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Abstract: Aims: This study was performed to compare the effects of physiological saline and hypertonic saline ad-
ministered at an early stage in a model of traumatic brain injury associated with hemorrhagic shock. Material and 
methods: Twenty-eight male Sprague-Dawley rats were divided into four groups. The rats in the control group (S) 
underwent a sham experimental hemorrhagic shock followed by a sham operation. The rats in the trauma group (T) 
underwent a hemorrhagic shock followed by head trauma and no treatment. The rats in the NS group underwent a 
hemorrhagic shock followed by head trauma and received 0.9% NaCl. The rats in the HS group underwent a hemor-
rhagic shock followed by head trauma and received a 7.5% NaCl solution. The weight-drop method was used for 
achieving head trauma. After the head trauma, hypovolemia was induced by the controlled hemorrhage of 30% of 
the blood volume. The animals were exposed to hypovolemic shock for a further 30 min prior to fluid resuscitation. 
Each animal received a single volume infusion of their assigned fluid within few minutes. The effects of different 
fluids were evaluated after 24-hours by their brain water contents, and histological, and biochemical tests. Results: 
Group T had a significantly higher mean value for brain water content than did the NS group (P < 0.0001). Also, the 
HS group had significantly higher mean values for brain water content than the NS group (P = 0.003). Edema and 
bleeding were more marked in the HS group compared to the NS group (both, P < 0.001) in the histopathological 
evaluation. Leukocyte accumulation was significantly increased in the untreated rats compared to the HS and NS 
groups (both, P < 0.001). More red neurons were observed in the rats in the T group than in the NS and HS groups 
(both, P < 0.001). The mean serum osmolarity was higher in the T group compared to NS, HS, and S groups (all, P 
< 0.001). The mean plasma ADH levels and the mean plasma aldosterone levels were significantly higher in the T 
group than in the S, NS, and HS groups (all, P < 0.0001). Conclusion: Although not significantly different in biochem-
istry, animals treated with HS early in hemorrhagic shock secondary to head injury had more brain water than those 
the received NS as defined histopathologically. Therefore, in emergency settings, NS should be used safely in the 
early stage of hemorrhagic shock secondary to head trauma.
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Introduction

Injury-related death ranks sixth among the ten 
leading causes of mortality in humans between 
the ages of 5 and 44 years old [1]. The severity 
of injury and additional complications, includ-
ing hemorrhagic shock and concomitant injury 
to other organs, are among the essential fac-
tors for both morbidity and mortality in patients 
with trauma. Head injury is the major cause of 
death secondary to trauma. 

Hemorrhagic shock is recognized in up to one 
fifth of patients with head injuries. Shock is an 
acknowledged cause of secondary brain injury. 
Therefore, early and effective fluid resuscita-
tion is necessary to prevent adverse outcomes. 
Early aggressive fluid resuscitation with various 
fluids, including crystalloids, colloids, and man-
nitol, is used for primary volume replacement in 
hemorrhagic shock associated with traumatic 
brain injury (HSTBI) in emergency and pre-hos-
pital settings [2, 3]. The type of volume replace- 

http://www.ijcem.com


How to treat hemorrhagic shock and head trauma

4639 Int J Clin Exp Med 2019;12(5):4638-4649

ment fluids may have a noticeable impact on 
intracranial pressure [4-6]. Hyperosmolar flui- 
ds, including hypertonic saline (HS) solution 
(3% NaCl), have been proposed to resolve ele-
vated intracranial pressure (ICP) from traumat-
ic brain injuries [4-6]. However, early and 
aggressive fluid resuscitation may have detri-
mental effects. Recent animal studies have 
shown that early aggressive fluid resuscitation 
is related to increased bleeding due to the dilu-
tion of clotting factors, the removal of clots, 
and decreased blood viscosity [7, 8]. Increased 
mortality and prolonged coagulation times 
were noted in hypotensive trauma patients with 
penetrating torso injuries who were resuscitat-
ed aggressively with fluids [9]. Therefore, small 
volume resuscitation with more hypertonic 
solutions, such as 7.5% NaCl, may have a thera-
peutic advantage to prevent hemodilution [10]. 
Fluid volume in the intercellular compartment 
may be mobilized more rapidly into circulation. 
Cardiovascular effects, including the restora-
tion of cardiac output, systemic blood pressure, 
and regional blood flow, were elicited with small 
volume resuscitation without resultant fluid 
overload and an enhanced risk of bleeding [11, 
12]. 

