Ameliorating Impact of Phoenix dactylifera L. Leaves Oil Extracton
Testicular Toxicity Induced by Gibberellic Acid: Histomorphometric

. and Immunohistochemical Studies
Original

Article Rania A. Ahmed' and Amany E. Nofal’

Department of Zoology, Faculty of Science, 'Suez University, Suez, *“Menoufia University,
Shebin ElI-Kom, Egypt

ABSTRACT

Background: Gibberellic acid is an endogenous plant growth regulator, it has many toxic effects including testicular toxicity.
Phoenix dactylifera L. (date palm) is widely used in traditional medicine as anticancer, hepatoprotective, neuroprotective,
nephroprotective, gastrointestinal protective and antimicrobial agent.

Aim: The present work aimed to clarify the impact of Phoenix dactylifera L. leave oil extract on testicular toxicity induced
by gibberellic acid in albino rats.

Materials and Methods: Five groups of rats were used. Groupl: control, Group 2: corn oil group, Group 3: Phoenix
dactylifera L. leaves oil extract group , Group 4: Gibberellic acid group .Group 5 : Phoenix dactylifera L. leaves oil extract
and Gibberellic acid group. Histomorphometric, Histochemical, immunohistochemical and biochemical alterations were
investigated in testicular tissue and serum.

Results: Gibberellic acid induced histopathological alterations, significantly decreased the Johnsen score of spermatogenesis,
and significantly decreased the germ cell proliferation index (PI). , significantly decrease the epithelial height and tubular
diameter and total glycogen content. Immuohistochemically, Gibberellic acid significantly decreased PCNA and GULT-3,
while a-SMA was significantly increased. Gibberellic acid decreased serum testosterone, progesterone and LH hormones
and testicular antioxidants, and significantly increased testicular MDA. Treating rats with both Phoenix dactylifera L. leaves
oil extract and Gibberellic acid ameliorated all histopathological morphometric, histochemical, immunohistochemical and
biochemical alterations induced by Gibberellic acid.

Conclusion: Phoenix dactylifera L. leaves oil extract could ameliorate the histopathological and toxicological alterations

induced by Gibberellic acid.
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INTRODUCTION

Phytohormones or plant growth regulators (PGRs) are
plant growth hormones that accelerate plant growth and
are naturally produced by plants via biosynthesis or it may
be applied to plants as chemical additives. Gibberellic acid
(GA) is one of the six major classes of plant growth regulator
hormones that is used extensively in many countries
including Egypt to enhance the growth of many vegetables
as (olive, tomatoes, pepper and cabbages) and fruits
(such as grapes, melon, date palm and strawberries). As all
PGRs, GA plays a significant role in improvement of many
cellular processes and mechanisms during plant growth
including cell division enhancement, stems and leaves
elongation, stimulating flowering and fruiting, breaking
dormancy, seed germination and sex expression!',

Individuals and animals may be vulnerable to residues of
GA in diet containing vegetables and fruits treated with GA,
or by drinking water contaminated with GA. Agricultural

Personal non-commercial use only. EJH copyright © 2021. All rights served

128

workers exposure to GA may occur via inhalation or by
dermal contact at work places. However, several studies have
reported that exposure to GA induces many hazards effects
on individuals and animal health. GA was proven to induce
oxidative stress and pathological alterations in many organs
as spleen, testis, brain, lung, stomach and liver. Furthermore,
GA has carcinogenic and genotoxic effects!t2#7,

Date palm (Phoenix dactylifera L.) belongs to the
Arecaceae family, and is considered an important source
of food in Middle East and North African countries. Good
nutritional value of dates is based on its high content of
certain nutrients such as carbohydrate, lipids, proteins,
dietary fibers and essential minerals and vitamins®°!,

In traditional medicine different parts of date palm
are widely used for the treatment of many disorders!'”.
Numerous studies have proven the medicinal and nutritional
benefits of Phoenix dactylifera L. Date fruits have been
reported to possess immunostimulant, antioxidant,
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anti-fibrotic antimutagenic, nephroprotective, antibacterial,
antifungal, anti-apoptotic, anti-tumoral, hepatoprotective,
gastro-protective and neuro-protective  effects®™!121, The
antioxidant activity of Phoenix dactylifera L. is attributed to
the wide range of flavonoid content and phenolic compound
including p-coumaric, ferulic, sinapic, gallic, catechin,
chlorogenic, caffeic, coumaric, resorcinol, dactyliferic,
p-hydroxybenzoic, vanillic, syringic, and isochlorogenic
acids®'3,

The present work aims to clarify the impact of Phoenix
dactylifera L. leaves oil extract on testicular toxicity induced
by GA in albino rats.

MATERIALS AND METHODS

Chemicals and plants used

1- Gibberellic acid (GA): GA was obtained from
El-Gomhoria Company for Trading Pharmaceutical
Chemicals and Medical Appliances (Tanta, Egypt), as vials
containing 1 gm GA powder.

