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Goldfish (Carassius aguratus) (40-88g) were injected
with dopamine into the forebrain to study the possible
involvement of this amine in central temperature regulation
in these fish. Dopamine caused a decrease in selected
temperature after injection into the rostral nucleus
preopticus periventricularis (NPP). This effect was
dependent on the dose of dopamine administered. Doses of

25, 50, 199 and 258 ng were used, injected in a volume of



P.2pl. Injections in regions adjacent to the NPP elicited
hypothermic effects only at the higher dosages. These
effects were not consistent. 1Injections in caudal regions
of the NPP elicited no effect. The effects of dopamine were
blocked by haloperidol, a selective antagonist of dopamine.
It is suggested that dopamine acts on central
thermoregulatory neurons, present in the rostral NPP, in the
mediation of thermoregulatory behavior. Further, it is
suggested that this action is mediated via dopaminergic

receptors.
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CHAPTER 1
LITERATURE REVIEW

Animals, both vertebrate and invertebrate, show
preferences for a particular body temperature and they will
act to maintain their body temperature at that particular
level. This can be seen even among the simplest animals,
the protozoa, where paramecia were shown by Mendelsohn in
1895 (cited in Hammel et al., 1973) to congregate in a
narrow temperature interval within a linear thermal
gradient. If this temperature interval was moved anywhere
along the thermal gradient the paramecia migrated with it.

Animals can be divided into two groups depending on the
way they maintain the desired body temperature. Generally,
fish, amphibians, reptiles and invertebrates regulate body
temperature through behavioral means, that is, by selecting
a part of their environment which has the appropriate
temperature. Animals whose body temperature equilibrates
with the environmental temperature are called ectotherms,
since they depend on external sources of heat to maintain
the desired body temperature. Birds and mammals, on the
other hand, possess additional physiological mechanisms that
help them to maintain the desired body temperature

regardless of the environmental temperature. Such



mechanisms include cutaneous vasodilation, panting and
sweating for losing heat and piloerection, vasoconstriction
and shivering for conserving and producing heat. Since
these organisms have internal mechanisms for generating heat
and maintaining body temperature they are termed endotherms.

In order to be able to regulate body temperature, it is
necessary that the animal be able to sense its own body
temperature. Having done this, the organism must activate
the appropriate signals to effectors in order to correct any
deviations from the desired body temperature. This
presumably is what is happening with a paramecium when it
selects a particular environmental temperature.

In vertebrates the nervous system mediates these
actions. Neurons have been described within the brain of
cats which alter their rate of firing in response to local
heating (These are specifically thermosensitive cells since
not all neurons tested responded in this way; Nakayama gt
al., 1961) and peripheral heating (Landgren, 1978). Neurons
responding to cooling and heating have also been described
within the hypothalamus of the green sunfish (Nelson and
Prosser, 198l). Ambient temperature and core body
temperature are seen in this way to be transduced into a
neural signal. That these temperatures, once they are
transduced, can be a basis for the activation of
thermoregulatory behavior has been shown for both ectotherms

and endotherms. Hammel et al. (1973) found that cooling



the brain of an arctic sculpin inhibited the fish from
avoiding water of an undesirably high temperature. Warming
the brain caused the fish to spend less time in the hot
environment as compared to fish where the brain was not
warmed. In endotherms, heating or cooling the hypothalamus
can lead to alterations in all thermoregulatory responses
(Hammel, 1968).

Since the organism receives inputs on the temperature
of its body and that of the environment and then reacts in
an appropriate way to these inputs, it is likely that a
neuronal circuit is present which integrates inputs and
activates effectqrs appropriately. This circuit, in
vertebrates, most likely involves the hypothalamus. In
support of this assertion is the finding that the preoptic
area of the hypothalamus of many mammals is the only part of
the nervous system whose temperature, if shifted only 1-2 C
above or below the normal, can lead to activation of heat
loss or heat gain mechanisms respectively (Hammel, 1968).
Animals for which this is true are the dog, cat, rabbit,
rat, ox, goat and baboon (Hammel, 1968). Also, if the
afferent neural connections to this part of the brain are
destroyed by ablating the region dorsal to the hypothalamus
the animal can maintain its normal body temperature under
cold stress and will only slightly increase its temperature
under heat stress (Hammel, 1968). This further suggests

that the hypothalamic temperature, when transduced into



neural activity, can be used to aid in the regulation of
body temperature. Neural input into the preoptic area is,
however, needed for normal, precise thermoregulation
(Hammel, 1968).

