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The purpose  o f  t h i s  s t u d y  was t o  e v a l u a t e  known g e n e t i c  l i n e s  o f  
s t r e s s - r r o n e  and non s t r e s s - p r o n e  swine f o r  plasma c o r t i s o l ,  growth
hormone, g lu c o s e ,  l a c t a t e ,  n a ,  iv. and u l .  A l s o ,  a c i . secretee,  x V i......
f*Qj» t h e s e  s u b s t a n c e s  viere e v a l u a t e d .  A s i g n i z i c a n t  d e c r e a s e  i n  pic--'-';- - 
c o r t i s o l  and growth  hormone o c c u r r e d  from 8 ;0 0  a . n .  t o  4 :00  p.m. A l l  
t h r e e  e l e c t r o l y t  es  were lo w e s t  a t  t h e  p.m. c c l l e c c j . c n  t im e  and naó. c .  

s i g n i f i c a n t  d e c r e a s e .  A l i t t e r  r e s o o n sé  was observe 3 f o r  b o t h  c o r t i s o l  
and growth hormone and a  s i g n i f i c a n t  i n t e r a c t i o n  e x i s t e d .  Two p a t t e r n s  
were " o b se rv e d  f o r  plasma c o r t i s o l  frena s t r e s s - p r o n e  swine.  One g row  had 
v e ry  h ig h  l e v e l s  and t h e  o t h e r  low l e v e l s  a f t e r  a  s t r e s s  p e r i o d .  Plasma 
l a c t a t e ' i n c r e a s ed i n  a l l  groups  a f t e r  s t r e s s ,  b u t  a  g r e a t e r  i r  re u e 

a s t r e s s —prone  p i g s  when compared t o  c o n t r o l s .  . o s i  j n i f i c a n t  
d i f f e r e n c e s  e x i s t e d  be tween  p i g s  s t u d i e d  f o r  lA lo n a i s s i m u s  c o l o r ,  a-a. 
c o l o r  d o e s n ' t  a r p e a r  t o  be a  good method t o  s e p a r a t e  s t r e s s - p r o n e  from ■ 1
non s t r e s s - p r o n e  p i g s  i n  a s e l e c t i o n  program. itnówn sample c o l l e c t i o n  ter*5 ! 
and genotype o f  n ig s  u sed  f o r  s t u d i e s  on hormone f u n c t i o n  a p p e a r s  im p o r t a n t  
i n  t h e  e v a l u a t i o n  o f  p h y s i o l o g i c a l  t r e a t m e n t s .
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F a
I n t r o d u c t io n

I n te n s iv e  g e n e t ic  s e le c t io n  f o r  m uscle  d e p o s i t io n  i n  sw ine has  a ls o  
a l t e r e d  c e r t a i n  o h y s io lo g ic a l  a d a p ta t io n  mechanisms c a u s in g  some p ig s  l-o  be 
h ig h ly  s e n s i t i v e  to  sudden changes in  t h e i r  en v iro n m en t. Extrem e anim als^ 
w i l l  o f te n  d ie  when s u b je c te d  to  en v iro n m en ta l s t r e s s o r s  and s e v e ra l  th e o r i e s  
have been p o s tu la te d  as  t o  th e  cause  o f  d e a th .  B ugard, Henry^and H oubert ^ 
(19 6 2 ) su g g e s te d  t h a t  u n c o u p lin g  o f  th e  o x id a t iv e  p h o sp h o ry la t io n  was one o- 
th e  main ca u se s  o f th e  h ig h e r  s e n s i t i v i t y  o f th e s e  p ig s  t o  s t r e s s .  T cp e l^  
e t  a l  ( i 960) and H uy lle  e t  a l  (1968 ) c o n s id e re d  b lo o d  a c id o s i s  to  be one 
t h e T n i n  f a c t o r s  a s s o c ia te d  w ith  t h i s  abnorm al c o n d i t io n .  Sybesma and 
E ikelenboom  (1969) p o in te d  ou t th e  im p o rtan ce  o f  h y p e rth e rm ia  and  L i s t e r  
e t  a l  (1970) r e p o r te d  an an o x ia  c o n d i t io n  was a s s o c ia te d  w ith  th e  u n u su a l t r a c t s
o f  s t r e s s  p rone  sw ine.

