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ABSTRACT

The l i v e r s  from e i g h t  s t e e r s  fed  d i e t s  c o n t a in in g  fo u r  d i f f e r ­

e n t  t a l l o w  l e v e l s  were p e r fu s e d  and th e  serum f a t t y  a c id s  e x t r a c t e d ? . 

f r a c t i o n a t e d ,  and a n a ly z e d e The e x t r a c t i o n  was done by th e  ch lo ro fo rm -  

m e thano l p r o c e d u r e Q The whole serum f a t t y  a c id s  were f r a c t i o n e d  i n t o  

p h o s p h o l ip id s ,  f r e e  f a t t y  a c i d s ,  t r i g l y c e r i d e s ,  and c h o l e s t e r o l  e s t e r s  

by t h i n - l a y e r  chrom atography  and an a ly zed  by g a s - l i q u i d  ch rom a tog raphy0 

Time of p e r f u s io n  a f f e c t e d  an i n c r e a s e  o f  C 16 :l  in  ,th e  whole serum 

l i p i d  (P < oOl)o D ie t  was r e s p o n s i b l e  f o r  th e  r e d u c t io n  in  p e r c e n t  o f 

C16sl and C18:2 in  th e  p h o s p h o l ip id  f r a c t i o n  (P < o0 5 ) 0 A h ig h l y  s i g ­

n i f i c a n t  tim e e f f e c t  was observed  f o r  th e  p e r c e n t  change of C18 and 

C 18 :l  in  th e  f r e e  f a t t y  a c id  f r a c t i o n 0 A f te r  .30 min o f p e r f u s io n  C18 . 

e x h ib i t e d  an av e rag e  6 6 2 , p e r c e n t  i n c r e a s e  w h i le  CIS 1 1 . e x h i b i t e d  an 

average  6 02 p e r c e n t  d e c re ase *  T h is  r e l a t i o n s h i p  s u g g e s te d  th e  a c t i v i t y  

of a s a t u r a s e  enzyme system* Changes in  p e r c e n t  o ver  tim e of p e r f u s io n  

of o th e r  f a t t y  a c id s  w i th i n  th e  f r a c t i o n s  w ere observed  * S i g n i f i c a n t  

d i e t  by tim e i n t e r a c t i o n s  were r e v e a le d  f o r  s p e c i f i c  f a t t y  a c id s  in  a l l  

f r a c t i o n s *  C o r r e l a t i o n s  of th e  change in  p e r c e n t .w e re  a l s o  observed  

among th e  m a jo r  f a t t y  a c id s  of each f r a c t i o n *



CHAPTER I

INTRODUCTION

In t r a m u s c u la r  l i p i d  q u a n t i t y  of b e e f  has  been  an im p o r ta n t  

c r i t e r i o n  f o r  many y e a r s  in  d e te rm in in g  g ra d e s  f o r  s t a n d a r d i z a t i o n  b e ­

tween p ro d u c e r s  and consum ers0 I n h e r e n t  in  b e e f  g ra d e s  a r e  f a c t o r s  

which r e l a t e  d i r e c t l y  and i n d i r e c t l y  to  d e s i r a b i l i t y  and p a l a t a b i l i t y o  

At th e  p r e s e n t  t im e 9 how ever, much l e s s  i s  u n d e rs to o d  ab o u t th e  q u a l i t y  

of th e s e  l i p i d s  as th e y  a f f e c t  th e  p a l a t a b i l i t y  of t h i s  products,

I t  has  been im p l ic a te d  t h a t  c e r t a i n  f a t t y  ac id  r a t i o s  and com­

b i n a t i o n s  can have e i t h e r  an advan tageous  o r  d e l e t e r i o u s  e f f e c t  upon 
* . . „ _ - 
th e  e a t i n g  q u a l i t y  of b e e f <, T h e r e f o re ,  f a c t o r s  which in f l u e n c e  and

cause  b e e f  an im als  to  d e p o s i t  c e r t a i n  f a t t y  a c id s  p r e f e r e n t i a l l y  in  

^ d i f f e r e n t  co m b in a tio n s  and r a t i o s  ap p ea r  to  be of s i g n i f i c a n t  impor­

ta n c e  to  w a r r a n t  i n v e s t i g a t i o n 0

C l a s s i c a l l y ,  th e  l i v e r  has  been  reg a rd e d  as an im p o r ta n t  organ  

in  l i p i d  m e ta b o li sm 0 C u r r e n t ly ,  th e  m a jo r  em phasis seems to  be on a d i ­

pose t i s s u e  in  r e g a rd  to  th e  g r e a t e s t  p e r c e n t  of changes  o c c u r r in g  in  

l i p i d s .  R e g a rd le s s  of th e  t i s s u e  s tu d i e d ,  i s o l a t i o n  of t h a t  t i s s u e  in  

v i t r o  has  been  an e f f e c t i v e  method o f  s tu d y in g  changes w hich a re  en ­

c o u n te r e d .

E nvironm ent and h e r e d i t y  b o th  a f f e c t  l i p i d  c o m p o s i t io n  in  a n i ­

mal t i s s u e s .  H e re d i ty  m ost l i k e l y  w i l l  m a n i f e s t  i t s  e f f e c t  by d i f f e r ­

ences  in  hormonal l e v e l s  and b a la n c e s  and by th e  p re s e n c e  o r  absence

• 1 ’ '



of s p e c i f i c  enzymes* N u t r i t i o n  i s  th e  m ost im p o r ta n t  e n v i ro n m e n ta l  e f ­

f e c t  which has  been s tu d ie d  in  t h i s  area*  .

T h is  ex p e r im e n t  was d es ig n ed  and c o n d u c te d . to  s tu d y  th e  e f f e c t s  

of d i f f e r e n t  l e v e l s  o f t a l l o w  in  th e  r a t i o n s  o f  b e e f  s t e e r s  on th e  

f u n c t io n s  o f  t h e i r  l i v e r s *  More s p e c i f i c a l l y ,  t h i s  e x p e r im e n t  was d e ­

s ig n ed  to  examine th e  e f f e c t s  o f d i e t  upon l i v e r  enzyme f u n c t i o n s  r e g u ­

l a t i n g  q u a l i t a t i v e  changes in c u r r e d  in  l i p i d  f r a c t i o n s *



CHAPTER I I

LITERATURE REVIEW . ~ ■

In f lu e n c e ,  of F a t  Upon P a l s t a b i l i t y  of Meat 

The developm ent of more s o p h i s t i c a t e d  a n a ly s e s  h as  immensely 

improved r e s e a r c h  methods f o r  s tu d y in g  p a l a t a b i l i t y  f a c t o r s  o f meat 

s in c e  MacKintosh and H a l l  (1936) s t a t e d  t h a t  th e  deg ree  of f i n i s h  of 

b e e f  appea red  to  be a s s o c i a t e d  w i th  p a l a t a b i l i t y .  They r e p o r te d  an i n ­

c r e a s in g  d e g ree  o f  f i n i s h  re n d e re d  more i n t e n s e  th e  p r o p e r t i e s  of t e n ­

d e rn e s s  0 .

H o rn s te in  and Crowe (1960) r e p o r te d  f l a v o r  d i f f e r e n c e s  t h a t  

e x i s t  in  p o rk  and b e e f  may have t h e i r  o r i g i n s  in  th e  f a t  p o r t i o n s  of 

th e s e  meatso They s t a t e d  t h a t  f a t  may n o t  on ly  p roduce  d i f f e r e n t  f l a ­

v o r  compounds in  d i f f e r e n t  r a t i o s 9 b u t  i t  may a l s o  a c t  as a s to r a g e  

d ep o t  f o r  l i p i d - s o l u b l e  f o r e i g n  compounds t h a t )  on h e a t i n g 9 a l s o  con­

t r i b u t e  to  f l a v o r*

H o rn s te in ,  Crowe^ and Heimberg (1961) concluded  t h a t  phospho­

l i p i d s  d id  n o t  c o n t r i b u t e  to  d e s i r a b l e  m eat f l a v o r^  and in  e x c e s s iv e ly  

le a n  meat th e y  cou ld  c o n t r i b u t e  to  poor f l a v o r .  T r i g l y c e r i d e s 9 on th e  

o th e r  h a n d ? seemed to  enhance th e  f l a v o r  of meat*

I n i t i a l  in c r e a s e s  in  f r e e  f a t t y  a c id s  in  th e  b a c k f a t  of hogs 

were r e l a t e d  to  a r i s e  in  d e s i r a b i l i t y  o f  f l a v o r  of. th e  cooked m eat 

a c c o rd in g  to  H a l l ,  H a r r i s o n ,  and Mac K in to sh  (1962)* However, the

■ 3 ’
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r e l a t i o n s h i p  o f  f r e e  f a t t y  a c id s  to  f l a v o r  was n o t  dep en d en t upon 

q u a n t i t y  a l o n e 0

Using b r o th s  and d e p o t  f a t s ,  H o fs t ra n d  and Jaco b so n  (1960) r e ­

p o r te d  t h a t  f a t  d id  n o t . s i g n i f i c a n t l y  a f f e c t  th e  t a s t e  o f m utton  o r  

lamb b ro th so  There was an i n d i c a t i o n  t h a t  f a t  may have c o n t r i b u t e d  

to  th e  aroma of th e  lamb and m utton  b r o t h s » •W assem an and T a l le y  

(1968) r e p o r te d  t h a t  b e e f  f a t  had l i t t l e  o r  no e f f e c t  on th e  d e v e lo p ­

ment o f a c h a r a c t e r i s t i c  b e e f  aroma® However, p o rk  and lamb f a t s , a p ­

p eared  to  c o n t a in  some f a c t o r ( s )  t h a t  deve loped  a s p e c i f i c  aroma*

Waldman e t  a l 0 (1965) r e p o r te d  f l a v o r  was n o t  s i g n i f i c a n t l y  

a s s o c i a t e d  w ith  any of  th e  i n d i v i d u a l  f a t t y  a c id s  o r  r a t i o s  o f  f a t t y  

ac id so  T a s te  p a n e l  j u i c i n e s s  of th e  Longissim us d o r s i  was n e g a t i v e l y  

c o r r e l a t e d  w i th  m y r i s t i c  a c id  ( P < . 0 5 )  and p a l m i t i c  a c id  (P <  ,0 5 )  of 

th e  same muscle@ The a s s o c i a t i o n  of j u i c i n e s s '  w i th  th e  r a t i o  of un- 

. s a t u r a t e d  to  s a t u r a t e d  a c id s  was p o s i t i v e  ( P < e0 l ) 6 Low, n o n s i g n i f i ­

c a n t  c o r r e l a t i o n s  were found among in d i v i d u a l  f a t t y  a c id s  from th e  

n e u t r a l  and p h o s p h o l ip id  f r a c t i o n s  of th e  bov ine  Longissim us d o r s i  

m uscle  w i th  te n d e rn e s s  and j u i c i n e s s  s c o r e s  by T e r r e l l  e t  a l«  (1 9 6 8 )9 

Dryden and M arch e l lo  (1970) r e p o r te d  t h a t  p a l m i t o l e i c  ac id  

was h ig h l y  c o r r e l a t e d  w ith  j u i c i n e s s  ( r  = 0 ,7 8 )  of th e  T r ic e p s  b r a c h i i , 

L in o le i c  a c id  of th e  Longissim us d o r s i  was n e g a t i v e l y  c o r r e l a t e d  w ith  

j u i c i n e s s  ( r  ~  -»74) and th e  f l a v o r  of th e  same m uscle  was enhanced 

( r  = Oo6 6 ) by o l e i c  acid*



In f lu e n c e  of D ie ta r y  F a t  on F a t  D e p o s i t io n

The e f f e c t  of d i e t a r y  f a t  on f a t  d e p o s i t i o n  in  ru m in an t an im als  

has been i n v e s t i g a t e d  becau se  of th e  q u e s t io n a b le  a c t i o n  o f  th e  rumen 

and rumen m i c r o f l o r a  upon in g e s te d  f a t s *  I t  was r e p o r te d  by Smedley~

MacLean (1943) t h a t  b e e f  su e t?  m utton  f a t ,  and la rd  each  had a d e f i n i t e  

c h a r a c t e r  o f  i t s  own, b u t  t h a t  t h i s  c h a r a c t e r  cou ld  be m o d if ied  i f  ex ­

c e p t i o n a l  q u a n t i t i e s  o f any p a r t i c u l a r  f a t t y  ac id  were in c lu d e d  in  th e  

d i e t  of a b e e f ,  lamb, sh eep ,  o r  pig® He s t a t e d  t h a t ,  in  each c a s e ,  a 

l a rg e  amount of l i n s e e d  o i l  in  th e  d i e t  would s o f t e n  f a t  becau se  a 

g r e a t e r  p r o p o r t i o n  o f  th e  l i q u i d  u n s a tu r a t e d  f a t t y  a c id s  c h a r a c t e r i s t i c  

of l i n s e e d  would be s t o r e d .

C o n tra ry  to  t h i s  c o n c e p t ,  Sh o r  land  (1950), r e p o r t e d  t h a t  b e e f  and 

m utton  t a l l o w  were n o t  a p p r e c ia b ly  m o d if ied  by th e  n a t u r e  o f  th e  d i e t a r y  

f a t .  However, even a poor so u rce  of f a t  such as b a r l e y  was shown to  

a f f e c t  th e  q u a l i t y  of p ig  f a t  by s u p p ly in g  u n s a tu r a t e d  f a t t y  a c i d s ,  p r i ­

m a r i ly  l i n o l e i c  a c i d ,  which was a lm o s t  q u a n t i t a t i v e l y  d e p o s i t e d  in  th e  

a d ip o se  t i s s u e  (Dahl 1 9 5 8 )9 I t  was r e p o r t e d  by Dahl (1960) t h a t  l i n ­

o l e i c  a c id  p e r c e n ta g e s  of b a c k f a t s  and l e a f  f a t s  from p ig s  fed  d i e t s  

v a ry in g  in  f a t  l e v e l s  were s i g n i f i c a n t l y  (P < <,05.) d i f f e r e n t  from each 

o the ro

B ro o k s .(1 9 6 7 )  fed  h ig h  l e v e l s  o f  soybean o i l  in  d i e t s  to  p ig s  

and r e p o r te d  t h a t  l i n o l e i c  ac id  was a lm o s t  t h r e e  t im es  th e  l e v e l  and 

s i g n i f i c a n t l y  h ig h e r  (P < <,05) in  th e s e  p ig s  than , in  th o s e  fed  on o th e r  

d i e t s  in  th e  e x p e r im e n te. L in o le i c  ac id  was h ig h ly  n e g a t i v e l y  c o r r e ­

la t e d  ( r  = =*a64, - . 8 1 ,  “ o83, -<,84) w i th  p a l m i t i c  a c id  u n d e r  each



t re a tm e n t ,  i n v e s t i g a t e d «, Koch e t  a l 0 (1968) fed  pigs, h ig h  l e v e l s  of 

s a f f lo w e r  o i l  and ta l lo w *  B a c k fa t  and l e a f  f a t  from th e  p ig s  fed  s a f -  

f lo w e r  o i l  were l e s s  s a t u r a t e d  th a n  th o s e  f a t s  from c o n t r o l  animals* 

These f a t s  c o n ta in e d  s i g n i f i c a n t l y  ( P < *05) more l i n o l e i c  a c id  and s i g ­

n i f i c a n t l y  l e s s  o l e i c  a c id  th a n  th o se  f a t s  from c o n t r o l  a n im a ls e These 

r e s e a r c h e r s  a l s o  r e p o r te d  t h a t  th e  f a t t y  a c id  c o m p o s i t io n  of the  i n t r a ­

m u scu la r  f a t  from th e  Longissim us d o r s i  was a f f e c t e d  much l e s s  by d i e t  . 

th a n  was l e a f  f a t  o r  b a c k fa t*

Hi Id i t c h  -and P e d e l ty  (1941) r e p o r te d  th a t .  ewes, fed  on a " s u p e r -  

m a in ten an ce  r a t i o n "  c o n ta in e d  h ig h e r  l e v e l s  o f  o l e i c  a c id  and lower 

l e v e l s  o f  s t e a r i c  ac id  in  t h e i r  k id n e y  f a t  th a n  th o s e  fed  on a " su b ­

m ain tenance  r a t i o n * "  P a lm i t i c  a c id  was p r e f e r e n t i a l l y  d e p o s i t e d  in  e x ­

t e r n a l  f a t  as opposed to  k id n e y  f a t*  O g i l v i e 9 McClymont,. and Shorland  

(1961) r e p o r te d  t h a t  a f a t  em uls ion  of l i n s e e d  o i l  and b i l e  p la c e d  d i -  

r e c t l y  i n t o  the  sm a l l  i n t e s t i n e  r e s u l t e d  in  g r e a t l y  in c r e a s e d  l e v e l s  o f 

l i n o l e i c  and l i n o l e n i c  a c id s  in  th e  k id n e y  f a t  of sheep* T h e y . a t t r i b ­

u te d  t h i s  to  th e  f a c t  t h a t  h y d ro g e n a t io n  o f  th e  .u n s a tu r a te d  d i e t a r y  

a c id s  in  th e  rumen was n o t  a l lo w e d 9 th u s  s u p p o r t in g  th e  e a r l i e r  i n v e s t i ­

g a t io n s  o f  Shorland  (1950)*

T allow  from sheep fed  p u r i f i e d  d i e t s  was r e p o r te d  to  c o n ta in  

l e s s  s t e a r i c  ac id  and more o l e i c  a c id  th a n  t a l l o w  from e i t h e r  sheep fed  

h a y - g r a i n  d i e t s  o r  g r a z in g  an im als  (Tove and Matrone 1962) ,  In some 

in s ta n c e s ^  th e  a l t e r e d  f a t t y  a c id  c o m p o s i t io n  was s u f f i c i e n t  to  r e s u l t  

in  t a l l o w  t h a t  was l i q u i d  a t  room te m p e ra tu r e .  They a t t r i b u t e d  t h i s  

e f f e c t  to  a l e s s e r  d eg ree  of h y d ro g e n a t io n  of th e  u n s a tu r a t e d  f a t t y



a c id s  by th e  rumen m i c r o f l o r a  o f  th e  sheep fed  th e  p u r i f i e d  d ie t s *

T his  work s u p p o r te d  th e  r e s u l t s  o f  H iId  i t c h  and P e d e l ty  (1941) and 

Smed1ey-MacLean (1 9 4 3 )9 b u t  opposed th e  v iew s of S ho rland  (1950) and 

of O g i lv ie  e t  a l 0 (1 9 6 1 )0 In  f u r t h e r  s u p p o r t  of t h e i r  v ie w s 9 Tove and 

M atrone (1962) r e p o r te d  t h a t  a h ig h  c o n t e n t  of t r a n s - a c i d s  in  th e  d i ­

e t a r y  f a t  r e s u l t e d  in  h ig h  l e v e l s  of t r a n s - a c i d s  in  th e  sheep  ta l lo w ?  

i r r e s p e c t i v e  of th e  rem a in d e r  o f th e  d i e t ,  i n d i c a t i n g  th e  r e s i s t a n c e  

of th e s e  a c id s  to  h y d ro g e n a t io n  by th e  rumen m i c r o f l o r a 0 .

W il le y  e t  a l 0 (1952) r e p o r te d  t h a t  f e e d in g  h ig h  l e v e l s  of f a t  

t o  s t e e r s  had a m arked ly  b e n e f i c i a l  e f f e c t  upon th e  e f f i c i e n c y  o f fe e d  

u t i l i z a t i o n  and a l s o  s i g n i f i c a n t l y  ( P < o05) in c re a s e d  th e  l e v e l  of f a t  

in  th e  b lo o d .  They r e p o r te d  t h a t  o l e i c  a c id  p e r c e n t  d e c r e a s e d . in  a n i ­

mals fed  h ig h  ene rgy  and h ig h  f a t  d i e t s ?  b u t  t h a t  l i n o l e i c  and l i n o -  

l e n i c  ac id  p e rc e n ta g e s  e x h i b i t e d  l i t t l e  o r  no change . High f a t  d i e t s  

a l s o  d e c re a se d  in t r a m u s c u la r  f a t  d e p o s i t i o n  b u t  th e  f a t  p r e s e n t ,w a s  

l e s s  s a t u r a t e d  th a n  in t r a m u s c u la r  f a t  from  o th e r  t r e a t m e n t s 0 Edwards? 

