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Summary 

30 rats were divided into 3 groups to study the effects of erucic-acid-rich mustard 
oil (IV[O) and MO plus fish oil and earnitine (IV[OFOC) diet as compared to groundnut 
oil (GNO) diet on the collagen biosynthesis in various tissues. Changes in collagen 
content and monoamine oxidase (IV[AO) of hearts, aorta, skeletal muscles, lungs and 
skin were determined after 24, 60 and 80 days of feeding, respectively. Incorpora- 
tion of UJ4C-proline into collagen of these tissues was also studied. MO diets 
increased the incorporation of UJ4C-proline into total and acid-insoluble collagen 
in heart, skeletal muscles and lungs but this increase was of lower magnitude in 
heart and skeletal muscles as compared with MOFOC diet. Total and acid-insoluble 
collagen contents in all these tissues, except skin, were increased by MO diet and 
IV[OFOC diet retarded this increase. Similar trends were observed in the activities of 
MAO. The results suggest that the MO diet increases both the biosynthesis and 
matura t ion  of collagen and MOFOC diet  retards this trend. The response of various 
t issues being variable in this respect.  

Zusammenfassung 

Zur Untersuchung der Wirkungen von Di~tformen mit erukas~urehaltigem Senf- 
61 (IVIO), MO + Fisch61 und Carnitin (MOFOC) und als Vergleich mit ErdnuB61 
(GNO) auf die Kollagenbiosynthese in verschiedenen Geweben wurden 3 Gruppen 
yon je 10 Ratten gebildet. Anderungen irn Kollagengehalt und in der Monoaminoxi- 
dase (MAO) von Herz, Aorta, Skelettmuskulatur, Lungen und Haut wurden nach 24, 
60 und 80 Tagen F/~tterung untersucht Der Einbau yon U-14C-Prolin in das Kolla- 
gen dieser Gewebe wurde ebenfalls untersueht. MO-Di~ten erh6hten den Einbau 
von U-14C-Prolin in das gesanlte und s~ureunl6sliche Kollagen von Herz-, Skelett- 
muskeln und Lungen, aber bei Herz- und Skelettmuskeln war die Erh6hung 
geringer als die bei den Tieren auf MOFOC-Di~t. Das gesamte und s~ureunl6sliche 
Kollagen in allen untersuchten Geweben mit Ausnahme der Haut wurde durch MO- 
Difit erh6ht, w~ihrend diese Zunahme dutch MOFOC-Di~t verz6gert wurde. Ahnli- 
che Trends wurden bei der Bestimmung der M_AO-Akt/vit~t beobachtet. Die Ergeb- 
nisse legen nahe, dab die MO-Di~t die Biosynthese und Reifung des Kollagens 
steigert und MOFOC-Di~ten diesen Vorgang verz6gern. Das Ansprechen der ver- 
schiedenen Gewebe war unterschiedlich. 
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T h e  f e e d i n g  of  m u s t a r d  (Brassica j u n c e a )  oil, r i c h  i n  e r u c i c  ac id  (A13-cis - 
d o c o s e n o i c  acid),  p r o d u c e s  l i p i d o s i s  (3-5, 11, 18) a n d  f i b ro s i s  m h e a r t  (1, 2, 
8, 12, 16) of  l a b o r a t o r y  an ima l s .  A r e d u c t i o n  in  t h e  e r u c i c - a c i d - i n d u c e d  
c a r d i a c  l i p i d o s i s  has  b e e n  r e p o r t e d  b y  s u p p l e m e n t i n g  e r u c i c - a c i d - r i c h  
d ie t s  w i t h  f i sh  oi l  or  f i sh  oil  p l u s  c a r n i t i n e  (9, 10, 19). T h e  p r e s e n t  w o r k  w a s  
c a r r i e d  o u t  to s t u d y  t h e  l e v e l s  a n d  e x t e n t  of  c o l l a g e n  b i o s y n t h e s i s  u n d e r  
t h e s e  f e e d i n g  r e g i m e n s ,  as  no  s t u d i e s  a p p e a r  to  h a v e  b e e n  c a r r i e d  ou t  to  
d e t e r m i n e  t h e  q u a n t i t a t i v e  c h a n g e s  in  t h e  c o l l a g e n  c o n t e n t  of  v a r i o u s  
t i s sues .  

