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Calorigenesis of Brown Adipose Tissue in Cold-Exposed Rats* (32782) 
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The multilwular brown adlipme tissue has 
been shown to participate in the thermal 
response of arousing hibernators (1, 2 )  and 
newborn mananah exposed to cold (3, 4 ) .  
Brown fat from adult rats a h  responds to 
chronic cold exposure of the animal by in- 
creasing its mass and the respiratory rate in 
vitro ( 5 ) .  Moreover, in rats acutely sub- 
jected to low temperatures, direct recordings 
have demonstrated an increase in heat produc- 
tion of this tissue (6, 7).  However, in view of 
the small proportion of brown fat relative 
to the total body mass of the adult rat, the 
quantitative significance of the heat produced 
by this tissue in adult nonhibennators has been 
questioned ( 1, 8). 

The present study was thus undertaken to 
evaluate brown fat thermogenesis in vivo in 
relation to the total heat production of rats 
during acute e x p u r e  to cold. 

Materials and Methods. Rats (417 t 4 
gm) e x p o d  to 5°C for 3-4 weeks and re- 
turned to 26°C for 2 weeks were anesthetized 
(Na Pentabarbitol, 80 mg/kg of body 
weight). Cu-constantan recording t h e m  
couples (TC) were placed over the transiently 
exposed intermpular fat pad, and on both 
the inner and outer surfaces of the skin ovm 
the pad. TC were also fixed upon the left 
thoracodorsal artery and the deep central 
venous drainage; another was inserted ap- 
proximately 5 cm into the colon. 

An hour after anesthesia, these prepara- 
tions were placed in a closed chamber and 
total oxygen consumption was continuously 
rworded3 at a constant temperature (4 or 
25°C). 
The heat production of the brown fat was 
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calculated as the heat (qcv) transferred from 
the interscapular pad to the perfusing blood 
(Eq. 1) plus that lost from the h u e  to the 
skin ( q c n ) ,  as defined by equation 2, plus 
the heat (4,) required to raise the brown fak 
temperature from its initial to final value 
(equation 3 ) .  

where F = blood flow; hb, specific heat of 
blood; T,-,, temperature difference between 
venous and arterial blood; m = mass of in- 
terscapular pad, and t ,  time. 

where = conductivity; A ,  dorsal surface 
area of interscapular pad; AT, brown fat- 
outer skin temperature; d, distance from 
brown fat to outer skin surface; and t ,  timre. 

where m = mass of interscapular pad; hf, 
specific h a t  of bmwn fat; and AT,, final - 
initial brown fat temperature. 

Values of the constants in the preceding 
equations were taken as F = 34.62 ml 
h0uT-l gm tissue-l ( 9 ) ;  A = 3.33 X 1W2 
cal cm-l min-1 deg.-l (cf. 10) ; hb = 0.9 cal. 
deg.-l d-l; hf = 0.9 cal deg.-l gm tis- 
sueM1; m = 0.32% gm body weight (5). 
The surface area, A ,  and the dktance, d,  
m r e  &mated in the experimental animals 
as 2.86 -t. .13 an2 and 5.5 +- .3 mm, re- 
spectively. 

Assuming from earlier data ( 5 )  that ( a )  
the interscapular pad would be 29.4% of 
the total brown fat and (b) that heat p1-0- 
duction rates of the tissue were &idly 
uniform in d l  locations, the total t h e m  
genesis of the brown fat was calculated ‘as: 

intenscapular p d )  

(1 )  q c u  = mFh,(Tv-u)t, 

(2) q c n  = W A T / d ) t ,  

( 3 )  qr = mhf(ATf), 

( k t  pdua t ion  orf the 

(4) 
0.294 

These values were then referrd to those 

3 Two Med-Science volume meters were attached 
in parallel to be used altermtively on the animal 
chamber. 
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FIG. 1. Effect of cold exposure on oxygen con- 
sumption of one experimental rat. 

of the intact rats as obtained from their total 
body oxygen consumption during the cold 
exposure (caloric equivalent, 4.74 cal/ml of 
02- 

Results. The effect of cold exposure on 
the oxygen consumption of one of the six 
experimental rats, as well as the temperatures 
of the six areas of the body monitored in 
these animds, are illustrated in Fig. 1. 

At air temperature of 25"C, the temlpra- 
t m  of interscapular pad ( T I )  and venous 
outflow (T , )  were quite similar, while the 
arterial temperature ( Ta) was 0.5-1 .Oo C 
higher than T ,  and 0-1.0"C higher than TI. 
The colonic temperature (Tb)  averaged 1.35 
t .17"C higher than TI. 

