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Brown adipose tissue activity in hypophysectomized rats: involvement of sympathetic system
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Summary. At thermal neutrality, hypophysectomy enhanced interscapular brown adipose tissue (IBAT) activity (increase of
purine nucleotide binding) in the rat. This stimulation is dependent on sympathetic system integrity since surgical denervation

of IBAT impairs its thermogenic response.

Key words. Hypophysectomy; sympathectomy; brown adipose tissue.

Brown adipose tissue (BAT) is the major site of both non-
shivering and diet-induced thermogenesis. It has recently
been found to be a common effector for both thermic and
weight regulation . It has been shown that the same modifi-
cations of the composition of BAT which are normally in-
duced following cold stimulation are also observed in hypo-
physectomized rats acclimated at 28 °C2. Some enzymes
known to modulate the energy supply to that organ showed
enhanced activities® and binding of purine nucleotides in
BAT mitochondria (an indicator of the thermogenic state of
the tissue) was higher at thermal neutrality in hypophysec-
tomized rats supplemented with thyroxine and corticos-
terone* or at ambient temperature’. The development of
thermogenesis in BAT is under the control of hypothalamic
thermoregulatory centers and the effector pathway involves
the sympathetic nervous system via the release of nor-
epinephrine ®, but its activity can be modified by a number of
hormonal factors’. It remains to be demonstrated that the
subsequent changes in BAT induced by hypophysectomy at
thermal neutrality ? also requires an intact sympathetic ner-
vous system, as has been demonstrated for cold-induced
stimulation®. In the present study the possible involvement
of the sympathetic nervous system was investigated by surgi-
cal denervation of hypophysectomized rats.

Materials and methods. Male Long-Evans rats, 6—7 weeks
old, were hypophysectomized by the parapharyngeal route.
The effectiveness of hypophysectomy was verified by the
following criteria: no weight gain, testicular atrophy, ab-
sence of pituitary remnant upon examination of the sella
turcica in the sphenoid bone under binocular microscopy
post mortem. The operation was simulated in another group.
Only those hypophysectomized rats were used which did not
gain weight over a period of at least 3 weeks. The control and
hypophysectomized rats were acclimated to 28°C for 5
weeks. 10 days before sacrifice, interscapular BAT (IBAT) of
a group of hypophysectomized rats was surgically denervat-
ed: animals were anesthetized with chloral 200 mg/kg i.p.,
the five nerves supplying each lobe of IBAT were isolated
and cut without damage to the tissue. It has already been
established that such denervated IBAT is severely depleted in
norepinephrine®. The animals were fed on a standard labo-
ratory diet (UAR 03), manufacturer’s data: 23.5 % proteins,
5% lipids, 49.8 % carbohydrates. All rats had free access to
food and water and the lights were on from 07.00 to 19.00 h.
IBAT mitochondria were prepared and purine nucleotide
binding was assessed by the method described by Neder-

gaard et al. 1. Various concentrations of GDP were used
(0.1, 1, 3 M) to test the linearity of a Scatchard plot and to
obtain a satisfactory estimation of high affinity binding sites.
The mitochondrial protein yield to IBAT mitochondria was
determinated by spectrophotometric assay of cytochrome C
oxidase ! in the homogenate and in the mitochondrial frac-
tion. Results are expressed as mean + SEM. Statistical anal-
ysis used an unpaired t-test.

Resulrs and discussion. Hypophysectomized rats lost some
weight during the first week after operation but then main-
tained a stable weight of about 155 g. The weight of IBAT
was significantly lower in hypophysectomized rats (214 mg
vs 410 mg). However in terms of body weight (per
100 gb.wt) the amount of IBAT was the same in hypophy-
sectomized and control rats. Hypophysectomy led to a sig-
nificant decrease of 28 % in the mitochondrial protein con-
tent (7.7 mg vs 10.4 mg). But when expressed per 100 gb. wt,
mitochondrial proteins were significantly (50%) higher in
hypophysectomized rats (4.9 mg vs 3.3 mg). Specific GDP
binding (expressed per mg mitochondrial proteins) showed a
significant 2.5-fold increase in the hypophysectomized rats
(0.66 nmol vs 0.26 nmol). An estimate of total GDP binding
per IBAT can be-obtained if mitochondrial yield is combined
with specific GDP binding. In this case a considerable in-
crease of 1.8-fold was still observed for the hypophysec-
tomized group (5.00 nmol vs 2.82 nmol).

