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Effect of Cold Environment on Hepatic Microsomal h6 
and h9 Desaturase Activity of Male Rats 
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Male rats maintained at 24 C and then shifted to 5 C for 
5 days increased food intake and decreased in growth rate 
and food conversion. No modification was observed in h6 
desaturase activity, while h9 desaturase activi ty de- 
creased after this period of time. These results were con- 
firmed by liver microsomal and mitochondriai fatty acid 
composition. The phospholipid composition of liver 
microsomes was unaltered, whereas in mitochondria, 
phosphatidylcholine and sphingomyelin decreased and 
phosphatidylethanolamine increased due to the cold en- 
vironment. The influence of food intake and weight 
changes on fatty acid metabolism was studied using (i) 
rats maintained at 5 C with restricted food intake to 
match the food intake of those kept at 24 C with food ad 
libitum and (ii) rats maintained at 24 C whose food intake 
was also restricted so that their growth rate would be the 
same as that of rats maintained at 5 C with food ad 
libitum, respectively. These results indicate that the 
negative metabolic balance state of these cold conditions 
is not an active factor modifier of A6 desaturase activ- 
ity, whereas it decreases A9 desaturase activity, reflect- 
ing the lipogenic characteristics of the latter enzyme. 
Lipids 22, 583-588 (1987). 

Different types of organisms from microorganisms to 
higher plants and poikilotherm animals respond to altera- 
tions in environmental  tempera ture  by modifying fa t ty  
acid composition and, thus, the physicochemical proper- 
ties of their membranes.  In some microorganisms, such 
as Candida utilis (1,2), Bacillus megaterium (3) and 
Tetrahymena (4), and in higher plants (5), polyunsaturated 
fa t ty  acid synthesis is increased in response to a decrease 
in the environmental  temperature.  

I t  has also been demonst ra ted  that  the A6 desaturase 
act ivi ty of fish (Pimelodus maculatus) liver microsomes 
is greater  in animals adapted to lower tempera ture  (6). 
The effect of tempera ture  on membrane fluidity is not as 
obvious in homeothermic animals as it is in poikilotherms. 

Previous laboratory studies (7) in which female ra ts  
were adapted to warm tempera ture  (30-32 C) for 20-25 
days and then shifted to cooler temperature  (13-15 C) for 
different periods of time showed tha t  h9 desaturase ac- 
t ivi ty  decreased after  24 hr of cold exposure, while 56 
desaturase act ivi ty was increased after this period of 
time. Male rats  adapted to the same conditions did not 
show significant changes either in 56 or A9 desaturase. 

Taking into account these results, it was thought  tha t  
differences in h6 and A9 desaturase activity might appear 
in male ra ts  by means of a change in the environment  at 
temperatures  lower than 12 C. In addition, we attemp- 
ted to determine if the food intake and/or decreased 
weight gain of the animals kept  in the cold environment  
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might contribute to the changes in lipid desaturation and 
composition. For this purpose, male rats  were transfer- 
red from 24 C to 5 C, and A6 and h9 desaturase activities 
and lipid composition of microsomes and mitochondria 
were determined. 

MATERIALS AND METHODS 

Materials. [1-'4C]Palmitic acid (53.8 mCi/mmol, 99% 
radiochemically pure), [1-~4C]stearic acid (56.0 mCi/mmol, 
99% radiochemically pure) and [1-'~C]linoleic acid (54.7 
mCi/mmol, 98.5% radiochemically pure, 1% trans isomer) 
were purchased from New England Nuclear (Boston, 
MA). Cofactors used for the enzymatic reactions were pro- 
vided by Sigma Chemical Co. (St. Louis, MO), and all 
unlabeled fa t ty  acids were from Nu-Chek-Prep Inc. 
(Elysian, MN). Silica Gel H (Kiesege160H) was purchased 
from Merck (Darmstadt,  FRG). All chemicals and 
solvents were analytical grade. 