E x p e rim e n ta l P ro ced u re

T h i s  r e n o r t  i n c l u d e s  d a t a  from two e x p e r im e n t s .  The f i r s t  exper imen t 
s t u d i e d  d a i l y  rhythms a t  8 : 0 0  a.in. and 4 :3 0  p.m. f o r  plasma c o r t i s o l ,  grov.tr. 
hormone,  g lu c o s e ,  l a c t a t e ,  Ha,  K and Cl.  E i g h t ,  91 kg p ig s  were used  i n  t h i s  
n o r t i o n  o f  t h e  s t u d y  and b lood  samóles were c o l l e c t e d  from an i n d w e l l i n g  
c a t h e t e r  i n  t h e  d o r s a l  a o r t a .  The second exper iment compared l i t t e r s  t. t h r e e  
normal and t h r e e  s t r e s s - p r o n e )  o f  g e n e t i c a l l y  s e l e c t e d  p i g s  (91 k g ,  i o r  une 
same c h a r a c t e r i s t i c s  l i s t e d  f o r  exper iment  one.  A lso ,  U. longisj i ijoiis c o l o r  
and ?h  were e v a l u a t e d .  Animals i n  exper im ent  2 were c e t h e r i s e d  i n  t h e  vena  
cava  f o r  b lo o d  samóle c o l l e c t i o n .  C o r t i s o l  was d e t e rm in e d  by  t h e  p r o t e i n  
b in d i n g  method r e p o r t e d  by YTnipp and Lyons (1970) ,  growth hormone p rocedu re  
i n v o l v e d  t h e  r a d i o - i n n u n o  a s s a y  as  m o d i f i e d  by  S i e r s  (1 9 °8 ) ,  p ro ced u res  f o r  
g lu c o s e ,  l a c t a t e ,  Ha, K, and Cl were m o d i f i c a t i o n s  r e p o r t e d  by Technicon ,

Husc le  oH was d e t e rm in e d  w i th  ai 9 6 0 , f o r  u se  w i th  t h e  a u t o - a n a l y z e r .
Beckman Ph m e te r and m uscle c o lo r  w ith  a  P h o to v o lt  r e f l e c ta n c e  m e te r.

R e s u l ts  and D isc u s s io n  

E xperim ent I

The d a i l y  rhythms o b s e rv ed  f o r  t h e  c h a r a c t e r i s t i c s  s t u d i e d  a r e  shown 
i n  t a b l e  1 .  C o r t i s o l  l e v e l s  d e c r e a s e d  from 8 :00  a.m. t o  4 :0 0  p.m. 
C o n s id e ra b l e  f l u c t u a t i o n  o c c u r r e d  i n  c o r t i s o l  l e v e l s  bo th  between an im a ls  
and d u r i n -  sample c o l l e c t i o n  t i m e s .  T h i s  i s  i n  ag reement w i t h  t h e  r e s u l t s  
r e p o r t e d  by S t e i n h a u f  e t  a l  ( 1 9 6 9 ). A n a ly s i s  f o r  growth hormone i n d i c a t e s  
t h a t  t im e  o f  saraole c o l l e c t i o n  was an im p o r ta n t  f a c t o r  i n  a l t e r i n g  
c i r c u l a t i n g  l e v e l s .  The h i r h e s t  l e v e l s  o c c u r r e d  a t  8 :0 0  a.m. and 
s i g n i f i c a n t l y  d e c r e a s e d  a t  4?00 p.m. F u r t h e r  samples  c o l l e c t e d  a t  8 :0 0  p.m. 
were s i g n i f i c a n t l y  lower  ( 9 . 4  mug/ml) t reu i  t n e  v : 0 0  p.m. v a l u e s .

T ab le  1.  D a i l y  rhythms o f  91 kg page f o r  plasma c o r t i s o l ,  gro.vth
hormone,  g lu c o se ,  l a c t a t e ,  sodium, p o ta s s iu m  ana c h l o r i n e .

___Time_ . * _____

Cortisol, Ugl

Growth hormone,  mpg/ml

Glucose, mg o

Lactate, mgw 

Sodium, me g/l

Poti 5sium, meg/ I
C h l o n d e ne fr./ i

•nifpTiificant

98.8

. 9 . 3 _________ 4 .9
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Glucose l e v e l s  i n c re a s e d  from 8 : 0 0  a.m. to  4:00 p.m. and th e  plasma 
l a c t a t e  va lues  decreased  s l i g h t l y  but  th e  d i f f e r e n c e s  were not  s i g n i f i c a n t .  
A l l  t h r e e  e l e c t r o l y t e s  were lowes t  a t  t h e  p.m. c o l l e c t i o n  t ime ,  and K had a 
s i g n i f i c a n t  decrease .  Th is  v a r i a t i o n  im p l ic a te s  th e  importance o f  uniform 
sample c o l l e c t i o n  t ime f o r  th e s e  substances  i n  exper imenta l  work.

