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ABSTRACT

Introduction: Different vasoactive factors can modulate
cardiovascular adaptation to hemorrhagic shock including Nitric
Oxide (NO). In this study we investigated the effect of the NO
synthase inhibitor for treatment of decompensated hemorrhagic

shock in normotensive and hypertensive rats.

Methods: Twenty-four male Wistar rats were divided into two
groups: The normotensive and hypertensive groups. Hypertension
was induced by the DOCA-Salt method for eight weeks. Then, the
animals were given hemorrhagic shock by continuously withdrawing
blood until the mean arterial pressure (MAP) reached to 40 mmHg.
The animals were maintained in the shock state for 120 minutes.
Subsequently, they were randomly assigned to L-NAME-treated
and non-treated groups and monitored for 60 minutes. The survival
time was recorded. Blood samples were taken before and after the
shock and 60 minutes after L-NAME administration.

Results: Infusion of L-NAME caused a significant increase in
MAP in normotensive animals, however, slightly increased MAP
in hypertensive animals. The heart rate did not significantly alter.
Hemorrhage caused a marked increase in serum nitrite levels in
both groups (P<0.05). L-NAME treatment significantly reduced the
serum nitrite concentration in the normotensive group (P<0.05),
without any change in the hypertensive group. All animals who
received L-NAME treatment survived at the end of experiment.
Fifty percent of the hypertensive animals died four hours after the
experiment. The 72-hour survival rate was similar in the L-NAME

treated groups.

Conclusion: L-NAME infusion during decompensated
hemorrhagic shock plays a protective role in the improvement
of hemodynamic responses and short-term survival rate in

normotensive animals.
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INTRODUCTION

Shock is a condition in which tissue perfusion is inadequate to
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maintainthenormaloxygendemand.! Cardiovascular
adaptation during blood loss is under the control of
the sympathetic and parasympathetic divisions.! It is
indicated that blood pressure decreases and heart rate
increases during blood loss.” Hypotension during
hemorrhage is associated with complications such
as multiple organ failure, including brain ischemia
and the development of secondary infection such as
sepsis. In the decompensation phase, hemorrhagic
shock is characterized by a decreased response to
vasopressors and hypoperfusion to the peripheral
tissues.®! Such alterations can result in dysfunction of
the vital organs and account for high mortality rates.

Different vasoactive factors can modulate
cardiovascular adaptation to hemorrhagic shock
such as Nitric Oxide (NO).>® NO has a key role in
cardiovascular homeostasis, including hemorrhagic
shock.”! Increased free radical oxygen during tissue
ischemia in hemorrhagic shock may lead to reduced
serum NO level.l% On the other hand, increased
serum NO concentrationhasbeen documented during
hypovolumia and cerebral ischemia.! Excessive
generation of NO may reduce vascular reactivity to
vasoconstrictive factors, such as angiotensin II, during
the decompensation phase of hemorrhagic shock>7!2
and reduce hemorrhage-induced tachycardia.!'
Vascular hyporeactivity may be responsible for the
low response of patients with hemorrhagic shock to
vasoconstrictive substances.”!?!

Clinical studies showed that the mortality rate
during blood loss in hypertensive subjects is higher
than in the normotensive group.!'4!% Hypertension
is associated with several cardiovascular
abnormalities, including endothelial dysfunction.!¢!
NO is one the most important endothelium-derived
relaxing factors. There are three isoforms of
NO synthase that produce NO from L-arginine.
In this study, we aim to investigate the effect
of the non-selective NO synthase inhibitor, for
treatment of decompensated hemorrhagic shock
in normotensive and hypertensive rats.

METHODS

Animals

Experiments were performed on male Wistarrats
(Pasteur Institute of Iran) weighing 300—400 g at the
time of hemorrhagic shock. The rats were housed,
two or three per cage, in the animal room, with
a 12-hour light—dark cycle, 20 — 25°C temperature,
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60 — 70% humidity, and standard rat chow and
water ad libitum. All experiments were approved
by the University Ethical Committee on Animal
Research.

