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Dietary dehydroepiandrosterone (DHEA) reduces food Intake In
mice, and this response Is under genetic control. Moreover,
both food restriction and DHEA can prevent or ameliorate cer-
tain diseases and mediate other biological effects. Mice fed
DHEA (0.45%w/w of food) and mice pair-fed to these mice (food
restricted) for 8 weeks were tested for changes in body tem-
perature. DHEAwas more efficient than food restriction alone in
causing hypothermia. DHEA injected Intraperitoneally also in-
duced hypothermia that reached a nadir at 1 to 2 hr, and slowly
recovered by 20 to 24 hr. This effect was dose dependent (0.5-
50 mg). Each mouse strain tested (four) was susceptible to this
effect, suggesting that the genetics differ for Induction of hy-
pophagla and Induction of hypothermia. Because serotonin and
dopamine can regulate (decrease) body temperature, we treated
mice with haloperidol (dopamine receptor antagonist), 5,7-
dihydroxytryptamine (serotonin production inhibitor), or ritan-
serin (serotonin receptor antagonist) prior to injection of DHEA.
All of these agents Increased rather than decreased the hypo-
thermic effects of DHEA. DHEA metabolites that are proximate
(5-androstene-3Jl, 17Jl-dlol and androstenedione) or further
downstream (estradiol-17Jl) were much less effective than
DHEA in inducing hypothermia. However, the DHEA analog,
16a-chloroeplandrosterone, was as active as DHEA. Thus,
DHEA administered parentally seems to act directly on tem-
perature-regulating sites In the body. These results suggest
that DHEA Induces hypothermia independent of its ability to
cause food restriction, to affect serotonin or dopamine func-
tions, or to act via its downstream steroid metabolites.
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D
ietary dehydroepiandrosterone (DHEA) has the
ability to induce hypophagia, a type of food restric-
tion. Both DHEA and food restriction have similar

biological effects, including the prevention of diseases such
as cancer and arteriosclerosis (1-3). Such data raise the
possibility that DHEA acts primarily via food restriction.
Indeed, we recently observed that both DHEA and food
restriction can induce apoptosis of lymphocytes with inhi-
bition of lymphopoiesis and immune functions (4), as well
as alterations in hypothalamic neurotransmitter levels (5).
Food restriction can reduce body temperature in mice and in
monkeys (6, 7). To determine if DHEA mediates hypother-
mia via food restriction and/or altered hypothalamic neuro-
transmitters, we treated mice either with dietary DHEA
(0.45% w/w of food) or by food restriction (pair feeding).
Both methods reduced core body temperature, but DHEA
was more effective than food restriction alone. To detect
other possible mechanisms of hypothermia, DHEA was in-
jected intraperitoneally (i.p.). We analyzed three different
strains of mice for sensitivity to the hypothermic effect of
DHEA to test for genetic regulation. The requirements for
the hypothalamic neurotransmitters serotonin and dopamine
in mice injected i.p. with DHEA were also studied using
reagents that affect dopamine or serotonin function. To de-
termine if induction of hypothermia involves metabolites of
DHEA, we compared DHEA with 5-androstene-3[3, 17[3-
diol (A-dio!), androstenedione (A-dione), and estradiol-17[3
(E2) . An analog of DHEA that shares biological effects with
DHEA, l Se-chloroepiandrostercne (Cl-epi), was also
tested. The results challenge the ideas that food restriction is
the only cause of hypothermia, that dopamine and/or sero-
tonin function are required, or that metabolites of DHEA are
responsible/required for DHEA-induced hypothermia.

Materials and Methods
Animals. Male C57BLl6 (B6), (B6 x DBAI2)Fl

(B6D2Fl), BALB/c, and (CBA x B6)Fl mice were ob-
tained from a conventional colony at this University, and
'were used at ages IOto 16 weeks. The mice were housed at
an environmental temperature of 22° ± 1°C and were main-
tained on a 12:12-hr lightdark cycle with lights out at 1900



hr. Groups of five mice were used except for experiments
presented in Figure 3 (n = 6).