Tove? and B a r r i c k  (1958) s t a t e d  t h a t  when s t e e r s  were fed  an im al f a t s  

r i c h  in  o l e i c  and l i n o l e i c  a c id s  in  th e  d i e t ?  on ly  s t e a r i c  a c id  was 

found to  in c r e a s e  in  body f a t ,

Rowland and H ironaka  (1957) s t a t e d  t h a t  th e y  found s i g n i f i c a n t  . 

o r h ig h ly  s i g n i f i c a n t  c o r r e l a t i o n s  of p lasm a l i p i d s  w i th - s h o u ld e r  f a t ?  

back  and lo i n  f a t ?  combined sh o u ld e r?  back  and lo i n  f a t ?  and a re a  of 

l o i n  m uscle  of p igs?  w h i le  plasm a l i p i d  c o r r e l a t i o n s  w i th  average  d a i l y  

g a in s  approached  s i g n i f i c a n c e  a t  th e  5 p e r c e n t  l e v e l <> B rungard t?  Bray? 

and Hoeks.tra (1963)? in  s tu d y in g  th e  e f f e c t  o f p lasm a l i p i d s  in
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f a t t e n i n g  c a t t l e ,  r e p o r te d  t h a t  d i f f e r e n c e s  f o r  t o t a l  p lasm a f a t ,  l i p i d  

ph o sp h o ru s ,  and t o t a l ,  f r e e  and e s t e r i f i e d  c h o l e s t e r o l  were found b e ­

tween an im a ls  fed  s i m i l a r l y  and of com parab le  age and w e ig h t .  Between 

the  ages o f 9 and 16 months t o t a l  p lasm a l i p i d s  in c re a s e d  42*9 p e r c e n t ,  

and 76*.2 p e r c e n t  o f t h i s  in c r e a s e  had ta k e n  p la c e  by 13 months of age*

In  f u r t h e r  s t u d i e s ,  B ru n g a rd t  and Bray (1966) r e p o r te d  t h a t  

h ig h  l e v e l s  of c h o l e s t e r o l  were found in  s t e e r s  p o s s e s s in g  a h ig h  p e r ­

c e n t  of c a r c a s s  f a t .  M arb ling  s c o re  and l i p i d  p h o s p h o ru s , m easured as 

a p e r c e n t  change from 9 to  16 m onths, were h ig h l y  a s s o c i a t e d  ( r  = 0*52)* 

D ata  im p lied  t h a t  th e  c o n c e n t r a t i o n  o f  p lasm a l i p i d  was p o s i t i v e l y  r e ­

l a t e d  to  amount of ad ip o se  t i s s u e  in  th e  c a r c a s s e s *  T h is  f i n d i n g  

agreed  w i th  t h a t  o f Bowland and H ironaka  (1957)*

L iv e r  Enzymes A f f e c t in g  L ip id  M etabolism  

Baldwin e t  a l ,  (1966) found t h a t  when young c a lv e s  were fed  

f a t - c o n t a i n i n g  d i e t s  g lu c o s e - 6 -p h o sp h a te  d e h y d r o g e n a s e - a c t i v i t y  and 

c i t r a t e  c le a v a g e  enzyme a c t i v i t y  appea red  to  be lowered and the. a c t i v ­

i t y  of o (~ g ly c e ro l”p h o sp h a te  dehydrogenase  appeared  to  be r a i s e d  w ith  

r e s p e c t  to  te n  o th e r  enzymes whose a c t i v i t i e s  e x h i b i t e d  no e f f e c t i v e  

change in  th e  l i v e r 0

0 ?h ea  and L e v e i l l e  (1 9 6 9 ) ,  in  a s e r i e s  of e x p e r im e n ts  w ith  p i g s ,  

r e p o r te d  t h a t  th e  in c o r p o r a t io n  of a c e t a t e - l - ^ C  i n t o  f a t t y  a c id s  and

n o n s a p o n i f i a b le  l i p id s ,  by l i v e r  s l i c e s  was m anyfold g r e a t e r  th an  t h a t  

14of g l u c o s e - 6” G, th e  i n c o r p o r a t io n  of which was i n s i g n i f i c a n t *  Re­

s u l t s  a l s o  r e v e a le d  t h a t  th e  a b i l i t y  o f  a d ip o se  t i s s u e  to  c o n v e r t



a c e t a t e - 1- .  C t o  f a t t y ' a c id s  was te n  t im es  t h a t  of l i v e r  s l i c e s  when 

e x p re s se d  on an e q u a l  w e ig h t  b a s i s .  In  a n o th e r  experim en t^  a range  of 

G - la b e le d  s u b s t r a t e s  was employed and t h e i r  m e tab o lism  by th e  p ig  

l i v e r  and ad ip o se  t i s s u e  s l i c e s  e v a l u a t e d ,  . .A ll s u b s t r a t e s  were r e a d i l y  

in c o rp o r a te d  i n t o  a d ip o se  t i s s u e  f a t t y  a c i d s ,  w hereas i n c o r p o r a t i o n  

i n t o  l i v e r  f a t t y  a c id s  was v e ry  low, e s p e c i a l l y  i n  th e  c a se  o f  g lu c o s e -  

6- ^ C  and p r o p i o n a t e - 2 - ^ 0 ,  Enzyme d a t a  r e v e a le d  t h a t  th e  a c t i v i t i e s  

of g l u c o s e - 6-p h o sp h a te  d eh ydrogenase j  6-p h o sp h o g lu co n a te  d eh y d ro g en ase ,  

and NADP-malate dehydrogenase  of b a c k f a t ,  abdom inal f a t ,  and k id n e y  f a t  

were n o t  s t a t i s t i c a l l y  d i f f e r e n t ,  b u t  t h a t  th e  a c t i v i t y  o f  th e s e  en ­

zymes in  th e  l i v e r  was e x t re m e ly  low. C i t r a t e  c le a v a g e  enzyme a c t i v i t y  

of th e  b a c k f a t  was a l s o  s i g n i f i c a n t l y  h ig h e r  th a n  th e  a c t i v i t y  of t h i s

enzyme in  th e  l i v e r .  In  v iv o  s t u d i e s  of two e x p e r im en ts  su g g es ted  t h a t  

14when a c e t a t e - 1- C was used as s u b s t r a t e  th e  a d ip o se  t i s s u e  accoun ted  

f o r  70 to  75 p e r c e n t  and th e  l i v e r  f o r  25 to  30 p e r c e n t  of th e  newly 

s y n th e s iz e d  f a t t y  a c i d s ,

Uchiyama, Nakagawa, and Okui (1967) r e p o r te d  t h a t  th e  r a t e  of 

monoenoic ac id  s y n th e s i s  by d e s a t u r a t i o n  was m arked ly  d e p re s se d  in  

s t a r v a t i o n  b u t  e l e v a te d  a f t e r  r e f e e d in g  r a t s .  A d d it io n  of f r e e  f a t t y  

a c id s  to  in c u b a te d  s u p e r n a t a n t  s o l u t i o n s  o f  l i v e r  enzymes caused  a 

marked d e p r e s s io n  of d e s a t u r a t i o n  a c t i v i t y ,  th e  i n f l u e n c e  of p o ly ­

u n s a tu r a t e d  a c id s  b e in g  g r e a t e r  th a n  t h a t  o f  m o n o -u n sa tu ra te d  a c i d s ,  .

Nakagawa and Uchiyama (1969a) found t h a t  th e  i n c o r p o r a t i o n  of 

o l e i c  a c id  i n t o  e s t e r i f i e d  l i p i d s  by th e  p o s tm i to c h o n d r i a l  s u p e r n a ta n t  

of l i v e r  c e l l s  was two tim es  f a s t e r  th a n  t h a t  o f  p a l m i t o l e i c  a c i d .
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However9 i n  v i t r o  d e s a t u r a t i o n  of p a l m i t i c  ac id  by th e  p o s tm i to c h o n d r i a l  

s u p e r n a t a n t  of r a t  l i v e r  p roceeded  t h r e e  t im es f a s t e r  th a n  t h a t  of 

s t e a r i c  ac id*  They a t t r i b u t e d  t h i s  d i s c r e p a n c y  betw een in  v i t r o  s t u d ­

i e s  and in  v iv o  r a t i o s  to  th e  d i f f e r e n c e  of r a t e s  of i n c o r p o r a t i o n  of 

th e  two u n s a tu r a t e d  a c id s  i n t o  e s t e r i f l e d  l i p i d s 0

In  f u r t h e r  s t u d i e s ,  Nakagawa and Uchiyama (1969b) r e p o r te d  t h a t
9 •

of  th e  s a t u r a t e d  a c id s  s tu d ie d  on ly  A -monoenes of th e  same c h a in  le n g th

were formed when d e s a tu r a t e d  by l i v e r  enzym ese M y r i s t o l e i c  and p a l m i t -  

o l e i c  a c id s  were b o th  formed a t  much f a s t e r  r a t e s  th a n  was o l e i c  a c i d 0 

However, in  r a t s ,  o l e i c  a c id  was in c o rp o r a te d  i n t o  e s t e r i f i e d  l i p i d s  a t  

a more r a p id  r a t e  th a n  p a l m i t o l e i c  a c id ,  as observed  e a r l i e r  by Nakagawa 

and Uchiyama (1 9 6 9 a ) ,  and m y r i s t o l e i c  a c id  was n o t  found in  r a t  t i s s u e s 0 

Using hen l i v e r  enzyme p r e p a r a t i o n s ,  A lle n  e t  a l 0 (1967) r e ­

p o r te d  t h a t  d e s a t u r a t i o n  of s t e a r i c  a c id  c o u ld "b e  i n h i b i t e d  by th e  ad ­

d i t i o n  o f  pu re  m e thy l s t e r c u l a t e  to  th e  p r e p a r a t io n s *  There was an 

in v e r s e  r e l a t i o n s h i p  betw een d i e t a r y  l e v e l  of m e thy l s t e r c u l a t e  and th e  

d e s a tu r a s e  a c t i v i t y  o f th e  l i v e r  enzyme system  in  c o n v e r t in g ,  s t e a r i c  to  

o l e i c  acid*

L iv e r  P e r f u s io n  S tu d ie s  

The l i v e r  i s  c o n s id e re d  to  be th e  m a jo r  so u rce  o f p lasm a l i p o ­

p r o t e i n s  c o n ta in in g  t r i g l y c e r i d e s ,  c h o l e s t e r o l ,  and p h o s p h o l ip id s  de ­

r iv e d  endogenously  ( L a u r e l1 1959; H i l l y a r d ,  C o rn e l iu s ,  and C haiko ff  1959; 

Havel and G oldfen  1961|  B orgstrom  and O liv e c ro n a  1961;. Heimberg e t  a l 0 

1962; M orr is  1963; and WindmueHer and S pae th  1967). T r i g l y c e r i d e  i s  

s e c r e t e d  by th e  l i v e r  m a in ly  as p r e - J p - l ip o p r o t e in s  (Masoro 1968).
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H i l l y a r d  e t  a l 0 (1959) s t a t e d  t h a t  f r e e  f a t t y  a c id  u p ta k e  by 

th e  l i v e r  was n o t  m arked ly  a f f e c t e d  by n u t r i t i o n a l  s t a t e ,  v a r i a t i o n s  in  

c o n c e n t r a t i o n  o f  f r e e  f a t t y  a c id s  w i th i n  p h y s i o l o g i c a l  r a n g e ,  o r  by 

v a r i a t i o n s  i n  a v a i l a b i l i t y  o f  g l u c o s e 0 Mayes (1969) s t a t e d  t h a t  th e  

f r e e  f a t t y  a c id s  were ta k e n  up r e a d i l y  by th e  l i v e r  from th e  b lo o d ,  b u t  

t h a t  n u t r i t i o n a l  s t a t e  d id  in f lu e n c e  th e  f a t e  of th e  f r e e  f a t t y  a c id s  

in  the  l i v e r . W o r k i n g  w i th  r a t s ,  he found t h a t  l i v e r s  from fed  r a t s  

e s t e r i f i e d  more and o x id iz e d  l e s s  o f  th e  i n f l u x  of f r e e  f a t t y  a c id s  

th a n  d id  l i v e r s  from s ta r v e d  r a t s *
. 1A

H i l l y a r d  e t  a l*  (1 9 5 9 )9 u s in g  r a t  l i v e r s  and p a l m i t a t e - l -  C

14bound to  a lbum in , found t h a t  34 to  43 p e r c e n t  of th e  C a c t i v i t y  in

th e  incoming p e r f u s a t e  was removed in  a s i n g l e  p as sa g e  th ro u g h  th e  

14l iv e r o  Of th e  C a c t i v i t y  t h a t  d i s a p p e a re d  from th e  p e r f u s a t e ,  58

p e r c e n t  was re c o v e re d  as p h o s p h o l ip id  o r  t r i g l y c e r i d e  in  th e  l i v e r 0

.Heimberg e t  al*  (1 9 6 2 ) ,  a g a in  u s in g  r a t  l i v e r s ,  r e p o r t e d  t h a t  t h e r e

was a n e t  r e l e a s e  of t r i g l y c e r i d e s  from  th e  l i v e r  o f  fe d  an im als  and

t h e i r  d a t a  s u g g e s te d  t h a t  b o th  u p ta k e  and r e l e a s e  of t r i g l y c e r i d e s  by

th e  l i v e r  o cc u rre d  s im u l ta n e o u s ly *  W indm ueller and S pae th  (1 9 6 7 ) ,

w orking w i th  p e r fu s e d  r a t  l i v e r s ,  n o te d  t h a t  a marked a c c e l e r a t i o n  in

th e  r a t e  of l i p i d  r e l e a s e  was c o n s i s t e n t l y  observed  a f t e r  f o u r  hours

of p e r f u s i o n ,  s u g g e s t in g  t h a t  th e  l i v e r  may have a f f e c t e d  changes in

th e  p e r f u s a t e  com posi tion ,  which p e rm i t t e d  g r e a t e r  r e l e a s e .

S t e i n  and S h ap iro  (1 9 5 9 ) ,  u s in g  r a t  l i v e r s  p e r fu s e d  i n  s i t u ,

14found t h a t  1- C l i n o l e i c  a c id  had a low er  i n c o r p o r a t i o n  i n t o  th e  l i v e r

14l i p i d s  th a n  d id  1- G p a l m i t i c  a c id ,  b u t  f o r  b o th  a c id s  maximum
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in c o r p o r a t io n  was o b ta in e d  b e fo re  5 min o f  p e r f u s io n  had elapsed® 

Simpson-Morgan and M orr is  (1962) r e p o r te d  no s i g n i f i c a n t  d i f f e r e n c e  in  

th e  r a t e  of u p ta k e  o r  o x id a t io n  of p a l m i t i c ,  o le ic ?  o r  l i n o l e i c  a c id s  

in c o rp o ra te d  i n t o  chy lom icrons?  b u t  found s i g n i f i c a n t l y  more l i n o l e i c  

a c id  th an  o l e i c  o r  p a l m i t i c  a c id  was in c o rp o r a te d  in  th e  p h o s p h o l ip i d s 0 

In  an e x p e r im en t  u s in g  f u n c t i o n a l l y  h e p a te c to m iz e d  r a t s ? Borg- 

s trom  and O l iv e c ro n a  (1961) r e p o r te d  f i n d i n g  more G a c t i v i t y  of th e  

b lood in  t r i g l y c e r i d e s  and a l e s s e r  e x t e n t  in  th e  phospho lip id s®  In  a 

s i m i l a r  ex p e r im en t u t i l i z i n g  r a t  l i v e r s  and p a l m i t i c - l - ^ C ?  M orris  

(1963) r e p o r te d  t h a t  a t  th e  end of 4 h r  o f  p e r f u s io n  more th a n  90 p e r ­

c e n t  of th e  a c t i v i t y  in  th e  l i v e r  was r e c o v e re d  as e s t e r i f i e d  f a t t y

a c id s  and more a c t i v i t y  was p r e s e n t  in  p h o s p h o l ip id s  th a n  in  t r i g l y c e r ­

id e s  9 In  theo ry?  t h i s  f i n d i n g  seemed to  s u p p o r t  th e  e a r l i e r  work of 

B orgstrom  and O liv e c ro n a  (1961)®

Kern? Eiseman? and Normell (1 9 6 5 ) ,  u s in g  a c o t to n s e e d  o i l  em ul­

s io n  and p ig  l i v e r s ?  found t h a t  from i n i t i a l  p e r f u s io n  tim e t r i g l y c e r ­

id e  l e v e l  in c re a s e d  a b r u p t l y  and th e n  dec reased*  The f r e e  f a t t y  a c id s  

a l s o  in c r e a s e d  b u t  r e tu r n e d  to  c o n t r o l  l e v e l s  w i th i n  30 to  90 min®

T o ta l  c h o l e s t e r o l  and p h o s p h o l ip id  l e v e l s  d id  n o t  change apprec iab ly®  

B ra u e r? P e s s o t t i ?  and P i z z o l a t o  (1951) d em o n s tra ted  t h a t  th e  

i s o l a t e d  r a t  l i v e r  cou ld  form b i l e ?  and t h a t  b i l e  f lo w  cou ld  be m ain­

ta in e d  f o r  ex tended  p e r io d s  of time* C o n d i t io n s  which were found com­

p a t i b l e  w i th  b i l e  fo rm a t io n  a l s o  cou ld  be shown to  r e s u l t  i n  p r e s e r v a ­

t i o n  of th e  m acroscop ic  and m ic ro s c o p ic  anatomy of th e  l i v e r  t i s s u e ?  i n  

m a in ten an ce  of f u n c t i o n a l  K u p ffe r  c e l l s  and of c o n t in u e d  d e t o x i c a t i o n
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a c t i v i t y *  M a r t i n i s  e t  al*  (1 9 5 8 ) ,  u s in g  c a lv e s  ahd t h e i r . l i v e r s 9 r e - J 

p o r te d  th e  r a t e  of b i l e  p r o d u c t io n  i n  th e  i n t a c t  an im a ls  ranged  from 15 

to  38 m l / h r * V alues in  th e  i s o l a t e d  l i v e r s  v a r i e d  from 1 03 to  9*6 

m l /h r  and th e  f lo w  r a t e s  o f t e n  f l u c t u a t e d  d u r in g  th e  c o u rs e  of each i n ­

d i v i d u a l  e x p e r im e n t .  T o ta l  b lood  f lo w  r a t e  was ab o u t 0 ,6 0  m l/m in /g  of 

l i v e r  t i s s u e ,  M orris  (1960) i n d i c a t e d  t h a t  b i l e  s e c r e t i o n  reached  a 

maximum when a l l  o f  th e  h e p a t i c  s in u s e s  were p e r f u s e d ,  p ro v id e d  th e  

oxygen, su p p ly  to  th e  l i v e r  c e l l s  w as . a d e q u a te ,

C onno lly ,  Head, and W illiam s (1 9 6 4 ) ,  w orking  w i th  g o a t  l i v e r s ,  

r e p o r te d  th e  im portance  to  ru m in an t s p e c ie s  of f r e e  f a t t y  a c id  c a t a b o l ­

ism by th e  l i v e r .  T h is  c a ta b o l i s m  by th e  ru m in an t  l i v e r  g iv e s  r i s e  to  

a c e t a t e  and th e s e  r e s e a r c h e r s  f e l t  t h a t  t h i s  a c e t a t e  cou ld  acco u n t f o r  

th e  m a jo r  s h a re  of endogenous a c e t a t e  tu r n o v e r ,  even though in  t h i s  ex ­

p e r im e n t  th e  f r e e  f a t t y  a c id  c a ta b o l i s m  c o n t r i b u t e d  a v a r i a b l e  p r o p o r ­

t i o n  o f  th e  a c e t a t e  produced  by th e  l i v e r .  The b lood  g lu c o s e  l e v e l s  

were r e p o r te d  to  have in c re a s e d  tw ofo ld  d u r in g  th e  p e r f u s i o n  p e r io d  of 

1 h r , T h is  r i s e  in  b lood  g lu c o se  was p a r a l l e l e d  by a d e c r e a s e  in  th e  

p e rc e n ta g e  o f l i v e r  g ly c o g e n ,

W hiting  e t  a l ,  (1968) d es ig n ed  and used a p e r f u s i o n  a p p a ra tu s  

s i m i l a r  to  t h a t  of H o l t e r ,  McCarthy, and K e s le r  (1 9 6 3 ) ,  . I t  was demon­

s t r a t e d  t h a t  th e  i s o l a t e d  p e r fu s e d  bo v in e  l i v e r  was c a p a b le  of d e h a lo -  

g e n a t in g  DDT to  i t s  le s s ,  t o x i c  a n a lo g ,  DDD, f o r  up to  2 h r ,  thus  

s u p p o r t in g  e a r l i e r  s t u d i e s  by B rau e r  e t  a l ,  (1 9 5 1 ) ,  The perfo rm ance  

o f  th e  p e r f u s io n  a p p a ra tu s  was judged  to  be good, and a f t e r  2 h r  th e  

l i v e r s  rem ained n a t u r a l  in  a p p e a ra n c e .



CHAPTER I I I

MATERIALS AND METHODS 

G enera l

For t h i s  s tu d y  e i g h t  h a l f - s i b  H ere fo rd  s t e e r s  o f com parable 

ages were used as e x p e r im e n ta l  m a t e r i a l 0 Throughout t h e i r  growing 

p e r io d  a l l  an im a ls  were s u b je c te d  to  s i m i l a r  env ironm en t w i th  r e s p e c t  

to  n u t r i t i o n  and g e n e r a l  management0 A f te r  w eaning , th e  an im als  were 

group fed  a l f a l f a  f o r  3 m onths .on  a m a in te n a n c e .b a s i s  d e te rm in e d  by th e  

C a l i f o r n i a  N et Energy System 0 They were th e n  p la c e d  in  s e p a r a t e  pens 

a t  th e  U n iv e r s i t y  of A rizona  Campbell Avenue Farm and s t a r t e d  on t e s t o  

The e x p e r im e n ta l  r a t i o n s  f o r  t h i s  s tu d y  were as f o l lo w s :  con­

t r o l  (no t a l l o w  a d d e d ) , 5 p e r c e n t  t a l l o w  added, 10 p e r c e n t  t a l l o w  

added, and 15 p e r c e n t  t a l l o w  added@ These f a t  l e v e l s  i n  th e  r a t i o n s  

were m a in ta in e d  th ro u g h o u t  th e  f a t t e n i n g  p e r io d ,  b u t  th e  l e v e l  of con­

c e n t r a t e  was in c re a s e d  a t  56-day  i n t e r v a l s 0 E x p e r im e n ta l  r a t i o n s  con­

t a i n i n g  60 p e r c e n t  c o n c e n t r a te ,  were fed  from F eb ru a ry  28 to  A p r i l  24, 

19690 Com position  and a n a l y s i s  of th e s e  r a t io n s -  a re  d e s c r ib e d  in  T ab le  

10 On A p r i l  25, 1969, th e  r a t i o n s  were, in c re a s e d  to  75 p e r c e n t  concen­

t r a t e  and on June  20, 1969, the. r a t i o n s  were in c re a s e d  to  90 p e r c e n t  

c o n c e n t ra te o  C o n c e n t ra te  l e v e l s  were a d ju s t e d  by d e c r e a s in g  th e  p e r ­

c e n ta g e s  of a l f a l f a  and c o t to n s e e d  h u l l s  and i n c r e a s i n g  th e  p e rc e n ta g e  

o f  s te a m -p ro c e s s e d  m i lo .  The e i g h t  s t e e r s  were d iv id e d  i n t o  fo u r  

g ro u p s ,  two s t e e r s  of each  group r e c e i v i n g  th e .sam e  r a t i o n 0

14



15

T ab le  10 C om position  and a n a l y s i s  o f th e  s t a r t i n g  60 p e r c e n t  concen­
t r a t e  r a t i o n .

