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F e e d i n g  v e g e t a b l e  oils at  t he  leve l  of 20 % to  l a b o r a t o r y  a n i m a l s  has  no  
ill  effects .  B u t  oils c o n t a i n i n g  e ruc ic  ac id  s u c h  as r a p e s e e d  oil a n d  m u s t a r d  
oil  p r o d u c e  ca rd i ac  l i p idos i s  (2, 4, 5, 16, 17) fo l l owed  b y  f ibros is ,  if s u c h  
f e e d i n g  is p r o l o n g e d  (8, 15). L i t t l e  w o r k  a p p e a r s  to  h a v e  b e e n  c a r r i e d  ou t  
o n  t he  fac tors  w h i c h  c o u l d  p r e v e n t  s u c h  l ip idos i s .  R e n u k a  (16) d e m o n s -  
t r a t e d  t h a t  f ish m e a l  i n  p l ace  of s k i m  m i l k  p o w d e r  as a s o u r c e  of p r o t e i n  
has  a t e n d e n c y  to  p r e v e n t  l ip idos is .  S i n c e  f i sh  m e a l  c o n t a i n s  c a r n i t i n e  a n d  
p o l y u n s a t u r a t e d  fa t ty  ac ids  i n  a d d i t i o n  to  p r o t e i n s ,  t he  ef fec ts  of t he i r  
a d d i t i o n  to a m u s t a r d  oil d i e t  o n  t he  c o m p o s i t i o n  a n d  ac t iv i t i e s  of e n z y m e s  
of l i p id  m e t a b o l i s m  i n  s u b c e l l u l a r  f r ac t i ons  of hear t ,  l iver ,  a n d  ske le t a l  
m u s c l e s  of ra ts  w e r e  s t ud i ed .  

Mater ia l  and m e t h o d s  

Batches of 7 male rats were fed experimental  diets supplying 20 % mustard oil, 
or 17.5 % mustard oil plus 2.5 % fish oil, with and without 0.1% carnitine, over a 
period of 65 hours. The mustard oil contained 47.2 % erucic acid. After the experi- 
mental  feeding, the animals were killed and the heart, liver and skeletal muscles 
were collected on ice, pooled, homogenized and fractionated into mitochondria and 
post-mitochondrial fractions (10). The homogenates from heart were also examined 
for lipase and phospholipase activities. The protein content  (9), succinate dehyd- 
rogenase (3), phospholipase (13), lipase (13), cholesterol ester hydrolase and synthet- 
ase (14) were determined. The cholesterol and free fatty acids were also determined 
(19, 6), and the tissues were also examined for histopathological changes (12). 

R e s u l t s  

Feeding carnitine and/or fish oil with a mustard oil diet to rats increased the 
activities of phospholipase and lipase (pH 6.0) in homogenates of heart and also 
increased the mitochondrial  protein content of heart and liver, and fish oil with 
carnitine did so in skeletal muscles also. The carnitine and/or fish oil supplemented 
diets increased the activity of succinate dehydrogenase in the mitochondria from 
heart and skeletal muscles. The activities of phospholipase in mitochondria of heart 
and liver were decreased and the ratios of cholesterol to cholesterol esters were 
increased (table 1). 
635 



Gill et  al., Changes in composi t ion  and e n z y m e  activities 189 

Table 1. Changes in the composition and enzyme activities of mitochondrial  prepa- 
rations from tissues of rats given a mustard oil diet with carnitine and/or fish oil. 

Diet Protein* Lipase** Phospho- Succinate Chol/Chol 
(pH 6.0) lipase** dehydrogenase*** Est ratio 

Heart 
MO 6O 176 (18) 
MO + FO 368 167 (36) 
MO + FO + C 184 152 (49) 

Liver 
MO 56 82 (20) 
MO + FO 99 83 (10) 
M O + F O + C  82 116 (15) 

Skeletal muscles 
MO 180 - 
MO + FO 106 
MO + FO + C315 

241 (6) 212 2.0 
231 (46) 2512 2.1 
183 (77) 1272 2.4 

235 (7) 1193 1.0 
149 (11) 799 1.5 
144 (16) 1110 1.3 

212 2.0 
550 2.1 
583 1.9 

* ~g/mg tissue protein 
** ~g free fatty acids released/mg protein 

*** pmoles succinate oxidized/rag protein/minute; MO, mustard oil; FO, fish oil; C, 
carnitine: Chol Est, cholesterol esters; figures in parentheses represent enzyme 
activities in tissue homogenates. 

