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A b s t r a c t

This study was aimed at evaluating the potential effects of acute subdural hematoma (ASDH) and diclofenac sodium 
(DS) therapy following ASDH on the rat hippocampus.
Twenty-four male Sprague Dawley rats were used and divided into four groups. 0.1 ml of non-heparinized autologous 
blood from the tail vein of the animals in the non-treatment group (NTG) and treatment group (TG) was injected into 
the subdural space. The TG received intramuscular diclofenac sodium at a 15 mg/kg dose daily from the postoper-
ative second hour to the seventh day after the operation. The control group (CG) and sham group (SG) were used 
for control and sham operations, respectively. On the postoperative eighth day, all animals were sacrificed, and the 
hippocampi of all animals were stereologically and histologically evaluated. Also blood samples of the animals were 
biochemically analyzed.
As a result of the study, the mean number of neurons in CA1, CA2, and CA3 regions of the hippocampus and the total 
number of neurons were decreased in the hippocampus samples of the NTG and especially the TG subjects. When 
comparing the second blood samples, there was no difference between the levels of adrenaline and serotonin among 
the groups. However, after the operation, noradrenalin levels in the treatment group were found to be higher than 
those of the sham and control groups (p < 0.05).
In the NTG and TG, histopathological findings were observed such as Nissl condensation as well as completely dead 
and indistinguishable neurons with abnormally shaped, shrunken cytoplasm and nuclei. Also necrotic areas on the 
specimens of the TG were seen. In immunohistochemical sections, c-FOS positivity was decreased in the NTG and 
especially the TG. Otherwise, PGC-1α positive cells were increased in the NTG and especially the TG.
In this study, it was shown for the first time by means of stereological techniques that using DS after ASDH caused 
a decrease in the number of hippocampal neurons (CA1, CA2, and CA3 regions).
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Introduction

Acute subdural hematoma (ASDH) is a life-threat-
ening situation and generally leads to brain injury 
[16]. Brain damage is an important pathophysiologi-
cal process in patients with ASDH [28]. The adverse 
effects of intracranial hematomas lead to several 
degenerative mechanisms, including ischemia-in-
duced neuronal damage, clot-derived toxic factors, 
and edema formation [26,47]. At this point, levels 
of different mediators were evaluated. For example, 
serotonin may have protective effects on neurons 
[8]. Moreover, serotonin receptor agonists contribute 
to decrease of lesion volume and are considered as 
neuro-protective after ASDH [12,46]. Some research-
ers claim that high levels of dopamine, adrenaline, 
and especially noradrenaline lead to increased 
cerebral blood flow following brain injury [34,35]. 
Although there were mostly positive opinions, neg-
ative results were reported for high catecholamine 
levels. In a previous study, it was suggested that high 
adrenaline levels might have induced the apoptotic 
pathways in neonatal rats exposed to hypoxia [31]. 
Also, some researchers stated that high noradrena-
line levels have potential for deleterious effects and 
the ability to induce apoptosis in PC12 cells, neuronal 
cells, and cardiac myocytes [6,51]. Therefore, in the 
current study we evaluated serotonin and catechol-
amine levels and attempted to detect their associa-
tion with cell death.

In the treatment of cerebral hematomas, decom-
pression was initially applied to minimize damage. 
Post-traumatic headache is one of the possible prob-
lems in the acute rehabilitation period for surviving 
patients [38,45]. Treatment options for the headache 
are non-steroidal, anti-inflammatory agents such as 
acetaminophen, ibuprofen, naproxen, and diclofenac 
sodium (DS) [5,11].

We previously reported deleterious effects of DS 
on the sciatic nerve, hippocampal pyramidal and 
granular cells, and Purkinje cells of male rats fol-
lowing prenatal exposure [14,32]. Also, DS has been 
reported to exert a neuroprotective effect by reduc-
ing the nerve root dysfunction induced by compres-
sion [10]. Additionally, several studies showed that 
DS did not inhibit proliferation and differentiation of 
neural stem cells [25].

