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Free amino acids present in various stages of moulting in the haemo- 
lymph of the Indian scorpion P. bengalensis 

Amino acid Stage 1 Stage 2 Stage 3 Stage 4 

a b c 

Alanine + +  + + +  + +  + + + +  
Argilline + + + + + + + + + 
Aspartie acid + + + + + + 
Glutamicacid + + + +  + +  + +  + +  + 
Glutamine + + + + + + + + + 
Glycine + + + + q- + + + + + 
Leucine + + + + --  + + 
Lysine + + + --  --  + + --  
Phenylalanille --  + + + + --  
Proline . . . .  + +  -5 
Serine + + + + --  + + 
Threonille + + + --  --  + + 
Tryptophan --  + --  --  + --  
Tyrosille q- (weak) + + + + +  + + + + 
Valine + + + --  --  + + 

A l a n i n e ' s  d e c l i n e  m i g h t  be  d u e  to  i t s  i n c o r p o r a t i o n  in  t h e  
n e w  cu t i c l e  wh i l e  d e c r e a s e  of g l u t a m i c  ac id  l eve l  i n d i c a t e d  
a n  i n c r e a s e d  n e r v o u s  t i s s u e  m e t a b o l i s m  d u r i n g  m o u l t i n g .  
S h a r p  d e c r e a s e  in  s e r i n e  c o u l d  h a v e  b e e n  l i kewi se  e x p l a i n -  
ed  b y  i t s  c o n v e r s i o n  i n t o  m e t h i o n i n e  a n d  i n c o r p o r a t i o n  in  
t h e  n e w  cu t i c l e ,  h a d  t h e r e  n o t  b e e n  e v i d e n c e  c o n t r a r y  to  
t h i s  2 a n d  a l so  t h a t  c o n t r a r y  to  Buthus tarnulus 4. M e t h i o n i n e  
w a s  n o t  f o u n d  in  P. bengalemis. I t  w a s  a l so  r e p o r t e d  to  b e  
a b s e n t  in  A ndroctonus austfalis 5. T y r o s i n e  a t  t i le  p r e -  
m o u l t i n g  s t a g e  a c c u m u l a t e d  u p  to  t h e  e n d  of  e c d y s i s  b u t  
d e c r e a s e d  s h a r p l y  as  t h e  e c d y s i s  w a s  ove r .  S i m i l a r  ob-  
s e r v a t i o n s  w i t h  r e s p e c t  to  t y r o s i n e  a r e  r e p o r t e d  for  
Bornbyx rnori 9. P r o l i n e  w a s  p r e s e n t  o n l y  in  t h e  h a e m o l y m p h  
of  t h e  P. bengalensis in  w h i c h  e c d y s i s  w a s  c o m i n g  to  a n  
end .  I t  m a y  be  i n c o r p o r a t e d  in  t h e  d e v e l o p i n g  cu t i c l e .  I n -  
s ec t  c u t i c u l a r  p r o t e i n s  a r e  k n o w n  to  h a v e  a h i g h  c o n c e n t r a -  
t i o n  of p r o l i n e l 0  T a u r i n e  r e p o r t e d  in  h i g h  c o n c e n t r a t i o n  
in  Androctonus australis 5 w a s  n o t  f o u n d  in  P. bengalensis. 
T a u r i n e  is a l so  r e p o r t e d  to  be  a b s e n t  in  Lirnulus poly- 
p hernus s. 

Total amino 
acid present 12 14 10 8 15 12 

Stage 1, normal stage; 2, premoultillg or pharate stage; 3a, animal 
just  started moulting; 3b, animal in which ecdysis was in progress; 
3 c, animal in which ecdysis was at the end ; 4, animal ill which tanning 
was in progress. 
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Summary.  W e a n l i n g  r a t s  we re  f e d  d i e t s  in  w h i c h  l inole ic  c o n t e n t  v a r i e d  f r o m  0.4 to  1 1 % .  T h e  c h a n g e s  of  e p i d i d y m a l  
a d i p o s e  t i s s u e  l i p o g e n e s i s  f r o m  g l u c o s e  do  n o t  d e p e n d  u p o n  t i le  l inole ic  c o n t e n t  of  t h e  d i e t s .  