Nelson and Prosser (1979) have shown that when the
preoptic area of the brain of sunfish and goldfish is
destroyed, these animals can no longer regulate their body
temperature. Body temperature in the lesioned goldfish
fluctuated by as much as 20 C whereas in intact animals it
only fluctuated by about 3-5 C. These findings therefore
lend support to the assertion that the preoptic area/
anterior hypotha;amus are very important structures for
temperature regulatiqn in the goldfish.

Neural information coming to the controlling centers
from thermosensitive units around the body and within the
hypothalamus is integrated and leads to the activation of
thermoregulatory mechanisms to maintain core body
temperature before it drops below or rises above normal.
This is supported by the following evidence: The
hypothalamic temperature of several endotherms, studied in a
thermally neutral environment, has shown a natural
fluctuation of §.5-1 C with no ensuing activation of
thermoregulatory responses. Also, the mean hypothalamic
temperature and its variability is not dependent on the
environmental temperature even though the animal may be

activating heat gain or loss mechanisms under thermal stress



(Hammel, 1968). Further support is leant by the finding
mentioned above that neural input into the preoptic area is
required for normal thermoregulation.

The neural wiring of the controlling centers and the
connections of the afferents with the centers are only
partially understood (Crawshaw et al., 1985). However,
models have been put forward to account for the function of
the controlling center and the body temperature regulator as
a whole. Such a model is one proposed by Hammel (in Hammel
et al., 1973).

One approach which has been used in an attempt to
elucidate the function of the important centers has been to
inject substances with neuropharmacological properties into
the brain and to study their effects on body temperature and
thermoregulatory effectors. Since nerve cells communicate
with each other by releasing chemicals called
neurotransmitters, then it should be possible to mimic the
action of the nervous system by applying putative
neurotransmitter substances exogenously to the part of the
nervous system in question. By studying the effects of the
drugs on the thermoregulatory behavior of the animal,
inferences can be made about whether the drug being used is
one mediating thermoregulatory behavior in the intact
animal. Once thermoregulatory effects are observed it does
not, of course, "prove" ﬁhat this drug plays a physiological

role. Further corroborative evidence would be needed such



Cutaneous POH Behavioral
receptors responses

Exit hot
environment

Exit cold
environment

Figure 1. A neuronal model for the regulation of body
temperature by activation of behavioral responses.
POH: preoptic and hypothalamic nuclei., 1: a neuron
which shows an increase in activity with increasing
temperature, 2: a neuron which exhibits little tempe-
rature dependence or possibly a Q10 of less than 1.
From Hammel et al., (1973)



as the presence of this substance in the area in question
and whether it is found in and released from presynaptic
cells. Evidence would also be needed about the postsynaptic
cell, whether it is a thermoregulatory cell and if it
possesses receptor sites for the drug in gquestion.

Studies on the effects of central injections of putative
neurotransmitters on thermoregulation go back to 1943 when
von Euler (cited in Hellon, 1975) injected adrenaline
(epinephrine) into the cerebral ventricles of rabbits. He
observed a rise in body temperature and postulated that
"...catecholamines, 5-HT (serotonin), or both may be
mediators of act;vity of brainstem structures and...might
also exert an influence on the setting mechanism of the body
thermostat”. Support for this view came from Feldberg and
Myers (1963) who published results of intraventricular
injections of epinephrine, noradrenaline (norepinephrine)
and serotonin in the cat. They reported that epinephrine
and norepinephrine decreased body temperature which had been
previously raised by intravenricular injection of a pyrogen.
5-HT, on the other hand, caused a rise in body temperature
either on its own or over and above a pyrogen-induced fever.
With these findings, Feldberg and Myers (1963) proposed
their "New Concept of Temperature Regulation” in which they
suggested that normal body temperature is maintained by a
delicate balance in the release of norepinehrine,

epinephrine and serotonin in the hypothalamus.
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Since that time many more chemicals have been found to
have thermoregulatory effects when injected centrally. Some
of the more reasonable chemicals include L-DOPA, dopamine,
histamine and acetylchloline. Many mammals have been
extensively studied for their responses to these and many
other substances. Non-mammalian vertebrates have not been
studied as extensively and fish have been neglected save for
two studies known to the author (Green and Lomax, 1976;
Wollmuth et al., in press).

