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ABSTRACT
Background: It was previously documented that hypogonadal men suffer from learning and memory 
impairment. Recent researches proved the role of the hippocampus in controlling learning and memory 
functions mediated by the action of gonadal hormones. However, the mechanism of this action is 
debatable.
Aim of the Work: To verify the effects of castration and testosterone substitution on the neuronal structure 
of the hippocampus in adult male albino rats. 
Material and Methods: Twenty adult male albino rats were divided into 4 groups : control (group I), castrated 
nontreated rats (group II), castrated rats provided with immediate daily injections of dihydrotestosterone 
(group III) and castrated rats injected with daily dihydrotestosterone 3 weeks post surgery (group IV). Six 
weeks post surgery, all rats were sacrificed and their hippocampi were processed to be examined with the 
light microscope and transmission electron microscope. 
Results: Significant structural changes of the hippocampi obtained from Groups II and IV were noticed.  
Meanwhile, rats of group III showed restoration of the normal hippocampal structure compared to that of 
the control.
Conclusion: Castration affected the structure of the hippocampus which may explain learning and memory 
impairment in cases of hypogonadism. Early testosterone substitution would prevent these effects. However, 
late substitution showed no protective role which may indicate that hippocampal damage, when occurs, is 
irreversible. 
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INTRODUCTION                                          

The hippocampus is a neural structure in the 
medial temporal lobe that is usually referred to 
cornu ammonis and dentate gyrus. The cornu 
ammonis is differentiated into fields CA1, CA2, 
and CA3 in which the principal cells are the 
pyramidal cells. The dentate gyrus contains the 
fascia dentata and the hilus. Its principal neurons 
are tiny granule cells (Standring et al., 2004).

The hippocampus   is considered   the area of the 
brain involved in learning and memory functions. 
Many authors agreed that the hippocampus has an 
important role in the formation of new memories 
about experienced events and it is a part of a 
larger memory system responsible for general 
declarative memory. Accordingly, damage to 

the hippocampus usually results in profound 
difficulties in forming new memories, affecting 
access to memories prior to damage and impairing 
learning ability (Squire, 1992; O'Kane et al., 
2004).

Many researches explored the effect of gonadal 
hormones on learning and memory. Whereas 
these researches have primarily focused on 
estrogen in females, recent evidence suggested 
that testosterone can also modulate learning 
and memory in males through its stimulation of 
the hippocampal neurons (Daniel et al., 2003; 
Hajszan, 2007 ; Leonard et al., 2007). Animal 
studies suggested that sex hormones play a role 
in the organization of the nervous system and 
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memory. Possible mechanisms to explain the 
relationship between testosterone and learning 
ability were based on preclinical observations 
of the neurotrophic and neuroprotective effects 
of testosterone (Hammond et al., 2001). In the 
hippocampus, testosterone was found to bind 
exclusively to granule cells of the dentate gyrus and 
pyramidal cells of cornu ammonis. In these cells, 
testosterone is metabolized to dihydrotestosterone 
and bind to androgen receptors. Also, testosterone 
has been shown to increase concentrations of 
nerve growth factor, and its neuroprotective 
effects against oxidative stress and apoptosis 
could also help to protect the brain (Pouliot et al., 
1996; Beauchet, 2006). 

Leranth et al. (2003) induced hypogonadism 
in adult male albino rats through their castration. 
They then declared that testosterone has been 
found to increase dendritic spine synapses in the 
CA1 region of the male rat hippocampus. Learning 
and memory impairment has been observed in men 
undergoing chemical castration, further indicating 
the role of testosterone (Chen & Petrylak, 2005). 
Moreover, many researchers documented that 
late-onset hypogonadism can be accompanied by 
changes in mood with concomitant reductions in 
intellectual activity and orientation ability, as well 
as fatigue and irritability which may be improved 
by testosterone substitution (Moffat et al., 2002; 
Sherwin, 2003 ; Nieschlag et al., 2005).

