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JOSEPH, J. A., S. B. KANDASAMY, W. A. HUNT, T. K. DALTON AND S. STEVENS. Radiation-induced increases in 
sensitivity of cataleptic behavior to haloperidol: Possible involvement of prostaglandins. PHARMACOL BIOCHEM BEHAV 
29(2) 335-341, 1988.--The effects of radiation exposure on haloperidol-induced catalepsy were examined in order to determine 
whether elevated prostaglandins, through an action on dopaminergic autoreceptors, could be involved in the radiation-induced 
increase in the potency of this neuroleptic. Cataleptic behavior was examined in animals irradiated with various doses of gamrna 
photons (1-150 Gy) and pretreated with a subthreshold dose of haloperidol (0.1 mg/kg). This approach was chosen to maximize 
any synergistic effects of radiation and haloperidol. After irradiation with doses ~<30 Gy, the combined treatment of haloperidol 
and radiation produced catalepsy, whereas neither treatment alone had an effect. This observed catalepsy could be 
blocked with prior administration of indomethacin, a prostaglandin synthesis inhibitor. Animals exposed to doses of radiation 
~<50 Gy and no haloperidol, however, displayed apparent catalepsy. This effect was also antagonized by indomethacin. Prosta- 
glandins can induce catalepsy and when administered in subthreshold doses along with subthreshold doses of haloperidol, 
catalepsy was observed. In order to assess a possible action of prostaglandins and radiation on dopaminergic activity, the 
functioning of striatal dopaminergic autoreceptors was examined by determining the effects of varying concentrations of 
haloperidol on the K+-evoked release of dopamine from striatal slices obtained from parallel groups of animals treated as 
above, Results indicated that sensitivity to haloperidol increased (higher K+-evoked dopamine release) in slices from 
irradiated or prostaglandin-treated animals and that this increase in sensitivity was blocked by indomethacin. Results from 
both experiments suggest that radiation-induced increases in endogenous neuronal mediators, such as prostaglandins, can 
induce catalepsy through an action on dopaminergic autoreceptors. 

Catalepsy Autoreceptor Striatum Radiation Prostaglandins Haloperidol 

AN abundance of evidence suggests that exposure to high 
doses of ionizing radiation induces a syndrome characterized 
by deficits in psychomotor performance. These deficits ap- 
pear primarily in tasks in which the organism is required to 
display physical strength, endurance, balance, and coordi- 
nation. Decrements have been reported in a variety of lower 
animals and subhuman primates on a wide range of tasks, 
including active avoidance [7, 9, 11, 20, 23] and swimming 
[8], as well as performance on a running wheel [15], ac- 
celerod [5], or equilibrium platform [3]. Similar declines in 
motor function have been reported in humans accidentally 
exposed to high doses of radiation [4]. 

The mechanisms involved in this radiation-induced 
changes in behavior are unknown. One possibility is that 
radiation might alter the activity of some endogenous neu- 
romodulator that might serve to depress or enhance synaptic 
transmission. Given the plethora of putative neurotransmit- 
ters and modulators that have been identified in the CNS, it 
is almost impossible to specify the ones most likely to be 

involved. However, recent evidence suggests that one set of 
likely candidates may be the prostaglandins, since it is 
known that radiation induces dramatic increases in the levels 
of prostaglandins in a variety of tissues [14, 16, 33-35], in- 
cluding brain [26]. At least two of them (PGE2 and PGF2~) 
have been postulated to play a role as putative neurotrans- 
mitters or modulators [19, 28, 30, 31]. Intraventricular ad- 
ministration of either PGE2 or PGF2, was demonstrated to 
induce stupor, sedation, lethargy, catatonia, and cataleptic 
behavior [6] and to enhance haloperidol-induced catalepsy 
[18]. Further examination has indicated that the increased 
catalepsy produced by administration of haloperidol and 
prostaglandins could be reduced by prior inhibition of pros- 
taglandin synthesis [24]. Thus, the increased levels of pros- 
taglandins in the brain may play a role in some of the behav- 
ioral alterations observed after exposure to ionizing radia- 
tion. 

