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ABSTRACT

Background: Celery oil  has an antioxidant, hepatoprotective and prooxidant effects. Acrylamide (ACR)
is one of the most serious contaminants in the environment. ACR is genotoxic by becoming activated via
epoxidation to its primary epoxoide genotoxic metabolite glycidamide, an oxidized metabolite of ACR.
Aim of work: To find the the possible protective role of celery oil on ACR induced histological and
ultrastructural changes in the testis of adult albino rat. Material and Methods: The present study was
carried out  on 40 adult male albino rats divided into 4 groups, group I (control group), group II (sham
control group), group III (ACR- treated group); received 60 mg/kg/day ACR  orally via gastric gavage for
30 days , group IV (ACR and vitamin E- treated group): received 200mg/kg/day celery oil  for orally via
gastric gavage 30 days then  60 mg/kg/day ACR orally via gastric gavage for another 30 day. Results:
histological study of the testis of group III demonstrated irregular basement membrane of seminiferous
tubules and with separation between spermatogenic cells. Many cytoplasmic vacuolation were
encountered in the spermatogenic cells. Electron microscopic study showed spermatogonia with irregular
nuclear envelope, and vacuolated cytoplasm containing many vacuolated mitochondria with empty
matrix. Group IV showed partial improvement of the histological structure, regular basement membrane
of the seminiferous tubules, primary spermatocytes nuclei with regular nuclear envelope. Conclusion:
Celery oil protected the testis from pathological alterations in the testicular structure of the adult albino
rats which were caused by ACR administration.
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INTRODUCTION

ACR exists in two forms; a monomer (severely toxic) and a polymer (nontoxic). The monomer occurs
in a white crystalline form as flake-crystals(1). Exposure to ACR can occur in workplaces or in the
environment through air, water or land. It is found in groundwater, during its production or use (2). After
ingestion, ACR is readily absorbed from the gastrointestinal tract and is widely distributed in the body
fluids. Maximal accumulation of ACR has been demonstrated in the liver, kidneys and the male
reproductive system but less than 1% of the administered dose has been accumulated in the nervous
system. ACR was found to cross the placenta(3). Oishi (4)  reported that ACR administration decreased
sperm count. Moreover, male rats administered ACR exhibited significant reductions in mating, fertility
as well as transport of sperm in uterus (5). Oxidative stress induced by ACR administration was claimed
to be responsible for retinal alterations in rats (6).
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Celery is a medicinal herb used as a food and also in traditional medicine. It contains aromatic
substances in the roots, stem and leaves. The healing properties of celery are due to the essential oil and
flavonoids, mostly apiin and apigenin (7).

Numerous studies showed that active celery oil from plants have multiple effects on metabolism such
as: antibacterial and antiviral activity, anti-inflammatory, and antioxidant effects (8).

MATERIAL & METHODS

Animals
The present study was conducted on forty adult male Sprague – Dawely albino rats weighing 200-250

g. The rats were obtained from animal house, Faculty of Medicine, Cairo University. They were housed in
separate clean stainless steel cages (5 rats/ cage) under hygienic conditions maintained under standard
laboratory and environmental conditions, and allowed water and food ad libitum. The rats were
acclimatized for a period of two weeks before carrying out the experiment. All the animals were treated
according to the standard guidelines for the care and use of laboratory animals.
Chemicals

1. ACR was obtained in a container of powder purchased by Biostain company UK weighing 500 g. It
was dissolved in distilled water, in a concentration of 15 g /Liter, so, each four ml of distilled water
contained 60 mg of acrylamide (9).

2. Celery oil was purchased from local market of Herbs and Medicinal plants, Cairo, Egypt, packed in
brown bottles each containing 30 ml of celery oil.

Experimental Design
The rats were divided into four groups, 10 rats each, and were classified in the following way

Group I (Normal control): The rats received no medications.
Group II (sham control): Each rat received distilled water orally at dose of one ml/day for 10 days (the
solvent of ACR).
Group III (ACR- treated): Each rat received 60 mg/kg/day acrylamide for 30 days (9).
Group IV (ACR and celery oil-treated): Each rat received celery oil at a dose of 200mg/kg orally for 30
days before the administration of acrylamide at a dose of 60 mg/kg/day for another 30 days.