Animal treatment. Male Wistar  rats  of 60-70 days of 
age weighing 180-200 g were maintained on a commer- 
cial s tandard pellet diet (Nutrimento rat  chow 3, Escobar, 
Argentina) and tap water  ad libitum and were housed in 
individual cages unless indicated otherwise. The fa t ty  
acid composition of the diet was as follows: 16.7% 16:0 
(palmitic acid), 0.8% 16:1 (palmitoleic acid), 4.9% 18:0 
(stearic acid), 21.8% 18:1 (oleic acid), 52.4% 18:2n-6 
(linoleic acid) and 4.3% 18:3n-3 (linolenic acid). 

When the influence of body weight changes and food 
intake on fa t ty  acid metabolism was studied, experiments 
were carried out using four groups of four ra ts  each 
monitoring daily weights and food intake. Group I com- 
prised rats  maintained at 22-24 C fed ad libitum (control 
ad libitum); group II  was rats  maintained in a cold 
temperature-controlled room at 5-6 C fed ad libitum tcold 
ad libitum); group III  was rats maintained at 5-6 C whose 
food intake was restr icted to match the food intake of 
group I (cold pair-fed to group I); and group IV was rats  
maintained at 24 C whose food intake was restr icted so 
tha t  their growth  rate  would match the growth rate of 
group II  {control pair-weighed to group II). Food- 
restr icted rats  maintained at 5-6 C in group I I I  were 
studied to determine whether changes in desaturat ion or 
lipid composit ion in rats  maintained at the cold 
tempera ture  might be due to increased food intake. 

Since rats  maintained in a cold environment  have 
relative hyperphagia  but  gain less weight than those at 
24 C, the food-restricted rats  at 24 C (group IV) were 
studied to determine if changes in desaturat ion or lipid 
composition in rats  maintained at cold temperatures  
might be due to their decreased growth rate and relatively 
increased fat mobilization. All animals were subjected to 
a daily photoperiod of 12 hr light and 12 hr darkness (mid- 
night being the midpoint  of the dark period). After  five 
days under these conditions, animals were killed at 8 a.m. 
to equalize circadian effects (8), and liver microsomes and 
mitochondria were isolated. 
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Fractionating procedures: preparation of microsomes. 
Microsomes were prepared  f rom ra t s  killed by  decapita- 
tion. Livers were rapidly removed and homogenized in a 
cold solution (3:1, v/w) containing 0.25 M sucrose, 0.15 M 
KC1, 62 mM potass ium phospha te  buffer (pH 7.4}, 5 mM 
MgCI~ and 1.4 mM N-acetyl-L-cysteine. The homogenate  
was centr ifuged at  10,000 • g for 20 min; the pellet was 
discarded and the result ing superna tant  was centrifuged 
at  100,000 • g for 60 min to obtain the microsomai pellet. 
The microsomal  fract ion was resuspended in the same 
homogenizing solution to an appropr ia te  protein concen- 
tration. In some instances, pellets were frozen and stored 
at  - 8 0  C for several  weeks before use. All microsomal  
prepara t ions  were carried out at  0-4  C. When frozen in 
concentra ted form (15 mg  of microsomal  protein/ml of 
homogenizing solution}, enzyme activities were stable for 
up to a month.  All subsequent  assays  and composi t ion 
analyses used these microsomal  membrane  fractions. 

Preparation ofmitochondria. A portion of the liver was 
chilled immediately after removal by  immersion in 0.25 M 
sucrose and 10 mM potass ium phospha te  buffer (pH 7.4} 
and was homogenized at  0-4  C {9:1, v/w}. Liver mitochon- 
dria were prepared by  differential centr i fugat ion accord- 
ing to the method of Hogeboom t9}. 

