 1male 
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-3 females).  The pregnancy was determined by  
vaginal smear and detection of sperm to record 
the onset of gestation. The studied pregnant 
groupswere arranged into eight groups (n=12); 
control (C), barley (B) , dates (D) ,  barley & dates , 
hypercholesterolemic- (H) , hypercholesterolemic& 
barley (H+B), hypercholesterolemic& dates (H+D) 
and hypercholesterolemic& barley & dates groups 
(H+B+D).
	 At the end of treatment the offspring 
of the studied groups were sacrificed and their 
ovaries were removed and arranged for three parts, 
one for histological and immunohistochemical 
investigation and kept in 10% phosphate buffered 
formalin (pH 7.4), the second fixed in 2% 
glutaraldhyde in phosphate buffer (pH 7.4) for 
transmission electron microscopy. The mother of 
the studied were sacrificed and their blood was 
removed, centrifuged and serum was separated. 
Serum of mothers and ovaries of offspring were  
kept in refrigerator at  -20 C0 for biochemical 
investigation. 
Investigated parameters
Histological and morphometric investigation
	 Ovary of breast-feeding offspring at 1.2 
and three week-old were fixed immediately in 10% 
phosphate buffered formalin (pH 7.4), dehydrated in 
ascending series of ethyl alcohol, cleared in toluene 
and mounted in molten paraplast at 58-62ºC. 
Five µm histological sections were cut, stained 
with Hematoxylin& eosin. For morphometric 
assessments, The number of oogonia, primary 
and secondary oocyte and  teriary follicles were 
counted in five replicate slides from five specimens 
based on morphological classification  (Li et al., 
2013) using bright field Olympus light microscope 
(BX61 Olympus Optical Co. LTD, Japan)
Li X, Kang X, Deng Q, Cai J, Wang Z. Combination 
of a GnRH agonist with an antagonist prevents 
flare-up effects and protects primordial ovarian 
follicles in the rat ovary from cisplatin-induced 
toxicity: a controlled experimental animal study. 
Transmission electron microscopy (TEM)
	 Ovaries were fixed in 2.5 % cacodylate 
buffered glutaraldehyde buffered (pH 7.4) and 
post-fixed in 1 % osmium tetraoxide followed by 
dehydration in ascending grades of ethyl alcohol, 
cleared in propylene oxide and embedded in 
epoxy–resin. Ultrathin sections were cut on a 
LKB Ultratome IV (LKB Instruments, Bromma, 

