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ABSTRACT ,a

GZNTZL_R,AL._XR..e,'D Jos_ M. MUSACCHIO:Interaction between serotonin and c
morphine in the guinea-pig ileum. J. Pharmacol. Exp. Ther. 189: -tS-t-492, 1974. ]:

Inhibition of the electrically induced contractions of the guinea-p_g ileum has been shown h
(,

to be a reliable index of the relative potency of various narcotic analgesics. This property
suggests that this preparation might be useful in attempts to ducidate the mechanism 1
by wlfich morphine induce_ analgesia in the central nervous system. In light of the ,r

._ inhibitory effects of 5-hydro.',5,tryptannne (5-HT) on the ilemn and its interactions with
,t

morphine in other tissues, the effect of 5-HT on the inhibitory response of the ileum to h
morphine was studied. Concentrations of 5-HT ranging from 2 × 10-s to 2 X 10-' M
can potentiate the inhibitory effects of morphine, and vice versa; small concentrations n
of morphine (10-_ M) can potentiate the inhibitory response to 5-IIT. Both of these

"__!_ effects can be abolished by washing. This potentiation is also observed with both nslor- t_'(
..,:'_" _',_. phine and methadone and seems to be due to a specific imeraction between 5-tIT and ,_

_ nsrcotic analgesics. Similar concentrations of 5-HT have no effect on the inhibition pro-

_iii duced by norepinephrine, and norepmephrine itself has no effect on the inhibilion pro- ['t
'_;:_ duced by morphine. Lysergic acid diethylamide (0.I p,g/ml) can amagonize the inhibi- i_

tory effects of 5-HT but can also produce a marked potentiation of the rcspm_ae to
morphine. The above suggests that 5-tlT may play an essential role in the mechanism bv E_
wlfichmorphineinducesanalgesiain thecentralnervoussystem. I,

!nhibit_on of electrically induced contractions shown to be a reliable index of the relative _ V
,_F.*,_._,........... ;_ ;;..... :--_ _............. pw_em:y of a variety of narcotic analgc_;ics :_a

:t (,chaumann et al., 1952: Schaumann, 1954; t_t
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reversibility 1)y nalox(,ne (I,:osterlitz al.1 \Valt, Methods
19gS), 3_ sterie pr.pc, rties required fur in- (iuin_-_, ],ig._ w_i_hing f:'om 300 to 450 g were
hibitorv amiviw. (Cox and \Volta:took 1.966} and killed by a t,low on the ]t_,:tttaltd bh,d by c/tli,_p
finally lhe direct paI•alh:l between the order of il_e main ar_erl_ s in the 3Leek. The terminnl !or-

• . (trug_ ill eausIlI_ analgesia and their tion of the ileum xv_tsrelnoved and the last 20 cm

I pdtencv ot.... -
potency in inhibiting ileal activity (Seh:mmann, were discarded. The gut w:ts slimulated by tr:_,ns-
1.t)54; Gyfmg ct at., 1964). muntl eh.cllic.al slinmhl don ossentiallv as dose1ibed

Ever since the work of l_ato n (1957) attempts by l'aion (1957) ; the iniraluminal electrode was

i have been made to expl:dn the analgesic effects nmd_: the anode. ]lectangular current pulses of 0.2
of morphine through some interaeth_m with msec ,hm._finn and of suftlek.nt strength to pro-

I in the duee a maximalresponse1o a singleshockwere
neurotransmitterSCNs.Indeed, it hasth°ughtbeentOwellbeestablishedPresentthat appli,d 1o the electrodes once every l0 seconds. with a Grass modelS 88 siimulator.Stimuli were

i in pharmacological concentrations can monitored on an oscilloscope which was connected
morphine
cause a modest, !?ut nex-orflMess, si_nific:tnt, re- across the cleon'odes. It was initially found that

_" duction in both the spontaneous (Paten and there was a large voltage drop across the elec-

' _ Zar, 196S) and electric'ally evoked release of trodes, i.e., the voltage indicated on the stimulator
acctvlcholine (ACh) from the guinea-pig ileum was not. the same voltage that was measured across