In the hypophysectomized rat with denervated IBAT 10 days
before sacrifice, body weight was the same as in hypophysec-
tomized control rats. Expressed per 100 g body weight, de-
nervated IBAT weight was significantly higher (165 mg vs
135 mg). Lipid accumulation explained the difference (re-
sults not shown). Total IBAT mitochondrial proteins showed
a significant diminution compared to hypophysectomized
rats (5.4 mg vs 7.7 mg) and to controls (5.4 mg vs 10.4 mg).
In terms of body weight, mitochondrial proteins were the
same in denervated IBAT of hypophysectomized rats and in
normal controls. Surgical denervation completely abolished
the specific GDP binding increase observed in hypophysec-
tomized rats. Total GDP binding was five-fold lower in de-
nervated rats than in hypophysectomized control rats
(1.02 nmol vs 5.00 nmol). Expressed per 100 g body weight,
total GDP binding was comparable in denervated hypophy-
sectomized rats and in normal controls.

Our results obtained at thermal neutrality agree with Fel-
lenz’s study on hypophysectomized rats supplemented with
thyroxine and corticosterone*. We show that even in the
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Effect of surgical denervation on interscapular brown adipose tissue of
hypophysectomized rats

Control rats ~ Hypophysectomized rats

Sham Denervated
denervated
Body weight (g)
Initial (arrival) 191 +4 186 + 3 179 + 3
28 °C adaptation 247+ 6 156 4 44 156 + 2
Final (at sacrifice) 31549 157 4+ 64 15242
Brown adipose tissue
Wet weight (mg)
per rat 410 £ 23 214 + 204 250 £ 15
per 100 gb.wt 133+ 7 135+ 94 165 + 9™
Mitochondrial
proteins (mg)
per IBAT 104 +£ 0.9 7.7+ 0.64 54+ 0.6%
per IBAT/100 gb.wt 33403 49+0.34 3.6 +£ 04"
GDP binding (nmol)
per mg mitochondrial
proteins 0.26 + 0.03 0.66 + 0.094  0.19 + 0.02®
per IBAT 2.82 + 0.50 500+ 0.734  1.024+0.17™
per IBAT/100 gb.wt 0.88 + 0.15 3.16 + 0374 0.66 + 0.10™

Results are presented as mean 4+ SEM. Number of animals: 6 per group;
A significant effect of hypophysectomy, ™ significant effect of sympathec-
tomy.

absence of thyroid and adrenal hormones, hypophysec-
tomized rats can increase IBAT thermogenesis. In 28°C
hypophysectomized rats, as in normal cold-adapted rats sur-
gical denervation impairs the stimulation of the proton con-
ductance pathway . Thus, this observation might mean that
the changes observed in IBAT of hypophysectomized rats
are mediated by the sympathetic system. Hypophysectomy
did not modify the norepinephrine content of IBAT and did
not produce changes in the medullo-adrenal system 2. How-
ever nothing is known about enhanced norepinephrine
turnover or enhanced norepinephrine sensitivity in the BAT
of hypophysectomized rats.