The results of these studies have not always been
consistent and generalizations as to the effects of each
particular drug injected even in the same species cannot
easily be made. However, norepinephrine in most animals has
been found to have a hypothermic effect (Bruinvels, 1979).
This has has also been shown to be the case in goldfish
where Wollmuth et al. (in press) showed that norepinephrine
has a hypothermic effect when injected into the
hypothalamus.

Serotonin predominantly elicits a hyperthermic effect in
cats, dogs and monkeys and a hypothermic effect in goats,
oxen, mice, pigeons and chickens. Rabbits, rats and sheep
show either response (Jacob and Girault, 1979) and rats
sometimes show none (Crawshaw, 1972).

Acetylcholine and cholinergic substances when injected
into the preoptic area/anterior hypothalamus (PO/AH), lead

to increases in body temperature in monkeys and hamsters and
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decreases in guinea pigs (Crawshaw, 1979). Rabbits seem not
to be affected whereas in cats both an increase and a
decrease in temperature has been observed in the same
animal. Studies on rats have produced hypothermia and
hyperthermia (Crawshaw, 1979). In the fish Chromus chromus,
the acetylcholine agonist oxotremorine was found to mediate
a hypothermic response (Green and Lomax, 1976) when
administered through the gills via the water in which the
fish was swimming. In the goldfish, acetylcholine has been
shown to mediate both a hypothermic and a hyperthermic
response depending on the site of injection within the
hypothalamus and basal anterior forebrain (Wollmuth,
personal communication).

Histamine, a neurotransmitter whose effects on
thermoregulation have not been studied as extensively as the
above drugs, causes a drop in body temperature when injected
intrahypothalamically in both rats and mice (Lomax and
Green, 1979). 1In the fish Chromus chromus aquatic histamine
administration via the gills caused a hyperthermic response
(Green and Lomax, 1976).

Early studies where dopamine was injected into the
ventricles were found to cause a milder hypothermia than
norepinephrine in the mouse when a larger dose was used
(Brittain and Handley, 1967). These findings were
explained by Cox (1979) as being due partly to the necessary

diffusion through the ventricles so that the dopamine might
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have been inactivated before reaching its active site. Cox
also mentions that effects due to a dopamine injection might
be due to the biosynthesis of norepinephrine from the
dopamine, since the latter is a precursor in the metabolié
pathway to norepinephrine. Two pharmacological tools,
according to Cox (1979), significantly accelerated the work
on the involvement of dopamine in thermoregulation. One was
apomorphine, a selective agonist of the dopamine receptor
and the other was pimozide, a selective antagonist. Kruk
(1972) found that apomorphine, injected into the lateral
cerebral ventricle of the rat, caused an increase in tail
skin temperature followed by a decrease in core temperature.
Dopamine in a slightly higher dose caused the same changes,
while pimozide pretreatment blocked both effects. As Cox
(1979) points out, these findings indicate that dopamine is
producing an effect in its own right and not via conversion
into norepinephrine. What is also suggested by these
findings is that dopamine receptor sites are mediating the
thermoregulatiory response and not norepinephrine sites.
This view is supported by the finding that the
norepinephrine antagonist phentolamine does not block
responses to dopamine (Cox and Lee, 1980). Dopamine studies
in other animals have shown that hypothermia is the
predominant response (Cox, 1979). The mouse, cat, pigeon
and hen have all shown drops in core temperature after

central dopamine injections. The baboon has shown no
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effect and the rabbit in several studies has consistently
shown increased core body temperature after intraventricular
injection of dopamine. This effect has been blocked by
dopamine antagonists (Cox, 1979). Lomax and Green (1976)
found that L-DOPA (the substrate for the synthesis of
dopamine), when added to the water in which fish (Chromus
chromus) were swimming, elicited a hyperthermic response,
though only in the middle one of the three doses used.