(Paten, 1957" Cox and Weinstoek, 1966) and the electrodes. To circumvent, this problem, stimuli
the spontaneous release of ACh from the eat were first fed into a Crown DC300 audio amplifier t
cerebral cortex (Bel_lin and Polak, 1965; before being a_ppliedacross the electrodes. With [
Jhamandas et al., 1971). Norepinephrine (NE) the use of this amplifier, a voltage of 2.0 V appliedacro_ the electrodes was sufficiem to produce I
and 5_hydroxytryptamine (5-HT), two putative maximM responses. The isometric conu'actions of
CNS neurotransmitters, have also received much the gut were recorded via a Grass FT 03 force

attention. The evidence, however, suggesting transducer on a Grass polygraph which was call-
their involvement in the analgemc response is brated before every experimen_ such that, --2 mV _._' -,....
more indirect. Studies have indicated that mot- fed into the preamplifier produced a pen displaee-

phine pretreatment can alter turnover rates of meat of 2 cm. The resting tensmn was fixed at I
both NE (Clouet and Ratner, 1970; Smith etal., g. The temperature of the 50-ml organ bath was

1972) and 5-HT, although there are several kepL constant a_ 37°0. All of the experiments were
contradictory reports concerning the latter made on pieces of ileum suspended in Krebs' solu-- tion of the following composition (in millimolar ,2_.......
(Way, 1972). In all of these instances, however, concentrations): NaC1, 118; KC1, 4.7; CaCI_-2H--O, _.
it is difficult to say whether these changes are 2.5; MgCl.o, 1.2; NaH_.PO,'H.-,O, 1.2; NaHCO_, 25;
due to a primary effect of morphine which glucose, 11; choline chloride, 0.29. The buffer was
mediates the narcotic effects or to secondary or bubbled with 95% O_ and 5% CO._ which main-

tertiary effects of the drug. tained the ptt at 7.40.All drugs used in the expert-
Since it has been well established that NE has menL were added directly to the organ bath in 10 ,,:

inhibitory effects on the gut (McDougal and to 10O _1 of glass-distilled water. The respective ..
Schaumann, 1958), there concentrauons are expressed in terms of the final

,,q West, 1952, 1954;
c have been many attempts to explain the effects molarity. Morphine was allowed to remain in
i of morphine on this tissue through sonic adrener- contact with the gut for only 2 minutes to ensure

gic mechtmism (Schaumann, 1958) Despite such consistent, responses and to preven_ deterioration• of the preparation as suggested by. Cox and Wein- i_:g
d attempts, most of the evidence is to the contrary stock (1966). In our initial experiments with LSD
c (Kosterlitz and Watt, 196S).

Scrotonin has potent inhibitory effects on the a 90-minute preincubation time was used. Thistime period was based on the work of Cerletti and

_ gut (l_osterlitz and Robinson. 1957; Bulbring Doepfner (1958). In subsequen_ experiments it was
_1 and Gershon, 1967) and has been shown to be an found that a 15-minute preineubation time was

c endogenous constituent, with most of it located sufficient to obtain maxinmm effects.
e

ed _o | in neurons (Ross and Gershon, 1972)• These ob- All of the chemicals used to prepare the buffer
servations and the reported interactions between were of the highest purity obtainable. The follow-

6), 2) _I morphine and 5-HT in the CNS (Way, 1972) ing were the drugs used: morphine sulfate. 5-IIT
prompted us to investigate whether 5-HT was creatine sulfate water complex, /-norepinephrine

t from !_2Mlt involved in the response of the gut, to morphine, bitartrate, d-lysergic acid diethvlamide (LSD),
i
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methadone hydroehloride and nalorphine hydro- A B C mean inhibition of 18.S
chloride. 5-HT 3x'tO-7M _reatment with 5-HT

MS 2 x 10-8M 1'.152 x'lO'8 M concentration of mor'

• Results hibition of 54.3 ± 6.4;:

.i, Effects of 5.HT on the response to trans- _,_ _he inhibitory, effec,ts ,
significant with a P va

mural electrical stimulation. Figure 1 shows FIe. 2. Effect of 5-ItT pretreatment on the re-
i typical polygraph recordings obtained when 5- sponse of the electrically stimulated guinea-pig action between 5-HT ._

