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Analgesia Induced by Brief Footshock: Blockade by Fenfluramine and 5-Methoxy-N,N-
Dimethyitryptamine and Prevention of Blockade by 5-HT Antagonists

P. H. HUTSON, M. D. TRICKLEBANK* and G. CURZON**

Department of Neurochemistry, Institute of Neurology, Queen Square, London WCIN 3BG (U.K.)
(Accepted March 22nd, 1983)

Key words: 5-hydroxytryptamine — analgesia — footshock — memory — learning

Analgesia induced by footshock (2 mA, 30 s) is decreased by the 5-HT releaser, fenfluramine, and the rapidly acting 5-HT agonist,
5-methoxy-N,N-dimethyltryptamine (5-MeODMT). These decreases are blocked by the 5-HT antagonists, cyproheptadine and
methiothepin. However, the antagonists when given alone do not influence shock-induced analgesia. Therefore, analgesia induced by
brief footshock in the absence of drugs may not involve 5-HT-dependent mechanisms even though it may be influenced by pharmacol-
ogically provoked changes of 5-HT release or by 5-MeODMT. This drug was also able to attenuate the analgesia after its induction,
possibly reflecting a disruption of memory processes rather than of nociceptive mechanisms per se.

INTRODUCTION

Exposing rats to acute footshock induces a tran-
sient analgesia as indicated by increased latency to
lick the paws or flick the tail when noxious heat is
subsequently applied?.13. Various drug experiments
have shown that the analgesic effect of 30 s footshock
is inversely related to the availability of 5-hydroxy-
tryptamine (5-HT) in the CNS as analgesia is atten-
uated by the 5-HT releasers, p-chloroamphetamine
and fenfluramine, by the 5-HT re-uptake inhibitor,
fluoxetine, and by the indolic 5-HT agonist, 5-meth-
oxy-N,N-dimethyltryptamine (5-MeODMT), while it
is enhanced by depleting 5-HT with p-chlorophenyla-
lanine (pCPA)'7, or by lesioning spinal 5-hydroxy-
tryptaminergic tracts with 5,7-dihydroxytrypta-
mines.

However, (apart from its attenuation by
5-MeODMT), the analgesia is markedly insensitive to
drugs acting on 5-HT receptors, i.e. the agonists
trifluoromethylphenylpiperazine and quipazine and
the antagonists methysergide, metergoline, cypro-
heptadine, methiothepin and mianserin!7.

Results thus reveal two interesting characteristics
of the analgesia induced by brief footshock. Firstly,
there is an inverse relationship with 5-HT availability
which contrasts with other nociceptive mechanisms
which occur in the absence of prior stressful stimula-
tion as these exhibit a positive relationship between
5-hydroxytryptaminergic activity and nociceptive
thresholds!0.16.21, Secondly, the effects on the anal-
gesic response of procedures altering the availability
of 5-HT contrast strikingly with the lack of effect of a
range of 5-HT agonists and antagonists. These find-
ings were investigated further in a series of experi-
ments on the response of the analgesia induced by
brief footshock to the 5-HT releaser, fenfluramine,
and the indolic 5-HT agonist, 5-MeODMT.

Results obtained show that the blockade of the
analgesia by these drugs was prevented by 5-HT an-
tagonists which were confirmed to be without direct
effect on the analgesic response in the absence of
fenfluramine or 5-MeODMT. Also, it was found that
the latter drug opposed the analgesia even when
given shortly after shock. Thus it cannot simply act by
reducing the perceived intensity of shock.
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MATERIALS AND METHODS

Animals

Male Sprague-Dawley rats (weight range 200-250
g; Charles River U.K., Margate), were fed ALGH
standard rodent diet and housed singly for 8-9 days
under a 12 h light-dark (white-red) cycle, with white
light commencing at 06.00 h.

Drugs

5-MeODMT was purchased from Sigma Chem-
icals, Poole, U.K. The following drugs were donated
by their respective manufacturers: cyproheptadine
(Merck, Sharpe and Dohme), fenfluramine (Ser-
vier), methiothepin (Roche). All drugs were dis-
solved or suspended in 0.9% NaCl and were injected
i.p. in a volume of 1 ml/kg body wt.