This, however, at best only suggests that dopamine is linked
to central temperature regqulation in fish. There is
therefore a place for a more rigorous study of the role of
dopamine in fish thermoregulation.

Evidence in support of a role for norepinephrine,
serotonin, acetylcholine and dopamine in central
thermoregulatory pathways has come from perfusion studies.
These studies involve the sampling of extracellular fluid
from an area of the brain while the animal is placed under
different thermal loads. Myers and Chinn(1973),
investigating cats, found that increasing the ambient
temperature evoked a greater release of norepinephrine from
the preoptic area. This release was restricted to the
period of warming and immediately thereafter. Cooling the
air around the cat to 18 C did not evoke release of
norepinephrine. Ruwe and Myers (1978) found that warming a
cat by placing it in a 408 C environment for 3§ minutes

evoked a release of dopamine from the pPreoptic area. There
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was a concomitant threefold increase of the cat's breathing
rate. A similar study in the rhesus monkey (Myers and
Beleslin, 1971), where serotonin levels were monitored found
that cooling evoked an increased release of serotonin
whereas heating either did not affect or inhibited serotonin
release. Similar results were found for acetylcholine
levels in another study on the rhesus monkey (Myers and
Waller, 1973). The pattern of release of these substances
is related to the ambient temperature and thermoregulatory
responses of the animals in a way which would be predicted
from the animals' responses to central injections of the
substances. The’findings of Myers and his colleagues
therefore confirm injection study results with
norepinephrine, serotonin, acetylcholine and dopamine.
Electrophysiological evidence also exists for the
participation of dopamine in central thermoregulatory
mechanisms. Sweatman and Jell (1977) showed that dopamine,
released by iontophoresis onto cold-sensitive neurons within
the cat's hypothalamus, caused a decrease in the firing rate
of these cells. As Lee et al. (1985) suggest, dopamine may
elicit its effect by inhibition of cold-sensitive cells
which in their turn inhibit heat production. The inhibited
cold-sensitive cell might then disinhibit heat loss pathways
in accordance with Hammel's model of the body temperature
regulator given above. 1In a study by Scott and Boulant

(1984), where hypothalamic slices were perfused with
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dopamine, the activity of cold-sensitive neurons appeared to
be reduced whereas that of cold-sensitive cells was
increased. The excitation of warm-sensitive neurons would
tend to activate heat loss pathways, again in accordance
with Hammel's model, which would then lead to the type of
behavior which has been observed after central dopamine
injections.

To conclude, an overview will be given of the evidence
in support of a physiological role for dopamine in
thermoregulation:

l. Dopamine is present in the hypothalamus and more
specifically, dopamine terminals have been described in the
anterior hypothalamic and preoptic areas (Moore and Bloom,
1978). The preoptic area adjacent to the third ventricle is
the most sensitive within the hypothalamus to the
hypothermic effect of dopamine (Lee et al, 198s5).

2. Dopamine and its agonists cause activation of heat 1loss
mechanisms and subsequently hypothermia when injected into
the preoptic area of the hypothalamus.

3. Effects, such as those mentioned under 2, are blocked by
selective dopamine antagonists.,

4. Dopamine release from the preoptic area is evoked when an
animal is placed in a hot environment.

5. Dopamine applied to temperature-sensitive neurons leads

to changes in their firing rates.
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This body of evidence is complete for the cat, but is

more fragmented for other animals.



CHAPTER Il

INTRODUCTION

The hypothalamus of goldfish contains high levels of
dopamine (Juorio, 1973) and a recent study (Kah et al.,
1984) has shown the presence of dopaminergic neurons within
the nucleus preopticus periventricularis (NPP) of the
hypothalamus of goldfish. Whether these neurons are
involved in temperature regulation is not known. The
present study, involving the microinjection of dopamine into
the hypothalamus of the goldfish was undertaken to
investigate whether dopamine can be considered to have a
physiological role in temperature regulation in the
goldfish. A microinjection method was favored, over methods
affecting larger parts of the brain in an attempt to

localize the site at which dopamine acts.