The combination of traumatic brain injury (TBI) 
and hemorrhagic shock (HS) has been associ-
ated with increased morbidity and mortality 
[13]. Hypotension is a major cause of second-
ary brain injury even in a very short period and 
contributes to worse outcomes [6]. Fluid resus-
citation plays a critical role in restoring and 
maintaining systemic and cerebral circulations 
in patients with HS [14]. Although Advanced 
Trauma Life Support (ATLS) recommends 1-2 
liters of crystalloid solutions in patients with 
HS, the optimal resuscitation approach and the 
optimal choice of fluids have not yet been clear-
ly defined in patients with HSTBI [15]. Various 
treatment modalities have been proposed, 
such as osmotherapy agents, especially hyper-
tonic saline solutions (HTS), and are currently 
used in the treatment of patients with posttrau-
matic cerebral edema and raised ICP resulting 
from TBI [16]. Such treatment is believed to be 
particularly useful in the treatment of ICP with 
small volume fluid resuscitation [17, 18].

This experimental study was performed to com-
pare the effects of physiological (normal) saline 
(0.9%) and hypertonic (7.5%) saline adminis-
tered at the 30th minute in a model of HSTBI. 

Histological and biochemical evaluations were 
performed to determine the effects of fluid 
treatment. 

Materials and methods

The study was performed at the Yeditepe 
University Laboratory for Experimental Studies 
in compliance with the European Convention 
on Animal Care following approval of the design 
by the Yeditepe University Animal Ethics 
Committee. Twenty-eight male Sprague-Dawley 
rats (aged between 10 and 12 weeks, weighing 
between 200 and 230 g) were divided into four 
groups, each consisting of seven rats. The rats 
in each group were kept in separate cages in 
rooms with controlled light and temperature 
(24°C and a 14-h light/10-h dark cycle) and 
were given access to standard chow and water 
ad libitum. 

Study design

Before the experiment, the rats were randomly 
divided into the following 4 experimental 
groups: (1) sham, no treatment (S) (the rats 
underwent sham experiencing hemorrhagic 
shock followed by a sham operation with no 
head trauma and no blood loss); (2) hemorrhag-
ic shock followed by head trauma, no treatment 
(T); (3) hemorrhagic shock followed by head 
trauma and normal saline treatment [0.9% 
sodium chloride] (NS); (4) hemorrhagic shock 
followed by head trauma and 7.5% hypertonic 
saline solution treatment (HS). 

All rats in the HS and TBI groups were weighed 
before the procedure and 7% of the weight was 
taken as total blood volume. Under general 
anesthesia, the weight drop technique was 
employed to induce TBI. After TBI, the tail vein 
was cannulated and bleeding was initiated. 

Traumatic brain injury

The weight drop technique described by 
Marklund et al. [19] and Feeney et al. [20] was 
used to induce TBI. Prior to TBI, the rats were 
anesthetized with ketamine at a dose of 80 
mg/kg and xylazine at a dose of 5 mg/kg adminis- 
tered intraperitoneally. The rats were immobi-
lized in the supine position on a rough surface 
by taping the extremities and were placed on a 
thermal pad to maintain a constant body tem-
perature of 37°C after surgery. The operations 
were performed by the same surgeon, who was 
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blinded to the groups. For the rats in the T, NS, 
and HS groups, a craniotomy (6 × 9 mm) cen- 
tered over the right parietal cortex at breg- 
ma -3.5 and 3.5 mm lateral to the midline was 
performed using a dental drill. A 10-g weight 
was dropped from a height of 50 cm onto a pis-
ton 5 mm in diameter resting on the exposed 
dura, without bouncing. 