2- Phoenix dactylifera L. Leaves oil extract: Phoenix
dactylifera L. fresh leaves were collected from Siwa Oasis;
Egypt, washed in running tap water, cut into small pieces
and dried for four week in room temperature, then blended
to fine powder by a mechanical blender. Leave oil extraction
was done by hexane and soxhlet apparatus according to
Charef et al.', and then the extract was dissolved in corn
oil®.

Animals and treatments

Fifty adult male Sprague Dawley rats weighing 185+15
g were divided randomly into 5 groups in plastic cages
(10 rats/ cage) as following: Control Group: Kept as control
group; Corn oil group: Received corn oil orally/daily at
dose of 0.1ml /100g for 4 weeks. PDOE group: Received
Phoenix dactylifera L. leaves oil extract group; 250 mg/kg
B.W orally/daily for 4 weeks®. GA group: Received GA
20 mg/kg orally daily for 4 weeks!'". GA and PDOE group:
Received both PDOE and GA for 4 weeks.

All animals were kept under standardized environmental
conditions with free access to standard diet and water ad
libitum throughout the whole experimental period. The
study and all procedures were approved by the Animal Care
and Bioethics Committee, Menoufia University, Egypt.
(Approval No. MUFS /F/HI/ 3/ 19).

Methods
1. Histopathological examinations

At the end of the experiment, all rats were sacrificed
by cervical dislocation, dissected and their right testes
were removed, fixed in 10% neutral formalin, dehydrated,
cleared and embedded in paraffin wax. Paraffin sections of 5
microns thickness from middle part of testis were prepared
and stained with routine haematoxylin and eosin stain®’,

2. Spermatogenesis grading by Johnsen Score
Alltesticulartissue sections were evaluated systematically

and Spermatogenesis was graded from 1 to 10 according to
Johnsen scoring system!'7,

3. Histochemical Demonstration

carbohydrates

of General

For histochemical purposes, sections of 5 microns
thickness were cut, then general carbohydrates were
demonstrated through Periodic acid—Schiff (PAS) stain!'®l,

4. Immunohistochemical Examination

i. PCNA for spermatogenesis: Proliferating cell
nuclear antigen (PCNA) were performed to indicate
cell proliferation and for quantitative evaluation of
spermatogenesis!”l.

it. Immunohistochemical demonstration of a-SMA:
For immunolocalization of alpha smooth muscle
actin (a-SMA) in interstitial tissues, paraffin sections
of 5 microns thickness were stained by avidin-biotin
peroxidase method®”,

iii. Glucose transporter membrane 3 (GluT-3): For
immunohistochemical localization of GIuT-3,
5-mm-thick sections were cut from paraffin-
embedded material. The tissue samples were treated
with anti-GLUT-3 antibodies by performing the
avidin-biotin immunohistochemical method!".

5- Morphometric Evaluations and Image analysis

i.  Toassessthe diameters and germinal epithelial height
of seminiferous tubules, images of histological
slides of rights testicles were captured from the
10x objective lens, and then analyzed with ImagelJ
measurement software (NIH). Each of tubular
diameters and epithelial heights were calculated
by analysis of 10 randomly selected sections of the
more circular cross-sections in each case and then ,
their average values were calculated.

ii. Digital images for stained slides with PAS, a-SMA
and GluT-3 were analyzed via semi-quantitative
scoring system (Image J software, Java based
application for analyzing images). The percentage
of positive stained area (%) was calculated as mean
of 10 fields/ slide under high-power field (x400)
microscope.

iii. PCNA-Labeling Index (PCNA-LI): The PCNA-LI
for each seminiferous tubule was estimated as a
percentage of immuno-labeled cells to all basal cells.
For each section, the mean + SD was calculatedl.

6- Biochemical Investigations

i. Assessments of hormones values in the serum:
For biochemical study, sera were obtained by
centrifugation of the clotted blood samples and
stored at - 20°C until used to determine each of ;
Testosterone hormone!®!; Luteinizing hormone
(LH)2*; and Progesterone hormone!.

ii. Assessments of antioxidant markers in Testicular
tissue: For antioxidant demonstration, clear
supernatants of testicular tissues were separated
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and used to assess each of the following parameters
Malondialdhyde (MDA)?® ; Superoxide dismutase
(SOD) activity®”; 3- Catalase (CAT) activity® and
Glutathione peroxidase (GPx)®.

Statistical analysis

Statistical analysis was performed for Spermatogenesis
grading, morphometric and biochemical examinations using
SPSS v.16. Results were articulated as mean + standard
division (SD) and all statistical comparisons were analyzed
by means of one-way ANOVA test followed by Post hoc
analysis. A P<0.01 value was considered significant.

RESULTS

In the present results, Corn oil treated rats didn’t show
any alterations in all studies.