Enzymatic assays. The 59 {16:0 -~ 16:1 and 18:0 ~ 18:1} 
and A6 (18:2n-6 ~ 18:3n-6) desaturase enzyme assays were 
carried out by  measur ing  the conversion ra te  of the 
[1-14C]labeled fa t ty  acid subs t ra te  into the corresponding 
[1-14C]labeled f a t ty  acid product.  Only the exogenous 
substra te  added to the incubation mixture was considered 
for calculation of the enzymatic activity, since the amount  
of endogenous subs t ra te  (<7 nmol; only 1.5% [w/w] of 
microsomal  lipids in all groups was free f a t ty  acids} was 
negligible compared  to the 50 nmol of exogenous sub- 
strate.  Reactions were init iated by  adding microsomal  
protein to preincubated flasks containing 0.25 M sucrose, 
0.15 M KC1, 0.04 M potass ium phosphate  buffer {pH 7.2), 
1.41 mM N-acetyl cysteine, 0.04 M KF, 1.3 mM ATP, 
0.06 mM CoA, 0.87 mM NADH,  5 mM MgCI~, 5 nmol of 
[1-14C]labeled and 45 nmol of unlabeled acid in a final 
volume of 1.6 ml. For 59 desa turase  assay,  palmitic and 
stearic acids were used as subs t ra tes  with 1.5 and 2 mg  
of microsomal  protein. The subs t ra te  for 56 desa turase  
assays  was linoleic acid and 3 mg  of microsomal  protein 
was used. The protein was determined by  the Lowry pro- 
cedure using crystall ine bovine serum albumin as stan- 
dard (10}. The reaction mixture  was incubated with con- 
s tan t  shaking at 36 C for 15 min. The desa tura t ion  reac- 
tion was s topped by  adding 2 ml of 10% KOH in ethanol. 
The f a t t y  acids were recovered by  saponification of the 
incubation mixture  (45 min at 82 C), acidification and ex- 
t ract ion with pet roleum ether (bp 30-40 C}. The f a t ty  
acids were esterified with methanolic 3 M HC1 (1 hr at 
64 C). The analyses were carried out by  gas  liquid 
radiochromatography in a Packard apparatus,  Model 893, 
equipped with a proport ional  counter  using 6P 10% 
SP-2330 on Chromosorb W A W  (100-120 mesh} (11}. A 
control assay  without  the addition of microsomes was 
done and no desa tura t ion  was observed. 

Microsomal and mitochondrial lipid composition. Total 
microsomal  and mitochondrial  lipids were ex t rac ted  us- 
ing the method of Folch et ai. (12}, and methyl  esters were 
prepared and analyzed by  gas liquid ch romatography  
{GLC) as previously described {13} in a Hewle t t -Packard  

model 5840-A chromatograph,  equipped with the 5840-A 
6C terminal  and using a 6-ft column filled with 10% SP 
2330 on 100-200 mesh Chromosorb WAW. Peaks  were 
identified by  compar ison of re tent ion t imes with 
s tandards .  

Phospholipids were separa ted  by  two-step thin layer 
ch roma tog raphy  (TLC} procedure us ing Silica Gel H 
plates  {14). After  the plate  was exposed to iodine vapors,  
the phospholipid fractions were scraped off for quantifica- 
tion by colorimetric determinat ion of phosphorus  (15). 

Statistical analysis. All resul ts  were t es ted  for 
statistical significance by Student ' s  t- test  for paired com- 
parison with control. 

RESULTS 

Food intake, growth rate, food conversion and liver 
weight in animals in a cold environment. Table 1 sum- 
marizes the daily food intake, growth ra te  and liver 
weight  in the four groups. Al though the ra t s  kept  at  5 C 
with food ad libitum (group II} showed an increase of 25% 
in food intake, they had a decrease in growth ra te  and 
food conversion of 74% and 86%, respectively,  as a con- 
sequence of an increase in catabolism. In the cold environ- 
ment,  food calories are preferential ly used mainta in ing 
body tempera ture .  

Group I I I ,  animals mainta ined at  5 C with the same 
food intake as animals at  24 C, showed a decrease in the 
growth rate, food conversion and liver weight  of 142%, 
162% and 32%, respectively.  The negat ive  metabolic  
balance due to cold was even greater  in this group as a 
consequence of the decrease in calories provided by  the 
restr ic ted food intake. 

Rats  of group IV, animals at  24 C and with food intake 
restr ic ted to ma tch  the group-I  growth rate,  showed a 
decrease in food conversion and liver weight of 126% and 
30%, respectively, since the restriction in food intake pro- 
voked an increase in the catabol ism of endogenous 
substrates.  The increased catabolism of groups II ,  I I I  and 
IV mus t  have been accompanied by  increased lipolysis. 