Experiment I I

The i n f l u e n c e  of  genotype and s t e s s  on nigs  from th e  l i t t e r s  s tudied a re  
shown i n  Table 2. A l i t t e r  response occur red  f o r  c o r t i s o l  l e v e l s  and a 
s i g n i f i c a n t  i n t e r a c t i o n  e x i s t e d .  P. o n - s t r e s s  prone p igs  show.’ a r e l a t i v e l y  
s t a b l e  c o r t i s o l  l e v e l  i r r e s p e c t i v e  of  sample c o l l e c t i o n  t ime and gave an 
e l e v a te d  response dur ing  s t r e s s .  L i t t e r s  with  s t r e s s  prone t r a i t s  ( type I  
and I I  i n  t a b l e  2) had more e r r a t i c  responses .  Two extremes were observed 
t h i s  s tudy .  The va lues  f o r  type  I  l i t t e r s  r e p re s e n t  n igs  which s e c r e t e d  
ext remely  high  l e v e l s  of  c o r t i s o l  when they  became e x c i t e d  and normal l e v e l s  
du r ing  no n -ex c i ted  c o n d i t i o n s .  The o th e r  extreme,  type  I I  l i t t e r s ,  represen t  
p igs  t h a t  possessed  lov/er c o r t i s o l  l e v e l s  and a smal l  in c r e a s e  in  c o r t i s o l  
occur red  a f t e r  s t r e s s .  This  sugges ts  t h a t  gene t ic  l i n e s  vary  i n  t h e i r  
a b i l i t y  t o  r e a c t  t o  s t r e s s  f o r  l e v e l s  of  nlasma c o r t i s o l  and pigs showing sii?1® 
o f  t h e  s t r e s s  syndrome (Topel  e t  a l ,  1963) can have d i f f e r e n t  p a t t e r n s  of  p l aS 
c o r t i s o l .  Karole  (1970) r e p o r t e d  t h a t  s t r e s s  prone swine have s i g n i f i c a n t l y
h ig h e r  l e v e l s  o f  plasma ACTH i r r e s p e c t i v e  of plasma c o r t i s o l  l e v e l s .  Some 
s t r e s s - p r o n e  n igs  in  L a r r i e s ' s tudy  had e l e v a te d  l e v e l s  and o th e rs  had lower 
l e v e l s  of  plasma c o r t i s o l .  These da ta  f u r t h e r  sugges t  an imblanace in  t h e  
f u n c t io n  o f  t h e  a d r e n a l - p i t u i t a r y  ax i s  in  t h e  s t r e s s - p r o n e  p ig .

Table 2. I n f lu e n c e  o f  genotype and s t r e s s  on plasma c o r t i s o l ,  grcvrfch 
hormone, g lucose ,  l a c t a t e .  Ha, X and Cl.

Non s t i ' e s s -p rone l i t t e r s S t r e s s - r r o n e  l i t t e r s
Type I T;

„ , . a ,bC o r t i s o l  , | 'g
Before s t r e s s  A f t e r  s t r e s s Before s t r e s s  Af‘t e r  s t r e s s Before s t r

6 .05 8 . 8 7.45 11.05 2 . 8

V
Growth Hormone 

mpg/ml
1 0 . 8 2 1 0 . 8 1 9.30 8.79 7.79

Glucose , mg - 84.0 107.5 8 5 . 0 1-57.2 8 7 . 2

L a c ta t e ^ ,  mg/ 1.59 1 0 . 2 1.73 19.25 1.44

K , meg/l 97.4 103.9 102.4 108.4 96.7

Cl, meg/l 4.92 5.38 4.75 4.17 4.59

Na, meg^l 140.9 146.6 137.4 137.0 140.4

"S ign i f ican t  (P<. 05) l i t t e r i n t e r a c t i o n .