Induction of hypertension

Hypertension = was  induced by the
Deoxycorticosterone Acetate (DOCA)-salt
method, as previously described.l'” In brief, the
animals were anesthetized with an intraperitoneal
injection of ketamine (75 mg/kg) and xylazine
(7.5 mg/kg). Following this, all the animals
were uninephrectomized and the animals in the
hypertensive group received a DOCA injection of
30 mg/kg (Aboureihan Co.) subcutaneously, twice
a week, for eight weeks. They also received NaCl
1% solution instead of tap water for drinking.
The normotensive group received tap water and
injection of the solvent of DOCA throughout the
study. Systolic blood pressure was recorded every
week by the tail cuff pressure.

Hemorrhagic shock model

The animals were fasted for 12 hours, but had free
access to water before the experiment. Following
this, they were anesthetized by ketamine and
xylazine and maintained under anesthesia during
the study. The body temperature was maintained
around 37°C using a heating pad and monitored
by a rectal thermometer. The right femoral artery
and vein were cannulated by PE-50 catheters
for blood withdrawal and drug administration,
respectively. The left femoral artery was cannulated
and connected to a physiograph for monitoring of
Mean Arterial Pressure (MAP) and Heart Rate
(HR) during the experiment.

After a stabilizing period of 30 minutes,
decompensated hemorrhagic shock was induced
by continuously withdrawing blood using a 1 ml
syringe containing 50 IU heparin at a rate of 1 ml
per four to five minutes until the MAP reached
40 mmHg, during the total time of 20 minutes.!®!
The animals were maintained in the shock state for
the next 120 minutes by withdrawing or re-infusing
the shed blood, as necessary, to maintain the MAP
at around 40 mmHg.

After the shock period, the normotensive and
hypertensive animals were randomly assigned
to L-NAME-treated and non-treated groups.
L-NAME (10 mg/kg; Sigma Co.)!") was dissolved
in normal saline (1 ml/kg) and infused through
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the femoral vein catheter for 10 minutes. The
non-treated groups received normal saline with an
equal volume.

Survival time

The MAP and HR were monitored 60 minutes
after L-NAME administration, after which the
catheters were removed and incisions sutured.
After recovering from the anesthesia, the animals
were returned to the cages with free access to water
and food. The survival time was recorded at the
first four hours and every 12 hours up to 72 hours.

Serum nitrite measurement

Blood samples were taken before and after
shock and 60 minutes after L-NAME infusion. The
blood was centrifuged at 3000 rpm for 20 minutes
and serums were kept in separate Eppendorf tubes
at =70°C for further analysis. Serum nitrite level
was measured using the Griess reagent method,
as previously described,?” with a detection limit
of 2.5 umol.

Statistical analysis

The results were expressed as meantSE.
One-way ANOVA with post hoc test LSD was
used to compare the differences between the
groups. Student #-test was performed to compare
the data between the two groups. Survival rate was
evaluated with the Chi-square test. P less than 0.05
was considered statistically significant.

RESULTS

Changes in hemodynamic parameters

Baseline systolic blood pressure and MAP in
the DOCA-Salt hypertensive rats were significantly
higher than in the normotensive group (systolic
blood pressure: 151.56 + 5.60 vs. 109.1 £ 6.56;
MAP: 119.30 £ 4.34 vs. 82.87 £ 3.33), however,
the baseline HR measurement showed no
significant differences between the groups. Figure 1
illustrates the time course of MAP [Figure 1a]
and HR [Figure 1b] during hemorrhagic shock.
MAP was maintained around 40 mmHg during
the 120 minute shock period. Decompensated
hemorrhage caused significant bradycardia five
minutes following the bleeding. Then the HR
gradually increased during the shock period
(P<0.05 vs. basal value), however, there were
no significant differences between the groups.
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Infusion of L-NAME caused a significant increase
of MAP in the normotensive animals, which was
significantly different compared to the non-treated
group [Figure 2a]. In hypertensive animals,
infusion of L-NAME slightly increased the MAP,
without significant differences in the non-treated
animals [Figure 2b]. HR did not significantly alter
after L-NAME infusion in the normotensive and
hypertensive groups [Figures 2c and d].

Serum nitrite concentration

Figure 3 illustrates changes in serum nitrite
concentrations during the experiment. In the
basal state (before shock induction), serum nitrite
concentration in normotensive animals was
higher than in the hypertensive group (3.97 + 0.24
versus 2.30 = 0.17 umol/1; P<0.05). Hemorrhage
caused a marked increase in serum nitrite levels
in both groups (£<0.05). The L-NAME treatment
significantly reduced serum nitrite concentration
in normotensive animals (P<0.05), without any
change in the hypertensive group.