Sweden) and mounted on grids, stained with uranyl 
acetate and lead citrate, and examined under a 
Joel 100CX transmission electron microscope 
(Musashino 3-chome, Akishima, Tokyo 196-8558, 
Japan).
Immunohistochemistry for Caspase-3 and 
PCNA
	 Five ìm histological sections of formalin-
fixed, paraffin-embedded ovarian tissues were 
placed on polylysine-coated glass slides. After 
overnight packing at 65°C, tissue sections were 
deparaffinized and rehydrated in descending grades 
of ethyl alcohol. After removal of endogenous 
peroxidase activity, the tissue sections were placed 
in 0.05 % trypsin (pH 7.8) for 15 minutes at 
37°C and incubated with the primary monoclonal 
mouse  antibody of caspase-3 (DAKO, clone 
MIB5, 1:50, mouse) and primary antibody against 
proliferating cell nuclear antigen (PCNA) at 1:50 
overnight at 4°C. After washing, the slides were 
incubated with a secondary biotin linked anti-
mouse antibody at room temperature; and with 
the streptavidin-peroxidase complex. Sections 
were then washed and incubated with developing 
solution (diaminobenzidine-hydrogen peroxide; 
DAKO), and counterstained with hematoxylin. 
The immune reaction was visualized as brown 
nuclear or cytoplasmic labeling counterstained 
with hematoxylin. Sections incubated with 1% 
nonimmune serum phosphate buffer solution (PBS) 
solution served as negative controls. Finally, the 
sections were examined under bright field light 
Olympus microscope with a digital canon camera.
Biochemical assays
	 At the end of treatment, virgin females 
of both control and experimental groups were 
sacrificed and blood was collected in non-
heparinized tubes and centrifuged at 2000 rpm; 
serum was separated. Ovarian specimens were 
homogenized in 10% ice-cold 2.5 mM-tris buffer 
(pH 7.5) and centrifuged at 14000 x g for 15 minutes 
at 4°C and the supernatant was kept in a deep 
freeze.Catalase catalyzes the conversion of two 
molecules of H2O2 to molecular oxygen and two 
molecules of water  and was determined according 
to Bock et al. (1980). The reaction product was read 
at 240 nm.Superoxide dismutase (SOD) activity 
was determined according to Niskikimiet al. (1972) 
and based on the inhibition of nitrobluetetrazolium 
(NBT). by superoxide radicals to blue colored 
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formazanand assayed at 560 nm.  The glutathione-
S-transferaseactivity is determined according to 
Habiget al. (1974) via catalyze the reaction of the 
-SH group of glutathione. Glutathione conjugates 
are metabolized into glutamate and glycine 
residues, followed by acetylation and formation  the 
final product, a mercapturic acid and  conjugated 
with 1- chloro- 2,4- dinitrobenzene and red the  
absorbance at 340 nm. 
	 Lip id  peroxidat ion  end product 
malondialdhydewas determined according to 
Ohkawaet al. (1982). The method involved 
addition of 20µL of ovary homogenate supernatant 
to 100 ìL of sodium dodecyl sulfate (SDS), 750ìL 
of 20% acetic acid (pH 3.5), 750ìL of 0.6% 
thiobarbituric acid, and 30ìL of distilled water and 
incubated at 95°C for 60 minutes. After cooling 
to the room temperature, 0.25mL of butanol: 
pyridine (15:1) and 50ìL of distilled water were 
added, vortexed, and centrifuged at 2000rpmfor 
15 minutes. A reddish pink color was developed 
and estimated at 532 nm which indicates the 
extent of peroxidation and expressed as ç mol/ mg 
protein. Standardization was carried out by using 
1,1,3,3-tetraethoxypropane.
	 Determination of 8-hydroxy-2-deoxy 
guanosinewas determined in ovaries by the 
Bioxytech 8-HdG -ELISA Kit (OXIS Health 
Products, Portland, OR, USA, Catalog. No. KOG-
200S/E). Caspase-3 was determined by ELISA kit 
ofa Stressgen kit (catalog No. 907-013). Tumor 
necrosis factor-á (TNF-á) was carried by using 
USCN Life Science Inc ELIZA Kit  no. E99133Ra. 
	 The serum level of  estradiol, follicle 
stimulating hormone or anti-mullerian, follicle 
stimulating hormone or luteinizing hormone were 
determined by using ELISA kit of Cusabio Biotech 
company. 
Flow cytometric assessments of cell cycle M1 
apoptosis by annexin
	 Flow cytometric analysis was carried 
out by Becton Dickinson FACScan Fluorescence 
Activated Cell Analyzer (Becton Dickinson, 
Sunnyvale, CA, USA).  In case of determination 
of apoptosis by annexin V, the ovarian cells were 
lysed, suspended with Tris–EDTA buffer (pH 74) 
(Sigma-Aldrich Co.) and fixed in 80% ethanol. 
Cell suspension was prepared at a concentration 
of 0.1-0.3×106/ml and stained with fluorescein 
isothiocyanate-conjugated annexin V (annexin 

V-FITC) and assayed after incubation for 15 
minutes at room temperature. 
Statistical analysis
	 Data were presented as a mean ± standard 
error (SE). The statistical analysis was performed 
with one-way post-hoc analysis of variance 
(ANOVA) using SPSS (version 13) software 
package for Windows, comparing the variations 
between studied groups and P<0.05 was considered 
statistically significant.

Results

Morpjometric observations
	 From table (1), the ovaries of 3 week-
old maternally fed on a hypercholesterolemic 
diet exhibited a marked decrease of the ovarian 
reserve of different stages of ovarian follicles in 
comparison with the control and or/ barley and 
date palm fruit supplementation. On the theother 
hand, the ovaries of offspring maternally fed on a 
high cholesterol diet containing barley and/or date 
palm fruit restored the ovarian content of growing 
oocytes but were still not matched with the control. 
Histo-& cytological observations  of the ovary
	 At 2 week-old, the ovary of the control is 
filled   with normal oogonia, primary and secondary 
ovarian follicles separated from each other  by 
a thin delicate collagenous fibrous sheath. The 
secondary oocytes varied from the primary ones 
by their marked increase of the overall follicular 
diameter as a result of multilayered covering 
follicle cells. Although the majority of the  follicle 
cells remained cuboidal, the outermost layer in 
contact with the ovarian stroma become columnar 
in shape. A homogenous zonapellucida was only 
remarked in primary and early secondary oocyte. 
The oocyte possessed lightly stained eosinophilic 
cytoplasm and a nucleus, with a prominent darkly 
staining nucleolus. Numerous secondary-ovarian 
follicles are detected at different stages of growing 
antral cavity within the membranagranulosa (Fig. 
1 A&B).
	 In ovaries of  those of  hypercholesterolemic  
mother, there was a marked increase of follicular 
atresia manifested by massive degeneration of 
oocytes with pyknoticnuclei and changes with the 
follicle cells. Some ovarian follicles possessed  
massive follicular atresia  and their surrounding 
follicular cells become stuffed with fibrous sheath. 
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Hyalinized degeneration of ovarian follicles 
was detected   (Fig.1 C).Ovaries  of offspring 
maternally fed on hypercholesterolemic containing 
barley exhibited marked improvement of the 
histological and cytological picture. These were 
characterized by normal structures of oogonia, 
primar and secondary oocytes . However, those of 
offspring maternally fed on hypercholesterolemic 
diet containing date  or dates and barley  showed 
improved  structure but of  less degree compared 

