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physiologic effects are still poorly rec-
ognized. In this study the effect of hy-
pothermia on the renin- angiotensin- aldosterone

espite the diversity of studies on hypo-
D thermia, many of its biologic and

axis was explored.

Materials and Methods: Ten male albino wistar

rats after anesthetizing by chloral hydrate (0.5
m1/100gr body weights) were cooled to 25°C. Be-
fore and just after hypothermia, and once every
24 hours for three days; serum levels of agio-
tensin I and aldosterone were measured, using
the radioimmunoassay method. Plasma renin ac-
tivity was also determineded by the standard
formula for angiotensin determinates at two
temperatures of 4°C and 37°C.

Results: Plasma renin activity increased during
hypothermia but then decreased to a level not
significantly different from basal values. Angio-
tensin I increased significantly in the second
sample taken 24 hours following hypothermia
(p<0.05) and then decreased to the basal range by
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72 hours. Serum aldosterone level rose signifi-
cantly until 48 hours following hypothermia, af-
ter which it began to decrease and returned to
basal level.

Conclusion: Results of this study advocate
the stimulating effect of moderate hypothermia
on plasma renin activity, angiotensin I and al-
dosterone.
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Introduction

Exposure to stress activates a complex and
integrated constellation of behavioral and
neurochemical processes to promote success-
ful adaptation to the stressful stimulus. Acti-
vation of the hypothalamic—pituitary—adrenal
axis represents the major neuroendocrine
manifestation of the stress response. In addi-
tion, stress activates the noradrenergic sys-
tem, an important modulator of the many
neurobiological components of the response
to stress. Indeed, these stress responsive sys-
tems are interconnected for instance, activa-
tion of the hypothalamic-pituitary-adrenal
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axisis facilitated by stress-induced release of
norepinephrine in certain regions of the brain,
including the hypothalamic paraventricular
nucleus and striaterminalis.*

It has been demonstrated that abrupt expo-
sure to cold results in a rapid increase in
mean arterial pressure within 45 min.?
Hiramatsu et a focussed on noradrenalin as
the only hormone responsible for an eleva-
tion of blood pressure in response to cold; *
nevertheless the possible role of Renin-
angiotensin-aldosterone  system  (RAAYS)
should not be ignored.

It has been shown that RAAS becomes ac-
tivated in response to hypothermic interven-
tion during cardiopulmonary bypass.* Kono
et a. demonstrated that aldosterone | level
increases in pulsatile and non pulsatile car-
diopulmonary bypass (CBP).> Agan, 3
weeks of exposure to cold, increased plasma
renin activity which was then followed by a
gradual decrease toward control level.® How-
ever, it is worth noting that CBP studies are
confounded by surgical intervention. It is un-
clear from these studies whether increase in
plasma angiotensin concentration is related to
hypothermia or the stress induced by a major
surgical intervention. The aim of this study is
to determine the influence of hypothermia on
the RAAS, without the resultant stress asso-
ciated with cardiopulmonary bypass.

Materials and Methods

Ten male rats (albino, Wistar) with an av-
erage weight of 272 gr and age of 7 months
were used. A laboratory made apparatus was
used to induce hypothermia. The apparatus
had a sensor connected to a thermostat at one
end and to the rat rectum at the other. The
sensor was also connected to a digital screen,
displaying the body temperature of the ani-
mal throughout the procedure. After reading
the rectal temperature, the animal was gener-
ally anesthetized by subperitoneal injection

of chloral hydrate (50 mg/100 gr), and 2mL
of blood was drawn from the heart. It was
then placed in the specific chamber and the
apparatus was set to reduce its body tempera-
ture gradually down to 25°C at which tem-
perature the animal was kept for 2 hours.
Blood samples were taken immediately after
hypothermia, and then every 24 hours for 3
days. To facilitate the procedure, in the 3
later samples, rats were superficially anaes-
thetized using ether soaked swabs.

All blood samples were centrifuged (2500
rpm, 20 min) and the sera obtained were kept in
paraffin-sealed test tubes and stored at —22°C.
The hormones were measured by radioim-
munoassay kits (Kavoshyar Co, Iran). Angio-
tensin-1 (AT-1) was measured at two different
temperatures (4°C and 37°C) using Gamma
counter. Plasma renin activity was calculated
using the following formula (incubation time
wasL.5 hour):

PRA=AT-l a 37°C—AT-l a 4°C.

Values before induction of hypothermia
were considered as basal levels, and paired t-
test was used for comparisons (SPSS soft-
ware) and p values below 0.05 were consid-
ered significant.

Results

Plasma Renin Activity (PRA): Basal level
of PRA was measured to be 7.73t3.1
ng/mi/h. It increased after hypothermia and
then decreased to alevel not significantly dif-
ferent from basal values (Fig.1).