Because learning and memory processes are 
not directly observable, they cannot be measured 
directly and thus must be inferred from observed 
changes in behavior over time. Many assessment 
tests were designed in humans (Wolf & Kirsch-
baum, 2002). However, in animal studies, many 
different types of mazes and tasks had been used 
(Paul et al., 1997). Recent interest in testosterone 
therapy has been fueled not only by increased                                                                                                                   
medical awareness of the effects of hypogo-
nadism, but also by media attention regarding 
hormone-replacement therapy in both men and 
women (Rhoden & Morgentaler, 2004). Although 
some studies have reported no benefit with tes-
tosterone substitution, others have found signifi-
cant improvement in orientation and memory. 
Accordingly, many authors postulated that further 
investigation of the effects of testosterone substi-
tution on memory is warranted (Beauchet, 2006; 
Gooren, 2007). To the best of my knowledge, re-
searches describing the effect of testosterone on 
the histology and ultrastructure of the cells in the 

hippocampus were hardly found. Thus, the pres-
ent work was conducted to study whether castra-
tion affects the structure of hippocampal neurons 
and whether these changes can be restored with 
early or late testosterone substitution.

MATERIALS AND METHODS                            

The Animal housing:

Twenty adult male albino rats (weighing 250-
300 gms) were used for this study. The animals 
were group housed, provided with unlimited 
access to food and water and maintained on 12-h 
light/12-h dark cycle. 

Experimental design:

The 20 animals were divided randomly into 
4 groups (five rats each). Rats of group (I) 
were sham operated, injected sc with 200μL 
sesame oil daily and served as controls. The 
remaining 15 rats of the other 3 groups were 
castrated under ether anesthesia. Then, beginning 
immediately after surgery; rats of group (II) were 
injected daily with 200μL sesame oil sc, rats 
of group (III) were injected daily with 500μg 
5-dihydrotestosterone dissolved in 200 μL sesame 
oil while rats of group (IV) were injected daily 
with 200μL sesame oil for 3 weeks then with 
500μg 5-dihydrotestosterone dissolved in 200 μL 
sesame oil till death. Treatments were adjusted on 
the basis of previously published studies in which 
this dose of 5-dihydrotestosterone is sufficient 
to reproduce the density of hippocampal spine 
synapses observed in intact male rats (Leranth et 
al., 2003). All rats were sacrificed after six weeks 
from the operation day.

Twenty–four hours after the last injection, 
rats were anaesthetized with Diethyl ether. 
Thereafter, the chest was opened, the descending 
aorta clamped and the right atrium opened. After 
rinsing the vascular system via transcardial 
perfusion with 0.9% saline, animals were further 
perfused for 10 min with fixative containing 4% 
paraformaldehyde and 0.1% glutaraldehyde in 
0.1 M phosphate buffer (pH 7.4). Brains were 
removed and postfixed overnight at 40 C in the 
same fixative used for perfusion. The brains of 
3 animals from each group were processed for 
light microscopic study (routine histological and 
immunohistochemistry) while the other brains 
were directed to electron microscopic study.
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Castration surgery: 

All animals were anesthetized with inhalation of 
Diethyl ether. A horizontal incision was performed 
in the scrotum and both testes were tied off and 
removed with a cut distal to the ligature, then the 
incision was sutured.

Tissue processing for light microscopic study:

The anterior and posterior parts of the brain 
were removed by coronal cuts at the rostrum and 
splenium of the corpus callosum respectively. 
Tissues were dehydrated in ascending 
concentrations of alcohol, cleared in xylene and 
embedded in paraffin. Sections of 5 μm thick 
were cut coronally at the dorsal hippocampus and 
either stained with Hx.&E for routine examination 
or prepared for immunostaining for glial fibrillary 
acidic protein (GFAP).

