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ABSTRAm. We increased the mass of interscapular 
brown adipose tissue in rats by dietary manipulation ("caf- 
eteria" feeding), cold exposure, or by both. The animals 
were then used to determine the temperature response of 
the interscapular brown adipose tissue to dopamine or 
norepinephrine. These results, and the increase in blood 
glycerol values, were very similar for either catecholamine. 
These findings suggest that dopamine may have a role in 
releasing energy from brown adipose tissue similar to that 
of norepinephrine in the newborn infant. (Pediatr Res 19: 
60-63,1985) 

Abbreviation 

BAT, brown adipose tissue 
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Some years ago we documented a high concentration of do- 
pamine in the urine of human neonates (8). We postulated then 
that dopamine might have a homeostatic role like that of nor- 
epinephrine, which can release energy from brown adipose tissue 
(6). Herein we report our findings concerning the effects of 
dopamine upon BAT stores in the laboratory rat. 
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sity of Adelaide, Adelaide Children's Hospital, North Adelaide, South Australia The subjects were 32-day-01d litter mate, weanling, f€Xnale rats 
5006. of the Porton type of the Sprague-Dawley strain. They were 
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divided into four groups. Group 1 received water and standard 
rat food ad libitum and were maintained at room temperature 
of 26-27" C. Group 2 received the same diet but were held at 4" 
C. Group 3 animals were fed a cafeteria-type diet of high energy 
foods such as peanuts, chocolate, canned-meat, potato chips, etc. 
(12). These were also given 30% sucrose solution to drink and 
were held at room temperature. Group 4 animals received a 
cafeteria-type diet with sucrose solution but were maintained at 
4" C. The animals were housed two to three per cage and given 
a lightjdark alternation of 12 h. These methods were designed 
to increase interscapular BAT mass either by cold exposure of 
the animals, or by their eating a high-energy cafeteria-type diet, 
or by a combination of the two. The animals were weighed each 
day. We have previously presented the details of this method 
(13) which ensures steady weight-gain, ready accumulation of 
interscapular BAT, and good general health and survival. 

The thermal response of the interscapular BAT was measured, 
and the catecholamine responses were compared by the following 
method: the animals were anesthetized with pentobarbital (7.5 
mgj100 g body weight) given intraperitoneally. The skin areas 
over the interscapular BAT pad and a lumbar muscle were 
shaved, and temperature-sensitive probes (Yellow Springs Instru- 
ment Co., Yellow Springs, OH, Type 400) were applied to the 
skin. The probes gave a response which was linear in the range 
35-43" C. The core temperature was measured by inserting 
another probe 4-6 cm into the colon. The animals were placed 
prone on a pad through which circulated water at 37" C. The 
ambient temperature during the studies was 26 A l o  C. The 
animals were observed for 15-30 min to ensure that the temper- 
atures were stable in the two areas under study. In addition, we 
ascertained that the skin temperature in the abdominal area and 
flanks adjacent to the warming pad did not vary. 

The method of measuring BAT and lumbar muscle tempera- 
tures is essentially similar to the classic method of measuring the 
response of BAT to norepinephrine in the rabbit (7), and in the 
rat (lo), and in addition we did preliminary experiments in 
which the thermistors were applied to the exposed BAT or 
lumbar muscle. We found an excellent correlation of temperature 
responses thus obtained with those obtained by thermistor ap- 
plication to the skin. BAT and lumbar muscle temperatures were 
both recorded in the belief that the resting muscle has a limited 
ability to generate heat, and that muscle temperature changes 
would reflect, to some extent, the circulatory rather than the 
thermogenic effect of any of the drugs which we examined. 

Thus, temperatures were recorded for 15-20 min to ensure 
that the animal was in a stable condition. Then the animal 
received a subcutaneous injection in the hindleg with equal 
volumes of one of the following: 0.9% NaCl solution (pH 6. I), 
dopamine (as Intropin, Arnar-Stone Inc., Aguadilla, Puerto Rico, 
pH 4.7), or norepinephrine (as Levophed, Winthrop, UK, pH 
3.2). The dose of dopamine was 200 pg/100 g body weight, and 
of norepinephrine 25 pg/l00 g body weight. Thereafter the 
temperature responses were measured for 120 min in the skin 
areas described above; preliminary studies with 0.9% NaCl at 
pH 6.1, or buffered to pH 4.7 or 3.2, had no effect in the control 
periods. 

