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Abstract. This study investigated a model of psychosocial stress-induced hypertension in the
rat, and examined effects of the prostaglandin E precursor, gamma-linolenic acid (GLA) on the
development of hypertension during psychosocial stress. In the first study, male rats were housed
four/cage for an acclimation period of 21 days, followed by a 14-day control period. An experimental
group (N = 12) was then placed in isolation cages for 14 days, then regrouped for a 7-day
recovery period. Controls (N = 12) remained group-housed. Eight animals per group were sacrificed
after the experimental period, and four per group after recovery for organ weight analysis. Mean
systolic blood pressure (BP) was similar between groups during the control period (126 + 2 and
125 + 2 mm Hg), but increased during isolation, reaching 140 + 2 mm Hg (P < 0.001) by Day
14. During recovery BP returned to control levels. No changes in heart rate, heart weight/body
weight or adrenal weight were seen. The second study utilized a protocol similar to that of the
experimental group of the first study, minus the recovery period. On Day 1 of the control period
28-day osmotic pumps were implanted ip, releasing olive oil or GLA in olive oil. Four groups
of rats (N = 8/group) received either (i) olive oil (controls), (ii) 0.018 mg GLA/hr, (iii) 0.040
mg GLA/hr, or (iv) 0.040 mg GLA/hr with no stress. Organ weights were obtained following
stress in groups 1-3. Controls developed a sustained elevation in BP within 24 hr of isolation.
Animals receiving 0.018 mg GLA/hr developed elevated BP upon isolation, but the BP was less
than that of controls on Days 1 (P < 0.05) and 14 (P < 0.001) of isolation. Animals receiving
0.040 mg GLA/hr demonstrated a greatly attenuated rise in BP vs controls (P < 0.001) on all
isolation days. GLA in unstressed rats had no effect on BP. Heart rate, heart weight/body weight,
and adrenal weight were unchanged in all groups. These data suggest that (i) isolation is a useful
tool for investigating reversible psychosocial stress-induced hypertension, and (ii) GLA, while
not affecting BP in unstressed animals, produces a dose-dependent attenuation of the BP response

to chronic stress.

Prostaglandin E (PGE) has been reported
to decrease systemic blood pressure (BP) in
both animals (1-4) and man (5-11). However,
its clinical usefulness as an antihypertensive
agent is limited by its rapid degradation in
vivo (68-90% inactivated in one pass through
the lungs) and side effects, such as dizziness,
nausea, and abdominal cramping which result
from its hypotensive action (8-11).

It has been suggested that administration
of the polyunsaturated fatty acid precursors
of the E series prostaglandins, gamma-lino-
lenic acid (GLA) or dihomo-GLA, might elicit
decreases in BP while eliminating both the
side effects of acute PGE administration, and
degradation problems. Studies in rats (12) and
rabbits (13) have demonstrated that dietary
supplementation with dihomo-GLA increases
the dihomo-GLA content of plasma lipids, as
well as excretion of the major prostaglandin
E-series metabolite, 7 a-hydroxy-5,11-diketo-
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tetranorprostane-1, 16-dioic acid. Similarly,
dihomo-GLA administration in man is as-
sociated with elevated platelet dihomo-GLA
levels, as well as ability to synthesize PGE
(14). These studies suggest that dietary PGE
precursors can be used to increase endogenous
prostaglandin E; (PGE1) and prostaglandin
E, (PGE2) biosynthesis.

Preliminary studies have also examined the
effects of GLA supplementation on BP reg-
ulation. Oil of the evening primrose (Efamol),
a rich source of GLA and linoleic acid
(2-series prostaglandin precursor) has been
found to decrease BP in genetically hyperten-
sive rats (15) and in women with pregnancy-
induced hypertension (16). These findings
suggest that GLA may be useful in controlling
pathophysiologic elevations in BP via increas-
ing PGE1 and/or PGE2 synthesis. However,
it is not known whether or not PGE or its
precursors are effective in modifying reversible
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elevations in BP, such as those which occur
during stress, which are believed to contribute,
in some instances, to the development of es-
sential hypertension (17-19).

The present study sought to evaluate the
effects of administration of the PGEl and
PGE2 precursor, GLA, on psychological
stress-induced hypertension in rats. The model
for psychological stress used was that of social
isolation following group housing, which has
been reported to produce a reversible hyper-
tension in Wistar rats (20-22).

