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= ABSTRACT=

Acute and chronic effects of ethanol (EOH) administration on the cardiovascular and hormonal responses
to repeated hemorrhage were investigated in conscious normotensive Wistar rats and spontaneously
hypertensive rats (SHR). The chronic EOH-treated group received 5% EOH (vol/vol) ad libitum in the
drinking water for the first week, 10% for the next 2 weeks, and 20% for the last 5 weeks from the age of 6
weeks. The EOH-free group received tap water. Chronic EOH and EOH-free groups were randomly subdi-
vided into acute EOH infusion and control groups. Under ether anesthesia, catheters were inserted into the
femoral vein and both femoral arteries. After rats regained consciousness and their blood pressure was sta-
bilized, responses to quick hemorrhage (5 ml/kg BW) were tested. In the acute EOH infusion group, hem-
orrhage was induced 20 min after EOH infusion (1.0 g/kg BW). Baroreceptor reflex semsitivity was as-
sessed by the ratio of changes in heart rate and mean arterial pressure (AHR/AMAP) immediately after
the hemorrhage.

Chronic EOH administration elevated MAP in Wistar rats. During acute EOH infusion, MAP de-
creased and HR increased in all groups. In comparison to EOH-free control rats, acate or chronic EOH-
treated rats showed a greater reduction in MAP and a smaller elevation in heart rate in response to a hem-
orrhage. The degree of MAP reduction was significantly greater in SHR than in Wistar rats. Both the
acute and chronic EOH administration attenuated the baroreceptor reflex and retarded MAP recovery,
again the trend being much more prominent in SHR. The increase in plasma vasopressin and renin concen-
trations after hemorrhage were intensified by the chronic EOH administration. SHR showed a greater
vasopressin response but a smaller renin response than Wistar rats.

These results indicate that the EOH-treated rats, particularly SHR, are prone to shock by a hemorrhage,
which may be partly attributed to an impaired baroreceptor reflex function.
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hypovolemic shock. Hemorrhagic hypotension
elicits several neurchumoral homeostatic mech-
anisms such as reflex sympathoexcitation and
peripheral vasoconstriction. In this situation,
the baroreceptor reflex is one of the most im-
portant compensating mechanisms for the re-
*This paper was supported, in part, by NON DIRECT- covery from a hypovolemic hypotension (Cor-
ED RESEARCH FUND, Korea Research Foundation, nish et al, 1990; Courneya & Korner, 1991). In
1991. addition, pressor hormones, such as vaso-

INTRODUCTION

Hemorrhage is the most common cause of
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pressin and angiotensin II, also act to prevent
progression of the shock (Yamazaki & Sagawa
1985; Katoh et al, 1989).

Since the baroreceptor reflex is the most pow-
erful and rapidly acting homeostatic mecha-
nism in maintaining blood pressure, the baro-
receptor reflex sensitivity is widely used as an
index of the pressure buffering capability of the
baroreceptors. This reflex has been shown to be
depressed in hypertensive humans (Takeshita
et al, 1975; Goldstein, 1983) and experimental
animals (Luft et al, 1986; Michelini et al,
1992). Our previous study (Park et al, 1990)
also indicated that the baroreceptor reflex is at-
tenuated in spontaneously hypertensive rats
(SHR), and thus SHR are prone to shock by
hemorrhage compared with the normotensive
Wistar rats.

It has been documented that acute or chronic
administration of ethanol (EOH) attenuate
baroreceptor reflex function (Abdel-Rahman et
al, 1985; Abdel-Rahman & Wooles 1987; Russ
et al, 1991). Few studies, however, have been
conducted on the effect of EOH on the cardio-
vascular and hormonal responses to hemor-
rhage in the hypertensives. Furthermore, the ef-
fect of EOH administration on the recovery
from the hemorrhagic hypotension is controver-
sial (Ward et al, 1982; Hoérton, 1986; New-
some, 1988). Moreover, most studies on the
cardiovascular and hormonal responses have
dealt with a single hemorrhage. However,
experimentally repeated hemorrhage may corre-
spond to a common clinical situation with in-
termittent hemorrhage. Hemorrhagic shock fre-
quently occurs in trauma patients with alcohol-
ism (Huth et al, 1983).

Accordingly, in the present study, we
systematically evaluated 1) the effects of acute
and chronic (8 weeks) EOH administration on
the arterial pressure and heart rate in normo-
tensive Wistar and spontaneously hypertensive
rats, and 2) the effects of EOH on the cardio-
vascular system and vasopressin and renin re-
lease following repeated hemorrhage.