Diets. Mice were fed Purina Lab Chow until the start
of experiments (Day 0). Groups of five mice were then fed
pelleted AIN-76A diet (Dyets Inc., Bethlehem, PA) con-
taining either no additive or DHEA (0.45% w/w) between
0900 and 1000 hr. Diets were stored at 4°C for no longer
than six months to maintain optimal activity. Mice were
given the diets ad libitum, except for mice that were pair fed
to mice treated with DHEA. The amounts of AIN-76A diet
the pair-fed mice received were determined by the weight of
food consumed by the DHEA-fed mice on a daily basis.
Body weights (grams) were measured at different time
points starting at Day 1 and ending at Day 59. Daily food
intakes (grams per day) were determined by weighing the

. food consumed per cage of five mice. The mean ± SEM
values were calculated for weeks 1 to 8 (n = 7); week 9
had only 3 days.

Injection of Steroids. DHEA, A-diol, A-dione, and
E2 (Sigma, St. Louis, MO), and Cl-epi, the latter synthe-
sized as described (8), were suspended in 13% polyethyl-
eneglycol (PEG, MW 3350; Sigma) in distilled water.
Groups. of five mice (or six mice in Figure 3) received 0.5'
ml of vehicle or suspension of steroid Lp. between 0900 and
1000 hr. In this and other similar studies, the amount of food
eaten by mice during the 24-hr period (grams per day) was
determined by weighing the food before and after the 24-h
period. The data are presented in Figures 2 through 6 in
parentheses after the group names.

Administration of Haloperidol (Haldol). Haldol
(McNeil Pharmaceuticals, Spring House, PA), a dopamine
receptor antagonist (9), was added to the drinking water at
concentrations of 0.9, 9, or 90 ug/ml, starting 4 days prior
to injection of DHEA. The temperature values at Time 0 h
reflects any changes induced by Haldol alone.

Administration of 5,7-Dihydroxytryptamine
(DHT). DHT (Sigma), a specific serotonergic neurotoxin
(10), was dissolved in the vehicle, 0.9% NaCl containing 1
mg/ml ascorbic acid (Sigma). Mice were injected i.p, with
100 mg/kg body weight ketamine hydrochloride (Ketaset;
Aveco Co. Inc., Fort Dodge, IA) and 5 mg/kg body weight
Xylazine (Rugby Laboratories Inc., Rockville Center, NY)
to induce anesthesia. A dose of 25 ug of DHT in 20 }.LI of.
vehicle was injected into a lateral cerebral ventricle (i.c.v.)
as described (11). The site of injection was 2 mm from
either side of the midline on a line drawn through the an-
terior base of the ears. The 27-gauge needle was inserted to
a depth of 3 to 4 mm. DHEA suspensions or vehicle only
Were injected i.p, 7 days after the i.c.v. injections (groups of
five mice). The temperature values at Time 0 reflect any
changes induced by DHT alone (Figure SA). To test the
accuracy of injections, separate mice were injected with 30
I-li of 10% India ink solution in the same location. The mice
Were sacrificed (C02 inhalation) and the brains were re-
mOved, rapidly frozen, and stored at -70°C. The frozen

brains were sectioned at 50 um intervals and were exam-
ined with a dissecting microscope.

Administration of Ritanserin. Ritanserin (RBI
Biochemicals, Natick, MA), a serotonin receptor antagonist
(12), was dissolved in methanol (2 mg in 1 mI), and there-
after was diluted in 79 ml of distilled water to obtain a
concentration of 25 ug/ml, Mice received 0.5 }.Lg/g body
weight i.p, 30 min before injections of DHEA or vehicle
(groups of five mice).