Since catalepsy is mediated by dopaminergic mechanisms 
in the striatum (e.g., [12]), an action of radiation on this sys- 
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tern, possibly through prostaglandins as an intermediary, 
might have significant behavioral consequences.  Previous 
reports have suggested that dopaminergic transmission is 
impaired after exposure to ionizing radiation. Although no 
radiation-induced changes were found in either dopamine- 
stimulated adenylate cyclase activity or in [:~H]-haloperidol 
binding, two important indices of striatal dopaminergic 
function, K+-evoked dopamine release was shown to be 
transiently elevated [22]. In addition, electrical stimulation 
of the substantia nigra (which sends dopaminergic projec- 
tions to the caudate) is significantly less effective in enhanc- 
ing locomotor activity in irradiated animals [23]. 

An important mechanism in the regulation of dopaminer- 
gic activity is the autoreceptors found on dopaminergic ter- 
minals (e.g., see [10]). It is now widely accepted that they 
mediate striatal dopamine release and are controlled, in part, 
by inhibitory muscarinic and/or nicotinic heteroreceptors 
[29]. If the dopaminergic autoreceptors are inhibited, 
dopamine release is enhanced. Thus, application of either 
cholinergic agonists [29,36] or dopamine antagonists to 
striatal slices or synaptosomes enhances the induced release 
[25] or synthesis [32,37] of dopamine. Evidence indicates 
that prostaglandins may exert their effects on the striatum by 
inhibiting these striatal dopamine autoreceptors,  since pros- 
taglandins have been shown to potentiate the cataleptic be- 
havior produced by cholinomimetic agents such as pilocar- 
pine [1]. 

The purpose of the present study was to investigate 
whether additional deficits in striatally-mediated behavior,  
measured as catalepsy, could be detected after exposure to 
ionizing radiation and to determine whether elevated pros- 
taglandins, through an action on dopaminergic autorecep- 
tots,  could be involved in any observed cataleptic behavior. 
The basic approach was to determine if catalepsy could be 
observed after combining subthreshold doses of haloperidol 
or prostaglandins (to induce catalepsy) and varying doses of 
ionizing radiation and whether any effect could be antago- 
nized by pretreatment with indomethacin, a potent prosta- 
glandin synthesis inhibitor [2]. This approach was taken to 
maximize any synergistic effects of haloperidol and radia- 
tion. 

In order to assess a possible action of prostaglandins on 
dopaminergic activity, the functioning of striatal dopamine 
autoreceptors was examined. This was accomplished by de- 
termining the effects of varying concentrations of haloperi- 
dol in vitro on K ' - e v o k e d  dopamine release from striatal 
slices obtained from parallel groups of animals exposed to 
radiation and treated with prostaglandins or indomethacin. 

METHOD 

Animals 

Male Sprague-Dawley Crl:CD(SD)BR rats (Charles River 
Breeding Laboratories,  Kingston, NY) weighing 200-300 g 
were used in these experiments,  Rats were quarantined on 
arrival and screened for evidence of disease by serology and 
histopathology before being released from quarantine. The 
rats were housed individually in polycarbonate isolator cages 
(Lab Products, Maywood,  N J) on autoclaved hardwood con- 
tact bedding ("Beta  Chip,"  Northeastern Products Corp., 
Warrensburg, NY) and were provided commercial rodent 
chow ( "Wayne  Rodent Blok,"  Continental Grain Co., 
Chicago, IL) and acidified water  (pH 2.5 using HCI) ad lib. 
Animal holding rooms were kept at 21+-1°C with 50_+10% 
relative humidity on a 12 hr light:dark lighting cycle with no 

twilight. The animals were acclimated for 1 hr in the labora- 
tory before the beginning of any experiment.  

Cataleptic Behavior 

Catalepsy was scored by a method similar to that of 
Hamblin and Creese [17]. The front paws of the rat were 
placed over a bar located 10 cm above the table surface. The 
animal was timed until one of three events occurred: (a) one 
front paw touched the table surface, (b) the back feet left the 
table to climb upon the bar, or (c) until 60 sec has elapsed. 
Catalepsy was measured every 15 min over a period of 3 hr 
following the various treatments described below. 