METHODS

Animals and chronic ethanol administration

Six-week-old male normotensive Wistar and
spontaneously hypertensive rats (SHR) were
used in this study. Each strain of rats was ran-
domly divided into two groups: chronic EOH-
treated and EOH-free groups. According to the
method of Chan and Sutter (1982), the rats of
the chronic EOH-treated group received EOH
solution as the only source of drinking water ad
libitum in the following sequence: 5% (vol/vol)
EOH solution ad libitum for the first week, 10
% solution for the next 2 weeks, and 20% solu-
tion for the last 5 weeks. Rats of the EOH-free
group received tap water.

Animals in each group were tested for cardio-
vascular and hormonal responses to repeated
hemorrhage either with or without an acute
EOH infusion. Thus, the data were analyzed
for the four subgroups in each strain, as depict-
ed in Figure. 1.

Experimental protocol

Under ether anesthesia, cannulae (PES50)
filled with heparinized saline (50 units/ml) were
inserted into a femoral vein for EOH infusion
and into both femoral arteries for the direct
measurement of arterial pressure and blood
drawing for hemorrhage. After the surgery, the
rat was allowed approximately 2 hours to re-
gain consciousness and to stabilize blood pres-
sure, recovering from the anesthesia-induced at-
tenuation of the baroreceptor reflex (Stornetta
et al, 1987).

Arterial pressure was measured using a
Statham P50 pressure transducer and the
electronically damped mean arterial pressure
(MAP) was continuously recorded on_ a
physiograph (Narco, MK-IV-P). Heart rate
(HR) was obtained from the arterial pressure
pulse using a biotachometer coupler.

A quantity of blood equivalent to 5 ml/kg
BW was withdrawn through an arterial catheter



—Effects of Ethanol in Hemorrhaged Rats— 69

into a plastic syringe as rapidly as possible and
the changes in MAP and HR were recorded for
20 min. The second hemorrhage was performed
by the same procedure. _

In the acute EOH infusion group, 1.0 g/kg
BW of 30% EOH (vol/vol) was infused into a
femoral vein using an infusion pump (Harvard,
Model 22) at a rate of 0.05 ml/min. Twenty
minutes after the EOH infusion, hemorrhage
was induced.

Assessment of baroreceptor reflex sensitivity
(BRS)

BRS was assessed as the gain in the
baroreceptor reflex function using the widely
used method (Luft et al, 1986; Abdel-Rahman
& Wooles, 1987; Michelini et al, 1992). The
peak change in MAP and the reflex change in

Wistar (or SHR)
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Fig. 1. The animal groups and their symbols.

HR after hemorrhage were used to calculate the
AHR/AMAP ratio (expressed as beats/min/
mmHg) as a measure of BRS.

Assays

Upon completion of the experiment, blood
samples were centrifuged at 2,000 rpm for
20 min at 4°C. For arginine vasopressin (AVP)
assay, the plasma was acidified with 1 N HCl
and stored at —20°C. For the determination of
plasma renin concentration (PRC), 504 of
plasma was stored in a tube containing 50 ug of
EDTA. Plasma AVP concentration and PRC
were determined using the radioimmunoassay
methods described by Lee et al. (1987) and
Cho et al. (1989), respectively.

Statistical analysis

All data are presented as mean+SE. The
Mann-Whitney U test was used to make com-
parisons between groups: the Wilcoxon signed
rank test was used for paired observation. Prob-
ability levels of less than 0.05 were considered
statistically significant.

RESULTS

Cardiovascular responses to ethanol
administration

The effects of chronic (8 weeks) EOH

Table 1. Effects of chronic (8 weeks) ethanol (EOH) administration on mean arterial pressure (MAP), heart rate
(HR) and body weight in normotensive Wistar and spontaneously hypertensive rats (SHR)

Group N MAP (mmHg) HR (beats/min) Body Weight (g)
Wistar EOH-free 19 126 1 48818 2908
Wistar Chronic EOH 21 137 L 1** 48719 293+9
SHR EOH-free 18 16612 42746 278+3
SHR Chronic EOH 14 171£3 471 £ 4** 2725

N indicates number of rats.
All values are mean + SE.

**n<0.01 significantly different from the corresponding EOH-free group.

Abbreviation for each group is shown in Fig. 1.
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Fig. 2. Changes in mean arterial pressure (AMAP)
and heart rate (AHR) during actue ethanol infusion
(1 g/kg BW) in Wistar and spontaneously hyperten-
sive rats (SHR). Values are mean+SE.