M a t e r i a l s  and m e t h o d s  

30 albino rats were divided into 3 groups of 10 animals each and maintained on 
exper imental  diets (table 1). The food and water  were given ad 1161tum. After 
24 days, 3 rats from each group were injected (i.p.) 3 t imes with U-14C-prollne (Sp. 
act. 100 mCi/mmole) at 2 hrs intervals, before sacrifice, to study the biosynthesis of 
collagen. Again after 60 days 5 rats from each group were killed to determine the 
levels of various types of collagen. The remaining 2 rats from each group were killed 
after 80 days of feeding the experimental  diets to determine the activity of mono- 
amine oxidase (6) in mitochondria isolated (14) from various tissues. U-14C-prohne 
was obtained from BARC, Trombay (India), and the radioactivity was measured in  
Packard 3330 liquid scintillation spectrometer,  using scintillation fluid of Bray (7): 
The salt-soluble, acid-soluble, and acid-insoluble collagen were fractionated (17) by 
using 0.45 M NaC1, 1 M NaC1, and 0.5 M citrate (pH 3.7), respectively. The hydroxy- 
proline content  determined by the method of Steegeman and Stadler (21) was 
multiplied by 7.46 to get the collagen content. The protein content  was determined 
(12) and statistical analysis was also carried out (20). 

R e s u l t s  

T h e  i n c o r p o r a t i o n  of  U-14C-prohne ( tab le  2) w a s  m a x i m u m  i n t o  t h e  ac id -  
i n s o l u b l e  c o l l a g e n  as c o m p a r e d  to  t h e  s o l u b l e  c o l l a g e n  f r a c t i o n s  f r o m  
hear t ,  s k e l e t a l  m u s c l e s ,  l ungs ,  a n d  s k i n  of  ra t s  g e t t i n g  t h e  3 d ie ts .  T h e  

Table 1. Components  (g%) of ground_nut oil (GNO), mustard oil (MO)* and 
MO + fish oil + carnitine (MOFOC) diets. 

Dietary component  GNO MO MOFOC 

Wheat flour 50 50 50 
Gram (crushed) 6 6 6 
Skim milk powder  20 20 20 
Groundnut  oil 20 - - 
Mustard oil*) - 20 17.5 
Fish oil - - 2.5 
Carnitine - - 0.1 
Yeast powder 2 2 2 
Common salt 0.5 0.5 0.5 
Mineral mixture  0.5 0.5 0.5 
Vitamin mixture**) 1 1 1 

*) 47.2% erucic acid content. 
**) One gram supplied 3000 I.U. Vit. A and 300 I.U. Vit. D 2. 
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Table 2. Effects of feeding GNO, MO, MOFOC diets, for 24 days, on the incorpora- 
tion of U-14C-proline (mean • S.D. pmol~/mg proteins) into collagen fractions of 

various tissues. 

Tissue NaCl-soluble collagen Acid-soluble Acid-insoluble 
Diet 0.45 M salt 1.0 M salt collagen collagen 

Heart 
GNO 0.067 .+ 0.03 1.12 __. 0.69 1.03 - 0.29 4.45 _ 1.10 
MO 0.050 .+ 0.02 1.53 +_ 0.37 0.99 • 0.21 11.37 • 4.21 
MOFOC 0.020 .+ 0.01 1.68 .+ 0.15 1.16 • 0.20 6.78 .+ 0.79 

Aorta 
GNO 0.067 .+ 0.03 1.61 • 0.25 0.89 • 0.20 1.14 .+ 0.67 
MO 0.085 • 0.05 2.69 • 0.97 1.19 • 0.52 0.82 • 0.06 
MOFOC 0.122 .+ 0.07 1.79 • 0.30 0.71 _ 0.48 0.59 • 0.06 

Skeletal musc le s  
GNO 0.059 • 0.02 0.908 _+ 0.07 1.48 • 0.31 5.63 _+ 1.03 
MO 0.028 + 0.01 0.996 ___ 0.04 1.13 • 0.23 15.86 +_ 9.52 
MOFOC 0.036 + 0.02 0.830 • 0.07 0.74 • 0.25 11.04 +_ 2.11 