Materials and Methods. Experimental an-
imals. Fifty-six adult male Sprague-Dawley
rats weighing 125-150 g were purchased from
Charles River, St. Constant, Quebec. Animals
were maintained in a temperature (21 + 1°C)-
and light-cycle-controlled room (lights on
0600-2000 hr) throughout the course of the
study and were given rat chow and tap water
ad lib. In addition, all animals were housed
in groups (four/cage) for a 3-week acclimation
period prior to the beginning of the study.

Agents administered. All exogenous agents
used in the study were administered by means
of 28 day, constant flow (2.29 ul/hr) osmotic
minipumps (Alzet 2ML4) implanted ip under
fluothane anesthesia on Day 1 of the study.
Gas chromatograph analysis of the GLA
(Sigma) demonstrated purity > 99%. The olive
oil (OL) carrier for the GLA was shown by
gas chromatograph to contain 0.4% alpha-lin-
olenic acid and 9.6% linoleic acid.

Experiment 1. The effects of isolation on
BP, heart rate (HR), and organ weight.

Following acclimation all animals remained
housed four/cage for a 14-day control period.
On Day 15, 12 animals (experimental) were
removed from group cages and placed in in-
dividual (isolation) cages for a 14-day exper-
imental period. During this time. the control
animals (N = 12) remained housed four/cage.
Following the experimental period, isolated
animals were regrouped for a 7-day recovery
period, while control animals remained in
original groups. During the study BP, HR,
and body wt were determined on Days 7, 14,
16, 21, 28, and 35. The tail cuff method (23,
24), utilizing a doppler flow transducer was
used to measure BP and HR on the conscious
rats, which were heated in a 34°C incubator
for 10 min prior to measurement. At the end
of the experimental period (Day 28), 8 animals

from each treatment group were sacrificed,
and the heart and adrenal glands were re-
moved and weighed after cleaning and rinsing
in physiological saline. Similarly, at the end
of the recovery period the remaining 4 animals
per group were sacrificed for organ weight de-
termination.

Experiment 2. The effects of GLA on the
BP and HR responses to psychosocial stress.

Animals in this experiment underwent a
similar protocol as the experimental (stressed)
group in Experiment 1, with the following
exceptions. Following acclimation, animals
were divided into four treatment groups and
had 28-day, osmotic minipumps implanted.
Pumps released either (i) OL (N = 8), (i1) 0.018
mg GLA in OL/hr (N = 8), (iii) 0.040 mg
GLA in OL/hr (N = 8), or (iv) 0.040 mg GLA
in OL/hr (N = 6) with no stress exposure.
Following a 14-day control period (four/cage)
all animals, except those in group 4, were iso-
lated for a 14-day experimental period. At the
end of the experimental period (Day 28)
groups 1-3 were sacrificed for organ weight
determination, as previously described. Mea-
surements of BP, HR, and body wt were made
on Days 7, 14, 16, 21, and 28. The availability
of reagents limited group 4 to six animals, but
housing four/cage was permitted by the ad-
dition of two nonexperimental animals to one
of the cages.

Data analysis. Analysis of BP, HR, and
body wt were performed using a 2-way
ANOVA on repeated measures. Organ weight
data were analyzed using a 2-way ANOVA.
Where a significance of P < 0.05 was achieved,
a planned comparison test (25) was performed
to determine which subgroups differed from
the others.

Results. Experiment 1. The BP response to
stress is shown in Fig. 1. Although there were
no differences in BP between groups during
the control period, isolation produced a sig-
nificant increase in BP, from 125 + 2 mm Hg
(x = SE) to 137 = 2 mm Hg (P < 0.05 vs
grouped), within 24 hr. The BP of stressed
animals continued to rise on Days 21 and 28,
reaching 140 +2 mm Hg (P<0.001 vs
grouped), while that of control animals did
not change significantly from control period
values. Following 7 days of recovery the BP
of experimental animals decreased to control
period levels (125 =+ 2 mm Hg), which were
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FI1G. 1. Systolic blood pressure (BP) of adult male rats
group-housed for 5 weeks (@) and of rats placed in isolation
for 2 weeks (O) following 2 weeks in group housing. *P
< 0.05 vs group-housed; **P < 0.0l vs group-housed;
***P < 0.001 vs group-housed.