Item P e r c e n t t  a 1 l o w
. 0 5 10 15

Ground a l f a l f a  hay

%

20.00

%

20.00
- ' % 

20 .00
7.

20 .00

C o ttonseed  h u l l s 20.00 . 20 .00 - 20 .00 . 20 .00

S team -p ro cessed  m ilo 48 .80 , « 42 .65 36 .20 29.70

C o ttonseed  p e l l e t s 4 .50 . 5 .5 0 7 ,0 0 8 .5 0

M olasses 5 .00 5 .0 0 5 .0 0 5 .0 0

T allow a 5 .0 0  . 10 .00 15.00

Dicalc.ium p h o sp h a te 0 .6 0 0 ,65 0 .6 0 0 .6 0

Urea 0 .6 0 0 .7 0  . 0 .7 0  • 0 .7 0

S a l t 0 .5 0 0 .5 0 0 .5 0 0 ,5 0

100.00 100.00 .. 100.00 100.00

V itam in  A-10-P 10 g 10 g : 10 g . 10 g

P r o t e i n ,  % 12.40 12.50 12.50 12.50

Calcium , % 0 .5 2 0 .5 4 0 .5 2 0 .53

P hosphorus ,  7» 0 .3 4 0 .35 . 0 .3 4 0 .3 4

Acid d e t e r g e n t  f i b e r ,  7» 20.20 20.20 20.30 20.40

T o ta l  d i g e s t i b l e  n u t r . , % 61.60 68.00 74 .60 78 .40

NEm, m egcalo/1 0 0  lb . 67 ,70 72 .60 78 .10 8 3 ,6 0

NE , m egcalo /100  lb .  
P

39 .20 42 .00 4 5 .2 0 48 .40

aAnimal f a t  as d e f in e d  by Feed Bag Redbook, 1968|  a n t i o x i d a n t  added0
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Animals were n o t  ta k e n  o f f  feed  p r i o r  to  s l a u g h t e r ,  and a l l  

an im als  were k i l l e d  a t  a p p ro x im a te ly  11:00 am between August 15 and 

September 2, 1969, a t  th e  U n iv e r s i t y  of A rizona  Meats L a b o ra to ry 0

P e r f u s io n  A ppara tus

The p e r f u s io n  a p p a ra tu s  used in  t h i s  ex p e r im e n t  was e s s e n t i a l l y  

th e  same as t h a t  of l A i t i n g  (1 9 6 8 ) ,  w i th  s l i g h t  m o d i f i c a t i o n s 0 I t  con« 

s i s t e d  o f  a r e c t a n g u l a r  g l a s s  ta n k ,  60 cm x 46 cm x 25 cm, su rrounded  

by a s t a i n l e s s  s t e e l  ta n k ,  73 cm x 57 cm x  32 cm. The o u te r  s t a i n l e s s  

s t e e l  s h e l l  was f i l l e d  w i th  w a te r  which was h e ld  a t  37*5 C d u r in g  p e r ­

f u s i o n ,  The g l a s s  ta n k  a c te d  as th e  in  v i t r o  body and a l s o  as th e  b lood  

r e s e r v o i r  d u r in g  p e r f u s i o n .  Blood flow ed from th e  r e s e r v o i r  to  th e  bo t~  

tom of a g l a s s  " lu n g "  where i t  en co u n te re d  a s te a d y  f lo w  o f  95 p e r c e n t  

oxygen and 5 p e r c e n t  ca rb o n  d io x id e  gas from  a p r e s s u r i z e d  ta n k .  The 

b lood  and gas th e n  flow ed up th ro u g h  a s e r i e s  of g l a s s  m a rb le s  which 

g r e a t l y  in c re a s e d  th e  s u r f a c e  a r e a  f o r  o x y g en a t io n  of th e  b lo o d .  Blood 

f low  from th e  r e s e r v o i r  to  th e  top  of th e  " lu n g "  was accom plished  by 

th e  f o r c e  o f  g r a v i t y  on th e  r e s e r v o i r  h e a d .  The gas f lo w  was a d ju s te d  

to  a p p ro x im a te ly  24 m l/m in  arid th e  gas  was bubbled  th ro u g h  p h y s i o l o g i ­

c a l  s a l i n e  p r i o r  to  e n t r y  i n t o  th e  g l a s s  " lu n g "  to  p r e v e n t  d e h y d ra t io n  

of th e  b lo o d .

Oxygenated b lood  was pumped away from th e  " lu n g "  by a v a r i a b l e  

ou tpu t ,  e l e c t r i c  R o l l - F l e x  " h e a r t "  pump. (C o le -P a rm er ,  C hicago , I l l i n o i s ) ,  

The b lood  was th e n  pumped up i n t o  a s e r i e s  of c o i l s  submerged i n  th e  

w a te rb a th  to  r e g u l a t e  i t s  t e m p e ra tu r e .  The b lood  th e n  e r i te red  th e  

l i v e r ,  which had been  p la c e d  on a g l a s s  t a b l e  i n s i d e  th e  i n  v i t r o  body.
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v i a  th e  c a n n u la te d  p o r t a l  y e i t i  arid was s u b se q u e n t ly  d r a in e d  back  i n t o  

the  r e s e r v o i r  below  th e  l i v e r  v i a  th e  c a n n u la te d  p o s t e r i o r  abdom inal 

vena  c a v a 0 ;

A ntifoam ing  a g e n ts  were n o t  used  in  t h i s  e x p e r im e n t  so t h a t  i t  

was n e c e s s a r y  to  ap p ly  a s l i g h t  vacuum to  th e  top  of th e  " lu n g "  to  a id  

i n  foam rem o v a l0 T his  foam was t ra p p e d  in  an in v e r t e d  g l a s s  b o t t l e  • .

above th e  r e s e r v o i r  and any b lood  o b ta in e d  was r e tu r n e d  to  th e  r e s e r v o i r  

ev e ry  4 min d u r in g  th e  p e r fu s io n *  G lass  tu b in g  was used  as venous and 

a r t e r i a l  p a s sa g e s  e x c e p t  f o r  110 cm of p l a s t i c  tu b in g  t h a t  se rv ed  as 

th e  c o i l  i n  th e  w a te rb a th  and 70 cm w hich connec ted  th e  top  of th e  . 

" lu n g "  w i th  th e  vacuum b o t t l e *

In  F ig u re  1 can be seen  th e  " lu n g "  o r  o x y g e n a t io n  tow er show­

ing  th e  foam a c c u m u la t io n  a t  th e  top of th e  tower* T h is . fo a m  was drawn 

o f f  by vacuum t o . a  foam t r a p s as p i c t u r e d  in  F ig u re  2, During p e r f u ­

s io n ,  any b lood  c o l l e c t e d  from th e  foam in  th e  t r a p  was r e c y c le d  ev e ry  

4 min* The b lood  volume f o r  each  p e r f u s io n  was 6 l i t e r s  and th e  amount 

of  b lood  r e c y c le d  d u r in g  any 4 -min p e r io d  was u s u a l l y  l e s s  th a n  0 o5 

p e r c e n t  of th e  t o t a l  b lood  volume and was n o t  b e l i e v e d  to  have a f f e c t e d  

th e  r e s u l t s  to  any g r e a t  d e g r e e a ,

Sample C o l l e c t io n

S tunn ing

S tunn ing  of th e  s t e e r s  used in  t h i s  ex p e r im en t  was ach ieved  by 

sh o o t in g  th e  an im als  in  th e  m id -b ra in  w i th  a 022 c a l i b e r  p i s t o l  u s in g  

a 22 l o n g - c a l i b e r  ammunition* T his  method was employed to  i n s u r e  p ro p e r



F ig u re  1„ The o x y g e n a tio n  to w e r 0 ;

Foam can be observed  a cc u m u la tin g  a t  th e  top  of th e  " lung"  
or o x y g en a t io n  to w e r« Note th e  b r i g h t e r  c o l o r  of th e  oxy­
g e n a te d ,  a r t e r i a l  b lo o d ,  a t  l e f t ,  as opposed to  th e  venous 
blood*

F ig u re  2, The foam t r a p  *

The blood c o l l e c t i n g  in  th e  foam t r a p  was r e tu r n e d  to . the  
r e s e r v o i r  ev e ry  4 min v i a  th e  d r a i n  tube  a t  th e  l e f t  in  the  
p i c t u r e .
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F ig u re  2. The foam t r a p .
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and i n s t a n t  s tu n n in g  in  o rd e r  to  red u ce  s t r u g g l i n g  and su b se q u e n t  c l o t ­

t i n g  of th e  b lood w i th i n  th e  l i v e r  p r i o r  to  exs angu in  a t  i  on Q

T rea tm en t of  th e  Blood

Ex an s gu in  a t  i  on was accom plished  w h i le  th e  an im als  were ex tended  

v e r t i c a l l y  by means of a m e ch an ic a l  h o i s t*  An i n c i s i o n  was made in  th e  

t h r o a t  and th e  c a r o t i d  a r t e r i e s  were s e v e r e d 0 Blood was c o l l e c t e d  in  

two p l a s t i c  b u c k e t s 0 The b lood  was th e n  c o n t i n u a l l y  s t i r r e d  w ith , wooden 

p ad d le s  u n t i l  c l o t t i n g  occurredo  The l a r g e r  c l o t s  were th e n  p re s se d  

f r e e  of r e s i d u a l  b lood  and d i s c a r d e d 0 The p a r t i a l l y  d e f i b r i n a t e d  b lood  

was th e n  f i l t e r e d  th ro u g h  a s e r i e s  of t h r e e  f i l t e r s  to  com ple te  th e  d e ­

f i b r i n a t i o n  p ro cess*  The f i r s t  f i l t e r  c o n s i s t e d  of one l a y e r  of Chix- 

Brand C h e e se c lo th  406 (90)» The second f i l t e r  c o n s i s t e d  o f  two l a y e r s  

of th e  a fo rem en tio n ed  c h e e s e c lo th *  The t h i r d  f i l t e r  c o n s i s t e d  of one 

th i c k n e s s  of s u r g i c a l  n o n a b s o rb e n t  c o t to n  over one th i c k n e s s  of th e  

a fo rem en tio n ed  c h e e se c lo th *  The f i l t e r e d ?  d e f i b r i n a t e d  b lood  was th e n  . 

c o l l e c t e d ?  th e  volume was measured and 6  l i t e r s ,  were p la c e d  d i r e c t l y  

i n t o  th e  r e s e r v o i r  of th e  p e r f u s io n  a p p a ra tu s*  The R o l l - F l e x  " h e a r t "  

pump was s t a r t e d  and o x y g en a t io n  of  th e  b lood  was begun im m ediately*

L iv e r  E x c is io n  and P r e p a r a t i o n

Im m edia te ly  a f t e r  th e  b lood  c o l l e c t i o n ?  th e  an im al was p la ced  

on th e  f l o o r  on i t s  l e f t - s i d e *  An i n c i s i o n  was made down th e  m id - l in e ,  

and th e  r i g h t  s i d e  o f  th e  an im al was l i f t e d  e x p o s in g . th e  l i v e r *  Care 

was ta k e n  to  le a v e  as much of  th e  p o r t a l  v e in  and abdom inal vena  cava  

. a t t a c h e d  to  th e  l i v e r  as p o s s ib le *  T o t a l  e la p s e d  tim e from s tu n n in g  to
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e x c i s i o n  was g e n e r a l l y  4 05 m in0 Once e x c i s e d ,  th e  l i v e r  was washed 

f r e e  of e x t ra n e o u s  m a t t e r  and w e ighed0 The p o r t a l  v e in  was th e n  cannu- 

l a te d  w i th  a g l a s s  c a n n u la  and th e  l i v e r  was i n t e r n a l l y  r i n s e d  w ith  a p ­

p ro x im a te ly  10 l i t e r s  o f  oxygenated  p h y s io lo g i c a l  s a l i n e  a t  3705 G0

During th e  r i n s i n g  o p e r a t i o n  th e  l i v e r  was g e n t l y  massaged in  

th e  d i r e c t i o n  of b lood  f low  to  a id  i n  th e  rem oval of r e s i d u a l  b lo o d 0 

Any e x t ra n e o u s  f a t  was removed from th e  s u r f a c e  o f th e  l i v e r  and th e  

p o s t e r i o r  abdom inal vena  cava and b i l e  d u c t  were can riu la tedo  . A ll  c an -  

n u la e  were made s e c u re  w i th  h e m o s ta t s 0 The l i v e r  was th e n  d ra in e d  o f 

s a l i n e  s o l u t i o n  and p la c e d  i n t o  th e  p e r f u s io n  a p p a ra tu s  and connec ted  

to  th e  b lood su p p ly  v i a  th e  can n u la  i n  th e  p o r t a l  ve .in9 Each a n im a l1 s 

l i v e r  was p e r fu s e d  w i th  i t s  own r e s p e c t i v e  d e f i b r i n a t e d  b lo o d 0

Method of Sampling

A f te r  ab o u t - I  tnin had been  a llow ed f o r  th e  l i v e r  to  c l e a r  any 

r e s i d u a l  s a l i n e  s o l u t i o n ,  th e  i n i t i a l  50-ml blood sample was o b ta in e d  

from th e  venous o u tf lo w  from th e  c a n n u la te d  p o s t e r i o r  abdom inal vena 

c a v a e T h e r e a f t e r ,  50-ml b lood  sam ples were ta k e n  every. 30 min f o r  2 

h r 0 ‘ The sm a ll  amount o f  r e s i d u a l  s a l i n e  s o l u t i o n  which was s t i l l  p r e s ­

e n t  in  th e  l i v e r  was n o t  c o n s id e re d  to  have s i g n i f i c a n t l y  a f f e c t e d  th e  

r e s u l t s  of th e  p e r f u s i o n s 0 A c o n t r o l  " p e r f u s i o n , " c y c l in g  blood 

th rough  th e  p e r f u s i o n  a p p a ra tu s  w i th  no l i v e r  p r e s e n t ,  was p e r fo rm e d 9 

Samples were of th e  same; s i z e  and ta k e n  a t  th e  same time" i n t e r v a l s  as  

th o se  used  in  ..the e i g h t  p e r f u s i o n s ,  b u t .  th e  samples w ere ta k e n  from th e  

a r t e r i a l  b lood  c a n n u la  which would have been  p la ced  in  th e  p o r t a l  v e i n  

of th e  l i v e r 0



'  ̂ ^ - '  ' '   ̂ ' -- ' - /  - '  c . \  \  ' 2 1

B i l e  p ro d u c t io n  was measured a t  60 min i n t e r v a l s  in  th e  e i g h t  

p e r f u s i o n s .  Small b lood  sam ples were c o l l e c t e d  a t  i n i t i a l  tim e and . 

a f t e r  30, 60, and 120 min o f  p e r f u s io n  f o r  b l o o d .g lu c o s e  d e t e r m i n a t i o n s , 

A lso , h e m a to c r i t  r e a d in g s  were o b ta in e d  b e f o r e  d e f i b r i n a t i o n ^  a t  i n i ­

t i a l  t im e ,  a f t e r  60 min, and a f t e r  120 min of p e r f u s i o n .

At th e  t e r m in a t io n  of each p e r f u s i o n ,  th e  l i v e r  was d i s s e c t e d ,  

as in  F ig u re  3, and g iv e n  an a r b i t r a r y  p e r f u s io n  s c o r e .  The l i v e r  in  

F ig u re  3 was a t y p i c a l  r e s u l t i n g  p e r fu s e d  and d i s s e c t e d  l i v e r 0. The 

c a u d a te  lo b e ,  d i r e c t l y  u n d e r  th e  shoe in  th e  p i c t u r e ,  was c o n s i s t e n t l y  

th e  m ost d i f f i c u l t  a r e a  in  w hich to  a c h ie v e  s a t i s f a c t o r y  p e r f u s i o n ,  as 

ev idenced  by th e  l i g h t  c o l o r i n g s  i n  t h i s  a r e a .

In  F ig u re  4 th e  p e r f u s in g  l i v e r  can  be seen  w i th  th e  p o s t e r i o r  

abdom inal vena  c av a ,  th e  p o r t a l  v e in ,  and th e  b i l e  d u c t  c a n n u la te d .

Note th e  d a rk  app ea ran ce  o f  th e  venous b lood  as opposed to  th e  oxygen­

a te d  b lood  and th e  n a t u r a l  ap p ea ran ce  o f  th e  l i v e r ,  even a f t e r  2 h r  o f  

p e r f u s i o n .

C e n t r i f u g a t i o n

A f te r  th e  p o s t - p e r f u s i o n  b lood  sam ples were c o l l e c t e d ,  th ey  

were p la c e d  in  a coldroom  a t  0 C f o r  a t  l e a s t  1 h r .  They were then  

c e n t r i f u g e d  a t  15,000 rpm in  a S e r v a l l  Superspeed  C e n t r i f u g e  f o r  20 

.min. The serum was th e n  p i p e t t e d  i n t o  g l a s s  v i a l s  and a p p ro x im a te ly  1 

mg of M e r th i o la te  was added to  r e t a r d  any m ic r o b ia l  g ro w th ,  . The v i a l s  

were s to p p e re d  w ith  p l a s t i c  to p s  and s to r e d  i n  a r e f r i g e r a t o r  a t  5 C 

u n t i l  s u b se q u e n t  e x t r a c t i o n .  E x t r a c t i o n s  were made 1 day. a f t e r  th e  

sam ples were c o l l e c t e d .



F i g u r e  3 .  P o s t - p e r f u s i o n  d i s s e c t e d  l i v e r ,  .

D is s e c t i o n  of th e  p o s t - p e r f u s i o n  l i v e r s  proved them to  be w e l l  
p e r fu s e d  e x c e p t  f o r  a r e a s  of th e  c a u d a te  lo b e 9 which were 
n o t i c e a b l y  l i g h t e r  in  c o l o r

F ig u re  4o The p e r f u s in g  l i v e r 0

The c a n n u la te d  p o r t a l  v e in ,  p o s t e r i o r  abdom inal vena  cava and 
b i l e  d u c t  a re  shown0 Note th e  d a rk  c o l o r  of th e  venous b lood 
le a v in g  th e  l i v e r  v i a  th e  c a n n u la  in  th e  p o s t e r i o r  abdominal 
vena  cava  and th e  n a t u r a l  ap p ea ran ce  of th e  l i v e r  a f t e r  2 h r  
of p e r fu s io n , ,



F ig u re  3 . P o s t - p e r f u s io n  d i s s e c t e d  l i v e r

F ig u re  4 .  The p e r f u s in g  l i v e r .
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Chemical A nalyses  

A lthough q u a n t i t a t i v e  m easurem ents  o f  e x t r a c t e d  l i p i d  were ob­

ta in e d  as a method of s t a n d a r d i z a t i o n  of te c h n iq u e  in  t h i n - l a y e r  chrom­

a to g ra p h y ,  t h i s  e x p e r im en t  was d es ig n ed  to  s tu d y  th e  q u a l i t a t i v e  e f f e c t s  

c a l c u l a t e d  a f t e r  g a s - l i q u i d  chrom atography* A n a ly s is  o f  one sample was 

n o t  d u p l i c a te d  b ecau se  o f  th e  time r e q u i r e d  to  p r e p a re  one sample f o r

g a s - l i q u i d  ch rom atography  and b ecau se  p re v io u s  sam ples had r e p e a te d

w e l l ,  , ' .

L ip id  E x t r a c t i o n  P ro ced u re

E x t r a c t i o n s  were made on th e  day fo l lo w in g  sample c o l l e c t i o n  by 

a m o d if ied  method of  t h a t  p roposed  by F o lc h ,  Lees, and S ta n le y  (1 9 5 7 ) ,  

The e x t r a c t i o n  w a s .c a r r i e d  o u t  in  th e  fo l lo w in g  manners

1, A known volume of serum, u s u a l l y  12 ml, was added to  a o n e - p in t  

Mason j a r ,

2, A m ix tu re  of ch lo ro fo rm -m e th a n o l  (CM) 2:1  ( v /v )  was added a t  a

, r a t i o  of 16 ml to  1 ml of serum*

3, The m ix tu re  was th e n  b lended  a t  speed s e t t i n g  s i x  f o r  4 min i n

a S o r v a l l  Omni-Mixer,

4 , The m ix tu re  was th e n  f i l t e r e d  th ro u g h  Whatman #1 f i l t e r  p aper  

and poured  i n t o  a 1000-ml s e p a r a t o r y  funne l*

5* The. above s t e p s  were r e p e a te d  u n t i l  a l l  of th e  serum from one

sample was e x t r a c te d *  T here  were u s u a l l y  25 m l .o f  serum /sam ple^

6 * The C M -l ip id ' m ix tu re  was th e n  washed w ith  5*5 ml o f r i n s e  s o l u ­

t i o n /m l  of serum* The r i n s e  s o l u t i o n  was p re p a re d  by d i s s o l v i n g
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0 ,2 0  g of c a lc iu m  c h l o r i d e ,  0 ,17  g of magnesium c h l o r i d e ,  and 

2 ,90 g of sodium c h l o r i d e  in  1000 ml o f  d e m in e ra l iz e d  w a te r ,

7 0 The m ix tu re  was th e n  allow ed to  s ta n d  in  th e  s e p a r a t o r y  fu n n e l

f o r  a t  l e a s t  24 h r 0

8 , The low er c h l o r o f o r m - l ip i d  l a y e r  was th e n  d r a in e d  in t o  a d e s s i -

c a te d  and t a r e d  400-ml b e a k e r ,  > .