One hundred thirty-five animals were obtained from the 
vivarium and divided into three groups. The three groups 
were placed in clear plastic, well ventilated containers for 
approximately 5 min before being irradiated with one of 8 
doses (1, 3, 5, 10, 30, 50, 100, or 150 Gy) of gamma photons 
delivered by a '~°Co source or sham-irradiated. Depending on 
its group, each animal was injected intraperitoneally (vol- 
ume = l ml/kg for all drugs used) with haloperidol (0. l mg/kg 
in saline) or saline 15 min prior to being irradiated or sham- 
irradiated. (This dose of haloperidol had been shown in pre- 
liminary experiments not to induce catalepsy in non- 
irradiated animals.) The three groups were (a) haloperidol- 
treated and sham-irradiated (H), (b) haloperidol-treated and 
irradiated ~H + Rad), and (c) vehicle-treated and irradiated 
(Rad). The dose rates were 5 Gy/min for doses <5 Gy and l0 
Gy/min for doses ~>5 Gy. Dosimetry was performed using 
paired 50-ml ion chambers.  Delivered dose was expressed as 
a ratio of the dose measured in a tissue-equivalent plastic 
phantom enclosed in a restraining tube to that measured in 
air. 

Sixty-five animals were obtained from the vivarium and 
divided into four groups. For each group the indomethacin 
(1,3, or 5 mg/kg, IP, dissolved in a mixture of 1% NaOH and 
saline, pH=6.8),  haloperidol (0.1 mg/kg, IP), or their vehi- 
cles were administered 30 min and 15 min, respectively, 
prior to irradiation (150 Gy) or sham-irradiation. The groups 
were (a) indomethacin + haloperidol + radiation (I + H+ 
Rad), (b) indomethacin vehicle + haloperidol vehicle + 
radiation (Rad), (c) indomethacin vehicle + haloperidol + 
radiation (H + Rad) and (d) indomethacin + sham- 
irradiation + haloperidol vehicle (I), and (e) indomethacin + 
radiation (I + Rad). Group e received only the 1 mg/kg dose 
of indomethacin. 

The intraventricular administration of prostaglandins re- 
quired the implantation of a chronic cannula into the lateral 
ventricle. For this procedure, the rats were anesthetized 
with I ml/kg, IM, of a mixture of ketamine HCI (50 mg/kg), 
xylazine (5 mg/kg), and acepromazine (1 mg/kg). They were 
placed in a Kopf  stereotaxic instrument, and the skull was 
exposed. A single guide cannula (Plastic Products Co., 
Roanoke, VA) was stereotaxically (Kopf stereotaxic instru- 
ment, David Kopf Co., Tujunga, CA) implanted into the lat- 
eral ventricle at 0.8 mm posterior to bregma and 2.5 lateral to 
the skull midline [27]. The cannula was lowered until cere- 
brospinal fluid rose in the cannula. It was then cemented in 
place with dental acrylic. A dummy cannula was placed in 
the guide cannula to keep it patent [13]. At the end of the 
experiment the location of the tip was histologically verified. 
The animals were allowed to recover for one week before 
being used in the experiments.  Following recovery, the 
animals were injected with either PGE._,, PGF._,~, or vehicle, 
ICV. From a previous preliminary experiment,  concentra- 
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tions of  PGE2 or PGFz~ (10 nmoles in 10/zl) were chosen that 
do not induce catalepsy when administered without haloper- 
idol. Both prostaglandins were stored at -4°C in 95% ethanol 
until use. Shortly before central administration (see below), 
the ethanol was evaporated by blowing nitrogen over the 
solution and the prostaglandin residue was redissolved in 
saline. Fifteen min after the central administration of one of 
the prostaglandins the animals were given intraperitoneal in- 
jections of either haloperidol or vehicle. Catalepsy was as- 
sessed 15 min after the injections and repeated at 30 rain 
intervals for 180 min. 

In Vitro Release of  Dopamine 

Various groups (see below) of  rats were decapitated 30 
min after sham-irradiation or irradiation with 150 Gy, and 
brains were quickly removed. The striata were dissected on 
ice and slices (300 m/x) were prepared using a McIlwain tis- 
sue chopper. Slices from equal numbers of animals from 
each treated and control group were pooled and placed into 
small glass vials containing a modified Krebs-Ringer basal 
release medium (Lo-KC1) that had been bubbled for 30 rain 
with 95% Oz/5% CO2. The medium contained 21 mM 
NaHCO.~, 3.4 mM glucose, 1.3 mM NaH2PO4, 1 mM EGTA, 
0.93 mM MgC12, 127 mM NaCI, and 2.5 mM KC1 (pH 7.4). 
The slices were washed twice in this medium and 150 /xl 
aliquots were placed in a superfusion apparatus containing 
16 parallel chambers.  Typically, pooled tissue from two 
animals was used to fill 4 parallel chambers.  The tissue and 
media were maintained at 37°C throughout the course of the 
experiment.  Following placement into the superfusion 
chambers,  the tissue was allowed to equilibrate for 30 rain. It 
was continuously perfused with oxygenated Lo-KC1 medium 
at the rate of 124/zl/min. Perfusate was collected on ice in 
tubes containing 0.3 ml of  a solution of 0.1% sodium 
metabisulfite and 0.1% EDTA in 0.4 N perchloric acid and 
stored at -80°C until the dopamine content was assayed by 
HPLC coupled to electrochemical detection [2l]. Three sets 
of experiments were carried out. 