not significantly different from control group
values. There were no significant changes in
HR during the study in either group (data not
shown) in comparison to Day 7 means of 308
+ 8 bpm for controls and 347 + 12 bpm for
experimental groups. Similarly, there were no
differences in body weight gain by either group
during the study (data not shown). Heart and
adrenal gland weight data are shown in Table
I. On Day 28, mean heart weight of the stressed
rats was significantly greater than that of the
control rats (P < 0.001). However, this dif-

ference did not appear in the heart weight/
BW ratio. There were no differences in either
adrenal weight or adrenal weight/body wt ratio
between groups on Day 28. On Day 35 there
were no differences in heart or adrenal weights
or weight ratios between groups of animals.
Experiment 2. The BP response to GLA
treatment during stress is illustrated in Fig. 2.
Olive oil-treated rats (controls) demonstrated
a significant increase in BP from 128 =+ 3 to
146 + 2 mm Hg (P < 0.001) within 24 hr of
isolation, which leveled off at 142 £ 2 mm
Hg by Day 28. Administration of GLA at a
rate of 0.018 mg/hr (1.1 mg/kg/day) had no
effect on baseline BP, which was similar to
that of OL-treated animals, but slightly atten-
uated the BP rise 24 hr after isolation (142
+ 2 mm Hg) on Day 16 (P < 0.05 vs OL).
Furthermore, BP in this group failed to plateau
during the isolation period, falling off on Day
28 to 132 + 2 mm Hg (P < 0.001 vs OL).
Administration of GLA at a rate of 0.040 mg/
hr (2.4 mg/kg/day) also had no effect on base-
line BP, but significantly attenuated the iso-
lation-induced BP rise on Days 16 (133 = 1
mm Hg, P < 0.001 vs OL), 21 (132 £ 1 mm
Hg, P < 0.001 vs OL), and 28 (131 £ 2 mm
Hg, P < 0.001 vs OL). The administration of
0.040 mg GLA/hr to unstressed rats had no

TABLE I. MEAN BoDY (BW), HEART, AND ADRENAL WEIGHTS IN CONTROL AND SOCIALLY ISOLATED RATS
FOLLOWING THE EXPERIMENTAL (DAY 28) AND RECOVERY (DAY 35) PERIODS (EXPERIMENT 1), AND
IN SOCIALLY STRESSED RATS RECEIVING OLIVE OIL (OL) OR GAMMA-LINOLENIC ACID (GLA)
BY OSMOTIC MINIPUMP (EXPERIMENT 2)

Heart wt/ Adrenal wt/
Heart wt 100 g body Adrenal wt 100 g body Body wt
(8 wt (g) (® wt (g) (8
Experiment 1
Day 28
Control (N = 8) 1.129 + 0.048 0.268 + 0.010 0.058 £ 0.003 0.015 = 0.001 409.6 + 11.2
Isolated (N = 8) 1.319 + 0.043*+* 0.307 £ 0.009 0.058 £ 0.002 0.014 + 0.001 4334 + 11.7
Day 35
Control (N = 4) 1.028 + 0.050 0.241 = 0.012 0.063 £ 0.005 0.015 £ 0.001 428.7 £ 3.5
Isolated (N = 4) 1.098 + 0.068 0.253 + 0.006 0.063 + 0.005 0.015 + 0.001 4352 £ 159
Experiment 2
Day 28
OL(N =38) 1.186 = 0.052 0.288 + 0.006 0.060 = 0.002 0.015 £ 0.001 410.5 £ 13.0
0.018 mg GLA/hr (N = 8) 1.175 £ 0.041 0.284 £ 0.011 0.060 = 0.003 0.015 £ 0.001 4139+ 175
0.040 mg GLA/hr (N = 8) 1.034 + 0.035* 0.295 + 0.006 0.062 + 0.002 0.019 + 0.007 350.0 £ 5.9+

Note. Values are means + SE.
* P < 0.05 vs controls.
**+ P < 0.001 vs controls.
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FIG. 2. Systolic BP before and during social isolation
in adult male rats receiving olive oil (®, N = 8) or GLA
at calculated rates of 0.018 mg/hr(O, N = 8) and 0.040
mg/hr (A, N = 8) via osmotic minipump implanted ip
on Day 1. An additional group receiving 0.040 mg GLA/
hr (A, N = 6) was not placed in isolation. (Means + SE;
*P < 0.05 vs olive oil group; ***P < 0.001 vs olive oil
group.

effect on BP over the 28-day treatment period.
No significant changes in HR or BW gain were
seen in any of the treatment groups over the
course of the study, nor were there significant
differences in control period HR between
groups (data not shown). Similarly, there were
no differences in heart weight, adrenal weight,
heart weight ratio, or adrenal weight ratio be-
tween groups on Day 28 (Table I).