1- Histopathological examination and

spermatogenesis Scoring by Johnsen system

(Figure 1 and Table 1), demonstrate the microscopic
examination of testicular sections of control group and
revealed normal structure with normal seminiferous tubules,
interstitial tissue, Sertoli cells, and complete spermatogenesis.
Histological evaluation of spermatogenesis via Johnsen
score of control rats was (9.26 + 0.49) as all seminiferous
tubules were uniformed and contained the classical sequence
of spermatogenic cells (spermatogonia, spermatocytes,
spermatids and sperms) (Figure 1a, Table 2).

Animals treated with PDOE showed normal
histoarchitecture of testicular tissue when compared with
the controls, the testicular tissue showed the typical features
of seminiferous tubules with normal spermatogenic cells ,
intertubular tissue and complete spermatogenesis having
score (9.74 £ 0.38 ) (Figure 1b, Table 2). On the other
hand, GA induced severs histopathological alterations in the
testicular tissue; as degeneration, Pyknosis, blood vessels
congestions, vaculation and haemorrhage. Separation of
seminiferous tubules and degeneration of interstitial tissue
were observed. The basal lamina showed marked thickening,
some seminiferous tubules exhibited marked degree of
shrinkage while the others were atrophied and devoid from
germ cells (Figures 1c,1d,1e). Moreover, animals treated
with GA showed significant decrease (P <0.01) in Johnsen
score (3.12 + 1.47) when compared with control rats, as
testicular tubules configuration, cellularity, and spermatic
density were significantly reduced (Table 2). Johnsen
scoring for this group exhibited various grades; such as
score (1) where neither germ cells nor Sertoli cells were
present, score(2) as there were Sertoli cells only but no
germ cells present, score (3) as only spermatogonia were
present, score (4) as only a few spermatocytes were present,
score (5) as there were no spermatozoa or spermatids but
many spermatocytes were present, score (6) where only
few spermatids present and score (7) as no spermatozoa but
many spermatids were present. However, Johnsen score
grade 3 predominated (Figures 1c,1d,1e) (Table 2).

On the other hand, compared to testis sections of animals
exposed to GA alone, animals treated with GA and PDOE
showed marked improvement of testicular tissues, interstitial
cells and testicular tubules configuration, cellularity, and
spermatic density were within the normal appearance
(Figure 1f). Histological assessment of spermatogenesis
showed significant increase of Johnsen score (P <0.01) into
(7.31 £ 0.56) (Figure 1f, Table 2)

2- Morphometric results

Data obtained from image analysis denoted no significant
statistical difference (P<0.01) between the control group
and PDOE treated animals. A significant decrease in the
diameter and germ cell height of seminiferous tubules was
recorded in testes of rats treated with GA when compared
with the control group (Table 2). In comparison with the
GA-treated animals, rats treated with GA and PDOE showed
a significant increase in the mean of tubular diameter and in
germinal epithelial height (Table 2).

3- Histochemical Results of Glycogen content

Microscopic examinations of testes sections of
control rats and PDOE treated rats showed strong
PAS-positive reactions with boundaries of the seminiferous
tubules and head of sperms, moderate PAS-positive
reactions in tunica albuginea and intertubular connective
tissue, while spermatogenic cells were weakly stained.
(Figures 2a, 2b; Table 3).

Testicular tissues of animals treated with GA exhibited
an overall significant reduction (P<0.01) of glycogen,
with weak magenta coloration due to arrest of germinal
epithelium and loss of sperms and thickened basal lamina
of the seminiferous tubules, which exhibited moderate
PAS reaction (Figure 2c; Table 3). Treating rats with both
PDOE and GA induced a significant increase of glycogen
content (P <0.01) in testicular tissues when compared with
GA-treated rats as glycogen appeared strongly in tunica
albuginea as well as in the intertubular connective tissue ,
while spermatogenic cells exhibited weak reaction and the
sperms heads showed strong reaction (Figure 2d; Table 3).

Immunohistochemical results
i. Proliferative Cell Nuclear Antigen (PCNA)

In the seminiferous epithelium, PCNA is expressed in
the nuclei of spermatogonia. Examination of sections of both
control and PDOE rats showed a positive reaction for PCNA
(Figures 3a,2b), whereas animals treated with GA showed
decreased expression of PCNA (Figure 3c). Animals treated
with GA and PDOE showed an increase in the expression of
PCNA in the spermatogonia (Figure 3d).

PCNA-LI Results

Results of PCNA expressing cells in all treatment groups
are shown in table 3. Comparing PCNA-LI values of the
PDOE treated group to that of the control group, showing
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no significant difference, while the values were significantly
lower in the testes of GA treated group than those of the
control group. On the other hand, animals treated with both
GA and PDOE showed a significant improvement of the
PCNA-LI values when compared with the corresponding
testis of GA treated group.

ii. immunohistochemical Scoring of a-SMA

Examination of sections of both control rats and PDOE
rats, a-SMA was detectable finely in the peritubular
tissue that surround the seminiferous tubules and in blood
vessels walls (figures 4a,4b, Table 3). Data obtained from
image analysis of testes of rats treated with GA declared a
statistically significant increase (P < 0.01) in mean % area
of a-SMA in the interstitial tissue and in the seminiferous
peritubular boundary tissues (figure 4c, Table 3).