CHAPTER III
MATERIALS AND METHODS

ANIMALS

Goldfish (Carassius auratus) weighing 40-80 g were kept
at 25 C with a 14L: 19D photoperiod prior to and during
investigation and were fed daily on tropical fish

food-flakes.
SURGICAL PROCEDURE

Surgery on the fish was done under MS-222 anesthesia
(initial concentration to anesthetize the animals: 9.28g/1
water; later concentration to maintain anesthesia: 0.1g/1).
For the surgery, the fish was placed in a Baltimore
Instruments stereotaxic apparatus modified for fish (after
Peter and Gill, 1975). The gills of the fish were perfused
with water containing the lower dose of anesthetic
throughout the surgery. For placement of the guide cannula
assembly (guide cannula was of 26 gauge stainless steel
tubing) an aperture (approx. 4x5mm) was made in the roof of
the cranium. After the guide cannula assembly was
stereotaxically placed in the desired location it was
secured with dental acrylic to bone screws placed in the

cranium. An indwelling stylette was placed within the guide
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cannula before the fish was placed in a recovery tank.
Recovery from the effects of the anesthetic came within 15
minutes of the termination of surgery. Fish were not
injected until two days after surgery. However, fish were
placed in a themal gradient (see below) 24 hours after
surgery to verify that their thermoregulatory behavior was

normal.

TEMPERATURE SELECTION MEASUREMENTS

The effects on temperature selection of substances
injected into the fish were measured in a horizontal thermal
gradient. The gradient consisted of nine water-filled
parallel lanes (width: 20cm, depth: 9cm, length:248fcm) at
the ends of which either hot or cold water was circulated in
heat exchangers. This procedure produced a warm temperature
at one end and a cold temperature at the other, with an
almost linear gradation of temperatures in between.
Temperatures at two positions in one lane were continually
monitored and did not vary by more than +8.5 C over any
particular day. At the end of each day's work, a
temperature profile for each lane was obtained. The range
of temperatures for each lane was approximately 7-35 C.

The position of each fish within the gradient was
monitored via a wide-angle video camera placed above the
gradient. Lighting was diffuse and even over the area of

the gradient. The image from the camera was digitized by an
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Oculus-200 frame grabber and the position of each fish was
recorded at 5 second intervals on an IBM PC XT. After
recording was completed the temperature profile of each lane
was utilized in combination with the position of each fish
in each lane to produce a record of the water temperature

chosen by each fish against time.
INTRACRANIAL INJECTIONS

Dopamine hydrochloride (Sigma) was dissolved in sterile
P.7%NaCl (w:vol water) carrier. The injection volume was
B.2pl and the amounts of dopamine injected were 25, 50, 100
and 250ng. Control injections consisted of the carrier
adjusted to the pH of the highest injection dose by the
addition of HCl. The dopamine antagonist Haloperidol
(Sigma) was injected in the same volume of carrier as
dopamine and at a dose of 25@ng.

On the day of injection the fish were placed in the
gradient for 30 minutes just prior to administration of the
drug. During this time a recording was made of the
thermoregulatory behavior of each fish which served as a
baseline. To make the injections, each fish was placed in a
restraint within the gradient at a position corresponding to
its acclimation temperature. The restraint consisted of a
cage with a trap door on its floor for easy release of the
fish and an attached 5 pl syringe. An injector cannula (33

gauge), connected to the syringe with PE tubing, was then
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positioned within the guide cannula . The injection was
administered over a period of approximately 3 minutes after
which time the PE tubing was clipped and sealed using hot
forceps, and the fish released through the trap door. The
selected temperature was then recorded for a period of 38
minutes. Each fish was injected a maximum of 5 times with a
break of one day between each injection. Haloperidol
injections were administered 18 minutes prior to dopamine
through the same syringe. The haloperidol was kept separate

from the dopamine by a #.lpl air-bubble.
HISTOLOGY

After investigation on a fish was completed it was
anesthetized and its circulatory system was perfused with
phosphate buffer (#.1M, pH:7.4) followed by glutaraldehyde
solution (2.5% in the same phosphate buffer). Following the
perfusion, B.2pl of Evan's blue dye was injected into the
brain through the injection cannula. The brain was then
dissected out and placed in fixative for 2-3 hours followed
by phosphate buffer (as above) for 24 hours. The brain was
finally embedded in egg yolk, fixed for 28 minutes in
glutaraldehyde solution (as above) and sectioned. Sections
(40pm) were cut on a vibratome and stained using
Richardson's stain.