Measurement of Internal Body Tempera-
ture. Body temperature was determined by inserting a
Tele-thermometer probe (Yellow Springs Instrument Co.,
Yellow Springs, OH) 25 mm into the recta of mice that were
not anesthetized. The temperature value was registered 60
sec after probe insertion. Mice on diets were examined daily
between 0900 and 1000 hr for 27 days, and then every 7 to
9 days in the study described in Figure 1. Mice injected i.p.
with steroids and/or drugs were tested just before and 30
min to 24 hr after injection as denoted in the figures.

Statistics. The data were analyzed using a repeated
measures model in which the covariance between any two
observations on the same animal was modeled as the prod-
uct of an overall variance and an autoregressive correlation
coefficient raised to the power of absolute value of the time
difference between the observations. Baseline observations
(Time 0) were used as a covariate, and Time 0 values are not
presented in the figures. The models were implemented in
the MIXED procedure (13) using the SAS software. For the
data derived from three strains of mice in Figure 3, contrasts
were made within-strain, evaluating DHEA versus Vehicle.
For the remainder of the data, all treatment groups were
compared with the Vehicle groups. The baseline observa-
tions could not be used as a covariate in two studies because
Haldol (Figure 4) and DHT (Figure SA) were given some
days before injection of DHEA. The SEM values were
<10% of the means, and are not depicted in the figures, for
clarity. However, the symbols for mean values at given
times were filled in black when the mean experimental
value was significantly different from the control diet or
Vehicle control. In all testing, observed significances less
than 0.05 are taken to be statistically significant. The ranges
for the values of SEM are given in each figure legend.
Differences in daily food intake between the control and the
DHEA group of Figure I were analyzed by a paired t test.

Results
Dietary Studies. DHEA in the diet (0.45 % w/w) of

male B6 mice (groups of five mice) treated for 8 weeks led
to significant decreases in body temperature compared with
mice fed the control AIN-76A diet (Fig. 1A). A similar
comparison indicated that control and pair-fed mice were
also significantly different (Fig. 1B). Animals fed DHEA
had significantly lower temperatures than mice fed the con-
trol diet 26/29 times tested (Fig. IA); mice pair fed to those
on the DHEA diet were less affected, with 8/29 values
significantly lower than in mice fed AIN-76A ad libitum
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(Fig. lB). The temperatures of mice fed DHEA or pair fed
to DHEA were significantly different 21/29 times tested
(Fig. IC). The values of body weights and food intake are
depicted in Figure ID, and E, respectively. Body weights
were significantly greater in mice fed the control diet than in
mice fed DHEA or pair fed to DHEA. Food intake (grams
per day) from cages were averaged for each week (n = 7),
except for Week 9 (n = 3). The amount of food intake was
significantly decreased in mice fed DHEA. By design, mice
pair fed to DHEA ate about the same amount. Thus, it
appears that DHEA reduces body temperature by food re-
striction and by a separate mechanism.
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Figure 1. Comparison of dietary DHEA with pair feeding on core
body temperature and body weight. Male B6 mice (groups of five)
were placed on the control AIN-76A diet with or without DHEA
(0.45% w/w) or were pair-fed to the DHEA-treated mice. Body tem-
peratures were determined between 0900 and 1000 hr daily for the
first 4 weeks and then less often as indicated (A-C). Mean values
are depicted. The SEM values were <10% mean values, with values
ranging from 0.10° to 1.8°C, and are not depicted, for clarity. The
higher SEM values occurred in groups of mice with larger drops in
temperature. The symbols are filled in black if the mean values are
significantly lower than controls, P < 0.05. Both DHEA and pair-
feeding lowered body temperature compared with the control diet (A
and B). In addition, DHEA reduced body temperature more that pair
feeding (C). Both DHEA and pair-fed mice had lower body weights
than mice on the control diets, and were similar to each other (D).
DHEA-fed mice ate much less (grams per day) than control mice,
and by design, pair-fed mice ate the same amount as DHEA-fed
mice (E).

