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A previous report from this laboratory (1) 
showed that during the process of cold- 
acclimation, a relatively higher degree of fat- 
ty acid unsaturation occurred in hamster 
whole liver. In  the rat, however, the fatty 
acid desaturating mechanism does not appear 
to be operating as cold-acclimation fails to 
increase the proportion of unsaturated hepat- 
ic fatty acids (1, 2).  

The mitochondria represent the site of ox- 
idative metabolism in the liver cell and are 
known to undergo structural and functional 
changes during cold-acclimation (3, 4 ) .  In- 
deed, cold-acclimation results in a decrease in 
total fatty acid unsaturation in rat liver mi- 
tochondria (2) and induces changes in the 
proportion of individual fatty acids of both 
rat ( 2 )  and hamster ( 5 )  liver mitochondria. 
Furthermore, the thyroid gland is known to 
participate in an animal's response to a cold 
environment (3) ,  effect a number of parame- 
ters of fatty acid metabolism (6-9), and pro- 
duce structural and functional changes in liv- 
er mitochondria (10). 

The present experiments were performed, 
therefore, to evaluate in the hamster the role 
of the thyroid gland and cold-acclimation on 
fatty acid unsaturation as well as changes in 
individual fatty acids in both whole liver and 
liver mitochondria. 

Methods and Materials. Adult male ham- 
sters were caged singly and cold-acclimated at 
5 3- 2' for 6-7 weeks. Warm-acclimated 
hamsters were kept at room temperature (23 
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+- 2') for 4-5 weeks. Both the warm- and 
cold-acclimated animals were divided into 
three groups: controls, prophylthiouracil 
(PTU) -treated animals and thyroxine-treated 
animals. P T U  and thyroxine were adminis- 
tered for 10 days prior to sacrifice by ip 
injection. L-Thyroxine was administered as 
the sodium salt at a dose of 2 mg/100 g of 
body weight while the dosage of PTU was 5 
mg/100 g of body weight (11). 

Animals were maintained on synthetic 
diets and were given distilled water ad Zibi- 
turn. The diet had the following composi- 
t ion(%):  promine R (25),  corn starch 
(58.8), corn oil (65), Briggs salt mixture 
(4 ) ,  alphacel (4), vitamin mixture (2) ,  and 
methionine (0.2). The fatty acid analysis of 
the diet expressed in percentage composition 
was as follows: palmitic (12.40) ; stearic 
(2.65) : oleic (26.00) ; linoleic (57.00) ; and 
linolenic ( 1 .95). 

Animals were killed by decapitation, the 
livers were removed and two samples were 
taken: one for whole liver total fatty acid 
extraction and one for mi tochondrial prepara- 
tion. The methods used for mitochondria1 iso- 
lation and fatty acid extraction have previ- 
ously been described ( 2 ) .  

A Barber-Colman gas chromatograph was 
used to separate and quantitate the fatty 
acids. The operating conditions of this instru- 
ment have been outlined previously (2) .  
Peak area of the fatty acids was obtained 
with the model 205 Disc Chart Integrator. 
The fatty acids from 14 to 22 carbons in 
chain length are included in this study. The  
fatty acid designations used give the number 
of carbon atoms and double bonds present: 
thus myristic is 14:0, palmitic 16:0, palmi- 
toleic 16: 1 , stearic 18:0, oleic 18: 1 , linoleic 

196 



COLD-ACCLIMATION AND HEPATIC FATTY ACIDS 197 

TABLE I. Hamster Whole Liver Percentage Unsaturated Fa t ty  Acid Composition; A Compari- 
son Between Treatments." 

Comparison Significance 
percentage unsaturation DBM (.05 level) CI 

Warm C vs warm P T U  1.82 NS (-0.29, 3.93) 
(65.52 & 0.56) (63.70 ? 0.45) 

(65.02 2 0.56) (64.05 -L 0.45) 

(65.52 2 0.56) (65.84 ? 0.36) 

(66.84 & 0.36) (65.48 -L 0.48) 

Warm C vs warm T, 1.47 NS (-0.64, 3.58) 

Warm C vs cold C 1.32 NS (-0.79, 3.43) 

Cold C vs cold P T U  1.36 NS (-0.75, 3.47) 

Cold C vs cold T, 0.03 NS (-2.08, 2.14) 
(66.84 & 0.36) (66.81 & 0.71) D r 2.11 

a Abbrcv. : DBM = difference between means; CI = 95% confidence interval; C = control; 
P T U  = propylthiouracil; T, thyroxine; NS = not significant; D = mean square times Q 
value. 

