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Summary: The present study was undertaken to investigate the autoinhibition and desensitiza­

tion of 5-hydroxytryptamine (S-RT) using another agonist MK· 212 on guinea pig ileum. 5-RT

and MK-212 produced dose dependent contractions of guinea pig ileum. The responses to

MK-212 were reduced in the presence of S-RT and vice versa. Neither S-RT nor MK-212

produced any change in the responses to histamine, acetylcholine or KCI. Increase in Ca++ in
hathing fluid reversed the desensitization prod.uced by MK-212 or S-RT. Our tIata suggest that

S-I·IT and MK-212 protIuce desensitization which is specific for serotonergic receptors and possibly

involve!l Ca++ inns.
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INTRODTJCTiON

guinea pig ileum

.:i. Hydroxytryptamine (5·HT) is known to produce contraction of various smooth
muscles. In the gastrointestinal tract 5-HT produces a mixture of direct and indirect nerve

mediated effects (7, fl). Repeated administration of 5-HT shows less intense and erratic
response showing tachyphyla~is and fr.de (6. 7, 10). Huidobro-Toro and Foree (8) have

demonstrated dual effects, agonistic and antagonistic, of 5-HT and related s.tructural analogues

in guinea pig ileum.
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MK-2l2 (6-chloro-2 (l-piperazinyl) pyrazine) is reported to exert 5-HT like actions in
the central nervous system (1, 2, 3) as well as smeoth muscles (11). The present work is a
study on autoblockade, and dual (agonistic and antagonistic) actions of 5-HT and MK-212
in guinea pig ileum.

MATERIAL AND METHODS

Pieces of terminal part of ileum (3-4 cm away from ileo-caecal junction) were obtained
from freshly sacrificed animals (350-4CO g) and suspended in Tyrode solution maintained at
37°C (composition, gil NaCl, 8.0; KCl, 0.2; CaCI2, 0.18; NaH2P04, 0.05; MgCI2, 0.1;
NaHC03, 1.0 and glucose, 1.0) and continuously bubbled with air. The isotonic contractile
responses were recorded under seven fold magnification and 0.5g tension. Tissues \\,ere
equilibrated for 45 min and the bathing fluid changed every 10 min.

In the first set of experiments, the ileum was exposed to graded concentrations
(8.6x 10-8 to 8.6x 1O-5M) of 5·HT (5·hydroxytryptamine creatinine sulfate, Sigma, U. S. A.)

to elicit a full dose response curve. The curves of 5-RT were reelicited after 15 min expesure
to 5-HT (2.6x 10-8 and g,6x IO-8M) or MK-212 (7.3x IO-8M and 1.0x 10-7M). The
preparations were exposed to 5-HT or MK-2J2 after 20 min of completiGn of previous dose

response curves.

Similar experiments were carried out with MK -212. The dose response curve of
MK-2l2 (M. S. and D., U. S. A.; 1.0 X 10-7 to 7.~ X 7.3 x 1O-5M) was first elicited in cont,rol
preparations. The curves were re-elicited after 15 min exposure to MK-2l2 (7.3X 10-8and
1.0x IC-7M) or 5-HT (2.6 x 10-8 and 8 6 x la-8M).

The effects of MK-212 (1 X le-7M) and 5-hT (2.6x la-8M) \\ere also studied on the
responses to acetylcholine (l.6x 10-6 to 4.8x 10-4M), histamine (2.6x 10_7 to 7.8x IL-SM)
and nicotine (26x 10-6 to 7.8x lO-5M).

The interaction of 5-HT and MK-212 with MK-2l2 (7.3x 1O-8J ). and 5-HT
<-.6 x 1O-8M) respectively was also studied in bath fluid containing double CaClz (0.38 mM).