9 0 The b e a k e rs  were p la c e d  in  a vacuum oven a t  40 C and a llow ed  to  

d ry  f o r  a t  l e a s t  24 h r 0 

10, The b e a k e rs  were d e s s i c a t e d  f o r  1 h r ,  weighed? and th e  l i p i d  .

was s to r e d  in  g l a s s  v i a l s  in  a known volume of CM 2 :1 ,

11o The sam ples were p la c e d  in  a f r e e z e r  a t  -18 C u n t i l  s u b se q u e n t

t h i n - l a y e r  ch ro m a to g rap h y 0

. T h in -L ay er  Chromatography o f  L ip id

The methods used  in  t h i n - l a y e r i n g  th e  l i p i d s  were e s s e n t i a l l y  

th o se  o f  Bowyer e t  a l ,  (1963) w i th  some m o d i f i c a t i o n s ,  , A ll  s o lv e n t s  

used  in  t h i s  and fo l lo w in g  p ro c e d u re s  were r e - d i s t i l l e d  e x c e p t  f o r  

c h lo ro fo rm .  The p ro c e d u re  was c a r r i e d  o u t  in  th e  fo l lo w in g  manner: ,

1, A volume of CM -lip id  m ix tu re  c o n ta in in g  40 mg of l i p i d  was

p i p e t t e d  i n t o  a 15-ml c e n t r i f u g e  tu b e ,

2 0 The s o lv e n t ,  was e v a p o ra te d  un d er  a s t ream  of n i t r o g e n  and th e

l i p i d  was t r a n s f e r r e d  in  c h lo ro fo rm  to  a 2-ml- s p o t t i n g  tu b e ,

3 , The c h lo ro fo rm  was e v a p o ra te d  u n d e r  a s t ream  of  n i t r o g e n  down 

to  a volume of ab o u t 200 u l ,

4 ,  The c h l o r o f o r m - l ip i d  m ix tu re  was s p o t t e d  on p r e - a c t i v a t e d  t h i n -  

l a y e r  p l a t e s .  The p l a t e s  were 20 x  20 cm w i th  a l a y e r
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th i c k n e s s  of 0*25 mm and d e s ig n a te d  P re -C o a ted  TLG P l a t e s 9 

S i l i c a  Gel F-254 (E e Merck A0G0 9 Darm stadt^  "Germany)d S po t­

t i n g  was accom plished  u s in g  a H am ilton  100-u l s y r i n g e 0 

5 a A f te r  s p o t t i n g ,  th e  p l a t e s  were p la c e d  in  a g l a s s  ta n k  w i th  a

s o lv e n t  m ix tu re  c o n ta in in g  l i g h t  p e t ro le u m  e t h e r - d i e t h y l  e t h e r -  

a c e t i c  ac id  (8 0 :1 0 :1  v /v )  and a llow ed  to  deve lop  u n t i l  th e  s o l -  

.. v e n t  f r o n t  reached  th e  top  of th e  p la t e s *

6 0 The p l a t e s  were th e n  removed«, th e  s o lv e n t  on th e  p l a t e s  a llow ed

to  e v a p o r a te ,  and th e n  th e  p l a t e s  were l i g h t l y  sp ray ed  w ith  a 

0*05 p e r c e n t  (w /v) s o l u t i o n  of Rhodamine 6G in  e t h y l  a lcoho l*

7 0 The l i p i d  f r a c t i o n s  were i d e n t i f i e d  and marked u n d e r  an u l t r a ­

v i o l e t  l i g h t  by th e  u se  of s ta n d a rd s *

80 Each f r a c t i o n  was c a r e f u l l y  sc rap ed ,  from th e  p l a t e  u s in g  a

s in g le - e d g e d  r a z o r  b lade, and p la c e d  in  a 15-ml s c re w - to p  c e n ­

t r i f u g e  . tube  f o r  su b se q u e n t  e s t e r i f i c a t i o n *  .

E s t e r i f i c a t i o n

The l i p i d  f r a c t i o n s  were t r a n s e s t e r i f i e d  by a method d e r iv e d  

from th o s e  of Bowyer e t  a l*  (1963) and M a rc h e l lo , .D ry d e n ,  and Ray 

(1968)* The e s t e r i f i c a t i o n  p ro c e d u re  was as f o l lo w s :

I* T r a n s e s t e r i f i c a t i o n  was accom plished  w ith  th e  l i p i d  f r a c t i o n s  

s t i l l  on th e  s i l i c a  ; gel*  Two ml of benzene were added to  th e  

g e l  in  th e  15-ml c e n t r i f u g e  t u b e s » The whole serum l i p i d  was 

n o t  t r a n s e s t e r i f i e d  in  th e  p re s e n c e  of g e l  s in c e  t h e r e  was no 

p re v io u s  t h i n - l a y e r i n g  r e q u i r e d 0
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2. Four ml of m e th y la t in g  s o l u t i o n  were, added and th e  tube  was 

f lu s h e d  w i th  n i t r o g e n .g a s  and t i g h t l y  cap p ed 0 

3» The m e th y la t in g  s o l u t i o n  was 5 o0 p e r c e n t  ( v /v )  s u l f u r i c  ac id  i n  

s u p e r - d r y  m e th a n o l» The s u p e r - d r y  m ethanol was p re p a re d  a c ­

c o rd in g  to  M arch e l lo  (1 9 6 5 )0 

4<, The tu b e s  were p la c e d  in  a w a te rb a th  a t  90 i t 5 C f o r  2@5 h r  and 

s t i r r e d  o c c a s i o n a l l y  on a sm a l l  Adams C yc lo -M ixer0 

5 o . The tu b e s  were th e n  removed 9 c o o le d ,  and th e  c o n t e n t s  washed

w i th  a p p ro x im a te ly  4 ml of d i s t i l l e d  w a t e r 0 The e s t e r s  were ex -
' . ■ - , > 

t r a c t e d  w i th  two p o r t i o n s  (a p p ro x im a te ly  2 ml e a c h ) . of l i g h t

p e t ro le u m  e t h e r  and removed to  a 2- dram sc re w - to p  v i a l  a f t e r

su b se q u e n t  c e n t r i f u g a t i o n  a t  1500 rpm f o r  2 m in 0

6 o The e s t e r s  were s to r e d  a t  -18 C un d er  n i t r o g e n  u n t i l  th e y  were

t h i n - l a y e r e d  and s u b s e q u e n t ly  an a ly zed  by g a s - l i q u i d  chroma-

to g ra p h y .

T h i n - l a y e r  Chromatography of  E s t e r s

T h i n - l a y e r i n g  th e  e s t e r s  was n e c e s s a r y  to  s e p a r a t e  th e  m ethy l 

e s t e r s  of th e  f a t t y  a c id s  from each  f r a c t i o n  from any unwanted compounds 

t h a t  were s o lu b le  in  th e  l i g h t  p e t ro le u m  e th e r*  The m ost im p o r ta n t  o f  . 

th e s e  unwanted compounds was c h o l e s t e r o l  from the  c h o l e s t e r o l  e s t e r  

f r a c t i o n ,  b u t  a l s o  im p o r ta n t  was a p o s s i b l e  complex s u g a r  d e r i v a t i v e  . 

which was p r e s e n t  in  th e  t r i g l y c e r i d e  and f r e e  f a t t y  a c id  f r a c t i o n s 9 

E s s e n t i a l l y  the. same p ro c e d u re  was used in  t h i s  t h i n - l a y e r  

p ro c e s s  as was used  in  th e  t h i n - l a y e r i n g  o f  th e  l i p i d s 0 The same s o l ­

v e n t  system  was usedo The band c o n t a in in g  t h e  e s t e r i f i e d  f a t t y ,  a c id s
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f.rom each f r a c t i o n  was i d e n t i f i e d  .by u se  o f  a s t a n d a r d .  The bands were 

sc rap ed  from th e  p l a t e s  and p la c e d  in  15-ml c e n t r i f u g e  tu b e s  and e l u t e d  

once w i th  l i g h t  p e t ro le u m  e t h e r  and once w i th  d i e t h y l  e t h e r ,  ■ .C e n t r i f u ­

g a t io n  a t  1500 rpm f o r  2 min fo llo w ed  each  e l u t i o n ,  and th e  e s t e r s  in  

e t h e r  were s to r e d  in  2-dram v i a l s  un d er  n i t r o g e n  a t  -18 C f o r  s u b s e ­

q u en t g a s - l i q u i d  ch rom a to g rap h y 0

G a s - l iq u id  Chromatography

The e s t e r s  were c h ro m a to g ra p h ic a l ly  s e p a r a t e d  u s in g  a Beckman 

GC™5 in s t r u m e n t  equ ipped  w i th  a h y d ro g en -f la m e  i o n i z a t i o n  d e t e c t o r 0 

The in s t ru m e n t  was f i t t e d  w i th  a 1083 m ( 3 ,2  mm 0 oDo) c o i l e d  s t a i n l e s s  

s t e e l  column packed w i th  100-120 mesh chromosorb W (HP) co a ted  w ith  d i -  

e th y le n e  g ly c o l  s u c c in a t e  (15 p e r c e n t  by w e ig h t ) .  I n s t ru m e n t  o p e r a t in g  

c o n d i t io n s  w ere: i n i t i a l  column te m p e ra tu r e ,  170 C, and programmed non-

l i n e a r i l y  to  i n c r e a s e  to  200 C over a 35-min s p a n 5 d e t e c t o r  te m p e ra tu r e ,  

240 C; i n l e t  te m p e ra tu r e ,  2 0 5 .C; and. c a r r i e r  gas f lo w  ( n i t r o g e n ) ,  28 

ml/min*

I d e n t i f i c a t i o n  of m ethy l e s t e r s  was accom plished  by com parison  

o f  th e  r e l a t i v e  r e t e n t i o n  tim es  w i th  th o s e  of s ta n d a rd  s o l u t i o n s  of 

known c o m p o s i t io n .  The w e ig h t  p e r c e n t  of each  e s t e r  was de te rm in ed  by 

com puting i t s  p r o p o r t i o n a t e  amount as m easured by a d i s c  i n t e g r a t o r  t o  

th e  t o t a l  a r e a  of th e  chrom atogram s.

Blood G lucose D e te rm in a t io n

The method used  f o r  d e te rm in in g  b lood  g lu c o se  l e v e l s ,  p u b l i s h e d  

in  " G l u c o s t a t ” (W orth ing ton  B iochem ical Corp, 1968), i s  as f o l l o w s :
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lo S tan d a rd  g lu c o se  s o l u t i o n :  F iv e  g of anhydrous d e x t ro s e  was

d i s s o lv e d  in  50 ml of 0 ,2  p e r c e n t  b e n z o i c . a c id  i n  w a te r  and : 

d i l u t e d  to  500 ml w i th  d i s t i l l e d  w a te r  in  a y o lu m e t r i c  f l a s k ,

2. 1:40 f i l t r a t e s  T w o-ten th s  ml o f  b lood  was added to  3 ,8  ml of

w ater*  T h is  was mixed and 2 .0  ml of barium  h y d ro x id e  was added 

to  th e  s o lu t io n *  Two ml of z in c  s u l f a t e  was th e n  added and 

mixed w ith  th e  s o lu t io n *  The s o l u t i o n  was th e n  c e n t r i f u g e d  a t  

1500 rpm f o r  2 to  3 min and f i l t e r e d  th ro u g h  Whatman #1 f i l t e r  

paper*

3* Ba(OH)^ s o l t u i o n :  N in e te e n  and o n e - t e n th  g o f  BaCOH^^SH^O was

d i s s o lv e d  in  d i s t i l l e d  w a te r  and d i l u t e d  to  volume in  a 2000-ml 

v o lu m e t r i c  f l a s k *  T his  was f i l t e r e d  and s to r e d  in  a b o t t l e  

w i th  a soda lim e s to p p e r*

. 4* ZnSO^ s o lu t i o n s  Twenty g of ZnSO^yH^O was d i s s o lv e d  in  d i s ­

t i l l e d  w a te r  and d i l u t e d  to  2000 ml in  a v o lu m e t r i c  f la s k *

5* P ro c e d u re :  To 2*0 ml of r e a g e n t  ( G lu c o s ta t  d i l u t e d  to  50 ml)

was added 2 .0  ml of I s 40 f i l t r a t e *  A f te r  e x a c t l y . 10 min a t .  22 

to  25 C, one drop of 4M HC1 was added* The s o l u t i o n  was a l ­

lowed to  s ta n d  f o r  5 min* The s o l u t i o n  was th e n  t r a n s f e r r e d  to  

a c u v e t t e  and read  in  a Beckman Model B s p e c t ro p h o to m e te r  s e t  . 

a t  400 mu* Zero abso rbance  (0*0*) was s e t  by th e  r e a g e n t  b lank*

S t a t i s t i c a l  T rea tm en t of Data 

B efo re  a p p ly in g  s t a t i s t i c a l  a n a l y s i s ,  th§ changes  in  p e r c e n t  

over tim e a s s o c i a t e d  w ith  th e  i n d i v i d u a l  f a t t y  a c id s  were coded to

1* W orth ing ton  B iochem ica l C o rp o ra t io n ,  F re e h o ld ,  New Je rse y *
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p o s i t i v e  v a lu e s  to  s i m p l i f y  th e  a n a l y s i s  and i n t e r p r e t a t i o n  of th e  r e ­

s u l t s *  }

The changes in  p e r c e n t  of th e  i n d i v i d u a l  f a t t y ; a c id s  a s s o c i a t e d  

w ith  each f r a c t i o n  were t e s t e d  f o r  s i g n i f i c a n c e  by means of a two-way 

a n a l y s i s  of v a r i a n c e  by l e a s t - s q u a r e s  p ro c e d u re s  (Harvey I960)* On 

th o se  e f f e c t s  w hich were found to  be s i g n i f i c a n t  (P < * 0 5 )9 th e  Duncanf s 

New M u l t ip le  Range T e s t  a c c o rd in g  to  Li (1964) was a p p l ie d  to  i s o l a t e  

th e s e  d i f f e r e n c e s *

The s t a t i s t i c a l  model f o r  each  f r a c t i o n  was % .

■Ti j k " u + d i + ‘ j + < d t > i j + e i j k

= o v e r a l l  mean of  a l l  o b s e r v a t io n s  in  a f r a c t i o n ,

= e f f e c t  common to  a l l  o b s e r v a t io n s  in  th e  d i e t  in  a 
f r a c t i o n ,

e f f e c t  common to  a l l  o b s e r v a t io n s  in  th e  j £ h tim e in  a 
f r a c t i o n ,

= i n t e r a c t i o n  betw een th e  i^h d i e t  and th e  j^h tim e in  a 
f r a c t i o n ,

= random e r r o r s  a s s o c i a t e d  w i th  l i v e r s  from s t e e r s  on th e  
same d i e t  and a re  assumed to  be in d e p e n d e n t  and n o rm a l ly  
d i s t r i b u t e d  w ith  a mean of  z e ro  and a common v a r ia n c e *

The form of th e  a n a l y s i s  o f  v a r i a n c e  i s  p r e s e n te d  in  T ab le  2 and 

r e v e a l s  th e  co m p o s i t io n  o f th e  ex p ec ted  mean squares*

where:

d i

< d t ) i j

e i j k
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T able  20 Form of 
ex p ec ted

th e  a n a l y s i s  of v a r i a n c e  
mean s q u a r e s <,

showing c o m p o s i t io n  of

Source d 0f  o C om position  o f ex p ec ted
mean sq u a re s

T o ta l 31

D ie ts 3 <Te 2 +  n^n3 Vd

Times 3 ; ( T e 2 +  n 1n 2 ? t

D ie t  x time 9 ^ r e 2 + n l Vt d '

E r ro r 16 (Te2

= 2 ( l i v e r s )

= 4 ( t im e s )

r y  = 4 ( d i e t s )



CHAPTER IV

RESULTS AND DISCUSSION 

G enera l

As m entioned  in  C hap te r  I I I ,  th e  s t e e r s  used  i n  t h i s  ex p e r im e n t  

were n o t  ta k e n  o f f  feed  p r i o r  to  s l a u g h t e r e As th e  an im a ls  were fed  a t  

7 :00  am and 3 :00  pm each  day, th e  an im als  were a l l  k i l l e d  as n e a r  11:00  

am as p o s s i b l e  so  t h a t  s t a n d a r d i z a t i o n  o f  th e  p o s t - a b s o r p t i v e  s t a t e  a t  

th e  time of d e a th  cou ld  be a c h ie v e d „

The time which e la p se d  betw een s tu n n in g  of th e  an im als  and i n i ” 

t i a t i o n  o f  p e r f u s io n  f o r  th e  e i g h t  p e r f u s io n s  in  t h i s  ex p e r im e n t  was ' 

1196 ^  106 m in0 As w i l l  be m entioned  in  l a t e r  d i s c u s s i o n ,  t h i s  t o t a l  

tim e of is ch em ia  o f  th e  l i v e r s  may have d e l e t e r i o u s l y  a f f e c t e d  some 

l i v e r  enzyme systems* B rau e r  e t  a l 0 (1951) r e p o r te d  t h a t  a t o t a l  of 3 

min o f  i s c h e m ia  d id  n o t  s e r i o u s l y  a f f e c t  th e  p h y s io lo g y  o r  f u n c t i o n  o f  

r a t  l i v e r s  * A lthough t h e o r e t i c a l l y  is ch em ic  f o r  ab o u t 12 m in, a f t e r  

ap p ro x im a te ly  4 05 min had e la p s e d  from th e  tim e of s t u n n i n g , t h e  l i v e r s  

in  t h i s  e x p e r im en t  were i n t e r n a l l y  r i n s e d  w i th  oxygenated  p h y s i o l o g i ­

c a l  s a l i n e  a t  37*5 C u n t i l  p e r f u s io n  was. i n i t i a t e d *  T h is  i n t e r n a l  

r i n s i n g  removed r e s i d u a l  b lood  from th e  l i v e r  and a id e d  i n  th e  p re v e n ­

t i o n  of v a s o - c o n s t r i c t i o n o  I t  was b e l i e v e d  t h a t  t h i s  r i n s i n g  a l s o  may 

have  reduced  th e  d e l e t e r i o u s  e f f e c t s  of th e  is c h e m ia ,  p r o v id e d . th e  

l i v e r s  cou ld  u t i l i z e  some of th e  oxygen in  th e  p h y s i o l o g i c a l  s a l i n e  

s o l u t i o n .

31 " . - ' - . '
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B i l e  p r o d u c t io n  i n  t h e , f i r s t  60 min of p e r f u s io n  averaged  13 ml 

of b i l e  fo rm ed? . and th e  range  was 5 to  23 m l0 In  th e  second 60 min of 

p e r f u s io n ,  th e  av e rag e  p ro d u c t io n  was 9 08 ml and th e  ran g e  was 9 to  

10o5 mlo M a r t in i s  e t  a l*  (1958) r e p o r te d  t h a t  v a lu e s  o f  b i l e  p ro d u c t io n  

ranged  from 1*3 to  9 06 m l /h r  f o r  young ca lv es*  l i v e r s .  Using l i v e r  s i z e  

as a c r i t e r i o n  f o r  th e  amount of b i l e  form ed, th e  v a lu e s  f o r  th e  l a r g e r  

l i v e r s  i n  t h i s  e x p e r im en t  would have been  ex p ec ted  to  have been  h i g h e r Q 

However, M a r t i n i s  e t  a l ,  (1958) used b lood  f lo w  r a t e s  a v e ra g in g  0 ,6 0  

m l/m in /g  of l i v e r  t i s s u e ,  w h i le  th e  b lood  f lo w  f a t e s  f o r  t h i s  ex p e r im e n t

averaged  0*13 m l/m in /g  o f l i v e r  t i s s u e ,  . T h is  may be one p o s s i b l e  ex =» ,

p l a n a t i o n  f o r  v a lu e s  which were low er ,  r e l a t i v e  to  l i v e r  s i z e ,  than  

t h o s e . o f  M a r t in i s  e t  a l 0 (1 9 5 8 ) ,

D i f f e r e n c e s  in  h e m a to c r i t  v a lu e s  b e f o r e  d e f i b r i n a t i o n  and a f t e r  

120 min of p e r f u s io n  g e n e r a l l y  r e f l e c t e d  a 9 p e r c e n t  r e d u c t io n  in  th e  

packed red  b lood  c e l l  volume as r e v e a le d  in  T ab le  3 a A s i g n i f i c a n t

(P < <,05) d e c re a s e  in  packed red  b lood  c e l l  volume due to  th e  d e f i b r i n a ­

t i o n  p ro c e s s  was observed  (T ab le  3) f o r  th e  an im als  fed  th e  5 p e r c e n t  

t a l l o w  d i e t .  N o n s i g n i f i c a n t  d e c r e a s e s  in  packed red  b lood  c e l l  volume 

were e v id e n t  f o r  th e  an im als  fed  th e  o th e r  d i e t s .  The s i g n i f i c a n t  d e ­

c r e a s e  and th e  observed  n o n s i g n i f i c a n t  d e c r e a s e s  were m ost l i k e l y  due 

to  th e  red  b lood  c e l l s  d i s c a rd e d  in  th e  c l o t s  d u r in g  th e  d e f i b r i n a t i o n  

p r o c e s s .  For each d i e t ,  s i g n i f i c a n t  d e c r e a s e s  betw een th e  i n i t i a l  

t im es and a f t e r  60 min of p e r f u s io n  were r e v e a l e d , The m a jo r  so u rc e  o f  

t h i s  r e d u c t io n  in  th e  packed red  b lood  c e l l  volume was m ost l i k e l y  con­

t r i b u t e d  by th e  a c t io n  of th e  R o l l - F l e x  "heart** pump c a u s in g  th e



33

T able  3„ Mean h e m a to c r i t  v a lu e s ,

Time of Means by d i e t s  (7. t a l lo w )
h e m a to c r i t 0 5 10 15

B efo re  d e ­
f i b r i n a t i o n 4 0 .1 a?xy ( 2 .9 > 1 4 2 .4 a,X ( 3 .4 ) 3 8 , l a?y ( 1 ,5 ) 3 8 ,0 a?y ( 2 .9 )