Although these side effects have been report-
ed, little is known about the effect of non-steroidal 
anti-inflammatory drugs on the brain following the 

trauma caused by ASDH. The aim of the present 
study was therefore to investigate the effect of DS 
on hippocampus morphometry following ASDH and 
to define serotonin and catecholamine levels and 
their association with cell death caused by ASDH. 

Material and methods
Animals

In this study, 24 adult male Sprague Dawley 
rats, weighing 300-350 g, were obtained from the 
Surgical Research Center. Adult rats were random-
ly divided into four groups, each consisting of six 
animals: control (CG), sham (SG), non-treatment 
(NTG), and treatment (TG). Following this, they 
were housed in standard plastic cages in a  room 
air-conditioned to 20°C, under a 12/12-h light/dark 
cycle, and fed ad libitum. 

One milliliter of autologous venous blood was 
collected from the tail vein of the animals belong-
ing to all groups seven days before the experimen-
tal ASDH operation. No operation or drugs were 
given to the control (CG) group, but the SG, NTG, 
and TG were subjected to a surgical operation. On 
the day of sacrifice, all animals were taken to an 
adjacent room and decapitated, and blood was col-
lected from the CG, SG, NTG and TG in polyethylene 
tubes containing 2% EDTA (0.05 ml) and stored on 
ice until centrifuged. 

For these experiments, all procedures were ap- 
 proved by the Animal Experiments and Ethics Com-
mittee of Ondokuz Mayıs University.

Surgical preparation

The animals in the SG, NTG, and TG were turned 
to a prone position, mounted on a stereotactic frame 
(Fig. 1A) and intraperitoneally anesthetized with ure-
thane 1.25 g/kg. Body temperature was measured  
by a  rectal thermometer at 37-37.5°C by using 
a heating light. Following the sagittal scalp incision, 
a burr hole of 3 mm, placed 1 mm posterior to the 
coronal suture and 2 mm from the sagittal suture, 
was formed using a dental drill in the right parietal 
region under the microscope (Fig. 1). The incision 
of the dura mater was performed with a 30-gauge 
dental needle while in the subdural space another 
dental needle insertion was made. In the SG, only 
a  burr hole was created and then the scalp was 
sutured with silk suture. No injection or insertion of 
the needle was made in the SG. The subdural hema-
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toma was produced by the slow injection of 0.1 ml 
non-heparinized autologous venous blood in the 
NTG and TG (Fig. 1A). Then, the scalp was sutured 
with silk suture. After waking up from anesthesia, 
the next seven days were spent in the normal light 
and dark cycle with 21 ± 2°C room temperature. Feed 
and water were supplied ad libitum [25]. The day of 
the operation was considered the first day of the 
experiment, and DS (Voltaren, 75 mg/3 ml ampoule, 
Novartis, Mefar Ilaç Sanayi A.S., Kartal – Istanbul, 
Turkey) in a dose of 15 mg/kg daily was intramuscu-
larly injected into the TG, beginning from the post-
operative second hour to the 7th day of the experi-
ment. Also, no treatment was used for the NTG.

Plasma collection

On the day of the operation, blood samples were 
collected from the tail vein of the all animals into 
polyethylene tubes containing 2% EDTA (0.05 ml) 
and stored on ice until centrifuged. The first analysis 
of plasma levels of serotonin, adrenaline, and nor-
adrenaline was performed in these blood samples. 
On the day of sacrification, after the animals were 
decapitated, polyethylene tubes containing 2% EDTA 
(0.05 ml) were used to collect the blood and the col-
lected blood was kept on ice until the centrifugation. 
The isolation of the plasma from the whole blood 
was performed by centrifugation at 1300 RCF for  

A B

C D

Fig. 1. Application of acute subdural hematoma model and stereological analysis procedures are shown. 
A) The animals were turned prone in a small animal stereotactic frame and burr-hole location; also the 
position of the dental needle in the subdural space is seen. B) Macroscopic appearance of the lesion.  
C) Lining of the hippocampus boundaries during the stereological analysis. D) Systematic random sampling 
and estimation of neuron numbers in the hippocampus.
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25 min. and the supernatant was collected and stor-
ed at –80°C until it is assayed. The second analysis of 
plasma levels of serotonin, adrenaline, and noradren-
aline was performed in these blood samples of all the 
groups.

