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ABSTRACT: This study examined t h e  e f f e c t s  of  eicosapentaenoic ac id  
(EPA) on card iovascular  responses t o  i s o l a t i o n  s t r e s s  i n  male r a t s .  
Group-reared r a t s ,  on a f a t - f r e e  d i e t ,  were given o l i v e  o i l  (OL), 
or  EPA i n  OL (1.47 x mol/hr) v i a  8 week osrnctic pumps, o r  a 
dummy pump ( D U M ) ,  2 weeks p r i o r  t o  a 4 week i s o l a t i o n  per iod .  Blood 
pressure  (BP) , h e a r t  r a t e ,  and body weight were monitored weekly 
and pressor  responses t o  i . a.' norepinephrine and angiotensin were 
assessed a t  t he  end of t h e  study.  BP increased  during s t r e s s  i n  
a l l  animals vs.  p r e - s t r e s s  condi t ions ,  bu t  was a t tenuated  by EPA 
(p<C.001). Heart r a t e  a l s o  increased  during s t r e s s  i n  a l l  groups, 
bu t  was g r e a t e r  i n  t he  EPA group (p<0.001) . I n  c o n t r a s t ,  body 
weight gain during s t r e s s  was s i m i l a r  i n  DUM and EPA groups, but  
depressed by OL (p<0.001). Vascular response t o  norepinephrine was 
enhanced by EPA vs. DUM and OL, whereas t he  response t o  angio tens in  
was s i m i l a r  i n  EPA and DUM groups, bu t  reduced by OL. These da t a  
suggest  t h a t  EPA may a t t enua te  card iovascular  responses t o  psycho- 
l o g i c a l  s t r e s s .  @) 1986 Society for  Experimental Biology and Medicine 

Dietary w3 and w6 f a t t y  ac ids ,  pre-  
cursors  f o r  endogenous pros  tanoid  
syn thes i s ,  a r e  capable of  a l t e r i n g  cardi-  
ovascular  funct ion  (1-3).  S t r e s s  hor- 
mones have been demonstrated t o  i n h i b i t  
t he  a c t i v i t y  of  A6- and A5-desaturase, 
t he  r a t e  l imi t i ng  enzymes i n  t he  meta- 
bolism of w3 and 06 f a t t y  ac ids  ( 4 ) .  

We have recent ly  demonstrated t h a t  t he  
pos t -  A6-desaturase products  of  t he  w6 
s e r i e s ,  18:3 w6 and 20:4 w6, bu t  n o t  t he  
pre- A6-desaturase compound,l8:2 w6, a r e  
capable of a t t enua t ing  the  pressor  res -  
ponse t o  psychological  ( i s o l a t i o n )  s t r e s s .  
In  add i t i on ,  t he  pre-  A6-desaturase com- 
pound of t h e  w3 s e r i e s ,  18: 3w3, was shown 
t o  be without  e f f e c t  ( 5 ) .  

A g r e a t  dea l  of  a t t e n t i o n  i s  currently 
being focussed on a post-  A6- and A5- 
desa turase  compound of t he  w3 s e r i e s ,  
20 : 5w3, o r  eicosapentaenoic ac id  (EPA), 
f o r  i t s  blood pressure  reducing and an t i -  
aggregatory e f f e c t s  (6-7) . No work has 
been performed, however, t o  a s se s s  i t s  
e f f ec t ivenes s  i n  reducing the  cardiovas- 
c u l a r  responses t o  s t r e s s .  

The purpose of t he  p re sen t  s tudy was 
t o  examine the  e f f e c t s  of EPA on cardio- 
vascular  r e a c t i v i t y  t o  chronic psycholo- 
g i c a l  s t r e s s .  