Influence of cold, temperature, food intake and growth 
rate on desaturation. The effect of cold and food restric- 
tion on the f a t ty  acid desa turase  activit ies is shown in 
Figure 1. 

The enzymat ic  act ivi ty  of 56 desa turase  was not  
modified in the group at  5 C with food ad libitum, while 
it increased when food intake was restr icted either at 5 C 
(group I I I )  or at  24 C {group IV}. Animals  on the diet 
given ad l ibi tum at  5 C (group II} showed a marked  
decrease not  only in food conversion but  also in the en- 
zymat ic  act ivi ty  of 59 desaturase.  

I t  is hardly probable  tha t  the increase in food intake 
of rats  kept at low temperatures  should cause the changes 
observed in the enzymatic activity of h9 desaturase, since 
the restriction in food intake at  5 C {group III} emphasiz- 
ed ra ther  than  annulled the changes. On the other hand, 
the decrease in the growth rate  of ra ts  in the cold environ- 
ment  would be an impor tan t  factor, since in ra t s  kept  at 
24 C with a similar growth ra te  {group IV), a decrease in 
A9 desaturase  enzymat ic  act ivi ty  was also observed. 

Groups showing a marked  decrease in food conversion 
tII ,  I I I  and IV} also had decreased A9 desaturase activity. 

When ra ts  were kept  a t  5 C for 15 days  instead of five 
with food ad libitum, a behavior  similar to tha t  shown 
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TABLE 1 

Effect of Temperature and Food Restriction on Food Intake, Growth Rate, Food Conversion and Liver Weight 
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Group I, Group II, Group III, Group IV, 
control ad libitum cold ad libitum cold pair-fed to group I control pair-weighed 

(n : 10) (n = 10) (n = 4) to group II  (n = 4) 

Starting weight (g) 197.0 • 15.1 174.8 • 14.4 192.5 • 13.1 176.8 • 16.0 
Food intake (g/g) 0.108 • 0.003 0.135 • 0.004* 0.100 • 0.004 0,064 • 0.004* 
Growth rate (g/day) 6.38 • 0.36 1.68 +_ 0.51" -2.70 _ 0.30* 0.95 • 0.70* 
Food conversion 54.02 • 5.03 7.48 • 4.58* -32.4 • 4.4* -13.7 • 8.0* 
Liver weight (g) 9.92 + 0.80 8.44 • 0.90 6.70 • 0.35** 6.90 • 0.42** 

Food intake (daily food intake/body weight); growth rate (daily increase in body weight); food conversion (growth rate/food intake X 100) 
and liver weight. Animal treatments are described in Materials and Methods. Results are the mean • S.E. n, represents the number 
of animals for each group. Significant differences from control: *, p < 0.001; **, p < 0.01. 
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FIG. 1. Effect of environmental temperature and food restriction 
on hepatic microsomal fatty acid desaturase activity. Desaturase 
enzyme assays were carried out as described in Materials and 
Methods. Group I, control ad libitum; group II, cold ad libitum; group 
III, cold pair-fed to group I; group IV, control palr-weighed to group 
II. Results are shown as mean • S.E. The number of animals in 
each group is shown in the first set of bars. Significantly different 
from controls: *, p < 0.001; **, p < 0.01; ***, p < 0.05. 

in F i g u r e  1 was  o b s e r v e d  in t he  e n z y m a t i c  a c t i v i t y  of h9 
and  A6 d e s a t u r a s e s  ( resu l t s  no t  shown).  

Microsomal and mitochondrial lipid composition. 
Tab le s  2 and  3 show the  l ip id  f a t t y  ac id  c o m p o s i t i o n  of 
h e p a t i c  m i c r o s o m e s  and  m i t o c h o n d r i a ,  r e spec t i ve ly .  The  
m o d i f i c a t i o n s  o b s e r v e d  in f a t t y  ac id  c o m p o s i t i o n  of l iver  
m i c r o s o m e s  and  m i t o c h o n d r i a  were  g e n e r a l l y  s imi lar .  