GFAP immunohistochemistry:

The sections were deparaffinized, hydrated and 
incubated with blocking solution TBT (Tris Base 
Saline (TBS) 0.5M, pH7.4, containing 3 %( w/v) 
bovine serum albumin (BSA) and 0.05% (v/v) 
Triton X-100) for 3 min at room temperature to 
reduce non specific binding. The tissue sections 
were subjected to a preliminary heat induced 
antigen retrieval step. Sections were then incubated 
overnight at 40 C in a humidified chamber with 
the anti-glial fibrillary acidic protein (GFAP) 
mouse antibody at a 1:50 dilution. The slides 
were washed for 5min in TBS. Immunodetection 
was performed using biotinylated anti-mouse 
immunoglobulins followed by incubation with 
3,3'-diaminobenzidine (DAB) chromogen in 
hydrogen peroxide for 5-10 min for brown 
staining. The sections were lightly counterstained 
with Mayer's hematoxylin, dehydrated and 
mounted (Rollin et al., 2004).  

Light microscopic analysis and quantitative 
study:

Twenty-five serial sections of the hippocampus 
of each animal were cut, from which five sections 
were chosen randomly. The sections were mounted 
and stained with Hx.&E. Brain sections were 
visualized by the use of an Olympus microscope 
Bx50 provided with an Olympus digital camera 
and the hippocampal anatomy was defined using 
an x40 objective. In each section, fixed parts of 

the CA1 subfield stratum pyramidale and exposed 
blade of dentate gyrus were chosen to ensure 
uniform sampling. The peripheral areas of the 
CA1 (at its junction with CA2 zone at one end and 
its junction with the subiculum at the other end) 
were excluded to avoid the overlap of these areas 
(Standring et al., 2004).  The sheet of neurons 
was centered in the high power field x400 (for 
pyramidal cells) and x1000 (for granule cells) and 
all neurons were counted. Data were obtained as 
means and standard deviations (Roy et al., 2002). 
Statistical analysis was done by using SPSS 
program to calculate student's- t test and p values. 
The histological structure of pyramidal cells and 
granule cells in different sections were examined 
and micrographs were taken. Immunoreactive 
glia cells and processes in the stratum radiatum 
of the CA1 hippocampal subfield were examined 
and photographed.

Electron microscopic study:

The hippocampi were cut in small cubes 1mm³ 
and kept in a mixture of 2.5% gluteradehyde 
and 2% paraformaldehyde in 0.1 M phosphate 
buffer, at pH 7.4 overnight.  The specimens 
were postfixed in 1%osmium tetroxide for 30 
min, dehydrated in ascending grades of alcohols 
then cleared in propylene oxide and embedded 
in epon. Semithin sections of 2 μm thick were 
prepared and stained with toulidine blue then 
examined by light microscope to localize the CA1 
subfield of the hippocampus.  Ultrathin sections 
(40-50nm) were cut with glass knife from the 
chosen regions. Grids were then stained with 
uranyl acetate and lead citrate and examined by 
electron microscope JEOL 100SX E/M equipped 
with a camera. Electron  micrographs were taken 
at magnifications of X3,000 and X8,000. 

RESULTS                                                          

Light microscopic results:

Light microscopic examination of Hx& E- 
stained sections revealed consistent structure of 
the hippocampus for all brains in the different 
groups with easily identifiable cornu ammonis 
and dentate gyrus. Cornu ammonis was formed of 
stratum pyramidale sandwiched between stratum 
oriens externally and stratum radiatum internally. 
The CA1, CA2 and CA3 subfields of stratum 
pyramidale were demonstrated. The dentate gyrus 
showed an outer molecular layer, an intermediate 



172

EFFECTS OF CASTRATION AND TESTOSTERONE SUBSTITUTION ON THE HIPPOCAMPUS IN ADULT MALE ALBINO RATS

granular layer and an inner polymorphic layer 
arranged in exposed and buried blades. The hilus 
of the dentate gyrus was demonstrated between the 
two blades (Fig. 1). Quantitative analysis of the 
CA1 pyramidal cells in different groups revealed 
significant reduction of the mean number of these 
cells in both castrated untreated rats (group II) 
and castrated rats treated with late testosterone 
substitution (group IV) (Fig. 2-b,d). On the other 
hand, the pyramidal cell number was restored by 
early testosterone substitution in rats of group III 
compared to the controls (Fig. 2-a,c). Statistical 
data were analyzed in Table (1).