HT is added to the organ bath during electrical ileum to morphine. Morpine (MS) and 5-HT were over a wide range of m
added such that the final concentration was as in- demonstrated by a _,

stimulation. The response consists of three dicated in the figures. The preparation was washed
phases. The first is characterized by a transient three times 2 minutes after the addition of mot- curve _o morphine c
increase in the basal tone of the gut that lasts phine and it was allowed to res_ for 12 minutes be- presence and absence o

fore the next addition. The order shown repre-
f_ for almost 1 minute with the doses of 5-HT seats the actual experimental sequence. The hori- 5-HT (fig. 3). It is imT

used. This is in keeping with the results of zontal calibration is 1 min/division, in this experiment th,
Gaddum and Picarelli (1957)who showedthat was reduced approxin_
5-HTcan causethe gut to contractboth through the previous experime:

the release of ACh and via a direct effect on the 8fi large and persistent b

muscle. The second phase, characterized by a -/. _* " which are frequently o

decrease m the height of the electrically induced oz _ As expected, the poten

60
contractions, usually reaches its maximum within _ -_ -o pronounced with sma

versely, morphine in

3 to 5 minutes. This observation is in agreement _ 40 (5 x 10-* to I0 -_ .Mwith the work of Btflbring and Gershon (1967)

and Drakontidcs and Gershon (1972) who have 20 bibitory response of
giren evidence that 5-HT is inhibitory on several demonstrated in fignr_

segments of the gastrointestinal tract and func- r , , , r .... f , , , f ..._ real conditions the r,
tiers in rive as an inhibitory transmitter. The 1 3 5 10 30 50 100 effects of 5-HT tende
third phase is characterized by a recovery from MORPHINE (10:SM) was not possible to o"
this inhibition. This ex_en_ of recovery is found Fie. 3. Dose-response curve to morphine in the response curve to 5-H
to vary from preparation to preparation and presence (O) and absence (O) of 5-ttT. The in- ._bsence of morphine.

hibitory response of the electrically stimulated
even varies within a single experiment when ileum to morphine was determined first in the mean inhibition prod
several additions of 5-HT are made. Figure 1 also absence and then in the presence of 2. × 10"8 M 5-HT was 14.5 ± 3/7¢.

(10 ng/ml) 5-HT. The pel'cent inhibitions indi- With 3 to 5 × 10-° -_
i indicates that the relative magnitude of each cared are the values obtained after a 2-mimite ex-
i _ phase is a function of the concentration of the posure to morphine. The values represent single centrati0ns produced
•' 5-HT added. As one increases the concentration observations from one of two complete dose re- 6.$6%. The P value w

of 5-HT added, not only .is the initial inhibition sponses performed on separate days. It should be note,

more pronouncedbut recoveryis either greatly also potentiated _!
reduced or nonexistent. In order to compare the possible, minimal doses of 5-HT were used and nalorphine (10-' M)
response _u mmv,,'-:-_.... :-,........the prc_enceand-_,_n,_e the gut was allowed _o recover from the kn- "°'_.,o_o an inhibition
of 5-HT and to keep the experimental contrac- lfibitory effects of 5-HT as much a_ possible served for methado_
tmns as similar t.o the control contractions as prior to the addition of morphine, which first produced

InteraetiorL between 5-lIT and morphine.

A B The effect_ of 5-HT on the re_ponse to morphine ,_
is illustrated in figure 2. Figure 2A represents a

5-HT 2xlO-7M 5-HT 5xlO'7M control response to morphine; figure 2B rep-
1 [ resentsthe responseto nmrphineafter the prep- 5-

,_ ,L. . -- aration was allowed to recover from the iI]-

_l!i'_:_%';,:.i!,'_;_}_'_'!':_".'_:'i',ill hibitorv effects of 3 x 10-_ 5I (150 ng/'ml) 5-tIT.

...... The inhibition produced by morphine increased
from 45% in the control to 100% in the pre:senceFI0. 1 F.ffeets of 5-t_{T otx the response of the

guinea-pig ileum to transmnral electrical stimtfla- of 5-ttT. After three w:',shes and a 10-minnie !
t.ion as described in "MeIhods." 5-IIT was added rest period, the response to morphine returned F_. 4. F,ttect ,,f _,
to the or,,_an b:_th tip to a. final concentration of
2 X 10-' M (fig. 1h) and 5 × 10-' M (fig. [B). to the control levd as is shown in figure 2(;'. In to 5-IIT. The inhibi_• _ :ifter a 2-minute l)rt'_
Korlzontal calibration is 1 mln/division, seven experiments, 10 -s 5[ mori)hine l)roduced a l 1 rain/division.