to  ovaries of those fed on hypercholesterolemic 
containing barley and control (Fig.1D, E, F) .
	 At three weeks, the  control ovary 
exhibited different generation of the growing 
oocytes including primary , secondary and multi-
layered semi like mature ova. The mature oocytes 
are few in numbers and present in the cortico-
medullary junction and possessed distinguished 
three layers in the follicular wall. The cumulus 
oophorus which enclosed the oocytes are composed 

Fig.1. (A-F).Photomicrographs of histological sections of ovary of neonate2week-old. A&B. Control & maternally 
fed on diet containing barley showing  stages of growing follicles.C. Maternally fed on hypercholesterolemic 
diet showing degeneration of growing follicles. D. Maternally fed on hypercholesterolemic diet containing dates 
showing partial regenerated follicles.E. Maternally fed on hypercholesterolemic diet containing barley showing 
improvement and regenerated follicles.F. Maternally fed on hypercholesterolemic diet containing barley  and dates 
showing moderate amelioration. Abbreviations; FC, follicle cell; DF, degenerated follicle cell; DFC, degenerated 
follicle cell;  HFC, hyalinized follicle cell; NSF, normal secondary follicle; NTE, normal theca externa; O,oogonia; 
Pr, primary oocyte; RFC, regenerated follicle cell;  SF, secondary follicle; TE, theca externa
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of cuboidal granulosa cells. The outermost cell 
columnar cells are separated from the theca interna 
by a well-defined basement membrane . Both the 
membrane granulosa and the theca interna become 
progressively thinner during follicular development 
(Fig.2A&B). At ultrastructure level, the criteria of 
ovarian follicles with their outer covering follicle 

cells and normal pattern of nuclei and cytoplasm 
rich in mitochondria ( Fig.2 A-A2).
	 In ovaries of  those of hypercholesterolemic  
mother, there were a marked increase of 
degenerated ovarian follicles (Fig.2 C). A marked 
degree of improvement histological picture was 
recorded in those fed on hypercholesterolemic 

Fig. 2. (A-F).Photomicrographs of histological sections of ovary of neonate 3 week-old. A&B. Control & barley fed 
group showing  stages of growing follicles.C. Maternally fed on hypercholesterolemic diet showing degeneration  of 
growing follicles.D. Maternally fed on hypercholesterolemic diet containing date palm fruit showing less improvement 
of regenerated follicles.E. Maternally fed onhypercholesterolemic diet containing barley and supplemented barley 
showing regenerated follicles. F. Maternally fed on hypercholesterolemic diet containing barley and dates showing 
a moderate improvement. Abbreviations; FC, follicle cell; DF, degenerated follicle cell; NSF, normal secondary 
follicle; NTE, normal theca externa; O,oogonia; Pr, primary oocyte; RFC, regenerated follicle cell;  SF, secondary 
follicle; TE, theca externa
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Table 1. Total number and percentages of ovarian follicles in ovaries of 3 week-old offspring
maternally fed on a hypercholesterolemic diets containing barley and/or date –palm fruits

	 Total 	 Oogonia	 Iry oocyte	 2ry oocyte	 Tertiary ova	 Atretic 
	 number					     follicle
	
Control  	 216(100%)	 104(48.1%)	 48 (22.2%)	 36(16.7%)	 28(13%)	 -
Barley diet	 226 (104.6%)	 109(48.2%)	 51(22.6%)	 39(37.3%)	 30(13.3%)	 -
Dates diet	 194(89.8%)	 108(55.7%)	 32(16.5%)	 32(16.5%)	 22(11.3%)	 -
Barley & dates diet	 179(82.9%)	 112(62.6%)	 42(23.5%)	 28(15.6%)	 26(14.5%)	 -
Hypercholesterolemia 	 156(72.2%)	 78(50%)	 34(21.8%)	 29(18.6%)	 18(11.5%)	 24(15.4%)
Hypercholesterolemia  plus barley	 184(85.2%)	 77(41.8)	 56(30.4%)	 35(19.8%)	 12(6.5%)	 4(2.2%)
Hypercholesterolemia  plus Dates	 172(79.6%)	 74(43.0%)	 37(21.5%)	 30(17.4%)	 23(13.4%)	 8(4.7%)
Hypercholesterolemia  plus dates 	 175(81%)	 71(48.6%)	 38(21.7%)	 32(18.3%)	 28(16%)	 6(3.4%)
and barley