Assessment of response to noxious thermal stimula-
tion

Animals were tested between 14.00 h and 17.00 h.
Latencies to withdraw the tail from a water bath at
51 °C were determined initially (L1), immediately
after returning to the home cage for 30 s (L2), and
then after exposure to 30 s inescapable footshock (2
mA, six 5 s pulses, less than 1 s between pulses) in a

TABLE 1

box with a lid which was too low to permit rearing.
RESULTS

Blockade of shock-induced analgesia by fenfluramine
and 5-MeODMT and its prevention of 5-HT antago-
nists

The second latency value (L.2) measured before
shock was slightly greater than the first value (L1).
This increase averaged 21%, was significant in 14/16
groups of rats and did not appear to be related to drug
treatments (Tables I and 11). After subsequent expo-
sure to footshock there was a significant and much
larger increase of latency which averaged 96%. This
response was significantly attenuated in rats given
the 5-HT releaser, fenfluramine (5 mg/kg i.p.. 30 min
before shock), but was unaffected by the 5-HT antag-
onists, cyproheptadine (10 mg/kg i.p., 90 min before
shock), or methiothepin (2.5 mg/kg i.p.., 60 min be-
fore shock) (Table 1). These results agree with pre-
vious experiments in which analgesia was measured
by a hot-plate method!”. However, the above antag-
onists completely prevented the attenuation of anal-
gesia due to fenfluramine.

Table 11 shows that the rapidly acting indolic 5-HT
agonist, 5-MeODMT (1 mg/kg i.p.. 1 min before

Effects of cyproheptadine and methiothepin on the inhibition of shock-induced analgesia by fenfluramine

Fenfluramine (5 mg/kg) was injected i.p. 30 min before shock (2 mA., 30 s). Cyproheptadine (10 mg/kg) was injected i.p. 90 min before
shock. Methiothepin (2.5 mg/kg) was injected i.p. 60 min before shock. Analgesia was determined by tail flick as described under
Materials and Methods, with the final latency value measured immediately after shock. Values are mean * S.D., 10 or 9 rats/group.

Injected Tail flick latency (s)

Pre-shock Post-shock

Li L2 % change L3 % change
Experiment 1
0.9% NaCl 0.9% NaCl 3.5+0.6 4.3 0.7 23 9.1 & 2.2%** 111
Cyproheptadine 0.9% NaCl 3607 4.3+£0.7* 19 8.3 £ 2.9%* 93
0.9% NaCl Fenfluramine 3506 4.3+0.4* 23 6.2 & 1. 1***t 44
Cyproheptadine Fenfluramine 33106 4.2+0.6%** 27 8.9 £ 2 7k 1t 112
Experiment 2
0.9% NaCl 0.9% NaCl 3.5+05 4.0+ 0.6** 14 7.7 &£ 1.2%*x 93
Methiothepin 0.9% NaCl 3.5+09 42+ 1.2* 16 8.3 £ 2.4%** 93
0.9% NaCl Fenfluramine 3.6+0.6 4.3+ 0.4 19 6.4 + (.7*** 49
Methiothepin Fenfluramine 351204 3.8+0.6 9 8.4+ 1.9***1t 121

Differences frbm preceding latency value for same group of rats; *P < 0.02, **P < 0.01, ***P < 0.001 (Student’s r-test, paired
observations). Differences from L3 value for rats tréated with 0.9% NaCl: *P < 0.01; differences trom L3 values for rats treated
with 0.9% NaCl and fenfluramine: 't P < 0.01 (Student’s ¢-test, unpaired observations). % changes are with respect to the preced-

ing latency value.
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Effects of cyproheptadine and methiothepin on the inhibition of shock-induced analgesia by 5-MeODMT

5-MeODMT (1 mg/kg) was injected i.p. 1 min before shock (2 mA, 30 s). Other drugs were injected 60 min before shock. All other

conditions were as in Table I. Values are mean + S.D., 10 rats/group.

