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Introduction. In this study, we investigated the role of exogenous NO donor, sodium nitroprusside (SNP), on hemodynamic
responses and survival rate during decompensated hemorrhagic shock in normotensive and hypertensive rat. Methods. Male wistar
rats were divided into normotensive and hypertensive groups (n = 12 each). Then, the animals were subjected to decompensated
hemorrhagic shock by withdrawing blood until the mean arterial pressure (MAP) reached to 40 mmHg. After the shock period,
the animals were randomly assigned to SNP-treated (0.5 mg/kg) and control groups (n = 6 each). MAP and heart rate (HR) were
monitored throughout the experiment and 60 min after the administration of drug. Serum NO concentrations were measured. The
survival rate was counted during next 72 h. Results. Infusion of SNP caused no significant changes in MAP and HR in normotensive
and hypertensive animals. Hemorrhagic shock increased serum NO concentration and SNP administration reduced serum NO
concentration in either normotensive or hypertensive groups. Survival counts during 72 h after experiment did not improve
by SNP administration, and there were no significant differences between normotensive and hypertensive groups. Conclusion.
SNP administration cannot improve hemodynamic responses and survival count during decompensated hemorrhagic shock in
normotensive and hypertensive animals.

1. Introduction

Hemorrhagic shock is characterized by a decrease in blood
pressure, reduced cardiac output, and release of vasocon-
strictor substances and in, decompensating phase, delayed
vascular decompensation [1].

Several vasoactive factors have been proposed to be
involved in the development of vascular hyporeactivity
during shock period including nitric oxide (NO) [2–4].
Studies indicated that NO is involved in pathogenesis
of shock and modulates cardiovascular responses during
various types of shock [5]. NO overproduction may be
involved in vascular decompensation and hyporeactivity
during decompensated hemorrhagic shock [3, 6]. Vascular
hyporeactivity can interfere with vasoconstrictor agents uses
in therapy of shock. On the other hand, other studies

demonstrated the beneficial effects of NO donors or L-
arginine, NO precursor during blood loss [7, 8]. Thus, the
exact role of NO and NO donors during hemorrhagic shock
is still unclear.

The initial response to blood loss is an increase to
sympathetic tone and peripheral vascular resistance [1].
Hypertensive subjects have higher baseline sympathetic tone
and vascular resistance. It is documented that hyperten-
sive patients have a more severe circulatory dysfunction
after hemorrhage and higher mortality rate after hemorrhage
than normotensive subjects [9]. Since hypertension is associ-
ated with several cardiovascular abnormalities, in this study,
we investigated the effect of sodium nitroprusside (SNP),
an exogenous NO donor, on hemodynamic responses and
survival rate during decompensated hemorrhagic shock in
normotensive and hypertensive rats.
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Figure 1: Changes of MAP (a) and HR (b) during shock period in normotensive and hypertensive rats. ∗P < 0.05 compare to normotensive
group. ∗∗P < 0.05 compared to before experiment.

2. Materials and Methods

2.1. Animals and Experimental Groups. The experiments
were performed on male Wistar rats weighting 280–320 g.
The animals were acclimatized with animal room for one
week and had free access to standard food and water. The
rats were kept three per cages and exposed to a 12 : 12 h light-
dark cycle, temperature between 22 and 25◦C, and humidity
around 60–70%. All experimental procedures were approved
by the ethical committee of Isfahan University of Medical
Sciences.

Hemorrhagic shock was induced in all experimental
groups. The groups were as follows: (1) normotensive; (2)
normotensive + SNP; (3) hypertensive; (4) hypertensive +
SNP (n = 6 each).

2.2. DOCA-Salt Hypertensive Model. In all groups, the
animals were anaesthetized by intraperitoneally injection of
ketamine (75 mg/kg) and xylazine (7.5 mg/kg). An incision
was made on right flank and all rats were uninephrec-
tomized. Then, they were randomly divided into normoten-
sive and hypertensive groups. The animals in hypertensive
groups received Deoxycorticosterone Acetate (DOCA) injec-
tion 30 mg/kg (Aboureihan Co.) subcutaneously, two times
a week for 8 weeks as previously described [10]. They also
received NaCl 1% solution instead of tap water for drinking.
The normotensive groups received tap water and injection
of solvent of DOCA throughout the study. Systolic blood
pressure was recorded every week by tail cuff pressure.