Each result express the total number of ovarian follicles in five sections of 5 replicates at X250. The percentages expressed in 
relation to the control in case of total number.  For each studied group .the total number represent 100% and every percentages of 
ovarian follicles are determined in relation to it.

diet containing barley comparing to those fed 
on hypercholesterolemic diet containing date  or 
barley and date (Fig.  2 D,E,F).
	 At ultrastructural level, the ovarian 
follicles of offspring maternally fed on a high 
cholesterol diet exhibited massive degeneration of 
ovarian follicles characterized by pyknotic nuclei 
and degenerative phases of follicle cells. Karyolytic 
nuclei of degenerated oocytes were associated with 
increased accumulation of lysosomes in cytoplasm 
(Fig.3 B-B2).
	 On the other hand the ovarian follicles 
showed a marked increase of improvement 
in  ovaries  of  those maternal ly fed on 
hypercholesterolemic diet containing barley, 
although dramatic alterations in some oocyte was 
still exist. The degree of improvement is moderate 
in those maternally fed on hypercholesterolemic 
diet containing either date or date and barley 
showed moderate improvement. The follicle cells 
restored almost their normal cytological pictures. 
Some oocyte exhibited pseudo-cleavage. The blood 
vessel exhibited normal endothelial lining cells 
(Fig.3 C-C2, D-D2).
Immunohistochemistry of PCNA and  caspase-3
	 In control, barley and date-supplemented 
groups, the ovarian tissues possessed overexpression 
of  PCNA mostly in the proliferating follicle and 
stroma cells. In ovaries of neonates maternally 
fed on  hypercholesterolemicdiet,  there was a 
marked reduction of the immunohistochemical 
reaction. However, in ovaries of those maternally 

fed on  hypercholesterolemic diet containing  
barley  and/ or dates, there was a detected moderate 
dark-brown immunohistochemical reaction.  The 
immunostaining reaction was highly observed 
in ovarian follicles of neonate maternally fed 
on  hypercholesterolemic diet  containing barley 
more than those of dates or barley and dates in 
comparison with  the control (Fig. 4 ). Image 
analysis represented the average change of the 
expression of PCNA  immunohistochemical 
reactions in the studied groups (Fig.5 ).
	 Concerning  cysteine-aspartic acid 
protease 3  (caspase-3), the activity of caspase-3 
was highly detected in the follicle and stromal 
cells of the ovaries of offspring maternally fed 
on a hypercholesterolemic diet compared to the 
control. On the other hand, the ovarian follicles of 
offspring maternally fed on a hypercholesterolemic 
diet containing barley and/ or dates possessed  
a decreased immunohistochemical reaction 
(Fig. 6). Image analysis revealed the varying  
intensity of the caspase-3 imunohistochemical 
reaction in the different experimental groups 
compared to the control. Marked reduction of the 
immunohistochemical reaction was detected in the 
ovarian follicles of offspring maternally fed on a 
hypercholesterolemic diet containing  barley and/ 
or dates (Fig. 7). 
Biochemical observations
	 Neonatal ovaries maternally fed on a 
hypercholesterolemic diet exhibited a marked 
decrease of the activities of catalase, superoxide 
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Fig.3. (A-D2).Transmission electron micrographs of ovary of 3week-old rat.A-A3. Control showing ordinary 
structure of primary-(A1,A2) and secondary ovarian follicles. B-B2.   Maternally fed on hypercholesterolemic diet 
showing damaged primary oocyte with vacuolated cytoplasm (B), pseudocleavage with damaged nuclei and abundant 
lysosomes in cytoplasm (B1) and damaged secondary follicle with pyknotic nuclei (B2). C-C2.Maternally fed on 
hypercholesterolemic diet containing barley showing improved ovarian follicles and their lining follicle cells.D-D2.
Maternally fed on hypercholesterolemic diet containing barley showing improved ovarian follicles and their lining 
follicle cells.   Abbreviations; D, desomosome; FC, folliclecell; M, Mitochondria; N, nuclei; NE, nuclear envelope; 
Nu, nucleoli. Star means zonapellucida.