Lungs 
GNO 0.048 _+ 0.01 1.28 • 0.43 2.75 • 0.58 6.20 • 0.50 
MO 0.072 • 0.00 1.44 • 0.10 2.71 • 0.43 16.59 • 1.99 
MOFOC 0.120 +_ 0.04 1.32 • 0.09 2.88 .+ 0.26 17.40 _ 9.12 

Sk in  
GNO 0.11 • 0.03 1.43 • 0.45 1.29 • 0.12 10.87 • 3.31 
MO 0.10 .+ 0.03 2.58 • 1.01 1.71 • 0.16 9.60 _ 3.30 
MOFOC 0.08 • 0.03 4.14 .+ 0.90 1.49 • 0.66 8.61 • 2.32 

i n c o r p o r a t i o n  in to  a c i d - s o l u b l e  c o l l a g e n  of  l ungs ,  s a l t - s o l u b l e  c o l l a g e n  of 
ao r t a  a n d  s k i n  w e r e  a lso  c o n s i d e r a b l e .  F e e d i n g  of  m u s t a r d  oi l  (MO) diet ,  as 
c o m p a r e d  to  g r o u n d n u t  oil  (GNO)  die t ,  s u b s t a n t i a l l y  i n c r e a s e d  t h e  i nco r -  
p o r a t i o n  i n t o  a c i d - i n s o l u b l e  c o l l a g e n  of  hear t ,  s k e l e t a l  m u s c l e s  a n d  lungs .  
S u p p l e m e n t a t i o n  of  M O  d i e t  w i t h  f i sh  off p l u s  c a r n i t i n e  (lVIOFOC) d i e t  
d e c r e a s e d  t h e  e x t e n t  of  th i s  i n c r e a s e  in  i n c o r p o r a t i o n  in  h e a r t  a n d  s k e l e t a l  
m u s c l e s .  N o  s u c h  e f f e c t  w a s  o b s e r v e d  in  l ungs .  I n  s k i n  t h e  i n c o r p o r a t i o n  
of  U-14C-prol ine i n t o  a c i d - i n s o h i b l e  c o l l a g e n  w a s  d e c r e a s e d  b o t h  by  MO 
a n d  M O F O C  die t s ,  a n d  in  a o r t a  t h e  i n c o r p o r a t i o n  in to  s a l t - so lub l e  (1.0 M 
NaCl)  c o l l a g e n  w a s  m a x i m u m  w i t h  MO die t .  On  all  t h e  3 d i e t s  t h e  i n c o r p o -  
r a t i o n  of  U-14C-prol ine  in to  s a l t - so lub l e  c o l l a g e n s  of  hear t ,  ao r t a  a n d  s k i n  
w a s  h i g h e r  t h a n  t h a t  i n t o  t h e  a c i d - s o l u b l e  c o l l a g e n  a n d  w a s  i n c r e a s e d  b y  
MO a n d  M O F O C  d i e t s  ( tab le  2). 

F e e d i n g  of  M O  d i e t  fo r  24 days  ( table  3) a n d  60 d a y s  ( tab le  4) i n c r e a s e d  
t h e  to t a l  c o l l a g e n  c o n t e n t  in  hea r t ,  s k e l e t a l  m u s c l e s ,  ao r t a  a n d  l u n g s  as 
c o m p a r e d  to  t h e  G N O  die t .  M O F O C  d i e t  s u p p r e s s e d  th i s  i n c r e a s e  i n d u c e d  
b y  MO die t ,  e s p e c i a l l y  a f t e r  f e e d i n g  for  60 days .  I n  s k i n  t h e  M O  a n d  
M O F O C  d i e t s  d e c r e a s e d  t h e  t o t a l  c o l l a g e n  c o n t e n t .  

A f t e r  60 days ,  t h e  M O  d i e t  i n c r e a s e d  t h e  a c i d - i n s o l u b l e  c o l l a g e n  c o n t e n t  
in  hear t ,  l u n g s ,  a o r t a  a n d  s k e l e t a l  m u s c l e s  ( tab le  4). T h i s  w a s  o b s e r v e d  in  
h e a r t  a n d  s k e l e t a l  m u s c l e s  e v e n  a f t e r  24 d a y s  of  f e e d i n g  M O  d i e t  ( t ab le  3). 
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Table 3. Effects of feeding GNO, MO, MOFOC diets, for 24 days, on the levels 
(mean • S.D. ~g]mg tissue proteins) of collagen fractions of various tissues. 