The location of the injection site was determined by

the tract left by the quide and injection cannulae. The
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site of the injection was taken to be the center of the tip
of the injection cannula tract. Ventricular injections were
indicated by the presence of dye in the ventricle with the
rostro-caudal location determined by tissue damage from the
guide cannula. The stereotaxic atlas of Peter and Gill
(1975) was used as the reference in identification of the

injection site.
DATA ANALYSIS

To evaluate the effect of an injections in fish, the
Temperature Selection Index (TSI) has been established in
our laboratory (Wollmuth et al., in press). This index
incorporates both the magnitude and duration of
post-injection changes in selected temperature into a single
numerical value. To determine the TSI, the mean 3§ minute
pre-injection selected temperature is subtracted from each
post-injection temperature (taken at 5 second intervals).
Then, starting with the first post-injection observation,
these differences are summed until the animal's selected
temperature is within 2.5 C of the pre-~injection value for 4
consecutive minutes; differences occurring during this final
4 minute period are not included in the summed value. For
the sake of convenience, this summed value is divided by
1088. As an example, if for a 10 minute period following an
injection the temperatures selected were 18 C below the

pre-injection mean and then abruptly returned to
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pre-injection levels, the summed value would be -1200 (based
on 12¢ total total observations), and the TSI would be -1.2.
A post-injection temperature selection by a fish which was
within 2.5 C of the baseline pre-injection recording was not
considered significant.

A Kruskal-Wallis one-way analysis of variance test was
used to test for significant differences in the TSI after
dopamine or control injections into highly effective sites.
Non-parametric multiple comparisons by STP (Sokal and Rohlf,
198l) were also used to compare differences in the TSI after
dopamine injections. Differences in TSI between animals
injected with the dopamine antagonist, followed by 258 ng of
dopamine, and injection of dopamine (250 ng) alone were
determined by a Mann-Whitney test. 1In all cases a
probability of less than @#.85 was accepted as statistically

significant.



CHAPTER IV
RESULTS

In this study 45 fish were used and a total of 72
injections made. The effects of dopamine were found to be
dependent on the dose and also on the site within the brain
where the drug was injected.

All 2@ injections in which dopamine was injected into
the rostral NPP (rostral-caudal planes +1.7 to +1l.5,
inclusive; stereotaxic atlas of Peter and Gill, 1975) caused
the fish to select colder water. The effect was
dose~-dependent.

Injections rostral to the NPP (rostro-caudal planes
+1.8 and +1.9 in the atlas of Peter and Gill) did not elicit
any effects. One injection of a high dose (258 ng) dorsal
to the rostral NPP (plane +1.7) produced a small decrease in
selected temperature but smaller doses had no effect.
Injections in the adjacent region lateral to the rostral NPP
also caused small decreases in selected temperature at doses
of 100 and 250 ng. No effect was seen with a 50 ng dose in
this region. A 100 ng injection more caudally in the NPP
(plane +1.2) elicited no effect. 1Two injections (18P and
250 ng) into the ventricle adjacent to the rostral NPP were

also without effect.
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Responses to injections of dopamine into the NPP were
often immediate but always within the first two-minute
period analyzed post-injection. Figure 2 shows the
respdnses to two injections, of different doses. The
duration of the response was greater with increased dose.
The trace showing selected temperature following a control
injection is given for comparison.

Figure 3 shows the results of injections of different
doses of dopamine into the rostral NPP. Responses to
dopamine injections into the rostral NPP were significantly
different (U=18.25; P<0.85; DF=4; Fig. 3). Fish injected
with 25, 1060 and 250 ng dopamine selected significantly
lower temperatures than control-injected fish. Although the
temperature selected by fish injected with 58 ng dopamine
tended to follow a similar pattern, no significant
difference was found. This may be due to the small number
of fish tested at this dose. Finally, the temperature
selected by fish injected with 250 ng was significantly
lower than that selected by 25 ng injected fish.

Of the 6 control injections made, 3 were followed by no
response. An increase in selected temperature was observed
following two injections and a slight decrease by an other.
All 6 control injections were done on fish which had

previously responded with decreased selected temperature to

dopamine.