0 min 3 7 .5 a,X ( 0 . 8 ) 3 6 ,3 b?X ( 3 .5 ) 3 5 .8 a?X ( 2 . 8 ) 3 7 .6 ajX ( 2 . 0 )

60 min 3 3 .8 bjX ( 2 .5 ) 3 1 .5 C?X ( 2 .1 ) 3 2 . l b?X ( 1 .6 ) 34. 2b / X ( 5 .2 )

120 min 3 2 .8 b ’X ( 1 .5 ) 3 0 .4 CjXy( 0 .2 ) 2 8 .1 ° 5,7 ( 3 , 0 ) 3 2 .7bjX ( 2 .3 )

1
Two v a ju e s  p e r  mean, s ta n d a rd  d e v i a t i o n s  a re  w i t h i n  p a r e n th e s e s ,  

a c ro s s  t im es  w i th  d i f f e r e n t  s u p e r s c r i p t s  d i f f e r  P <  „05» 

X’^Means a c ro s s  d i e t s  w i th  d i f f e r e n t  s u p e r s c r i p t s  d i f f e r  P <  <,05a

T ab le  4 a Mean b lood  g lu c o se  l e v e l s ,

Time Means (mg/100 ml) by d i e t s  (% ta l l o w )
5 10 15

0 min 4 2 3 .2 * 'X ( 5 4 . 6 ) 1 2 2 1 . 7 ^ ^ ( 1 5 1 ,7 )  204. l a ? y ( 3 9 .7 )  2 0 2 .2 a ' y ( 0 . 8 )

30 min 5 6 4 .5 b,X  (1 3 .1 )  3 4 5 ,0b , y ( 1 9 7 .8 )  4 1 8 .3 b , y ( 7 7 . 2) 2 1 5 .8 a ,Z ( 1 6 .7 )

60 min 6 3 4 .6 b c ,X ( 6 3 . 1) 3 8 7 .7 b ’y (1 6 3 .5 )  4 6 5 .8 b ? y ( 7 1 .0 )  2 4 7 .2 a ,Z ( 1 7 .4 )

120 min 711'.7C,X (6 0 .7 )  4 3 4 .8 b , y ( l 9 3 . 9 )  5 1 6 .4 b ? y ( 7 0 .3 )  255 .4a$Z( 5 0 .6 )

■**Two v a lu e s  p e r  mean9 s ta n d a rd  d e v i a t i o n s  a re  w i t h i n  p a r e n t h e s e s 9 

a ?^9cMeans a c ro s s  tim es  w i th  d i f f e r e n t  s u p e r s c r i p t s  d i f f e r  P <  .05* 

x ? y 9ZMeans a c ro s s  d i e t s  w i th  d i f f e r e n t  s u p e r s c r i p t s  d i f f e r  P < o05o



d i s r u p t i o n  of th e  red  b lood  c e l l s  and th e  s u b s e q u e n t . r e l e a s e  of the  

heme p ig m e n ts e In  F ig u re  5 a r e  p i c t u r e d  v i a l s  o f  serum ta k e n  a t  i n i ­

t i a l  time? a f t e r  30, 60, and 90 min, and a t  th e  end o f  120 min of p e r -  

f u s i o n 9 S u c c e ss iv e  d a rk e n in g  of th e  s e r a  caused  by th e  r u p tu r i n g  o f  .. 

e r y th r o c y te s  can be o b s e rv e d 0

D ata i n  T ab le  3 a l s o  in d i c a t e d  t h a t  th e  an im als  fed  th e  5 p e r ­

c e n t  t a l l o w  d i e t  e x h i b i t e d  a s i g n i f i c a n t l y  (P < Q0 5 ) h ig h e r  i n i t i a l  

packed red  b lood  c e l l  volume th a n  th e  s t e e r s  fed  th e  10 and 15 p e r c e n t  

t a l lo w  d i e t s *  The s t e e r s  fed  th e  0 p e r c e n t  t a l l o w  d i e t  had a non- 

s i g n i f i c a n t l y  g r e a t e r  p e r c e n t  packed red  b lood  c e l l  volume th an  th o s e  

fed  th e  10 and 15 p e r c e n t  t a l l o w  d i e t s a The an im als  fed  th e  10 p e r c e n t  

t a l l o w  d i e t  e x h i b i t e d  th e  lo w e s t  p e r c e n t  of packed red  b lood  c e l l  v o l ­

ume a f t e r  120 min o f  p e r f u s i o n ,  b u t  i t  was observed  t h a t  th e  i n i t i a l ,  

p e r c e n t  was s i g n i f i c a n t l y  ( P < »05) lower th a n  t h a t  of th e  an im als  fed  

. th e  5 p e r c e n t  t a l l o w  d ie t*  D ie t  by tim e i n t e r a c t i o n  f o r  th e  h e m a to c r i t  

mean v a lu e s  was n o t  s i g n i f i c a n t *

In  T ab le  4 a re  r e p o r te d  th e  mean v a lu e s  of th e  b lood  g lu c o se  

l e v e l s ,  by d i e t ,  p r e s e n t  i n  th e  b lood  b e f o r e  and d u r in g  th e  c o u rse  of 

p e r fu s io n *  The s i g n i f i c a n t  (P <  o05) g e n e r a l  tw ofo ld  i n c r e a s e  over tim e 

of p e r f u s io n  of th e  b lood  g lu c o se  l e v e l s  f o r  th e  an im als  fed  th e  0 , 5 , 

and 10 p e r c e n t  t a l l o w  d i e t s  co rre sp o n d ed  to  th e  r e p o r t  o f .Connolly e t  

alo  (1 9 6 4 ) ,  who worked w ith  g o a t  l i v e r s .  The f a c t  t h a t  th e  l i v e r s  from 

th e  s t e e r s  fed  th e  15 p e r c e n t  t a l l o w  d i e t  f a i l e d  to  e x h i b i t  th e  i n c r e a s e  

of b lood  g lu c o se  l e v e l s  over  tim e observed  f o r  th e  o th e r  d i e t s  may have 

been  due to  t h i s  d i e t  in f l u e n c in g  th e  amount o f  g lycogen  t h a t  was c a p a ­

b l e  of b e in g  s to r e d  in  th e  l i v e r s ,  -
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F ig u re  5 . P o s t - p e r f u s io n  serum s.

V ia ls  p i c tu r e d  i l l u s t r a t e  the  d a rk en in g  e f f e c t  of th e  s e r a  caused 
by the  r u p tu r in g  of e r y t h r o c y t e s . I n i t i a l  time serum i s  a t  the  
l e f t .



D ie t  e f f e c t s  were observed  f o r  b lood  g lu c o se  l e v e l s  (T ab le  4 ) 0 

The an im als  fed  th e  0 p e r c e n t  t a l l o w  d i e t  e x h i b i t e d  s i g n i f i c a n t l y  

(P 005) h ig h e r  l e v e l s  of b lood  g lu c o se  over a l l  t im es  th a n  th o se  a n i ­

mals fed  th e  5 9 10? and 15 p e r c e n t  t a l l o w  d i e t s *  The s t e e r s  fed  th e  5 

and 10 p e r c e n t  t a l l o w  d i e t s  c o n ta in e d  s i g n i f i c a n t l y  (P o05) h igher,  

l e v e l s  o f b lood  g lu c o se  th a n  th e  s t e e r s  fed  th e  15 p e r c e n t  t a l l o w  d i e t  

e x c e p t  a t  i n i t i a l  t i m e s 0

. The h ig h  s ta n d a r d  d e v i a t i o n s  en co u n te re d  in  T ab le  4 , p a r t i c u l a r l y  

f o r  th e  5 p e r c e n t  t a l l o w  d i e t ,  can be e x p la in e d o  One s t e e r  fed t h i s  d i e t  

had a h ig h  i n i t i a l  b lood  g lu c o s e  l e v e l  (329*0 mg/100 ml) and t h i s  l e v e l  

in c re a s e d  to  571*9 mg/100 ml* ' The o th e r  s t e e r  had an i n i t i a l  b lood  g l u ­

cose. l e v e l  of 114@4 mg/100 ml and in c re a s e d  to  297*7 mg/100 ml. p o s t -  

:p e r fu s io n *  I n c r e a s e s  were c o n s i s t e n t ,  d u r in g  each p e r io d  of sampling*

D ie t  by tim e i n t e r a c t i o n  f o r  b lood  g lu c o s e  l e v e l s  was n o t  s i g n i f i c a n t *

„A c o n t r o l  " p e r f u s i o n , "  c i r c u l a t i n g ,  b lood th ro u g h  th e  p e r f u s i o n ,  

a p p a ra tu s  w i th  no l i v e r  p r e s e n t ,  was perform ed* P r i m a r i l y ,  t h i s  was 

done to  d e te rm in e  i f  any changes i n  f a t t y  a c id  p r o f i l e s  o f b lood serum 

l i p i d s  would be due to  h a n d l in g  o r  t r e a tm e n t  o f th e  b lood  or  serum, o r  

any e f f e c t  produced  by th e  p e r f u s io n  a p p a ra tu s *  S e c o n d a r i ly ,  t h i s  was 

•conducted as a check  on th e  r e p e a t a b i l i t y  o f  e x t r a c t i o n ,  e s te r i f ic a ™  

t i o n ,  and t h i n - l a y e r  and g a s - l i q u i d  chrom atography* The r e s u l t s  of t h i s  

, " p e r f u s io n "  a r e  p r e s e n te d  in  T ab le  5@ A lthough no s t a t i s t i c a l  a n a l y s i s  •. 

was ru n  on th e s e  d a t a ,  th e  s i z e  of th e  s ta n d a rd  d e v ia t io n s ,  i n d i c a te d  

t h a t  no change in  th e  f a t t y  ac id  p e r c e n ta g e s  had o ccu rred*  The s t a n d ­

ard  d e v i a t i o n s  were c a l c u l a t e d  from f a t t y  a c id  p e r c e n ta g e s  from f i v e
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T able  5 .  Mean p e r c e n t  v a lu e s  o f  f a t t y  a c id s  from p r e - p e r f u s i o n  
s t u d i e s .  . ; -

Fatty-
a c id

F r a  c t  i  o n
Whole
serum

, Phospho- 
• l i p i d s

F ree  f a t t y  
a c id s

■Trigly­
c e r i d e s

C h o le s t e r o l
e s t e r s

C14 2 . 9 ( . 2 9 ) a 0 . 5 ( .2 3 ) 4 .3 (  .4 6 ) 4 . 9 ( .6 0 ) 2 ,3 ( .0 6 )

IsoCIS 0 .3  ( . 25 ) . 0 .0 0 .4 (  . 5 5 ) : . 0 .0  . 1 .2 ( .2 6 )

C15 0 . 8 ( . 1 5 ) 0 . 6 ( . 22) l . K  .6 1 ) 1 . 0 ( .3 7 ) 0 , 7 ( . 0 7 )

i s o c i e 0 .0 0 „ 4 ( .3 5 ) 0 ,4 (  .5 6 ) 0 . 2 ( ,2 6 ) 0 . 4 ( .3 0 )

G16’ 1 8 . 1 ( .4 4 ) 1 7 .8 ( .3 8 ) 2 2 ,9 (1 ,4 0 ) 3 3 . 4 ( .9 7 ) 7 . 6 ( . 22)

€16*1 8 . 0 ( . 20) 2 . 5 ( . 1 7 ) 6 , 0 ( . 22) 5 . 2 ( .26  ) 1 8 .1 ( .3 3 )

€17 1 . 6 ( . 2 3 ) 1 .2 G 0 9 ) 1 .9 (  .1 5 ) 2 , 1 ( . 1 5 ) 0 . 9 ( . 22)

IsoCIS 1 . 4 ( .0 9 ) 1 . K . 0 9 ) 1 .0 (  .2 4 ) 0 . 2 ( .2 3 ) 3 . 2 ( .7 9 )

€18 1 7 . 0 ( ,4 2 ) 2 4 . 7 ( .5 2 ) 2 0 .6 ( .8 3 ) 2 4 .8 ( .6 3 ) 0 . 7 ( . 4 2 )

€18:1 2 8 . 4 ( .5 2 ) 3 4 . 7 ( .7 8 ) 3 0 .2 ( 1 .6 5 ) 2 6 ,3 ( .5 5 ) 2 0 . K . 0 9 )

€18:2 1 6 . 7 ( o 09) 9 . 5 ( . 3 4 ) 6 .0 (  .5 2 ) 1 . 5 ( .5 2 ) 3 9 . 8 ( .8 9 )

€20 0 . 2 ( .2 3 ) 0 ,0 0 .0 0 .0 1 . 2 ( .2 3 )

€18:3 0 „ 9 ( . 28 ) 0 . 7 ( . 2 9 ) 1 . 2( .3 6 ) 0 . 2 ( .2 5 ) 1 , 3 ( .1 4 )

Unknom A 0 .0 O . K . 22) : 0 .0 0 .0 0 .0  /

€22 1 . 2 ( .2 9 ) 2 . 7 ( . 22) 1 .4 (  .3 8 ) 0 .0 0 .0

€20:4 2 . 0 ( , 22) 2 « 9 ( .2 7 ) l . S (  .5 8 ) 0 . 1( . 22) 2 , 5 ( .5 1 )

Unknown B 0 .0 0 .0 0„4( .9 4 )  , 0 .0 0 .0

€24 0 .5  ( . 6 6 ). 0 , 5 ( . 5 3 ) 0 .3 (  ,7 6 ) 0 .0 0 .0

aF iv e  v a lu e s  p e r  mean; s ta n d a rd  d e v i a t i o n s  a re  w i th i n  p a r e n t h e s e s .
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d i f f e r e n t  sam p les ,  c o l l e c t e d  a t  i n i t i a l  tim e and a f t e r  30, 60, 90, and . 

,120 min of .■■"perfusion, |f_ T h e re fo re ,  each  sample was e x t r a c t e d ,  . e s t e r i -  

: f i e d ,  t h i n - l a y e r e d , and gas chrom atographed  s e p a r a t e l y  and a t  d i f f e r ­

e n t  timeso Bowyer e t  a l„  (1963) r e p o r te d  s ta n d a rd  e r r o r s  of. f a t t y  

a c id s  t h a t  had been  t h i n - l a y e r e d  and gas ch ro m a to g rap h ed „ C onvers ion  

of th e  s ta n d a rd  d e v i a t i o n s  in  T ab le  5 to  s ta n d a rd  e r r o r s  i n d i c a t e d  th e  

r e s u l t s  in  t h i s  ex p e r im e n t  to  be more c o n s i s t e n t  th a n  th o s e  of Bowyer 

e t  a le  (1963) e x c e p t  i n  th e  ca se  of C 18 :l  in  th e  f r e e  f a t t y  ac id  f r a c ­

t ion*  In  t h i s  c a s e ,  th e  s ta n d a rd  e r r o r  d e r iv e d  from t h i s  ex p e r im en t  

was s l i g h t l y  l a r g e r  th a n  t h a t  r e p o r te d  by th o s e  r e s e a r c h e r s „

Whole Serum L ip id  •

The average  i n i t i a l  ( p r e - p e r f u s i o n )  p e r c e n t  o f  each  m ajor f a t t y  

a c id  o f  th e  whole serum l i p i d  f o r  each d i e t  i s  g iv e n  in  T ab le  6 a I t  

was observed  t h a t  th e  15 p e r c e n t  t a l l o w  d i e t  e x h i b i t e d  s i g n i f i c a n t l y  

( P <  e0 5 ) more C 18 :l  and s i g n i f i c a n t l y  l e s s  C18:2 in  th e  whole serum 

than  d id  th e  o th e r  d i e t s » I t  was a l s o  e v i d e n t  t h a t  th e  15 p e r c e n t  t a l ­

low d i e t  e x h i b i t e d ,  b u t  n o t  s i g n i f i c a n t l y ,  more C16 and C 16 i1 th a n  d id  

. th e  o th e r  d i e t s 0 The 5 p e r c e n t  t a l l o w  d i e t  c o n ta in e d  a n o n s i g n i f i c a n t l y  

h ig h e r  p e r c e n t  of C20:4 th a n  th e  o th e r  d i e t s *

As was e v i d e n t  from th e  a n a l y s i s  of v a r i a n c e  o f  th e  whole serum 

l i p i d ,  th e  p e r c e n t  of C 16 :l  was h ig h l y  in f lu e n c e d  (P <  *01) by tim e o f  

p e r f u s io n  (T ab le  17; see  Appendix f o r  T a b le s  17 th ro u g h  21) 0 : I t  was 

e v i d e n t  from T ab le  6 t h a t  a f t e r  90 min o f  p e r f u s io n  t h e r e  was a s i g n i f i ­

c a n t  (P < o05) i n c r e a s e  in  th e  p e r c e n t  o f  C 16 :l  and in  th e  n e x t  30 min 

t h e r e  was a n o n s i g n i f i c a n t  i n c r e a s e  in  th e  p e r c e n t  o f t h i s  a c i d ,  A



T a b l e  6„ L e a s t - s q u a r e  means i n d i c a t i n g  p e r c e n t  cha nge  o f  whole  se rum l i p i d  m a j o r  f a t t y  a c i d s
o v e r  d i e t s  and t i m e .

F a t t y
a c id

Av, i n i t i a l  7, of f a t t y  ac id  
by d i e t s  (7, t a l lo w )

-
T rea tm en ts Over­

a l l
mean

D ie ts (7. t a l lo w ) Time i n t e r v a l

0 5 10 15 0 5 10 15 0 /3 0 1 30/60 60/90 90/120

G14 1,7 2.0 1.8 2 .1 - . 0 6 2 - .0 5 - .0 1 - .0 4 - .1 5 - * 03 + . 10 - .09 - .0 5

C15 1 ,3 1.3 0 .8 1.0 - .0 5 - .0 5 + .01 - .0 4 - .0 6 - e 34 + .06 + .21 - .0 3

G16 15 ,0 16.9 15.8 19.7 . - .1 8 - .0 3 - .1 5 + .05 - .1 3 . 46 + . 20 + .09 - .0 8

C16r 1 3 ,7 3 .7 4 .1 7 .3 - .1 1 - .0 4 + .01 + .04 . - , 0 5 b - ,  04b + .2 4 a + ,0 5 ab - .0 3

C17 1.7 1 .6 1 .6 1.5 + .01 - .  06 .00 + .03 + .11 - .1 9 + .04 + .01 - .0 1

G18 18,8 12.9 14.7 1 6 .0 + . 15 - .0 3 - .0 4 + .16 + .51 - .  24 - .1 5 + .13 . . + .06

C18$ 1 1 3 . 2a 1 6 .0a 1 7 .7a 3 3 . 9b ^ .1 1 + .03 - .1 0 + .03 - .1 9 + . 20 - .3 6 + .19 - .  04

C18s 2 3 5 .4a 3 1 .0a 3 5 .7a 12. 4b + , 24 + . 36 - .2 6 - .1 4 + .5 1 + . 13 - .2 3 - .2 1 +.05

C18:3 1.5 1 .4 1,3 0 .7 - .0 6 - .1 3 +.05 - .1 8 + .01 + .16 - .0 9 - .  40 - .  08

C22 2 .2  , 2 .4 1.8 1*5 + .09 .00 + . 23 + .0 3 - * 18. + .39 + .08 + .05 + .08

C20:4 3 .7 7 .3 2 .2 2 .6 + .19 + . 18 . + . 20 +. 10 - ,1 8 + .69 - .1 6 + .31 ' + .  17

3. 0 /30  r e p r e s e n t s  p e r c e n t  change betw een i n i t i a l  v a lu e  and v a lu e  measured a f t e r  30 min of 
p e r fu s io n *  .

N eg a tiv e  s ig n  i n d i c a t e s  the  v a lu e  measured a f t e r  30 min of p e r f u s io n  was l e s s  th an  t h a t  
a t  i n i t i a l  time*

Means w i th i n  m a jo r  c l a s s e s  w ith  d i f f e r e n t  s u p e r s c r i p t s  d i f f e r  P < o05o

vO



p ro b a b le  e x p la n a t io n  f o r  t h i s  i n c r e a s e  in  p e r c e n t  o f  G16:1 may. have 

been  th e  d e s a t u r a t i o n  of C16 by th e  l i v e r  m icrosom al enzyme systems*

A .s iz a b le  d e c r e a s e  in  C16 betw een 0 and 60 min o f  p e r f u s i o n  was n o te d ,  

b u t  t h i s  d e c r e a s e  was n o t  s i g n i f i c a n t *  However, th e  c o r r e l a t i o n  co ­

e f f i c i e n t  in  T ab le  7 betw een .016 and 016:1  in d i c a t e d  a h i g h l y  s i g n i f i ­

c a n t ,  b u t  p o s i t i v e ,  r e l a t i o n s h i p  ( r  = 0*60) betw een th e  two ac id s*

T ab le  17 a l s o  r e v e a le d  a s i g n i f i c a n t  (P<@ 05) d i e t  b y . t im e  i n ­

t e r a c t i o n  f o r  016:1* Between 0 and 30 min of p e r f u s io n  th e  10 and 15 

p e r c e n t  t a l l o w  d i e t s  in c re a s e d  in  p e r c e n t  of 016:1  w h i le  d u r in g  th e  • 

same tim e p e r io d  th e  0 and 5 p e r c e n t  t a l l o w  d i e t s  d e c re a se d  in  th e  p e r ­

c e n t  o f  t h i s  ac id  (T ab le  16, see  p* 5 9 ) .  A lso c o n t r i b u t i n g  to  t h i s  

i n t e r a c t i o n  was th e  f a c t  . th a t  betw een 60 and 90 min of p e r f u s i o n  th e  . .

0 and 10 p e r c e n t  d i e t s  e x h i b i t e d  an in c r e a s e  in  p e r c e n t  o f  016:1  w h i le  

th e  5 and 15 p e r c e n t  d i e t s  showed l i t t l e  o r no ch an g e* Between 90 and 

120: min of p e r f u s io n ,  th e  15 p e r c e n t  t a l l o w  d i e t  in c r e a s e d  in  p e r c e n t  

016:1  w hereas  th e  o th e r  d i e t s  y ie ld e d  l i t t l e  change in  p e r c e n t  of t h i s  

a c i d .