In other experiments, the 0-blocker propranolol(8 pg/100 g), 
the &-blockers prazosin (4 pg/100 g), or phenoxybenzamine (250 
pg/ 100 g), and the dopamine blocker pimozide (4.5 pgj100 g) 
were given intraperitoneally to determine the effect upon the 
dopamine response. The results found were compared with those 
of the appropriate diluent. 

The effects of dopamine or norepinephrine on blood glycerol 
levels were also studied in a total of 20 animals. This was done 
by taking a control sample, injecting the appropriate catechol- 
amine, and sampling again after 45 min. The glycerol levels were 
measured by an enzymatic method (4). 

The main study of the temperature response in BAT, lumbar 
muscle, and in core temperature was made in three stages after 
initiating the studies. These were at 10 days (rats - 42 days old), 

48 days (rats - 80 days old), and at 90 days (rats - 120 days 
old). The experiments were made at the same time daily. At each 
time interval (10, 48, and 90 days) some of the untreated rats 
were killed and the interscapular brown fat pad was removed 
and weighed. 

In general, the differences between each group was assessed by 
analysis of variance (14) using the Anova program of the BMDP 
package. Statistical significance was accepted at the 5% level. 

RESULTS 

Results are shown in Tables 1 and 2 and Figure 1. The core 
body temperatures, measured at 26" C room temperature for 
each group of animals before any drug treatment, are shown in 
Table 1, which also contains details of body weight increase and 
BAT yield. The last two figures were not always obtained from 
the same animals as the core temperatures, but they were ob- 
tained at the same experimental stage. Figure 1 shows a common 
response to the injection of catecholamine. The area between the 
two curves of Figure I (for BAT and lumbar muscle temperature) 
was calculated by the trapezoidal rule. This gave an integrated 
temperature difference (A BAT - muscle T" C) for the effect in 
individual rats of either norepinephrine or dopamine. These 
values, as well as the maximum core temperature found after 
each type of injection are shown in Table 2. The blood glycerol 
response (mean + SD) to the catecholamines was as follows: 
control 0.55 f 0.2 mgj100 ml, after norepinephrine 8.9 + 1.76 
mgj100 ml; control 0.55 + 0.21 mg/ml, after dopamine 7.5 +. 
2.06 mg/100 ml. The difference from control was significant ( p  
< 0.0001), but there was no difference between the response to 
dopamine or norepinephrine. The responses to dopamine given 
with the blocking agents were not consistent, the degree of 
blocking varying from 15 + 10% (propranolol) to 14 + 9% 
(phenoxybenzamine), with pimozide yielding a figure of 36 + 
16% inhibition. 

Table I .  Initial core temperatures at various stages, and wt of 
brown adipose tissue 

Duration o f  study 

10 48 90 
A B C 

Age - 42 Age = 80 Age = 120 
Group days days days 

1. Core T" C 38.3 f 0.13 38.3 k 0.1 38.5 + 0.13 
Control ( n  = 34) ( n  = 90) ( n  = 43) 
Room T" C Body wt (g) 125 + 2.6 231 + 1.0 300 + 2.4 

BAT (mg) 190 f 6.0 240 f 5.0 277 f 2.0 
2. Core T" C 38.2 + 0.16 39.3 f 0.2 38.5 + 0.2 
Control ( n = 1 4 )  ( n = 1 3 )  ( n = 1 0 )  
4" C Body wt (g) 108 + 4 225 + 4 268 k 6 

BAT (mg) 199 + 8 394 + 22 448 + 12 
3. Core T" C 39.1 2 0.2 38.6 +- 0.2 38.3 k 0.15 
Cafeteria ( n = 1 0 )  ( n = 1 6 )  ( n = 1 5 )  
4°C Body wt (g) 130 f 3 237 + 2.7 301 rt 2.6 

BAT(mg)  3 1 5 t 1 5  639+30 624k12.6  
4. Core T o  C 38.9 + 0.2 38.5 2 0.14 38.1 + 0.4 
Cafeteria ( n  = 10) ( n  = 30) ( n  = 1 1 )  
Room T" C Body wt (g) 127 k 6.9 250 + 5 358 + 13.6 

BAT (mg) 303 rt 2.2 387 + 1 1  664 rt 54 

Values are group means with SE. Temperature comparisons-1A is 
control room T" C at 10 days, so 1A vs 3 A  p < 0.005; 1A vs 4 A  p < 
0.05; 2A  vs 3A p < 0.005; 2A  vs 4 A  p < 0.05; l B  vs 2B p < 0.001; 2B vs 
3B p < 0.05; 2B vs 4B p < 0.02. 