dismutase and glutathione-s- transferasein 
comparison with the control. However, there was 
a marked increase of malondialdehyde, caspase 

3, 8-hydroxy-2‘-deoxyguanosine and tumor 
necrosis factor-á  in comparison with the control. 
Meanwhile, the ovarian tissues of neonates 
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Fig.4. (A-F). Photomicrographs of formalin-fixed, paraffin-embedded ovary  of 3 week old neonate 
immunohistochemically stained with the antibody of PCNA. A & B. Control & barley showing iIncreased PCNA 
expression in follicle cells. C. Maternally fed on hypercholesterolemic diet showing decreased expression of PCNA 
in follicle cells. D. Maternally fed on hypercholesterolemic diet containing dates showing moderate expression 
of PCNA in follicle cells..E. Hypercholesterolemic group supplemented barley showing increased expression of 
PCNA. F. Maternally fed on hypercholesterolemic diet containing barley and dates showing moderate expression 
of PCNA.* means overexpression of PCNA. Arrow head means decreased expression

maternally fed on the hypercholesterolemic diet 
containing  barley and/or dates restored the assayed 
antioxidant levels and decreased the sharp rise of 
apoptic markers malondialdehyde, caspase 3and 
8-hydroxy-2‘-deoxyguanosine and decreased 
inflammation assessed by tumor necrosis factor-á  

but their levels  were still not matched with the 
control (Table 2).
	 From table  (3) ,  mothers  fed on 
hypercholesterolemic diet exhibited marked 
increase of testosterone, estradiol, and antimullerian 
hormone and a decrease  in  follicle stimulating 
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Fig. 5. Chart illustrating image analysis of immunohistochemical reactive regions of  PCNA  immunohistochemical 
reaction of ovary of different studied group

hormone . The abnormal change of the assayed 
hormonal levels were almost retained to the 
almost normal level in animal groups fed on 
hypercholesterolemic diet and /or date and barley 
grains.
Flow cytometry of annexin V in testis
	 From figure (8), the ovarian tissue of 
offspring maternally fed on a hypercholesterolemic 
diet exhibited a significant increase of  the assayed 
annexin v of summation UR+LR manifesting 
apoptosis. On the other hand, those of mother fed 
on a hypercholesterolemic diet containing barley 
and/or dates exhibited a decrease of the assayed 
annexin v manifesting improvement especially in 
those of hypercholesterolemic and barley group.

Discussion

	 Maternal high fat diet programmed 
the growth of obese offspring associated with 
inflammation and  developmental of dysfunction 
in different body organs (Desai et al., 2014; 
Ingvorsen et al., 2015; Englich et al., 2017). The 
differentiation and proliferation of the ovarian 
follicles are more sensitive to  intrauterine 
environment cytotoxicity and determined the 
developmental origin of the  reproductive potential 

in adulthood, illustrate the prospective decline of 
the  reproductive capacity later in life. The present 
work carried out during breast-feeding period 1, 2 
and 3 weeks taking in consideration the generation 
of the primordial follicles started in late prenatal 
and early postnatal life.  
	 From the present findings, maternal 
rat fed on hypercholesterolemic diet exhibited 
dramatic degeneration of  primary and secondary 
ovarian  follicle in 1-week old offspring and 
continuous in tertiary follicles in 2 and 3 week-
old offspring. Follicular atresia associated with 
hyalinizedantrum and surround follicle cells was 
markedly increased.  The oocyte nuclei felled of 
grouping heterochromtin and abundant cytoplasmic 
vacuoles were detected. The follicle cells lacked 
normal characteristic structures and their nuclei 
appeared electron-dense.  
	 The present data supported the work 
of Luzzo et al. (2012) and Zhou et al. (2019) in 
offspring of mice and rat maternally fed on a high 
fat diet. The studies mentioned only the loss of 
neonatal ovarian follicles.  Similar findings of 
damaged ovarian follicles were also observed in 
obese girls (Lee et al., 2016).
	 Also, the damaged ovarian follicles 
were confirmed by the overexpressionof caspase 
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Fig. 6. (A-F). Photomicrographs of formalin-fixed, paraffin-embedded ovary  of 3 week old neonate 
immunohistochemically stained with the antibody of caspase 3. A &B. Control & barley group showing a slight 
expression of caspase 3 in follicle and theca cells. C. Maternally fed on hypercholesterolemic diet showing 
overexpression of caspase 3 in follicle cells as expressed by arrow head. D. Maternally fed on hypercholesterolemic 
diet containing  dates showing only expression of caspase in the theca cells. E. maternally fed on hypercholesterolemic 
diet containing barley showing decreased expression of caspase.. F. Maternally fed on hypercholesterolemic diet 
containing barley and dates showing decreased expression of caspase which is limited to theca externa. Star mentioned 
decreased expression of caspase 3

3 immunohistochemical staining in folliclecells 
coincide with down-regulation ofPCNA. The 
percentages of apoptic cells were markedly 
increased following flow-cytometric assessments 
of annexin v and increased ovarian level  of ovarian 
8-hydroxy-2‘-deoxyguanosine and caspase 3.