Histological study of the pyramidal cells in 
the CA1 subfield of the hippocampus in controls 
showed that the pyramidal cells possessed huge 
rounded nuclei with relatively pale- stained, 
dispersed nuclear chromatin and prominent 
nucleoli. The cytoplasm was basophilic and 
cell processes could not be identified from 
the surrounding neuropil. Neuroglial cells 
showed small dark nuclei and undistinguished 
cytoplasm. Histological appearance of pyramidal 
cells in group III resembled that of the controls 
(Fig. 3- a, b). Many histological changes were 
manifested in group II. Apparent neuronal loss 
with some damaged cells among a number of 
normal cells were seen. The nuclei of damaged 
cells showed either condensed nuclear chromatin, 
pyknosis, irregular contours or complete absence. 

Multiple basophilic masses of degenerated cells 
and unstained areas were seen scattered in the 
neuropil. Some cells appeared shrunken (Fig. 4 -a, 
b, c). Similar results were seen in pyramidal cells 
in group IV             (Fig. 5- a,b).

Meanwhile, quantitative study of the granule 
cells of the dentate gyrus showed significant 
reduction of the mean number in groups II and IV 
and significant increase in group III compared to 
the controls. Data were represented in Table (2).

Comparison between groups II and IV showed 
t- value equal -7.11 which was significant.

Histological study of the granule cells of dentate 
gyrus in the controls showed closely packed 
small cells with dark- stained nuclei. The same 
characters appeared in group II with only apparent 
reduction in number. However, granule cells 
appeared less packed with vacuolated cytoplasm 
in groups III and IV. In both groups, two different 
types of cells appeared: one ordinary type with 
dark- stained nucleus and the other type with pale 
nucleus. In group III, apparent increase of granule 
cells appeared (Fig. 6-a,b,c,d).

Immunohistochemistry results suggested a 
difference in the density of astroglial processes 
between different groups. In the CA1 stratum 
radiatum of group II and group IV, increase of 

SD: standard deviation;   t1 : group II versus control;  t2: group III versus control;  t3: group IV versus control; **: significant (p≤0.05); 
* :non significant.

Table 1: Means and standard deviations of pyramidal cell numbers in controls and castrated rats under different treatment regimens (per 
power field x400).

Animal groups
Group I

(control)
Group II t1 Group III t2 Group IV t3

Mean 91.4 33.47 19.4

**

98.07 -2.04

*

36.73 22.65

**SD ± 8.77 5.71 10.28 4.59

SD: standard deviation;   t1: group II versus control;  t2: group III versus control;  t3: group IV versus control; **: significant (p≤0.05).

Table 2: Means and standard deviations of granule cell numbers in controls and castrated rats under different treatment regimens (per 
power field x 1000).

Animal groups
Group I

(control)
Group II t1 Group III t2 Group IV t3

Mean 79.3 55.3 20.35

**

98.4 -14.46

**

61.8 19.73

**SD ± 2.99 2.79 4.81 1.78
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GFAP immunoreactive glia profile was expressed 
compared to control group. On the other hand, 
GFAP expression in group III was as that of the 
controls (Fig. 7-a,b,c,d). 

Electron microscopic results:

In electron microscopic study, neurons 
in the control group showed the ordinary 
ultrastructure of these cells. The nucleus was 
huge, round or oval with dispersed chromatin. 
It was surrounded by extensive free ribosomes. 
The cytoplasm was rich in rough endoplasmic 
reticulum (rER), free ribosomes and mitochondria                                                      
(Fig. 8). Hippocampal formation in groups II and 
IV showed focal alterations compared to the 
control group. In group II, some cells showed 
change of the nuclear contour and reduction of the 
intracellular organelles including mitochondria, 
rER and free ribosomes. However, increased 
lysosomes and granulovacular bodies were seen 
(Fig. 9).  Other cells in the previous group showed 
irregular nuclear outline with some mitochondria 
showing loss of their normal cisternae                                        
(Fig. 10). Cells in group III showed restoration 
of the cytoplasmic organelles as that in intact 
animals (Fig. 11). Cells in group IV showed 
marked reduction of cytoplasmic organelles (Fig. 
12).  No obvious qualitative differences could be 
observed by comparing the ultrastructure of the 
CA1 stratum radiatum of control rats and other 
animals of different groups of treatments.

