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SIMULATION OF NONSHIVERING THERMOGENESIS IN COLD:
ASSESSMENT OF UPTAKE AND OXIDATION OF FREE FATTY
ACIDS IN THE THERMOGENESIS OF RATS TREATED
CHRONICALLY WITH NOREPINEPHRINE AND THYROXINE

Kirvosal MoRIvA and TsutoMu HIROSHIGE

INTRODUCTION

In previous studies we inferred that an enhanced nonshivering thermogenesis
(NST) in cold-acclimated animals was explicable by an increase in oxidation of
plasma free fakty acids (FFA) rather than its elevated uptake by tissues (MoORIYA
et al.,, 1974, 1977), On the other hand, we showed in agreement with LEBLANC
and VILLEMAIRE (1970) that chronic treatment with norepinephrine (NE) and thy-
roxine (T4) resulted in a simulation of cold acclimation: an increase in NST and
uptake of FFA was demonstrated in response to infusion of NE, a mediator of
NST (Moriya et al., 1975). In this study the mode of action of NE and T4 in the
enhanced utilization of FFA was examined in rats.

METHODS

Wistar male rats aged from 30 to 45 days old, weighing average 112 g, were divided into follo~
wing four groups. The first group was warm (22 °C)-acclimated controls injected s. ¢. with olive
oil vehicle. The second was injected with NE suspended in olive oil in a daily dose of 70 ug/100 g
body weight (NE group). In the third T, was injected in a dose of 5 ug/100 g (T4 group). The
fourth was cold-acclimated rats exposed to 5 °C. This treatment continued for 6 weeks. The
animals were provided with water and rat chow (Oriental MF) ad libitum. CO:z output was
measured as an indicator of thermogenesis and plasma FFA uptake and its oxidation were
estimated by a constant intravenous infusion method of 14C-palmitate albumin complex under
pentobarbital anesthesia (70 mg/kg body weight, i. p.). Details were given in a previous report
{Morrya et al., 1977). The diaphragm from an animal in each group was fixed with neutral para-
formaldehyde plus glutaraldehyde solution, followed by post fixation with Millonig’s solution.
A thin section cut on a ultramicrotome was observed under an electron microscope, and the
mitochondria number was counted on muscle fibers chosen at random. ’

RESULTS

CO: output, in response to NE infusion at a rate of 2 gg/min for 20 min, increased
from 20 L 3 umol/min/100 g body weight to 72 4 6 in NE group (n = 12), from
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35 £ 5to 64 4 5 in T4 group (n = 10}, from 31 4 4 to 94 + 8 in cold-acciimated
rats (n = 12) and from 20 3- 2 to 43 + 3 in controls (n = 15). The increase was
greater in NE group than in controls’ and was similar in magnitude to coId~acch~
mated rats. Initial values in T4 group were higher than those in controis, but incre-
mental changes due to NE infusion in both groups did not differ. The plasma FFA
uptake by tissues increased in response to NE infusion in all groups, but increases
of FFA uptake were similar among these groups. The oxidation rate of plasma
FFA also increased in all groups. In NE group it was elevated from 0.14 + 0.02
£#Eq/min/100 g to 2.35 4= 0.30, from 0.28 + 0.07 to 2.17 £ 0.33 in T4 group, from
0.21 4 0.03 to 2.40 + 0.24 in cold-acclimated rats, and from 0.09 4 0.01 to 0.86 +
4 0.10 in controls. The increases in the first three groups were greater than that
in the controls. Similar fraciions of plasma FFA taken up by tissues were oxidized
under basal state in these groups, except a higher value in T4 group. During NE
infusion, the percentage of FFA uptake oxidized was elevated to 32 % in controls,
73 % in NE group, 64 % in T4 group and 51 Y in cold-acclimated rats. The increase
in NE and T4 group was greater than that in controls and was similar to that of
cold acclimated ones, Since the percentage is considered as a good parameter of
heat production due to FFA oxidation, relationship between the percentage and
COg¢ output was examined. No difference was found among the regression coeffi-
cient in the four groups. Numbers of mitochondria which are intracellular site
of FFA oxidation and respiration were 114 4- 10/mm? in control diaphragm, 172 L
4-10 in NE group and 205 4 10 in T4 group.

SUMMARY

In rats treated chronically with NE and Ty, enhanced NAT with a concomitant
increase in the utilization of plasma FFA was observed. This increased utilization
of plasma FFA was reflected in a more preferential increase in the oxidation of
FFA than in FFA uptake. These biochemical findings are consistent with the mor-
phological findings: an increased mitochondria number in skeletal muscles. Both
biochemical and morphological changes of similar nature were found in cold accli-
mated rats.
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