2.3. Decompensated Hemorrhagic Shock. After 8 weeks, the
animals were anaesthetized by ketamine (75 mg/kg) and
xylazine (7.5 mg/kg) and maintained under anesthesia for
the duration of the experiment. The body temperature was

maintained around 37◦C using a heating pad (Harvard
Apparatus, England) and monitored by rectal thermometer.
Then, the right femoral artery and vein were cannulated
using PE-50 catheters for blood withdrawal and drug
administration, respectively. Left femoral artery was also
cannulated and connected to the power lab system for
monitoring the mean arterial pressure (MAP) and heart rate
(HR) throughout the experiment.

After stabilizing period for 30 minutes, hemorrhagic
shock was induced by withdrawing blood every 2 minutes
using a 1 mL syringe containing 5 Iu heparin until MAP
decreases to 40 mmHg during the total time of 15 minutes
[11]. The animals were maintained to shock state for next
120 min. During this time, blood was withdrawn or rein-
fused, if necessary, to maintain MAP at this level. After the
shock period, the animals were randomly assigned to SNP-
treated and nontreated groups. SNP (0.5 mg/kg; Sigma) was
dissolved in 0.9% sodium chloride solution (1 mL/kg) [12]
and infused through the femoral vein catheter during 15 min.
MAP was monitored for 60 min after the administration of
drug. Groups 1 and 3 received sodium chloride solution with
the same volume.

2.4. Blood Collection. Blood samples of 1 mL were taken after
anesthesia (before experiment), at the end of shock period
(120th min), and 60 min after treatment. The blood collected
was accounted in the total volume taken for induction
of hemorrhage. The blood samples were centrifuged at
3000 rpm for 20 min and serums were poured in eppendorf
tubes and stored at −70◦C until analysis.

2.5. Survival Time. At the end of experiments, the catheters
were removed. The arteries and vein were ligated and
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Figure 2: Effect of SNP administration on MAP and HR after 2 h hemorrhagic shock period in normotensive and hypertensive rats.
∗P < 0.05 compared to nontreated group.

incisions closed by 3–0 chromic catgut sutures. After recov-
ery of anesthesia, the animals were returned to individual
cages and allowed free access to water and food. The survival
rate was counted on first 4 h after experiment and every 12 h
up to 72 h until the death of animals.

2.6. Serum NO Measurement. Serum NO measurement was
measured using griess reagent systems as previously de-
scribed [13]. In this method, the stable end metabolite of NO,
nitrite, was measured. In brief, the samples were added to a
96-well enzymatic assay plate. Then, sulfanilamide solution
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Figure 3: Serum NO concentrations at different periods in
normotensive and hypertensive groups. ∗Indicates significant dif-
ference compared to hypertensive group; ∗∗indicates significant
differences compared to basal state.

and N-1-naphtylethylenediamine dihydrochloride solution
were added to each well, respectively. Absorbance was mea-
sured using microplate reader at the wavelength of 520 nm.
Serum NO concentrations were determined in comparison
to standard reference curve. The limit detection of this assay
was 2.5 μmol.

2.7. Statistical Analysis. The results are expressed as mean ±
standard error. Paired t-test was performed to compare
paired data. The differences between groups were analyzed
by one-way ANOVA. Survival rate was evaluated with chi-
square test. P less than 0.05 was considered as significant.

3. Results

3.1. Hemodynamic Parameters. Baseline MAP and systolic
blood pressure in DOCA-Salt hypertensive rats were signif-
icantly higher than normotensive animals (MAP: 120.43 ±
4.84 versus 80.71 ± 2.93 mmHg; systolic blood pressure:
156.64 ± 5.33 versus 109.32 ± 5.69 mmHg). Baseline HR
in hypertensive group was not different from normotensive
group (P > 0.05). Changes of MAP and HR during the
hemorrhagic shock and shock period are presented in
Figure 1. MAP was maintained around 40 mmHg during
shock period. During this time, significant bradycardia was
induced at 5 min following the bleeding, and then, HR
gradually increased during the shock period. There were
no significant differences in HR between hypertensive and
normotensive groups (P > 0.05). SNP administration caused
a transient nonsignificant increase of MAP in normoten-
sive animals; however, after 15 min, MAP was gradually
decreased. In hypertensive animals, infusion of SNP during
shock period did not alter MAP and HR (Figure 2).

3.2. Serum NO Concentration. Changes of serum NO con-
centrations are illustrated in Figure 3. In the basal state
(before experiment), serum NO concentration in hyperten-
sive animals was lower than normotensive group (3.98±0.36
versus 5.18± 0.36μmol/L; P < 0.05). Hemorrhage increased
serum NO levels in both groups (P < 0.05). Administration
of SNP significantly reduced serum nitrite concentration in
normotensive (3.03 ± 0.30 versus 5.18 ± 0.36μmol/L) and
hypertensive (2.56 ± 0.26 versus 3.98 ± 0.36μmol/L) groups
(P < 0.05).