Fig. 1: The hippocampus of a control rat showing its normal 
structure (cornu ammonis & dentate gyrus). Cornu ammonis 
is formed of stratum pyramidale (sp) merged between 
stratum oriens (so) and radiatum (sr). CA1-CA3 are subfields 
of cornu ammonis. Dentate gyrus is formed of molecular 
(ml), granular (gl) and polymorphic (pl) layers arranged in 
exposed (E) and buried (B) blades. Note the hilus of dentate                                                
gyrus.                                                                   Hx. &E.; X40

Fig. 2: Apparent reduction of pyramidal cell number denoting 
neuronal loss are seen in the hippocampus of group II rats 
(b) and that of group IV rats (d) compared to the control 
group (a). Group III (c) shows apparent restoration of normal                      
number.                                                             Hx. &E.; X400
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Fig. 3: CA1 pyramidal cells (arrow) in a hippocampus of a rat 
from the control group (a) and a rat from group III (b) showing 
huge rounded nuclei with pale stained dispersed chromatin 
and prominent nucleoli. The cytoplasm is basophilic and the 
cell processes are undistinguishable from the surrounding 
neuropil (N). The neuroglial cells (open arrow) show small                             
dark  nuclei.                                                     Hx. &E.; X1000

Fig. 4: CA1 field of a hippocampus in a rat from group II 
showing: (a) Dark basophilic masses of destructed cells (*) 
among normal pyramidal cells (arrow) in the neuropil (N). 
(b) One of the pyramidal cells shows irregular contour of 
its nucleus (open arrow head) and unstained areas (#) of the 
neuropil. (c) Some pyramidal cells are shrunken and show 
condensed nuclear chromatin (double arrows). One cell shows 
pyknotic eccentric nucleus (arrow head) and the nucleus is 
absent in another cell (*).                                 Hx. &E.;X1000

Fig. 5: CA1 field of a hippocampus from a rat of group IV 
showing:  (a) a pyramidal cell with a pyknotic nucleus (open 
arrow) and another one with shrunken irregular nucleus (arrow 
head). Basophilic masses are seen (*). (b) A group of pyramidal 
cells (arrows) appear shrunken with unstained surroundings 
and dark nuclei.                                               Hx. &E.; X1000
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Fig. 6: Photomicrographs for the granular layer of the dentate 
gyrus in different groups showing (a) The granule cells 
(arrow) in the control group are closely packed small cells 
with dark stained nuclei. (b) The granule cells (arrow) in group 
II appear closely packed with apparent reduction in number 
compared to that of the control group.  (c) Group III rats show 
apparent increase of the granule cells. Some cells have dark 
nuclei (arrow). Others appear with pale nuclei (arrow heads). 
Vacuolated cytoplasm can be seen (*). (d) The granule cells 
in group IV are less packed with vacuolated cytoplasm. 
The cells either have dark nuclei (arrow) or pale nuclei                                   
(arrow heads).                                                  Hx. &E.;X1000

Fig. 7: Photomicrographs of the CA1 stratum radiatum of 
the hippocampal region in different groups show increase of 
GFAP immunoreactive glia profile (arrow)in group II(b) and 
group IV (d) compared to that of control group (a). On the 
other hand, GFAP expression in group III (c) resembles that of 
the control group.                                                 GFAP; X400