Injected Tail flick latency (s)

Pre-shock Post-shock

L1 L2 % change L3 % change
Experiment |
0.9% NaCl 0.9% NaCl 34+04 4.1+0.6** 20 7.8 £1.2%** 90
Cyproheptadine 0.9% NaCl 32+04 4.1 £ 0.6*** 28 7.4 £1.2%** 80
0.9% NaCl 5-MeODMT 3606 4.7 £0.5%** 31 6.0 = 0.8**t 28
Cyproheptadine 5-MeODMT 3403 43 +0.6%** 26 7.7 £1.8%*%.8 79
Experiment 2
0.9% NaCl 0.9% NaCl 3707 39+09 5 7.4 £ 0.9%** 90
Methiothepin 0.9% NaCl 33£04 4.4 % 0.6** 33 7.2+ 1.0%* 64
0.9% Na(Cl 5-MeODMT 39+05 4.9+ 0.9** 26 5.4+0.8" 10
Methiothepin 5-MeODMT 37208 43+ 1.1* 16 7.6 £ 3.2**8 77

Differences from preceding latency value for same group of rats; *P < 0.02, **P < 0.01, ***P < 0.001 (Student’s -test, paired
observations). Differences from L3 value for rats treated with 0.9% NaCl; P < 0.01, **P < 0.001: differences from L3 values for
rats treated with 0.9% NaCl and 5-MeODMT; P < 0.05, P < 0.02 (Student’s s-test, unpaired observations). % changes are

with respect to the preceding latency values.

shock), significantly attenuated the development of
analgesia. This agrees qualitatively with the pre-
viously found attenuation of analgesia as measured
by hot-plate when 5-MeODMT (2 mg/kg i.p.) was
given 20 min before shock!’. In agreement with the
fenfluramine results, the attenuation of analgesia by
5-MeODMT was prevented by cyproheptadine (10
mg/kg i.p., 60 min before shock) or by methiothepin
(2.5 mg/kg i.p., 60 min before shock), even though
(as in the experiments with fenfluramine) these drugs
were without significant effect on shock-induced
analgesia when given alone.

Effect of 5-MeODMT given before and after foot-
shock on percentage analgesia score

To investigate whether 5-MeODMT (and hence
by implication, 5-HT) affected the analgesia by
means other than a reduction of the perceived inten-
sity of shock, advantage was taken of its rapidity of
action following intraperitoneal injection?. In the fol-
lowing experiments, the effect of giving the drug im-
mediately after shock (when obviously it can no long-
er directly affect the perception of shock) was investi-
gated.

Immediately after determining preshock latencies
(L1 and L2), animals were injected i.p. with either
0.9% NaCl (Table 111, Experiment 1, Groups 1 and

3) or 5-MeODMT (1 mg/kg) in 0.9% NaCl (Table
I, Experiment 1, Group 2). After returning to the
home cage for 1 min, animals were exposed to foot-
shock and then immediately injected with either sa-
line (Groups 1 and 2) or 5-MeODMT (Group 3) and
returned to the home cage. Response latency was de-
termined in all animals at 1 min and 2.5 min after ter-
mination of shock. In a separate experiment, the
above procedure was repeated as described for
Groups 1 and 3 except that animals were not shocked
but instead remained in the home cage for an addition-
al 30 s. The second latency value (L2) measured be-
fore shock was slightly greater than the first value
(L1). This increase was significant in 3/5 groups of
rats, averaged 15% and as in the previous experi-
ments did not appear to be related to drug treat-
ments.

Further changes did not occur on subsequent anal-
gesia testing of saline-treated rats in the absence of
footshock (Experiment 2, Table 111, L3, L4). Simi-
larly treated but shocked animals had marked and
significant further increases of tail flick latencies 1
and 2.5 min after the termination of shock (Experi-
ment 1, Table 111, L3, L4). These changes no longer
occurred in animals given 5-MeODMT 1 min before
footshock. When 5-MeODMT was given immedi-
ately after shock, a significant increase in tail flick la-
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TABLE III

Effect on analgesia of 5-MeODMT given before, after or without footshock (2 mA, 30s)

Full details are given in the text. Each experiment was done twice and results combined. Values are means *+ S.D. Numbers of rats

given in brackets.