I t  is wel l  k n o w n  t h a t  a d i p o s e  t i s s u e  l i p o g e n e s i s  is 
r e d u c e d  in  r e s p o n s e  to  f e e d i n g  h i g h  f a t  d i e t  a,4. H o w e v e r ,  
o u r  p r e v i o u s  i n v e s t i g a t i o n s  s h o w e d  t h a t  s u n f l o w e r  oil 
( 6 7 %  l ino le ic  ac id)  is less  e f f e c t i v e  t h a n  l a rd  (7% l ino-  
leic ac id)  t o  d e p r e s s  in  v i t r o  a d i p o s e  t i s s u e  l i p o g e n e s i s  5, 8. 
T h e s e  r e s u l t s  do  n o t  a g r e e  w i t h  t h o s e  of D u  a n d  KRUGER 7 
w h o  r e p o r t e d  t h a t  l i n o l e a t e  is m o r e  e f f i c i e n t  t h a n  o l e a t e  
t o  s u p p r e s s  l i p o g e n i c  a c t i v i t y  in  a d i p o c y t e s .  H e n c e  we  
a t t e m p t e d  t o  e s t a b l i s h  w h e t h e r  or  n o t  a n  e s s e n t i a l  f a t t y  
a c i d  c a n  p l a y  a n  i n h i b i t i n g  ro le  o n  t i l e  de  n o v o  l i pogenes i s .  
T h e  r a t s  w h i c h  w e r e  u s e d  in  t h e  D u  a n d  KRUGER' 

Table I. Nomenclature and conlposition {% by wt.) of the synthetic 
diets 

Diets Fat  composition Sucrose 

Oil C18 : 2 

LP 0.7 sunflower 0.4 63 
A5 5 peanut  1.3 58 
05 5 olive 0.4 58 
M5 5 corn oil 2.8 58 
020 20 olive 1.4 43 
M20 20 eorll oil 11.1 43 

In addition each diet contained: NBC, vitamin free casein: 29%; 
NBC, salt inixture: 5; UAR, vitamin mixture:  1; cellulose: 2. 

s t u d i e s  r e c e i v e d  a f a t - f r e e  d i e t  for  4 t o  6 m o n t h s  a f t e r  
w e a n i n g  a n d  t h e  e f f ec t  of  a n  a d d i t i o n a l  dose  of  l inole ic  
a c id  w a s  t e s t e d  w h e n  a n i m a l s  s h o w e d  e v e r y  s y m p t o m  of  a n  
e s s e n t i a l  f a t t y  a c id  d e f i c i e n c y .  T h e  p r e s e n t  s t u d y  w a s  
c a r r i e d  o u t  o n  h e a l t h y  y o u n g  r a t s .  I n  o r d e r  to  e v a l u a t e  
t h e  i m p o r t a n c e  of  t h e  d i e t  l ino le ic  c o n t e n t  o n  t h e  in  
v i t r o  a d i p o s e  t i s s u e  l i p o g e n e s i s  f r o m  g lucose ,  t h e y  r e c e i v e d  
d i f f e r e n t  v e g e t a b l e  oi ls  a n d  in  a d d i t i o n  t o  d e t e r m i n e  
w h e t h e r  o t h e r  oil  c o m p o n e n t s  c a n  m a s k  l ino le ic  e f fec t ,  
p u r e  m e t h y l  e s t e r s  w e r e  a lso  g i v e n  to  r a t s .  

Materials and methods. S e v e r a l  f r a t r i e s  of  w e a n l i n g  
m a l e  W i s t a r  C F  r a t s  ( 40 -50  g) we re  d i v i d e d  i n to  6 g r o u p s  
of  5 r a t s  ( e x p e r i m e n t  1) o r  6 r a t s  ( e x p e r i m e n t  2). T h e y  
we re  s u p p l i e d  d i e t s  (Tab l e  I) a n d  w a t e r  a d  l i b i t u m  for  3 
weeks .  I n  a 3rd  e x p e r i m e n t ,  2 g r o u p s  o f  8 r a t s  we re  f e d  
A5  d i e t  fo r  10 d a y s  a f t e r  w e a n i n g  a n d  t h e n  t h e y  r e c e i v e d  

1 Present address : Laboratoire de Biochhnie, 96, boulevard Raspail, 
F 75006 Paris, France. 

2 Present address: Laboratoire de Pathologie Cellulaire, 21, rue de 
l'Ecole de M4deeine, F-75006 Paris, France. 
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Table II. Incorporation into fatty acids and glyceride-glycerol and oxydation to CO~ of U14C glucose by rat epldidymaI adipose tissue (~tmoles 
of glucose eonverted/mg azote/3 h incubation period) 