Acute Effects of Injected DHEA. The. i.p. injec-
tions of DHEA into groups of five B6D2FI mice led to
rapid decreases in body temperature, and after some time,
values usually returned to normal by 24 hr (Fig. 2A and B).
There were dose-dependent effects between 0.5 and 50 mg,
i.e., doses of 0.5, I, or 5 mg did not significantly lower body
temperature, but doses of 10 mg or higher were highly
effective in these two experiments. Some mice had seizures
at the higher doses of 20 or 50 mg (one each) and some mice
died (three and two atthe next-to-last time points in Fig. 2A
and B, respectively). The rapid onset of hypothermia (as
early as 30 min) supports the idea that although DHEA
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Figure 2. Effect of DHEA injected l.p, on core body temperature.
Male B6D2F1 mice (groups of five) were injected with vehicle (13%
~~G in water) or DHEA. Body temperature was measured before
Injection and 30 min to 24 hr later. Effects of 0.5, 1, 5, 10, and 50 mg
of DHEA (A). Effects of 1, 5, 10, or 20 mg of DHEA (B). Mean values
are depicted. The SEM values were <10% mean, with values ranging
from 0.15° to 2.0°C, and are not depicted. The higher SEM values
oCCurred in groups of mice with larger drops in temperature. The
SYmbols are filled in black if the mean values are significantly lower
than controls, P < 0.05 at a given time. Values in parentheses rep'
resent the amount of food eaten (grams per day per mouse) during
the 24·h experimental period.
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To test the potential roles of dopamine in DHEA in-
duced hypothermia, we administered the dopamine receptor
antagonist, haloperidol (Haldol) in the drinking water, start-
ing 4 days before the injection of 10 mg of DHEA. We
measured the volume of drinking water daily to determine
24-hr intake of water per mouse; the value was approxi-
mately 5 m\. Thus, the doses of the drug were approxi-
mately 4.5, 45, and 450 ug/day, The concentrations of 0.9
or 9 I-Lg/ml Haldol in drinking water did not affect tempera-
ture in the absence of DHEA (see Time 0 hr), nor did they
affect body temperature in DHEA injected mice (Fig. 4). At
90 I-Lg/ml, Haldollowered core temperature by almost 2°C
when given alone (Time 0, P < 0.05), and exacerbated the

Figure 3. Effects of DHEA injected l.p. on body temperature in male
B6, BALB/c, or (CBA X B6)F1 mice. Groups of six mice were injected
with vehicle or 10 mg of DHEA. Body temperature was measured
before and after injection at the indicated time points. M(3an values
are depicted. The SEM values were ,.:::10% mean values, ranged
from 0.2° to 2.6°C, and are not depicted. The higher SEM values
occurred in groups of mice with larger drops in temperature. The
symbols are filled in black if the mean values are significantly lower
than controls, P < 0.05. Values in parentheses represent the amount
of food eaten (grams per day per mouse) during the 24-hr experi-
mental period.IOmg DHEA(I.IJ gld)
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induces both hypothermia and hypophagia, hypothermia is
not dependent solely on food restriction.