Fig. 8: A transmission electron micrograph of a pyramidal 
neuron in the control group shows a huge rounded nucleus 
(N) with dispersed chromatin and prominent nucleolus. It is 
surrounded by extensive free ribosomes (R). The cytoplasm is 
rich in rough endoplasmic reticulum (rER), free ribosomes (R) 
and mitochondria (M). Note: (G) golgi apparatus.       X 3,000
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Fig. 9: A transmission electron micrograph of a pyramidal cell 
in group II with irregular nuclear contour of its nucleus (N). 
It shows reduction of the intracellular organelles including 
mitochondria (M), rER and free ribosomes (R). However, 
increased lysosomes (L) and granulovacular bodies (g) are 
seen. Note: TB (terminal button) contains (v) vesicles. (G) 
golgi apparatus.                                                            X 3,000

Fig. 10: A transmission electron micrograph of a pyramidal 
cell in group II shows irregular nuclear outline of its nucleus 
(N) and reduction of the free ribosomes (R) and rER. Some 
mitochondria appear normal (M) while others show loss of 
their normal cisternae (*).                                            X 8,000

Fig. 11: A transmission electron micrograph of a pyramidal 
cell in group III shows a huge oval nucleus (N) with 
prominent nucleolus and dispersed chromatin. It is surrounded 
by extensive free ribosomes (R). The cytoplasm is rich in 
rough endoplasmic reticulum (rER), free ribosomes and   
mitochondria (M).                                                        X 3,000

Fig. 12: A transmission electron micrograph of a pyramidal cell 
in group IV shows a huge rounded nucleus (N) with dispersed 
chromatin. Reduction of free ribosomes (R) and mitochondria 
(M) are seen .The arrows point to the cell membrane. X 3,000
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DISCUSSION                                                     

As previously documented, learning and me-
mory are affected by gonadal hormones. Meanwhi-
le, these functions are known to be mastered by 
the hippocampus. The present study was desig-
ned to correlate between testosterone deprivation 
in castrated adult male albino rats and structural 
changes in hippocampal neurons. Also, the effects 
of either early or late testosterone substitution on 
restoration of normal hippocampal structure were 
studied. A positive correlation was found between 
early testosterone administration and the number 
of pyramidal cells in the hippocampus. In fact, rats 
of group III showed the highest number of pyra-
midal cells in the CA1 subfield of stratum pyrami-
dale. On the other hand, rats of group II (castrated 
nontreated) and rats of group IV (castrated with 
late testosterone injection) showed significant re-
duction of the pyramidal cell number compared 
to controls. This came contradictory with Leran-
th et al.(2003), who suggested that gonadectomy 
had no significant effect on the number of CA1 
pyramidal cells, but reduced CA1 spine synapse 
density, 2 days following castration. The contra-
diction may be explained on the basis of the long 
period of the experiment designed in the current 
study. However, the present results are in agree-
ment with Beauchet (2006) who mentioned that 
memory impairment due to testosterone depriva-
tion has been associated with significant neuronal 
loss in the hippocampus. Meanwhile, Cherrier et 
al. (2003) and Frye et al. (2004) suggested that 
dihydrotestosterone has been shown to improve 
hippocampal-dependent functions in male rodents 
and humans. Moreover, Yildirim et al.( 2008)  su-
ggested that gonadal hormones had profound 
effects on learning and memory mediated by hi-
ppocampus as well as hippocampal anatomy and 
hippocampal cell function.

The results found in this study proved that cas-
tration of adult male rats caused focal lesions of 
the hippocampus in the examined CA1 subfield.  
However, some pyramidal cells appeared normal 
while others showed different grades of degenera-
tion and damage. These changes were manifested 
also in castrated rats receiving late onset testoste-
rone (3 weeks post surgery) inspite of long term 
treatment. On the other hand, castrated rats recei-
ving early onset testosterone replacement showed 
restoration of pyramidal cell structure compared 
to the control. Leranth et al.(2003) declared that 
removal of circulating gonadal steroids by gona-

dectomy resulted in a decrease in CA1 pyramidal 
cell dendritic spine density that was prevented 
with hormone replacement treatment. They also 
suggested that this effect might be specific to CA1 
neurons within the hippocampus which possessed 
receptors for gonadal hormones. They added that 
the entire CA1 pyramidal cells were not unifor-
mly responsive to these hormone manipulations. 
Interestingly, they explained this finding on the 
basis that a variety of afferents to the hippocam-
pus form synapses on sharply defined regions of 
CA1 pyramidal cells.