The figures for body weight and BAT were obtained from different 
groups o f  rats. 
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Table 2. Temperature responses to norepinephrine (NE) or dopamine (DOP) at various study stages 
Duration of study - 10 days Duration of study - 48 days Duration of study - 90 days 

Age of rat - 42 days Age of rat - 80 days Age of rat - 120 days 

Group Drug AT" C BAT/mus* Core T" C max n AT" C BAT/mus Core T" C rnax n AT" C BAT/mus Core T" C rnax n 

Control NE RoomT" DOP 1.03 + 0.60 40.78 rt 1.00 2.04 + 0.42 38.45 + 0.60 1.19 f 0.56 38.96 k 0.38 

C 1.79 + 0.52 40.15 k 0.48 1.05 + 0.26t 38.89 k 0.26 0.93 k 0.24 38.56 + 0.14 

Control NE 1.35 + 0.58 41.72 + 0.28 1.30k0.32 40.27+0.80 1 . 0 3 ~ 0 . 4 6  39.98k1.00 
4°C DOP 1.57 + 0.38 41.24 + 0.30 1.44 + 0.70 40.37 r 0.90 1.19 r 0.94 39.82 r 0.46 10 

Cafeteria NE 0.75 + 0.40 42.54 + 0.40 1.74 + 0.70 40.98 + 1.10 2.14 + 0.56 40.70 +. 0.32 
4°C DOP 1.64 + 0.80 42.70 +. 0.40 2.07 i 0.60 42.04 + 1.00 1.88 + 0.32 40.98 + 0.14 
Cafeteria 
Room T" NE 1.58 + 0.52 41.60 + 0.70 2.46 + 0.60 40.30 + 0.52 2.63 + 0.56 40.22 + 0.20 

DOP 2.08 + 0.54 41.30 + 1.00 lo 2.17+0.50 40.15k0.80 l 3  2.01 + 0.44 39.20 + 0.40 13 
C 

* Mean temperature difference between brown adipose tissue and lumbar muscle as shown in Figure 1 .  
Figures are group means with SE: t p value of NE vs-DOP response ~ 0 . 0 5 .  

ROOM TEMPERATURE - CAFETERIA 
10 days 

I lnjest Dopamine 
L 

I I I I 1 I I 1 I I I I 
0 10 20 30 40 50 60 70 80 90 100 110 120 

TIME IN MINUTES 

Fig. 1. Example of the temperature response in BAT and muscle after the injection of dopamine. 

DISCUSSION 

Table 1 shows the effect of time, environmental temperature, 
and dietary variation upon the weight gain, accumulation of 
interscapular BAT, and core temperature of the animals. The 
body weight gain shown in Table 1 is representative of the steady 
increase reported by us in an earlier study (l3), i.e. weight gain 
was greatest in the room temperature cafeteria-fed animals, and 
least in the controls kept at 4" C (the last finding may represent 
the result of the demands made upon the animal to produce heat 
in the cold). 

Interscapular brown adipose tissue was certainly present in 
each group, and its weight was greatest in the cold-stressed rats, 
or in those given a cafeteria diet. After 90 days, the weight of 
interscapular BAT found in cafeteria-fed animals kept at either 
26 or 4" C was at least twice that found in the rat food-fed 
animals kept at 26" C. 

The core temperatures varied slightly from group to group but 
always showed a significant difference between the control or 
cafeteria-fed animals, whether they were kept at 26 or 4" C. Table 
I shows that the differences were most marked in the 42-day-old 
animals after 10 days of treatment, but they largely disappeared 
in the older (-120 day old) animal after 90 days of treatment. 
These findings, previously unreported, are perhaps of intrinsic 
interest. However, their significance to us lies in our belief that 
such core temperature changes are not likely to invalidate the 
local temperature responses found oveqthe interscapular BAT. 