In all three cases tested, haloperidol pre-injection

reduced or abolished the hypothermic effect of 250 ng

dopamine (The difference is significant at P<@.65; U=5.45;

see Fig. 3). Thus, haloperidol-pre-injected fish exhibited

a selected temperature similar to control-injected fish.

Selected temp. (°C)

30~ pre-injection 100 ng dopamine
1 ___“/\_____m ,
| \/——\/\,
14+
30r ‘ 25 ng dopamine
o ...'
22¢ \v//A\\//~\\\/A\/\\’ w\/—"////""”/’ﬂd-__—
}
14F
3o . saline
BVA YR VASE S g\
22+
14 L o L | | | |
6 - 18 30 6 18 30

Time (min.)

Figure 2. Pre- and post-injection selected temperature
(at 2 minute intervals) for injections into the rostral
nucleus preopticus periventricularis (NPP). The dotted
lines indicate the 10 minute period when the animal was
caught, the injector inserted, and the fish placed at

- 25 C and allowed to settle down. The arrows indicate

the time of injection.

24



25

TEMP. SEL. INDEX
i
T

or l "Hal.

| | { i

1
control 25 50 100 250
DOSE (ng dopamine)

Figure 3. A semi-logarithmic dose-response curve

for dopamine injections into the rostral NPP,

Starting with the lowest dose, the number of injections
at each dose was 5, 4, 5 and 6. Control injection data
are included for comparison (n=6). Hal. represents a
haloperidol pretreatment (n=3). Values shown are X + SE



CHAPTER V
DISCUSSION

Dopamine, when injected centrally, has been shown to
elicit a drop in body temperature in most animals studied
(Cox, 1979; Lee et al., 1985). The present study has shown
that intrahypothalamic injection of dopamine has an
equivalent effect in the goldfish since these fish selected
colder water after being treated with this putative
neurotransmitter. Green and Lomax (1976) found that L-DOPA
when administered through the gills of the fish Chromus
chromus caused a hyperthermic response in the middle dose of
the three doses used. This result might represent the
action of L-DOPA or dopamine synthesized from it on
dopaminergic receptors in central thermoregulatory pathways.
If this is the case the different response of Chromug from
that of goldfish might repfesent a species difference. The
absence of a dose-dependent effect of L-DOPA administration
in this fish would tend to cast doubt on the validity of the
results obtained and might suggest that the response seen
was only an artifact.

As in the cat (Ruwe and Myers, 1978) and the rat (Cox
and Lee, 1980) a specific region within the hypothalamus of

the goldfish appears to be maximally sensitive to the
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hypothermic effect of dopamine. For the cat and rat this
sensitive area is the part of the preoptic area adjacent to
the third ventricle (Lee et al, 1985). The rostral part of
the nucleus preopticus periventricularis (NPP) is the
sensitive site for dopamine injections in goldfish.
Previously, it was shown (Nelson and Prosser, 1979) that
lesions in the general vicinity of the NPP of goldfish lead
to deficits in thermoregulation. The sensitive site for
dopamine action is within the region ablated by Nelson and
Prosser (1979). Since this area was shown to be essential
for thermoregulation in the goldfish the action of dopamine
would therefore appear to be mediated via the
thermoregulatory neurons in this region.

The rostral NPP is also the part of the goldfish
hypothalamus which is most sensitive in mediating a
hypothermic response after intrahypothalamic injections of
norepinephrine (Wollmuth et al., in press). Since dopamine
is the immediate precursor in the biosynthesis of of
norepinephrine then, as Cox (1979) has noted, dopamine might
act via conversion to norepinephrine. The fact that
haloperidol,. a specific antagonist at the dopamine receptor,
blocked the action of dopamine, argues against a
norepinephrine mediated response. Instead, the haloperidol
inhibition supports the view that dopamine is acting through
its own receptors in the thermoregulatory pathway. This

view is supported by the finding (Kruk, 1972) that pimozide,
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another dopamine antagonist, blocks the effects of dopamine
but not of norepinephrine in the rat. Further evidence in
support of a dopamine mediated hypothermia, at least in
rats, is offered by Cox and Lee (1988). These investigators
injected 6-hydroxydopamine bilaterally into the hypothalamus
after a systemic administration of desipramine. This
combined treatment destroys only dopaminergic and not
noradrenergic nerve terminals (Cox and Lee, 19808). The long
term results expected from such a treatment would be a
deficit in the ability of the animal to activate heat loss
mechanisms, usually activated by central dopamine
injections. This was indeed found to be the case when such
rats were placed under a heat load; vasodilation in the tail
skin (the common response to central dopamine injection) was
inhibited and core body temperature rose.