Experimental protocol, induction of hemor-
rhagic shock and resuscitation process

After TBI, anesthesia was maintained using 
additional doses of ketamine as necessary 
prior to the hemorrhagic shock. The subse-
quent steps were performed after each animal 
was placed on a thermal pad to maintain a con-
stant body temperature of 37°C throughout the 
rest of the procedure. A rectal thermometer 
was used to monitor temperature. After tail vein 
cannulation, bleeding was initiated and 35% of 
the rat’s total blood volume was gradually with-
drawn over 30-60 s, in accordance with previ-ous- 
ly described volume-adjusted hemorrhagic 
shock models [21, 22]. This model was used 
based on the estimate that 7% of body weight 
can best approximate the total circulating blood 
volume [21-23]. The animals were exposed to 
hypovolemic shock for a further 30 minutes 
prior to fluid resuscitation. Thereafter, ea- 
ch animal received a single volume infusion of 
the assigned fluid within a few minutes. The 
venous line was removed after resuscitation.

The rats in the T, NS, and HS groups underwent 
HSTBI. Subsequently, the rats in the HS group 
were administered 7.5% hypertonic saline at a 
dose of 4 mL/kg and 3 mL NS for each milliliter 
of blood loss within a few minutes via the cath-
eter after the development of hemorrhagic 
shock.

Euthanasia 

The rats were euthanized 24 h after HSTBI. 
Prior to euthanasia, the rats were anesthetized 
by the intraperitoneal administration of propo-
fol (Abbott Laboratory Inc. Co., Istanbul, Turkey) 
at a dose of 50 mg/kg. The euthanasia was 
performed by transcardiac perfusion using 
0.9% sodium chloride. Intracardiac blood sam-
ples were taken after the induction of deep 
anesthesia for the biochemical analysis. The 
brains were removed rapidly after the euthana-
sia. The right and left hemispheres were sepa-
rated; the right hemisphere was used for histo-

pathological evaluation, and the left hemi-
sphere was used for the analysis of brain water 
content. 

Determination of brain water content

The brain water content was evaluated using 
the wet-dry weight technique [24]. Briefly, the 
brains were weighed to assess the wet weight 
(WW) and then dried for 24 hours at 104°C to 
determine the dry weight (DW). Based on the 
wet and dry weight, the brain water content was 
calculated as: brain water content (%): (WW) 
(DW)/WW x 100) [24]. 

Biochemical evaluation

Twenty-four hours after the induction of HSTBI, 
blood samples were collected from each rat by 
intracardiac puncture and placed into biochem-
ical tubes for serum sodium and osmolarity, 
and ethylene diamine tetraacetic acid (EDTA) 
tubes for aldosterone and anti-diuretic hor-
mone extraction. Serum sodium, plasma aldo-
sterone, and plasma anti-diuretic hormone 
(ADH) levels were determined in each animal. 

Histopathological evaluation 

After euthanasia, the brain was removed imme-
diately, and the right and left hemispheres were 
separated. The right hemisphere containing the 
contusion epicenter was immersed in 10% 
formaldehyde for 1 week, embedded in paraf-
fin, and cut into serial horizontal sections 5 µm 
thick. The sections were stained with hematox-
ylin and eosin (H-E) and visualized by light 
microscopy (BX50; Olympus Corp., Tokyo, 
Japan) to determine the structural changes. A 
quantitative histopathological evaluation of the 
brain lesion was conducted for each sample 
under the lighted microscope. Photographs of 
brain specimens were taken under the lighted 
microscope. Among the effects of HSTBI, 
inflammation (defined as the presence of vas-
cular dilatation with interstitial fluid and leuko-
cyte accumulation), bleeding, edema, and 
acute neuronal injury (i.e., red neurons) were 
scored semi-quantitatively as not increased (0 
points), mildly increased (1 point), moderately 
increased (2 points), or significantly increased 
(3 points).