On the same context, Romeo et al.(2005) men-
tioned that testosterone, acting through its andro-
genic metabolite 5a-dihydrotestosterone (DHT), 
could restore dendritic spine density in the CA1 
region of the male rat hippocampus.  In this study, 
however, castrated rats receiving late onset testos-
terone substitution showed no restoration of the 
number of pyramidal cells suggesting irreversi-
ble damage. Moreover, degenerative process was 
going on inspite of testosterone therapy. Accor-
ding to Gooren (2007), the duration of hypogo-
nadism affects the efficacy of testosterone subs-
titution. Eriksson et al. (1998) stated that loss of 
neurons is thought to be irreversible in the adult 
human brain, which is the cause of neurological 
disease and impairment. The present results su-
ggested that early testosterone administration is 
essential for maintaining normal structure of the 
pyramidal cells in the hippocampus. This could 
be explained after Clancy et al.(1992) and Kerr et 
al. (1995) who stated that in the CA1 area of the 
male rat hippocampus, androgen receptors appear 
to be primarily located in the pyramidal neurons 
. Our results are in agreement with Sakata et al. 
(2000) and Shors et al.(2001) who demonstrated 
that androgens have powerful neuroprotective and 
homeostatic effects on the hippocampus.

In this study, significant reduction in the mean 
numbers of the granule cells in the dentate gyrus 
in group II and IV in comparison to controls was 
found. However, the difference in mean number 
between both groups II and IV was significant. 
In contrast, group III showed significant increa-
se in the mean number of cells in comparison to 
controls. Unexplained vacuolated cytoplasm was 
manifested in castrated rats receiving testoste-
rone therapy either of early or late onset. Both 
groups III and IV showed two different granule 
cell populations; cells with dark- stained nuclei 
and others with pale- stained nuclei. These results 



178

EFFECTS OF CASTRATION AND TESTOSTERONE SUBSTITUTION ON THE HIPPOCAMPUS IN ADULT MALE ALBINO RATS

indicated that testosterone stimulated neurogene-
sis of granule cells in the dentate gyrus. Eriksson 
et al.(1998) declared that the granule neurons are 
generated throughout life from a population of 
continuously dividing progenitor cells residing in 
the subgranular zone of the dentate gyrus in the 
rodent brain.. Further, they suggested that testos-
terone stimulate neuronal regeneration and neuro-
trophin growth factor. According to Sun & Bartke 
(2007), neurogenesis that occurs in the dentate 
gyrus of mammalian hippocampus may play an 
important role in restoration of some aspects of 
memory functions.

Conejo et al. (2005) stated that  expression of 
glial fibrillary acidic protein (GFAP) as an astro-
cyte-specific marker can be regulated by the le-
vels of circulating gonadal steroids during post-
natal development. In addition, astrocytes play an 
important role in the physiology of the hippocam-
pus. In the current study, immunohistochemis-
try for GFAP proved the much higher density of 
immunoreactive glia profiles in the hippocampus 
of the castrated nontreated rats and rats receiving 
late onset testosterone compared to the control 
group. These results simulate what was found by 
Leranth et al. (2004) who found that in the CA1 
of castrated animals, the fiber density was in-
creased compared to the control. However, early 
testosterone substitution preserves the GFAP ex-
pression as that of the control. It has been shown 
that GFAP is a sensitive and specific biomarker 
of neuronal damage. Diverse damaging insults re-
sult in proliferation and hypertrophy of astrocytes 
(reactive gliosis). The hallmark of this response is 
enhanced expression of the major intermediate fi-
lament protein GFAP of astrocytes (O'Callaghan 
& Sriram, 2005).

