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AKARSU, E. S. AND I. H. AYHAN. Iloprost, a stable analogue of PGIz, potentiates the hyperthermic effect of PGEz 
in rats. PHARMACOL BIOCHEM BEHAV 46(2) 383-389, 1993.--Centrally mediated effects of iloprost, a stable ana- 
logue of PGI2, on rectal temperature have been investigated in conscious rats. ICV administration of iloprost (100-1,000 ng, 
ICV) produced a dose-dependent, monophasic hyperthermic response that was not inhibited by indomethacin. When injected 
into the preoptic anterior hypothalamic (POAH) region, iloprost (2-50 ng/POAH) induced a biphasic increase in rectal 
temperature. While the first phase was inhibited by AH 6809, an Ertype prostagiandin (EP]) receptor antagonist, the second 
phase was abolished by indomethacin pretreatment. Iloprost was found not to alter rectal temperature when injected into the 
ventromedial hypothalamic area. Administration of iloprost into the POAH in a dose that had no effect on rectal temperature 
significantly potentiated the hyperthermic effect of PGE2 (50 ng, ICV). These findings suggest that the pyrogenic effect of 
iloprost is partly mediated by EP~ receptors located on the POAH. Regarding the similarities of iloprost and PGI2, it is 
further proposed that endogenous PGI 2 might act to modulate hyperthermic effects of PGE z released during arachidonic 
acid- or endogenous pyrngen-induced fever. 

Iloprost PGI2 Hyperthermia PGE2 AH 6809 Rat 

PROSTACYCLIN (PGI2) is an unstable cyclooxygenase me- 
tabolite of  arachidonic acid, being produced from prostaglan- 
din (PG) endoperoxides primarily in the arterial wail (20). 
Recently, it was shown that PGI2 is also synthesized in the 
CNS by both cerebral blood vessels and brain tissue (1). While 
the modulatory role of  PGI2 on various physiological pro- 
cesses such as cerebrovascular homeostasis and central cardio- 
vascular regulation have been extensively discussed (12,23), 
little is known about the centrally mediated effects on body 
temperature. 

It has been reported that ICV administration of  PGI2 pro- 
duces hyperthermia in cats, rabbits, and anaesthetised rats 
(5,16,28) but hypothermia in guinea pigs and conscious rats 
(15,17). Due to the short biological half-life of  PGI2, being 3 
vain at physiological pH and temperature, in these studies 
relatively higher doses have been used that resulted in other 
pharmacological effects such as hypotension (17). This makes 
it difficult to evaluate the pure pyrogenic potency of  the sub- 
stance. 

Iloprost (ZK 36374) is a new and stable analogue of  PGI2 
that displays actions similar to the parent compound (24). 
It has been suggested that iloprost is a suitable tool for the 
investigation of  various PGI2-1ike activities in experimental 

conditions (25). Recently, it has been reported that intracere- 
bral administration of  iloprost produces anticonvulsant effect 
in rats (2) and hyperthermia in cats (13). 

The following study is an attempt to investigate the intrace- 
rebraily mediated effects of  iloprost on rectal temperature by 
administration into specific brain regions and evaluate the 
mechanisms of  action in conscious rats. 

METHOD 

Male Wistar rats weighing 250--270 g were housed prior to 
experiments for 1 week in a laboratory environment with an 
ambient light (0700-1900 h)-dark (1900-0700 h) cycle at a 
temperature of  21 + 2°C. Food and water were available 
ad lib. 

One week before the experiments, rats, divided into four 
groups, were anaesthetised with sodium pentobarbital (50 mg/  
kg, IP) and 23-ga stainless steel cannulae were implanted ste- 
reotaxically (Stoelting) into various parts of  the brain accord- 
ing to the coordinates (22) indicated in parentheses: a) right 
lateral cerebral ventricle (B, - 0 . 7  mm; L, 1.5 mm; H, 4 mm); 
b) right preoptic anterior hypothalamus (POAH) (B, - 1 . 6  
ram; L, 0.7 mm; H, 9.0 mm); c) right ventromedial hypothala- 
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mus (VMH) (B, - 2.4 mm; L, 1.0 ram; H, 9.5 mm); d) both 
the right lateral cerebral ventricle and the right POAH were 
cannulated. Dental acrylic was used to secure the cannulae. 