	 Similar increase of apoptosis of granulosa 
cells were observed in mice fed on high fat diet 
(Wu et al., 2010; 2015). 
	 P r o l i f e r a t i n g  c e l l  n u c l e a r 
an t i gen   (PCNA) , i s   a  key  r egu l a t i ng  
proliferating  cellular processes, and involved 
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Fig.7. Chart illustrating image analysis of immunohistochemical reactive regions of  caspase 3  immunohistochemical 
reaction of ovary of different studied group

Table 2. Ovarian levels of antioxidants, malondialdehyde and apoptic markers of offspring 
maternally fed on a hypercholesterolemic diets containing barley and/or date –palm fruits

	 C	 H	 BH	 DH	 DBH	 F-test	 P≤0.05

CAT  (U/10mg)	 11.6±0.6	 9.9±0.4	 10.8±0.5	 10.9±0.4	 11.17±0.6	 0.67	 IS
GST(umol/10mg)	 18.4±0.6	 12.9±0.5	 14.0±1.4	 13.1±0.5	 14.5±0.6	 21.11	 S
SOD (U/10mg)	 6.6±1.1	 5.7±0.4	 6.1±0.5	 5.1±0.4	 6.22±0.4	 2.61	 IS
MDA (nmol/10mg	 1.9±0. 8	 2.8±1. 8	 2.4±0.8	 2.5±1.7	 2.23±1.3	 0.60	 IS
8HDG (pg10mg)	 3.9±0.3	 6.7±0.44	 5.1±0.5	 3.1±0.7	 5.32±0.6	 1.47	 IS
CASP 3(ng/ml)	 1.8±0.4	 3.2±0.5	 2.9±0.3	 3.1±0.5	 2.54±0.3	 2.04	 IS
TNF(pg/10mg)	 28.2±10.4	 328.5±0.6	 316.8±6.4	 332.7±7.47	 300.2±8.4	 261.64	 S

Each result represents the mean ± SE (n=5), * Significant at P<0.05. Abbreviations; 8-hdg, 8- hydroxyguanosine; B, barley 
supplementation; B+D, barley and dates supplementation; C, control; caspase-3, cysteine-aspartic acid proteas 3; CAT, catalase; 
D, dates supplementation;  Gst, glutathione S-transferase; H, hypercholesterolemia; H+B, hypercholesterolemia and barley; 
H+B+D, hypercholesterolemia, barley and dates; H+D, hypercholesterolemia and dates; MDA, malondialdehyde; SOD, superoxide 
dismutase enzyme; TNF, tumor necrosis factor.   

Table 3. Serum  hormonal level of mother rats fed on hypercholesterolemic diet  and/or dates and barley

	 C	 H	 HB	 HD	 HBD	 F-test	 P≤0.05

Estradiol (ng/ml)	 26.8±2.4	 40. 6±3.6	 35.4±3.6	 37.4±0.6	 34.4±0.6	 69.36	 S
Follicle stimulating 	 43.06±2.2	 38.71±2.7	 50.03±10.8	 38.65±0.51	 40.78±0.48	 0.90	 IS
hormone(um/ml)
Anti-Müllerian 	 24.6±0.6	 18.0±0.4	 18.7±0.6	 18.17±1.5	 19.8±0.4	 23.70	 S
hormone (ng/ml)

Each result represents the mean ± SE (n=5), * Significant at P<0.05. Abbreviations; 8-hdg, 8- hydroxyguanosine; B, barley 
supplementation; B+D, barley and dates supplementation; C, control; D, dates supplementation;  ; H, hypercholesterolemia; 
H+B, hypercholesterolemia and barley; H+B+D, hypercholesterolemia, barley and dates; H+D, hypercholesterolemia and dates
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Fig. 8. Flow cytometry chart of annexin V of ovary of offsprings maternally-fed  onhypercholesterolemic  diet and 
or dates and barley.  From annexin V chart: (1) UR showing positive annexinVand positive propidium iodide (PI), 
indicating late apoptosis. (2) UL showing positive annexin V and negative PI, indicating early apoptosis. (3) LL 
showing negative annexin V and negative propidium iodide (PI), indicating viable cells. (4) LR showing negative 
annexinVand positive propidium iodide (PI), indicating necrotic cells. UR plus LR, indicating the summation of 
apoptosis