3.3. Survival Count. All animals were survived at the end
of experimental protocol. Four of six (66%) normotensive
animals who received SNP were alive 12 h after experiment,
while one of six normotensive animals without treatment
was alive during this time. After 72 h, there were no signifi-
cant differences between SNP-treated and nontreated groups.
In hypertensive animals, three of six (50%) animals were
alive 4 h after experiment in SNP-treated and nontreated
groups. After this time, there was no significant differences
in survival rate of hypertensive groups between SNP-treated
and nontreated groups (Figure 4).

4. Discussion

Many factors including NO modulate cardiovascular
responses during shock state [3, 5, 14]. NO has several effects
on cardiovascular systems including modulation of synaptic
signaling and regulation of blood pressure [15]. In this study,
we found that serum NO concentration in hypertensive
animals was lower than normotensive group. Hypertension
is associated with cardiovascular abnormalities including
endothelial dysfunction and it seems that reduced serum
NO concentration in hypertensive group may be the result
of endothelial dysfunction [16, 17]. Previous studies also
supported the lower NO bioavailability in hypertensive
subjects [15–17]. Higher production of reactive oxygen
species, lower endothelial NO synthase expression, and/or
impaired L-arginine uptake are possible mechanisms for
reduced NO bioavailability in hypertensive subjects [16, 17].

In the present study, we showed that, during the shock
period, serum NO level was increased either in normotensive
or hypertensive animals. In addition, increased serum NO
concentrations were continued one hour after shock period.
NO has been implicated in pathogenesis of hemorrhagic
shock [3, 5, 6]. Lines of evidence supported that NO
produced during and after ischemia is an important factor
in the pathogenesis of ischemic injury [18] and is associated
with vascular decompensation due to low NO bioavailability
[19]. Upregulation of inducible and endothelia forms of NO
synthase expression in different organs during shock is one of
the possible mechanisms of excessive NO production during
hemorrhagic shock [6, 20, 21]. Higher production of NO not
only may reduce responsiveness to vasoactive agents, but also
may contribute to major organs ischemia [22].

We also showed that infusion of SNP (an exogenous
NO donor) during the decompensated hemorrhagic shock
did not significantly change MAP and HR in normotensive
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Figure 4: Comparison of survival rate in normotensive and hypertensive animals in SNP-treated and control groups.

and hypertensive animals. Survival rate in hypertensive
animals was not affected by SNP administration, while, in
normotensive group, survival rate was improved, although
it was not statistically significant. Excessive production of
NO may induce vascular hyporesponsiveness during shock
[3, 6]. Furthermore, it can increase reactive oxygen species
and PGE2 which might be involved in organ damages
during shock [11, 15]. On the other hand, elevation of NO
improves microcirculation and tissue perfusion [15]. Thus,
the exact role of NO during various types of shock is still
unclear. Several studies have been done to indicate the role
of NO donors in various shock models; however, the results
are contradictory. Intravenous injection of L-arginine, the
precursor of NO, in hemorrhagic shocked rats attenuated
lung injury associated with hemorrhage [7]. A recent study
by Arora et al. showed that administration of L-arginine
in severe hemorrhaged rats improved outcome, functional
and metabolic, and suggested that these benefits are related
to local perfusion and inflammation [8]. Exogenous NO
also prevents cardiovascular decompensation, maintained
the heart rate [23], and preserved microvascular perfusion
[19]. In agreement with our results, a recent study by Sobhian
et al. showed that in the rats subjected to hemorrhage, NO-
supplemented resuscitation improves gastrointestinal blood
flow and despite a transient MAP reduction, survival rate
was not affected [24]. Shirhan et al. also demonstrated that
SNP infusion during refractory hemorrhagic shock although
served as protective in early stage of hemorrhagic shock,
but did not provide protection in the later period [11].
In the present study, we found that SNP administration
during decompensated shock hemorrhage did not improve
hemodynamic response and survival rate. Although, in this
study, we did not determine organ blood flow, however,
it seems that, despite improved tissue perfusion after NO
donors, it cannot be of protective effects on hemodynamic
responses and survival count in normotensive animals,
although, based on our knowledge, no study has been done
to define the role of NO donors during hemorrhaged shock
in hypertensive subjects.

In conclusion, it seems that although SNP administration
may improve organ flow and preserve microcirculation,
however, it cannot improve hemodynamic response and
survival count in normotensive and hypertensive animals.
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