Survival assay

All animals who received L-NAME treatment
survived at the end of experiment. Three of six
hypertensive animals (50%) died four hours after
the experiment, while, all normotensive animals
were alive during this time. After this time,
significant differences in survival rate were not
observed between hypertensive and normotensive
animals [Figure 4].

DISCUSSION

Studies indicated that excessive NO formation
is associated with vascular hyporeactivity during
blood loss,®%21 however, the exact role and
mechanisms by which NO regulates hemodynamic
response is not clear.

In the present study, hemorrhage reduced
MAP for five minutes after bleeding and the HR
gradually increased in the normotensive and
hypertensive groups. It is known that hemorrhage
causes a slight increase in HR, which is followed
by bradycardia.?? In this study we used the
DOCA-Salt hypertensive model, which is a known
model of moderate hypertension. Hypertension
is associated with several vascular abnormalities
including endothelial dysfunction.!'s! In the present
study, we found that at the basal state, hypertensive
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Figure 1: Changes in the mean arterial pressure (MAP) (a) and heart rate (HR) (b) of normotensive and hypertensive
rats, during the shock period. *P<0.05 compared to the normotensive group. **P<0.05 compared to before experiment
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Figure 2: Comparison of mean arterial pressure (MAP) and heart rate (HR) between L-NAME treated and non-treated groups,

in normotensive and hypertensive animals. *P<0.05 compared to the non-treated group
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Figure 4: Comparison of survival rate of L-NAME treated
normotensive and hypertensive rats

animals had lower serum nitrite concentration
than the normotensive group. Nitrite is the stable
end-product of NO, which reflects the amount of
NO production.¥ Reduced NO bioavailability
in hypertensive subjects has been documented in
previous studies,['%?*24 and different mechanisms
have been suggested for reduced availability of
NO during hypertension, including the generation
of reactive oxygen species, impaired l-arginine
uptake,®! or reduced NOS expression.[?4

During the shock period, we have found elevated
serum nitrite concentrations in normotensive
and hypertensive animals. NO can produce,
by NO synthase, a specifically inducible form
(INOS) during shock and plays a key role in the
pathogenesis of various shocks.l%%?1:231 Activation
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of NO synthase®! and wupregulation of the
inducible form of NO synthase expression?’! has
been documented during shock. Daughter et al.
also found that NO increases during hemorrhagic
shock and contributes to hypotension.?®!

After L-NAME infusion, we found that MAP
increased in normotensive animals, however, did
not alter in the hypertensive group. In addition,
L-NAME slightly increased the HR in both groups.
In contrast to our results, Koch et al., found that
L-NAME infusion induced an increase in HR
during hemorrhage,”” however, Balaszczuk er al.
demonstrated that L-NAME infusion recovered
blood pressure and HR in hemorrhagic shock
rats compared to the non-treated group.® Other
studies indicated that inhibition of NO attenuates
hemorrhage-induced tachycardia.*” In the present
study, we found a slight increase in HR after
L-NAME treatment, which supported the other
studies.”’ Our findings suggest that NO does not
play a key role in the regulation of HR during
hemorrhage.

We also found that the survival rate in
normotensive animals that received L-NAME
treatment was higher than in the hypertensive
group in the first four hours after shock induction.
Low survival rate of hypertensive subjects during
hemorrhage has been documented in previous
studies.! It is indicated that hypertensive subjects
have a defectinthebaroreflex response.*'YMoreover,
tissue ischemia and organ failure in the hypertensive
animals was more than in the normotensive group
at the same blood pressure, after hemorrhagic
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shock, which may explain the higher mortality in
hypertensive animals.*! In contrast to our results,
a recent study has found that exogenous NO has
a protective role during hemorrhagic shock.?
However, other studies have demonstrated that
excessive NO production during hemorrhage may
lead to organ damage and vascular hyporeactivity
to vasoconstrictors,>7!? which contribute to a low
survival rate during severe hemorrhagic shock.
In this study, normotensive animals had a higher
serum NO level than the hypertensive groups,
thus, we can conclude that L-NAME treatment
had a greater effect in reducing NO production
and improving the survival rate in normotensive
animals.

CONCLUSION

L-NAME infusion during decompensated
hemorrhagic shock plays a protective role in
improving blood pressure and short-term survival
rate in normotensive animals.
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