Striatal samples were obtained from animals exposed to 
150 Gy of gamma photons and controls. Following the pro- 
cedure described above,  a 5-min baseline fraction was col- 
lected after the 30-rain equilibration period during which the 
samples were perfused with the Lo-KCI buffer. The medium 
was then switched to one (Hi-KCI buffer) containing 30 mM 
KCI, 1.26 mM CaC12 (in place of EGTA), and 57 mM NaC1, 
as well as the other components described above (pH 7.4, 
95% 02/5% CO2 bubbled for 30 min. To this medium was 
added one of four concentrations of haloperidol (0 nM, 100 
nM, 500 nM, 1 tzM), after which 5-min fractions were col- 
lected over 30 min. 

Striatal samples were obtained from animals that had 
been pretreated with indomethacin (5 mg/kg, IP) or its vehi- 
cle and 30 min prior to being irradiated (150 Gy) or sham- 
irradiated. The samples were treated as described in the gen- 
eral description of the slice procedure and the first set of  in 
vitro experiments.  

In the third set of  experiments the striatal tissue was ob- 
tained from control animals and prepared as described in the 
general release methods,  except that after 15 min of  the 
30-min equilibration period, PGF2~ (final concentration 200 
nM) was added to Lo-KC1 medium for one-half of the tissue 
samples. The remaining half of the tissue samples continued 
to get Lo-KC1 buffer without PGF~.  The final 5-min baseline 
perfusate was collected as described above. The medium 

was then switched to Hi-KC1 (either with or without PGF2~) 
containing one of  the haloperidol concentrations stated 
above (i.e., 0 nM, 100 nM, 500 nM, and 1 /zM), after which 
5-min fractions were collected and analyzed as above. 

Data Analysis 

Since the maximum time that an animal could remain on 
the bar was 60 sec, non-parametric tests were used to 
analyze the behavioral data. These were the Kruskal-Wallis 
analyses of variance and Mann-Whitney U-tests. Separate 
analyses were carried out for each experiment for each of 4 
post-irradiation (or post-haloperidol in the case of the pros- 
taglandin experiments) times (i.e., 15, 30, 60, 180 min). The 
data from the release experiments were analyzed by group × 
haloperidol concentration × collection fraction repeated 
measures analyses of variance and post hoc t-tests. 

RESULTS 

Catalepsy 

This set of experiments was carried out in order to de- 
termine the radiation dose necessary to alter the cataleptic 
sensitivity to haloperidol. These data, for four post- 
irradiation time points at all radiation doses below 150 Gy, are 
represented in Figs. 1 and 2. The dose of haloperidol chosen 
for these experiments did not produce catalepsy in non-ir- 
radiated animals. (Note that tests of catalepsy between a 
sham-irradiated haloperidol vehicle group and the haloperi- 
dol-treated, sham-irradiated group indicated that there were 
no differences in the times that they remained with their 
forepaws on the bar. For  the sake of clarity the values of this 
'sham, vehicle group'  are not included in the figures but are 
given here: mean_+SEM (sec), 15 min, 3.8_+0.7; 30 min, 
4.8_+0.6; 60 min, 5.1_+0.5; 180 min, 3.9_+0.5. Since no differ- 
ences were seen with respect to these two groups, the 
haloperidol-treated group served as the control.) It can 
be seen from Fig. 1 that at radiation doses below 10 Gy, there 
were no consistent statistically significant differences among 
the three groups (H, H + Rad, and Rad) in the amount of 
time that the animals spent on the bar (all Kruskal-Wallis 
tests, p>0.05).  At 10 Gy differences could be found among 
the three groups, especially 15 min after irradiation 
(Kruskal-Wallis test p<0.05,  Mann-Whitney tests all com- 
parisons p <0.02). Thirty and 60 rain after irradiation the Rad 
and H + Rad groups significantly differed from the H group 
(p<0.02 all comparisons). At 180 min after irradiation these 
group differences were no longer apparent. 