1^

1 2 0 . 4

17*°

1

1 3 ^

5S i g n i f i c a n t  (P<.Op) response  from s t r e s s  f o r  a l l  groups
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Plasma g lu c o se  and l a c t a t e  v a l u e s  were s i m i l a r  f o r  samples c o l l e c t e d
i ’t e r  s t r e s s . Theb e f o r e  s t r e s s ,  b u t  s i g n i f i c a n t l y  i n c r e a s e d  ±or  a l l  

s t r e s s  prone  p i g s  had h i g h e r  l a c t a t e  and g luc ose  v a l u e r  «..i s . n e s s  
t h e  c o n t r o l s  and t h e  t y p e  I ,  s t r e s s  prone  r i g s  had v e ry  e l e v a t e d  plasma g lucose  
v a l u e s  a f t e r  s t r e s s .  ' Th i s  may be a s s o c i a t e d  w i th  t h e  h i g h e r  c o r t i s o l  l e v e l s  
from t h e s e  p i g s .  ho s i g n i f i c a n t  d i f f e r e n c e s  i n  h a ,  Cl ,  o r  K v a l u e s  --rom 
samples  c o l l e c t e d  b e f o r e  s t r e s s  o c c u r r e d  f o r  r i g s  compared i n  t a b l e  2 .^
P o ta s s iu m  l e v e l s  i n c r e a s e d  a f t e r  s t r e s s  and t h e  h i g h e s t  e l e v a t i o n  was i n  t h e  
s t r e s s  c rone  g r c u r s .  The Na and Cl v a l u e s  o b t a i n e d  a f t e r  s t r e s s  showed a 
non s i g n i f i c a n t  r e s p o n s e  f o r  a l l  g roups  o f  p ig s  compared i n  t h e  s tu d y .

The d i r e c t  i n f l u e n c e  o f  genotype  upon t h e  p r e d i s p o s i t i o n  o f  swine t o  s t r e s s  
and some -p h y s io lo g ica l  c h a r a c t e r i s t i c s  a s s o c i a t e d  w i th  s t r e s s  a d a p t a t i o n  a r e  
f u r t h e r  su p p o r te d " f ro m  t h e s e  s t u d i e s .  Recen t  work by - h i s s ( 1 9 7 1  ) a l s o  snows 
t h a t  g e n e t i c  l i n e s  o f  f a t  t y p e  p i g s  have s i g n i f i c a n t l y  lower  l e v e l s  o f  plasma 
c o r t i s o l  and e p i n e p h r i n e  when compared t o  meat t y p e  p i g s  ircrn .jiC ..n gt.ne i c  
l i n e s  o f  s t r e s s  prone p i c s .  The im por tance  of known genotype appea rs  
im p o r ta n t  when p h y s i o l o g i c a l  c h a r a c t e r i s t i c s  a r e  s t u d i e d .

T ab le  3 shows H, l o ngi s s i n u s  pH and. c o l o r  t r a i t s  from p ig s  s t u d i e d  i n  
exper iment  I I .  Stress"~prone p ig s  had s i g n i f i c a n t l y  lo w e r  U  l o n g i s n j inis pH 
v a l u e  s

T a b le  3 . K. l o n g i s s im u s  c o l o r  ' anc nil v a l u e s .

Time Kon-•stress-prone
Po st Mortein_ litters

color

30 minutes 6.44 11.8

24 hours 5.69 19.8

Type
S t r e s s  prone
T

l i t t e r s
Type II________

_ dH____ c o l o r pH____ c o l o r

6 . 1 6 1 0 . 3 6 . 2 5 1 2 . 5

5 . 4 0 1 8 . 7 5 . 2 7 2 2 . 1

I m p r e s s e d  as r e f l e c t a n c e  w i th  t h e  h i g h e r  r a l u e s  i n d i c a t i n g  a l i g h t e r  c o l o r .

M u s c l e  pH from s t r e s s  p rone  a n im a ls  a r e  s i g n i f i c a n t l y  (Pc.Op) lower  t h a n  
non s t r e s s - c r o n e  p ig s  f o r  each  group.

t h a n  th e  non s t r e s s - p r o n e  c o n t r o l  p i g s ,  bu t  no majo r  d i i i e r e n c e  e x i s t e d  i o i  
muscle c o l o r  24 hour  postmortem. The t y p e  I I  s t r e s s - p r o n e  p ig s  e x h i b i t e d  
t h e  l i g h t e s t ’ c o l o r  b u t  c o n s i d e r a b l e  v a r i a t i o n  i n  muscle c o l o r  o c c u r r e d  between 
i n d i v i d u a l  n i g s  i n  t h e  s t r e s s  prone groups .  ¡Muscle c o l o r  d o e s n ' t  a p p e a r  t o  be 
a good me thod° to  s e p a r a t e  s t r e s s - p r o n e  from non s t r e s s - p r o n e  an im a ls  i n  a 
s e l e c t i o n  program.
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