Rats treated with GA and PDOE declared a statistically
significant reduction in mean % area of a-SMA in the
interstitial tissue and in the peritubular tissues when
compared with GA treated group (Figure 4d, Table 3).

iii- GLUT-3

Microscopic Examination of animals from both control
group and PDOE group showed a strong expression of
GluT-3 in spermatogenic cells cytoplasm and membrane in
all seminiferous tubules. GA induced significantly decrease
(P < 0.01) in expression of GIuT-3 in testicular tissues
when compared with control group. On the other hand,
animals treated with PDOE and GA showed significantly

improvement (P < 0.01) of GluT-3 when compared with GA
treated group (Figure 5, Table 3).

Biochemical results

i. Changes in Testosterone, LH and Progesterone
hormones

Data shown in (Table 4) represented that there is no
significant difference in values of in testosterone, LH and
progesterone hormones between control and PDOE groups.
Treating animals with GA caused significant reduction
(»<0.01) in testosterone, LH, and progesterone levels when
compared with control group. On the other hand, treating
animals with both GA and PDOE induced significant increase
(»<0.01) of testosterone, LH, and progesterone values when
compared with GA treated group.

ii. Oxidative stress markers in testicular tissue

Data in (Table 4) showed that PDOE didn't cause any
significant difference in oxidative stress markers in testicular
tissue when compared to the control group. The activity of
MDA in the GA -treated group was significantly (P<0.01)
increased. Treatment with PDOE and GA significantly
reduced the level of MDA compared to the GA treated rats
(Table 4). Treatment with GA caused significant reduction
of CAT, SOD and GPx values (P<0.01) when compared
with control group. However on treatment with PDOE with
GA, it was found to enhance CAT, SOD and GPx values
significantly (p<0.01) (Table 4).
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Fig. 1 : (a) Section in the testis of a control rat showing normal seminiferous tubules , sperms (Sz) ; spermatogonia (sg) interstitial tissue (it). , Sertoli cells
(st) , and spermatocytes (sc) (b) Section in testis of a rat treated with PDOE showing normal testicular architecture . (c) GA-treated rat showing, congested
blood vessel (CV), Pyknosis (P) and degeneration of interstitial tissue (it) .(d) GA-treated rat showing degenerated and shrinkaged tubule with Johnsen score
grade 2 (j2) , vaculation (v) and detached germ layers (arrow) . (e¢) GA- treated rat showing atrophied tubules (A.T) with absence of all spermatogenic cells
(j1), thickness of interstitial tissue (arrow) and haemorrhage (h).(f) Section of rat treated with both GA and PDOE showing normal seminiferous tubules with
compact spermatogenic cells, and normal spermatogenesis. (H & E stain, scale bar 50 um; 1c : scale bar 100 pm).
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Fig. 2: (a) Section in a testis of a control rat showing a strong positive PAS reaction in tunica albuginea as well as in the intertubular connective tissue of
testes. (b). PDOE treated rat showing normal distribution of PAS positive materials content. (¢) Section in a testis of a rat treated with GA showing an overall
significant reduction of PAS positive materials in seminiferous tubules. (d): Section of testis of a rat treated with both PDOE and GA showing an improvement
of PAS positive materials content in testicular tissues (PAS stain; scale bar 100 pm)

- '..‘_\i

.

T

[ SR PY

o d, X Oy P
|%.1 2‘, '4 ? p 'lh .".-.'
3!3 a} t‘;"’i" 73 1": ,' g

IR 4 L
'l- '.ﬁ._' f)"!-" o—‘,-.-

%
y

..
-
-

Al AR

= K
’,

[}

L7 6'1. W2

u‘
Cod

N

i

A

[ oep "
T ’
WGP

Fig. 3: (a) Section of control rat showing positive PCNA immunostaining reaction in the most of basal germ cells nuclei in the seminiferous tubules (brown
colour) (b) Section in a testis of a rat treated with PDOE showing strong reaction of PCNA reaction in spermatogonia. (c): Weak expression of PCNA in
spermatogonia of a rat treated with GA. (d) An increase in expression of PCNA in a rat treated with both GA and PDOE (PCNA immunostain ; scale bar 50

pm)
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Fig. 4: (a) Section of a testis of a control rat showing positive a-SMA immunostaining reaction in the peritubular tissue that surround the seminiferous tubules
and in blood vessels walls (arrow) (b) Section of a testis of a rat treated with PDOE showing postive reaction of a-SMA satin in interstitial tissue. (c): Section of
a testis of a rat treated with GA declared a marked increase of a-SMA expression in the interstitial tissue and in the seminiferous peritubular boundary tissues
(d) Section of a testis of a rat treated with GA and PDOE declared a marked reduction of a-SMA in the interstitial tissue and in the peritubular cells when
compared with GA treated group (a-SMA immunostain ; scale bar 50 um ).

