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Summary 

In this s tudy the effects of the dietary fat sources, viz., Dalda, mustard  oil and 
groundnut  oil in the brain l ipid metabol ism during starvation has been investi- 
gated. To fred out this, these oils were fed to albino rats for 8 weeks followed by 3 
and 5 days of  starvation. Total as well as galactolipids of  brain were not  affected by 
dietary oils and starvation, whereas phosphol ip ids  of brain were significantly 
increased by fasting irrespective of the dietary fats. On the other hand, cholesterol 
was found to be increased in the groups fed with Dalda and groundnut  oil and to be 
significantly decreased during fasting experiments .  

Incorpora t ion  of (IJ4C)acetate into l ipid of the  brain slices of rats fed different 
exper imenta l  diets than followed by  starvation revealed that  the uptake  of radio- 
activity was higher  in the  group fed with groundnut  oil, followed by Dalda. Low 
uptake  was observed in the  group fed with mustard  oil. 

Zusarnmenfassung 

Der EinfluJ5 verschiedener Nahrungsfette auf den Lipidstoffweehsel des Gehirns 
w~ihrend Hunger  wurde  un t e r such t  Albinorat ten wurden 8 Tage lang mit  Dalda, 
Sent61 oder  Erdnu~61 geffittert. Einige Tiere bl ieben anschliefiend 3 und 5 Tage 
lang ohne Nahrung.  Die Gesamtl ip ide  und die Galaktol ipide wurden dureh Nah- 
rungsfet te  und durch Hunger  nicht  beeinflul~t, wfihrend die Phosphol ip ide  unab- 
h~ngig yon der Art  des Nahrungsfet ts  signifikant zunahmen. Cholesterin nahm in 
den mit  Dalda und mit  Erdnu1361 gef~itterten Gruppen  zu und nahm ab w~hrend des 
Hungerns.  In der Hungerper iode  im Anschlul~ an die Fet tzufuhr war der  Einbau 
yon 1-'~C-Acetat in Lip ide  von Gehirnschni t ten  nach Erdnu1361 h6her als nach 
Dalda. Nach Sent61 war der Einbau nur  gering. 

Key words: starvation, brain, l ipid metabolism, dietary l ipids 

Introduction 

L i p o g e n e s i s  (1) i n c l u d i n g  f a t t y  a c i d  s y n t h e s i s  a n d  e l o n g a t i o n  is  r e d u c e d  
b y  l o n g  t e r m  f a s t i n g  a n d  is r e v e r s e d  o n  r e f e e d i n g  for  a s i m i l a r  p e r i o d  b o t h  
in  t h e  m a m m a l s  a n d  t h e  b i r d s  (2). I t  h a s  a l so  b e e n  r e p o r t e d  t h a t  t h e  lo s s  o f  
b o d y  w e i g h t  w a s  g r e a t e r  a f t e r  t h e  f e e d i n g  o f  h i g h  fa t  d i e t  t h a n  t h a t  a f t e r  
826 
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t he  h i g h  c a r b o h y d r a t e  d ie t  (3). B r a i n  w e i g h t  is i n d e p e n d e n t  of  the  n a t u r e  
of  d i e t a r y  fats at  all  ages  (4) b u t  the  p o s t n a t a l  u n d e r - n u t r i t i o n  s i g n i f i c a n t l y  
dec r ea se s  the  w e i g h t  of  b r a i n  (5). H o w e v e r ,  de t a i l ed  c h a n g e s  in  t he  l ip id  
m e t a b o l i s m  in  the  b r a i n  are  n o t  wel l  de f ined .  I n  the  p r e s e n t  s t u d y  com-  
p a r a t i v e  effects  of  f e ed ing  d i f f e r en t  oils ( m u s t a r d  oil, Dalda a n d  g r o u n d n u t  
oil) on  l ip id  c h a n g e s  in  b r a i n  be fo re  a n d  af ter  s t a r v a t i o n  h a v e  b e e n  s t u d i e d  
in  rats .  

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

Mustard oil (rich in unsaturated acids and erucic acid), g roundnut  oil (rich in 
unsaturated fatty acids and arachidonie acid) and partially hydrogenated Dalda* oil 
(rich in saturated fatty acids) diets (Table 1 for fatty acid analysis) were prepared by 
adding one or the other fat at 20 % level toskim milk powder (20 %), starch (51%), 
crushed gram (6 %), mineral mixture with common salt (0.5 % each) and yeast 
powder (2 %). The fat free diet was prepared by adding additional 20 % starch in 
place of oils. The feeds were supplemented with vitamin A and vitamin D. Forty 
male albino rats weighing 50-70 g each were produced from the Haryana Agricul- 
tural University, Hissar and acclimatised for one week before giving experimental  
diets. Groups of ten rats each were given the experiment  diet ad lib. 