Statistical analysis

SPSS for Windows version 16.0 (SPSS, Chicago, 
IL) was used for the statistical analysis. 
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Descriptive statistics are reported, including 
the mean, standard deviation, and median. 
Median scores for inflammation, bleeding, 
edema, and acute neuronal injury (red neurons) 
were compared using the Kruskal-Wallis test 

Serum osmolarity, serum sodium, plasma ADH, 
and plasma aldosterone 

Table 1 and Figure 2 show the mean plasma 
ADH levels for all groups. The mean plasma 

and comparisons among the 
groups were performed with 
the Conover method. Mean 
plasma ADH, plasma aldoste-
rone, and serum sodium lev-
els, and serum osmolarity 
were compared using the 
unpaired t test or the Mann-
Whitney U test, depending on 
whether the data were nor-
mally distributed. In all analy-
ses, P < 0.05 was taken to 
indicate statistical signifi- 
cance.

Results

A total of 28 rats were includ-
ed in the analysis. The ani-
mals were assigned randomly 
to the experimental groups. 
None of the rats died immedi-
ately following trauma, includ-
ing rats in the brain-injured, 
sham, treated, and untreated 
groups. 

Brain water content 

Table 1 and Figure 1 show the 
brain water content for all 
groups. Rats in the sham inju-
ry (S) group showed signifi-
cantly decreased water con-
tent in the brain hemispheres 
compared to the no treatment 
(T), normal saline treatment 
(NS), and hypertonic saline 
treatment (HS) groups (all, P <  
0.0001). The T group had sig-
nificantly elevated water con-
tent compared to the S and 
NS groups (both, P < 0.0001), 
but there was no difference 
compared to the HS group. 
There was also a significant 
difference between NS and 
HS groups (P = 0.003). 

Table 1. Impact of different fluid therapies on groups of rats with 
hemorrhagic shock
Parameters Study groups Results (± SD)
Wet-dry weight (%)
(Brain water content, brain edema)

Sham-injured S 55 ± 1.7
Untreated T 63 ± 1.1
0.9% NaCl NS 60 ± 1.5
7.5% NaCl HS 62 ± 1.1

Osmolarity (mOsm/l) Sham-injured S 296 ± 3
Untreated T 311 ± 5
0.9% NaCl NS 293 ± 4
7.5% NaCl HS 293 ± 5

Sodium (mmol/l) Sham-injured S 143 ± 1
Untreated T 146 ± 5
0.9% NaCl NS 143 ± 2
7.5% NaCl HS 143 ± 2

Aldosterone (ng/ml) Sham-injured S 44 ± 10
Untreated T 151 ± 26
0.9% NaCl NS 56 ± 10
7.5% NaCl HS 52 ± 17

ADH (pg/ml) Sham-injured S 3.9 ± 0.9
Untreated T 9.7 ± 1.1
0.9% NaCl NS 2.7 ± 1.1
7.5% NaCl HS 2.7 ± 1.7

Figure 1. Brain water content values. Rats in group sham-injured (S) showed 
significantly decreased water content in the brain hemispheres compared 
to the no treatment (T), normal saline treatment (NS), and hypertonic sa-
line treatment (HS) groups (all, P < 0.0001). The T group had significantly 
elevated brain water content compared to the S and NS groups (both, P <  
0.0001), but there is no difference compared to the HS group. There was 
also a significant difference between NS and HS groups (P = 0.003). 
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ADH levels were significantly higher in the T 
group than the S, NS, and HS groups (all, P < 
0.0001). There were no significant differences 
between the S, NS, and HS groups (all, P > 
0.05). 

The plasma aldosterone levels are presented 
in Table 1 and Figure 3. The mean plasma aldo-
sterone levels were greater in the T group than 
in the S, NS, and HS groups (all, P < 0.0001). 
There was a significant difference between the 
S group and the NS group (P = 0.032), but no 
significant difference between the NS and HS 
groups (P > 0.05). 

tion between the S group and HS group (all, P > 
0.05). 

Bleeding was not observed in the S group 
(Table 2; Figure 7). Rats in the HS group showed 
significantly more bleeding than T and NS 
groups (P = 0.033 and P < 0.001, respectively), 
and rats in the T group showed more bleeding 
than in the NS group (P = 0.002). 