Figure 1 shows a representative illustration of the temperature 
change in interscapular BAT and lumbar muscle after dopamine. 
The change with norepinephrine is very similar. The response of 
the noncontracting muscle may reasonably be said to represent 
a vascular (vasodilator) response either to norepinephrine (I), or 
to dopamine (9), when used in the same dose as in the present 
study. 

The effect of norepinephrine in raising the temperature of 
BAT is well known, and represents changes both in tissue per- 
fusion and heat release in the tissue (3). Accordingly, we believe 
that the mean temperature difference (which is the area between 
the curves shown in Fig. 1) is a measure of the heat release, or 
thermogenic response to the drug studied. Although not shown 
in the results, we also calculated the difference between the 
maximum interscapular BAT temperature and the maximum 
muscle temperature. These latter differences gave values, or a 
measure of thermogenic effect, entirely akin to those derived as 
shown in Figure 1. This may strengthen the conclusions drawn 
from the values for mean temperature differences shown in Table 
2 for the effects of the catecholamines given to the .variously aged 
animals at the various stages of the study. Table 2 shows quite 
clearly that dopamine always exerts a thermogenic effect (as 
defined above). The response of the groups of animals given 
dopamine did not differ from the response to norepinephrine, 
with the sole exception of the 80-day-old control animals kept at 
room temperature. In that group,Jhe dopamine effect was pres- 
ent, but was about half of that found in the group given norepi- 
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nephrine. We do not think that this exception vitiates our general 
conclusion that dopamine has an effect upon interscapular BAT 
which is quantitatively similar to that of norepinephrine. The 
maximum core temperature shown in Table 2 was always less 
than the maximum recorded in the BAT; and the core temper- 
ature maxima were invariably attained 15-30 min later than in 
the BAT or muscle. Table 2 then suggests that dopamine had an 
effect upon core temperature which was at least equal to that of 
norepinephrine. A rise in core temperature is regarded as a classic 
thermogenic effect of norepinephrine (2). If this is so, then our 
results suggest that dopamine, in this regard, is as effective as 
norepinephrine. 

The final point we stress concerns the action of dopamine in 
increasing the glycerol levels in the rat. This effect is shared by 
norepinephrine in circumstances which suggest that glycerol is 
released from brown fat (3). Our study shows that the glycerol- 
releasing effect of dopamine is as great as is that of norepineph- 
rine. While this does not prove that this effect of dopamine is 
exerted upon BAT, it is certainly coincident in time with the rise 
in temperature induced in BAT by dopamine. We suggest then 
that our hypothesis of glycerol release by dopamine from BAT 
warrants further direct exploration. 

Thus, we believe that there is evidence that dopamine can 
increase core temperature, BAT temperature, and cause glycerol 
release. These effects are akin to those of norepinephrine, and 
suggest that dopamine can exert a thermogenic effect upon BAT. 
Rothwell et al. (1 1) observed an increase in whole body oxygen 
consumption following the subcutaneous injection of dopamine 
into rats with stores of BAT. This gives somewhat indirect 
evidence of a dopamine effect upon thermogenesis. Thus dopa- 
mine, or for that matter norepinephrine, will increase whole 
body oxygen consumption in animals who have low, or no, 
stores of BAT. Examples of this effect include the action of 
dopamine in the adult dog (8), or that of norepinephrine in adult 
humans (5). We believe then that our study represents direct 
evidence of the action of dopamine upon brown adipose tissue. 
The mechanism of the action of dopamine is open to further 
discussion. Thus, the effect is not consistently blocked by a- or 
P-blocking agents, or in our study, by the dopamine blocker 
pimozide. The latter drug was reported (1 1) to inhibit the increase 
in whole body oxygen consumption induced by dopamine, but 
for the reasons noted above, this may be a nonspecific reaction. 
It seems likely then that the nature of the dopamine effect will 

ultimately rest upon the demonstration of blocking effects in a 
simpler, perhaps in vitro, system. A more satisfactory proof would 
be to demonstrate the presence of dopamine receptors in the 
brown adipocyte itself. However, if the mechanism is still ob- 
scure, the effect seems to be definite, i.e. dopamine can exert a 
thermogenic effect on rat BAT. Since dopamine is present in 
large quantity in the urine of human newborns (8) it is not then 
too unreasonable to suggest that the two observations are related, 
and that dopamine, as well as norepinephrine, can help mobilize 
energy from BAT in the human infant. 
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