Mean & SEM ; 16 animals/trctltment. 

18 : 2, linolenic 18: 3,  arachidonic 20:4, and tained. However, from previously reported 
docosahexanoic 22:6. Three fatty acids, de- fatty acid compositions of rat liver (12), the 
signated as XI, X2, and X3, were not positive- authors feel that XI may represent 5 3 ,  
ly identified as standards could not be ob- 11-eicosatrienoic; X2, 8,11,14-eicosatrienoic; 

30 

25 

0" 2 20 

E- 
t 

2 
8 
t 
y 10 

-1 

3 15 

W 

W 0 

5 

Warm Acclimated 

Cold Acclimated 

** 

NS 
+-I 

14:O 
A 

NS 
A 

16:O 16:1 

NS 
A 

18:O 

NS + 

18:l 

+ - P< .05 
* - p< .01 

** - P< .001 
NS - Not 

18:2 18:3 X, X2 

S i gni ficant 

+ 
I-Ll 

20:4 

NS 
+-I a x3 

NS * 

a 22:6 

FATTY ACID 

FIG. 1. Hamster: warm-acclimated controls compared to cold-acclimated controls ; percentage 
fatty acid composition of whole liver. 
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and X:<, docosapentanoic acids. 
The Studentized Range Test (13) was 

used for testing comparisons among treat- 
ment means for total fatty acid unsaturation 
of whole liver and liver mitochondria. The 
difference between means of individual fatty 
acids was statistically analyzed in accordance 
with the Student’s t test. 

Results and Discussion. Table I shows that 
neither cold-acclimation nor PTU or thyrox- 
ine treatments produce any significant 
changes in the degree of total unsaturation of 
whole liver fatty acids. The data suggest, 
therefore, that during cold-acclimation the 
fatty acid desaturating mechanism is not uti- 
lized to any significant extent which is consis- 
tent with the data that have been reported 
for the cold-acclimated rat ( 2 ) .  

Although total fatty acid unsaturation is 
not effected by cold-acclimation, changes in 
individual hepatic fatty acids occur as seen 
by a relative decrease in palmitate and an 
increase in arachidonate (Fig. 1 ) .  These 
findings may reflect changes in the trigly- 
ceride to 
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and I’oe (14) showed a decrease in trigly- 
cerides with no change in total phospholipids 
of hepatic lipid from chronically cold-exposed 
rats. 

PTU and thyroxine treatments also pro- 
duce marked changes in individual fatty ac- 
ids of liver from warm-acclimated hamsters 
(Fig. 2 ) .  The large increases in palmitate 
and oleate as a result of thyroxine most likely 
represent mobilization from adipose tissue as 
it is known that these two fatty acids com- 
prise 70% of the total fatty acids of this 
tissue ( 1 ) .  Similar findings have been report- 
ed in the thyroxine-treated rat by Ellefson 
and Mason ( 7 ) .  The decrease in stearate 
may represent increased desaturation of this 
particular fatty acid forming oleate since this 
conversion is known to be stimulated by 
thyroxine in the rat (8) .  The decrease in the 
polyunsaturated fatty acids linoleate, Xz and 
arachidonate, following thyroxine injection 
are striking and may represent increased util- 
ization. However, this is contrary to what has 
been reported in the rat ( 7 ) ,  but since we 
are dealing with percentage composition, 
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%AGT,E 11. H:inistcr Liver Mitocl1ontlri:i Pcr.cent:ige Uimitnratcd Fa t ty  Acid Composition; 
A C o nip ;I ri soil 13 c t w tien T r  e atmen t s.’ 

Comparison Significance 
percentage unsaturation DBM (.05 level) CI 

Warm C vs warm P T U  1.03 NS (-0.56, 2.62) 
(68.99 2 0.53) (67.96 2 0.41)” 

W a r m  C vs warm T, 6.4G Significant (4.87, 8.05) 
(68.99 L- 0.53) (62.53 2 0.37) 

(68.99 L- 0.53) (68.85 & 0.23) 

(68.85 0.23) (69.50 & 0.32) 

Cold C vs cold T, 3.59 Significant (2.00, 5.18) 
(68.85 L- 0.23) (65.26 L- 0.40) 

W a r m  C vs cold C 0.14 NS (-1.45, 1.73) 

Cold C vs cold PTU 0.64 NS (-0.89, 2.24) 

1> z 1.59 

a Abbrev. : DBM = difference between means; C I  F 95% confidence interval; C F control; 
P T U  = propylthiouracil; T, r thyroxine; KS = n o t  significant; D F mean square times (2 
value. 