Fig. 5: (a) Section of a testis of a control rat showing a strong expression of GluT-3 in spermatogenic cells cytoplasm and membranes in all seminiferous
tubules. (b) Section of a testis of a rat treated with PDOE showing strong reaction of GluT-3 in all spermatogenic cells. (c): Section of a testis of a rat treated
with GA showing a weak expression of GluT-3 in spermatogenic cells. (d) An increase in expression of GluT-3 in a testicular tissue of a rat treated with both
GA and PDOE (GluT-3 immunostain; scale bar 50 pm) .
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Table 1: Histopathological Alterations in Testicular tissues in different groups (@, absent; + slight ,++ mild; +++ , moderate; ++++ severe).

Alterations frows Control PDOE GA PDOE + GA
Congested Blood Vessels (%) (4] - +
Pyknosis + + ++++ ++
Vaculations + + -+ ++
Tubular atrophy [0} 0 I T
Tubular separation (%] [0] 4+ s
Interstitial Hemorrhage (%] %] I Tt
Tubular degeneration (%] %] i T

Table 2: Changes in the Spermatogenesis Scoring System , and Morphometric alterations in different groups (n= 10, Mean + SD) ; P <0.01)

P . - - .
Groups arameters Johnsen Score Diameter of seminiferous tubules (um) Epithelial heights (um)
Control 9.26 +£0.49 395.76 +£2.51 129.19 + 1.84
PDOE 9.74 £0.38 398.21 +£4.23 130.67 = 1.42
GA 3.12+£ 147 242.03 +£5.11" 70.32 +1.55"
PDOE + GA 7.31 +£0.56™ 369.53 +3.78" 106.15 +£2.95™

Table 3: Means % area occupied in testis of Glycogen Content (%) , PCNA (%), o-SMA , GIuT-3 in different groups (n= 10, Mean =+

SD); P <0.01 .
Parametors Groups Control PDEO GA PDEO + GA
Glycogen Content (%) 84.69 +3.76 86.82 £2.39 39.84+335" 72.94 +£4.22™
PCNA-LI 89.66 + 3.4 91.83 +3.12 38.50+3.83 70.16+2.63
a-SMA 1.64 + 027 1,50+ 0.30 12,68 + 1.76* 416+ 059"
GluT-3 66.35+ 3.58 68.69+ 2.42 3344+ 391° 5557+ 3.98"

Table 4: Alterations in serum hormones and testicular oxidative stress markers in different groups (n= 10, Mean + SD , (p<0.01)

Groups

Alterations Control PDOE GA PDOE + GA
Serum Testosterone (ng/ml) 259+ 0.14 2.70+ 0.17 1.11 + 0.09" 227+ 0.07"
Serum LH (mIU/ml 2.81+ 0.13 2.84+ 0.12 221+ 0.08" 2.52+ 0.10™
Serum Progesterone (ng/ml) 1.76 £ 0.10 1.83+ 0.11 1.23 + 0.06" 1.62 £ 0.14™
Testicular MDA (nmol/g tissue) 4437 +1.27 42.87 £1.86 9422 +4.15° 48.68 £ 1.46™
Testicular SOD (U /g tissue) 99.90 +2.51 101.48 + .63 70.06 £ 2.58" 90.34 + 1.32™
Testicular CAT (umol/g tissue) 1.91+0.10 1.98+0.12 1.08 +£0.29" 1.53 £0.04™
Testicular GPX (U/g tissue) 146.83 £3.03 149.95+£2.18 93.16 +5.38" 130.10 +2.00™

DISCUSSION

In the present work, GA induced sever histopathological
alterations in the testicular tissue as degeneration, pyknosis,
blood vessel congestions, vaculation, haemorrhage,
separation of seminiferous tubules, degeneration of interstitial
tissue, marked thickness of basal lamina, some seminiferous
tubules showed shrinkage while the others were atrophied
and devoid of germ cells. Johnsen scoring system showed
that GA induced a significant decrease of spermatogenesis.
Morphometric results recorded a significant decrease in
the tubular diameter and germ cells height in testes of rats
treated with GA.

Our findings are in accordance with several studies
that proved the histopathological alterations induced by

gibberellic acid. GA resulted in damage of testicular cells,
reduced testicular weight, induced a disturbance in the
testicular architecture, disorganization of spermatogenic
cells, widening of intercellular spaces as well as intertubular
spaces, focal separation of germinal epithelium from the
basement membrane, cytoplasmic vacuolation, pyknosis
also exfoliation of spermatogenic cells into the tubules
lumenl®153],