High performance liquid 
chromatography (HPLC) for detecting 
plasma levels of serotonin, adrenaline, 
and noradrenaline

The HPLC system consisted of multichannel 
pumps (LC 20AT), an autosampler (SIL 20ACHT), 
a degasser (DGU 20A5), a diode array detector (DAD, 
SPD M20A) (Shimadzu, Kyoto, Japan) and an electro-
chemical calorimetric array detector (Coulochem III) 
equipped with a model 5020 guard and 5010A dual 
analytical cell (ESA, Chelmsford, MA). A  guard col-
umn (Inertsil ODS-3, 5 µm × 20 mm × 4.0 mm, GL 
Science, Tokyo, Japan) and a  reversed-phase C18 
column (Inertsil ODS-3V, 5 µm × 250 mm × 4.6 mm, 
GL Science, Tokyo, Japan) were also used. The con-
centrations of serotonin (5-HT), adrenaline, and nor-
adrenaline in blood samples were determined by 
HPLC according to the guide of the data sheet of the 
kits (Eureka Serotonin and Catecolamine HPLC detec-
tion KITs, Rotakim Inc., Ankara, Turkey). The detec-
tion limit was 0.03 nM for all three monoamines.

Histological procedure

At the end of the 7th day, the animals were anes-
thetized with ketamine (50 mg/kg) and xylazine  
(10 mg/kg) intramuscularly, and neutral formalin  
perfusion was administered intracardially. After-
wards, the brains were removed and routinely pro-
cessed and embedded in paraffin. For these experi-
ments, all procedures were approved by the Animal 
Experiments and Ethics Committee of Ondokuz 
Mayıs University.

Stereological analysis

Hippocampal sections were taken with a micro-
tome (Leica RM 2135, Leica Instruments, Nussloch, 
Germany) at 20 µm thicknesses. So, from system-
atic random sampling was carried by 1/6. Sampled 
sections in the cornu ammonis (CA 1-3) were collect-
ed and stained with cresyl violet. Optical dissector 
probes were placed in the marked area with random 
angles and evenly spaced. The stereology worksta-
tion consisted of a modified light microscope (Ste-

reo investigator 9.0., Micro Bright Field; Colchester, 
USA). The pyramidal cells in counting frames and 
the pyramidal cells on acceptable sides were count-
ed (Gundersen, 1986; Fig. 1C, D). It is known that 
15-20 sections taken from the hippocampal region 
is sufficient for the estimation of the total number 
of neurons during the application of optical fraction-
ator method [17,49]. 

The total neuron number of the hippocampus 
was estimated by the following formula: 

N = ∑Q· 1
ssf · 1

asf · 1
tsf

where: N – total neuron number, ΣQ – total dis-
sector neuron number, ssf – sectioning sampling frac-
tion, asf – area sampling fraction, and tsf – thickness 
sampling fraction.

The coefficient of error (CE) and the coefficient of 
variation (CV) of the sampling schedule of the hippo-
campus were validated from a pilot study [13,17,19]. 

Immunohistochemistry

TUNEL labeling assay 

TUNEL (TdT-mediated dUTP-biotin nick end label-
ing) stain was applied to the hippocampus slices at 
the 5 µm thickness according to the described meth-
od by Gavrieli et al. [32]. Followed by this process, 
the sections were treated with proteinase K in order 
to improve the antigen for 15 min and the sections 
were incubated in 3% hydrogen peroxidase solution 
prepared with 100% methanol to block endogenous 
peroxidase for five minutes. Slides were rinsed with 
PBS and incubated for 1 hour at 37°C in TdT enzyme.  
The samples were then washed with PBS and incu-
bated for 30 min at 25°C with anti-digoxigenin anti-
body-peroxidase conjugate, rinsed with PBS, and incu-
bated with 3,3′-diaminobenzidine (DAB) at 25°C for 
5 minutes. The slides were stained in Mayer’s hema-
toxylin. The slides were evaluated using the light 
microscope (Leica, LDM 4000, Wetzlar, Germany).