MATERIALS AND METHODS 

Adult male Wistar  Kyoto r a t s  were pur- 
chased a t  6 wks of  age (Taconic Farms) 
and group acclimated (4/cage) f o r  5-7 wks. 
Af ter  f a s t i n g  f o r  2 days, they were 
placed on a f a t - f r ee  d i e t  f o r  t he  dura- 
t i o n  of  t h e  study.  Two wks l a t e r ,  animals 
were divided i n t o  groups and received 8 
wk osmotic pumps (Alza) i .p. , r e l ea s ing  
o l i v e  o i l  (OL, 1.5 v l /h r ,  n=5) o r  EPA 
(1.47 x mol/hr, n=5) i n  OL (5). EPA 
re leased  i .p. (0.4 mg/hr) e n t e r s  t he  
p o r t a l  c i r c u l a t i o n ,  approximating en t ry  
v i a  t h e  o r a l  route .  A t h i r d  grouprece iv-  
ed a dummy pump (DUM n=6) .  A l l  animals 
remained group housed f o r  a 2 wk con t ro l  
per iod  fol lowing surgery ,  and were then 
placed i n  i nd iv idua l  cages f o r  a 4 wk 
per iod  of  i s o l a t i o n  s t r e s s  ( 5 ,  8) . 

S y s t o l i c  BP and h e a r t  r a t e s  were indi -  
r e c t l y  measured v i a  t he  t a i l - c u f f  tech- 
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nique (5,  8-9) wkly, a s  wel l  a s  24 h r  
p r i o r  t o  and fol lowing i s o l a t i o n .  Body 
weight was a l s o  measured a t  t he se  t imes.  
A t  t he  end of  t h e  4 wk i s o l a t i o n  pe r iod ,  
animals were anes the t ized  with halothane 
and a r t e r i a l l y  cannulated.  Following 
separa te  i n j e c t i o n s  of  an ED50 of nore- 
pinephrine (NOR, 4.2 pg) and angiotensin 
(ANG, 1.25 pg) , BP and h e a r t  r a t e  were 
d i r e c t l y  monitored with a Coulbourne 
physiograph, i n  order  t o  a s se s s  cardio- 
vascular  r e a c t i v i t y .  

Blood p re s su re ,  h e a r t  r a t e ,  and body 
weight were analyzed us ing  a 2 way anal-  
a y s i s  o f  covariance, i n  order  t o  a d j u s t  
f o r  pre t rea tment  base l ine  d i f f e r ences .  
Where a s ign i f i cance  o f  pC0.05 was 
a t t a i n e d ,  s p e c i f i c  po in t s  of  d i f f e r ence  
were determined using planned orthogonal  
comparisons (10) .  Cardiovascular  r eac t -  
i v i t y  was analyzed using t h e  Student  
I t '  t e s t .  

RESULTS 

I s o l a t i o n  s i g n i f i c a n t l y  increased  
s y s t o l i c  BP (Fig.  1) i n  DUM (p<0.01, 
S2-S4) , OL (p<O. 001, SO-S4) , and EPA 
(p<O. 001, SO and S4; p<0.05, S1-S2) groups. 
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Fig.  1. S y s t o l i c  BP (x + S.E.) of a d u l t  
male r a t s  over a  2 week per iod  
be fo r e ,  and dur ing  a  4 week pe r i -  
od of s o c i a l  i s o l a t i o n  ( s t r e s s ) .  
Measures were taken  weekly, a s  
we l l  a s  24 h r  p r i o r  t o  (C3)  and 
fo l lowing (SO) i s o l a t i o n .  Groups 
a r e  Dm(.----a), O L ( U ) ,  and 
EPA i n  OH (0-0). S t a t i s t i c a l  
i n d i c a t o r s  based on ANOVA co- 
va r i ed  f o r  C 1 .  

*p<0.05 vs.  DUM and OL; **p<0.01 
v s .  DUM and OL; *** p<0.001 vs .  
DUM and OL 

For EPA:t p<0.05 v s .  C1; ttt 
p<O.OOl vs .  C1 

WEEK 

Fig.  2 .  Heart  r a t e  ( 5  i S.E.) of a d u l t  
male r a t s  over a  2 week per iod  
be fo r e ,  and dur ing  a  4 week per iod  
of s o c i a l  i s o l a t i o n  ( s t r e s s ) .  
Measures were taken weekly, a s  
we l l  a s  24 h r  p r i o r  t o  (C3) and 
fo l lowing (SO) i s o l a t i o n .  Groups 
and s t a t i s t i c a l  i n d i c a t o r s  a s  i n  
Fig.  1. 