The mustard oil diet supplemented with carnitine plus fish oil increased the 
ratios of cholesterol ester hydrolase to cholesterol ester synthetase in the post- 
mitochondrial fractions of heart and liver. The activities of phospholipase in the 
post-mitochondrial fractions of heart were increased by supplementat ion with 
carnitine and/or fish oil. The protein content of the post-mitochondrial fraction was 
increased with the mustard oil diet supplemented with carnitine and fish oil 
(table 2). 

On feeding the mustard oil diet, lipidosis was observed by Sudan  IV and 
Haematoxylin-Eosin staining of sections of heart (fig. 1 a) and skeletal muscles (fig. 
1 b). Inclusion of fish oil alone in a mustard oil diet had a little beneficial effect, 
whereas inclusion of fish oil plus carnitine in a mustard oil diet resulted in 
elimination of lipidosis in heart (fig. 2 a) and skeletal muscles (fig. 2 b). 

D i s c u s s i o n  

T h e  i n c r e a s e d  ac t iv i t i e s  of p h o s p h o l i p a s e  a n d  l ipase  (pH 6.0) i n  
h o m o g e n a t e s  of h e a r t  i n d i c a t e d  i n c r e a s e d  l ipo lys i s  w h e n  c a r n i t i n e  a n d / o r  
fish oil w e r e  a d d e d  ( tab le  1). T h e  d ie t  w i t h  c a r n i t i n e  p l u s  f ish oil p r o d u c e d  
a g rea t e r  i n c r e a s e  i n  t h e  ac t iv i ty  of t he se  e n z y m e s .  T h e  h i g h e r  ra t ios  of 
cho le s t e ro l  e s t e r  h y d r o l a s e  to  cho le s t e ro l  es te r  s y n t h e t a s e  in  t he  pos t -  
m i t o c h o n d r i a l  f r a c t i o n  of t he  hea r t s  of ra t s  g i v e n  t he  m u s t a r d  oil  d i e t  w i t h  
c a r n i t i n e  p l u s  f i sh  oil ( tab le  2) a lso i n d i c a t e d  i n c r e a s e d  l ipolys is .  Th i s  was  
also c o n f i r m e d  b y  S u d a n  IV  a n d  H a e m a t o x y l i n - E o s i n  s t a i n i n g  of t he  
sec t ions  of hea r t  a n d  ske le ta l  m u s c l e s  f r o m  ra ts  g i v e n  m u s t a r d  oil  d i e t  
w i t h  c a r n i t i n e  a n d  f i sh  oil (figs. 1 a n d  2). T h e  i n c r e a s e  in  m i t o c h o n d r i a l  
p r o t e i n  c o n t e n t  a n d  s u c c i n a t e  d e h y d r o g e n a s e  ac t iv i ty  af ter  f e e d i n g  t he  
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Table 2. Changes in the protein and enzyme activities of postmitochondrial frac- 
tions from tissues of rats given mustard oil diet with carnitine and/or fish oil. 

Diet Protein* Lipase** Phospholipase** CEH/CES 
(pH 6.0) ratio 

Heart 
MO 202 (3.4) 141 (0.8) 24 (0.1) 2.3 
MO + FO 150 (0.4) 90 (0.5) 124 (0.5) 0.5 
MO + FO + C 381 (2.1) 73 (0.5) 138 (0.8) 3.8 

Liver 
MO 247 (4.4) 111 (1.4) 56 (0.2) 0.6 
MO + FO 222 (2.2) 26 (0.3) 50 (0.3) 0.2 
MO + FO + C 310 (3.8) 34 (0.3) 31 (0.2) 1.0 

Skeletal muscles 
MO 298 (1.7) 193 (4.6) 82 (5.1) 20.8 
MO § FO 253 (2.4) 47 (5.2) 99 (1.2) 0.5 
MO + FO + C 222 (0.7) 109 (2.3) 112 (1.6) 0.4 

* ~tg/mg tissue protein 
** ~tg free fatty acids released/rag protein; CEH and CES, cholesterol ester hydro- 

lase and synthetase; MO, mustard oil; FO, fish oil; C, carnitine; figures in 
parentheses represent the ratio of activities of enzymes in the post-mitochondrial 
to mitochondrial  fractions. 

m u s t a r d  oil d i e t  c o n t a i n i n g  c a r n i t i n e  p l u s  f i sh  oil ( tab le  1) s u g g e s t e d  t h a t  
the  i n t e g r i t y  of the  m i t o c h o n d r i a  was  i n c r e a s e d  a n d  c o n s e q u e n t l y  t he i r  
o x i d a t i v e  capac i ty .  