Immunohistochemical staining  
of c-FOS and PGC-1α
Paraffin-embedded hippocampus samples were 

also used for c-FOS and PGC-1α immunohistochem-
istry. The deparaffinization of tissue sections of 5 µm 
was done in xylene and they were rehydrated in 
ethanol and in water and phosphate-buffered saline 
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respectively. The blockage of endogenous peroxi-
dase was performed by immersion in 3% hydrogen 
peroxide. The tissue sections were then incubated 
with c-FOS and PGC-1α antibodies (Dako, Istanbul, 
Turkey) at a concentration of 5 µg/ml for 1 h at room 
temperature. Control sections were incubated with 
phosphate-buffered saline containing normal goat 
serum without a  primary antibody. Immunostain-
ing was then detected with a  streptavidin-biotin 
complex kit (Dako) and developed with a di-amino 
benzidine tetrahydrochloride kit. The sections were 
counterstained with Mayer’s hematoxylin followed 
by light microscopy.

Statistical analysis

Microsoft SPSS version 15.0 for Windows was 
used for statistical analyses. One-way ANOVA (Bon-
ferroni post-hoc test) was applied to compare the 
results of the groups. All statistical values under 
0.05 were considered significant.

Results

In this study, 24 male Sprague Dawley rats were 
used to create an animal model of ASDH. After sacri-
ficing the animals, their brains were carefully removed 
and subdural hematomas were macroscopically ob-
served (Fig. 1B).

Stereological results 

In the study, the number of neurons in the 
CA1, CA2, and CA3 regions of the hippocampus 
and also the total numbers of neurons in all the 
hippocampus (Ammon’s horn) were separately 
estimated. The number of pyramidal neurons in 
the CA1, CA2, and CA3 areas and the total num-
ber of neurons in the whole hippocampus of the 
CG, SG, NTG, and TG are shown in Figure 2. ASDH 
and especially DS treatment caused a significant 
decrease in pyramidal neurons of the hippocam-
pus (Fig. 2).
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Fig. 2. Mean numerical densities of pyramidal neurons in CA1, CA2 and CA3 area of hippocampus and total 
number of neurons in hippocampus among CG, SG, NTG and TG are shown in A, B, C and D, respectively. 
*p < 0.05, **p < 0.01 (mean ± SEM).
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Biochemical results 

Plasma serotonin levels

When comparing the first and postoperative 
serotonin levels, it was found that they were signi-
ficantly reduced after the operation in the SG  
(p < 0.05) and especially in the NTG and TG (p < 0.01). 
In the control group, postoperative plasma serotonin 
levels significantly increased in comparison to initial 
levels (p < 0.05). However, there was no significant 
difference in the postoperative plasma levels of sero-
tonin among the groups (Fig. 3A, p > 0.05).

Plasma noradrenaline levels

Postoperative plasma levels of noradrenaline were 
significantly increased after the operation, especially 
in the TG as compared to the other groups (p < 0.05). 
On the other hand, the plasma noradrenaline levels 
were significantly decreased in all groups at the sec-
ond analysis (Fig. 3B, p < 0.01).

Plasma adrenaline levels

After the operation, plasma adrenaline levels 
were significantly lower than pre-operative ones in 
all groups (p < 0.01). Among the second adrenaline 
levels of the groups, no significant difference was 
found (Fig. 3C, p > 0.05).

Light microscopic results 

Results of the control (CG) and sham (SG) group 

In sections obtained from the hippocampus of 
rats among the CG and SG, a conventional healthy 
structure of the hippocampus was observed at the 
light microscopic level. The shape of neurons was 
pyramidal in the hippocampus. Furthermore, these 
neurons had euchromatic nuclei. The neurons and 
their extensions were normal. Histological structure 
of the CG that represented a healthy appearance is 
shown in Figure 4.