Initially upon exposure to cold, T,, T,, 
T,, and T b  usually fell while the rate of total 
oxygen consumption rase. Within an average 

OF BROWN FAT 

time of 10.0 t 3.6 min, TI had begun to in- 
crease, and by 13.8 t 1.7  min had reached 
temperatures equal to or greater than the 
control values (a t  chamber temperature of 
25°C). During this period, Tv also rose, to 
be followed within 7.5 t 1.4 min (18 min 
after cold exposure) by an increase of Ta 
and sometimes Tb.  

After the chamber temperature reached 
4°C (usually within 10-15  min, Tv-Ta re- 
mained relatively constant for each animal, 
averaging 1.05 t .Oj"C (for n = 66 five 
niin intervals). During the same time inter- 
vals, the inner skin surface was 2.96 + 
.28"C warmer than the outer surface while 
the brown fat temperature averaged 5.85 
+- .19"C higher than that of the outer skin. 

Shivering was observed in almost every 
experiment. I t  began near an average Tf 
of 34.8 t 0.9"C and T b  of 34.4 t 0.9"C 
(25.4 t 9.5 min after placement in the cold 
chamber) and was maintained intermittently 
throughout the cold exposure. 

The rate of heat production of the inter- 
scapular pad, as calculated from Eqs. (1)  + ( 2 )  + (3) ,  averaged . lo2 t . 0 0 7  
kcal/hour, whereas that for the total brown 
fat (from Eq. 4 )  was .347 & .013 kd/hour .  
In comparison to the total caloric output of 
the rat (Table I )  the interscapular pad ac- 
counted for 2.4% of the total body heat 
production, or 8.2% in terms of the total 
brown fat. 

Discussion. The calculation of thermal out- 
put of the total brown fat as 8.2% entails 
the assumption that the heat production -ti- 
mated for the interscapular pad was repre- 
sentative of that of the brown fat in other 
regions of the body. The fact that the go?, 
i.e., "heat production", in vitro (per mg of 
nitrogen) of the interscapular pad does not 
deviate significantly from the average qO2 
of the other brown fat regions of the body 
( 5 )  was adduced as justification for the 
extrapolation. 

Since the measured caloric output of the 
rat included the heat production resulting 
from shivering, the calculated value of 8.2% 
for the thermal contribution of the brown fat  
is lower than it would have been if compared 
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TABLE I. Brown Fat Tlicrmogericsis during Cold 
Exposure (4”C).” 

Rate of heat production 
(kcal/hour) 

Intact  ratb 4.24 * .40 
Intorscapular pad 

dqc,/dt .043 2 A07 
dqcn/dt .058 2 .004 
W d t  . lo2  t .007 

Total brown f a t  
d q / d t  .347 * .013 

Contribution of brown fa t  
(% total heat) 

Tiitcrscnpular pad 2.1 2 .1 
8.2 * .2 Total brown f a t  

Means f SE wliere n = 6 .  Definition of spni- 
bols: dqcu/clt = rate of convective hest transfer; 
&,,,/at = rate of condu&ive heat trtuisfer ; dq/dt 
= dq,,,/dt + dq,,,/dt. Since qf  is essentially a time- 
independcnt step function, dqf /d t  = 0. 

From a caloric equivalent of 4.74 cnl/nil of 0,. 

only to the nonshivering thermogenesis of the 
animal. 

Moreover, the heat production by the brown 
adipose tissue should be evaluated not only 
in terms of the amount of heat evolved, but 
also with respect to its  distribution to the 
body heat sink. As has been previously em- 
phasized (12),  the topology and vascular 
relationships of the brown fat masses facili- 
tate local appl’ication of their heat specifically 
to the vital organs of the thorax (S ) ,  the 
upper spinal cord ( 5 , l l )  , and the autonomic 
sympathetic chain ( 5 ) .  

Summary. Six adult rats, exposed to 5°C 
for 3-4 weeks and returned to a 26°C room 

for 10-14 days, were acutely prepared by in- 
sertion of thermocouples to measure tempera- 
tures of the colon, the interscapular brown 
fat, the arterial and venous blood perfusing 
the interscapular pad, and the inner and outer 
surfaces of the skin overlying the pad. From 
the temperature changes observed when the 
rats were reexposed to cold, the heat pro- 
duced by the interscapular pad was calcu- 
lated and extrapdated to ithat Olf the total 
brown fat. These values m p r e d  to tlre 
concurrently measured total caloric output 
indicated that during cold stress the intrinsic 
metabolism of brown adipose tissue accounted 
for 8.2% of the total heat production. 
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Nygren (1) has postulated that food poi- 
soning due to Clostridium perfringens depends 
on the production of phosphdipase C (leci- 
thinase C, a toxin) by this organism, whereas 
Smith ( 2 )  has suggested that the ingestion 

of Montana, Missoda, Montana 59801 

of large numbers of the organism is respon- 
sible. Dack et d. (3)  after feeding human 
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