Mean L- SEM; 16 aninials / t r~atment .  

these changes may be an inverse resultant of 
higher percentages of other fatty acids. Re- 
gardless of the mechanism(s) which may be 
involved, it is readily apparent that thyroxine 
can drastically alter the distribution and 
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With regard to liver mitochondria, cold- 
acclimation does not affect the degree of total 
fatty acid unsaturation (Table 11). In  the 
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FIG. 3 .  Hamster: warm-acclimated controls compared to cold-acclimated controls ; percentage 
fat ty  acid composition of liver mitochondria. 
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rat, however, the cold-acclimated state did 
induce a significant decrease in total unsatur- 
ation ( 2 ) .  This finding suggests that differ- 
ences exist between these two species con- 
cerning mitochondrial function in the cold. 

Cold-acclimation does produce a number of 
changes in individual mi tochondrial fatty 
acids as shown by decreases in palmitate and 
oleate and increases in stearate and arachi- 
donate (Fig. 3 ) .  These changes may represent 
structural alterations in the lipoprotein com- 
ponents of the mitochondrial membrane. In- 
deed, studies on essential fatty acid deficien- 
cy (15, 16)  have shown that the fatty acid 
composition of mitochondria is altered which 
is associated with changes in both their struc- 
ture and function. Furthermore, Green and 
Fleischer (17) have suggested that the stabil- 
ity of the phospholipid component of the 
oxidative phosphorylating apparatus of mito- 
chondria depends, in part, on the nature of 
the fatty acids of the phospholipids. The data 
suggest, therefore, that changing the envi- 
ronmental temperature can modify the bio- 
chemical components of mitochondria. Such 
modifications may play a role in the in- 
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creased heat production characteristic of the 
cold-acclima ted state. 

Table I1 and Fig. 4 show the effects of 
PTU and thyroxine on total mitochondrial 
unsaturation and individual fatty acids from 
warm-acclimated animals. Thyroxine treat- 
ment results in a decrease in total unsatura- 
tion and produces marked changes in individ- 
ual fatty acids as evidenced by increases in 
palmitate, stearate, arachidonate and X3 and 
by a decrease in linoleate and X2. These 
findings appear unrelated to those demon- 
strated in whole liver. Apparently thyroxine 
can alter the fatty acid composition of liver 
mitochondria independent of its effect on 
whole liver. 

From the present experiments i t  is not pos- 
sible to assess the significance of the data in 
relation to the action of thyroxine on mito- 
chondria. However, it is proposed that by 
bringing about changes in the fatty acid com- 
position, thyroxine can sufficiently modify 
the structure of the mi tochondrial membrane 
to cause altered enzymatic activity and per- 
meability. The effects of thyroxine are dra- 
matic and may represent an important site of 
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FIG. 4. Warm-acclimated hamster: percentage fatty acid composition of liver mitochondria. 
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hormone action for i t  is well documented 
that the thyroid hormones can affect both the 
structure and function of mitochondria (10, 
18). 

The present experiments fail to show anal- 
ogous effects between cold-acclimation and 
thyroxine treated, warm-acclima ted animals 
regarding the fatty acid composition of mito- 
chondria. In  the rat, however, Patton and 
Platner ( 2 )  have reported similarities be- 
tween cold-induced changes in mitochondrial 
fatty acids and those occurring as a result of 
thyroxine treatment. 

Summary. Relative concentrations of fatty 
acids from whole liver and liver mitochondria 
of cold-acclimated hamsters were analyzed 
by gas chromatography. Involvement of the 
thyroid gland was studied by the administra- 
tion of PTU and thyroxine to both warm- 
and cold-acclimated animals. No change was 
observed in total unsaturation of either whole 
liver or mitochondrial fatty acids as a result 
of cold-acclimation but changes did occur in 
the composition of individual fatty acids. 
These were a decrease in palmitate and an 
increase in arachidonate in whole liver while 
mitochondria showed increases in stearate 
and arachidonate and decreases in palmitate 
and oleate. Injection of warm-acclimated ani- 
mals with thyroxine also resulted in no 
change in whole liver unsaturation but did 
produce a decrease in the total unsaturation 
of mitochondria. Marked effects were also 
observed in individual fatty acids following 
thyroxine treatment as evidenced by in- 
creases in palmitate and stearate and a de- 
crease in linoleate in mitochondria while in 
whole liver there were increases in palmitate 
and oleate and decreases in stearate, lino- 
leate, and arachidonate. Analogous effects on 

fatty acid metabolism between thyroxine- 
treated, warm-acclimated hamsters and cold- 
acclimation were not observed. 
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