Table 2 and Figure 8 present the edema con-
tents. The edema content was greater in the T, 
NS, and HS groups compared to the S group (P 
< 0.001, P < 0.005, and P < 0.001, respective- 

Figure 3. Levels of plasma aldosterone. The mean plasma aldosterone lev-
els were greater in the T group than in the S, NS, and HS groups (all, P < 
0.0001). There was a significant difference between the S group and the 
NS group (P = 0.032), but no significant difference between the NS and HS 
groups (P > 0.05). 

The serum sodium levels are 
shown in Table 1 and Figure 4. 
The mean serum sodium level 
was higher in the T group (146 
mmol/L) than in the S, NS, 
and HS groups, but the differ-
ences between all the groups 
were not significant (all, P > 
0.05).

Table 1 and Figure 5 present 
the serum osmolarity values 
for all the groups. The mean 
serum osmolarity was signifi-
cantly elevated in the T group 
compared to the NS, HS, and 
S groups (all, P < 0.001). There 
were no statistically sign- 
ificant differences in mean 
serum osmolarity between the 
S, NS, and HS groups (all, P > 
0.05). 

Histopathological findings 

Leukocyte accumulation (in- 
flammation) was not observed 
in the S and HS groups (Table 
2; Figure 6). In the T group, 
leukocyte accumulation was 
significantly increased com-
pared to the NS and HS groups 
(both, P < 001). Inflammation 
was partially depressed in the 
NS (C) group, and, in this 
group, leukocyte accumula-
tion was significantly incre- 
ased compared to the S and 
HS groups (both, P = 0.001). 
There was no significant differ-
ence in leukocyte accumula-

Figure 2. Levels of plasma ADH. The mean plasma ADH levels were signifi-
cantly higher in the T group than the S, NS, and HS groups (all, P < 0.0001). 
There were no significant differences between the S, NS, and HS groups (all, 
P > 0.05). 
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ly), and the T and HS groups had more brain 
edema compared to the NS group (P = 0.006 
and P < 0.001, respectively). There was no 
significant difference in brain edema between 
the T group and HS group (P > 0.05). 

Red neurons were observed only in the T, NS, 
and HS groups (Table 2; Figure 9), and there 
was a significant difference between the T 
group and the treatment groups (NS and HS 
groups) (both, P < 0.001). There was no signi- 
ficant difference in red neurons between the 
NS and HS groups (P > 0.05).

Discussion

The type of fluid used for volume replacement 
may have a significant effect on intracranial 

at a dose of 4 mL/kg and NS was administered 
intravenously to the treatment groups at dose 
of 3 mL for each milliliter of blood loss in a rapid 
bolus. 

The morbidity and mortality in HSTBI may be 
reduced using rapid fluid resuscitation [15]. 
Pre-hospital volume resuscitation with HS may 
be beneficial in these patients. The beneficial 
effects of fluid resuscitation with HS have been 
demonstrated in both experimental and clinical 
investigations [29, 30]. In a clinical retrospec- 
tive study, Qureshi et al. [31] reported that 3% 
NaCl reduced intracranial pressure in patients 
with head trauma and edema. HS has been 
used in fluid resuscitation in models of both 
hemorrhagic shock and intracranial mass, and 
these studies demonstrated its efficacy [32-

pressure. Hyperosmolar fluids 
were used to reduce the intra-
cranial pressure elevated due 
to TBI [4-6, 25]. The present 
study was performed to inves-
tigate the effects of resuscita-
tion fluids administered in the 
early stages after HSTBI. 