However, BP during i s o l a t i o n  was s i g -  
n i f i c a n t l y  lower i n  t h e  EPA group than 
i n  t h e  DUM o r  OL groups (p<0.001, S2-S3; 
p<0.01, S4) . I s o l a t i o n  increased  h e a r t  
r a t e s  (Fig. 2) i n  a l l  groups vs  pre-  
s t r e s s  l e v e l s ,  although t h e  p a t t e r n s  
varied greatly. However, ad jus ted  h e a r t  

r a t e  was s i g n i f i c a n t l y  g r e a t e r  i n  t h e  
EPA group during s t r e s s ,  than i n  e i t h e r  
DUM o r  OL groups (pc0.05, SO; p<0.001, 
S1 and S4; p<0.01, S3) . Furthermore, 
p r e - s t r e s s  h e a r t  r a t e s  (unadjusted) were 
h igher  i n  t he  EPA group than i n  DUM o r  
OL groups. 

Adjusted body weight ga in  during s t r e s s  
(Table I )  was s i m i l a r  i n  t h e  DUM and 
EPA groups, which was g r e a t e r  than i n  
t h e  OL group (p<O. 001, S1-S4) . 

Cardiovascular  responses t o  NOR 
(Table 11) were s i m i l a r  between groups, 
with t he  exception t h a t  t h e  s y s t o l i c  
BP response was g r e a t e r  i n  t h e  EPA 
group (p<0.05) . I n  c o n t r a s t  , EPA , reduced 
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Table  I 

Raw Data (gm) Adjus ted  Means (gm) 

DUM OL EPA DUM OL EPA 

Raw (2 + S.E. )  and a d j u s t e d  (x, c o v a r i e d  f o r  C 1 )  body 
we igh t s  o f  DUM- (n=6) , OL- (n=5) and EPA i n  OL- (n=5)  
t r e a t e d  r a t s  f o r  2  weeks p r i o r  t o ,  and 4  weeks f o l l o w i n g  
s o c i a l  i s o l a t i o n  s t r e s s .  Measures were t a k e n  a t  weekly 
i n t e r v a l s  d u r i n g  t h e  p r e - s t r e s s  ( C l ,  C2) and s t r e s s  
( S l ,  S2,  S3, S4) c o n d i t i o n s ,  a s  w e l l  a s  24 h r s  p r i o r  t o  
(C3) and f o l l o w i n g  (SO) i s o l a t i o n .  
For  a d j u s t e d  means, ***p<O.OOl v s .  OL 

Table  I1 

DUM OL EPA 

(n=6) (n=5) (n=5)  

N O R  

Dura t ion  o f  r e sponse  ( s e c )  287+59 

HR response  (min- l )  4  121 1 

A s  BP (mm Hg) 44+ 6 

Ad BP (mm Hg) 44+ 6 

Dura t ion  of  r e sponse  ( s e c )  217+37 

HR r e sponse  (min-1) 73+29 

Ad BP (mrn Hg) 322 4  

C a r d i o v a s c u l a r  r e sponses  (F * S.E.)  o f  male r a t s  t o  i . a .  
i n f u s i o n s  o f  NOR (4.30 pg) and ANG (1 .25  pg) f o l l o w i n g  
4  weeks o f  i s o l a t i o n  s t r e s s .  Groups a r e  DUM, OL, and 
EPA i n  OL. 
* p<0.05 v s .  OL * *  p<0 .01  v s .  OL * * *  p<0 .001  v s .  OL 
t p<0.05 v s .  DUM 
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t h e  d u r a t i o n  of  response (p<0.01) and 
d i a s t o l i c  (p<0,01)  responses  t o  ANG v s  
OL. There were no d i f f e r e n c e s  i n  res -  
ponse t o  ANG between DUM and EPA groups.  