Angiotensin |: Basal level of angiotensin |
at 37°C was 12.84+2.1 ng/ml. It was subject
to a significant increase after induction of
hypothermia (p<0.03) reaching its maximum
level 24 hours following hypothermia
(20.31+6.3 pg/ml); it then decreased gradu-
ally reaching 12.32+1.6 pg/mL after 72
hours, not significantly different from the
basal levels (Fig.2). The basal level of angio-
tensin | at 4°C was 9.35+1.15 ng/mL. Again,
it increased significantly after induction of
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ANGI at37C (ng/mL)

PRA (ng/ml/hr)

hypothermia, but its level in the sample taken
24 hours following hypothermia was not sta-
tistically different from the control, reaching
its nadir within 48 hours (Fig.3).
Aldosterone: Prior to hypothermia, serum
concentration of adosterone was 321+53
pa/ml. After induction of hypothermia, it ele-
vated to a level significantly different from
the basal vaue (p<0.03) and reached its

12 +
10 +
8+
6+
4L
2L
0

B.H IM.A.-H 24 AH 48.AH

Fig.1. Serum plasma renin activity levels
before and just after hypothermia (2 hours) 24,
48 and 72 hours after hypothermia. Data rep-
resent mean + SEM (n=10), p<0.05 (BH: before
hypothermia, IMAH: immediately after hypo-
thermia, 24, 48,72AH =24, 48, 72 hours after
hypother mia)
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Fig.2. Changes of Angiotensin | during and
after hypothermia at 37C. There is a signifi-
cant difference between values before hypo-
thermia and immediately after hypothermia.
Rest of the legend isasdescribed for Fig.1.
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maximum level 24 hours following hypo-
thermia (771218 pg/mL), decreasing gradu-
aly to the range of the basal levels after 72
hours (Fig.4).

Correélation studies: There was a high de-
gree of correlation between Angiotensin |
and PRA (r=0.7, Fig.5).

ANG at4C (ng/mL)
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Fig. 3. Serum concentrations of Angiotensin
| during and after hypothermia at 4C. Therea
is significant difference between values before
and immediately after hypothermia. Rest of
the legend isas described for Fig.1.
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Fig.4. Serum aldosterone levels before and
just after hypothermia (2 hours) 24, 48 and 72
hours after hypothermia. Rest of the legend is
asdescribed for Fig.1.
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Fig.5. Relation between plasma renin activ-
ity and changes in angiotensin | with complete
correlation (p=0, r=0.7).
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Fig.6. Changes of plasma renin activity, an-
giotensin | and aldosterone levels during and
after hypothermia. Rest of the legend is as de-
scribed for Fig.1.

Discussion

This study demonstrated the influence of
hypothermia on the renin-angiotensin-
aldosterone system in rat. Our data indicated
remarkable alterations in plasma renin activ-
ity, angiotensin | and aldosterone levels, in
that, angiotensin | and aldosterone level in-
creased compared to basal values during hy-
pothermia and kept increasing for up to 24
hours afterwards.

Plasma renin activity was seen to increase
during cooling though its alteration was not
significant. PRA increment seen in the Fuku-
hara and Picotti studies was considered to be

an effect of sympathetic activation; in their
studies they observed that plasma concentra-
tion of norepinephrine which increases as
early as 30 minutes to one hour after cold ex-
posure, remains elevated as long as the expo-
sure lasts.”® Sympathetic input to kidney in-
creases the release of renin, which in turn
contributes to the production of angio-
tensinll. A compromise in cardiac perform-
ance might be responsible for the reduction
of arterial pressure. Tawar et al. observed a
significant drop in heart rate, cardiac output,
arterial pressure and left ventricular contrac-
tility during hypothermia® As could be ex-
pected, reductions in arterial pressure stimu-
late renin secretion by juxtaglumerular cells,
and thereby activate angiotensin production.

Although a non-significant increase was
observed in angiotensin | level in comparison
to the basal level, nevertheless some correla-
tion was seen between PRA and angiotensin
I. As a matter of fact, angiotensin | concen-
tration is determined by factors acting at two
extremes, ie; plasma renin activity and angio-
tensin converting enzyme. Therefore, the ele-
vation in serum concentration of angiotensin
| during hypothermia might be attributed to
enhancement of angiotensin converting en-
zyme activity during such conditions. Serum
aldosterone level showed remarkable altera-
tions; according to our data, it increased dra-
matically compared to basal values, during
and 24 hours after hypothermia. Various fac-
tors such as increased sodium, potassium,
adrenocorticotropic hormone (ACTH) levels
and reduction of hormone metabolism due to
cardiopulmonary bypass and hypothermia are
thought to be involved in this process.

Pardon et al demonstrated that chronic con-
tinuous or intermittent exposure to cold has
been shown to be effective in sensitizing both
neuroendocrine and noradrenergic stress re-
activity in rats. Prior exposure to chronic cold
stress increases the subsequent activation of
the hypothalamic-pituitary-adrena axis, meas-
ured by plasma ACTH and corticosterone
levels, upon exposure to a novel acute
stressor. If this holds true for a subacute pe-
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riod of hypothermia incorporated in the pre-
sent study, then it could be assumed that
ACTH eevation resulting from hypothermia
stimulates zona glumerulosa, which would
then induce al desterone secretion.!

In a study of atheletes during a cold
weather race it was showed that serum so-
dium concentration decreased significantly
from 140.8+1.2 mmol/L to 138.4+2.2
mmol/L*®; decrement of sodium is another
stimulatory factor for aldosterone | secretion.

Cold exposure reduces or inhibits Na-K
ATPase pump activity that causes k+ eleva-
tion and then stimulation of both early and
late processes of steroid genesis in the corti-
corenal region leading to arise of aldosterone
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