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Effects of 5,7-dihydroxytryptamine and p-chlorophenylalanine on
temperature regulation in rats

M. T. LIn*, L. H. PANG, Y. F. CHERN, S. 1. CHERN, Department of Physiology and Biophysics, National Defence

Medical Center, Taipei, Taiwan, Republic of China

Some recent studies suggest that there is input from the
peripheral thermoreceptors to synaptic relays in the
serotoninergic cell bodies in the midbrain and thence
to the hypothalamic controller via the serotoninergic
pathways. In rats, intraventricular injection of 5-hydr-
oxytryptamine (5-HT) reduces body temperature
(Feldberg & Lotti, 1967; Myers & Yaksh, 1968).
Furthermore serotoninergic neurons within the mid-
brain raphe nuclei receive an input arising from thermo-
receptors in both the skin (Dickenson, 1976; Jahns,
1976) and the midbrain area (Cronin & Baker, 1976;
Hori & Harada, 1976). In addition, electrical stimula-
tion of raphe nuclei in cats also influenced the unit
activity of hypothalamic neurons which were responsive
to hypothalamic temperature (Eisenman, 1974). How-
ever, several studies that have examined body tempera-
ture after brain 5-HT depletions have produced con-
flicting results. For example, in rats, in which brain 5-HT
had been depleted by systemic administration of p-
chlorophenylalanine (PCPA), the rise in rectal tempera-
ture on acute heat stress (38°) was reduced (Williams &
Moberg, 1975). Both rats and monkeys treated with
intrahypothalamic injection of 35,6-dihydroxytrypt-
amine, a specific 5-HT depletor, showed acute increases
in body temperature and thereafter were unable to
maintain a normal body temperature when exposed to
warm or cold environments (Myers, 1975; Waller,
Myers & Martin, 1976). The destruction of brain 5-HT
neurons by pretreatment with intraventricular 5,7-
dihydroxytryptamine (5,7-DHT), which lowered the
brain 5-HT concentration, did not disrupt the thermal

* Correspondence.

balance in rabbits (Lin & Stitt, 1976; Lin, 1977;
Lin, Pang & others, 1978). Moreover, little is yet known
about the effects of 5,7-DHT and PCPA treatment on
thermoregulatory responses of rats to different ambient
temperatures. Thus, in the present study, we have used
both 5,7-DHT and PCPA to decrease the brain 5-HT
concentration. The alterations in the thermoregulatory
responses (including body temperature, metabolic heat
production and vasomotor activity) to different ambient
temperatures were assessed in unanesthetized animals.
These experiments were on male Sprague-Dawley
rats, initially 250-300 g, which before use were housed
individually in wire-mesh cages in a room of 25 +0-5°
with a 12 h light-dark cycle. They were given free access
to tap water and granular chicken feed. Three groups
of animals were studied: 1) 09 %, NaCl (saline) vehicle-
injected control rats, (2) rats that had received an intra-
ventricular injection of the neurotoxin 5,7-DHT (100 ug
in 5 pl, 3rd cerebral ventricle), and (3) rats that had
received intraperitoneal injection of the tryptophan
hydroxylase inhibitor PCPA (300 mg kg~Y). All drugs
were dissolved in pyrogen-free sterile saline and were
prepared in pyrogen-free glassware previously baked at
180° for 4 h. The drugs were 5,7-dihydroxytryptamine
creatinine sulphate (5,7-DHT, Regis) and p-chloro-
phenylalanine methyl ester HCl (PCPA, Pfizer). For the
intraventricular injection, the cannulae guide tubes were
implanted in the animals under general anaesthesia
(sodium pentobarbitone, 6 mg per 100 g, i.p.) according
to (Lin 1977, 1978). The cannulae were located in the
third cerebral ventricle. An injection cannula was
lowered through the guide tube. Intraventricular loca-
tion of the cannula was confirmed by allowing the 5 ul
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Table 1. Thermoregulatory responses of control, 5.6-DHT and PCPA-treated rats to different ambient temperatyre
(Ta) of 8, 22 and 31°C. Metabolic rate (M), tail (T¢), footsole (T1) and back (Thsk) skin temperatures, and recta|

(T:) temperature were measured when the animals were in the thermal balance at each Ta.

Treatment of  No. of

animals animals T, °C T °C
Control 10 8 370 + 0-31 9-0
5,7-DHT 8 8 37-7 2027 14-0
PCPA 6 8 35-8 - 0-50* 9-1
Control 10 22 37-1 + 035 253
5,7-DHT 8 22 375 4- 0-12 282
PCPA 6 22 36'3 + 046 24-9
Control 10 31 38:3 4 0-12 332
5,7-DHT 8 31 38-3 4+ 017 326
PCPA 6 31 382 4036 320
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injection solution to flow by gravity. During the thermo-
regulatory experiments, the animals were trained to sit
quietly under minimal restraint in rat stocks. The ani-
mals treated with 5,7-DHT were studied 4-10 days after
the injections, while the animalis treated with PCPA
were studied 72 h later. The thermoregulatory responses
of these groups of animals to three different ambient
tempeatures (8, 22 and 31°) were observed. Rectal (Ty)
temperature was measured with a copper-constantan
thermocouple enclosed in PE 200 tubing, sealed at one
end, inserted 60 mm into the rectum. Back skin (Tysx),
tail (T¢) skin and footsole skin (Ty) temperatures were
also measured using copper-constantan thermocouples
(Stitt & Hardy, 1971). Metabolic rate was calculated
from the animal’s oxygen consumption in watts assum-
ing an RQ = 0-83 so that 1 litre of oxygen consumed
h-! was equivalent to a heat production of 56 watts
(Stitt & Hardy, 1971, Lin, 1977, 1978; Lin & others,
1978). These measurements were made in a small
animal partitional calorimeter originally designed by
Hardy and his associates (Gonzalez, Kluger & Hardy,
1971; Stitt & Hardy, 1971; Lin, 1977). Measure-
ments were made every minute during the experiments,
each variable being measured as a DC potential on a
Hewlett-Packward digital voltmeter interfaced to an on-
line HP9825 computer. All temperatures and metabolic
rates were calculated instantaneously by the computer,
displayed and printed out. Table 1 contains a summary
of thermoregulatory responses of control, 5,7-DHT-
and PCPA-treated rats to ambient temperatures of 8,
22 and 31°. The 5,7-DHT treated animals maintained
their rectal temperatures within normal limits displayed
by the control group (Tr: 37-0-38-3°). However, specific
alterations in the thermoregulatory responses were
evident in these amine-depleted animals. The 5,7-DHT
treated rats, although showing no changes in both the
resting metabolic rate and the cutaneous temperatures
(T, Ty and Tpsk) at 31°, did show both a higher