Some studies demonstrated that GA caused morphometric
alterations in testicles and disorders in spermatogenesis.
GA caused a reduction in the size of seminiferous tubules,
a significant decrease of both germinal epithelium height
and the diameter of seminiferous tubules. Concerning
spermatogenesis, GA induced hypospermatogenesis and
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a reduction in all stages of spermatogenesis, as well as
a significant decrease in sperm count in the lumen of
seminiferous tubules and epididymal sperm viability!!3031]
Previous studies have reported that testicular toxicity
induces alterations in morphometric assessments and
spermatogenesis. A significant reduction in the diameter and
germ cell height of seminiferous tubules was recorded in
testes of rats treated with tacrolimus when compared with the
control ratst®. Thiobencarb herbicide induced a significant
reduction in the germinal epithelia height of seminiferous
tubules in rats. Moreover, Johnsen scoring system indicated
that thiobencarb resulted in a significant decrease of
spermatogenesis as testicular tubules configuration,
cellularity, and spermatic density were significantly
decreased®™. Currently, animals treated with GA and
PDOE showed marked improvement of testicular tissues
when compared with a rat treated with GA alone as most
histopathological alterations induced by GA were completely
ameliorated. Interstitial tissues and testicular tubules
configuration, cellularity, orientation and spermatic density
were within normal appearance. Moreover, histological
assessment of spermatogenesis showed significant
improvement of Johnsen score. Morphometrically, animals
treated with GA and PDOE showed a significant increase
in the mean of tubular diameter and in germinal epithelial
height in comparison with the GA-treated animals.

To the best of our knowledge, the effects of date palm
leaves on mammalian testis have not been previously reported,
while some studied discussed the effect of date palm fruits,
seeds and pollen on the testis. Some authors investigated
the therapeutic effect of Date palm pollen extract (DPP)
and Date palm seeds extract (DPS) on testicular damaged
induced by cadmium (Cd) and they reported that DPP and
DPS restored all the testicular lesions induced by cadmium
such as, degeneration, necrosis, cytoplasmic vaculation,
pyknosis, atrophy and blood vessels congestion; in addition,
DPP and DPS restored the normal testicular weight that was
diminished by cadmium?*!. DPP succeeded in restoring
the morphometric features of the germinal epithelium and
the tubular diameter. Based on Johnsen’s scoring system,
co-administration of DPP plus Cd was significantly improved
spermatogenesis in most of the spermatocytes (84%)
when compared with Cd-treated animals. Furthermore,
DPP triggered germ cells to enter the late spermatids and
maturation phasesi. However, the sperm count, the sperm
motility, the total number of sperm abnormalities (head and
tail) were significantly improved after co-supplementation
of DPP or DPS plus cadmium{*33],

Concerning histochemical results, GA caused a significant
reduction (P <0.01) of glycogen contents in the seminiferous
tubules. On the other hand, treating rats with both PDOE and
GA induced a significant increase of glycogen contents in
testicular tissues when compared with GA-treated rats. GA-
induced glycogen depletion was interpreted by many authors,
who reported that treating rats with GA induced a reduction
of total carbohydrates in liver and kidney™3¢). Several studies
discussed carbohydrates depletion on the testis, especially

glycogen under different pathological conditions with the
ameliorative effect of natural products.

Semicarbazide administration caused apparent weak
PAS positive reaction in the testis along with a deposition of
vacuolated homogenous PAS positive acidophilic materials
between the seminiferous tubulesi®”. Tramadol induced a
marked reduction in PAS-positive materials in testiclesi**,
Co-treatment of tramadol and vitamin C improved the
PAS-positive materials content in seminiferous tubules
and interstitial tissuest®*. El-hanbuli et al.*"! reported that
testosterone administration induced severe testicular damage
with marked decrease of PAS +ve material , while In animals
that received both silymarin and testosterone, the PAS
positive material showed moderate staining affinity with
normal distribution in the testicular tissues!*!.

Ultraviolet irradiation resulted in testicular damage and
remarkable diminution of the mucopolysaccharide contents
of testicular tissues. Curcumin intake along with UV
irradiation preserved adequate testicular mucopolysaccharide
content®, Vitamin E and Omega-3 intake succeeded in
regenerating the glycogen content in rats testis against sever
diminutions and disturbances caused by Acrylamide and
Duloxetine respectively™>+],

This glycogen depletion was interpreted by many authors
who attributed this phenomenon to the lost capacity of such
damaged cells to metabolize glycogen properly and preserve
its storage normally™. Feueret et a/™ suggested that
glycogen reduction may be resulted from the pathologically
increased activities of lysosomal enzymes*!. However,
such suggestions could be considered as the reason of total
carbohydrate depletion in testicles of GA-treated rats.

From immunohistochemical view; our findings showed
that GA-treated animals revealed a significant decrease in
expression of PCNA and PCNA-LI values when compared
with control animals as an indicator of a depletion in the
proliferation rate of spermatogenic cells and suggesting
arrested spermatogenesis , while rats treated with both GA
and PDOE showed an increase in the expression of PCNA
in the spermatogonia and a significant improvement of the
PCNA-LI values when compared with the corresponding
testis of GA treated group.