In electron microscopic results, no obvious 
qualitative differences could be observed by 
comparing the ultrastructure of the CA1 stratum 
radiatum of control rats and castrated animals 
belonging to different experimental groups. These 
results resemble what was found by Leranth et 
al. (2003). However, ultrastructure of neurons 
in CA1 stratum pyramidale confirmed the light 
microscopic results. The irregular nuclear outline 
and abnormal contour seen in group II castrated 
rats were indicator for early degenerative 
processes of pyramidal cells. Depletion of free 
ribosomes and reduction of rough endoplasmic 
reticulum might indicate impaired protein 
synthesis. Damaged mitochondria indicate the 

impairment of vital processes of the neuronal cells. 
Increased lysosomes and granulovacuolar bodies 
point to an ongoing degenerative  process (Garcia 
et al., 1997).  These results confirm previous 
suggestions that testosterone is essential for the 
normal structure and integrity of the neuronal 
cells (Leranth et al., 2003).

In conclusion, the data demonstrated in the cu-
rrent study indicate that testosterone is required 
for maintenance of normal neuronal structure of 
the male rat hippocampus. Androgen-induced 
changes in hippocampal structure may contri-
bute to the effects of testosterone on hippocam-
pally- mediated learning and memory function. 
Accordingly, early testosterone substitution may 
be recommended for hypogonadal men, taking in 
consideration that they do not suffer from any risk 
factors.
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 لجرذان البيضاء  البالغةاقرن آمون فى ذكور على تيستوستيرون حلال الاتأثيرات نزع الخصيتين و

  منال السيد الصواف

   جامعة طنطا- كلية الطب-قسم التشريح

 
 ملخص البحث

 

 

انون من اضطر وظيفى من الرجال يع د لقد برھنت الأبحاث السابقة على أن مرضى ضعف المناسل ال ذاكرة و لق تعلم و ال اب فى وظائف ال

اثبتت الأبحاث الحديثة دور قرن آمون فى التحكم فى  ھذه الوظائف بواسطة عمل الھرمونات التناسلية، إلا أن آلية ھذا العمل لازالت موضع 

ستوستيريتين الخص نزع و لقد كان الھدف من اجراء ھذه الدراسة ھو اثبات تأثير. للمناقشة رن  واحلال التي ا العصبية لق ة الخلاي ى بني ون عل

م . آمون فى ذكور الجرذان البيضاء البالغة ة ت ضاء البالغ ذكور البي من أجل ھذا الغرض، أجرى ھذا البحث على عشرين جرذا من الجرذان ال

م ،  مج)المجموعة  الثانية(، مجموعة تم اخصائھا )المجموعة الأولى(تقسيمھا الى اربع مجموعات؛ مجموعة ضابطة  م ت موعة تم اخصائھا ث

،و مجموعة تم حقنھا يوميا بالداى ھيدروتيستوستيرون بعد اخصائھا بثلاثة )المجموعة الثالثة( حقنھا مباشرة بالداى ھيدروتيستوستيرون يوميا

ابيع  ة(اس ة الرابع م ). المجموع ابيع ت ستة أس ة ب د الجراح ضحيةبع تم فحصھا بالميكروسكوب ب الت ون لي رون آم ة ق م معامل ل الجرذان و ت ك

و لقد أثبتت النتائج  تغيرات ذات دلالة احصائية في بنية قرون آمون التى تم الحصول عليھا من . الضوئى و الميكروسكوب الإلكترونى النافذ

ة المحافظ ا أظھرت جرذان المجموعة الثالث ة بينم ا بالمجموعة المجموعتين الثانية و الرابع د مقارنتھ رن آمون عن ة لق ة الطبيعي ى البني ة عل

ذاكرة فى مرضى اضطراب . الضابطة تعلم و ال نستخلص من ھذا البحث ان الإخصاء أثر على بنية قرن آمون و الذى قد يفسر اضطراب ال

أنه بينما ا. قد يمنع الإمداد المبكر للداى ھيدروتيستوستيرون ھذه التأثيرات. المناسل الوظيفى لإمداد المتأخر له ليس له تأثير واق والذى من ش

 .شفاءأن يدل على أن تلف قرن آمون غير قابل لل
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