We previously observed that the hypophagia induced
by dietary DHEA was under genetic control because B6
mice were much more sensitive than B6D2FI mice (4, 5).
This was reflected in different hypothalamic neurotransmit-
ter levels of B6 versus B6D2FI mice, i.e., they were
"blunted" in B6 mice and significant in B6D2FI mice (5).
Preliminary studies suggested that this was not true for the
effects of DHEA on body temperature. We compared B6,
BALB/c, and (CBA X B6)FI mice for their sensitivities to
10 mg of DHEA in the same experiment. All three types of
mice had similar acute temperature responses to DHEA
through 7 hr (Fig. 3). There were some variations in recov-
ery, and BALB/c mice did not recover by 24 hr in this
particular study. The data presented in Figures 3 and 2
(B6D2FI mice were used) argue that the acute effects of
DHEA are not under the same genetic control as those of the
dietary effects of DHEA on food intake (4) and on hypo-
thalamic levels of neurotransmitters (5).
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Figure 4. Test for the role of dopamine in DHEA induced hypother-
mia. Male B6D2F1 mice (groups of five) were placed on drinking
water containing 0 (vehicle), 0.9, 9, or 90 Ilg/ml haloperidol (Haldol,
a dopamine receptor antagonist). Four days later, the mice were
injected l.p, with the vehicle, 13% PEG in water, with or without 10
mg of DHEA. Body temperature was measured before (time 0) and
at the indicated time points after injection. Mean values are depicted.
The SEM values were <10% mean values, ranged from 0.2° to
2.6°C, and are not depicted. The higher SEM values occurred in
groups of mice with larger drops in temperature. The symbols are
filled in black if the mean values are significantly lower than controls,
P < 0.05. Values in parentheses represent the amount of food eaten
(grams per day per mouse) during the 24-hr experimental period.
The group receiving 90 Ilg/ml Haldol had significantly lower mean
body temperature than controls at time 0 hr (P < 0.05).
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effects of DHEA. Under these conditions, it would appear
that dopamine may actually oppose the hypothermic effects
of DHEA. Alternatively, HaIdol andDHEA may act syn-
ergistically in an independent mechanism to lower body
temperature.

To examine the role of serotonin in mediating the
DHEA effects, we injected 25 ug of DHT, a serotonin pro-
duction inhibitor, into a lateral brain ventricle of brains of
B6D2FI mice. One week later, we examined the ability of
DHEA to induce hypothermia. DHT enhanced the hypo-
thermic effect of DHEA (Fig. 5A). DHT alone did not lower
body temperature (Time 0). Examination of the brains after
i.c.v. India ink injection revealed that the ventricles were
correctly targeted (data not shown). In a second approach,
the serotonin receptor antagonist ritanserin was injected i.p.
at a dose of 0.5 mg/kg body weight 30 min before DHEA
was injected. Ritanserin, like Haldol and DHT, enhanced

the hypothermic effect of DHEA (Fig. 5B). The latter two
studies suggest that the DHEA-induced decrease in internal
body temperature may be potentiated by the inhibition of
serotonin action.

To determine if DHEA acts directly or via proximal or
distal metabolites, we injected B6 mice with A-diol, A-
dione, or E2• Whereas DHEA (10 mg) led to significant
decreases in body temperature, A-diol (10 mg) and A-dione
(10 mg) produced no effects, and E2 (2 mg) had a minor but
not significant effect at I hr only (Fig. 6A). However, A-
dione did lower body temperatures when doses of 20 or 50
mg were injected i.p, (data not shown). To determine if the
analog of DHEA, Cl-epi, was effective in reducing body
temperature, we injected B6D2FI mice with various doses
of this steroid i.p, CI-epi significantly reduced body tem-
peratures at doses of 10, 20, and 50 mg (Fig. 6B). Unlike
DHEA, Cl-epi did not induce seizures or kill mice at the
higher doses.

--0- Vehicle (2.86 g/d)

---<>-_. 5 mg Cl-cpi (2.0(, gld)

•.. ·0.... 10 rng Cl-cpi (2.1KIg/d)

- __• 20 rng Cl-cpi (I.(K)gld)

- - '<l-" SOrng Cl-cpi (0.22 gld)

-0- Whick (3.34 gld)

········0········ IOmgDHEA(1.90gld)

•.. ·0.... 10 mg A-Dione (4.20 gld)

····6···· 10 mg A-diol (2.50 gld)

-- ·m--· 2 mg E2 (2.56 gld)

252.15I.