Our findings coincide with Suriamurthy and Srikumar®!
who reported that GA caused a significant reduction in
testicular DNA content. Several studies have revealed that
testicular damage is often accompanied by considerable
reduction in PCNA expression and PCNA-LI values in
spermatogenic cells, with reference to the therapeutic role
of natural agents. Our previous studies have reported that
Tacrolimus and Thiobencarb caused a reduction of cell
proliferation in testicular tissues, as the number of PCNA-
positive cells was reduced remarkably; furthermore, the
proliferative index (PI) was significantly decreased. Aged
black garlic successfully improved the hazard effects of
Tacrolimus as it increased cell proliferation rate and PCNA-
LI values in the testis®*3,
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Duloxetine and fluoxetine induced highly significant
decrease in number of positive PCNA immunostaining cells.
Omega-3 uptake significantly improved numbers of positive
PCNA immunostaining cells when compared to Duloxetine
treated groupt**9). Acrylamide induced a significant decrease
in the surface area of PCNA immunoreactions; while testes
of rats co-treated with acrylamide and coenzyme-Q showed
an increase in expression of PCNA in the spermatogonia”!.
Cadmium induced a reduction in PCNA and Ki67 positive
cells which improved significantly by Citrus sinensis peel
extract*®!. Fenthion pesticide caused significant reduction
in PCNA-immunoreactivity. Curcumin administration to
fenthion-treated rats revealed mild degenerative changes
with partial improvement of active spermatogenesis*’l.
El-Neweshy et al.*¥ suggested that the estradiol components
of DPP play a critical effect in stimulating the regeneration
of spermatogenic cells and testicular tissues that possess
oestrogen receptors.

Concerning a-SMA , data obtained from image analysis
of the testis of rats treated with GA declared a statistically
significant increase (P < 0.01) in mean % area of a-SMA
in the interstitial tissues and in the seminiferous peritubular
boundary tissues. On the other hand, rats treated with GA
and PDOE declared a statistically significant reduction in
mean % area of a-SMA in the interstitial tissues and in the
peritubular tissues when compared with GA treated group.

In agreement, GA induced the deposition of hyaline
homogeneous acidophilic material in the interstitial spaces!!*.
Many testicular injuries are associated with progressive
enlargement of lamina propria and interstitial tissuet®>!,
Irradiation, drugs, hormones and hypervitaminosis A induced
the thickening of the lamina propria and interstitial tissue
with spermatogenetic disturbancel®*3. Generally, several
investigators accepted the relation between the impaired
spermatogenesis and the enlargement of lamina propria and
interstitial tissue of the testist+),

In this context, Sato et al.>” established an excellent
nonlinear negative correlation between the mean thickness
of the lamina propria score and the Johnsen’s score of
spermatogenesis. Furthermore, they indicated that the
tubules with thin lamina propria is one of the best indicators
of complete spermatogenesis®™. Volkmann et al.* reported
that increased thickened lamina propria that was shown by
the highly expression of a-SMA immunostain; associated
with a marked disturbance in spermatogenesis score and
decrease in PCNA immunostained cells count in testicular
tissue. However, thickening of the lamina propria and
decrease in spermatogenesis has resulted from increased
oxidative damage and the impaired O, transport®. DPP
and DPS successfully reduced the thickened oedematous
interstitial tissues that induced by CdCL .

In the presented work; GA induced significantly decrease
(P < 0.01) in expression of GIuT-3 in testicular tissues
when compared with the control group. On the other hand,
animals treated with both PDOE and GA showed significant
improvement (P < 0.01) of GIuT-3 when compared with

GA the treated group. Our findings are in accordance
with some reports which reported that GA administration
markedly diminished the activities of both GGT and AST
which indicated gluconeogenesis status critically in different
tissuesPl. Glucose and fructose are principal energy sources
for spermatogenic cells that provide the required energy for
their proliferation, differentiation and motility via anaerobic
glycolysis and fructose oxidation®!. GA significantly
decreased the fructose content in epididymist®?. Hassan
et al.'® correlated the reduction of fructose with the decreased
testosterone, as testosterone influences the fructose synthesis
by accessory sex organs and seminal vesicles. Moreover,
decreased fructose content caused a decrease in the sperm
count and quality®®. Bisphenol A-induced testicular injury
occurred through the reduction in insulin signalling and the
impairment of glucose transport to the testis®. It was further
shown that the abnormal glucose metabolism may cause
defects in sperm development and diabetes was strongly
associated with the abnormal spermatogenesis in human!®*,

GLUTs family of transporters plays a critical role in
facilitating the passage of glucose via the cell membrane.
GLUT-3 has been detected in the mouse, rat, and human
testis!®l, GLUT-3 is found in the midpiece of spermatozoa;
where the oxidation process and glycolytic enzymes are
mainly localized!*. Farooqui et al.[®) suggested that the
degenerative changes in spermatogonia were associated with
loss of Glut- 3 in abdominal testis. The LH-induced an increase
in testosterone production was correlated with the changes in
the expression of GLUTs , the rate of glucose uptake and
metabolism during testicular activities. Thus, the increased
expression of GLUT isoforms 3 and 8 and insulin receptor
(IR) in the testis are responsible for the increase in serum
testosterone level and the increased testicular expression of
steroidogenic marker (StAR protein®. Covarrubias-Pinto
et al* indicated that oxidative stress and redox imbalance
could induce an impaired GLUT3 localisation at the plasma
membrane. Thus, the impact of PDOE on improvement of
GLUT-3 content in testicular tissue may be due to its high
antioxidant contents and free radical scavenging propertiest®.