*p<0.05, **p<0.01, significantly different from
the WE group.

#p<0.05, significantly different from the corre-
sponding EOH-free-group. .

Abbreviation for each group is shown in Fzg 1

Numbers of cases are shown in Table 2.

administration on the resting MAP and HR in
Wistar and SHR are shown in Table 1. Chronic
EOH administration elevated MAP significant-
ly in Wistar rats but not in SHR. On the other
hand, it increased HR markedly in SHR, but
not in Wistar rats. Body weight was not differ-
ent between the chronic EOH-treated and
EOH-free groups.

Figure 2 shows the effects of acute EOH infu-
sion (1.0 g/kg BW) on MAP and HR both in
the chronic EOH-treated and EOH-free groups.
During EOH infusion there was a progressive

1.0 g/kg

decrease in MAP and an increase in HR in all
groups. However, the reduction of MAP was
greater in SHR than in Wistar rats.

Cardiovascular responses to repeated
hemorrhage

Effects of the first hemorrhage (5 ml/kg BW)
on MAP and HR are illustrated in Figure 3.
Following hemorrhage, - the acute (WE) and
chronic EOH-treated Wistar rats (EWC and
EWE) showed a greater reduction of MAP but
a smaller elevation of HR as compared with
EOH-free control (WC) rats. Five min after the
hemorrhage, WC rats recovered MAP almost
completely to the prehemorrhagic level, but
their HR- remained - elevated. However, - the
acute or..chronic EOH-treated rats showed a
partial recovery of MAP, and failed to main-
tain the tachycardia during the recovery period.

Among SHR, the MAP reduction after hem-
orrhage was significantly greater in the chronic
EOH-treated (ESC & ESE) than in the EOH-
free (SC & SE) rats. ESE rats showed a conspic-
uously greater reduction and a slower recovery
of MAP than the other groups. On the other
hand, SC rats maintained the tachycardia dur-
ing the recovery period, whereas the HR in the
other groups decreased rapidly and failed to
maintain tachycardia. Furthermore, in the ESE
group, the HR decreased more rapidly to a
value much below the prehemorrhagic level and
remained low thereafter.

After the second hemorrhage (Fig. 4 & Table
2), all groups showed a greater reduction and a
slower recovery of MAP than after the first
hemorrhage. The retardation of MAP recovery
was particularly evident in SHR. The
tachycardic response shown immediately after
the hemorrhage was attenuated compared with
the first hemorrhage in all groups. In fact, ESE
rats hardly showed any tachycardic response,
and 2 of them showed bradycardia rather than
tachycardia immediately after hemorrhage. The
HR change during the recovery period was also
different from that with the first hemorrhage.
In all groups except WC, the HR markedly de-
clined to a value far below the prehemorrhagic
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Fig. 3. Changes in mean arterial pressure (AMAP) and heart rate (&HR) after the first hemorrhage (5 mi/kg
BW) in Wistar and spontaneously hypertensive rats (SHR). Values are mean+SE. Hemo, hemorrhage; ~, maxi-
mal changes in MAP and HR, which appeared before 5 minutes after hemorrhage.

*<0.05, **p<0.01, significantly different from the WC group.

#p<<0.05, ##p<<0.01, significantly different from the SC group.

Abbreviation for each group is shown in Fig. 1.

Numbers of cases are shown in Table 2.
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Fig. 4. Changes in mean arterial pressure (AMAP) and heart rate (NHR) after the second hemorrhage (5 mi/kg
BW) in Wistar and spontaneously hypertensive rats (SHR). Values are mean+ SE. Hemo, hemorrhage; ~, maxi-
mal changes in MAP and HR, which appeared before 5 minutes after hemorrhage.

*n<0.05, **p<0.01, significantly different from the WC group.

#p<0.05, ##p<0.01, significantly different from the SC group.

Abbreviation for each group is shown in Fig. 1.