The composition of fluids and 
the timing of administration 
would have an impact on 
edema following HSTBI. Alth- 
ough the optimal dose and 
concentration for HS are un- 
known, it is mostly adminis-
tered at the lowest possible 
dose until side effects are 
encountered or target serum 
sodium levels are achieved 
[26]. The available HS formu-
lations range from 3 to 20% in 
Turkey. Similar efficacies of 
different concentrations with 
no apparent harmful metabol-
ic side effects have been 
reported [27]. HS may be 
administered as an infusion 
over a period of hours in lower 
concentrations, such as 3%, 
or as rapid boluses over 15 or 
20 minutes at concentrations 
higher than 3% [26]. Similar 
effects on reducing ICP were 
demonstrated by both routes 
[28]. In the present study, HS 
was administered intrave-
nously to the treatment groups 

Figure 4. Levels of serum sodium. The mean serum sodium level was higher 
in the T group (146 mmol/L) than in the S, NS and HS groups, but the differ-
ences between all groups were not significant (all, P > 0.05).

Figure 5. Levels of serum osmolarity. The mean serum osmolarity was sig-
nificantly elevated in the T group compared to the NS, HS, and S groups (all, 
P < 0.001). There were no statistically significant differences in mean serum 
osmolarity between the S, NS, and HS groups (all, P > 0.05). 



How to treat hemorrhagic shock and head trauma

4644 Int J Clin Exp Med 2019;12(5):4638-4649

34]. The short-term and long-term effects of 
7.5% NaCl and Ringer’s lactate (RL) in rapid 
fluid resuscitation were compared by Anderson 
et al. [33] in a sheep model of cryogenic injury 
and hemorrhagic shock. The ICP was lower in 
the first 1.5 hours in animals that received 7.5% 
NaCl bolus compared to those administered 
RL. Cerebral water content was not different 
between the two groups at 24 hours. In a por-
cine model with cryogenic injury and hemor-
rhagic shock, a bolus followed by infusion of 
7.5% NaCl with dextran was more effective 
than a bolus followed by infusion of RL in restor-
ing the mean arterial pressure (MAP) and car-
diac output [35]. ICP and cerebral white matter 
water content were lowest in the entire 24-hour 

These findings may be secondary to decreased 
blood-brain barrier permeability after 1 hour 
following head injury and the reducing effects 
of HS on injury volume and edema formation at 
time points later than 1 hour. It has been sug-
gested that blood-brain barrier permeability 
plays an important role in edema and injury vol-
ume in cerebral injury. The findings of the pres-
ent study indicated that edema content follow-
ing head injury was influenced primarily by the 
timing of fluid treatment administration. 
Immediate fluid treatment with HS seemed to 
contribute to worsening of edema content fol-
lowing head trauma. The type of resuscitation 
fluid is also an important factor in edema con-
tent, with a greater increase seen in rats treat-

observation period in this 
study. Continuous infusion 
after the initial bolus of 7.5% 
NaCl may prolong its benefi-
cial hemodynamic and cere-
bral effects. 

HS administration may cause 
some changes in the posttrau-
matic brain tissue when given 
immediately following injury, 
including increased vascular 
permeability, enhanced ed- 
ema formation, and increased 
tissue injury due to the 
increased brain water content 
[36]. The presence of edema 
and edema content may be 
useful to estimate the actual 
amount of damage following 
head trauma [37]. Although 
sodium may accumulate in 
the injured brain tissue and 
rebound cerebral edema may 
occur as water is drawn into 
the injured tissue [38], cere-
bral edema and tissue dam-
age were not worsened by HS 
when administered at 6 hours 
after head injury [39, 40]. 

Figure 6. Inflammation for all groups in histopathological evaluation. In the 
T (B) group, inflammation was significantly pronounced following traumatic 
brain injury associated with hemorrhagic shock, and leukocyte accumula-
tion was significantly increased compared to the NS and HS groups (both, P 
< 001). Inflammation was not observed in the S (A) and HS (D) groups. In the 
NS (C) group, inflammation was partially depressed, and in this group, leu-
kocyte accumulation was significantly increased compared to the S and HS 
groups (both, P = 0.001). There was no significant difference for leukocyte 
accumulation between the S and NS groups as well (P > 0.05) (hematoxylin 
and eosin, 400x).