I
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C _" 1lie{in inhibition of 1S.,q 4- 2.t3,._"_' and after pre- "ffter t)retreaiment with 5-1fT (3 × 10-_ M)
treatment with 5-J:IT (2 × 10-_ hi) the same produced an inhibition of 50%. The latter is

_-sM t_,.s2_o-8_ _ concentration of morphine produced an in- tx_rticularlv significant sim:e it. is an analgesic
_, .,..:_ _ hibition of 5-1.3 -+ 6.43%. This potenIi:ltion of which is structm'_lly dissimiliar In morphine. AI-
_> ......_ t the inhibitory effe('!s .of morphine W:ts highly though the studies with nalorptfiue and metha-

signifiea_it with a P value of <.001. This inter- done were not as extensive as those with mor-
_,atment on the re-
mulated guinea-pig I action between 5-ii'17 and morpbble is manifest phine, they suggest that l)otentiation by 5-HT
_IS)and 5-HT were
_:ntration was "ts in- i over a wide range of morphine concentrations as is a clmracteristie eommun 1o narcotic analgesics.demonstrated by a seven-i)oint dose-response In addition, the inhibition by morphine while in
-,aration was washed i to morphine determined in both the the presence of 5-HT was completely reversedLeadditionof mot- } curve
;t for 12 minutes be- presence and absence of 2 × 10-_5I (10 ng/ml) by naloxone (10-_M) but not the inhibition that
order shown repro- 5-ItT (fig 3). It is important to emphasize that was due to 5-I1T. This implie._ that all of the in-sequence.The hori-
sion. in this experimen_ the concentration of 5-tIT creased response to morphine was n'_rcotic in

was reduced appraximately 10-fold relative to nature.

the previous experiment in order to avoid the Interaction l)etween 5-IIT and norepi-large and persistent inhibitory _ff_ of _ _T_, ncphrinc: norep|nephrhie and mm'vhlm'.

"--C_* " [ which are freq_tently- observed with larger doses. In order to see if the effect of 5-IIT on the re-As expected, the potentiation of morphine is less sponse to morphine were specific, the interaction
n o pronounced with smaller doses of 5-ttT. Con- between 5-HT and NE was investigated. As can

versely, morphine in very small concentrations be seen in table 1, 2 × 10-' M (0.1/Jog/iN) 5-HT
(5 X 10"* to 10-_ M) can potentiate the in-
hibitory response of the gut to 5=t-IT, as is TABLE 1

demonstrated in figure 4. Since even under nor- Effect of g-HT prelreatmenl on the response of the
, t .... _ mal conditions the response to the inhibitory electricaliy stimulaled ileum to morphine (MS)

7-- 30 50 100 effects of 5-HT tended to vary considerably, it and to NE"

10-8M) was not posmble to obtain a reprodueibl, dose- Inhibitionwithout Inhibitionwith
e to morphine in the response curve to 5-HT in both the presen.ce a_nd Concentration5-tITPretreat- 5-ttTPretreat- P Value

absence of morphine. In two experiments; the of Drugb ment meatcD) of 5-I=IT. The in-
.ectrically stimulated
erminedfirst in the meaninhibitionproducedby 1 to 2 x 10-' M % %
sence of 2 X 10"8M 5-HT was 14.5 ± 3.79% and, after pretreatment _rs,10-,._I 1_.0± 1.04a) _.3 ± _._-_(_) <.001
:ent inhibitions indi- with 3 to 5 × 10-° M morphine, the same con- NE, 101 M 16.8 4- 2.52 (4) 21.5 4- 0.5 (2) N.S.
1after _ 2-minute ex-
dues represent single centrations produced a mean inhibition of 45.0 +-
re complete dose re- 6.86%. The P value was less than .02. • Theresult_arethe meanvalues4- S.E.bl.fromseparateexperiments performed on different days and the number of

e days. It should be noted that 5-HT pretreatment determinations is indicated in parentheses. Percent reductlonin

also potentiated the inhibitory effects of contraction height was determined after NE or morphine had
been in contact with the gut for 2 minutes.