After 8 weeks, four rats from each group were killed to collect brain tissue for 
analysis. Total lipids were extracted (6). Phospholipids (7) and total cholesterol (8) 
were estimated. The fatty acid analysis was done after conversion to methyl esters 
(9), by gas liquid chromatography. The other four animals were starved for 3 and 5 
days and their brain tissue was analysed as above. In vitro synthesis of various lipid 
fractions has been studied using (1-14C)acetate (10) in brain tissue slices. 

Table 1. Fatty acid composition (relative %) of dietary oils. 

Fatty acids Hydrogenated Mustard oil Groundnut  oil 
fat (Dalda) 

Cl2:0 1.2 - - 
Cl4:0 0.5 0.6 Traces 
Cz6:0 19.8 4.3 8.3 
C16:1 - 0.4 4.9 
C~8:0 60.3 1.5 2.4 
Cls:l 18.2 10.2 44.7 
Cls:2 - 19.0 32.1 
Cla:3 - 14.0 3.0 
C20:1 - 2.5 - 
C20:4 - - 4.5 
C22:1 - 47.5 - 

Total fatty acids 
Saturated 81.8 6.3 10.7 
Unsaturated 18.2 (-) 93.7 (33.0) 89.3 (39.6) 

- = absent; the figures in parentheses represent the per cent essential fatty acids 
component  of the total fatty acids. 

*) Dalda = Partially hydrogenated groundnut  oil 
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R e s u l t s  and  d i s c u s s i o n  

F e e d i n g  o f  f a t  f r e e  d i e t  o r  d i e t s  c o n t a i n i n g  d i f f e r e n t  f a t s  f o r  8 w e e k s  d i d  
n o t  a f f e c t  t h e  t o t a l  l i p i d  c o n t e n t  o f  b r a i n  t i s s u e .  S i m i l a r  r e s u l t s  w e r e  
o b t a i n e d  u n d e r  f a s t i n g  c o n d i t i o n s  ( T a b l e  2). H o w e v e r ,  t h e  i n c o r p o r a t i o n  o f  
( 1 - 1 4 C ) a c e t a t e  i n t o  t o t a l  l i p i d s  o f  b r a i n  i n d i c a t e s  t h a t  t h e i r  b i o s y n t h e s i s  i s  

T a b l e  2. Ef fec t  of  d i e t a ry  fa ts  o n  l ip id  c o n t e n t s  ( m e a n  • S.D.) of  b r a i n  t i s sue  u n d e r  
n o r m a l  a n d  s t a r v a t i o n  cond i t i ons .  

Die t  Tota l  l ip ids  Cho le s t e ro l  P h o s p h o l i p i d s  PL* 
(mg/g)  (rag/g) (rag/g) Ch  

Fat free 
F e d  for  8 w e e k s  98.6 • 4.3 
3 days  s t a r v a t i o n  100.5 ___ 6.5 
5 days  s t a r v a t i o n  106.6 _+ 8.2 

Dalda ( H y d r o g e n a t e d  oil) 
F e d  for  8 w e e k s  103.7 • 7.7 

14.3 _+ 2.1 54.0 • 3.4 3.8 
13.6 • 1.4 75.0 • 6.0 5.5 
12.9 • 3.3 84.0 • 3.5 6.5 

23.1 _ 6.4 65.9 + 6.0 2.9 
3 days  s t a r v a t i o n  114.6 + 6.3 20.6 _• 3.7 75.0 __+ 5.2 3.6 
5 days  s t a r v a t i o n  101.2 ___ 5.6 14.7 + 3.4 78.1 + 5.4 5.3 

Mustard oll 
F e d  for  8 w e e k s  99.0 --- 7.6 19.0 + 2.1 69.1 + 8.41 3.7 
3 days  s t a r v a t i o n  110.9 • 5.2 17.9 _+ 2.72 72.1 • 6.2 4.0 
5 days  s t a r v a t i o n  105.0 + 8.0 18.8 + 1.0 81.6 • 8.1 4.3 

Groundnut oil 
F e d  for  8 w e e k s  102.7 ___ 4.7 24.5 + 5.4 52.3 -+ 1.4 2.2 
3 days  s t a r v a t i o n  112.6 _+ 6.6 18.8 + 1.0 60.2 + 3.4 3.3 
5 days  s t a r v a t i o n  114.7 • 8.2 15.4 +_ 1.4 87.8 • 7.2 5.7 

* P L  = P h o s p h o l i p i d s  
C h  = C h o l e s t e r o l  

T a b l e  3. Ef fec t  of  f e e d i n g  d i f f e ren t  fats  on  t h e  in vitro i n c o r p o r a t i o n  of  (1-14C) ace t a t e  
in to  b r a i n  l ip ids  of  ra t s  d u r i n g  n o r m a l  a n d  s t a r v a t i o n  cond i t ions .  