The  r a t s  a t  5 C w i th  food ad  l i b i t u m  (group II )  s h o w e d  
in b o t h  f r ac t i ons  i nc r ea sed  p e r c e n t a g e  of 18:0 and  de- 
c r ea sed  18:1. On ly  in m i t o c h o n d r i a  d id  t he  p e r c e n t a g e  of 
16:1 dec rease  s ign i f i can t ly ,  and  so d id  t he  u n s a t u r a t i o n  
index  in mic rosomes .  T h e s e  c h a n g e s  ag ree  w i t h  t h e  
dec rease  found  in m i c r o s o m a l  59 d e s a t u r a s e  e n z y m a t i c  
a c t i v i t y  in t h e  s a m e  group .  

In  g roup  I I I ,  the  s ame  modi f ica t ions  as  in g roup  I I  were 
obse rved  in the  pe rcen tages  of 16:1, 18:0 and  18:1 in l ipids  

of l iver  m i c r o s o m e s  and  m i t o c h o n d r i a .  A s  in g r o u p  I I ,  
t he se  c h a n g e s  are  t he  c onse que nc e s  of a d e c r e a s e  in t he  
e n z y m a t i c  a c t i v i t y  of A9 d e s a t u r a s e  shown b y  g r o u p  I I I .  
On ly  the  m i c r o s o m e s  h a d  an inc rease  in t he  p e r c e n t a g e  
of 20:4n-6, which  a g r e e d  w i t h  t he  one o b s e r v e d  in t he  en- 
z y m a t i c  a c t i v i t y  of 56 d e s a t u r a s e  ( r e g u l a t o r y  e n z y m e  in 
the  b i o s y n t h e s i s  of  p o l y u n s a t u r a t e d  acids) (16). 

Group  IV p re sen ted  an increased  pe rcen tage  of 18:0 and 
decreased  16:1 bo th  in mic rosomes  and  mi tochondr ia .  The  
p e r c e n t a g e  of 18:1 dec reased  on ly  in mi tochondr i a .  These  
c h a n g e s  are  t he  consequences  of t he  dec rea se  o b s e r v e d  
in h9 d e s a t u r a s e  e n z y m a t i c  ac t i v i t y .  Bes ides ,  b o t h  frac- 
t ions  showed an  increase  in t he  pe r c e n t a ge  of 20:4n-6 t h a t  
cou ld  be  a t t r i b u t e d  to  an inc rease  o b s e r v e d  in t he  h6 
d e s a t u r a s e  e n z y m a t i c  ac t i v i t y .  

Tab le  4 shows  the  p h o s p h o l i p i d  c o m p o s i t i o n  of hepa t i c  
m i c r o s o m e s  and  m i t o c h o n d r i a  of r a t s  k e p t  a t  24 C (group 
I) and  5 C (group II )  on food ad  l ib i tum.  No m o d i f i c a t i o n  
was  o b s e r v e d  in t he  p h o s p h o l i p i d  c o m p o s i t i o n  of l iver  
mic rosomes ,  w he re a s  in m i t o c h o n d r i a  the  p e r c e n t a g e s  of 
p h o s p h a t i d y l c h o l i n e  (PC) and  s p h i n g o m y e l i n  (SM) de- 
c r e a se d  a n d  t h a t  of p h o s p h a t i d y l e t h a n o l a m i n e  (PE) in- 
c reased  in r a t s  k e p t  in t he  cold env i ronment .  The  changes  
found  in l iver  m i t o c h o n d r i a  of r a t s  k e p t  a t  5 C r e s e m b l e d  
t h o s e  found  in m i t o c h o n d r i a  of b r o w n  a d ipose  t i s s u e  of 
r a t s  k e p t  a t  4 C (17). 