Results of the non-treatment group (NTG) 

In the NTG, neurons included heterochromat-
ic, pycnotic nuclei (Fig. 5, white asterisk) and dark-
stained cytoplasm (Fig. 5, black-thick arrowhead). 
Moreover, angular displacement of pyramidal neu-
rons was observed in the hippocampus sections of 
the NTG (Fig. 5, white arrow). We also examined 
neurons with a dark and shrunken cytoplasm, and 
their nuclei had some vacuoles (Fig. 5A and C). 
Abnormally shaped oligodendrocytes, microglia, and 
astrocytes were also observed (Fig. 5, white arrow-
head). Trunks of the primary dendrites were dilat-
ed and pale stained compared to those in the other 
groups (Fig. 5, black-thin arrowhead). Chromatolysis 
was detected in degenerated neurons in the hippo-
campus samples of this group (Fig. 5, black arrow). 
Moreover, in hippocampal slices of the NTG, some 
neurons were at the initial stage of degeneration, 
but some of the neurons were fully degenerated or 
dead. 
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Fig. 3. Mean pre- and post-operative plasma lev-
els of serotonin, noradrenaline and adrenaline 
among CG, SG, NTG and TG are shown in A, B and 
C, respectively. *p < 0.05, **p < 0.01 (mean ± SEM).
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Fig. 4. Light microscopic sections obtained from the hippocampus of the control group. In A-C and D-F, 
specified portions of CA1, CA2, and CA3 regions are observed at low and high magnification, respectively. 
Thumbnails in the framed areas show hippocampal regions at the lowest magnification. In D-F, healthy 
neurons are clearly seen in CA regions. Cresyl violet. 
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Fig. 5. Light micrographs obtained from the hippocampi of NTG. White asterisk – pycnotic neurons; white 
arrows – neurons with dark-stained cytoplasm; white arrowheads – glia cells; thick-black arrowhead – 
neurons with indistinguishable cytoplasm and nucleus; black asterisk – vacuole; black ringed arrowhead 
– swelled nucleus with pale chromatin; thin black arrowhead – enlarged and pale stained trunks of primary 
dendrites; black arrows – concentrated Nissl granule containing areas. Cresyl violet.
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Results of the treatment (TG) group 

In the light microscopic sections that were ob- 
 tained from the TG, axonal extension was observed 
such that trunks of the primary dendrites were 
enlarged and pale stained in comparison to those 
of the CG (Fig. 6, thin-black arrowhead). Also, in  
the peripheral part of some degenerated neurons, 
Nissl condensation occurred, meaning that chro-
matolysis was defined (Fig. 6; black arrow). Some 
neurons are indistinguishable with their pale nuclei 
and swollen cytoplasm (Fig. 6, black ring arrow-
head). In addition to neurons at the early stage of 
cellular damage, completely dead and indistinguish-
able neurons with abnormally shaped, shrunken 
cytoplasm and nuclei were also found (Fig. 6, thick 
black arrowhead). In white matter, edema, degen-
erated axon remains, and micro-vacuolization were 
observed (Fig. 6, black asterisks). 

Some structures were observed as necrotic areas 
on certain specimens (Fig. 6, white ring + sign). It 
is noteworthy that chromatin in the nucleus was 
decreased, and dark-stained cytoplasm of pyramidal 

neurons was detected (Fig. 6, white arrow). Further-
more, the axons of pyramidal neurons were wavy in 
ap pearance (Fig. 6, white ring arrowhead).

Immunohistochemical results

No positive cell was seen in TUNEL-stained 
hippocampus sections of all the groups (Fig. 7). In 
the control and sham groups, neurons in the hippo-
campus were well stained with c-FOS, and immune 
reactivity was decreased following the ASDH proce-
dure and especially DS treatment (Fig. 8C and D). 
However, in the NTG and TG, positivity of PGC-1α 
was increased after ASDH operation and especially 
DS treatment (Fig. 9C and D).