5-HT were used and nalorphine (10-* M) from an initial intfibition of btlepresent_finalmolarconcentrationofthedrugintheorgan
ecov_,_rom the in- 7% to an inhibition of 32%. The same was ob- bath. }
aS n_ , as possible served for methadone hydrochloride (10-* M) eb-tlTw"asaddedin20#lofwatersuchthatthefinalconcen-

tration was as indicated. Preincubation with 5-HT proceeded iphine, whichfirstproducedan inhibitionof25% and for5minutes afterwhich NE ormorphinewasadded.

.HT and'morphine. I
response_omorphine A [3 C
tgure 2A represents a MS 5 xl0-9M [

'fine; figure 2B rep- 5-HT t

rphine after the prep- 5-HT4 xlO -7 M 4 ×10-7M 5-HT 4 xlO-7 M Itecover from the in- I 1 [ !
' _i_lll_l_r_I_IIi

M (150 ng/ml) 5-HT. _1[ii[Ii_i_i[{'a____ dl!!_ II_
y morphine increased t_,_..... _ "I'_, _ [ii_1 l,t 4 _it I!_1[---
100% in the presence l'!_i_;i_.:'.,¢:r,"._%!_"l!r,__t//' _'._',V".#,;,h_:!_l'_i"',/_
;hesanda 10-minute ...... !

to morphine returned FIG. 4. Effect of morphine pretreatment on the inhibitory response of the electrically stimulated ileum !
hewn in figure 2C. In to 5-HT. The inhibitor)" response to 4 X 10-_ M (0.2 #g/ml) 5-HT was determined first before and then

after a 2-minute pretreatment with the indicated concentration of morphine. Horizontal calibration is
morphine produced a 1 rain/division.
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A B

, _ had no appreciable effect on the inhibitory re-
sponse to NE. In similar fashion, the interaction MS10-8M NE 4 x10-8M MS 10-6_1

"_ 1 10-8MbetweenNE and morphinewas studied.As can , 1 MS .. ....
! J be seenin table 2 and in figure5, a concentration Jl_Fi,'l '':j_'_P • E,"......,. " _ , I _ ',1:, !' ..... ' _ I- IIq'!t!il[_d'l'l_l_'ill I''

of NE as high as 4 X 10-8 M did not potentiate _ :.:_..( ....... _,,
the response to morphine. Figure 5 also illustrates _ _'li_,_{_,'.lk_:,_,_<(
that the inhibition of the contractions per se, ......

t prior to the addition of morphine, does not
necessarily result in an increased response to

I morphine,ttowever,figure5D showsthat 2 X C 0 LSDP
i¢'_ 10 -_ M 5-ItT was effective in causing an increase 5-HT 2 × 10-7 M

" from 15 to 40% inhibition in response to mor- MS 10-8M 1 C
phine. 1 MS 10-8M .. MS _0-e

I!1!.',! :'rt!l'( !!I' ."!l'll_t!l_)'1",:_, m,.,_ ] li/,q,, i' Ii i Interaction between LSD and morphine; _ !__'l_ , ,_ _i i_ , , ,!........ V_'i_':_;:'_'_:'_ I 'Ii!I "
i i LSD and 5-HT. If 5-HT is necessary for the _'_'"_..... " _ *:_: : : _"_ _._.,,u.,_ll_al_,i'[_lllaction of morphine, then blockade of 5-HT re- ' " ' '_ '

I ceptors should diminish markedly response Fro. 5. Effect of NE and 5-HT pretreatment on
the

i to morphine. Since LSD has been reported to be the response of the electrically stimulated ileum to
potent anti-5-HT agent peripherally (Cerletti morphine (MS). NE and 5-tIT were added up to Fro. 6. Effectthe concentrations indicated in the figure, 2 and 4 sponse of the dee

and Doepfner 1958), its effects on the response minutes, respectively, before the addition of mor- phine (MS). Iles

i to morphine were studied. Contrary to our ex- phine. The ileum was washed three times after trations of morptpectations, LSD greatly potentiated the response each 2-minute exposure to morphine and it was absence and thenallowed to rest for 12 minutes. The results illus- ml) after a 90-mi
to morphine. These results are summarized in trated were obtained in the same experiment and ter. IIorizontal ca

table 3 and in figure 6. In two experiments, five they are shown in the actual experimental se- in fimu'e 6D wher
separate exposures to 10-_ M morphine produced quence, morphineorderto facilitatthech:

I mean inhibition of 53.6 -----6.21% and, after vidual contraclio]TABLF 3

Effect of LSD pre_realmenl on the response of theTABLE2 fhattherespon
electrically slimvlaled ileum to morphine

Effect of NE and 5-HT prelreaimenl on the response (MS)_ ci_amry effects
i of the electrically slimulatcd ileum tomorphine , not affected by

MS Concen- Inhibition before Inhibition after P

Pretreatment Inhibition of tration b LSD Pretreatment i LSD Pretreatmeut _" Value gllt was prcince___ On the other h:

• I Morphine_ 53 6! S-_T" 1 XE_ :,,, % ] % :m,ubation pert
1 1O-_M ± 6.21 (5),96.0 ± 4.0 (3)!<.01 LSD b!ocked b

M % 10-v M 154:3 4- 9.3 (4) S-I.2 4- 3.6 (6) <.05 com.entration n
l None 20 ,wive the aPAOtl

5 X 10-_ 17 _ The resulls are the mean values ± _.E.M. effects. This an
1 X 10-s 15 from two experiments aud the number of deter-
•t X 10-s 23 mimttions is indicated in parentheses. Percent re- of 5-[1'1" by L:

None 17 duction in contraction height was delermined Since o_ller 5-t
2 X 10-_ 37 after morphine had been m contact with the gut

} 2 X 10-7 40 for2 minutes.
Final molar coneentrati,m of morl)hine in the

5-IIT was added, as described in t,ble 1, 4 organ bath.
minutes l,'ior to the addition of nlorphil,e. _ The ilmtm was preincub'ded with 1,S1) (0.1

NI._ w._s added in -t0t() I(?().,l of water such th:tt #g/ml) f,,r 90 minutes :tftor which time lhe re-
the final voncenlration was as indicated, l're- sponse _O In,_rl)hinc was tested.
incubation time was -t minutes after which mor-

phine was "tdded. lwetreatm_:nt with LS]) 0.1 .,tg/ml), the same
_Percen_ i]diibiticm of contr'wtion height was ,.onccntration prcMu0cd a mean h_hihiiion of

detcrmhw,l 2 minutes after _the addition -f ,nor-
phine, such Hint the tinal euncentr:ttion was I0-s 96.0 _: 4.'.)%. The P value wa.-: les_ than .01. F_(;. 7. I:Ifl'
M. Tim vMtles reln'esmit si]_;.h; ot:servali-us from '['h,_ inter:wdon l)elwcelt 5-IIT and LSI) wns ] ihi,orv ,.t'_',.,i
one of three exporh'nents. HI5o iuvesligaled. The data in table-i illustrate },,,l(,re a,.t a,,1
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t A B tadine, cirmnserin and methysergide interfered

x10-8>1 _ ,",!S 10-6M MS 107M with the response to dcc_ric;_t stimula.litm, their

I Ms 1 1  , ecto,,,he,esr,o,, oof ileumto,norphi,.
.: _ {" t , and 5-]IT couM not be invc-:fiaated.

. ii..!,_i[ _ ;-- The above experiments suggest that the ex-
_ _ cilatory (.'fleets on the resting gut and the in-

hibitory effects of 5-LIT on the response to trans-

i ..... mural electrical stimulation are mediated via re-
ceptors which are pharmacologically distinguish-
able.

t LSD PRETREATM, KNT Discussion2xlO-7M

Since 5-tti' is constituentMs _o-8_._ } C Ms 10-6t7, D Ms 10-7M
an endogenous of

.. 1 _ the ileurn and its localization in this tissue has

"'_-_ I "j !rl!'l ; been shown to be mostly neuronal (Ross and[ " / ' 'I1,_,..,.'.._.:..:_,l,llJ.ll_. I;i[iil,i!.l.l',i,t_,,,..'/i_ii_ !