Discussion. In the present study, isolation
of group acclimated, intact, male Sprague—
Dawley rats for 14 days produced a persistent
elevation in BP of 15-20 mm Hg. This hy-
pertension was unaccompanied by an increase
in HR over the same period, and was reversed
following the cessation of isolation. Similar
studies on male Wistar rats undergoing a 15-
day isolation period have reported BP in-
creases of 20-25 mm Hg., accompanied by
initial elevations in HR which disappeared af-
ter 5 days of isolation (20). The variation in
response to this psychosocial stress may be
related to strain differences in stress sensitivity,
or differences in experimental protocol which
would cause isolation to be a more severe
stressor in the earlier studies.

No changes in BW, heart weight/body
weight, or adrenal weight/body weight were
observed as a result of isolation in the present
study. Similarly, a previous study using social
interaction as a stressor has reported no change
in body weight gain due to the stress (26), and
BP elevations following 12 weeks of electric

shock were found to have no effect on heart
weight/body weight in normotensive rats (27).
However, increases in relative heart weight
and adrenal weight have been observed fol-
lowing long-term (months) isolation stress
(28), and after electric shock stress (27), re-
spectively. The absence of cardiac and adrenal
hypertrophy in the present study may be due
to either the shorter duration or different na-
ture of the stressor.

The fact that isolation stress did not produce
irreversible hypertension in any studies using
normotensive animals (20-22) suggests that
either a longer duration of stress than was
used is required to produce irreversible
changes in BP regulation, or that there are
other, possibly genetic, factors that predispose
an individual to develop irreversible hyper-
tension from reversible stress-induced hyper-
tension. This is supported by the observation
that certain borderline hypertensive rats, re-
lated to the genetically hypertensive rat (SHR),
develop irreversible hypertension following 12
weeks of electric shock (29).

Another finding of the present experiments
is that chronic administration of the PGE pre-
cursor, GLA, attenuates the stress-induced BP
rise, while not affecting basal (unstressed) BP
levels. This effect of GLA on BP during stress
occurs in the absence of significant changes
in HR, suggesting that GLA is not mediating
its effect through an alteration in sympathetic
activity. However, the observation that an ef-
fect is seen only during presumed heightened
sympathetic activity (30) suggests that GLA
may be influencing the response to sympa-
thetic stimulation. While there is ample evi-
dence that PGE is able to modify the periph-
eral vascular response to catecholamines, there
is disagreement as to whether the influence is
that of potentiation, as demonstrated in certain
isolated preparations (31-33, 36), or inhibi-
tion, as shown in vivo (34, 35). It has also been
suggested that at low doses PGE potentiates
catecholamine-induced vasoconstriction, and
at high doses inhibits it (37).

A possible explanation of why GLA exerts
a depressor effect on BP only during stress is
that GLA administration might increase di-
homo-GLA and/or arachidonic acid stores in
the basal condition, so that under conditions
of stimulated PGE biosynthesis, there is a
greater production of PGE. An increase in



36

sympathetic activity during stress might cause
an increase in PGE1 or PGE2 production
which would be augmented by elevated di-
homo-GLA and/or arachidonic acid stores re-
sulting from GLA treatment.

A second possibility is that GLA leads to
increased PGE levels in the unstressed animal,
but that this PGE only exerts its vasodepressor
effects when in the presence of elevated cat-
echolamine levels, as during stress. This ex-
planation is unlikely, since PGE administra-
tion exerts potent hypotensive activity even
under basal conditions (1-7).

The fact that GLA treatment attenuates
stress-induced increases in BP, while having
no effect on BP in unstressed animals, makes
it an attractive prospect for use as an anti-
hypertensive agent, particularly in cases of la-
bile hypertension, such as can occur during
periods of stress or other situations involving
sympathetic stimulation.
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