the exact  information about the differentiation 
and developmental aspects of ovarian follicle 
development during neonatal life (Xu et al.,2011). 
Down-regulation of PCNA in cultured 18.5 day post 
conception mouse ovaries reduced the apoptosis of 
oocytes, accompanied by down-regulation of the 
pro-apoptotic genes;Bax, caspase-3, and TNFá and 
TNFR2 (Xu et al., 2011).
	 The observed increase cellularity in 
the ovarian stromareflected inflammation and 
coincides with damage of the endothelial cells 
lining the blood capillaries and presence of 
abundant collagenous fibers in-between the 
atretic follicles. These findings were confirmed by 
increased level of tumor necrosis factor. 
	 Maternal hypercholesterolemic was found 
to increase serum oxysterols level (Dumolt et al., 

2018) which induce cell death in in vitro culture 
of bovine ovarian granulosa cells (Hall, 2006).
	 Kajihara et al .  (2009) attributed 
dramatic loss of ovarian follicles and increase of 
follicular atresia in obese (fa/fa) Zucker rats to 
the overexpression of the nuclear accumulation of 
FOXO1 transcription factor in TUNEL-positive 
granulose cells. 
	 Wu et al. (2015) attributed the damage  
in granulosa cells of ovaries of mice fed on a high 
fat diet to the  cell cycle inhibitors, p27(Kip1) and 
p21(Cip1), and expression levels of Cyclin D1, D3 
and CDK4 .
	 Also, the breakdown of ovarian follicles in 
offspring of hypercholesterolemic mother reflected 
the increase of lipid peroxidation of ovarian 
malondialdhyde level decrease of the antioxidant 
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defense of the assayed antioxidant enzymes 
superoxide dismutase and glutathione-s-transferase. 
It is known the antioxidant enzymes scavenge 
the free radicals liberated from the diseased 
tissue. If the free radicals exceed the antioxidant 
defense, it led to oxidation of cell biomolecules 
like DNA, protein and lipid materials leading to 
lipid peroxidation and dramatic damage of the 
tissues (Ighodaro andAkinloye, 2018).Catalase is 
involved in elimination of the reactive hydrogen 
peroxide species which alter the configuration of 
carbohydrates, nucleic acids, lipids, and proteins 
in living tissues. Superoxide  dismutase  (SOD) 
facilitated  the change  of superoxide is converted 
into hydrogen peroxide which can easily diffuses 
across the plasma membrane (Noor et al., 2002; 
McCord ,2008). Also, glutathione S-transferases 
(cytosolic GST, mitochondrial GST, 80, 81  and 
membrane-associated microsomal GST) are 
involved in removing the aldehyde products 
of lipid peroxidation viacatalyzing its conjugation 
with glutathione (Tjalkens et al., 1998; Aiken et 
al., 2016).
	 Reduction of the assayed antioxidant 
enzymes catalase, SOD and glutathione-S-
transferase in the ovarian cells facilitated the 
liberation of free radicals and increase of lipid 
peroxidation leading to damage of the ovarian cells 
specially follicle cells and oocytes. 
	 Similar findings of decreased antioxidant 
enzymes were observedin mice (Aiken et al., 2016)
and pig offspring (Xu et al., 2016) maternally fed 
on a high fat diet.
	 It is known that mitochondria areinvolved 
in production of free radical as well as play a 
great role in oocyte development via release of 
Ca2+ signaling, and the production of ATP and 
reactive oxygen species (Dumollard et al., 2007). 
Consequently, ascorbate is known concentrated 
in granulosa cells, theca cells, luteal cells, and 
the oocyte (Musicik et al., 1996 ; Zreik et al., 
1999).  Abnormal depletion of catalase, SOD and 
glutathione-S-transferase facilitated increase of the 
reactive oxygen species (Ho et al., 1998; Aiken et 
al., 2016) and aldehydic products of lipid (Tjalkens 
et al., 1998) leading to cell damage. (Kemp et al., 
2008).
	 Lipotoxicity is characterized by increase 
production of  circulating long-chain saturated 
fatty acids from either the adipocytes or the diet 