Some hypotheses remained to be verified concerning the
origin of BAT stimulation in hypophysectomized rats.
Firstly, it might be suggested that thermal peutrality of
hypophysectomized rats is higher than 28 °C and that some
stimulation of thermogenesis occurs at that temperature.
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Secondly, since the hypophysectomized rat is deficient in
pituitary, adrenocortical and thyroid hormones, the ob-
served stimulation cannot be accounted for by pituitary-reg-
ulated hormones. It is possible that the lack of such hor-
mones enhances the effect of sympathetic activity on the
BAT thermogenic process by suppressing some retrocontrol.
Rothwell and Stock ® claimed that hypophysectomy stimu-
lates thermogenesis, probably as a result of decreased
adrenal steroid release since chronic treatment of hypophy-
sectomized rats with ACTH lowers purine nucleotide bind-
ing to BAT mitochondria. However, these last findings were
difficult to relate to the ACTH promoting effect on BAT
thermogenesis in normal rats3: 4, It is possible that high
levels of hypothalamic releasing factors such as corti-
cotropin-releasing factor can stimulate BAT

From this study, it could be concluded that the hypophysec-
tomy-induced increase in BAT activity is dependent on sym-
pathetic system integrity. However, the mechanisms of sym-
pathetic stimulation are still unknown.

Nicholls, D. G., and Locke, R. M., Physiol. Rev. 64 (1984) 1.

Laury, M. C., Azma, F., Zizine, L., and Portet, R., Pfliigers Arch. 400

(1984) 171.

Goubern, M., Laury, M. C., Zizine, L., and Portet, R., Horm. Metab.

Res. 17 (1986) 176.

4 Fellenz, M. J., Triandafillou, J., Gwilliam, C., and Himms-Hagen, J.,

Can. J. Biochem. 60 (1982) 838.

Rothwell, N.J., and Stock, M. J., Am. J. Physiol. 249 (1985) E333.

Giradier, L., in: Mammalian Thermogenesis, p. 50. Eds L. Girardier

and M. J. Stock. Chapman and Hall Ltd, London 1983.

Himms-Hagen, J., A. Rev. Nutr. 5 (1985) 69. _

Goubern, M., Laury, M. C., Chapey, M. F., and Portet, R., Diabéte

Metab. 10 (1984) 345.

9 Laury, M. C., Beauvallet, M., and Portet, R., Horm. Metab. Res. 74

(1982) 107.

10 Nedergaard, I., Becker, W., and Cannon, B.,J. Nutr. 113 (1983) 1717.

11 Yonetani, T., and Ray, G. S., J. biol. Chem. 240 (1965) 3392.

12 Laury, M. C., Beauvallet, M., Zizine, L., Delost, P., and Portet, R.,
Experientia 42 (1986) 1252.

13 Rothwell, N.J., and Stock, M. J., Comp. Biochem. Physiol. &7 4
(1985) 99.

14 Laury, M. C., and Portet, R., Pfligers Arch. 384 (1980) 159.

15 Le Feuvre, R., and Rothwell, N. J., Br. J. Pharmac. 90 (1987) 46 P.

[

(")

[+ @}

00

0014-4754/88/060508-02$1.50 + 0.20/0
© Birkhduser Verlag Basel, 1988

Neither prolactin nor growth hormone restore the nocturnal rise in pineal N-acetyltransferase activity or

melatonin content in hypophysectomized rats

I. Sabry! and R. J. Reiter?

Department of Cellular and Structural Biology, The University of Texas Health Science Center at San Antonio, 7703 Floyd Curl

Drive, San Antonio (Texas 78284-7763, USA)
Received 9 November 1987; accepted 7 March 1988

Summary. Hypophysectomy in adult male rats greatly attenuated the nocturnal rise in both pineal N-acetyltransferase (NAT)
activity and melatonin content. High nighttime levels of NAT and melatonin were not restored by treating the animals with
either prolactin or growth hormone, alone or in combination. Treating intact rats with bromocriptine, which depresses
circulating prolactin levels, also was without effect on pineal melatonin synthesis. It appears that neither prolactin nor growth
hormone are of major importance in determining pineal melatonin production.

Key words. Pineal gland; hypophysectomy; N-acetyltransferase; melatonin; prolactin; growth hormone.