D i e t s  % C18 : 2 C o n v e r s i o n  to  

Fatty acids Glyceride-glycerol CO 2 

LP 0.4 3.83 i 0.36 5.36 • 0.38 0.55 • 0.05 0.89 ~ 0.06 2.74 ~ 0.26 4.05 d_ 0.31 
A5 1.3 2.53 ~ 0.42 3.89 ~ 0.27 0.58 -t- 0.07 1.00 -L 0.05 1.99 ~_ 0.34 3.12 dz 0.24 

(p < 0.05} (p < 0.01} (NS) (p < 0.2) (p < 0.1) (p < 0.05) 
05 0.4 3.83 d= 0.47 4.92 • 0.67 0.66 =E 0.07 0.94 ~ 0.06 2.65 • 0.27 3.71 i 0.37 

(NS) (NS) (p < 0.2) (NS) (NS) (NS) 
M5 2.8 3.66 -L 0.47 7.43 • 0.5i 0.73 • 0.07 1.23 ~ 0.08 2.70 -c 0/26 5.57 -c 0.46 

(NS) (p < 0.01) (p < 0.05) (p < 0.01) (NS) (p < 0.02) 
020 1.4 1.39 -~ 0.26 2.66 • 0.45 0.57 • 0.06 1.26 • 0.07 1.52 & 0.18 2.51 -t- 0.2.5 

(p < 0.01} (p < 0.01} (NS) (p < 0.01) (p < 0.01.) (p < 0.01) 
M20 11.1 1.68 -~ 0.23 2.20 -c 0.59 0.85 i 0.06 1.45 • 0.10 1.69 _L 0.05 2.52 d= 0.44 

(p < 0.01) (p < 0.01) (p < 0.01) (p < 0.01) (p < 0.01) (p_~ 0.01) 

Data are means of duplicate incubations from 5 or 6 rats -t- SEM. p-values are relative to LP diet. Compared to LP rats weights are not 
statistically different. 

Table III. Incorporation into fatty acids and glyeeride-glycerol and 
oxidation to CO 2 of U-14C glucose by rat epididymal adipose tissue 
(~xmoles of glucose converted/rag azote/3 h incubation period) 

Diets %C18:2 Conversion to 

Fatty acids Glyceride- CO 2 
Glycerol 

MeOI 0.4 4.47 ~c 0.21 2.08 • 0.23 4.54 • 0.21 
MeLi 4.0 4.17 • 0.32 1.96 i 0.13 4.21 ~ 0.20 

Rats weights are not statistically different. 

for the  last  10 days  a d ie t  conta in ing  4% methyI  l inoleate 
(MeLi group) or 3.6% me thy l  oleate s plus 0.4~o me t h y l  
l inoleate (MeOl group). The ra ts  were fas ted for 48 h and  
refed for 48 h before sacrifice. 

Detai ls  concerning hand l ing  of the  tissues, p repa ra t ion  
of the  flasks for incuba t ion  (25 ~moles of glucose, 0.5 ~Ci 
of glucose U~4C and 0.1 uni t  of insulin in each flask) 
~4CO 2 collection, ex t rac t ion ,  washing  and  saponif icat ion of 
t issue lipids, f a t t y  acids and  glycerol ex t rac t ion ,  count ing  
of the  r ad ioac t iv i ty  in these  d i f ferent  f ract ions  and azote 
measu remen t s  have  been descr ibed previous ly  5. 

The results  are expressed as ~xmoles UI*C glucose oxi- 
da t ed  or incorpora ted  per  mg azote in a 3 h incuba t ion  
period.  They  are p re sen ted  as t he  mean  • SEM and the  
s ta t i s t ica l  analysis  was pe r fo rmed  according to  S t u d e n t ' s  
t-test .  

Results.  These are repor ted  in Table I I  (exper iments  1 
and 2) and Table I I I  (exper iment  3). 

F a t t y  acid synthesis .  As expected ,  f a t t y  acid synthes is  
is s ignif icant ly  reduced  in 020 and  M20 groups when  com- 
pared  to the  o ther  groups.  No s ignif icant  difference ap-  
pears  be tween  05  and M5 groups,  while in A5 group the  
smal les t  synthes is  is observed.  In  expe r imen t  2, the  h ighes t  
incorpora t ion  of glucose into f a t t y  acids occurs in epididy-  
mal  adipose t issue f rom ra ts  fed M5 diet.  