If dopamine is released from neurons in the NPP in the
mediation of thermoregulatory behavior then it should be
possible to detect its presence in the region. Juorio
(1973) reports the presence of dopamine in the goldf ish
hypothalamus in higher levels than other catecholamines.

Kah et al., (1984) report the presence of
dopamine-containing cell bodies in the NPP and fibers
leading caudally from this site to the pituitary. It is
tempting to suggest that these cells in addition to
mediating a neuroendocrine role (which Kah et al. suggest),

are also involved in thermoregulation. These investigators
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do not mention the presence of dopaminergic terminals within
the NPP which would, if present, indicate that this
substance is released within this area. It is possible,
however, that the techniques used by these investigators
were not able to demonstrate the presence of terminals.

If there are dopaminergic receptors in the
thermoregulatory pathway, then on what type of cells are
they located? Since the cells being affected by the
injections are within the hypothalamus then the receptors
might be located on the cells comprising the controlling
center of temperature regulation or possibly on efferent
thermoregulatory neurons. If the activity of either of
these neuronal systems is affected by a drug, the result
would be the manifestation of some thermoregulatory behavior
followed by a change in body temperature.

There is evidence to support the view that the thermo-
regulatory controlling center neurons of the goldfish are in
the NPP. Nelson and Prosser (1979) bilaterally ablated the
NPP of goldfish and found that the fish could no longer
thermoregulate. The absence of normal thermoregulatory
behavior would indicate that the critical controlling
centers were destroyed by the treatment. Whether neurons in
the effector pathway are located in the NPP is not clear,
but it is conceivable that they are present and therefore

might be affected by drug‘treatments in this area.
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Green and Lomax (1976), in their study of drug effects

on temperature regulation in the fish Chromus chromus, feel
that the drugs, which were administered through the gills
and so potentially affected not just the hypothalamus but
other sensitive regions too, influence the preferred or set
temperature of the fish. 1In other words, they suggest that
the controlling centers are being affected by the drug
treatment. They do not, however, offer any support for this
view. Since the precise site of action of drugs affecting
thermoregulation, evén within the hypothalamus, is not
known, the author believes that it is not possible to make
conclusions on this point. Neuroanatomical data of
thermoregulatory pathways within this region will be needed,
coupled with an understanding of the neﬁrochemistry of the
cells involved, before conclusions can be drawn on which
cell group (controlling center or effector pathway) is being
affected by the drug treatment.

Only a partial answer can therefore be given to the
question as to the location of dopaminergic receptors.
Within the controlling centers dopamine could act by
reducing the activity of cold-sensitive neurons as is
suggested by Sweatman and Jell (1977) for the cat.
Alternatively, or in addition to its action on
cold-sensitive neurons, dopamine might cause excitation of
warm-sensitive neurons as is suggested by Scott and

Boulant's (1984) study. 1In either case, in accordance with



31

Hammel's model (see fig. 1), the treatment would lead to
increased heat loss and inhibition of heat production or, in
ectotherms, a choice of a cooler environment. Whether the
receptors for dopamine would be on the actual hot or cold
sensitive neurons or on some intermediate neurons acting on
these two types bf neuron is another question which needs to
be answered. Receptors for dopamine, however, could,
conceivably be located on neurons in the effector pathway
mediating cooling of the body. These cell bodies would have
to be located within the area affected by the dopamine
injection - the rostral NPP in goldfish.

The results of this study offer evidence for a
physiological role for dopamine in central thermoregulation
in goldfish. Further, this study localizes the effect of
dopamine to the NPP. These findings contribute to the body
of information suggesting that dopamine participates in the
neurological mechanisms that control behavioral temperature

regulation in vertebrates.
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