DISCUSSION 

I n  p r e v i o u s  r e p o r t s ,  1 8  : 3w6 and 20 : 4/06, 
b u t  n o t  18:2w6 o r  18:3w3, a t t e n u a t e d  
p r e s s o r  responses t o  c h r o n i c  stress ( 5 ) .  
However, it was n o t  known whether  t h e  
i n a b i l i t y  of  1 8  : 3w3 t o  reduce BP r e s u l t e d  
from its n o t  be ing  i n  t h e  w6 s e r i e s ,  o r  
r a t h e r  because it is  a p re -  A6- and A5- 
d e s a t u r a s e  compound (5)  . The r e s u l t s  o f  
t h e  p r e s e n t  s tudy  s u g g e s t  t h a t  t h e  w3 
s e r i e s  f a t t y  a c i d ,  EPA (20:5w3) , a pos t -  
A6- and A5-desaturase p r o d u c t ,  i s c a p a h l e  
o f  i n h i b i t i n g  p r e s s o r  responses t o  
c h r o n i c  s t r e s s .  I n  l i g h t  o f  t h e  normally 
h igh  a c t i v i t y  o f  A6- and A5-desaturase 
i n  t h e  r a t  ( l l) ,  and t h e  o b s e r v a t i o n  
t h a t  EPA, b u t  n o t  equimolar  amounts o f  
18:3w3, d e p r e s s  c a r d i o v a s c u l a r  responses  
t o  s t r e s s ,  t h e s e  d a t a  f u r t h e r  s u p p o r t  
t h e  hypothes i s  t h a t  c h r o n i c  s t r e s s  may 
i n h i b i t  f a t t y  a c i d  metabolism. 

I n  a d d i t i o n ,  t h e  d a t a  s u g g e s t  t h a t  
EPA, 18:3w6, and 20:4w6 may vary  i n  bo th  
t h e i r  a b i l i t y  t o  a t t e n u a t e  s t r e s s  r e s -  
ponses ,  a s  w e l l  a s  t h e i r  mechanism o f  
a c t i o n .  I n  a p rev ious  r e p o r t  (5 ) ,  18:  3w6 
iomple te ly  p revented  a BP response over  
a 4 wk s t r e s s  p e r i o d ,  where a s  equ i -  
molar  amounts o f  20:4w6 were e f f e c t i v e  
on ly  f o r  2 wks ( 5 )  . P r e s e n t l y ,  a 
s i m i l a r  dose of  EPA o n l y  p a r t i a l l y  
i n h i b i t e d  t h e  BP response o v e r  a 4 wk 
p e r i o d .  Should t h e  potency of  t h e  
v a r i o u s  compounds d i f f e r ,  a h i g h e r  EPA 
dose might completely suppress  t h e  BP 
response t o  s t r e s s .  Furthermore,  i n  
t h e  p r e s e n t  s t u d y ,  EPA a d m i n i s t r a t i o n  
r e s u l t e d  i n  a marked i n c r e a s e  i n  t h e  
t a c h y c a r d i c  response t o  s t r e s s  vs  con- 
t r o l s ,  whereas i n  p r e v i o u s  r e p o r t s ,  
18 : 3w6 and 20 : 4w6 t r e a t m e n t  were a s s o c i -  
a t e d  w i t h  a suppress ion  o f  s t r e s s -  
induced t a c h y c a r d i a  ( 5 ) .  I t  is  p o s s i b l e  
t h a t  t h e  r i s e  i n  h e a r t  r a t e  dur ing  t h e  
suppress ion  o f  BP by EPA r e f l e c t s  a 
b a r o r e  f l e x  response.  This  would s u g g e s t  
t h a t  EPA may b e  a c t i n g  p e r i p h e r a l l y ,  
r a t h e r  than  c e n t r a l l y ,  i n  t h i s  model, 
p o s s i b l y  v i a  induc ing  p e r i p h e r a l  vaso- 
d i l a t i o n .  

F i n a l l y ,  t h e  e f f e c t s  o f  EPA on r e a c t -  
i v i t y  t o  NOR and ANG do n o t  appear  t o  
be r e s p o n s i b l e  f o r  t h e  BP e f f e c t s  
observed i n  t h e  s tudy .  

Thus, t h e  r e s u l t s  o f  t h e  p r e s e n t  
s tudy  s u g g e s t  t h a t  EPA may be  u s e f u l  
i n  a t t e n u a t i n g  c a r d i o v a s c u l a r  r e a c t -  
i v i t y  t o  s t r e s s ,  and may prov ide  a 
u s e f u l  approach t o  a d i e t a r y  r e d u c t i o n  
o f  s t r e s s  r e a c t i v i t y  i n  animals  and 
humans. 
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