Numbers of cases are shown in Table 2.
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Table 2. Maximal changes in mean arterial pressure (AMAP), heart rate (AHR) after the first and second hem-
orrhages (5 ml/kg BW) and baroreceptor reflex sensitivity (BRS) in Wistar and spontaneously hypertensive rats

Animal N AMAP AHR BRS
Group (mmHg) (beats/min) (beats/min/mmHg)
First Hemorrhage
wC 9 ~-1742 39+6 -2.611+0.58
WE 10 —24 1+ 2%+ 161 3** ~0.77 £0.23**
EWC 10 -20+2 28+4 -1.57£0.26
EWE . 11 -24+2* 20+ 2* -0.87 £ 0.09**
SC 9 -35+3 365 -1.09+0.15
SE 9 -35+4 18+ 3+ -0.57+0.12*
ESC 7 -49 + 3* 25+4 -0.50+£0.07**
ESE -7 —60+ 3** 16+ 1** -0.28 £0.03**
Second Hemorrhage

wC 9 -26+4 32+4 -1.57+0.43
WE 10 -38+2* 134£2%* -0.35+£0.05**
EWC 10 -37+5 17+3* -0.59+0.17*
EWE 11 —53+ 3% 1642+ -0.33£0.05**
SC 9 -81+3 307 ~-0.37+£0.08
SE 9 -60+ 3% 18+2 -0.32+0.05
ESC 7 -81+6 19+3 -0.23+0.02
ESE 7 -69+1* 6+ 2%* -0.09 £0.03**

BRS is expressed as the AHR/AMAP ratio.
N indicates the number of rats.
All values are mean=+SE.

*»<0.05, **p<0.01 significantly different from the corresponding EOH-free control group.

Abbreviation for each group is shown in Fig. 1.

level, the trend being much more prominent in
SHR than in Wistar rats.

Table 2 presents the maximal changes in
MAP and HR after hemorrhage, and the
baroreceptor reflex sensitivity (BRS) expressed
as the AHR/AMAP ratio following hemorrhag-
ic hypotension. Acute or chronic adminstration
of EOH resulted in attenuation of the BRS
both in Wistar and SHR. In all conditions, the
MAP response was much greater in the SHR
than in Wistar rats, but the HR response was
similar. Consequently, SHR showed markedly
lower BRS than Wistar rats. The second hemor-
rhage reduced BRS to about half of that after
the first hemorrhage in most groups and to one

third in the ESE group.

Hormonal responses to repeated hemorrhage

Plasma concentrations of arginine vasopres-
sin (pAVP) and renin (PRC) following the first
and second hemorrhages are shown in Table 3.
On the whole, SHR showed a higher pAVP but
lower PRC than Wistar rats. The chronic EOH
administration significantly enhanced the
PAVP response to hemorrhage, whereas the
acute EOH administration did not alter it. In
all groups, the pAVP response was potentiated
after the second hemorrhage.

As in the pAVP response, the PRC response
was also increased in chronic EOH-treated rats,
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Table 3. Plasma concentrations of vasopressin (pAVP) and renin (PRC) after the first and second hemorrhage
(5 ml/kg BW) in Wistar and spontaneously hypertensive rats

Group N pAVP (pg/ml) PRC (ng Al/ml/hr)
First Hemorrhage
wC 9 4.1+1.1 26.7+3.1
WE 10 6.1+1.9 38.0+5.4
EWC 10 9.7+1.7* 43.1+4.8*
EWE 11 8.9+0.9* 47.6 +4.9**
SC 9 62+1.5 16.8+3.3
SE 9 3.7+04 16.9+1.8
ESC 7 16.3+2.1+* 164118
ESE 7 14.0+2.3% 29.7+4.0*
Second Hemorrhage
wC 9 7.5+1.7 45.6+49
WE 10 9.6+1.8 53.8+5.5
EWC 10 18.6 £2.9%* 67.0+£6.4*
EWE 11 21.8+3,9% 71.5+7.7*
SC 9 15.6+2.8 249+4.4
SE 9 10.2+2.2 26.5+2.3
ESC 7 36.8 £5.4%* 29.2+4.2
ESE 7 322+7.6 38.3+£2.7*

N indicates the number of rats.
All values are mean +SE.

*p<0.05, *p<0.01 significantly different from the corresponding EOH-free control group.

Abbreviation for each group is shown in Fig. 1.

particularly in EWE and ESE. However, unlike
the pAVP response, the degree of increased
PRC response to the repeated hemorrhage was
greater in Wistar rats than in SHR.

DISCUSSION

The present study was conducted to investi-
gate the acute and chronic effects of EOH
administration on the cardiovascular and hor-
monal responses to hemorrhagic hypotension.
For chronic administration of EOH, we
adopted the method of Chan and Sutter (1982),
which has a great advantage in feeding large
groups of animals. In addition, Russ et al.
(1991) reported that feeding EOH by this meth-

od did not alter the fluid intake and body
weight of the animal. In agreement with this re-
port, we observed in the present study no dif-
ference in the body weight between the chronic
EOH-treated and EOH-free groups (Table 1).