Oil  sou rce s  in  
e x p e r i m e n t a l  d ie t s  

I n c o r p o r a t i o n  ( nm o l e s  p e r  g w e t  t i ssue)  

U n s t a r v e d  + S t a r v a t i o n  p e r i o d  

3 days  5 days  

F a t  f ree  0.378 + 0.017 0.188 + 0.001 0.144 + 0.009 
D a l d a  0.318 + 0.018 0.303 ___ 0.001 0.171 _+ 0.010 
M u s t a r d  oil 0.291 + 0.018 0.114 + 0.002 0.078 + 0.004 
G r o u n d n u t  oil 0.397 + 0.004 0.347 + 0.011 0.147 + 0.002 

§ T h e  v a l u e s  r e p r e s e n t  t h e  ace t a t e  i n c o r p o r a t i o n  a f te r  8 w e e k s  of  f eed ing  exper i -  
m e n t .  
(The  i n c u b a t i o n  m e d i a  c o n t a i n e d  5 uCi(1-14C)sodium aceta te ,  K R B  buffer ,  p h  7.4 
a n d  200-300 m g  b r a i n  s l ices  in  f inal  v o l u m e  of  5 ml.  T h e  i n c u b a t i o n s  w e r e  ca r r i ed  
o u t  a t  37 ~ for  2 h r s  w i t h  c o n t i n u o u s  s h a k i n g  u n d e r  ae rob ic  cond i t i ons .  T h e  va lues  
a re  a v e r a g e  of  t h r e e  r e p l i c a t i o n s  w i t h  t w o  o b s e r v a t i o n s  in  e a c h  case.)  
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inhib i ted  dur ing  s ta rva t ion  u n d e r  all p rev ious  feeding  reg imes  (Table 3) 
bu t  the  incorpora t ion  into phospho l ip ids  is enhanced  (Table 4) indicat ing 
the  i m p o r t a n c e  of  m a i n t e n a n c e  of  cell m e m b r a n e  s t ructure .  

I r r e spec t ive  of  the  e x p e r i m e n t a l  diets,  the  phospho l ip id  con ten t  sig- 
n i f icant ly  increased  dur ing  3 and  5 days  of  fasting. M a x i m u m  increase  was  
o b s e r v e d  in rats  on g r o u n d n u t  diet  (Table 2), and  fat free diet  af ter  5 days  of  
s tarvat ion.  S imi lar  was  the  effect  on the  rat io of  phospho l ip id s  to choles-  
terol  (Table 2). Inc rease  in the  ratio of  phospho l ip id  to choles tero l  m a k e s  
the  cell m e m b r a n e s  m o r e  fluid and  leaky. The  increased  levels of  phos-  
pho l ip id  is p r o b a b l y  due  to the i r  preferent ia l  synthes is  to ma in t a in  the  
in tegr i ty  of  the  cell s t ruc tu re  and  is ev iden t  f rom the  inco rpora t ion  of 
(1-14C)acetate into phospho l ip id  species  (Table4). The  lower  levels  o f  
choles te ro l  wi th  m u s t a r d  oil m a y  be  due  to the  p r e sence  of  unusua l  fa t ty  
acid, erucic  acid and  fat  free diet  in the  fo rmer  or due  to def ic iency  of  
des i rable  fa t ty  acids in bo th  (11). After  s ta rva t ion  the  decrease  in the  
choles te ro l  con ten t  is due  to its dec reased  b iosyn thes i s  as ev iden t  f r o m  the  
incorpora t ion  of  (1-14C)acetate in choles te ro l  (Table 4). 

Fa t  free diet  fol lowed b y  s ta rva t ion  for  5 days  resu l ted  in a decrease  in 
sa tu ra ted  fat ty  acid wi th  co r r e s pond i ng  increase  in unsa tu ra t ed  fa t ty  acid 
ma in ly  oleic acid. S imi lar  was  the  case  wi th  g r o u n d n u t  oil diet. These  
resul ts  indica te  tha t  du r ing  s ta rva t ion  unsa tu r a t ed  fat ty  acids especia l ly  
oleic acid are preferent ia l ly  re ta ined.  With Dalda ghee,  init ially p rov id ing  
m a i n l y  sa tu ra ted  fa t ty  acids,  reverse  was  the  case (Table 5) whe reas  the  
s ta rva t ion  af ter  m u s t a r d  oil diet  did not  p roduce  m u c h  change  in the  
na tu re  of  fa t ty  acids. 

The  resul ts  indica te  tha t  du r ing  s ta rva t ion  sa tu ra ted  fat ty  acids are 
uti l ized for p rov id ing  ene rgy  and  unsa tu ra t ed  fa t ty  acids are spa red  for 
m a i n t e n a n c e  of  r ema in ing  cell m e m b r a n e  s t ructures .  This  is a m p l y  
d e m o n s t r a t e d  b y  the  incorpora t ion  of  (1-14C)acetate into phospho l i p id s  
and  sterols  (Tables 4 and  5). 
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