At 30 Gy (Fig. 2) the group differences seen briefly at 10 Gy 
began to be further magnified. A combined treatment of  hal- 
operidol and radiation produced a synergistic effect, so that 
the time the animal remained on the bar was significantly 
greater than that of  the other two groups (all Kruskal-Wallis 
tests at all post-irradiation times p<0.05;  all comparisons 
between H and H + Rad group remained on the bar for 
almost the full 60 sec, especially 60 and 180 min after irradia- 
tion (see Fig. 3). In addition, the H + Rad groups exposed to 
either 100 (Fig. 2) or 150 Gy showed other positive signs of 
catalepsy besides increased time on the bar. These included 
waxy flexibility when handled and a resistance to being 
moved. Although these behaviors were not exhibited by the 
Rad groups, this group (Rad) remained significantly longer 
on the bar than non-irradiated animals when the doses were 
>50 Gy (all H and Rad group comparisons,  p<0.004 at all 
post-irradiation times). 
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HALOPERIDOL & RADIATION EFFECTS ON CATALEPSY 
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FIG. 1. Time that animals pretreated with haloperidol (0.1 mg/kg, IP) 
or vehicle and exposed to one of three doses of G"Co irradiation (1,5, 
10 Gy) or sham-irradiated remained with their forepaws upon a 
stainless steel bar placed 10 cm above the table. Assessments were 
made at 15, 30, 60 or 180 min post-irradiation or post-sham- 
irradiation (see the Method section for dosimetry) (N=5 
animals/group.) 
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FIG. 3. The time on the bar is shown as a function of indomethacin 
dose and time post-irradiation (150 Gy) for four treatment groups. 
(Note that for the sake of clarity, since the I group responded as the I 
+ Rad group, their data are not shown in this figure.) (N-5 
animals/group.) 

Since the maximal (60 sec at 60 and 180 min after irradiation) 
cataleptic effect was seen in haloperidol-treated animals 
after 150 Gy, this dose was utilized to examine the ability of 
the prostaglandin synthesis inhibitor, indomethacin, to an- 
tagonize this synergism. As can be seen in Fig. 3, in- 
domethacin produced a significant dose-dependent reduction 
in the time that the irradiated, haloperidol-pretreated animals 
remained on the bar. This reduction was seen even after 1 
mg/kg of indomethacin as early as 15 min after irradiation 
(lower left portion of Fig. 3, Mann-Whitney comparison ! + 
H + Rad vs. H + Radp<0.02),  Pretreatment with either 3 or 
5 mg/kg of indomethacin completely antagonized the halo- 
peridol effects in the irradiated animals (all I + H + Rad vs. 
H + Rad comparisons at all post-irradiation times, all 
p<0.004). It also appeared that indomethacin also antago- 
nized the increased time spent on the bar in the group treated 

HALOPERIDOL & RADIAT ION 
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FIG. 2. Time that animals treated as in Fig. 1 and given one of three 
doses of ~°Co (30, 50, 100 Gy) could remain with their forepaws on 
the bar. (Note that since data for animals given 150 Gy are essen- 
tially replicated in Fig. 3 they were not shown in this figure.) (N=5 
animals/group.) 

with radiation and haloperidol vehicle. Comparisons be- 
tween the I + Rad group and the R group indicated that the 
former group remained on the bar for a significantly shorter 
time than the Rad group (Mann-Whitney comparisons be- 
tween Rad and I + Rad groups p <0.008). Preliminary exper- 
iments had indicated that none of the doses of indomethacin 
had any effect on catalepsy when given alone. Their values 
did not differ from those of the vehicle-treated animals (e.g., 
5 mg/kg, indomethacin, time on bar (sec): mean+-SEM; 15 
min, 2.2_+0.2; 30 min, 4.4_+0.4; 60 min, 4.4_+0.4; 180 min, 
4.2___0.5). Moreover,  no differences were seen between 
indomethacin-treated animals (5 mg/kg) and controls in 
overall activity as measured by the Digiscan Animal Activity 
Monitor (Model RXYZCM-16, Omnitech Electronics, Co- 
lumbus, OH) for up to 3 hr following drug treatment. 