Glyceride-glycerol  synthesis .  The lowest  synthes is  is 
observed  in adipose t issue of L P  ra ts  and  the  h ighes t  one 
in the  M20 group. 

1~CO~ product ion .  The convers ion of glucose to  carbon 
dioxide is ve ry  similar  when  ra t s  were fed LP,  05  or M5 
diet,  whereas  feeding A5 produces  a small  decrease. On 
the  o the r  hand ,  020 and M20 feeding produces  a signifi- 
can t  decrease of 14CO~ product ion .  

Ef fec t  of me t h y l  ester  diets.  F a t t y  acid and glyceride- 
glycerol synthes is  and 1~CO2 produc t ion  are sl ightly more  
e levated in MeO1 group t h a n  in MeLi group. However ,  
differences are no t  s ta t i s t ica l ly  significant .  

Conclusion. The purpose  of the  p resen t  s tudy  was to  
evalua te  the  re la t ive impor t ance  of linoleic acid on in 
vi t ro  r a t  ep id idymal  adipose t issue l ipogenesis f rom glu- 
cose. The mos t  s t r ik ing fea tures  of these results  are the  
following: 1. Increas ing  the  level of fat  f rom 0.7~o to 5~o 
does no t  s ignif icant ly  depress  f a t t y  acid synthes is  f rom 
glucose, b u t  diets  conta in ing  20% of fat  a lways decrease 
it. F a t t y  acid synthes is  is no t  in inverse ra t io  to the  level 
of C18:2 in the  diet :  M5 die t  is no t  less lipogenet~ic t h a n  
05  one and M20 die t  is no t  less l ipogenet ic  t h a n  020 one. 
2. I t  is shown here t h a t  A5, 05,  M5, 020 and  M20 diets  
increase glyceride-glycerol  format ion ,  the  mos t  efficient 
being M20 diet. 3. Concerning 14CO2 product ion ,  the  per- 
centage of fa t  in the  diet  is tile mos t  i m p o r t a n t  pa r ame te r  
while the  level of C18:2 and the  kind of oil used appeared  
to be far less impor t an t .  

As previous ly  repor ted  5, our p re sen t  resul ts  show t h a t  
linoleic acid is no t  really involved in the  in vi tro lipo- 
genesis regulat ion.  In  fact, linoleic acid, which is an 
essent ial  f a t t y  acid, canno t  act  in any  feedback  process. 

Our observa t ions  are in con t r a s t  wi th  those  made  by  
Du and KRUGERL This d i sc repancy  can be expla ined by  
differences be tween  the  p repa ra t ion  of animals,  as al- 
r eady  s ta ted .  The na tu re  of the  fats  given to  the  ra ts  m a y  
also be of impor tance  : we compared  the  effects  of na tu ra l  
oils whereas  Du and  KRUGER used corn oil or hyd rogena t ed  
coconut  oil, the  la t t e r  ce r ta in ly  conta ins  trans f a t t y  acid 
in a large propor t ion .  Never the less  our p resen t  results  
ob ta ined  wi th  20% olive oil (1.4~o C18: 2) and  20~o corn 
oil (11.1 ~o C18 : 2) are s l ight ly  d i f ferent  f rom our previous 
results  ob ta ined  wi th  20~o lard (2% C18:2) and  20% sun- 
flower oil (11.6% C18:2). We showed t h a t  lard is a b e t t e r  
lipogenic inhib i tor  t h a n  sunf lower  oil. 

Here,  there  is no difference be tween  020 and M20. 
Therefore,  we suggest  t h a t  unsaponif iables  of these oils 
and fats  could also interfere in t he  f a t t y  acid synthesis  and 
could reduce or increase exogenous  f a t t y  acids effective- 
ness. This  is also suppor t ed  by  resul ts  ob ta ined  wi th  pea-  
nu t  oil (A5). 

Final ly,  our observa t ions  made  wi th  pure  me t h y l  es ters  
s t r eng then  our earlier suggest ion tha t ,  in r a t  ep id idymal  
adipose tissue, among  the  f a t t y  acids, linoleic acid is no t  
the  bes t  inhib i tor  of the  de novo lipogenesis. 

s Methyl esters were purchased from Merck. 