B

Time after Injection (Hrs)

.1"-0-----------:-1

Q

.n -t--.,---,-----,---r---l

A

--a-- Vehicle Ip(5.28l'!d)

._<>_.. OHT icv (5.44l'!d)

•.. ·0·.. • Vehicleicy. OHEA ip (1.42l'!d)

--0-- OIlT icy, OIlEA tp (1.72l'!d)

-0- Vehicle (2.43 gld)

..•..·0....• DHEA 10 mg (1.02 gld)

····0···· DHEA + Ritanserin (1.44 gld)

2520

10 I~ 20 25

10 15

A
411

"
"
l4

J2

.\0
0

Time after Injection (Hrs)

B

38

37

Q
!! 36

"e
8. 35
E

~

"8 34

"'l

32
0

Timeafter Injection (Hrs)

".+--..--..--,--.,---1

Figure 6. Comparison of the effects on body temperature of three
metabolites and one analog of DHEA injected i.p, Metabolites: B6
mice (groups of five) were injected l.p. with vehicle only, A·diol (10
mg), A-dione (10 mg), E2 (2 mg), or DHEA (10 mg) (A). Analog:
B6D2F1 male mice (groups of five) were injected l.p. with vehicle
containing 0, 5, 10,20, or 50 mg of CI-epi (B). Rectal body tempera-
ture was measured before and after injection at the indicated time
points. Mean values are depicted. The SEM values were <10%
mean values, ranged from 0.2° to 2.2°C, and are not depicted. The
higher SEM values occurred in groups of mice with larger drops in

..'temperature. The symbols are filled in black if the mean values are
significantly lower than 'controls, P < 0.05. Values in parentheses
represent the amount of food eaten (grams per day per mouse)
during the 24-hr experimental period.
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Figure 5. Tests for the role of serotonin in DHEA induced hypother-
mia. Male B6D2F1 mice (groups of five) were injected with vehicle
(0.9% NaCI with 1 mg/ml ascorbic acid) with or without 25 I-Ig of DHT
(a serotonergic neurotoxin) into a lateral cerebral ventricle (A).
Seven days later, the mice were injected l.p. with vehicle or 10 mg of
DHEA. Male B6D2F1 mice (groups of five) were injected l.p. with
vehicle or 0.5 mg/kg body weight ritanserin (a serotonin receptor
antagonist) (B). After 30 min, mice were injected i.p, with 5 mg of
DHEA. Body temperature was measured before (0 hours) and after
injection at the indicafed time points. Mean values are depicted. The
SEM values were <10% mean values, ranged from 0.2° to 2.6°C,
and are not depicted. The higher SEM values occurred in groups of
mice with larger drops in temperature. The symbols are filled in black
if the mean values are significantly lower than controls, P < 0.05.
Values in parentheses represent the amount of food 'eaten (grams
per day per mouse) during the 24-hr experimental period. The group
receiving only DHT had mean body temperatures'not significantly
different from controls at time O.
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The amounts of food eaten during the 24-hr experi-
ments were calculated and are presented in parentheses in
the figures after the indicated treatment. In most cases, food
intake (grams per day) reflected the degree of temperature
reduction induced by a dose of an active agent. Perhaps the
rapid drop in temperature caused a temporary loss of appe-
tite and/or the agents, especially DHEA, independently in-
duced a loss of appetite (5).

Discussion

We report here that DHEA induces hypothermia and
food restriction when fed to mice, and hypothermia results
from both food restriction and some other, undefined
mechanism (Fig. 1). Hypothermia occurs rapidly when
DHEA is injected i.p., and this effect does not involve food
restriction, even though mice so injected often ate less dur-
ing the 24-hr experiments (Fig. 2-6). This conclusion is
based on the rapid onset of DHEA action, often by 30 to 60
min. This result differs from the similar effects of DHEA
and food restriction on body weights, lymphocyte apoptosis,
and inhibition of lymphopoiesis (4). Even though body tem-
perature is largely regulated by thermogenic metabolism (1,
14), DHEA induces rapid hypothermia after i.p. injection.
Dopamine and serotonin can induce hypothermia (15-17),
and DHEA can affect serotonin and dopamine levels in
the hypothalamus of mice and rats (4, 18). However,
interference with dopamine or serotonin effects enhanced
rather than inhibited the hypothermic effects of DHEA
(Figs. 4 and 5). Thus, DHEA and the neurotransmitters,
serotonin and dopamine, regulate hypothermia by different
mechanisms.