T h e  c a r n i t i n e  p l u s  f i s h o i l - s u p p l e m e n t e d  m u s t a r d  oil d i e t  i n c r e a s e d  t he  
ra t io  of cho l e s t e ro l  to  cho le s t e ro l  es te rs  i n  t he  he a r t  ( table  1) t n i t o c h o n d r i a ,  
i n d i c a t i n g  i n c r e a s e d  i n c o r p o r a t i o n  of cho le s t e ro l  i n to  m i t o c h o n d r i a .  T h e  
i n s e r t i o n  of cho l e s t e ro l  m a y  m o d i f y  the  b i l a y e r  s t r u c t u r e  of m e m b r a n e s  (1, 
7, 18), a n d  c o n s e q u e n t l y  the  p o s i t i o n  of i n t e g r a l  m e m b r a n e  p r o t e i n s  in  t he  
l i p id  b i l a y e r  m a y  b e  a l t e r ed  (11). 
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Fig. 1. F r o z e n  s ec t i ons  of (a) h e a r t  a n d  (b) ske le t a l  m u s c l e s  of ra t s  g iven  a m u s t a r d  
off d i e t  a n d  s h o w i n g  fat  d e p o s i t i o n  r e p r e s e n t e d  b y  d a r k  a reas  s t a i n ed  w i t h  

S u d a n  IV. 

Fig. 2. F r o z e n  s e c t i o n s  of h e a r t  (a) a n d  ske le t a l  m u s c l e s  (b) of r a t s  g i v e n  m u s t a r d  oil  
d ie t  s u p p l e m e n t e d  w i t h  c a r n i t i n e  p lus  f ish oil a n d  s h o w i n g  l ack  of fat  d e p o s i t i o n  

a f te r  S u d a n  IV s ta in ing .  
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T h e  r e s p e c t i v e  i n c r e a s e  a n d  d e c r e a s e  i n  t he  ra t ios  of p o s t - m i t o c h o n d -  
r ial  to m i t o c h o n d r i a l  p h o s p h o l i p a s e  a n d  l ipase  (pH 6.0) i n  h e a r t  i n d i c a t e d  a 
r e s p e c t i v e  d e c r e a s e  a n d  i n c r e a s e  in  m i t o c h o n d r i a l  p h o s p h o l i p a s e  a n d  
l ipase  ( tab le  2). 

Al l  t h e s e  r e su l t s ,  e spec i a l l y  the  i n c r e a s e d  ac t i v i t y  of l i pa se  (pH 6.0) a n d  
p h o s p h o l i p a s e  i n  h e a r t  h o m o g e n a t e s  ( tab le  1) a n d  t he  i n c r e a s e d  ac t iv i ty  of 
s u c c i n a t e  d e h y d r o g e n a s e  i n  hea r t  a n d  ske le ta l  m u s c l e s  ( tab le  1), i n d i c a t e d  
t h a t  i n c r e a s e d  l ipo lys i s  a n d  o x i d a t i o n  of t he  l i b e r a t e d  fa t ty  ac ids  m a y  be  
r e s p o n s i b l e  for  t h e  l ack  of l ip idos i s  w h e n  a m u s t a r d  oil d i e t  s u p p l e m e n t e d  
w i t h  c a r n i t i n e  p l u s  f i sh  oil  is fed, as  c o m p a r e d  to  a n  u n s u p p l e m e n t e d  
m u s t a r d  oil diet .  

Summary  

The effects of short-term feeding of a 20 % mustard oil (containing 47 % erucic 
acid) diet with 0.1% carnitine and/or f ish oil on the activity of enzymes of lipid 
metabolism in mitochondrial  and post-mitochondrial fractions of heart, liver, and 
skeletal muscles of rats were determined to study the reversal of erucic acid- 
induced lipidosis. Histopathological changes were also studied. 

The inclusion of fish oil or fish oil plus carnitine in a mustard oil diet, especially 
the latter, eliminated the histopathologically detectable lipidosis in heart and 
skeletal muscles. The reason for this appears to be the increased activity of lipase 
and phospholipase in tissue homogenates and of cholesterol ester hydrolase in the 
post-mitochondrial fraction; and also an increase in rnitochondrial succinate dehyd- 
rogenase which may increase the utilization of the liberated fatty acids. The results 
suggest that the erucic acid-induced lipidosis is prevented or eliminated by 
increased lipolysis and oxidation of fatty acids when such a diet is supplemented 
with carnitine and/or fish oil. 

Key  words: enzyme activity, mitochondria, mustard oil, carnitin, fish oil 
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