RESULTS

5-HT as well as MK-212 produced dose dependent contractions of guinea pig ileum
(Fig. 1). 5-HT (2.6x IC-8M and 8.6x IO-8M) inhibited the responses to 5-HT in a dose
dependent manner. The maximum response was significantly (P<O.05) reduced and there
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Fig. 1 : Effects of MK-212 and S-HT and their interaction with MK-212 and S-HT respectively
in guinea-pig ileum. Each point depicts the mean and the vertical bar represents±SEM
of 6 experiments.

was an increase in ECso (Table I). Similarly, MK-212 (7.3x IO-8M and I x 1O-'M)
inhibited its own responses with suppression of the maximum response and increase in ECso
value (Table I).

Table I : EC.o and Maxima of S-HT and MK-ZI2 under various drug treatments on guinea Pig ileum.

Sit I Treatments EC.o(uM) Maxima (%)

100.0
1000
97.8±2.1

3.80±0.S4
12.S9±1.81**
12.68±1.62+

IV

II

III

V

VI

I SHT (Control) 6.61±2.12 100.0
SHT+S-HT (8.6) X 10_8M) 13.49±0.82 S6.0±4.S**
SHT+S-HT (2.6x IO-'M) 13S±2.0**
MK-212 (Control) 3.16±0.32 IUO.O
MK-212+MK-212(3.3x JO-8M) J4.13±J.JS* €9.S±400"
MK-212+MK-212(1.0x 10-'1\>1) 724.40±826** 44.0±S.0**
SHT (Control) 12.S9±2.32 100.0
SHT+ MK-212(3.3 X 10·8M) 134.90±6.31** 82.3±4.3*
SHT+MK-2l2(I.Ox IO-'M) 302.20±3.6Z** S7.4±3.2"
MK-212 (Control) 3.SS±0.81 100.0
MK-212+SHT(8.6x 1O-8M) 17.38±14S** 84.0±2.S*
MK-212+SHT(2.6 X IO-'M) 186.20±6.32** 47.0±8.0**
SHT (Control) 8.32 ± 1.38 100.0
SHT (in 0.38 roM CaCI.) 19.!JS±3.21** 100.0
SHT+MK-212 (I.Ox IO-'M 21.62±3.93+ 98.3±J.J
in 0.38 mM Cael.)
MK-2l2 (Control)
MK-212 (in 0.38 mM CaCI.)
MK-212+SHT (8.6xlO-8M
in 0.38 mM Cael,)

*Significantly different from control (P<O.OS)*, (P<O.OI)**
+significantly different from control (P<O.OI) but not from the other grouP (P>0.05).
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MK-212 (7.3 X 10-8 and I X IO-7M) also produced a dose dependent inhibition of
responses to 5-HT with the suppression of the maximum res{:onse (Fig. 2). Similarly 5-HT
2.6x Ie-8M and 8.6x iO-8M) also inhibited the responses to MK-212 ~Fig. 2). Neither 5-RT

(2.6x IO-4M) nor MK-212 (I X IO-5M) altered the responses to acetylcholine. histamine or
nicotine.
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Fig. 2 Effect of 5HT and MK-212 and their interaction with lMK-212 and 5-HT respectively
in guinea pig ileum. Each p'oint indicates the mean and the vertical bar depicts±SE1f
of 8 experiments.

Increase in CaCI~ in PSS did not aflect the maximum responses to 5-HT and M -212
significantly. There was significant incren e in the ECso value (Table 1). MK-212 or 5-HT-
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induced inhibition of 5-RT or MK-212 respectively, was however, abolised when the
preparations were bathed in fluid with high CaCl2 (Fig. 3).
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Fig. 3 : Interaction of 5-HT and MK-212 with MK-212 and 5-HT respectively in guinea pig
ileum bathed in double Ca++. Each point depicts the mean and the vertical bar
represents±SEM of 6 experiments.

DISCUSSIO"l'

Repeated administration of 5-HT to intestinal strips decreases the responses to 5-RT
upto the point of a complete obliteraticn of its etf"cts (5, 6, 7). These reports are confirmed
by our results. Furthermore, present results also suggest that both 5-HT and MK-212 have

agonist and antagonist properties in guinea pig ileum.