DISCUSSION 

W h e n  a r a t  is  e x p o s e d  to  a cold  e n v i r o n m e n t ,  a d a p t a t i o n  
p roces ses  are  i n i t i a t e d  c h a r a c t e r i z e d  b y  sh ive r ing  or non- 
s h i v e r i n g  t h e r m o g e n e s i s ,  d e p e n d i n g  on the  c ond i t i ons  
(18), t e n d i n g  to  lower  hea t  loss  and  to  i nc rea se  i t s  pro-  
duc t ion .  There  is an  i nc rea se  in t h e r m o g e n e s i s  (19), and  
the  s u p p l y  of s u b s t r a t e s  comes  f rom an i nc rea se  in f a t t y  
acid  mobi l i za t ion  (by l ipo lys i s  of whi t e  and  b r o w n  ad ipose  
t i ssue)  (20-22) a n d  f rom g lucose  (by l iver  g l y c o g e n o l y s i s  
and  g luconeogenes i s )  (23,24). I n  th i s  s u b s t r a t e  mobi l iza-  
t ion,  t he  s y m p a t h e t i c  n e r v o u s  s y s t e m  t a k e s  p a r t  v i a  
c a t e c h o l a m i n e s  (18). T o g e t h e r  w i t h  e n d o g e n o u s  sub- 
s t r a t e s ,  t he  exogenous  ones  c o m i n g  f rom i n c r e a s e d  food 
i n t a k e  a lso  c o n t r i b u t e  to  t h e r m o g e n e s i s .  Th is  is t he  
r e a s o n  t h a t  when  ma le  r a t s  a re  e x p o s e d  to  cold  for f ive 
days ,  food i n t a k e  inc reases  and  g r o w t h  r a t e  and  food con- 
v e r s i o n  decrease ,  s ince  ca lor ies  a re  p r e f e r e n t i a l l y  u sed  in 
hea t  p r o d u c t i o n  to  keep  b o d y  t e m p e r a t u r e .  
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T A B L E  2 

E f f ec t  of  E n v i r o n m e n t a l  T e m p e r a t u r e  and Food Restriction on Liver  Mic ro soma l  F a t t y  Acid  Compos i t i on  in Male  R a t s  

Group  IV, 
Group  I, G roup  II,  G roup  III ,  cont ro l  pa i r -weighed 

F a t t y  acid (%) control  ad  lib• cold ad lib• cold pair-fed to g roup  I to g roup  II  

16:0 21.4 • 0.1 20.7 • 0.4 20.2 • 0.2** 18.9 • 0.4* 
16:1 2.1 • 0.09 2.2 • 0.20 1.5 • 0.50 0.7 • 0 .40*** 
18:0 20.7 • 0.2 23.5 _+ 0.3* 23.8 _+ 0.4* 24.3 • 0.5* 
18:1 10.2 • 0.2 8.3 • 0.3** 8.2 • 0.4** 8.2 +-- 1.7 
18:2n-6 15.1 • 0.4 15.3 • 0.3 15.2 _+ 0.5 14.7 • 0.6 
20:3n-6 2.5 _+ 0.20 1.8 • 0 .20*** 1.4 _+ 0.09** 1.7 • 0 .20*** 
20:4n-6 21.0 • 0.3 21.0 • 0.6 22.8 • 0.2** 25.5 • 1.2"* 
22:5n-3 2.5 • 0.20 2.1 • 0.10 1.6 • 0.08** 1.4 • 0.20** 
22:6n-3 4.6 • 0.2 5.2 _+ 0.3 5.3 • 0.3 4.5 • 0.4 

U n s a t u r a t i o n  index  a 1.62 • 0.01 1.58 • 0 .01"** 1.62 _+ 0.01 1.67 • 0.03 

F a t t y  acid composi t ion  was  de te rmined  by  ga s  liquid c h r o m a t o g r a p h y  as descr ibed in Mater ia l s  and  Me thods  for the  four  g roups  of an imals  
descr ibed  in the  text .  Only  ma jo r  f a t t y  ac ids  were considered.  R e s u l t s  are s h o w n  as the  m e a n  of 4 r a t s  • S.E. 

a U n s a t u r a t i o n  index  -- 2 n u m b e r  u n s a t u r a t e d  mol  X n u m b e r  double  bonds /~  n u m b e r  to ta l  mol. S ign i f i can t  d i f ferences  f rom control:  
*, p < 0.001; **, p < 0.01, ***, p < 0.5. 