Discussion

In recent years, despite improvements in the 
imaging and treatment modalities used in the diag-
nosis of head trauma, related morbidity and mor-
tality are still high [11]. Traumatic brain injury may 
lead to serious complications such as intracranial 

Fig. 6. Light micrographs obtained from the hippocampi of TG. White asterisk – pycnotic neurons; white 
arrows – neurons with dark-stained cytoplasm; white arrowhead – glia cells; white-ringed arrowhead – 
wavy appeared axon terminals; white ringed plus – necrotic area; thick-black arrowhead – neurons with 
indistinguishable cytoplasm and nucleus; black asterisk – vacuole; thin-black arrowhead – enlarged and 
pale stained trunks of primary dendrites. Cresyl violet.
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A B

C D

Fig. 7. Light micrographs showing TUNEL immune reactivity at 40× magnification for CG (A), SG (B), NTG (C) 
and TG (D). No TUNEL positivity was seen in the groups. For all micrographs, magnification bars are the same, 
with 20 µm.

hematomas. Subdural hematomas constitute 50 
to 60% of traumatic intracranial hematomas [52].  
The most frequent symptom of acute subdural 
hematoma is the sudden onset of severe headaches. 
Diclofenac sodium (sodium-(o-[(2,6-dichlorophenyl)- 
amino]-phenyl)-acetate) (DS) is a non-steroidal, anti- 
inflammatory drug characterized by a  relatively 
low molecular weight [25,41]. It has a role in inhib-
iting the cyclooxygenase (COX) enzyme, reducing 
arachidonic acid release and improving its uptake 
[41]. It is a strong analgesic and has an antipyretic 
role. Hence, it is commonly used for treatment of 
headaches caused by traumatic brain injury. In this 
study, we aimed to detect the effect of ASDH and 
DS treatment on the hippocampus. 

In the literature, a number of studies of traumat-
ic brain injury have been conducted in animal mod-
els, and fluid percussion, vacuum deformation, and 
weight reduction methods were used [43]. Since 
these methods can lead to severe, primary diffuse 
brain damage, Sasaki and Dunn’s model was used 
in our study [39]. So, the model is specific for pre-
senting the effects of ASDH.

Also, experimental animal models of traumatic 
brain injury have generally focused on necrotic and 
apoptotic neuronal cell death. As a result of the stud-
ies, axonal damage, memory, and learning defects 
were reported [20,21]. According to Hausmann et al., 
following the brain injury, neurons are subjected 
to apoptotic cell death. However, in our study we 
detected apoptosis by TUNEL stain after the ASDH in 
neither the NTG nor the TG. Therefore, we suspected 
that occurrence of cell death after ASDH may have 
been caused by ischemic necrosis. However, sever-
al papers have suggested that c-FOS-triggered AP-1 
might mediate apoptosis through transcriptional 
regulation of expression of the FasL gene to start the 
extrinsic apoptotic pathway [23, 24]. Our data indi-
cate that c-FOS may be related to neuronal prolifer-
ation, because we did not detect increasing c-FOS 
immune reactivity or an apoptotic signal with the 
TUNEL stain following ASDH in either the NTG or the 
TG. Also, we thought that c-FOS immune reactivity 
decreased following ASDH because of the decreased 
cellular activity. Our data on PGC-1α immune reactiv-
ity indicated that PGC-1α positivity was higher in the 
NTG and TG than in the control and sham groups. 
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A B

C D

Fig. 8. Light micrographs showing c-FOS immune reactivity at 40× magnification for CG (A), SG (B), NTG (C) 
and TG (D). Particularly, c-FOS positive cells were noted in CG and SG. These positive cells were decreased 
in NTG and especially TG. For all micrographs, magnification bars are the same, with 20 µm.

Therefore, we suggest that PGC-1α-mediated upreg-
ulation of the antioxidant defense system could pro-
mote cell death following ASDH. 

In the study of Tran et al. (2006), a lateral perfu-
sion model was used, and they studied the contralat-
eral hippocampus area using the optical fractio nator 
method seven days after brain injury. According to 
their results, the number of neurons significantly 
decreased compared to that of the sham group [48]. 