The rats in each group were sacrificed using open ether anesthesia. A clean incision was done on
either side of the scrotum large enough to permit extrusion of the testis. The spermatic cords were ligated
and cut then the testes were removed, trimmed and each testis was then weighed.

Each testis was divided horizontally into two parts: a part was fixed in 10 % formol saline. Paraffin
sections of 5 microns thickness were obtained and prepared for light microscopic study (10).

The other part was fixed in 2.5 % glutarldehyde in 0.1 M phosphate buffer solution (PH 7.4) at 4ºC
then fixed in 1 % osmium tetroxide and prepared for electron microscopic study (11).
Each rat was subjected to the following studies:
Morphological study: The weight of each testis in all experimental groups was measured and compared
with control group.
Histomorphometric study:

The image analyzer consisted of a colored video camera, colored monitor, hard disc of IBM personal
computer connected to the microscope and controlled by Leica Qwin 500 software. The image analyzer
was first calibrated automatically to convert the measurement units (pixels) produced by the image
analyzer program into actual micrometer units. The diagonal diameters were measured for 50
seminiferous tubules in each group. Their mean value + SD (standard deviation) were calculated using the
interactive measuring menu. The magnification of 40 times was done by using an objective lens of
magnification four.
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Histological study: using Hx & E stain for detection of any pathological changes (10).
Electron microscopic study (11).
Statistical analysis:

The mean weight of the testis of the experimental groups were obtained and compared with the control
group.
The main values of the diameters of seminiferous tubules in the different experimental groups were
obtained and compared with the control group.
The obtained data was analyzed using the statistical package for the social sciences (SPSS version 7.5).
Data were expressed as mean ± SD. One-way analysis of variance (ANOVA) was used. Results were
considered significant when probability (p) was < 0.05 and highly significant when (p) was < 0.001 (12).

RESULTS

Morphological and Morphometric Studies (Table 1 & Graph 1)
Group I (Normal control):

The mean weight of the testes of the control group was 5.2 ± 0.21 g. The mean diameter of the
seminiferous tubules was 320.5±19.6 µm.
Group II (sham control):

The mean weight of the testes of the control group was 5±0.20 g. The mean diameter of the
seminiferous tubules was 310.6±11.3 µm.

Group III (ACR-treted):
The mean weight of the testes was 2.8 ±0.11 g. The mean diameter of the seminiferous tubules was

150.8 ±12.5 µm.
Group IV (celery oil and ACR-treated):
The mean weight of the testes was 3.2 ±0.12 g. The mean diameter of the seminiferous tubules was 205.4
±12.7 µm.
Microscopic study
Group I (Normal control)
Light microscopic study:

Histological examination of the rat testis displayed regular arrangement of the spermatogenic
epithelium was noticed (Fig. 1).
Electron microscopic study:

Electron microscopic study showed primary spermatocytes appeared with rounded nuclei containing
clumps of dense chromatin with regular nuclear membrane. Their cytoplasm showed prominent
peripherally arranged mitochondria, which exhibited normal appearance were also seen in the cytoplasm,
early spermatids with characteristic acrosomal cap were noticed. lysosomes (Lys) were apparantly normal
(Figs. 2,3).
Group II (sham control): Light and electron microscopic study of the testes showed a histological picture
similar to that of the control group.

Group III (ACR-treated):
Light microscopic study

Histological examination of the rat testis showed irregular basement membrane of seminiferous
tubules. Widening of the interstitial space with multiple cytoplasmic vacuolation appeared in the
seminiferous (Figs. 4, 6). Moderate to marked degeneration of spermatogenic cells (Figs 4-6).  Residual
bodies appeared in-between the basal layer (Fig. 5).
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Electron microscopic study: Electron microscopic study showed spermatogonia nuclei with irregular
nuclear envelope, there were many mitochondria with ruptured cristae and empty matrix, many
cytoplasmic vacuolation appeared (Fig. 7, 8).
Group IV (celery oil and ACR-treated):
Light microscopic study:
Histological examination of the rat testis, showed spermatogonia, primary spermatocytes, spermatids and
sertoli cells were apparently normal with rich luminal content of spermatozoa, regular arrangement of the
seminiferous tubules appeared with regular basement membrane, the interstitial space was minimal (Fig.
9-12).
Electron microscopic study:
Electron microscopic examination of the seminiferous tubules, showed 1ry spermatocytes nuclei with
regular nuclear envelope, euchromatin in the nucleoplasm, (Figs. 13, 14)

Table (1): The mean values ± SD of the weight of the testes of the different experimental groups.
p value Weight of Testis(g) No of testes No of rats Group
---------- 5.2 ±0.21 20 10 I
NS 5±0.20 20 10 II
>0.001** 2.8 ±0.11 10 5 III
> 0.05* 3.2 ±0.12 10 5 IV

NS=non significant
* p value   ≤ 0.05 = significant (as compared with the control group)
* * p value ≤ 0.001 = highly significant (as compared with the control group)

Histogram (1): Barochart showing the mean values of the weight of the testis (g)
of the different experimental groups.