Table 2. The histopathological evaluation of the groups
Median items score Group S Group T Group NS Group HS p
Inflammation/leukocyte accumulation 0 (0 to 0) 2 (1 to 2) 1 (0 to 1) 0 (0 to 0) < 0.001
Bleeding 0 (0 to 0) 2 (1 to 3) 1 (1 to 2) 3 (2 to 3) < 0.001
Edema 0 (0 to 0) 1 (1 to 2) 1 (0 to 1) 2 (1 to 2) < 0.001
Red neuron 0 (0 to 0) 2 (1 to 3) 1 (0 to 1) 1 (0 to 1) < 0.001
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ed with 7.5% NaCl in the present study. Elliott et 
al. [36] reported that edema content was actu-
ally greater following immediate fluid treatment 

to serum osmolarity. In experimental and 
human studies on TBI, blood sodium levels 
after bolus HS infusion were generally 140 and 

with hypertonic saline imme- 
diately after head injury, al- 
though the difference was not 
significant. In animals treated 
with HS 6 hours or more fol-
lowing head trauma, edema 
content was significantly sm- 
aller than in those treated 
immediately, suggesting a 
time-dependent effect. 

The amount of bleeding was 
significantly higher in the HS 
group than in the NS and other 
groups and was similar in 
untreated animals and in ani-
mals treated with isotonic 
saline. Elliot et al. reported 
increased tissue damage by 
HS treatment when given 
immediately after traumatic 
brain injury, but the extent of 
tissue damage was not in- 
creased when administered at 
6 hours [36]. Increased per-
meability of the blood-brain 
barrier immediately after inju-
ry compared to after 1 hour 
was demonstrated previously 
[39, 40]. Increased hemor- 
rhage by HS may be second-
ary to the aggravation of tis-
sue damage when given 
immediately after HSTBI when 
the blood-brain barrier is more 
permeable.

The principal side effects of 
HS are hypernatremia and 
hyperosmolarity. HS may in- 
crease serum osmolarity ab- 
ove 300 mOsm/L, which may 
increase the risk of kidney 
injury [41]. Therefore, blood 
osmolarity should not be 
raised above 320 mOsm/L 
especially in hypovolemic pa- 
tients due to the increased 
risk of acute tubular necrosis 
and renal failure [41, 42]. The 
blood sodium level is the most 
important factor contributing 

Figure 7. Bleeding for all groups in histopathological evaluation. Bleeding 
was not observed in the S (A) group. Rats in the HS (D) group showed signifi-
cantly more bleeding than the T (B) and NS (C) groups (P = 0.033 and P < 
0.001, respectively), and rats in the T (B) group showed more bleeding than 
those in the NS (C) group (P = 0.002) (hematoxylin and eosin, 100x). 

Figure 8. Cerebral edema for all groups in histopathological evaluation. 
Cerebral edema was not observed in the Group S (A). Edema content was 
greater in the T (B), NS (C), and HS (D) groups compared to the S (A) group (P 
< 0.001, P < 0.005, and P < 0.001, respectively), and the T (B) and HS (D) 
groups had more brain edema compared to the NS (C) group (P = 0.006 and 
P < 0.001, respectively). There was no significant difference in brain edema 
between the T (B) group and the HS (D) group (P > 0.05) (hematoxylin and 
eosin, 200x).
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150 mmol/l, 150 and 160 mmol/l in a few 
studies [43, 44], and higher than 160 mmol/l in 
one study [45]. Blood sodium levels and osmo-
larity were increased to a greater extent in trau-
ma groups. In this study, blood sodium levels in 
the HS group were lower than those in the NS 
group. Although blood sodium levels and osmo-
larity were expected to be higher in animals 
treated with 7.5% NaCl, these parameters were 
not increased in this group. This observation 
may be interpreted as supportive of HS use in 
HSTBI.