The available biochemical results in this work indicated
that treating animals with GA caused a significant reduction
(»<0.01) in serum testosterone, LH, and progesterone levels
when compared with the control group. While, treating
animals with both G and PDOE induced a significant increase
(»<0.01) of testosterone level, LH , and progesterone values
when compared with GA treated group. Our results are
agreed with those of Hassan et al.®?! who reported that plant
growth regulators as GA significantly reduced the serum
testosterone in rats, which were attributed to the direct
testosterone-like action of GA, which inhibits testosterone
secretion®?l. Previous studies have reported that tacrolimus
and thiobencarb induced reduction in testosterone, LH, and
progesteronel233,

Administration of DPP or DPS after CdCI2 succeeded to
induce a significant improvement in level of sex hormones
(testosterone, E2, FSH& LH)®). However, El-Neweshy
et alBY attributed the therapeutic potency of DPP to
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its content of gonadotropin-like substances or steroidal
components that acts as gonad-stimulating compounds,
improving male fertility and maintaining normal serum
levels of testosterone. Furthermore , this therapeutic effect
may be due to the presence of flavonoids, steroids, saponins
and estradiol compounds in DPP that have an effect on the
hypothalamus pituitary axis , which increase the levels of sex
hormones through raising the level of LH hormone , leading
to stimulate secretion of gonadotropin releasing hormone
(GnRH)P3L.

Recently, GA induced oxidative stress, as the activity of
MDA in the GA -treated group was significantly (P<0.01)
increased while CAT, SOD and GPx values were significantly
reduced (P<0.01) when compared with the control group.
On the contrary, treatment with PDOE and GA significantly
reduced the level of MDA compared to the GA treated rats.
However co-treatment with PDOE and GA, enhanced CAT,
SOD and GPx values significantly (p<0.01).

In this context, several authors reported that GA
administration induced an oxidative stress and generation of
ROSP-133162.6768] Tp addition, GA caused a significant increase
in testicular MDA content and a decrease in the activities
of antioxidants such as SOD, CAT, GPx and GSHI31:6268],
Bondy et al.!* attributed the GA induced oxidative stress
mechanism to the activation of microsomal mono-oxygenase
which converts GA to reactive metabolites, then inducing
cytochrome-P450 for the generation of ROSI®!. Excess GA
administration that associated with the generation of ROS
leads to peroxidation of the polyunsaturated fatty acids,
which increased sperm plasma membrane permeability,
leading to enzyme inactivation, DNA damage, and an
oxidative destruction of cellular membranes and organelles,
which in turn increases the production of toxic free radicals
ending in cell death™!531.67,

Regarding the antioxidant activity of PDOE , the obtained
results are in harmony with EI-Neweshy ef a/. and El-Habibi
et al.B*¥1 who stated that DPP and DPS have antioxidant
activities and reduced the cadmium induced oxidative stress
in testis®*], Palm date leaves was previously proven to
contain potent antioxidants such as, tannins, steroid, phenolic,
flavonoid, saponin, cumarin and trepenoid which have free
radical scavenging properties®**3% The antioxidant role of
palm date leaves may be due to its estradiol and flavonoids
contents which have scavenging properties that is considered
as the main important effects on the sperm quality. Flavinoids
were recently reported to protect spermatogenic cells from
oxidative damage caused by reproductive toxicants via
blocking the generation of intracellular peroxide , decreasing
DNA ladders and the formation of hypodiploid cells caused
by H,0,"""I. Estradiol compounds are a gonad stimulating
substances that ameliorate male infertility and improve
gonadotrophins activities®**). The antioxidant role of
phenolic compounds is due to their redox effects, which play
a significant role in free radicals neutralizing and absorbing,
also, peroxides decomposing!’¥.

In the presented work, corn oil treated rats didn't show
any pathological alterations either in testicular tissues nor in
serum sex hormones during all studies that were proceeded;
this finding was in accordance with Gad El-Hak and
Mobarak!™, as they reported that corn oil didn't affect the
normal histoarchitecture, testis weight, Sperm abnormality,
serum Testosterone and LH hormones, and Testicular total
antioxidants

CONCLUSION

GA caused a deleterious histological, morphometric,
histochemical, immunohistochemical and biochemical
alterations, with an impaired spermatogenesis and oxidative
stress in testicular tissues. The findings of this study
demonstrated that PDOE significantly ameliorated the
reproductive toxicity induced by GA in rats which may
be attributed to the antioxidant activities and free radical
scavenging properties of PDOE. Furthermore, a-SMA and
Gult-3 can be recommended as an important indicator for
spermatogenesis , however , more studies are required.
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