Table (2): The measurements of the  mean diameter ± SD of seminiferous tubules of different
experimental groups.

p – value Mean ±SD (µm) Groups
------------- 320.5±19.6 Group I
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NS 310.6±11.3 Group II
< 0.001* 150.8 ±12.5 GIII
< 0.05* 205.4 ±12.7 GIV

* P value   ≤ 0.05 = significant (as compared with the control group)
* * P value ≤ 0.001 = highly significant (as compared with the control group).
NS= non significant.

Histogram 2: Barochart showing the mean diameter of the seminiferous tubules
of the different experimental groups.

Fig. 1: A photomicrograph of a transverse section of the testis of the control rat showing regular basement
membrane (BM) of the seminiferous tubules (S.T), lined by  spermatogenic epithelium. The lumen is full
of spermatozoa (Sz) with minimal amount of interstitial tissue (I) between the seminiferous tubules.
Hx. & E. X 100
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Fig. 2: An electromicrograph of a section in the testis of the control group showing spermatids (S2) at
different maturation stages with acromosomal cap (A). TEM X 3000

Fig.3: An electromicrograph of a section in the testis of the control group of rat showing a primary
spermatocyte nucleus (S1 N.) with regular nuclear envelope (N.E). The mitochondria (M) and the
lysosomes (Lys) are apparantly normal. TEM X 3000
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Fig.4: A photomicrograph of a transverse section of the testis of rat from     group III (ACR- treated
group), showing irregular basement membrane (BM) of seminiferous tubules. Number of spermatogenic
cells inside the seminiferous tubules is diminished with wide spaces (arrow heads) in between the
remaining cells. Some of the spermatogenic cells show cytoplasmic vacuolation (V). Widening of
interstitial space (I) is seen. Hx. & E. X 200
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Fig.5: A photomicrograph of a transverse section of the testis of rat from group III, showing seminiferous
tubules with marked separation between the spermatogenic epithelial cells (arrow heads) which
themselves show multiple cytoplasmic vacuolation (V). The lumen of the seminiferous tubules contains
many residual bodies (RB). The interstitial spaces (I) between seminiferous tubules are widened and show
leydig cells (L). Hx. & E. X 200

Fig.6: A photomicrograph of a transverse section of the testis of rat from    group III, showing
seminiferous tubules with irregular basement membrane (BM). There is degeneration with wide
separation between spermatogenic cells (arrow heads). The spermatogonia (Sg), primary spermatocytes
(S1), spermatids (S2)   and   spermatozoa (Sz) are diminished. Hx. & E. X400
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Fig.7: An electromicrograph of a section in the testis of rat from group III, showing the basement
membrane (BM) of the seminiferous tubule and part of a spermatogonium and its nucleus (Sg N.) which
presents irregular nuclear envelope (N.E). The cytoplasm shows degenerated, vacuolated      
mitochondria (M) and vacuolated cytoplasm (V).   TEM X2000

Fig.8: An electromicrograph of a section in the testis of rat from group III, showing part of a
spermatogonium cell presenting a nucleus (Sg N.) resting on the basement membrane (BM) with regular
nuclear envelope (N.E). The surrounding mitochondria (M) appear vacuolated. TEM X2000
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Fig.9: A photomicrograph of a transverse section of the testis of rat from group IV (ACR and celery
oil-treated), showing seminiferous tubules with some irregularities of their basement membrane (BM)
with separation (head arrows) of spermatogenic cells in some tubules. Primary spermatocyte (S1),
spermatids (S2), and Leydig cells (L) appear having no abnormality. There is rich luminal content of
spermatozoa (Sz). Some exudate (E) is seen in-between the seminiferous tubules. Hx. & E. X 200.