Cardiovascular responses to chronic ethanol
administration

- In the present study, the chronic EOH
administration significantly elevated MAP in
Wistar rats and caused similar tendency in
SHR (Table 1), in accordance with other re-
ports (Abdel-Rahman & Wooles, 1987; Russ et
al, 1991). Many epidemiological studies (Jack-
son et al, 1985; Trell et al, 1985) have demon-
strated a positive correlation between the dura-
tion and extent of EOH intake and the develop-
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ment of hypertension. Such results suggest that
chronic EOH intake may be an aggravating fac-
tor in the development of hypertension in SHR
as well as in Wistar rats. The underlying mech-
anism(s) is not clear at present, although it has
been suggested that an increase in sympathetic
nerve activity may be involved (Abdel-Rahman
& Wooles, 1987; Russ et al, 1991). In contrast,
Hatton et al. (1992) reported that chronic EOH
administration lowered blood pressure in
Wistar rats using the same method as ours. In
addition, Howe et al. (1989) have observed a
retarded development of hypertension in SHR
and stroke-prone SHR fed EOH from weaning.
Certainly, many more studies are required to
elucidate the chronic effects of EOH on the
blood pressure, particularly in hypertensives.

Cardiovascular responses to acute ethanol
administration

The effect of acute administration of EOH
on the arterial pressure is still controversial.
While some investigators reported an increase
in blood pressure (Ireland et al, 1984), others
reported a decrease (Hellstrom & Tottmar,
1982; Malinowska et al, 1989) or no change
(Zsoter & Sellers, 1977; Zhang et al, 1988). In
the present study, acute EOH administration
produced a progressive decrease in MAP, in
contrast to the chronic administration. Al-
though we presume that this discrepancy is in
part attributed to the difference in the experi-
mental protocol and the dose of EOH admini-
stered, it may also be associated with the com-
plex nature of the central and peripheral
actions of EOH (Zhang et al, 1988). SHR
showed a greater reduction of MAP during
EOH infusion than Wistar rats (Fig. 2). Chron-
ic EOH-treated SHR, but not Wistar rats,
showed a greater fall in MAP during acute
EOH infusion than the control SHR (SC). It is
not clear why the MAP response of SHR was
different from Wistar rats.

In contrast to the MAP response, many in-
vestigators agree that acute EOH admini-
stration increases HR (Zsoter & Sellers, 1977;
Ireland et al, 1984). The present study also

showed that the HR increased progressively
during acute EOH infusion in all groups. This
increase in HR probably resulted from a reflex
control to preserve blood pressure after ar-
teriolar and venous dilation, or volume deple-
tion as a consequence of EOH-induced diuresis
(Howes & Reid, 1986).

Cardiovascular responses to repeated
hemorrhage

Following hemorrhage, the EOH-treated rats
showed a greater reduction and an attenuated
recovery of MAP than the EOH-free control
rats. Reves and Newman (1972) reported that
an acute EOH administration aggravated
hypotension in response to hemorrhage. The
mechanism for the detrimental effect of EOH
on the recovery from hemorrhagic hypotension
is not certain, although some investigators have
suggested that EOH produces cardiac contrac-
tile dysfunction (Horton, 1986; Cappasso et al,
1991) and suppresses the vasoconstrictive effect
of norepinephrine (Newsome,- 1988).

The second hemorrhage produced a greater
reduction and slower recovery of MAP than the
first hemorrhage. Similar observations have
been made by Hjelmgqvist et al. (1991). They
found a delayed and impaired increase of the
systemic vascular resistance after the second
hemorrhage, which they suggested as the major
cause of the impaired recovery from hemor-
rhagic hypotension. We observed that the
tachycardic response to hemorrhage was greatly
attenuated or abolished after the second hemor-
rhage. This might be due to sympathetic inhibi-
tion induced by a severe hemorrhage, as sug-
gested by Brizzee et al. (1991). They observed
that a mild hemorrhage increased HR and total
peripheral resistance without hypotension,
whereas a severe hemorrhage decreased them
with hypotension. Therefore, they proposed
that a severe hemorrhage produces a sympa-
thetic inhibition rather than activation.