Thirty-gauge needles attached to a microsyringe (Hamilton 
Co., Reno, NV) by a polyethylene tubing were used for injec- 
tion through the cannulae. The volume of  injection was 5 ~l 
for ICV and 1 ~l for IC injections. 

Rectal temperature was measured by a electrically operated 
thermometer (Eliab, Denmark), the probe being inserted for 4 
cm into the rectum. Four control rectal temperature values 
were taken within the 90 rain before administration of  the 
drugs. Rectal temperature changes were observed over 300 
rain following drug injections and expressed as a difference 
from the mean of  the control values. All the experiments were 
carried out at an ambient temperature 21 ± 2°C. 

Iloprost (Schering AG, Berlin) was dissolved in apyrogenic 
distilled water and injected ICV or IC. Indomethacin (Merck, 
Darmstadt, Germany) was dissolved in 1 M Tris buffer solu- 
tion (pH 8.4 at 25°C), diluted with 50 nM Trus buffer solution 
(pH 7.5 at 25°C), and injected SC 30 rain before iloprost 
challenge. AH 6809, an EPI receptor antagonist (Glaxo Labo- 
ratories, Middlesex, UK), was dissolved in 0.9% apyrogenic 
saline + 1 %  NaHCO3 mixture and injected ICV 20 min be- 
fore or 90 rain after IC iloprost injections. PGE2 (Sigma 
Chemical Co., St. Louis, MO) was dissolved in apyrogenic 
distilled water and injected ICV after 20 min of  iloprost ad- 
ministration. 

After histological verification of  the injection sites, data 

were analyzed using the one-way analysis of variance followed 
by Bonferroni's test for multiple comparisons as appropriate 
and Student's t-test. A significance of p < 0.05 was consid- 
ered significant (30). 

R E S U L T S  

ICV injection of  iloprost (100-1,000 rig, ICV) resulted in a 
mild, dose-dependent increase in rectal temperature (Fig. 1). 
The effect was maximal at 30 rain after iloprost injection and 
subsided after 60-90 min. The response seemed to be biphasic 
at a dose of  1,000 ng ICV but temperature values for 90-300 
min were not significantly different from the control. ICV 
injection of  iloprost in the same dose range was ineffective on 
the systemic blood pressure (data not shown). 

Relatively smaller doses of iloprost injections into the 
POAH (2-50 ng/POAH) elicited a biphasic increase in rectal 
temperature (Fig. 2). The first phase was dose dependent and 
significant in the first 90 rain. During this time period, the 
time-effect prof'fle and maximum response were not different 
than those obtained with ICV administration. The second 
phase became significant at 180 min, reached the maximum at 
240 rain, and subsided 300 rain in a dose-dependent fashion. 
Iloprost injections (2-100 ng/VMH) into the VMH did not 
cause any significant change in the temperature (Fig. 2). Un- 
less otherwise mentioned, the maximal dose of iloprost (50 
ng/POAH) was used as a test dose throughout the experi- 
ments. 
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FIG. 1. Changes in rectal temperature induced by ICV injection of iloprost. (73), saline; (•), 100 ng ICV; (A), 500 ng 
ICV; (X), 1,000 ng ICV. Each point represents the mean±SE of seven observations. Injection at time 0. *p < 0.05 
compared with saline. 
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FIG. 2. Effects of iloprost on rectal temperature after injection into various hypothalamic regions. (El), saline/preoptic 
anterior hypothalamic area (POAH); (0), 2 ng/POAH; (A), l0 ng/POAH; (X), 50 ng/POAH; (V), 100 ng/ventromedial 
hypothalamus (VMH). Each point represents the mean + SE of nine observations. Injection at time 0. *p < 0.05 compared 
with saline. 