_'__ _ Ii,ii',',I'i,:,.ii;_ F ' i i"" _11..... ' " ' Illl'Sl'''.'':_''','. ,li'l, "
"_'..I_'';_;_:',4:1._,''ILtT tl!iil!a',_r._;t%,,__q

IT p}c_reatment on 1 a....... t,;_ ,_1 __d,_ Effect of LSD pretreatment on the response of the
,timulatedileumto
' resting ilm_m to the excitatory effects of 5-ttT
wereadded up to _ FIa. 6. Effect of LSD pretreatment on the re-the figure, 2 and 4

I sponseof tim electricallystimulated ileum to mor- I
e addition of mor- Concentrationof Concentrationof ileight Recorded

three times after phine (MS). Responses to the indicated concen- LSD" 5-IIT b ] Contraction_

trations of morphine were determined first in the
,rphineandit was l .....
• The results illus- absence and then in the presence of LSD (0.1 _g/ ,,_/va M on
axe e_l_riment and | ml) after a 90-minute preincubation with the lat-

ter. Horizontal calibration is 1 min/division except 2 X 10-_ 3.5
I experimental so- in figure 6D where 2 minutes aftcr the addition of 1 X 10-_ ' 2.6

morphine the chart speed was increased 5-foid in 2 X 10-_ 3.2
order to facilitate the measurement of the indi- 0.1 2 X 10-_ 3.2
vidual contractions. 0.1 1 X 10-_ 2.2

the response of the 0.1 2 X 10-_ 2.7
m to morphine that the response of the resting gut to the ex- 0.1 1 X 10-_ 2.4

citatory effects of 5-HT (1-2 X 10-_ M) was

[nhibitionafter [ P not affected by LSD (0.1 p.g/ml)', even if the " The resting ileum was incubated with the indi-

,D'Pretreatment Value gut was preincubated with LSD for 90 minutes, cated concentration of LSD for 90 minutes afterOn the other hand, after only a 15-minute pro- which the response to 5-HT, while still in the
% incubation period, the same concentration of presence of LSD, was again tested.

Final molar concentration of 5-tIT in the organ
.0 =t=4.0 (3) <.01= LSD blocked bv 80% the inhibitory effects of a bath.
.2 -4-3.6 (6)i<.uo concentration of 5-HT (4 X 10-_ M) which was

5-HT was left in contact with the ileum only
val_'_-4- S.E.M. twice the amount used to produce the excitatory long enough for each concentration to exert its

_ nul_., r of deter- effects. This antagonism of the inhibitory effects maximal effect. The heights of contraction irdi-
ttheses. Percent re- of 5-HT by LSD is shown in figures 7 and 8. coted were determined by direct measurement of
_t was d'eternfined Since other 5-HT antagonists such as cyprohep- the pen displacement.
intact with the gut

A B C
of morphine in the LSD 01 ,ug/ml

ted with LSD (0.1 5-HT 4 x 10"7M [ 5-HI 4 x10-7_4 5-HT 4 xlO-7M

xhich time the re- Jo, J l
d. l!I{!_ilg".':" _',_,'tl_,l,,It

p_g/ml), the same _'_'_I...............
.maninhibitionof
lessthan.01. _....

I Fro. 7. Effect of Lql) pretreatment on the response of the electrically stimulated ileum to the in--liT and LSD was hibitorv effects of 5-1IT. Inhibitory responses to the indicated concentr-lt'ions of 5-tIT were determined

n table 4 illustrate ! before and after a 15-minute incubation with 0.1 ug/ml of LS1). Horizontal calibration is 1 nfin/division.
l
1
t
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mediated via the 5-HT system. It remained t_ to a d
be demonstrated, however, that LSD could suppm

40 function as an agonist and/or antagonist of 8- (Tone:

oz "_ HT on this tissue. Although LSD, in concentra- crease

V-- 30 *_, tions up to 0.1 /,g/ml, had no detectable in- plies I

_.,.._ fluence on the excitatory effects of 5-HT, these lhrou_o_7_ 20 same concentrations were able to produce a with

"_ "_ marked antagonismof the inhibitory effectsof tIarve
10 " 5-HT on the response to transmural electrical brain

stimulation. In the guinea-pig ileum, therefore, forebr

0 0.2 0'.4 0:6 018 1.0 LSD appears to act as an antagonist of the in- in a d
LSD 9Jglml) hibitory effects and as an agonist of the po- Thou