One idea is that DHEA blocks hypothalamic thermo-
receptors, and there is evidence that this might be so in rats
treated with DHEA at different ambient temperatures. At
high temperatures (34° or 37°C), rats died within 5 days,
and this could be prevented by DHEA injected at 50 mg/kg
bOdy weight/day (19).

A second possibility is that DHEA and other neuro-
sterOids, e.g., DHEA sulfate (DHEAS), can affect the
GABA-A receptor system to affect temperature, hypnosis,
~emory, and anxiety (20-22). To examine this possibility,
It will be important to compare the hypothermic effects of
DHEA with DHEAS. Because large amounts of DHEA
(l0-50 mg) were injected, a third possibility is that DHEN
entered the brain by overwhelming transport restriction
regulation to affect cell membranes in the brain non-
Specifically. One study indicated that DHEA and DHEAS
can interact with phospholipid membranes, albeit less effi-
ciently than cholesterol (23). It would be important to know
how well DHEA crosses the blood brain barrier (BBB) to
enter the brain. Levels of unconjugated lipophilic steroids in
human cerebrospinal fluid (CSF) and free steroids (unbound
to proteins) in serum are very low, even in patients with
disturbed BBB or brain-CSF barrier. DHEAS does not eas-
ily pass into the brain (24). The BBB appears to restrict
passage of DHEAS and other similar molecules 'Via the

organic anion transporting polypeptide 2 (oatp2). For ex-
ample, a substrate of oatp2, digoxin, interferes with uptake
of DHEAS into a brain capillary endothelial cell line that
expresses oatp2 (25). The authors noted that transport of
neurosteroids into the brain is 10 times less efficient than
transport from brain to serum.

. A fourth possibility is that the induction of cytochrome
P450/epoxygenase by DHEA might regulate temperature by
regulating arachidonate metabolism (26). The fever induced
by LPS in rats was inhibited by treatment with two different
P450 inducers, DHEA and bezafibrate. Therefore, DHEA
could cause hyothermia, in part, by affecting epoxyeicosa-
noid levels in the brain (26).

There are a number of other potential mechanisms by
which DHEA may cause hypothermia thus far not investi-
gated. For example, inhibition of orexin-A, which causes
hyperthermia if injected i.c.v, in rats (27), is a possible
target. Orexin-A increases sympathetic nerve firing rates in
interscapular brown adipose tissue (IBAT), and this can be
inhibited by lysine acetylsalicylate, an inhibitor of prosta-
glandin synthesis. IBAT is a potential target for DHEA
activity because it is important for adrenergic non-shivering
thermogenesis mediated by the uncoupling protein,
UCPl (28). Finally, in recent years, evidence for vagal
nerve regulation of fever has been studied. Subdiaphrag-
matic vagotomy appears to regulate fever by interfering
with both efferent and afferent innervation of liver and other
organs (29, 30).

We fed mice a high dose of DHEA and injected high
doses of DHEA in these and other experiments. DHEA and
compounds like Cl-epi could be useful in reducing patho-
logical fever in patients if they were active at lower doses.
Beneficial effects of DHEA given parentally have been
achieved at much lower doses than those used in the present
study, e.g., 20 to 50 mglkg body weight, or 0.6 to 1.5 mg per
30 g mouse (31, 32).

In conclusion, DHEA induces hypothermia when given
in the diet or injected i.p, and food restriction cannot explain
most of the effects observed. Serotonin and dopamine regu-
late temperature and DHEA can modify hypothalamic lev-
els of these neurotransmitters. Nevertheless, these transmit-
ters do not appear to promote hypothermia induced by the
injected DHEA. We conclude that hypophagia and hypo-
thermia caused by DHEA administration in the diet or by
injection occur, at least in part, by separate mechanisms.
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