T ab le  7 r e v e a le d  t h a t  th e  change in  p e r c e n t  of 014 was h ig h l y  

r e l a t e d  to  015 ( r  = 0 .6 8 )  w h i le  th e  change in  p e r c e n t  o f  015 was n e g a ­

t i v e l y  a s s o c i a t e d  w i th  018 :2  ( r  = - . 5 6 ) .  The change in  p e r c e n t  of 016 

was h ig h l y  c o r r e l a t e d  w i th  016:1  ( r  = 0 .6 0 )  and 018 ( r  = 0 .7 2 )  and 

h ig h l y  n e g a t i v e l y  c o r r e l a t e d  w ith  022 ( r  = - .8 2 )  and 020 :4  ( r  = - . 8 7 ) .  

The change in  p e r c e n t . of 016:1  was r e l a t e d  to  018 ( r  = 0* 5 0 ) ,  n e g a ­

t i v e l y  r e l a t e d  to  022 ( r  = - . 5 0 ) . and h i g h l y  n e g a t i v e l y  a s s o c i a t e d  w ith  

020 :4  ( r  = - . 6 9 ) .  The change in  p e r c e n t  018 was h ig h l y  c o r r e l a t e d  w i th



T able  7„ Simple a d ju s te d  c o r r e l a t i o n  c o e f f i c i e n t s  between whole serum l i p i d  m ajor f a t t y  a c i d s .

F a t t y
a c id s Cl5 C16 C16:1 C17 CIS CIS's 1 CIS s 2 C18s3 C22 C20s4

C14 ; 0 .68** - .0 3 - .  02 0 .46 - .2 4 -  a 08 - .3 1 - .0 7 - .0 8 . - .0 9

C15 - .0 4 - .1 7 0.26 .. 0 .02 0 .38 - .5 6 * - .2 6 - .0 7  ■ - .0 1  '

Cl 6 0 .60** - .2 4 0 .72** 0 .33 0 .06 - .1 3 1 G
O 1 - .8 7 * *

C16s 1 - .1 1 0 .5 0 * 0.06 0 .01 0 .06 - .5 0 * - .6 9 * *

C17 - .2 5 - .2 1 - .4 1 0 .27 0.28 0.13

CIS • 0 .80** - .2 8 - .46 - .6 7 * * - .5 9 *

CIS s i - .4 7 * - .6 2 * * - .44 - .2 6

C IS :2 ’ 0.09 - .2 8 - .  16

CIS: 3

C22

0.35 0.07

0 . 86**

* P <  .05 

** P < „ 0 1
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C 1 8 : l ( r  = 0 d8 0 ) ? n e g a t i v e l y  r e l a t e d  to  C20:4 ( r  = -*59) and h ig h ly  

n e g a t i v e l y  a s s o c i a t e d  w ith  C22 ( r  = ^ Q6 7 ) 0 The change in  G18M was . 

n e g a t i v e l y  r e l a t e d  to  C18s2 ( r =  -*47) and h ig h l y  n e g a t i v e l y  a s s o c i a t e d  

w ith  C18:3 ( r  = -* 6 2 ) ,  w hereas  th e  change , in  G22 was h i g h l y  c o r r e l a t e d  

w ith  C20:4 ( r  = 0*86)*

P h o sp h o l ip id  F r a c t i o n  1 / .

The ave rage  i n i t i a l  p e r c e n t  o f  each  m ajo r f a t t y  a c id  o f th e  

p h o s p h o l ip id  f r a c t i o n  f o r  each d i e t  i s  g iv e n  in  T ab le  8.0 As in  th e  

whole serum l i p i d ,  th e  15 p e r c e n t  t a l l o w  d i e t  p o s se s s e d  s i g n i f i c a n t l y  

(P <  *05) more C 18 :l  th a n  th e  o th e r  d i e t s  and s i g n i f i c a n t l y  l e s s  C 18i2 .

than  th e  0 and 10 p e r c e n t  d i e t s e The 0 p e r c e n t  t a l l o w  d i e t  e x h i b i t e d  a 

n o n s i g n i f i c a n t l y  h ig h e r  p e r c e n t  of C18 th a n  th e  o th e r  d i e t s  and th e  5 

p e r c e n t  d i e t  showed a h ig h e r  p e r c e n t  of C20:4, though n o t  s i g n i f i c a n t l y  

h ig h e r ,  th a n  th e  o th e r  d i e t s  *

A n a ly s is  of v a r i a n c e  f o r  th e  p h o s p h o l ip id  f r a c t i o n  in  T ab le  18 

r e v e a le d  t h a t  th e  changes in  p e r c e n t s  o f C 16 :l  and G18:2 were s i g n i f i ­

c a n t l y  (P < *05) a f f e c t e d  by d ie t*  From T ab le  8 i t  was e v i d e n t  t h a t  the. 

0 p e r c e n t  t a l l o w  d i e t  c o n t r i b u t e d  to  a 5*03 p e r c e n t  d e c r e a s e  of G 16sl0 

T h is  r e s u l t  was somewhat sp u r io u s  becau se  th e  average  i n i t i a l  p e r c e n t  . 

of C16s1 was on ly  1*1 p e r c e n t* .  Th is  can be e x p la in e d  by th e  f a c t  t h a t  

one s t e e r  fed  t h i s  d i e t  f a i l e d  to  e x h i b i t  any C16i1 i n  t h i s  f r a c t i o n  

w h ile  th e  o th e r  s t e e r  averaged  2*2 p e r c e n t  C16si in  t h i s  f r a c t i o n *  

F u r th e rm o re ,  the  0 p e r c e n t  t a l lo w  d i e t  in f lu e n c e d  a s i g n i f i c a n t  (P <  *05) 

d e c re a se  in  the  p e r c e n t  of C18 % 2* T his  was i n t e r e s t i n g  b eca u se  t h e . 

s t e e r s  fed  th e  0 p e r c e n t  t a l l o w  d i e t  e x h i b i t e d  th e  h i g h e s t  i n i t i a l



T a b le  So L e a s t - s q u a r e  means i n d i c a t i n g  p e r c e n t  change  o f  p h o s p h o l i p i d  f r a c t i o n  m a jo r  f a t t y  a c i d s
o y e r  d i e t s ,  and , t i m e 0

Ave i n i t i a l  % of f a t t y  ac id  __ 
F a t t y  by d i e t s  (% ta l lo w )  _

a c id  0 5 10 15 0

T rea tm en ts
D ie t s  ( I  t a l lo w )  

5 10 15

Time i n t e r v a l

0 /30  30/60 60/90 90/120

Over­
a l l  

mean •

C14 1 .4 0 .9 1.3 0 .6  . +  .0 5 2 + .06 + .01 - .03 + .10 - .06 - .05 + .11 + .03

C15 0 .9 0 .5 0 .9 0 .2 + «08 - .05 + ,01 + .24 - .03 4- .14 + .03 ’ +  .14 + .07

C16 18.2 21 ,4 19.9 18.0 - o 28 .01 - .08 •+ .21 + .13 - . -6 + .05 - .06 - .04

C16s 1 1 .1 1.7 2 ,1 2 .6 - 5 .0 3 b -1 .0 4 a + , o i a - ,0 9 a -1 .46 -1 .11 -1 .24 -1 .3 3 ■ .,1 .28

G17 1.8 1 .4 1 .4 1.3 .+ e 20 « .01 + .01 - .01 + .09 - .05 .00 + . 15 + .05

CIS 27.00 23.9 23.0 23.3 4- o26 + .14 + .06 - .03 +. .41 + .01 + .11 -  . 10 + .11

CIS s i 1 3 .4a i s . 2a 22. 7a 39. l b 4- e 11 t .23 + .05 - .16 + . 16 - .16 + .06 + . 16 . + .06

CISs 2 25. l a 1 6 .5 ab'21. 2a 7 .1 b - 1 .6 0 b > - ,4 3 a - . 29a - .95 - .83 - .43 - .53 . ■ - .68

C22 4 .3 4 .0 3 .5 3 .1 +  .39 4* ,06 + .09 + .03 + .16 4“ . 20 + .06 + .14 + .14

C20:4 5 .2 7 .6 ' 2 .9 4 .2 + .74 IM .01 + ,06 + ,01 + ,0 8 . 4* .41 4- ,30 + .01 + .20

0 /30  r e p r e s e n t s  p e r c e n t  change between i n i t i a l  v a lu e  and v a lu e  measured a f t e r  30 min of 
p e r f u s i o n .

P lu s  s ig n  i n d i c a t e s  th e  v a lu e  measured a f t e r  30 min of p e r f u s io n  was g r e a t e r  than  t h a t  
measured a t  i n i t i a l  t im e .

a .bV Means w i th i n  m a jo r  c l a s s e s  w i th  d i f f e r e n t  s u p e r s c r i p t s  d i f f e r  P < „ 0 5 ,
4>U3



p e r c e n t  of t h i s  f a t t y  a c id  in  th e  p h o s p h o l ip id  f r a c t i o n *  The p r e f e r e n -  • 

t i a l  o x id a t io n  o f  C18:2 by th e  enzyme system s of th e  l i v e r s  from th e  

s t e e r s  fed  t h i s  d i e t  may have been  one cause  f o r  th e  s i g n i f i c a n t  d e ­

c r e a s e  o f C18:2p b u t  a d e f i n i t e  e x p la n a t io n  f o r  t h i s  e f f e c t  was n o t  

c l e a r l y  ev id e n t*

A s i g n i f i c a n t  (P < *05) d i e t  by tim e i n t e r a c t i o n  was observed  

f o r  C18 (T ab le  1 8 ) ,  From i n s p e c t i o n  o f th e  d a t a  in. T ab le  16 (p ,  5 9 ) ,  

i t  was a p p a re n t  t h a t  d u r in g  ev e ry  tim e i n t e r v a l  the  0 and 5 p e r c e n t  

t a l l o w  d i e t s  e x h i b i t e d . o p p o s i te  e f f e c t s .  Between 0 and 30 min of p e r ­

f u s io n  th e  5 p e r c e n t  t a l l o w  d i e t  d e c re a se d  in  p e r c e n t  o f C18 and th e  

o th e r  d i e t s  in c re a s e d  in  C18 d u r in g  t h i s  tim e i n t e r v a l *  Between 60 and 

90 min o f  p e r f u s i o n ,  th e  f a i l u r e  of th e  10 and 15 p e r c e n t  t a l l o w  d i e t s  

to  e x h i b i t  a s i m i l a r  e f f e c t  a l s o  c o n t r i b u t e d  to  th e  observed  i n t e r a c t i o n *  

T ab le  9 r e v e a le d  t h a t  th e  change in  p e r c e n t  of C14 was c o r r e ­

l a t e d  w i th  C 18:l ( r  = 0*52) and th e  change in  p e r c e n t  o f  G16 was n e g a ­

t i v e  ly  c o r r e l a t e d  w i th  C20:4 ( r  = -*54)* The change in  p e r c e n t  o f  C161 1

■

was r e l a t e d  to  C18:2 ( r  = 0*57) and n e g a t i v e l y  a s s o c i a t e d  w i th  C20s4 

( r  = - * 5 3 ) ,  The change in  p e r c e n t  of G17 was n e g a t i v e l y  c o r r e l a t e d  

w i th  G18 ( r  = - , 5 5 )  w h i le  t h a t  o f  G 18:l was n e g a t i v e l y  r e l a t e d  to  C22 

( r  = -* 5 3 ) ,  The change in  p e r c e n t  of C18:2 was n e g a t i v e l y  a s s o c ia t e d  

w ith  G22 ( r  = -* 5 5 ) ,  w hereas C22 was p o s i t i v e l y  c o r r e l a t e d  w ith  020 :4  

( r  = 0 . 5 7 ) .

F ree  F a t t y  Acid F r a c t i o n  

The ave rage  i n i t i a l  p e r c e n t  o f each  m ajor f a t t y  a c id  of the  

f r e e  f a t t y  a c id  f r a c t i o n  f o r  each d i e t  i s  g iv e n  in  T ab le  10* T h is
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Table  9 , Simple a d ju s t e d  c o r r e l a t i o n  c o e f f i c i e n t s  be tw een  p h o s p h o l ip id  
f r a c t i o n  m a jo r  f a t t y . a c i d s .

F a t t y
a c id s C15 C16. C16s 1 C17 CIS CIS s i CIS: 2 C22 C20s4

C14 -o 24 - . 0 5 0 .1 2 -as 0 .1 2 0 .5 2 * 0 .0 6 - .  19 - .3 5

C15 - .2 5 0 .17 0 .17 - .4 2 - .4 1 0 .25 - .1 0 - .1 3

G16 0 .38 - i  24 0 .25 - .0 5 - .2 5 - .0 2 - .5 4 *

C16s 1 - .  38 0 .1 2 0 .1 2 0 .5 7 * - .2 8 - .5 3 *

C17 - .5 5 * 0 ,01 - .3 6 0 .10 0 .31

CIS 0 .21 - . 0 2 - .3 7 - .2 9

CIS s i 0 .39 - .5 3 * - .3 5

CIS s 2 - .5 5 * -.3.1

C22 0 .5 7 *

* P < . 0 5



T a b le  10* L e a s t - s q u a r e  means i n d i c a t i n g  p e r c e n t  change  o f  f r e e  f a t t y  f r a c t i o n  m a jo r  f a t t y  a c id s
o v e r  d i e t s  and t i m e 0

A v . i n i t i a l  % of f a t t y  ac id T rea tm en ts Over-
Fatty- by d i e t s (7. ta l lo w ) D ie ts  (7. t a l lo w ) Time i n t e r v a l ' a l l
a c id 0 5 10 15 0 5 10 15 0 /3 0 1 30/60  60/90 90/120 mean

G14 3 .6 2 .8 3 .3 3 .6 - . 1 5 2 + .06 - .18 +  .03 - .09

o
 

1—1+C
O

o1 -  .23 - .06

C15 1 .2 1 .2 1 .1 1 .1 .00 - .08 .00 + .03 +  .14 - .19 +  .06 - .06 - .01

C16 22 .2 23.8 22.2 22.4 - .75 - .48 - .75 - .33 -1 .7 3 - ,45' -  .39 +  .26, - .58

C16s 1 5 .0 4 .7 4 ,7 5 .2 - .21 - .06 - .10 + ,  10 - .10 - .24  -  .29 +  .35 - .07

C17 1.7 2 .0 1 .6 1 .8 +  .20 -  .03 +  .03 +  .05 + .3 5 a - .1 6 ab- ,2 9 b + ,3 5 a + .06

CIS 25 .4 23.1 23.7 21.1 +2 .08 + 1 .31  . +1 .78 + .64 + 6 .2 3 a + 1 .0 5 b +  . l l bc - 1 .5 9 C +1.45

CIS s i 28 .1 . 3 3 .1 28,9, 35 .3 -1 .7 6 -2 .2 3 -1 .4 1 - 1.21 - 6 . 20b -  . 15a +  , 24a -  .5 0 a -1 .65

CISs 2 . 7 .4 ' 6 .8 9 .7 4 .7 + .64 + .81 +  .19 +  .01 +  ,44 + .45 +1 .08 - . 3 1 ; + .41

C22 1.8 0 .6 1.4 1.6  v +  .01 +  .16 +  .03 .00 + .5 8 a - «59b -  . 16b + .3 8 a + .05

C20:4 3 . 0 a • l , 2b 1 . 8b 2 . l a b - . +  ■ ■ . 1 0 + .59 - .01 +  , 30 . +  . 3 3 ' -  .21 +  .20 + .66 + . 24

1 . . ■ ■ , ,
0/30. r e p r e s e n t s  p e r c e n t  change between i n i t i a l  v a lu e  and v a lu e  measured a f t e r  30 min of
p e r f u s io n .

N eg a tiv e  s ig n  i n d i c a t e s  the  v a lu e  m easured a f t e r  30 min of p e r f u s io n  was l e s s  than  t h a t  
' a t  i n i t i a l  t im e 0

9 9 Means w i th i n  m ajo r c l a s s e s  w i th  d i f f e r e n t  s u p e r s c r i p t s  d i f f e r  P < e 0 5 o
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f r a c t i o n  c l e a r l y  e x h i b i t e d  th e  l e a s t  v a r i a t i o n  of f a t t y  a c id  p e r c e n t ­

ages among th e  d i e t s 0 I t  can be o b se rv e d ,  how ever, t h a t  th e  0 p e r c e n t  

ta l lo w  d i e t  p o s se ss e d  s i g n i f i c a n t l y . (P < »05) more C20:4 th a n  d id  th e  5 

and 10 p e r c e n t  d i e t s o

Time s i g n i f i c a n t l y  a f f e c t e d  th e  change in  p e r c e n t  o f C17 

(P < o0 5 ) and C22 (P<»01) as shown in  T ab le  190 However, th e s e  a c id s  

were m inor i n  t o t a l  f a t t y  a c id  p e rc e n ta g e *  F u r th e rm o re ,  s in c e  b o th  of 

th e s e  a c id s  i n i t i a l l y  i n c r e a s e d ,  then  d e c r e a s e d , on ly  to  i n c r e a s e  in  

p e r c e n t  a g a in ,  i t  would seem t h a t  some e x t ra n e o u s  e r r o r  t h a t  fo l lo w ed  

no p a t t e r n  may have in f lu e n c e d  th e  s i g n i f i c a n c e  e n c o u n te r e d 9 I t  can be 

u n d e rs to o d  t h a t  f a t t y  a c id s  o f  low c o n c e n t r a t i o n  were d i f f i c u l t  to  

m easure a c c u r a t e l y Q

By f a r  th e  m ost h ig h l y  s i g n i f i c a n t  change ov er  tim e of p e r f u ­

s io n  in  th e  f r e e  f a t t y  ac id  f r a c t i o n ,  and o th e r  f r a c t i o n s ,  o ccu rred  b e ­

tween CIS and C 18:l (T ab le  19)* F ig u re  6 d iagram s th e  r e l a t i o n s h i p  

between, th e s e ,  two a c id s  d u r in g  th e  p r o g r e s s  of th e  p e r f u s io n s *  Between 

0 and 30 min o f  p e r f u s i o n ,  t h e r e  was a s i g n i f i c a n t  (P < o0 5 ) i n c r e a s e ,

6 .23  p e r c e n t ,  i n  CIS and betw een 90 and 120 min of p e r f u s i o n ,  th e r e  was 

a s i g n i f i c a n t  (P < .0 5 )  d e c re a s e  in  th e  p e r c e n t  of CIS (T ab le  10) 9 As 

opposed to  th e  i n c r e a s e  in  p e r c e n t  of CIS, th e  same m agn itude  o f  d e c r e a s e ,  

6 .20  p e r c e n t ,  was observed  f o r  C 18 :l  betw een 0 and 30"min o f p e r f u s i o n .

I t  would ap p ea r  from th e s e  .d a ta  . th a t  a s a t u r a s e  enzyme system  

was a c t i v e l y  s a t u r a t i n g  C 18 :l  t o  CIS. T h is  e f f e c t  was in  d i r e c t  con­

t r a s t  to  th e  r e p o r te d  enzyme d e s a tu r a s e  system s in  r a t  l i v e r  (Nakagawa 

and Uchiyama 1969b).
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F ig u re  6 . The f r e e  f a t t y  ac id  CIS v s .  C18:1 r e l a t i o n s h i p .

T h is  g r a p h ic  i l l u s t r a t i o n  i n d i c a t e s  t h a t  a f t e r  30 min of p e r f u s io n  
the  d e c re a s e  in  C18:1 was accounted  f o r  by the  in c r e a s e  in  C18.



T ab le  19 r e v e a le d  a s i g n i f i c a n t  (P oOl) d i e t  by tim e i n t e r ­

a c t io n  f o r  G180 From in s p e c t i o n  of th e  d a t a  in  T ab le  16 ( p 0. 5 9 ) ? i t  

was e v id e n t  t h a t  th e  0 and 15 t a l lo w  d i e t s  d e c re a se d  in  G18 p e r c e n t  b e ­

tween 60 and 90 min of p e r f u s i o n ,  whereas, th e  5 and 10 p e r c e n t  t a l l o w  

d i e t s  e x h i b i t e d  an in c r e a s e  o f G18 d u r in g  t h i s  tim e i n t e r v a l .  Between 

90 and 120 min of p e r f u s io n  th e  0 and 5 p e r c e n t  d i e t s  r e v e a le d  d e c re a s e s  

in  th e  p e r c e n t  of C18, b u t  th e  o th e r  two d i e t s  e x h i b i t e d  l i t t l e  or no 

change in  p e r c e n t  of t h i s  a c i d ,  th u s  a l s o  c o n t r i b u t i n g  to  th e  observed  

i n t e r a c t i o n .

D ata  in  T ab le  11 r e v e a le d  t h a t , t h e  change in  p e r c e n t  o f G14 was 

n e g a t i v e l y  a s s o c i a t e d  w ith  C 18 :l  ( r  = - . 5 3 )  and h i g h l y  n e g a t i v e l y  a s s o ­

c i a t e d  w i th  C18 ( r  = - . 6 4 ) .  The change in  p e r c e n t  of G16 was h ig h l y  

c o r r e l a t e d  w i th  G 16:l ( r  = 0 .6 4 ) ,  n e g a t i v e l y  r e l a t e d  to  G18 ( r  = - . 5 1 )  

and C18:2 ( r  = - . 5 3 )  and h ig h l y  n e g a t i v e l y  a s s o c i a t e d  w i th  C20:4 ( r  = 

. - , 7 1 ) .  The change in  p e r c e n t  of 016:1  was n e g a t i v e l y  c o r r e l a t e d  w i th  

G18 ( r  = - . 5 0 )  and C 18 :l  ( r  = - . 5 4 ) ,  w h i le  t h a t  of G17 was a s s o c i a t e d  

w i th  G18 ( r  = 0 .5 0 )  and n e g a t i v e l y  r e l a t e d  to  C18s2 ( r  = - . 5 8 ) .