T A B L E  3 

Ef fec t  of  E n v i r o n m e n t a l  T e m p e r a t u r e  and Food Res t r i c t i on  on Liver  Mitochondrial Fatty Acid Composition in Male  R a t s  

Group  IV, 
Group  I, G roup  II,  Group  III ,  cont ro l  pa i r -weighed  

F a t t y  acid (%) control  ad  l i b i tum cold ad lib• cold pair-fed to g roup  I to g roup  II  

16:0 20.0 • 0.2 20.3 • 0.5 17.8 • 0.5** 17.3 • 0.4* 
16:1 2.0 • 0.10 1.6 • 0 .10"** 1.4 _+ 0.08** 1.4 • 0.06** 
18:0 18.0 _+ 0.3 20.7 +_ 0.3* 21.3 • 0.3* 21.1 -- 0.2* 
18:1 10.9 • 0.06 9.0 • 0.30* 9.1 • 0.20* 8.5 _+ 0.20* 
18:2n-6 21.7 _+ 0.4 22.3 +_ 0.2 22.0 • 0.3 22.7 _+ 0.7 
20:3n-6 1.9 • 0.10 1.3 _+ 0.09** 1.5 • 0.30 1.2 • 0.08** 
20:4n-6 19.7 _+ 0.4 18.8 • 0.3 20.8 • 0.3 23.2 • 0 .9*** 
22:5n-3 2.1 • 0.3 1.9 _+ 0.2 1.9 • 0.3 1.0 • 0 .1"* 
22:6n-3 3.7 _+ 0.3 4.1 • 0.2 4.2 • 0.3 3.6 • 0.3 

U n s a t u r a t i o n  index  a 1.59 • 0.01 1.54 • 0.02 1.66 • 0.03 1.70 _+ 0.03 

F a t t y  acid compos i t ion  was  de te rmined  by  ga s  liquid c h r o m a t o g r a p h y  as descr ibed in Mater ia l s  and  Me thods  for the  four  g roups  
descr ibed  in the  text .  Only  ma jo r  f a t t y  ac ids  were considered.  R e s u l t s  are s h o w n  as  the  m e a n  of 4 r a t s  • S.E. 

a U n s a t u r a t i o n  index  is exp la ined  in Table  2. S ign i f ican t  d i f ferences  f rom control:  *, p < 0.001; **, p < 0.01; ***, p < 0.05. 

of an imals  

T A B L E  4 

Ef fec t  of  Cold E n v i r o n m e n t  on Phospholipid Composition of Microsomal and Mitochondrial Frac t ions  % Phospho l ip id  (gg/mg Total Lipid) 

M i c r o s o m e s  Mi tochondr i a  

Group  I, G roup  II,  G roup  I, G ro u p  II, 
cont ro l  ad  l i b i tum cold ad lib• control  ad  lib• cold ad lib• 

PC 59.3 _+ 7.3 66.4 • 3.1 52.1 • 0.1 43.9 • 0.5* 
PE  21.2 _+ 1.3 16.8 • 0.9 22.5 • 0.8 36.4 • 1.1" 
CL - -  - -  15.2 • 1.1 13.5 • 0.8 
P I  13.8 • 4.0 11.6 • 2.2 6.5 • 0.5 5.4 • 0.9 
SM 3.1 • 1.8 2.8 • 1.1 1.8 • 0.1 0.7 • 0.2** 
PS  2.6 • 0.2 2.5 • 1.3 1.9 • 1.1 0.10 • 0.02 

PC, phospha t idy lcho l ine ;  PE,  p h o s p h a t i d y l e t h a n o l a m i n e ;  CL, cardiolipin; PI,  phospha t idy l inos i to l ;  SM, sph ingomye l in ;  PS, 
phospha t i dy l s e r i ne .  Phospho l ip ids  were s e p a r a t e d  as desc r ibed  in Ma te r i a l s  and  Me thods .  R e s u l t s  are e x p r e s s e d  as t he  m e a n  _+ S.E. 
The  n u m b e r  of s a m p l e s  ana lyzed  is 3 for m i c ro soma l  and  5 for mi tochondr i a l  fract ion:  S ign i f ican t  d i f ferences  f rom control:  *, p < 0.001; 
**, p < 0.01. 
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EFFECT OF COLD 