Tissue NaCl-soluble collagen Acid-soluble Acid-insoluble 
Diet 0.45 M salt 1.0 M salt collagen collagen 

Hear t  
GNO 4.89 _+ 0.41 3.74 __ 1.55 2.46 _ 1 .30  16.12 • 7.67 
MO 4.14 • 1.61 4.33 • 0.75 1.23 __. 0.46 20.81 • 0.96 
MOFOC 5.65 • 1.08 2.74 • 1.14 2.51 __ 0.36 11.68 • 2.30 

Aorta 
GNO 26.70 • 16.25 0.72 • 0.33 0.50 • 0.35 28.22 • 15.72 
MO 67.81 • 15.08 2.73 ___ 0.39 1.32 ___ 0.23 72.52 • 13.31 
MOFOC 49.89 • 12.59 1.52 ___ 0.65 2.12 • 0.18 53.75 • 13.48 

Skeletal muscles  
GNO 10.96 • 6.55 2.59 • 0.98 10.74 • 9.63 25.02 • 9.76 
MO 8.21 • 2.54 2.98 • 0.84 2.02 • 0.60 43.21 • 7.76 
MOFOC 8.70 • 2.31 1.76 • 0.33 3.76 • 0.90 22.83 • 5.66 

Lungs  
GNO 4.06 • 1.12 1.96 • 0.33 3.18 • 0.19 10.77 • 1.72 
MO 20.27 • 3.51 1.48 • 0.18 4.08 • 1.46 27.04 • 2.76 
MOFOC 13.12 • 4.83 2.30 • 1.30 3.89 • 1.76 21.99 • 6.69 

Skin 
GNO 9.08 • 2.02 2.92 • 1.20 1.41 • 0.84 25.60 • 16.94 
MO 8.05 • 3.31 1.95 • 0.05 1.68 • 0.34 19.12 • 3.77 
MOFOC 10.02 • 1.86 1.62 • 0.25 2.13 • 0.64 17.78 • 2.32 

M O F O C  d ie t  r e t a r d e d  th i s  i n c r e a s e  in  a c i d - i n s o l u b l e  co l l agen .  B o t h  M O  
a n d  M O F O C  d ie t s  d e c r e a s e d  th i s  a c i d - i n s o l u b l e  c o l l a g e n  c o n t e n t  in  s k i n  
( tab les  3, 4). A f t e r  24 d a y s  of  f e e d i n g ,  MO d i e t  d e c r e a s e d  t h e  a c i d - s o l u b l e  
c o l l a g e n  c o n t e n t  of  h e a r t  a n d  s k e l e t a l  m u s c l e s  ( t ab le  3), w h e r e a s  in  l u n g s  
a n d  s k i n  i t  d e c r e a s e d  a f t e r  60 days  of f e e d i n g  ( tab le  4). T h e  s a l t - so lub l e  
c o l l a g e n  c o n t e n t  i n c r e a s e d  in  ao r t a  b o t h  w i t h  M O  a n d  M O F O C  die t s ,  b u t  
t h e  i n c r e a s e  w a s  of l o w e r  m a g n i t u d e  w i t h  M O F O C  d i e t  ( tab les  3, 4). 

F e e d i n g  of  M O  d i e t  fo r  80 d a y s  c o n s i d e r a b l y  i n c r e a s e d  t h e  a c t i v i t y  of  
m o n o a m i n e  o x i d a s e  (MAO) in  al l  t h e  t i s s u e s  e x c e p t  skin,  w h e r e a s  M O F O C  
d i e t  d e c r e a s e d  t h e  a c t i v i t y  of  M A O  in  al l  t h e  t i s s u e s  e x c e p t  a o r t a  ( tab le  5). 