As m entioned  in  th e  g e n e r a l  d i s c u s s i o n  of r e s u l t s ,  h e m a to c r i t  

v a lu e s  were s i g n i f i c a n t l y  reduced  a t  th e  end of 30 min o f  p e r f u s io n .

T h is  f a c t o r  may have accoun ted  f o r  th e  s i g n i f i c a n t  d e c r e a s e  in  th e  p e r ­

c e n t  of C18 betw een 90 and 120 min of p e r f u s io n  due to  th e  lo s s  of oxy­

gen t r a n s p o r t  a b i l i t y  and p o s s i b l e  r e t a r d a t i o n  e f f e c t  upon th e  enzyme 

system  which appeared  to  be s a t u r a t i n g  C18s1 to  €18 in  th e  l i v e r s .  . 

A nother r e a s o n  f o r  th e  t e rm in a l  d e c re a s e  may have been  due to  a l i m i t i n g  

s u b s t r a t e  ( C 1 8 : l )  c o n c e n t r a t i o n ,  a l th o u g h  t h i s  would seem n o t  to  have
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T able  11, Simple a d ju s t e d  c o r r e l a t i o n  c o e f f i c i e n t s  betw een f r e e  f a t t y  
a c id  f r a c t i o n  m a jo r  f a t t y  a c i d s .

F a t t y
a c id s 015 016 016:1 017 . 018 018:1 018 :2 022 020 :4

C14 0 ,2 3  0 ,45 0 ,3 3  . - ,24 - .6 4 * * - .5 3 * - . 1 4 0 .09 -  .0 4

C15 0 ,0 0 - ,0 7 - .1 9 0 ,15 - .4 3 - .4 0 0 .1 1 - .0 6

016 0 ,64** - .0 4 - .5 1 * - .2 3 - .53* - .1 5 - .7 1 * '

016:1 - .0 1 - .5 0 * - .5 4 * - .4 3 - .  25 - . 3 2

017 0 .5 0 * - .1 1 - .5 8 * 0.27 0 .1 2

018 0 .18 - .2 0 - ,  16 0 .1 6

018:1 0 .3 2 - .2 0 - .1 7

018:2 0 .2 0  , 0 .2 8

022 0 .4 6

* P <  ,05 

**: P< ,01
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been  th e  case* A t h i r d  p o s s i b i l i t y  f o r  th e  d e c re a s e  may have been a 

feed b a ck  i n h i b i t i o n  o f  CIS u p o n . th e  s a t u r a s e  r e a c t i o n s

The m a jo r  changes in  th e  f r e e  f a t t y  ac id  f r a c t i o n  were in  

agreem ent w i th  th e  o b s e r v a t io n s  of Mayes (1 9 6 9 )9 which had been  v e r i f i e d  

by o th e r  r e s e a r c h e r s *  However9 s a t u r a t i o n  and n o t  e s t e r i f i c a t i o n  r a t e  

seemed to  be th e  cause  of th e  C18 in c r e a s e  in  p e r c e n ta g e ,  becau se  no 

time e f f e c t  f o r  G18 o r  G lS sl was observed  in  th e  t r i g l y c e r i d e  o r p h o s ­

p h o l i p id  f r a c t i o n s *

T r i g l y c e r i d e  F r a c t i o n  

The av e rag e  i n i t i a l  p e r c e n t  o f each  m ajo r f a t t y  a c id  of th e  

t r i g l y c e r i d e  f r a c t i o n  f o r  each d i e t  i s  l i s t e d  in  T ab le  12* The s t e e r s  

fed  th e  c o n t r o l  d i e t  e x h i b i t e d  s i g n i f i c a n t l y  (P < »05) l e s s  G16 in  t h i s  

f r a c t i o n  th a n  th o s e  fed  th e  o th e r  d i e t s  * The s t e e r s  fed  th e  c o n t r o l  

d i e t  a l s o  e x h i b i t e d  . s i g n i f i c a n t l y  more C18 than  th o s e  fed  th e  15 p e r ­

c e n t  t a l l o w  d ie t*  As opposed to  th e  p h o s p h o l ip id  f r a c t i o n ,  n o n s i g n i f i - . 

c a n t  d i f f e r e n c e s  were observed  f o r  th e  p e r c e n t  of G18-sl*"

From T ab le  20 th e  change in  p e r c e n t  of G15 was a f f e c t e d  by tim e 

of p e r f u s io n  (P <  *05) and a l s o  r e f l e c t e d  a d i e t  by tim e i n t e r a c t i o n  

( P < o O l)* T ab le  12 r e v e a le d  t h a t  t h i s  was a minor a c id  and t h a t  th e  

change over tim e d id  n o t  f o l lo w  a p a t t e r n ,  i n d i c a t i n g  t h a t  th e  change 

may have been  due to  an e x t ra n e o u s  e r r o r ,  as d is c u s s e d  p re v io u s ly *

T his  type  of e r r o r  cou ld  a l s o  have accoun ted  f o r  th e  s i g n i f i c a n t  i n t e r ­

a c t  ion*

I t  was a l s o  e v id e n t  from T ab le  20 t h a t  t h e r e  was a s i g n i f i c a n t  

(P <  *05) d i e t  by tim e i n t e r a c t i o n  f o r  016:1* Between 0 and 30 min of



T a b le  120 L e a s t - s q u a r e  means i n d i c a t i n g  p e r c e n t  change  o f  t r i g l y c e r i d e  f r a c t i o n  m a jo r  f a t t y
a c id s  o v e r  d i e t s  and time®

Avo i n i t i a l  % of f a t t y  a c id T rea tm en ts Over­
Fatty- by d i e t s  (7= ta l lo w ) D ie ts  (7. t a l lo w ) Time i n t e r v a l a l l
a c id

0 . 5 10 15 0 , 5 1 0 . 15 0 /3 0 1 30/60 60/90 90/120 mean

C14 2.9 4 .5 4 .0 5 ,8 .00 - . 1 4 2 +  . 25 - .01 - o 19 o01 +  .25 + .05 + .03

C15 1.7 1.7 1 .1 1 .4 - .04 ■ .06 + .08 + .13 + . o i ab - . i o b + . o i ab + . 18a + .03

C16 2 2 .3 a 2 9 .6b 3 0 .5b 3 1 .9b .00 - .29 . +  .55 + .44 -t .10 + .70 + .43 . - .53 + .18

C16s 1 5 .5 5 .3 4 .7 7 .2 +  .19 + .16 +  .28 + .08 + .10 .00 +  .65 - .05 + .18

C17 1.9 2 .0 1 .8 2 .2 + .18 + .18 + .06 + .09 + .06 "T .01 + .04 + .39 + .13

C18 3 7 .8a 2 1 .5 ab'2 8 .9 ab 1 6 .9b - .01 +  .11 - .03 - .18 .01 .00 - .18 + .09 - .03

C18s 1 20.9 30 .0 23.1 3 0 .4 f 1.51 - .61 - 1 .10 .40 .75 - .61 -1 .5 4 - .73
- •S 1 :

C18:2 5 .4 4 .3 3 .6 2 .3  • +  .14 + .05 - .46 .01 4- .05 ■+' ,25 - .66 + ,08 - .07

0 /30  r e p r e s e n t s  p e r c e n t  change between i n i t i a l  v a lu e  and v a lu e  measured a f t e r  30 min of 
p e r f u s io n .  , .

2 • .

N ega tive  s ig n  i n d i c a t e s  th e  v a lu e  measured a f t e r  30 min of p e r f u s io n  was l e s s  than  t h a t  a t
i n i t i a l  t im e . . • . •

9 Means w i th in  m ajor c l a s s e s  w i th  d i f f e r e n t  s u p e r s c r i p t s  d i f f e r  P < . 0 5 .

Ui
N>
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p e r fu s io n ^  th e  5 and 10 p e r c e n t  t a l l o w  d i e t s  e x h i b i t e d  an i n c r e a s e  in  

th e  p e r c e n t  of C 16 :l  w h ile  d u r in g  t h i s  tim e i n t e r v a l  th e  0 and 15 p e r ­

c e n t  t a l l o w  d i e t s  d e c re a se d  in  th e  p e r c e n t  of t h i s  a c i d e Between 30 

and 60 min. o f  p e r f u s io n  th e  5 p e r c e n t  d i e t  showed a d e c re a s e  of t h i s  

a c id  w hereas th e  o th e r  d i e t s  e x h i b i t e d  i n c r e a s e s  in  p e r c e n t  of Cl&sl* 

Between 90 and 120 min of p e r f u s i o n ,  th e  t r i g l y c e r i d e  f r a c t i o n  of th e  

10 and 15 p e r c e n t  t a l l o w  d i e t s  d e c re a se d  in  th e  p e r c e n t  of C 1 6 :l ;  how­

e v e r ,  th e  0 and 5 p e r c e n t  d i e t s  e x h i b i t e d  l i t t l e  o r  no change i n , t h e  

p e r c e n t  of t h i s  ac id  d u r in g  t h i s  tim e i n t e r v a l  (T ab le  16)*

, The change in  p e r c e n t  o f  C16 was r e l a t e d  to  CIS ( r  = 0 o53) and 

h ig h l y  n e g a t i v e l y  a s s o c i a t e d  w i th  C IS :2 ( r  = - , 9 0 ) (Table  1 3 ) e The 

change in  p e r c e n t  of C 1 6 :l  was r e l a t e d  to  C17 ( r  = 0 .5 8 )  and C IS :2 ( r  = 

0 .4 8 )  and h i g h l y  n e g a t i v e l y  c o r r e l a t e d  w i th  CIS ( r  = - . 66 ) .  F u r t h e r ­

more, th e  change in  p e r c e n t  o f C17 was n e g a t i v e l y  a s s o c i a t e d  to  CIS 

. ( r  = - .5 1 )  w h i le  t h a t  of CIS was h i g h l y  n e g a t i v e l y  r e l a t e d  to  C IS :2 

( r  —  - o 6 7 ) o

A lthough q u a n t i f i c a t i o n  o f serum l i p i d  f r a c t i o n s  was not. 

ach iev ed  in  t h i s  e x p e r im e n t ,  th e  r e s u l t s  of e x p e r im en ts  by o th e r  r e ­

s e a r c h e r s  can  be e x t r a p o l a t e d  to  th e  d a t a  p r e s e n te d  f o r  t h i s  e x p e r i ­

m ent. H i l l y a r d  e t  a l .  (1 9 5 9 ) ,  Havel and G o ld f ie n  (1 9 6 1 ) ,  and Mayes 

- (1969) r e p o r te d  t h a t  in  r a t  l i v e r  p e r f u s io n s  the  amount o f  t r i g l y c e r i d e  

in  the  p o s t - p e r f u s i o n  b lood  was s i g n i f i c a n t l y  g r e a t e r  th a n  in  th e  p r e ­

p e r f u s io n  b lo o d .  I t  would, t h e r e f o r e ,  seem t h a t  th e  t r i g l y c e r i d e  f r a c ­

t i o n  f a t t y  a c id s  in  t h i s  ex p e r im en t  would have tended  to  show h ig h e r  

. CIS and lower C IS :1 l e v e l s  p o s t - p e r f u s i o n  th a n  a t  i n i t i a l  t im e .  T h is
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T able  13, Simple a d ju s t e d  c o r r e l a t i o n  c o e f f i c i e n t s  betw een  t r i g l y c e r i d e  
f r a c t i o n  m a jo r  f a t t y  a c i d s .

F a t t y
a c id s 015 016 016:1 017 , 018 018:1 : 018 :2

G14 0 .26 0 .18 0 .05 ' 0 .0 8 0 .10 - .  33 - .2 9

C15 - .  06 0 .21 0 .1 8 - .2 1 - .4 1 - .0 7

C16 - .4 1 ' - . 2 1  \ 0 .5 3 * 0 .0 2 - .9 0 * *

016:1 0 .5 8 * - . 66** - .4 4 0 .4 8 *

017 - .5 1 * - .3 2 0 .27

018 -  .06 - .6 7 * *

018:1 0 .19

* P < .05



■was n o t  th e  e a s e l  The f a i l u r e  to  o b se rv e  changes i n  th e  t r i g l y c e r i d e  

and p h o s p h o l ip id  f r a c t i o n  f a t t y  a c id s  C18 and C 18 :l  m ay.have been due 

to  the  f a c t  t h a t  th e  tim e of is c h e m ia  d e s t ro y e d  enzymes in v o lv ed  in  th e  

e s t e r i f i c a t i o n  r e a c t i o n 0-

C h o le s t e r o l  E s t e r  F r a c t i o n

The av e rag e  i n i t i a l  p e r c e n t  o f each  m ajor f a t t y  a c id  of th e  ch o ­

l e s t e r o l  e s t e r  f r a c t i o n  f o r  each d i e t  i s  r e v e a le d  in  t a b l e  140 The a n i ­

mals fed  th e  15 p e r c e n t  t a l l o w  d i e t  e x h i b i t e d  s i g n i f i c a n t l y  (P 4  *05) 

h ig h e r  p e rc e n ta g e s  o f  C 1 6 s l9 IsoC18, and CT8:1 th a n  th o s e  fed  th e  o th e r  

d i e t s ,  and s i g n i f i c a n t l y  l e s s  C18:2 th a n  th o se  fed  th e  0 and 10 p e r c e n t  

t a l l o w  d ie t s *

The on ly  s i g n i f i c a n t  t r e a tm e n t  e f f e c t  found in  th e  c h o l e s t e r o l  

e s t e r  f r a c t i o n  f a t t y  a c id s  was a d i e t  by tim e i n t e r a c t i o n  f o r  C18:3 

(P < o05) (A ppendix , T ab le  21)* From th e  d a t a  in  T ab le  16 i t  was e v i -
X  • -

d e n t  t h a t  betw een 0 and 30 min of p e r f u s i o n  th e  0 and 5 p e r c e n t  t a l l o w  

d i e t s  d e c re a se d  in  th e  p e r c e n t  of C18:3 w h i le  th e  10 and 15 p e r c e n t  d i ­

e t s  c o n t r i b u t e d  to  an in c r e a s e  in  th e  p e r c e n t  of t h i s  a c id  d u r i n g , t h i s  

tim e i n t e r v a l *  Between 30 and 60 min o f p e r f u s io n ,  th e  15 p e r c e n t  t a l ­

low d i e t  e x h i b i t e d  a d e c re a s e  in  th e  p e r c e n t  of C18:3 w h i le  f o r  th e  

o th e r  d i e t s  in c r e a s e s  were e v id en t*  Between 60 and 90 min of p e r f u s io n ,  

th e  C18s3 c o n te n t  of th e  0 and 10 p e r c e n t  t a l l o w  d i e t s  d e c r e a s e d ,  w here ­

as th e  o th e r  two d i e t s  c o n t r i b u t e d  to  an in c r e a s e  in  th e  p e r c e n t  o f  t h i s  

acid* Between 90 and 120 min of p e r f u s io n  th e  0 and 5 p e r c e n t  t a l l o w  

d i e t s  c o n t r i b u t e d  to  a d e c r e a s e  in  C1823 w h ile  th e  15 p e r c e n t  t a l l o w



T ab le  14«> . L e a s t - s q u a re  means i n d i c a t i n g  p e r c e n t  change of c h o l e s t e r o l  e s t e r  f r a c t i o n  m ajor f a t t y
a c id s over d i e t s and time

0  .

Fatty- 
ac id  :

A v . i n i t i a l  %  o f  f a t t y  ac id  
by d i e t s  (% ta l lo w )

T rea tm en ts Over­
a l l

mean
D ie ts (7. t a l lo w ) Time i n t e r v a l

0 5 10 15 0 5 10 15 0 /3 0 1 30/60 60/90 90/120

G14 v 1 .3 1 .6 1.8 2 .1
2

- .05 - .0 1 - .0 1 - .0 6 + .25 - .4 3 + .13 - .0 9 - .0 3

IsoCIS 0 ,5 1 .1 2 .0 1 ,3 + .06 .00 + .04 - .0 4 + .14 - .1 6 + . 10 - .0 1 + .02

C15 0 .9 0 .8 0 .6 1 .0 + .01 - .0 4 - .0 3 + .0 1 + .04 + .11 - .1 5 - .0 4 - .0 1

C16 7 .3 9 .3 6 .9 10.6 - .1 4 + .05 - .1 9 - .1 9 - .0 1 - .6 3 ' .00 + .18 - .1 2

C 16:1 4 . 8 a 5 . 9 a 6 . 6a 1 5 .4b - .1 6 - .0 9 - .0 1 + .18 + , 14 - .1 4 - .0 4 - .0 5 - ,02

IsoCIS 0 . 5 a 1. 2a 0 . 9 a 4 .4 b - .0 1 .00 + .0 4 - .  16 + .05 - .1 9 + .13 - ,  13 — .03

CIS 0 ,8 0 ,7 0 .6 0 .9 - .1 0 - .0 4 - .0 4 - .0 1 + .0 8 - .3 6 + .0 4 + .06 - .0 5

CIS s i 7 . 5 a 10. 8a 9 . 5 a 2 3 .8b - .1 3 + .06 + .1 1 + .06 + .08 + .01 + .11 - .0 9 + .03

CISs 2 6 7 .7a 5 5 .9 ab 6 3 .8a. 3 3 .0b + .7 4 + .6 4 + .3 0 + .11 + .19 + .06 - .2 8  . + .81 +.45

C20 2.5 1.8 1 .8 0 .9 - .0 3 - .0 4 : .00 + .08 - .1 5 + .38 - .0 8 - .1 4 ; .00

C18s3 2.7 2.3 2 .0 0 .9 - .  25 - .1 8 - .03 + .15 - .0 5 + .08 - . 1.6 - .2 3 - .0 8

C20s4 3 .2 6 .1 2 .8 5 .0 + .  19 - .1 5 - .2 3 - .1 1 . - .2 1 + .08 - .0 5 - .1 1 . - .0 8

1 ■0 /30  r e p r e s e n t s  p e r c e n t  change between i n i t i a l  v a lu e  and v a lu e  measured a f t e r  30 min of 
p e r f u s i o n .

2 N eg a tiv e  s ig n  i n d i c a t e s  th e  v a lu e  measured a f t e r  30 min of p e r f u s io n  was l e s s  th an  t h a t  
a t  i n i t i a l  t im e ,

ab ' ' ■' ' ' ' - '■ ' ' , "* Means w i th in  m ajo r c l a s s e s  w i th  d i f f e r e n t  s u p e r s c r i p t s  d i f f e r  P < , 0 5 ,
UiOx
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d i e t  in c re a s e d  and th e  10 p e r c e n t  t a l l o w  d i e t ,  e x h i b i t e d  no change in  

th e  p e r c e n t  o f  C18:3.

T ab le  .15 r e v e a le d  t h a t  th e  change in  th e  p e r c e n t  o f  €14 was 

c o r r e l a t e d  w ith  €16 ( r  = 0*52) and h i g h l y  c o r r e l a t e d  w i th  €15 ( r  =

0 o77) and €18 ( r  = 0 ,7 0 )  w h i le  b e in g  n e g a t i v e l y  r e l a t e d  t o  €20 ( r  ^

” o50) and €18:3  ( r  = ” o47) 0 The change in  p e r c e n t  of TsoC15 was c o r r e ­

l a t e d  on ly  to  IsoCIS ( r  = 0*55) w hereas  t h a t  o f €15 was a s s o c i a t e d  

w i th  €18 ( r  ~  0 , 5 1 ) , '  The change in  p e r c e n t  o f  €16 was h i g h l y  r e l a t e d  

to  €18 ( r  -  0e69)p n e g a t i v e l y  r e l a t e d  to  €18:3  ( r  == > 04 7 ) and h ig h l y  

n e g a t i v e l y  c o r r e l a t e d  w i th  €18:2  ( r  = - , 7 9 ) ,  The change in  p e r c e n t . o f  

€16:1  was n e g a t i v e l y  a s s o c i a t e d  w i th  €18:2  ( r  = - ,5 5 )  w h i le  t h a t  of 

IsoCIS was c o r r e l a t e d  w ith  €20 ( r  = 0 * 5 4 ) ,  F u r th e rm o re 9 th e  change in  

p e r c e n t  o f  €18 was h i g h l y  n e g a t i v e l y  r e l a t e d  to  €18:2  ( r  = - ,7 1 )  and 

€18:3 ( r  = - , 66) ,  In  g e n e r a l ,  th e  r e l a t i o n s h i p s  among th e  s a t u r a t e d  

f a t t y  a c id s  which were s i g n i f i c a n t . i n  t h i s  f r a c t i o n  were p o s i t i v e ,  

w h i le  th e  r e l a t i o n s h i p s  betw een th e  s a t u r a t e d  and u n s a tu r a t e d  f a t t y  

a c id s  were n e g a t i v e .

C onc lus ions

T h is  e x p e r im en t  was d es ig n ed  to  i n v e s t i g a t e  th e  f u n c t i o n  o f  th e  

l i v e r  in  th e  q u a l i t a t i v e  changes in  the  m a jo r  f a t t y  a c id s  of th e  serum 

l i p i d  and serum l i p i d  f r a c t i o n s .  The s t e e r s  used in  t h i s  ex p e r im en t  

w e re . f e d  f o u r  l e v e l s  of t a l l o w  in  d i e t s  f o r  a 170-day f e e d in g  p e r io d .