(Szendroedi and Roden, 2009) , which enhance 
the production of reactive oxygen species with 
subsequent mitochondrial dysfunction and  
endoplasmic reticulum stress (Schaffer, 2003; 
Luzzo et al., 2012).Also, consumption of high-
fat diet abnormallydecreased  the mitochondrial 
membrane potential in both immature and mature 
oocytes (Fujii and Funahashi, 2009; Mitchell et al., 
2009; Kanaya et al., 2007).These was involved in 
depletion of  the ATP associated  decrease of  the  
oxidative phosphorylation ,liberation of  oxygen 
free radical and activation of caspases leading to  
DNA fragmentation and development of follicular 
atresia (Tamura et al., 2008; Wu et al., 2011; Yang 
et al., 2012). 
	 The mammalian reproductive cycles of 
offspring  are tightly regulated by the hypothalamus 
(gonadotrophin-releasing hormone)-pituitary 
(follicle-stimulating hormone) and ovarian axis 
(17â- estradiol) (Nett et al., 2002; Kermath and 
Gore, 2012).AMH is a glycoprotein secreted by 
granulosa cells in the developing ovarian follicle 
(Hagen et al., 2010). Both AMH, FSH represent 
an indicator of both normal and abnormal ovarian 
function. It is known that follicle stimulating 
hormones promoted de novo biosynthesis of  
steroid hormone from the circulating lipoprotein 
and cholesterol in the theca and granulosa cells 
(Miller and Auchus, 2011). 
	 The observed alterations of assayed 
maternal hormones reflected the damage of 
granulosa cells which intern disturptedthe 
hypothalamic-pituitary-ovarian axis leading to 
altered ovarian  hormonal secretion. These were  
assessed by the increase of maternal  serum levels 
of both estradiol level parallel with depletion 
of both follicle stimulating hormone and anti-
Mullerian hormone.
	 The present findings agree with the work 
of Lee et al.(2016) in obese girl and Skaznik-Wikiel 
et al.(2016) and  on experimental rat (Ambrosetti  
et al. , 2016)  and mice offspring ( Lin et al.,2017) 
on mice fed on a high fat diet. 
	 In contrast, experimental hyperchole 
sterolemic groups supplemented diet containing  
barley and/or dates, exhibited  a moderate 
improvement of the ovary structures. The 
ovaries restored a large numbers of ovarian 
follicles especially in those maternally fed 
on hypercholesterolemic diet containing 



373 El-Sayyad et al., Biosci., Biotech. Res. Asia,  Vol. 16(2), 359-376 (2019)

barley. The ovarian stromapossessed improved 
fibroblast infiltrated by  thin connective tissue. 
The antioxidant enzymes catalase , superoxide 
dismutase and glutathione s transferase restored 
the almost normal value coincides with decreased 
malondialdhyde manifesting decreased lipid 
peroxidation . Also, the  maternal serum levelsof  
estradiol, follicle stimulating hormone and anti-
mullerian hormone were improved reflected the 
ameliorated cytological structure of oocyte and 
.follicle cells.
	 The capacity of improvement of ovarian 
follicle structure and function in studied group 
fed on hypercholesterolemic diet and barley 
attributed to different phytonutrients in barley 
such as  â-glucanswhich enhanced excretion of bile 
acids (Ellegard and Andersson, 2007; Abumweis 
et al., 2010) activating secretion of cholesterol 
7a-hydroxylase ,which facilitated cholesterol 
elimination in the body (Nilsson et al 2007 and 
Daou and Zhang, 2012) as well inhibit tumor 
necrosis factor-a, the marker of inflammation 
(Sener et al., 2006) and scavenging the ROS, the 
premotor of  DNA damage (Oliveira et al., 2014).  
	 The ovaries of offspring maternally fed 
on hypercholesterolemic diet containing date 
showed moderate improvement but of least degree 
comparing to that containing barley and date or 
barley alone.  Although, the date palm fruits are 
rich in dietary fibers (Vinita and  Punia, 2016) and 
phenolic antioxidants (Ghnimi et al.2016) and trace 
elements such as zinc, selenium (Singh et al., 2012) 
and vitamins A, B complex and C (Vayalil, 2012), it 
is rich  in sugar (44-88%) (Al-Shahiband Marshall, 
2003).  
	 Maternal feeding on high cholesterol diet 
showed altered blood sugar level characteristic 
with type 2 diabetes  (El-Sayyad et al.,2010, 2011, 
2014). Supplementation of date palm fruits beside 
high cholesterol diet altered the blood glucose 
level and over helm its antioxidant activity which 
resoluted its capacity of improving the ovarian 
tissues assessed in histo-cytological structures 
, alterations of the antioxidant enzymes and 
hormonal level. 
	 The authors finally concluded that 
offspring maternally fed on hypercholesterolemic 
dietdeveloped reduction of ovarian follicular 
reserve,  increases lipid peroxidation and altered 
maternal reproductive hormone involved in ovarian 

development. These dramatic alterations were 
improved post adding barley and/ or date palm 
fruits to the hypercholesterolemic diet.
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