Huidobro-Toro and Foree (8) have shown that 5-HT induced autoblockade and
desensitization is very specific to only 5-HT. Huidobro-Toro and Foree (8) have suggested
that 5-HT indul.:ed auto blockade is very specific and selective to drugs chemically related to
hydroxyindolamines. Further, the essential requirement for autoblockade is the presence of
a hydroxyl group in the position five of the indole group. However, our results show that
MK-212 which is devoid of' indole group and does not contain hydroxyl group in its structure
also showed autc blockade of its own and of 5- HT responses. This shows that the presence
of hyproxyl group at positioT"' five in the indole ring may not be the only criterion for a drug
to show autoblockade.
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Drugs stimulate the smooth muscles by interacting with receptors directly or indirectly
and ev ntually raising the levels of free intracellular calcium (9). Smooth muscles contraction
elicited by 5-HT may inv Ive an influx of calcium or mobilization of calcium from cellular

sources, wh reas .). RT induced relaxation may involve actions that reduce the free intracellular
concentr tion of calcium or decrease tile sensitivity of the contractile protein to calcium (4).
In the present study the iner ase in calcium was found to reverse the densitization. This

indicates that 5-RT requires calcium for its action in guinea pig ileum and there seems to be
involvement ef Ca++ in the mechanism of desensitization.

In summary, our results suggest that MK-212 and 5-RT both have agonistic and
antagonistic properties in guinea pig ileum. Further both the agents show autoblockade.
Presence of hydroxyl group in the indole ring may not be the essential requirement for
autoblockad. Calcium may be involved in the mechanism of desensitization.

REFERENCES

I. Clineschll1idt, B. v., H. M. Hananoh, A. B. Pfluger and]. C. McGuffin. Anorexigenic and ancilliary
action of MK-212 (6-chloro 2, I-piperazanyl-pyrezine). Phychopharmac., 55: 27-33, 1977.

2. Clineschmidt, B. V., J. C. McGuffin ami A. B. Pfluger. Central serotonin like activity of 6-chloro-2, 1,
PiPerazinyl Pyrazine (MK-212). Eur. J. Pharmac., 44: 65-74, 1977.

3. Clineschmitlt, D. V.,]. C. McGuffiin, A. D. Pfluger and]. A. Totaro. 5-Hydroxytryptallline like mode of
anorectic action for 6-chloro-2, I, piperazinyl pyrazine (MK-212). Br. J. Pharmac., 62: 579-589, 1978.

4. Casteels, R., L. Raeymaekers, H. Suzuki and U. V. Elderre, Tension response and Ca'6 release in vascular
smooth muscle incubated in Ca++ free solution. Pfugers Arch. Eur. J. Physiol., 392: 139-145, 1981.

5. Gaddum, J. H., Antagonism between LSD and 5-hydroxytryptamine. J. Physiol. (Lond), 121 : 15P, 1953.

6. Gaddum, J. H. and K. A. Hameed. Drugs which antagonise 5-hydroxytryptamine. Br. J. Pharrr:ac.
Cfwr.other.,9: 240P, 1954.

7. Guddum, J. H. and Z. P. Picarelli. Two kinds of tryptamine recePtors. Br. J. Pharmac. Che:llother.•
12: 323-328, 1957.

8. Huidobro-Toro, J. and B. Foree. Dual agonist-antagonist effect of 5-hydroxytryptamine (5-HT) in the­
guinea pig ileum: evidence for selective receptors desensitization effect. Eur. J. Pharmac., 61 : 335-339, EIBO.

9. Hurwitz. L. and A. Suria. The link between agonist action and response in smooth muscle. AnI!. Rel1.
Pharmacol.,l1 : 303-326, 1971.

10. Rocha-e-silver, M., J. R. Valle and Z. P. Picareli. Pharmacological analysis of the mode of action of
serotonin (5-hydroxytryptamine) uron the guinea pig ileum. Br. J. Pharmac. Chemother ,8: 378-388, 1952.

I!. Patel, U. P and S. C. Verma. Evidence for histamine and serotonin-like effects of MK-212 on guinea Fig
ileum taenia coli and rat fundus strip. Ind. J. Physiol. Pharmac., 25: 379-384, 1981.