I t  was b e l i e v e d  t h a t ,  i f  l i v e r  enzymes system s were r e s p o n s i b l e  f o r  any 

changes in  th e  f a t t y  ac id  p r o f i l e s  in  th e  serum, th e  170-day fe e d in g



T able  15, Simple a d ju s te d  c o r r e l a t i o n  c o e f f i c i e n t s  between c h o l e s t e r o l  e s t e r  f r a c t i o n  m ajor f a t t y  
ac idso

Fa“ y  IsoC15a c id s  . C15 Cl 6 C16; 1 IsoCIS C18 C 18:1 C18; 2 C20 CIS; 3 C20;4

C14 - .0 8 0 ,77** 0.52* 0 .12 - .4 4 0 .70** 0 .21  ; - .4 2 - .5 0 * - .4 7 * 0.27

IsoG15 - .3 5 0 .36 0 .46 0 .55* 0.05 0 .00 - .3 3 - .3 1  ' . - .3 1 - .2 8

C15 0 .30 - .2 9 - .4 2 0 .51 - .  03 - .1 7 - .2 6 - .  26 0 .20

G16 0 .37 0 .16 0.69** 0 .21 - .7 9 * * - .1 2 - .4 7 * - .0 5

C16s 1 0 .42 0.36 0 .04 - .5 5 * 0 .09 . . - .2 2 - .2 7

IsoCIS - .0 9 - .3 7 - .4 1 0 .54* 0.31 - .3 6

C18 0.37 - .7 1 * * - .0 4 - . 66** . 0 .17

C18sl . - .2 6 - .2 0 ' - .4 4 0 .23

CIS; 2 - .1 6 0.27  . w e 14

C20 0.37 -o 19

C18:3 v ' -«06

* P < » 0 5  

** P < .01
Vi
oo
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T a b le  16o S i g n i f i c a n t  t im e  by d i e t  i n t e r a c t i o n s * .

Time, x d i e t M e a n s
Time

i n t e r v a l
D ie t

(7otallow)
ws

C16; 1
■ PL 
G18

FFA ■ 
CIS

TG
C15

TG
C 1 6 ;l

CE
C18:3

0 /30 0 - , 6 5 c l +  »65*b + 11 .65* - , 0 5 b - .40 » .65^

30/60 0 -„1 5 b - .5 0 bc + 1 .7 0 b - , 1 5 b +  .65 4- .40*

60/90 0 + .4 5 * + 1 .90* ” .5 0 b + .3 5 *  • + .10 ■ . 20*b

90/120 0 - a o b - 1 . 00* 4 .55* - . 3 0 b +  .40 - .5 5 b

0 /30 5 - .0 5  ' .35*b +  4 .6 5 * - .4 0 * +  .55*b “* .45

30/60 5 - .1 5 + .55*b + . 10b* - . 0 5 b -1 .2 5 * 4- .10

60/90 5 .00 - ,6 0 b -f 2 . 20*b -=30b * +1 .30* 4* .25

90/120 5 + .05 +  .95* 1.70* + .5 0 * +  .0 5 b - .60

0/30 10 +. 25* + .50 -t 5 .9 5 *  . + .05 +  .55*b 4- .35*

30/60 10 - . 5 0 b - .35 4- ,5 5 b + . 20 + . 25 *b 4* .55*

60/90 10 + .4 5 * + .20 + ■ .6 0 b + .05 +  .70* -1 „oob

90/120 10 - .  15b -  .10 .o o b .00 - .4 0 b . 00*

0/30 15 + .2 5 * + .85* + 2 .65* + .4 5 * “ o 30 4- .55*

30/60 15 - . 5 5 b + .35*b 4- 1 .85* - .4 0 * 4- .35 .7 5 b

60/90 15 + .0 5 * - 1 .0 5 b 1 .85b - . 0 5 b 4- .50 .+ .55*

90/120 15 + .4 0 * - . 25*b . 10*b + .5 0 *  . -  .25 4- .25*

^Means w i th i n  a d i e t  group in  a column w i th  d i f f e r e n t  s u p e r s c r i p t s  
d i f f e r  a t  P < o0 5 o
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p e r io d  would, be o f  s u f f i c i e n t  le n g th  f o r  d i f f e r e n t i a t i o n  of l i v e r  en~. 

zyme system s caused  by th e  d i e t s .

As p r e v io u s l y  d i s c u s s e d ,  th e  on ly  d i e t  e f f e c t  on l i v e r  f u n c t i o n  

in  r e l a t i o n  to  changes in  f a t t y  a c id  p e r c e n t  was observed  in  th e  phos~ 

p h o l ip id  f r a c t i o n  f o r  C 16 :l  and C18:2, The d i e t  e f f e c t  on l i v e r  fu n c ­

t i o n  f o r  th e  change in  p e r c e n t  of C 16:l  was e v i d e n t ,  b u t  an e x p la n a t io n  

f o r  th e  d e c r e a s e  in  C18:2 caused  by th e  c o n t r o l  d i e t  was n o t  a p p a re n t .  

High l e v e l s  of G18s 2 in  b lood  l i p i d s  were r e p o r te d  by Moore, N oble, and 

S te e le  (1 9 6 8 ) ,  L ea t and H a l l  (1 9 6 8 ) ,  and. Moore, S t e e l e ,  and Noble (1 9 6 9 )9 

As in  t h i s  e x p e r im e n t ,  th e  g r e a t e s t  p e r c e n ta g e  of th e  C18s2 was e s t e r i ^  

f i e d  in  th e  p h o s p h o l ip id  and c h o l e s t e r o l  e s t e r  f r a c t i o n s *  The amount 

of C18 % 2 .p r e s e n t  i n  d e p o t  and in t r a m u s c u la r  f a t  has  been  r e p o r te d  to  be 

v e ry  low in  t o t a l  f a t t y  a c id  p e r c e n ta g e  by Shorland  (1 9 5 3 ) ,  H o rn s te in  - 

e t  a le  (19 6 1 ) ,  O s t r a n d e r  and Dugan (1 9 6 2 ) ,  0 fk e e fe  e t  a l e (1 9 6 8 ) ,  and 

Dryden and M a r c h e l lo . (1 9 7 0 )0 S ince  no d i e t  e f f e c t s  f o r  th e  5, 10, and 

15 p e r c e n t  t a l l o w  d i e t s  were s i g n i f i c a n t ,  i t  can be conc luded  t h a t  d i e t  

e f f e c t  on l i v e r  f u n c t i o n  was m inim al i n  r e l a t i o n  to  a l l  o f th e  f a t t y  

a c id s  s t u d i e d .  I t  can a l s o  be concluded  t h a t  th e  l i v e r ,  as s tu d ie d  i n  

t h i s  e x p e r im e n t ,  i s  n o t  th e  m a jo r  so u rc e  o r  cause  of th e  r e d u c t io n  o f  

th e  p e r c e n t  of CIS2 2 of serum l i p i d s  b e f o r e  t h e . d e p o s i t i o n  o f  t h e s e : 

l i p i d s  i n  a d ip o se  t i s s u e  and in t r a m u s c u la r  f a t , .

D ata  r e v e a le d  t h a t  th e  p e r c e n t  o f  t a l lo w  in  th e  d i e t  was r e ­

s p o n s ib le  f o r  some e f f e c t  which s i g n i f i c a n t l y  reduced, th e  p e r c e n t  o f  

C18:2 in  th e  whole serum l i p i d  and th e  p h o s p h o l ip id  and c h o l e s t e r o l ,  

e s t e r  f r a c t i o n s  o f  th e  s t e e r s  fed  th e  15 p e r c e n t  t a l l o w  d i e t .  T h is
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r e d u c t io n  in  th e  .p e rc e n t  o f  C18:2 was a p p a r e n t ly  accoun ted  f o r  a t  some 

body s i t e  o th e r  th a n  th e  l i v e r 0. Adipose t i s s u e  can acc o u n t  f o r  a l a r g e  

p e rc e n ta g e  o f s y n th e s iz e d  f a t t y  a c id s  u n d er  e x p e r im e n ta l  c o n d i t io n s  

(O 'hea  and L e v e i l l e  1969) 9 and t h i s  t i s s u e  s i t e  may be v e ry  a c t i v e  in  

d e s a t u r a t i n g  C18:2 p r i o r  to  i t s  d e p o s i t i o n ,  i f  d e s a t u r a t i o n  i s  the  r e a ­

son f o r  i t s  low c o n c e n t r a t i o n  in  s to r a g e  l i p id s *

The f a t t y  ac id  p e r c e n ta g e  of c o n s t i t u e n t  l i p i d s  o f m ic ro o rg a n ­

isms in  th e  rumen cou ld  a cc o u n t  f o r  some o f  th e  serum l i p i d  d i f f e r e n c e s  

r e p o r te d  f o r  t h i s  and o th e r  ex p e r im e n ts  * Tove and M atrone (1962) r e ­

p o r te d  d e f i n i t e  m o rp h o lo g ic a l  d i f f e r e n c e s  in  m icro o rg an ism s  in  th e  

rumen of sheep  fed  p u r i f i e d  d i e t s  as opposed to  th o s e  fed  h a y - g r a i n  o r  

g r a z in g  d i e t s o  .*

Blood g lu c o se  l e v e l s  were m easured d u r in g  th e  c o u rs e  of each 

p e r fu s io n *  The l e v e l s  a t  i n i t i a l  tim e were much h ig h e r  th a n  th o se  

found n o rm a l ly  in  c a t t l e ,  and t h i s  f a c t  was a t t r i b u t e d  to  p r e - s l a u g h t e r  

e x c i t a t i o n *  D uring p e r f u s i o n ,  s i g n i f i c a n t  i n c r e a s e s  in  b lood  g lu c o se  

l e v e l s  were r e v e a l e d ,  s u g g e s t in g  t h a t  g lu c o se  was a v a i l a b l e  f o r  c a t a b o ­

l ism  f o r  energy* I t  was concluded  t h a t  m ost l i k e l y  no more f a t t y  a c id  

c a ta b o l i s m  f o r  en e rg y  o cc u rre d  f o r  th e  in  v i t r o  l i v e r s  in  t h i s  e x p e r i ­

ment th a n  f o r  in  v iv o  l i v e r s *  The t a l l o w  l e v e l s  in  th e  d i e t s  may have 

a f f e c t e d  th e  amount of g lycogen  t h a t  was c a p a b le  of b e in g  s to r e d  in  

th e  l i v e r s *  A lso , i f  th e  s t e e r s  fed  th e  h ig h e r  p e r c e n t  t a l l o w  d i e t s  

o x id iz e d  a l a r g e r  r e l a t i v e  p e r c e n ta g e  o f  f a t t y  a c id s  f o r  energy  u t i l i z a ­

t i o n ,  a l a r g e r  r e l a t i v e  p e r c e n t ;of g ly co g en  would have been  degraded  to  

p r e v e n t  k e to n e  fo rm ation*  Both e x p la n a t io n s  cou ld  a c c o u n t  f o r  th e  d i e t



e f f e c t  observed  f o r  th e .b lo o d  g lu c o se  l e v e l s  a t  i n i t i a l  tim e and d u r in g  

p e r f u s i o n 0

The m ost s i g n i f i c a n t  tim e e f f e c t  i n  th e  p e r f u s io n s  o f  th e  l i v e r s  

was th e  i n c r e a s e  in  p e r c e n t  of C18 and th e  d e c re a s e  i n  p e r c e n t  of-.CIS s i

in  th e  f r e e  f a t t y  a c id  f rac t ion -*  T h is  in c r e a s e  in  C18 p e rc e n ta g e  ap ­

p ea re d  to  have been  th e  r e s u l t  o f  a s a t u r a s e  enzyme system* T h is  s a t u ­

r a t i o n  e f f e c t  seemed to  have been  a t r u e  e f f e c t  b ecau se  i t  was a p p a re n t  

f o r  a l l  e i g h t  l i v e r s  in  t h i s  experim ent*

The p h y s ic a l  s i z e  o f  th e  s t e e r s «, th e  n a t u r e  o f  th e  e x c i s i o n ,  and

th e  r e q u i r e d  p r e - t r e a t m e n t  o f  th e  b lood  made i t  e x t re m e ly  d i f f i c u l t  to  

i n i t i a t e  p e r f u s io n  in  l e s s  th a n  12 min a f t e r  s tu n n in g  o f  th e  s t e e r s *

The f a c t  t h a t  th e  l i v e r s  were ischem ic  d u r in g  t h i s  p e r io d  may have ad ­

v e r s e l y  a f f e c t e d  some o f  th e  enzyme system s which cou ld  have in f lu e n c e d  

th e  r e s u l t s  of t h i s  experim ent*  However, th e  e f f e c t s  caused  b y  i s c h e ­

mia were p ro b a b ly  reduced  due to  th e  i n t e r n a l  r i n s i n g  p ro c e d u re  u s in g  

oxygenated  p h y s i o l o g i c a l  s a l i n e *  A lthough changes i n  f a t t y  p e r c e n ta g e s  

were observed  d u r in g  th e  2 h r  w hich c o n s t i t u t e d  each  p e r f u s i o n  p e r io d ,  

le n g th e n in g  th e  p e r f u s io n  tim es  cou ld  have produced g r e a t e r  changes i n  

th e s e  p e rc e n ts *  I t  a p p e a r s ,  how ever, t h a t  some o th e r  t i s s u e  s i t e ,  m ost 

l i k e l y  a d ip o se  t i s s u e ,  i s  th e  so u rc e  o f th e  m ajo r q u a l i t a t i v e  c h a n g e s . 

n o t  accoun ted  f o r  by l i v e r  f u n c t i o n  found between serum l i p i d s  and 

dep o t l i p id s *



CHAPTER V

SUMMARY

The l i v e r s  from e i g h t  s t e e r s  fed  0 ,  5 9 109 and 15 p e r c e n t  t a l ­

low l e v e l s  in  d i e t s  were p e r fu s e d  w i th  th e  d e f i b r i n a t e d  b lood  from th e  

same anim al from which th e  l i v e r  came0 The p e r f u s io n s  o f  th e  l i v e r s  

and th e  o p e r a t io n  o f  th e  p e r f u s io n  a p p a ra tu s  were judged  to  have been  

goodo

The p e r c e n t  changes o f each m a jo r  f a t t y  a c id  o f  th e  whole serum 

l i p i d  and th e  serum l i p i d  f r a c t i o n s  were coded to  p o s i t i v e  v a lu e s  to  

s im p l i f y  th e  a n a l y s i s  o f  v a r i a n c e  and th e  i n t e r p r e t a t i o n  of  th e  r e ­

s u l t s  0 The on ly  s i g n i f i c a n t  e f f e c t  o f  d i e t  was observed  in  th e  p h o s ­

p h o l ip id  f r a c t i o n  f o r  th e  f a t t y  a c id s  C16sl and C18 § 2 0 The 0 p e r c e n t  

t a l lo w  d i e t  caused  a s i g n i f i c a n t  ( P <  o0 5 ) d e c re a s e  i n  th e  p e r c e n t  of 

b o t h . a c i d s  over a l l  tim e i n t e r v a l s 0 An e x p la n a t io n  f o r  th e  r e d u c t io n ,  

in  p e r c e n t  o f C 16 :l  was e v i d e n t ,  b u t  an e x p l a n a t i o n  f o r  th e  d e c re a s e  in  

p e r c e n t  o f  C18s2 by t h i s  d i e t  in  t h i s  f r a c t i o n  was n o t  c l e a r l y  e v i d e n t 0

The m ost s i g n i f i c a n t  change (P <  @01) over tim e of p e r f u s io n  oc­

curred. i n  th e  f r e e  f a t t y  a c id  f r a c t i o n  betw een C18 and C!8 s l a D uring 

th e  f i r s t  30 min o f p e r f u s io n  a 6 0 2 p e r c e n t  i n c r e a s e  in  C18 co rresp o n d ed  

to  a 6 0 2 p e r c e n t  d e c r e a s e  in  C18sl«.' The c o r r e l a t i o n  c o e f f i c i e n t  f o r  th e  

change in  p e r c e n t  betw een th e  two a c id s  betw een 0 and 30 min of p e r f u ­

s io n  was h ig h l y  s i g n i f i c a n t  ( r  -  ’0«76)* A s a t u r a s e  enzyme system
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appeared  to  be th e  most p l a u s i b l e  e x p la n a t io n  f o r  th e  r e l a t i o n s h i p  of 

th e se  two ac id so

S ince  no s i g n i f i c a n t  changes in  p e r c e n t  of e i t h e r  CIS o r  CIS21 

in  th e  t r i g l y c e r i d e  f r a c t i o n  o r  p h o s p h o l ip id  f r a c t i o n  w ere o b se rv ed ,  i t  

was a p p a re n t  t h a t  th e  e s t e r i f i c a t i o n  r a t e  was n o t  r e s p o n s i b l e  f o r  th e  

time e f f e c t  observed  f o r  th e s e  two a c id s  in  th e  f r e e  f a t t y  a c id  f r a c ­

tio n *  The p o s s i b i l i t y  o f  enzyme d e s t r u c t i o n  by th e  t o t a l  tim e o f  i s -  

chemia may have been  one e x p la n a t io n  f o r  n o t  h av in g  o bserved  any s i g n i f ­

i c a n t  CIS o r  CIS?1 changes in  th e  t r i g l y c e r i d e  o r  p h o s p h o l ip id  f r a c t io n *  

O the r  m inor changes in  th e  p e r c e n t  o f  s p e c i f i c  f a t t y  a c id s  were 

observed  in  th e  l i p i d  f r a c t i o n s  and th e  whole serum l i p i d *  Some o f  

th e s e  changes may have been  s p u r io u s  b eca u se  of th e  g r e a t e r  d eg ree  o f  

e r r o r  a s s o c i a t e d  w i th  m inor a c id s  caused  by th e  la c k  of chromatogram ' 

peak  m a g n itu d e 9

C o r r e l a t i o n s  betw een th e  change in  p e r c e n t  among f a t t y  a c id s  in  

each  f r a c t i o n  were observed* C o r r e l a t i o n s  o f  f a t t y  a c id s  which r e ­

v e a le d  m a jo r  changes a f f e c t e d  by t r e a tm e n t s  were s p e c i f i c a l l y  d i s c u s s e d  

in  r e l a t i o n  to  the  changes observed*



APPENDIX.

MEAN SQUARES

T ab le  17. Mean s q u a re s f o r whole serum l i p i d  m a jo r  f a t t y  a c i d s .

Fatty-
a c id

S o u r  c e o f  v a r i a t i o n
D ie t

3a
Time

3
D ie t  x tim e 

9
E r r o r

16

C14 .004 .091 .086 V .106

C15 .007 .435 .128 .169

C16 .090 .679 .746 .641

C16s 1 .035 .461**
*

.221 .059

G17 .012 .131 .061 .045

CIS .094 .911 ’ .337 .417

•C ISll . .046 .627 1.097 .863

CIS; 2 .708 .971 1.505 1.816

C18;3 .075 .453 .346 .168

C22 .081 .428 .376 .331

C20s4 .016 1.380 1.200 .664

a D e g re es  o f  f re e d o m

*  P <o05
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T able  18, Mean s q u a re s f o r  p h o s p h o l ip id f r a c t i o n  m a jo r  f a t t y a c i d s .

F a t t y
a c id

S o u r c e o f  v a r i a t i o n
D ie t

3a
Time

3
D ie t  x  tim e 

9
E r r o r

16

C14 ,013 .071 .087 .068

C15 ,122 .054 ;. .157 .064

C16 ,323 .228 .608 ; V .338

C16s1 . 49 ,764* .174 .063 12.440

C17 ,084 .064 . ,064 ; .121

C18 . .119 .387 : 1 .878* .612

G18s 1 . 212 ,188 .702 .290

C18s 2 3 .032* .488 ,713 .578

C22 .222 .027 ; .176  :: . 158

C20;4 1.035 . 283 .559 . .456

cl D e g re es  o f  f re e d o m

*  P < ,0 5
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T ab le  19„ Mean sq u a re s  f o r  f r e e  f a t t y  ac id  f r a c t i o n  m a jo r  f a t t y  a c i d s .

F a t t y
a c id

S o u r c e  o f v a r i a t i o n
D ie t

3a
Time

3
D ie t  x time 

, 9
E r r o r

16

G14 ,116 .146 .234 1.112

C15 .015 .163 .144 .174

C16 . .357 . 5 .533 4 .214 3.593

C16$ 1 .134 ,674 .982 .696 .

C17 .075 .903* .353 .236 .

CIS 3 .134 90.603** 14.361** 3 .450

CIS: 1 1.576 74.234** 4.465 3 .063

CIS: 2 1.123 2.578 • 2.257 3.243

C22 , .046 . 2 . 221** .527 .341

C20:4 .554 1.045 .792 .389

a D e g re es  o f  f re e d o m

* P < .05
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T ab le  20. Mean s q u a re s  f o r  t r i g l y c e r i d e  f r a c t i o n  m a jo r  f a t t y  a c i d s .

F a t t y
a c id

S o u r c e  o f v a r i a t i o n
D ie t

3a
Time

3
D ie t  x  tim e 

9
E r r o r

16

C14 .211 .261 .454 .785

C15 .064 .103* .253** .030

C16 1.211 . 2 .223 1.788 . 1 .448

C16s 1 .054 : .833 .895* .299

G17 .028 ■ .248 .415 .241

G18. 1 .994 1.445 2.802 2.411

C18s 1 .573 1.304 3 .7  22 1.915

C18s 2 .781 1.206 /. 1.977 2.811

a D egrees o f freedom  

* P < .0 5  

* * P < . 0 1
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T able  21, Mean square 's  f o r  c h o l e s t e r o l  e s t e r  f r a c t i o n  m ajor f a t t y  
ac id so

F a t t y  
ac id

S o u r c e o f  v a r i a t i o n
D ie t

3a
Time

3
D ie t  x  tim e 

9
E r r o r

16

C14 .005 .698 . .625 .288

IsoClS .015 .145 .116 .107

C15 .005 .100 ,155 .225

Cl 6 .102 .981 .412 ,373

C16 % 1 .168 .106 .399 .327

IsoClS .062 .171 .174 .128

CIS .011 .356 ' .089 .127

C lS s l .088 .061 .547 .670

CIS; 2 .678 2.936 3 = 310 3.989

C20 .020 .500 .613 .308

CIS; 3 .250 .123 .792* ,239

C20;4 .263 .116 .632 .384

a D egrees of freedom  

* P <„05
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