h6 D e s a t u r a s e  a c t i v i t y .  Concerning the effect of en- 
vironmental temperature on desaturat ing activity, no 
modification due to cold was observed either in A6 
desaturase activity or in the percentage of linoleic acid 
in liver microsomal and mitochondrial lipids of male rats  
fed ad libitum. Hughes and York also observed no 
changes in the A6 desaturase enzymatic activity due to 
temperature in the lean mouse (25). These results also 
agree with those found by GonzAlez et al. (7} when male 
rats were shifted from 30-32 C (adapted to tha t  
temperature for 20 days} to 12 C for five days, since in 
this case no modifications in the A6 desaturase were 
observed either. These results indicate tha t  metabolic 
changes induced by an environmental temperature 
decrease expressed by a thermogenesis increase are not 
active factor modifiers of A6 desaturase activity. 
However, in female rats  adapted to the same conditions, 
an increase in the enzymatic activity of h6 desaturase due 
to cold was observed and, in this change, estradiol levels 
would be involved (26}. On the other hand, when the en- 
zymatic  activity in male rats was depressed by a hyper- 
glycidic diet and animals were shifted from 24 C to 12 C, 
an increase was observed in 56 desaturase enzymatic ac- 
t ivity due to cold environment {27}. 

The increase in A6 desaturase enzymatic activity 
observed in animals on a restricted diet, both at 5 C and 
at 24 C, was unexpected, and it was difficult to elucidate 
since fasting inhibits enzymatic activity (28,29). These 
results, as has been pointed out by Faas and Carter, em- 
phasize the importance of food intake as another factor 
to be taken into account for the complex control of the 
desaturat ing system (30,31). 

A9 D e s a t u r a s e  a c t i v i t y .  GonzAlez et al. found that  A9 
desaturase enzymatic activity was not modified when 
male rats  were shifted to 13-15 C after being previously 
adapted to 30-32 C, whereas in female rats  adapted to 
the same conditions, they observed a decrease in tha t  
desaturat ing activity (7). We have observed, however, 
tha t  when male rats  were kept at 5 C on food ad libitum 
(group II), the A9 desaturase activity decreased. This 
lowering was confirmed by a decrease in the percentages 
of 16:1 and 18:1 and an increase in 18:0 in the fa t ty  acid 
composition of both liver microsomes and mitochondria. 
In rats  kept at 5 C on a restricted diet (group III), the 
decrease in the A9 desaturase enzymatic activity was even 
more marked than at 5 C on food ad libitum. Moreover, 
a decrease in 59 desaturase activity was also detected in 
animals on a restricted food intake at 24 C (group IV). 

In group II, there was a negative metabolic balance 
(decreased food conversion} and an increase in food intake 
to provide substrates for the thermogenesis process, 
which was increased by the cold temperature.  In group 
I I I ,  the negative metabolic balance was even greater than 
in group II,  since there was increased catabolism of en- 
dogenous substrates in the thermogenesis process due to 
the restriction imposed on food intake. Finally, group IV 
rats also had a negative metabolic balance to counter- 
balance food intake restriction enhancing the use of en- 
dogenous substrates.  

In groups II, I I I  and IV, characterized by a negative 
metabolic balance, the 59 desaturase enzymatic activity 
was diminished. I t  is known that  A9 desaturase is very 
sensit ive to nutr i t ional  (29,32-36) and hormonal  
(30,31,37,38) factors. Moreover, it is considered a 
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lipogenic enzyme, since during fasting, when there is a 
negative metabolic balance and lipolysis is increased, its 
enzyme activity is decreased (29}. In addition, lipogenic 
diets are the most  efficient ones in increasing the above- 
mentioned activity (29,36}. Lipogenesis and 59 enzymatic 
activity respond in the same way to regulatory factors 
(39). 

Therefore, it can be considered that  the decrease ob- 
served in the A9 desaturase enzymatic activity in male 
rats at 5 C is the consequence of the negative metabolic 
balance state set off by these conditions. 
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