D i s c u s s i o n  

T h e  r e s u l t s  ( t ab les  3, 4) i n d i c a t e  t h a t  t h e  i n c r e a s e  in  t h e  l e v e l s  of  t o t a l  
c o l l a g e n  in  hear t ,  aor ta ,  l u n g s  a n d  s k e l e t a l  m u s c l e s  of  rats ,  i n d u c e d  b y  MO 
diet ,  is d e p r e s s e d  w i t h  M O F O C  diet .  S i m i l a r  t r e n d s  o b s e r v e d  in  t h e  
a c t i v i t i e s  of  m i t o c h o n d r i a l  M A O  in  t h e s e  t i s s u e s  ( tab le  5) i n d i c a t e  t h a t  M O  
d i e t  i n f l u e n c e s  t h e  a c c u m u l a t i o n  of  c o l l a g e n  t h r o u g h  i ts  e f f ec t  on  M A O .  
S i n c e  M A O  is i n v o l v e d  in  t h e  m a t u r a t i o n  of  c o l l a g e n  (15), t h e  M O  d i e t  m a y  
e n h a n c e  t h e  m a t u r a t i o n  of co l l agen .  

T h e  sa l t - so lub le ,  a c i d - s o l u b l e  a n d  a c i d - i n s o l u b l e  c o l l a g e n  r e p r e s e n t  
n e w l y  f o r m e d  co l l agen ,  d e g r a d e d  c o l l a g e n  a n d  m a t u r e  co l l agen ,  r e s p e c -  



R o m a n a  e t  al., E f f e c t s  o f  f e e d i n g  m u s t a r d  oil  d i e t s  6 3  

T a b l e  4. E f f e c t  o f  f e e d i n g  G N O ,  M O ,  M O F O C  d i e t s ,  f o r  60 d a y s ,  o n  t h e  l e v e l s  
( m e a n  ___ S .D .  ~ tg /mg t i s s u e  p r o t e i n )  o f  c o l l a g e n  f r a c t i o n s .  

T i s s u e  N a C l - s o l u b l e  c o l l a g e n  A c i d - s o l u b l e  A c i d - i n s o l u b l e  
Diet  0.45 M sa l t  1.0 M sal t  co l lagen col lagen 

H e a r t  
G N O  4.44 _+ 1.09 4.61 _ 1.78 1.90 _+ 1.43 14.35 __ 3.02 
M O  3.50 _+ 2.27 4.68 ___ 1.30 2.45 _+ 1.53 15.98 _+ 8.46 
M O F O C  5.82 __ 1.28 4.05 _ 1.49 0.64 _ 0.42 13.23 _+ 3.36 

A o r t a  
G N O  7.56 +_ 2.08 1.48 _+ 0.72 0.53 -4-- 0.17 12.27 _ 1.55 
M O  7.66 _ 2.96 7.26 _ 1.37 0.80 _ 0.57 26.14 ___ 1.28 
M O F O C  4.35 _ 2.01 6.39 __ 2.35 3.01 _ 0.86 15.86 __ 3.20 

Skeletal muscles 
GNO 4.50 _+ 0.86 1.96 _ 0.86 3.16 +_ 0.74 12.98 __ 2.88 
MO 3.28 _+ 1.84 2.42 ___ 0.49 3.72 _ 2.13 16.69 _ 2.43 
M O F O C  3.48 +_ 1.11 1.74 ___ 0.56 3.60 _+ 1.20 10.20 + 2.38 

Lungs 
G N O  7.96 _+ 1.58 4.52 __ 2.15 8.96 _+ 1.64 28.10 _ 17.68 
M O  5.77 _ 2.59 3.55 _+ 0.91 7.74 __ 2.42 34.32 __ 13.28 
M O F O C  8.84 +_ 2.37 0.78 +_ 0.42 4.24 +_ 1.17 15.21 _+ 1.79 

S k i n  
G N O  6.43 -!-- 1.53 4.11 +_ 2.36 5.18 _ 3.12 19.43 __ 5.38 
M O  4.52 _+ 1.14 3.29 _ 0.78 2.33 - 0.35 12.34 _ 2.96 
M O F O C  7.39 +_ 2.35 3.66 __- 1.43 1.77 _ 0.71 14.32 __ 2.60 

T a b l e  5. A c t i v i t y  o f  m o n o a m i n e  o x i d a s e  ( u n i t s / m g  p r o t e i n )  i n  t h e  m i t o c h o n d r i a l  
p r e p a r a t i o n s  f r o m  t i s s u e s  o f  r a t s  g e t t i n g  G N O ,  M O  a n d  M O F O C  d i e t s  fo r  80 d a y s .  