Fro. 8. Effect of increasing concentrations of tentiating effects of 5-ttT. These observations, reals"
LSD on the inhibitory response of the electrically coupled with the known interactions between 5- the te
stimulated ileum to 4 × 10-_ M 5-HT. Each point liT and LSD in other tissues, strongly imply i.p. "r(
represents the degree of inhibition of the response that the LSD-morphine interaction is mediated threst
to electrical stimulation produced by the addition
of 5-HT (4 x 10-' M) after a 15-minute incuba- via the 5-HT _'stcm. effect.
tion with the indicated concentration of LSD. 5-HT The implications of this interaction with the found

_ was left in contact with the ileum only long 5-HT system in terms of the ultimatemechanism by le_enough to produce its maximum effect after which

....._ _21_'_:_ the gut was washed several times and rested for 12 by which morplfine acts are not very clear. One in anminutes, possibilityimmediatelysuggests itself: morphine by t:
may act on the gut and in the CNS by increasing Schul

_:_ Gershon, 1972), it is tempting to speculate that the availability of 5-HT and, in doing so, po-

restiE

some interaction with the 5-HT system may play tentiate its inhibitory effects. Morphine could do toler_

_! an essential role in the response of the ileum to tlfis by causing the release of 5-HT or by pre-
sensil

morphine, venting its reuptake and/or inactivation. While stri_

i:i_ This paper demonstrates that 5-HT in con- this possibility is attractive, are
there several ob- lated

_ centration ranging from 2 × 10-8 to 3 × 10"_ M servations which tend _o argue against it. First, cause

_I can significantly alter the response of the electri- on a mlmber of occasions, the ileum was very citat_
eally stimulated guinea-pig ileum to morphine, insensitive to the inhibitory effects of 5-HT and that
This interaction between 5-HT and morphine still showed the usual sensitivity to the inhibitory _

_i] appears to be specific since the inhibitory re- effects of morphine. If morphine were acting that!i_: to _NE is not similarly affected and NE purely by making more 5-HT available, one and_
sponse
itself has no effect on the inhibitory response to would expec_ that the response to morphine 5-HI

:171 morphine. This is particularly significant since it would also be attenuated Second. it has been attich_s been shown that NE, like mo:'plfine, is a f_und thnt. _11o ileum rnn hr_ rn_clo rafr:wtorv to aver

_:_t potent inhibitor of both the spontaneous and the inhibitory effects of 5-HT by successively aerie
!j] electrically evoked release of ACh from the adding the drug while still in the presence of con("

}'I guinea-pig ileum (Cowie et al., 1968: Paten and the previous addition. When the gut is made re- 1)v ","!: , Vizi, 1969). Figure 5 illustrates that partial in- fractory to 5-HT, as jnst described, it still shows to lr

i hibition of the gut. in itself does no_ potentiate an augmented response to morphine. If morphine acu<i::: the inhibitory effects of morphine. Thus, the in- acted via the release of 5-HT or via the blocl<ade
- ] hibition of the response to dectrical stimulation of its reuptake, one woul,l expect that, when the
! i that renmins after the addition of 5-HT cannot gu_ no longer responded to the inhibitory effects AGV.
, _ bethebasis for the polentiation, of 5-HT, there wouht be no response to mor- l E.

i The effects of LSD in both peripher,'d tissue phine. Insteqd, we slill -el potentiation. I)i
(Cerletti and Doepfner, 195Sb and the CNS In addition to our findings, the interaction be- 62i

i (Aghajanian et al., 1972) have often becu cor- tween 5-f-IT and moiphine is support_d bv the BT.:,:
related with the drug's ability to act either as an work of several mvestigalors. Touch (1967) /,1

" fll

'.. antagonist or as an agonis_ of 5-HT. The above found that p-chl_rophenylalanine tPCPA) -t!
. _ strongly suggested that the interaction between 'tntagouized the _ff_c.ts of morphine and sug- F,v,

LSD and rnorphine in the guine-_-pig ileum was gcsted that the anta,z,mism might be atlrilmtable t_
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