In control animals, indomethacin (5 mg/kg, SC) did not 
alter body temperature (Fig. 3). Iloprost-induced hyperther- 
mia following ICV injection was not changed by indomethacin 
pretreatment (the temperature was 0.59+ 0.09°C after 30 rain 
of 500 ng/ICV dose; data not shown). Indomethacin was also 
ineffective on the first phase of the hyperthermia obtained 
by intrahypothalamic injection of iloprost but suppressed the 
second phase of the response (Fig. 3). 

ICV administration of AH 6809, an EPI receptor antago- 
nist, caused a hyperthermic response. But, the dose of 15 ng 
ICV was found to be ineffective on rectal temperature (Fig. 
4). While the first phase of the hyperthermic response due to 
intrahypothalamic administration of iloprost was completely 
abolished by AH 6809 pretreatment (15 rig, ICV) injected 20 
rain before iloprost injection, the second phase remained un- 
changed. The same dose of AH 6809 administered 90 rain 
after injection of iloprost significantly potentiated the second 
phase of the response (Fig. 4). 

PGE2 injection (50 ng, ICV) produced a mild hyperthermic 
response that was significant at 30 min and subsided after 60 
min (Fig. 5). The hyperthermic effect of PGE 2 was signifi- 
cantly potentiated by iloprost pretreatment in a dose (0.5 ng/ 
POAH) that was ineffective alone on rectal temperature when 
injected into the POAH. Both the magnitude and duration of 
the response to PGE2 were potentiated (Fig. 5). 

The POE2-induced hyperthermic response was also aug- 
mented by AH 6809 pretreatment (15 ng, ICV; Fig. 5). Thus, 

the maximal increase in temperature was significantly high 
and the effect prolonged up to 240 rain. 

DISCUSSION 

It has been reported that ICV injection of arachidonic acid 
(AA) produced a hyperthermic response that was completely 
antagonized by indomethacin, a cyclooxygenase enzyme in- 
hibitor, in rats, cats, and rabbits. Because indomethacin is 
known to be a potent antipyretic drug used for symptomatic 
treatment of certain inflammatory processes, this observation 
has been taken as evidence supporting a possible mediator 
role of cyclooxygenase metabolites for AA-induced fever 
(8,9). 

PGE2, being a cyclooxygenase metabofite of AA, has been 
widely accepted as a mediator of fever because of the findings 
that injections of PGE2 into such thermoregulatory centers as 
the POAH or VMH caused a potent hyperthermic response 
that could not be blocked by indomethacin in various animal 
species, including rats, rabbits, and cats (6,7). Moreover, it 
has been demonstrated that the PGE2 level is raised in cerebro- 
spinal fluid or in the POAH during endogenous pyrogen- 
induced fever (8,27). 

It is possible that some cyclooxygenase metabolites other 
than PGE2 may also be involved in AA-induced fever because 
SC 19220, an El-type PG receptor (EP1) antagonist, only 
partially inhibited the hyperthermic effect of PGE2. But, 
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FIG. 3. Effects of indomethacin pretreatment on hyperthermia induced by intrahypothalamic injections of iloprost. 
([:]), saline ICV; (A), indomethacin SC + saline ICV; (X), iloprost 50 ng/preoptic anterior hypothalamic area (POAH); 
(0), indomethacin SC + iloprost 50 ng/POAH. Each point represents the mean + SE of seven observations except (X), 
which represents nine observations. Iloprost injection at time 0. *p < 0.05 compared with saline. 

pyrogenic potency of other endogenous prostanoids such as 
TxA 2, PGF~, and PGD2 were found to offer no support for 
an involvement of fever (8,13). The effects of PGI 2 on rectal 
temperature have been shown to be variable between species 
when administered ICV. Thus, it has been reported that ICV 
injection of PGI2 causes a dose-dependent hyperthermia, 
rapid in onset, in anaesthetised rats (28), cats (5), and rabbits 
that can only be antagonized by protein synthesis inhibitors 
(16) but hypothermia in conscious rats (17) and guinea pigs 
that can be blocked by H2 receptor antagonists (15). 