Our previous study (Park et al, 1990) showed
that SHR produced a greater reduction of MAP
but a smaller increase in HR after hemorrhage
than Wistar rats. The present study also
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showed a retarded recovery of MAP from hem-
orrhagic hypotension in SHR, particularly in
EOH-treated rats. Accordingly, we presume
that the EOH administration plays a more det-
rimental role in cardiovascular regulation after
hemorrhage in the hypertensives than in the
normotensives.

Baroreceptor reflex sensitivity (BRS)

BRS expressed as the AHR/AMAP ratio is a

useful index of the baroreceptor reflex function.
It is well known that BRS is depressed in
hypertensive humans (Takeshita et al, 1975;
Goldstein, 1983) and animals (Luft et al, 1986;
Park et al, 1990; Michelini et al, 1992).
- Many investigators (Abdel-Rahman et al,
1985; Abdel-Rahman & Wooles, 1987; Russ et
al, 1991) have reported that EOH admini-
stration attenuates the baroreceptor reflex. The
present study confirmed this, and established
that the trend is much more prominent in
SHR. Chronic EOH-treated rats without acute
EOH administration (EWC & ESC) also
showed a significantly reduced BRS. This atten-
uation of BRS can account for a greater de-
crease and a slower recovery of MAP following
hemorrhage observed in EOH-treated rats.
After the second hemorrhage, the BRS was
more severely attenuated compared with the
first hemorrhage, as evidenced by a greatly di-
minished or completely abolished tachycardic
response in the face of an augmented MAP
drop.

Hormonal responses to repeated hemorrhage

Release of vasopressin and renin (i.e., an-
giotensin II production), the two major com-
pensatory adjustments to hemorrhage, is stimu-
lated by hypovolemia and hypotension. These
hormones help to defend arterial pressure
against the hemorrhage (Korner et al, 1990;
Schadt & Gaddis, 1990). The plasma concen-
tration of AVP was significantly elevated after
the second hemorrhage. This might be due to a
greater reduction of MAP after the second hem-
orrhage.

Chronic. but not acute, EOH administration

significantly enhanced AVP release after hem-
orrhage both in Wistar rats and SHR. The
mechanism for this effect of chronic EOH
administration is not entirely clear. However, it
does not seem to be associated with a greater
reduction of MAP after hemorrhage, since an
acute EOH administration also potentiated the
MAP response to hemorrhage without changing
the AVP response. Hoffman and Dave (1991)
reported that chronic EOH administration de-
creased the hypothalamic level of AVP mRNA
but increased plasma AVP level in rats. They
suggested that chronic EOH administration pro-
duces a disruption of AVP synthesis-secretion
coupling.

SHR showed a higher plasma concentration
of AVP after hemorrhage than Wistar rats.
Again, the mechanisms are not clear, but the
following possibilities can be considered. First
of all, the basal plasma concentration of AVP is
already elevated in SHR (Crofton et al, 1987).
Secondly, a greater reduction of MAP may
cause an increased release of AVP in SHR.

Chronic EOH administration also enhanced
renin release after hemorrhage. Similarly, Pot-
ter et al. (1983) reported that the plasma levels
of renin and aldosterone increased with chronic
EOH consumption in man. Such an effect of
chronic EOH administration may be associated
with a greater reduction of MAP after hemor-
rhage and/or a sympathetic overactivity (Kay-
sen & Noth, 1984; Howes & Reid, 1986). After
the second hemorrhage, renin release was also
greatly enhanced. In contrast to the AVP
response, the PRC response to hemorrhage was
weaker in SHR than in Wistar rats, probably
due to a depressed renin-angiotensin system
and a lower basal PRC level in SHR (Freeman
et al, 1975; Shiono & Sokabe, 1976).

In summary, chronic EOH administration in-
creased arterial pressure in Wistar rats, whereas
acute EOH administration decreased it both in
Wistar and SHR. Acute and chronic admi-
nistrations of EOH produced a greater reduc-
tion of MAP after repeated hemorrhage, attenu-
ated the BRS, and retarded the recovery from
hemorrhagic hypotension. In SHR, EOH elicit-
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ed remarkably greater alterations in the cardio-
vascular responses to hemorrhage than in
Wistar rats. Chronic, but not acute, admini-
stration of EOH enhanced the release of AVP
and renin following hemorrhage.

We conclude, therefore, that 1) EOH: admini-
stration impairs arterial pressure recovery from
hemorrhagic hypotension, and 2) SHRs are
prone to shock by hemorrhage.
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