These findings indicate that radiation-induced changes in 
prostaglandin levels may contribute to the increased time on 
the bar seen in both the R and the H + R groups. If prosta- 
glandins are contributing to the reduced cataleptogenic ef- 
fect, then it should be possible to produce catalepsy in 
animals given both haloperidol and prostaglandins. The next 
experiment explored these possibilities. While preliminary 
data had indicated that intraventricular doses of prostaglan- 
dins alone as low as 30 nmoles produced catalepsy, present 
results indicated that animals given 10 nmoles of PGE~ or 
PGF~,  1CV, and haloperidol exhibited significantly greater 
times on the bar than animals given injections of the appro- 
priate vehicles (e.g., all comparisons PGF2,~ + haioperidol 
vs. either PGF2~ + haloperidol vehicle or PGFz~ vehicle + 
haloperidol, p<0.004 at all test times). The groups given only 
PGE~, PGF2~, or haloperidol did not differ from each other in 
the time that they remained on the bar (all comparisons 
p<0.05; Figs. 4 and 5). 

KCl-lnduced Release o f  Dopamine From Striatal Slices 

Striatal tissue from animals irradiated with 150 Gy 
showed a significantly greater dopamine release to various 
concentrations of  haloperidol and 30 mM KCI than striata 
obtained from animals that were sham-irradiated, 
F(18,120)=3.37, p<0.0001; Fig. 6. These differences were 
seen at the 100 nM concentration of haloperidol, comparison 
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FIG. 4. The effects of intraventricular administration of PGF2,~ (10 
nmoles/10/xl) or vehicle or haloperidol (0.1 mg/kg, IP) on the induc- 
tion of catalepsy (N=5 animals/group). 
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FIG. 5. The effects of intraventricular administration of PGE2 (10 
nmoles/10/xl) or vehicle or haloperidol (0.1 mg/kg, IP) or vehicle on 
the induction of catalepsy (N=5 animals/group). 
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FIG. 6. The effects of irradiation (150 Gy) on the K ~-induced release 
of dopamine from striatal slices exposed to graded concentrations of 
haloperidol. Slices from equal numbers of animal from each treated 
and control group were pooled and placed into the superfusion 
chambers and maintained at 37°C. This tissue was perfused with 
Lo-KCI buffer (see the Method section) for 30 min. A 5-min fraction 
was collected after 25 min. The medium was then switched to one 
containing Hi-KCI (30 mM, see the Method section) and one of four 
concentrations of haloperidol. Five-rain fractions were collected 
over 30 min. 
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of peak release in irradiated group compared to control 
group, t(120)=2.04, p<0.05 and were magnified at the 500 
nM and 1000 nM concentrations, t(120)=12.8 and 10.71, re- 
spectively, p <0.001. 

Examination of striatal tissue obtained from the I, I+  
Rad, Rad, or control groups (no indomethacin or radiation) 
indicated a significant difference in dopamine release among 
the 4 groups when the tissue was exposed to 30 mM KC1 and 
varying concentrations of haloperidol, F(18,288)=3.39, 
p<0.00001; Fig. 7. Subsequent post hoc comparisons indi- 
cated that this difference was the result of higher dopamine 
release in the R group to haloperidol than all other groups 
(e.g., peak release comparisons--dr=288 R vs. I, t=2.30, 
p<0.05;  R vs. C and R vs. I + R, t=2.88, p<0.01). No 
differences were seen in comparisons among the other 
groups (all t ' s  < 1). These findings indicate that pretreatment 
with indomethacin was effective in reducing the increased 
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ido l  ob ta ined  f r om  animals  tha t  had been pre t rea ted  w i t h  in- 
dome thac in  (5 mg/kg ,  IP)  or  its veh ic le  30 ra in p r i o r  to i r rad ia t ion  o r  
sham- i r rad ia t ion .  Sl ices were  poo led  f o r  each t rea tmen t  g roup ,  
placed into superfusion chambers and perfused as described in Fig. 6. 

radiation-induced sensitivity of the striatal tissue to haloper- 
idol. 

When the striatal tissue of non-irradiated control animals 
was exposed to PGF2~ both prior to and during the applica- 
tion of varying concentrations of haloperidol, the KCI- 
induced release of dopamine was greater than in striatal tis- 
sue not receiving PGF2~, F(6,132)=2.53, p<0.02. 