In studies in which there was a hypothermic response, rela- 
tively higher doses have been used, and this may account for 
the above-mentioned discrepancy regarding species difference. 
Thus, it may be suggested that the possible centrally mediated 
hyperthermic effect of PGI2 might have been masked by the 
hypothermic action due secondarily to its vasodilatory activ- 
ity. The evidence mainly in support of this assumption is the 
antagonism of the hypothermic and hypotensive effects of 
PGI 2 by H2 receptor antagonists (4). 

It has been demonstrated that iloprost is a stable analogue 
that is a suitable tool reflecting PGI2-1ike activity in certain 
experimental conditions (24,25). Moreover, the pyrogenic po- 
tency of iloprost has been found to be similar to PGI2 when 
injected into the POAH in cats (13). Therefore, we evaluated 
the effects of iloprost on rectal temperature in conscious rats 
as a situation in which ICV injections of PGI2 were shown to 
be hypothermic and hypotensive. 

The results of our experiments showed that ICV injections 
of iloprost in a dose range that was ineffective on systemic 
blood pressure causes a mild but significant increase in rectal 
temperature that is not inhibited by indomethacin. The POAH 
was found to be a sensitive neuroanatomic site mediating the 
hyperthermic effect of iloprost. Indomethacin was also inef- 
fective for suppression in the first phase of biphasic hyperther- 
mic response to hypothalamic injections of iloprost. These 
observations led us to conclude that body temperature can be 
increased by a PGI2-1ike activity in conscious rats in a similar 
manner as that observed for PGE2. 

We also observed that each phase of the hyperthermic re- 
sponse obtained by intrahypothalamic injections of iloprost is 
reduced by AH 6809 or indomethacin in different ways. The 
first phase, which is not affected by indomethacin, was com- 
pletely abolished by AH 6809 pretreatment. Conversely, the 
second phase was reduced by indomethacin but potentiated 
by AH 6809 injected 90 rain after iloprost. The results sug- 
gested that the hyperthermic effect of iloprost is mediated by 
different mechanisms in each phase. 

AH 6809 appears to be a selective EPI receptor antagonist 
antagonizing the contractile response of PGEI and PGE2 on 
isolated smooth muscle preparations (11). Iloprost displays 
potent EPm- and I-type PG receptor agonistic activity (26). It 
has been suggested that PGE~ and PGI2 act on the same recep- 
tors in various tissues including neuronal hybrid cell lines 
(14,18). Suppression of the stimulant effects of PGI2 and ilo- 
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FIG. 4. Effects of AH 6809 administration on hyperthermic response induced by intrahypothalamic injections of iloprost. 
([~), saline ICV; (X), AH 6809 15 ng/ICV; (V), iloprost 50 ng/preoptic anterior hypothalamic area (POAH); (~), AH 
6809 15 ng/ICV + iloprost 50 ng/POAH; (A), iloprost 50 ng/POAH + AH 6809 15 ng/ICV. Iloprost injection at time 
0. Arrow indicates the injection time of AH 6809 on (A). Each point represents the mean + SE of seven observations 
except (V), which represents nine observations. *p < 0.05 compared with saline, *p < 0.05 compared with (!7). 

prost on smooth muscle preparations by an EP, receptor an- 
tagonist has also been reported (10). Thus, it may be suggested 
that the first phase of  the hyperthermia due to hypothalamic 
injections of  iloprost is mediated by EP~ receptors. Inhibition 
of  the second phase by indomethacin pretreatment may indi- 
cate indirect pyrogenic potency of  iloprost, which most likely 
promotes the release of  PGs. 