The immunomodulatory effects of HS were 
demonstrated both in vivo and in vitro [42, 46, 
47]. HS was shown to decrease the adherence 
of leukocytes by expression of the adhesion 
molecule L-selectin in mice [48], and it may 
also reduce the activation and migration of leu-
kocytes [36]. The lower leukocyte accumula-
tion, i.e., lower inflammation in the treated 
group than the untreated group in this study, 
supported the possible immunomodulatory or 
anti-inflammatory effects of HS. Although there 
were no significant differences in leukocyte 
accumulation between the NS and HS groups, 
the HS group showed less accumulation of leu-
kocytes than the NS group. Red neurons were 
also fewer in the treated groups than in the 

There was no supporting evidence in the study 
about the superiority of HS to NS in reducing 
osmolarity. This observation suggests that 
blood osmolarity for ADH release may be pre-
served by NS and HS infusion.

High aldosterone values were reported previ-
ously in patients with acute head injury and 
increased intracranial pressure [25]. Therefore, 
aldosterone is a useful biochemical indicator of 
the severity of increased intracranial pressure 
and head injury. Although there was no signifi-
cant difference between the NS and HS groups, 
blood aldosterone levels were higher in the 
untreated group than in the treatment groups 
in this study. This finding suggested that NS or 
HS treatment will restore plasma volume, which 
in turn may prevent increases in blood aldoste-
rone levels as well as ADH. 

Limitations of the study

There were some limitations in this study. First, 
the use of rat models for controlled HSTBI may 
not completely reflect the true clinical situation 
in humans. Second, the effects of delayed fluid 
resuscitation were not evaluated. HS was 
administered at an early stage after HSTBI 

Figure 9. Red neuron for all groups in histopathological evaluation. Red neu-
ron was not observed in Group S (A). In group T (B), red neuron was signifi-
cantly increased following traumatic brain injury associated with hemorrhag-
ic shock and there was significant different between the T (B) group and the 
treatment groups [Group NS (C) and Group HS (D)] (both, P < 0.001). In the 
treatment groups (C and D), red neuron was partially decreased and there 
was no significant difference in the red neurons between the NS (C) and HS 
(D) groups (P > 0.05) (hematoxylin and eosin, 400x). 

untreated group. Although no 
significant distinctions with 
regard to the anti-inflammato-
ry properties of HS were ob- 
served, the findings suggest 
that a sodium content of at 
least 0.9% in resuscitation 
fluid may alleviate inflamma-
tion in injured brain tissue. 

Head injury may lead to an 
inappropriate increase in ADH 
level [49]. Blood ADH levels in 
the untreated group were 
higher than those in the treat-
ment groups. The results of 
the present study indicated 
that HS was not superior with 
regard to reducing ADH, as 
compared to NS. This finding 
supported the result that the 
administration of NS or HS will 
reduce ADH levels by restoring 
plasma volume [50, 51]. In our 
study, blood osmolarity was 
lower in the treatment groups 
than the untreated group. 
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because the objective was to compare the 
effects of different fluids at an early period 
after injury. Further studies are required to eval-
uate the delayed effects of resuscitation fluids; 
in particular, the effects of HS on hemorrhaging 
should be analyzed in the late post-injury peri-
od. Third, the samples were collected from ani-
mals after 24 hours, and our data did not 
address long-term complications of fluids. 
Therefore, future experimental studies with lon-
ger periods of observation, to evaluate speci-
mens for late effects of different fluids are 
required. 

Conclusion

The results of the present study indicate that 
early fluid resuscitation with hypertonic or iso-
tonic fluid in the treatmenst of HSTBI is associ-
ated with lower levels of inflammatory reac-
tions, and normal biochemical variables, includ-
ing osmolarity, sodium, aldosterone, and ADH 
levels, with the exception of brain water con-
tent. Treatment with HS results in a greater 
brain water content than NS. The lower degree 
of leukocyte accumulation may suggest 
decreased inflammation in fluid-resuscitated 
animals. However, the median scores for bleed-
ing and edema were significantly higher in the 
HS group than in the NS group. Red neurons 
were observed in the T, HS, and NS groups. 
Although the difference was not significant bio-
chemically, histopathological findings and brain 
water content were significantly more favorable 
with early administration of HS than NS in 
HSTBI. Therefore, NS can be used safely in the 
early stages of HSTBI in emergency settings. 
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