Treatment Tail flick latency (s)
Pre-shock 1 min post-shock 2.5 min post-shock
LI L2 % L3 % L4 %
change change change
Experiment 1 (shock)
Group 1: 0.9% NaCl before
and after shock 44+08 5.1+ 1.4% 16 8.0 £ 2.5%** 57 7.6 £ 1.5*** 49
20) (20) (20) (20)
Group 2: 5-MeODMT (1 mg/kg,
1.p.) before shock; 0.9%
NaCl after shock 52x09 57£13 10 5.3+£2.2 —7 4.6+ 3.0 —19
9) (9) ©) 9
Group 3: 0.9% NaCl before shock,
5-MeODMT (1 mg/kgi.p.)
after shock 4.1+0.9 5.0 1.0 22 8.1 £2.4%** 62 5.6 1.9 12
(22) (22) (22) (22)
Experiment 2 (no shock)
0.9% NaCl injections as
for Group 1 37210 39+0.8 S 44+ 1.0 13 45+ 1.1 15
(17) 17) (17) (17)
0.9% NaCl and 5-MeODMT
injection as for Group 3 4.2+ 1.1 4.6 +1.2%* 9 5.6+ 1.6% 22 54x1.7 17
(24) (24) (24) (24)

Differences from other values for same group of rats: L1 vs L2, L3 or L4 vs 12 *P’< ().(52,7 =p < (5.7071”.7;:*17’7270:();)1V(S”tudem:s
t-test, paired observations). Differences from value for rats treated with 0.9% NaCl: *P < 0.01, **P < 0.001 (Student’s t-test, un-
paired observations). % changes for L2 are with respect to L1. % changes for L3 and L4 are with respect to L2.

tency still occurred at 1 min (L3) which was essential-
ly identical to that found with rats which were
shocked but not given 5-MeODMT (probably be-
cause the drug had not had time to reach the brain).
However, by 2.5 min the latency value was signifi-
cantly lower than that of shocked animals not given
5-MeODMT and little greater than the pre-shock con-
trol values. 5-MeODMT given to non-shocked ani-
mals did not significantly affect the tail flick latencies
over a similar period (Experiment 2, Table III, L3,
L4). These results show that 5-MeODMT can re-
verse an established shock-induced analgesia al-
though they do not exclude the possibility that it also
decreases the perceived intensity of shock when
given beforehand.

DISCUSSION

Results indicate that 30 s footshock caused consid-
erable analgesia as measured by latency of tail flick

response to noxious heat. These effects were
markedly greater than the small differences between
latencies obtained in the absence of shock (i.e. Ta-
blesIandII, L1 vs L2; Experiment 2, Table I1I, L1 vs
[2vs L3 vs L4).

Results also confirm our previous findings (using a
hot-plate and paw lick method) that the analgesia
was prevented by the 5-HT releaser, fenfluramine,
and the indolic 5-HT agonist. 5-MeODMT. The ac-
tion of the latter drug, even though various pipera-
zine-containing 5-HT agonists were ineffective!?, is
of interest in view of the finding that indole- but not
piperazine-containing agonists induce 5-HT depen-
dent myoclonus in the guinea pig!2. These resuits sug-
gest that the same type of 5-HT receptor may be in-
volved in both the latter behaviour and the inhibition
of shock-induced analgesia by fenfluramine.