Fig.10: A photomicrograph of a transverse section of the testis of rat from group IV, showing regular
basement membrane (BM), regular arrangement of the spermatogenic epithelium; spermatogia (Sg),
primary spermatocyte (S1), spermatids (S2) and rich luminal content of spermatozoa (Sz). Leydig cells
(L) appear having no abnormality. Hx. & E. X 200
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Fig.11: A photomicrograph of a transverse section of the testis of rat from group IV, showing
seminiferous tubules (S.T) with regular basement   membrane (BM) which is lined by spermatogenic
epithelium. The lumen is full of spermatozoa. Minimal amount of interstitial tissue (I) is seen between the
germ cells. Hx. & E. X 100

Fig.12: A photomicrograph of a transverse section of the testis of rat from group IV, showing
seminiferous tubules with regular basement membrane. There is some wide spaces in-between the germ
cells (arrow heads). Spermatogonia (Sg), primary spermatocytes (S1), spermatids (S2), sertoli cells (Sc)
and spermatozoa (Sz) are apparently normal. There is rich luminal content of spermatozoa (Sz). Hx. & E.
X 400
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Fig.13: An electromicrograph of a section in the testis of rat from group IV showing part of 1ry
spermatocyte  presenting  a nucleus (S1 N.) with regular nuclear envelope (N.E), homogenously
distributed chromatin in the nucleoplasm. There are some vacuolation (V) in the cytoplasm. X2000 TEM

Fig.14: An electromicrograph of a section in the testis of rat from group IV, showing primary
spermatocyte revealing a primary spermatocyte nucleus (S1N.) with regular nuclear envelope (N.E).
X4000 TEM
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DISCUSSION

ACR has induces testicular toxicity in rats (4). Celery oil is a well documented antioxidant inhibiting
the free radical induced damage to the sensitive cell membrane through scavengering the reactive oxygen
radicals (13).

In the present work, morphological study of Group III showed marked reduction in the testis weight
compared to those of the control group with highly significant difference. These findings were in
agreement with those of (14) who stated that there was severe testicular damage. Morphometric study of
group III showed decrease of the mean diameter of the seminiferous tubules compared to those of the
control group with highly significant difference. These findings were in agreement with those obtained by
(15) who observed ACR-induced degeneration of seminiferous tubules. Light microscopic study of group
III  showed irregular basement membrane of seminiferous tubules, widening of the interstitial space with
multiple cytoplasmic vacuolation appeared in the seminiferous, moderate to marked degeneration of
spermatogenic cells , residual bodies appeared in-between the basal layer. The present findings were in
agreement with those of (16) who observed vacuolation, necrosis  and sloughing  of spermatogenic cells in
the seminiferous tubules after ACR-treatment.  The present electron microscopic study of group III
showed spermatogonia nuclei with irregular nuclear envelope, there were many mitochondria with
ruptured cristae and empty matrix, many cytoplasmic vacuolation appeared. These findings were in
agreement with those found by(17) who reported that administration of acrylamide resulted in varying
degrees of vacuolation of germ cells and vacuolation of their mitochondria. The results of the present work
were in accordance with the observations of (18), who attributed the toxic effect of acrylamide to the
oxidative stress. In the current study, there was moderate improvement in   group IV (celery oil and
ACR-treated). Morphological study of the weight of the testis of   group IV showed that there was
significant difference in relation to the control group.

Morphometric study of the testes showed that the mean diameter of the seminiferous tubules of group
IV showed that there was significant difference in relation to the control group.
         Light microscopic study of the testis of group IV showed spermatogonia, primary spermatocytes, 
spermatids and sertoli cells were apparently normal with rich luminal content of spermatozoa, regular
arrangement of the seminiferous tubules appeared with regular basement membrane, the interstitial space
was minimal. The present findings were almost similar to what obtained by (19) who concluded that
pretreatment with celery extract had alleviated most of the toxicological effects of ACR on testis of male
rat.  

Electron microscopic study of the testis of group IV showed 1ry spermatocytes nuclei with regular
nuclear envelope, euchromatin in the nucleoplasm. These results were similar to those reported by (20)
who proved the potent antioxidant effect of nigella sativa essential oil in intoxicated rats.

In conclusion administration of celery oil decreased toxic hazards of ACR on the testis of rats, which
could occur in humans and result in fertility hazards. These results suggest that celery oil as an
antioxidant might have a protective role against acrylamide toxicity.
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