Because endogenous pyrogen is known to be a polypeptide, 
it is considered resistant to passage through the blood-brain 
barrier (BBB) (9). Thus, it has been speculated that endoge- 
nous pyrogen directly affects the endothelial cells of  the BBB 
to produce and release PGE2 (29). It has, though, been re- 
ported that endogenous pyrogen stimulates PGE2 release with- 
out significantly altering PGI2 formation in cerebral microves- 
sels; under basal conditions, the release of  PGI2 in this 
preparation was found to be sixfold higher than that of  PGE2 
(3). Thus, it may be suggested that relatively high levels of  
PGI2 can modulate the PGE2-induced hyperthermic response. 
To evaluate our suggestion, a dose of  iloprost that did not 
modify a febrile rectal temperature was injected into the 
POAH prior to ICV PGE2 administration. It was observed 
that the hyperthermic effect of  PGE2 was potentiated by rio- 
prost pretreatment. One possible explanation, assuming that 
the tliermosensitive neurons are involved in PGE2 fever, is 
that these thermosensitive neurons in POAH may be sensitized 
by iloprost to the pyrogenic activity of  PGE2, allowing an 

adjustment of  the set point to a higher level when compared 
with the effect of  PGE2 alone. 

Regarding the lines of  evidence that indicate that iloprost 
and PGI 2 act on the same receptors, it seems likely that endog- 
enous PGI2 is also able to modulate the response to PGE2 
without significantly rising above basal level during endoge- 
nous pyrogen stimulation. 

The finding presented in this study that AH 6809 did not 
antagonize the hyperthermia induced by PGE 2 has been pre- 
viously reported by Matsumura et al. (19). Because we ob- 
served that AH 6809 itself produces an increase in rectal tem- 
perature in doses higher than 15 ng ICV, it seems that AH 
6809 has partial agonistic activity on the E-type PG receptor 
(EP) subtypes other than EP~, such as EP2 or EP 3. Potentia- 
tion of  the PGE2-induced hypothermic response by AH 6809 
pretreatment may support that suggestion. 

In contrast to the above, it has been reported that centrally 
mediated activities of  PGE2 on sleep-wake regulation and 
nociception were inhibited by AH 6809 (19,31). This has been 
evaluated as evidence that PGE2 produces effects through dif- 
ferent mechanisms than those responsible for hyperthermia. 
Although the interactions between PGE2 and EP receptor an- 
tagonists might also indicate that different types of  EP recep- 
tor subpopulations are involved in hyperthermia induced by 
PGE2, the use of  more specific receptor antagonists is neces- 
sary to explain exact mechanisms of  action. 
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FIG. 5. Effects of iloprost or AH 6809 pretreatment on hyperthermic effect of PGEz. tag), saline preoptic anterior 
hypothaiamic area (POAH); (Fq), iloprost 0.5 ng/POAH; (0), PGE 2 50 ng/ICV; (A), iloprost 0.5 ng/POAH + PGE2 50 
ng/ICV; (X), AH 6809 ICV + PGE2 50 ng/ICV. Each point represents the mean + SE of seven observations except (O), 
which represents nine observations. PGE2 injection at time 0. AH 6809 was injected 20 rain before PGE2 administration. 
*p < 0.05 compared with saline, *p < 0.05 compared with (0). 

In conclusion, iloprost has pyrogenic potency mediated by 
specific PG receptors in conscious rats. Although these recep- 
tors seemed to be located in the POAH, it is not possible to 
define the site of action exactly, partly because the injected 
volume might have leaked to the other thermoregulatory sites 
such as the organum vasculosum lamina terminalis, which 
also contains PG receptors. The magnitude of the iloprost- 
induced response suggests that there is little if any contri- 
bution of PGI2 to AA-induced fever. But, the results more 
importantly suggest that the hyperthermic effect of PGE2 re- 

leased during AA- or endogenous pyrogen-induced fever 
might be modulated by PGI2. Thus, the roles of PGI2 in fever 
pathogenesis need to be reevaluated. 
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