We also showed that five 5-HT antagonists were
without effect using the paw lick test. The lack of ef-
fect of two of these drugs (cyproheptadine and meth-



iothepin) was confirmed in the present work in which
a tail flick test was used. However, these two drugs
are now shown to oppose the attenuation of the anal-
gesia by fenfluramine and 5-MeODMT. These two
5-HT antagonists also have anti-histaminergic and anti-
dopaminergic properties, respectivelys-!1.15. Never-
theless, their actions at 5-HT receptors are probably
involved in the present experiments as the drugs pre-
vented the effects of a 5-HT releaser and a 5-HT ag-
onist on shock-induced analgesia but did not alter the
analgesic response when given alone. These results
suggest that the analgesic effect of brief footshock
may not normally involve 5-HT-dependent mech-
anisms, but that this transmitter, when released phar-
macologically, acts on 5-HT receptors to prevent the
analgesia. While gross depletion of 5-HT stores by
the 5-HT synthesis inhibitor, p-chlorophenylala-
nine!”, or by lesioning spinal 5-HT neurons with 5,7-
dihydroxytryptamine8, increases the analgesic effect
of shock, it should be noted that these experiments
involved relatively chronic depletions of 5-HT, while
the 5-HT antagonists which were found not to affect
the analgesia were given acutely.

The general lack of effect of 5-HT agonists and an-
tagonists on shock-induced analgesia is not paral-
leled by our findings using drugs acting on DA recep-
tors as these were active. Thus, shock-induced anal-
gesia was decreased by the specific D2 agonist,
LY141865, and was increased by a non-cataleptogenic
dose of the antagonist pimozide3.19.

Although the inhibition by 5-MeODMT and fen-
fluramine of shock-induced analgesia appears to con-
tradict numerous reports of positive relationships be-
tween serotonergic activity and nociceptive thresh-
olds in the absence of stressful stimulation!0.1621, 3
single mechanism could underly all the findings. For
example, as analgesia varies directly with shock in-
tensity®, 5-HT might reduce the analgesia simply by
reducing the perceived intensity of footshock. How-
ever, the rapidly acting? 5-HT agonist, 5-MeODMT,
still prevented the analgesic effect of shock even
when given after its termination. This cannot merely
be explained by an action of 5-MeODMT on analges-
ic responses per se, as the drug did not decrease la-
tencies to tail flick in the absence of shock. The find-
ing is consistent with previous work? in which compa-
rable doses were given intracerebroventricularly.
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The lack of effect of 5-MeGDMT at 1 min probably
merely reflects the time required for the drug to
reach the brain.

How 5-MeODMT might decrease shock-induced
analgesia is suggested by our finding that analgesia
after brief footshock depends on exposing the ani-
mals to the pre-shock latency measurement. When
this was omitted, latency after 30 s shock was signifi-
cantly less than the corresponding values for rats con-
currently put through the complete test procedure!s.
This phenomenon is reminiscent of ‘superstition’, a
kind of learning in which the animal responds as if
there was a causal relation between its behaviour (in
this case, the motor response to the analgesia test)
and a subsequent event (in this case, the shock) even
though the relation is not causal but merely tempo-
ral!4. Therefore, the attenuation of established anal-
gesia by 5-MeODMT may be due to this drug and (by
implication) 5-HT, disrupting memory processes.
This suggestion does not exclude the possibility of
other interactions between pharmacologically re-
leased 5-HT and mechanisms involved in the analge-
sia. However, it is relevant that intracranial injection
of 5-HT into mice at pharmacological dosages or sys-
temic injection of the 5-HT releaser, p-chloroamphe-
tamine!, are reported to cause retrograde amnesia.

The finding that 5-MeODMT can attenuate anal-
gesia after it has been established may be contrasted
with the attenuation by naloxone of analgesia follow-
ing 90 s shock to the front paws. This analgesia, un-
like that studied herel?, is prevented by naloxone,
but the drug must be given before analgesia is estab-
lished?0. If 5-HT decreases the analgesia induced by
30 s footshock on learning and memory rather than
by directly altering nociception, then it is hardly sur-
prising that its action does not accord with its antino-
ciceptive properties. These are revealed if shock is
prolonged to 30 min when the resultant analgesia no
longer depends on exposure to pre-shock latency
measurement and is increased if 5-HT synthesis is in-
hibited!s.
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