According to our findings, the number of neu-
rons in the CA1 region of the NTG was significant-
ly decreased at seven days after ASDH (p < 0.01).  
The number of neurons in the CA2 region showed 
no significant change compared to the control 
group (p = 1.135), because the CA2 region is vari-
ably sized, and generally no significant difference 

could be determined between study groups in 
terms of the number of neurons in this region 
[36]. Like in the CA1 region, the number of neu-
rons in the CA3 region of the NTG was signifi-
cantly reduced compared to the control group  
(p < 0.01). When we evaluated the total number 
of neurons, it was found to be significantly lower 
in the NTG than the control group (p < 0.01). In 
the sham group, the number of neurons in the CA3 
region was significantly different than the num-
ber in the control group (p < 0.01). This reduction 
in the number of neurons of the subjects in the 
sham group may be caused by stress during sur-
gical procedures and skull defects [44]. Indeed, in 
a previous study, saline injection stress was shown 
to reduce the number of neurons [3].
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A B

C D

Fig. 9. Light micrographs showing PGC-1α immune reactivity at 40× magnification for CG (A), SG (B), NTG (C) 
and TG (D). PGC-1α positivity was increased in NTG and especially TG. Small pictures show PGC-1α-positive 
neurons at ×100 magnification in all groups. For all micrographs, magnification bars are the same, with 20 µm.

Adverse effects of DS on the CNS have been 
clearly shown [3,33]. DS inhibits the differentiation 
and proliferation of neural cells in the hippocampus 
[14]. In the literature, 20-week-old male rats that 
were prenatally exposed to DS exhibited a  reduc-
tion in the number of hippocampal neurons [14,18]. 
As a result of analysis by our stereological findings, 
DS treatment caused a  decrease in the number 
of neurons compared to control and sham groups  
(p < 0.01). However, DS treatment in the TG did not 
cause significant changes in the number of neurons 
as compared to the NTG (p > 0.05). 

In our study, histopathological findings were 
similar to the findings of ischemia and necrosis [4]. 
In our histological examination of the hippocampus 
after acute unilateral hematoma, neuronal shrink-

age, pycnotic neurons, and vacuolar degenerations 
were detected in the NTG. Also, DS application 
increased the degeneration of the neurons, and more 
neuron death was seen in the TG than in the NTG. 
Also DS treatment caused a decrease of the c-FOS 
and PGC-1α activity. Therefore cellular loss was 
higher in the TG than that of the NTG.

Previous studies of acute stress showed an 
increased rate of serotonin metabolism in the brain. 
The lower level of serotonin that results is not helpful 
in overcoming stressful situations in the future. This 
reduction leads to changes in sleep patterns and eat-
ing habits, and impairs sensitivity to pain [22]. In pre-
vious studies, low serum levels of serotonin have been 
identified in migraine patients [30]. In our study, the 
first measurements of the serotonin levels showed 
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large differences, because the control group was not 
subjected to the operation on the operation day, so 
the level was low in that group. Because the TG was 
subjected to the operation and drug injection, it had 
the highest level. Serotonin levels of the other two 
groups were approximately the same as each other, 
higher than those of the controls, but lower than that 
of the TG. This situation resulted from their stress lev-
el being between the CG and TG. When comparing 
the second plasma levels of serotonin, a significant 
difference was found between the first and second 
levels of the groups. Also, the second serotonin levels 
were significantly reduced after the operation in the 
NTG and TG (p < 0.01). This reduction may be due 
to an inability to cope with the physical stress of the 
operation [22].

Stress may cause an increase of noradrenaline 
and adrenaline [27], but DS application may cause 
a reduction in stress in the TG. The second plasma 
levels of noradrenaline were found to be significantly 
increased in the TG in comparison to those of the 
other groups. In addition, adrenaline levels were 
increased in comparison to those of the other groups 
(not significant). 

In conclusion, the results presented here show cell 
loss in the hippocampus due to exposure to ASDH by 
using stereological methods. Moreover, after ASDH, 
DS treatment caused a further increase in cell loss. 
Therefore, further studies are required to confirm this 
and to refine the effect mechanism and treatment 
alternatives to DS so as to decrease pain and prevent 
cell loss in patients with ASDH.
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