metabolic rate and a higher cutaneous temperature (T,
and Tyg) at 8 and 22° compared with untreated controls.
A complete recovery from the thermoregulatory dis-
turbances was evident 14-16 days following the 5,7-DHT
administration. On the other hand, animals that were
treated with PCPA, although showing no changes in T,
at 22 and 317, did show a slightly lower T, at 8° com-
pared with the untreated control. Furthermore, the PCPA
-treated animals had a lower metabolic rate and a
lower Ty at 8 and 22°. In addition, Table 2 shows the
effects of intraventricular administration of saline
vehicle and 5,7-DHT and intraperitoneal administration
of PCPA on the 5-HT concentration in the brain.
Animals treated with 5,7-DHT showed a greater than
409, decrease in brain 5-HT concentration compared
with control brains. Animals treated with PCPA also

Table 2. Effects of saline vehicle (0-9%, NaCl), 5,7-DHT
(100 ng) and PCPA (300 mg kg=*) treatment on 5-HT
concentration in the rat brain.

5-HT concentrations in
the rat brain

Mean + s.e. %, Change

(ngghH over
Treatment control
1. 099, NaCl solution,
3rd cerebral ventricle 615 4 365 —
n=>5
2. 5,7-DHT, 100 png, 3rd 350 - 26-8*
cerebral ventricle n=3:5 —43-0
3. PCPA, 300 mg kg, i.p. 200 + 18-4* 676
n=>35

n Number of rats tested. * Significantly different from
corresponding control group, £ - 0-05 (one way analy-
sis of variance).
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showed a greater than 65 % decrease in brain 5-HT con-
centration, The method used for the determination of
5.HT was based on that of Atack & Lindqvist (1973).
Mammals maintain their relatively constant body
temperature over a wide range of ambient temperatures
py a fine balance between heat production and heat loss.
In the present study, both 5,7-DHT- and PCPA-treated
animals, although showing the maintenance of thermal
palance, did exhibit abnormalities in their thermo-
regulatory responses. 5,7-DHT-treated animals dis-
played an increase in both heat production and heat
Joss, while PCPA-treated animals displayed a decrease
in both heat production and heat loss when they were
exposed at 8 and 22°. In 5,7-DHT-treated animals, the
enhanced vasodilatation, mainly confined to the tails
and the footsole, counteracted theincreased heat produc-
tion since T; remained constant. Probably, the increased
heat production in response to 5,7-DHT application is
a resultant of shivering because non-shivering thermo-
genesis has only been demonstrated in adult cold-
acclimated rats (Carlson, 1969). Similarly, in PCPA-
treated animals, the decreased heat production was
mainly counteracted by the decreased Tt since Ty kept
constant at 22°, However, in the cold (8°), the de-
creased Ty could not effectively counteract the de-
creased heat production and led to a slight hypothermia.
Thus, in spite of a similarity between the PCPA- and
5,7-DHT-treated rats in brain concentrations of 5-HT,
the PCPA-treated animals have some intact functioning
5-HT neurons. Another factor that makes the two
groups of rats not comparable is the possible develop-
ment of denervated supersensitivity in 5,7-DHT
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lesioned animals. Moreover, it must be acknowledged
that the drugs used exhibit a variety of non-specific
effects in addition to altering transmission in 5-HT
pathways within brain. For example, PCPA increased
uptake of amino acids through the blood-brain barrier
(Guroff & Udenfriend, 1962; Yuwiler, Geller &
Schuster, 1965) and has both peripheral and central
actions. 5,7-DHT also has been found to cause axonal
degencration of catecholaminergic nerve fibres (Bjork-
lund, Nobin & Stenevi, 1973; Lin, 1977). Such side
effects cannot be completely ruled out in the present
experiments as mediating in the observed changes in
thermoregulatory responses of 5-HT depleted animals.

There are two popular models dealing with the mono-
aminergic mechanisms of temperature regulation at the
present time, the Bligh model and the Myers model
(Hellon, 1975). In the Bligh model, hypothalamic 5-HT
behaves as if it were an excitatory transmitter substance
on the pathway between warm sensors and heat loss
effectors. In the Myers model, hypothalamic 5-HT
behaves like a heat production transmitter which acts
through a cholinergic pathway to signal heat production.
But the results observed for the administration of 5,7-
DHT or PCPA are difficult to explain in terms of the
monoamine theory.
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