DISCUSSION 

There are numerous reports that have demonstrated sig- 
nificant increases in prostaglandins in a variety of tissues 
after doses of whole-body gamma irradiation ranging from 
3.0 to 10.0 Gy. These tissues included mouse [14] and guinea 
pig lung [33], mouse [14] and rat liver and spleen [35], as well 
as marrow stromal cells [16]. Most notably for the present 
experiments, Pausescu and colleagues [26] have shown sig- 
nificant increases in cerebral levels of PGF2~ after 5.0 to 7.5 
Gy of whole-body gamma irradiation. As indicated above, 
intraventricularly administered prostaglandins can induce 
sedation and cataleptic behavior [6], as well as potentiate the 



340 JOSEPH E T  A L .  

actions of neuroleptics [ 18]. Taken together the findings from 
these experiments suggest that the post-irradiation rise in 
prostaglandins may intensify the cataleptic behavior 
produced by haloperidol. The findings of the present exper- 
iments tend to support this suggestion. 

From preliminary results, a dose of haloperidol was cho- 
sen that did not produce catalepsy in non-irradiated animals. 
However, the present data indicate that as increasing doses 
of radiation were given, the sensitivity of the animals to hal- 
operidol increased and the H + R animals spent a propor- 
tionately greater time on the bar, especially at doses >50 Gy 
than the H or Rad groups. At both 100 and 150 Gy, the 
maximal effect was achieved in the H + Rad group at 50 min 
post-irradiation, In the case of the 100 Gy the effect was 
reduced in the H + Rad group after this time while at 150 Gy 
the effect remained for as long as 180 min post-irradiation. 
These findings indicate that the maximal sensitivity to halo- 
peridol post-irradiation takes some time to develop and 
suggest that perhaps there is the induction of intermediary 
components which alter the catalepsy threshold. While the 
tissue levels of prostaglandins were not measured in these 
studies, numerous previous experiments have shown that 
the post-irradiation rise in prostaglandin concentrations oc- 
curred with 1 to 3 hr after irradiation (e.g., [33]), a time 
course that parallels the development of increased behav- 
ioral sensitivity to haloperidol in the present experiments. 

Additional evidence for this hypothesis is provided by the 
present findings which showed that: (a) Pretreatment with 
indomethacin produced a dose-dependent reduction in post- 
irradiation sensitivity to haloperidol, and even significantly 
reduced the increased time on the bar exhibited by the Rad 
group. (b) While neither direct intraventricular infusion of 
subthreshold concentrations of prostaglandins (Ee, F._,o) at 
nmoles, or intraperitoneal administration of haloperidol (0.1 
mg/kg) produced catalepsy, there was a synergistic effect of 
these agents when the animals were given both prostaglan- 
dins and haloperidol. Higher concentrations of any of these 
agents produced catalepsy when administered alone. 

A great deal of evidence has indicated that a stable bal- 

ance between striatal dopamine and acetylcholine is neces- 
sary for the proper execution of various psychomotor behav- 
iors (e,g., see [1, 12, 38]). This balance is maintained through 
reciprocal inhibitory control (RIC) between these two sys- 
tems, and if it is altered through the actions of such com- 
pounds as prostaglandins, the threshold for motor behavioral 
aberrations such as catalepsy to occur is lowered. The find- 
ings cited above suggest that prostaglandins may alter the 
threshold for cataleptogenesis by creating an imbalance in 
the striatal system through inhibition of dopaminergic au- 
toreceptors. In the present experiments, striatal tissue ob- 
tained from irradiated rats showed greater haloperidol- 
enhanced, K+-evoked release than that from control animals 
or irradiated animals pretreated with indomethacin. Similar 
findings were observed in striatal tissue that had been preex- 
posed in vitro to PGF~. 

In summary, the findings from these experiments indicate 
that the one possible mechanism for the enhanced sensitivity 
of irradiated animals to haloperidol may be through altera- 
tions in striatal RIC by prostaglandins. They suggest that 
perhaps some of the post-irradiation deficits in motor per- 
formance that have been previously reported may occur 
through the induction of endogenous neuronal mediators 
which can subsequently influence synaptic transmission. 
Experiments are now underway to determine: (a) the gener- 
ality of these putative effects of prostaglandins to other 
motor behaviors, and (b) the relationship to the post irradia- 
tion striatal levels of prostaglandins generated by various 
doses of radiation to subsequent motor behavioral dysfunc- 
tion. 
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