M i t o c h o n d r i a  f r o m  G N O  M O  M O F O C  

H e a r t  1.54 2.66 (72. 7) 0.99 (35.5) 
L u n g s  5.75 9.02 (89.9) 3.23 (32.0) 
S k e l e t a l  m u s c l e s  3.41 4.63 (35.8) 2.46 (27.9) 
A o r t a  7.94 13.13 (65.3) 8.47 (0.7) 
S k i n  2.70 2.59 (0.4) 1.94 (28.2) 
L i v e r  4.49 5.83 (29.9) 3.18 (29.2) 

0.5 m l  o f  m i t o c h o n d r i a l  p r e p a r a t i o n  w e r e  i n c u b a t e d  w i t h  2.5 x 10-2M b e n z y l a m i n e  i n  
a f i n a l  v o l u m e  o f  4.0 m l  w i t h  p h o s p h a t e  b u f f e r  ( p H  8.0, 0.1 ND a t  37 ~ fo r  2 h o u r s .  
B e n z a l d e h y d e  f o r m e d  w a s  e x t r a c t e d  w i t h  c y c l o h e x a n e  a n d  r e a d  a t  242 n m .  M o l e c u -  
l a r  e x t i n c t i o n  c o e f f i c i e n t  o f  b e n z a l d e h y d e  i n  c y c l o h e x a n e  i s  1 .37•  -1 c m  -1 
f i g u r e s  i n  p a r e n t h e s e s  r e p r e s e n t  t h e  % c h a n g e  i n  t h e  a c t i v i t y  o f  m o n o a m i n e  o x i d a s e  
(MAO) .  T h e  f i g u r e s  i n  p a r e n t h e s e s  a n d  i n  i t a l i c s  a r e  fo r  t h e  i n c r e a s e  i n  a c t i v i t y  a n d  
o t h e r s  a r e  f o r  t h e  d e c r e a s e  i n  a c t i v i t y  o f  M A O .  

t i v e l y  (13 ,  17) .  O n  t h i s  b a s i s ,  t h e  i n c r e a s e d  l e v e l s  o f  t o t a l  a n d  a c i d - i n s o l u b l e  
c o l l a g e n ,  a n d  d e c r e a s e d  l e v e l s  o f  s a l t - s o l u b l e  c o l l a g e n  i n  h e a r t ,  l u n g s ,  a n d  
s k e l e t a l  m u s c l e s  i n d i c a t e  t h a t  t h e  b i o s y n t h e s i s  a n d  m a t u r a t i o n  o f  c o l l a g e n  

a r e  i n c r e a s e d  b y  M O  d i e t  a n d  d e p r e s s e d  b y  M O F O C  d i e t  ( t a b l e s  3,  4).  T h e  
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i n c r e a s e  i n  b i o s y n t h e s i s  a n d  m a t u r a t i o n  o f  c o l l a g e n  is  s u b s t a n t i a t e d  b y  t h e  
i n c r e a s e d  i n c o r p o r a t i o n  o f  U - 1 4 C - p r o l i n e  i n t o  t o t a l  a n d  a c i d - i n s o l u b l e  co l -  
l a g e n  i n  h e a r t ,  l u n g s  a n d  s k e l e t a l  m u s c l e s  w h e n  M O  a n d  M O F O C  d i e t s  a r e  
f e d  f o r  24 d a y s  ( t a b l e  2). I n  s k i n  a n d  a o r t a  t h e  i n c r e a s e d  i n c o r p o r a t i o n  of  
U - 1 4 C - p r o l i n e  i n t o  s a l t - s o l u b l e  c o l l a g e n  b u t  n o t  i n t o  a c i d - i n s o l u b l e  c o l l a -  
g e n  i n d i c a t e s  t h a t  t h e  c o l l a g e n  b i o s y n t h e s i s  is  e n h a n c e d  i n  t h e s e  t i s s u e s .  
T h e  e f f e c t s  b e i n g  o f  l o w e r  m a g n i t u d e  w h e n  M O F O C  d i e t  w a s  f e d  ( t a b l e  2). 
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