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Abstract 

Ketotifen is a tricyclic drug with a wide spectrum of pharmacological effects. We studied the actions of ketotifen on the mechanical 
activity of isolated segments of guinea-pig ileum, guinea-pig colon and mouse colon. In the guinea-pig ileum ketotifen induced small 
contractions and inhibited the contractions induced by carbachol and by electric field stimulation. Responses to bradykinin (in the absence 
or in the presence of atropine 1 txM) were similarly inhibited by ketotifen, with an IC5o of 23 I~M. In the guinea-pig colon ketotifen 
evoked non-cholinergic contractions with a pD z of 4.5, but still it inhibited responses to bradykinin (IC50 = 75 txM). Ketotifen relaxed 
the unstimulated mouse colon with a pD 2 of 4.2. This effect persisted in the presence of propranolol and phentolamine (each 10 p~M). 
Incubation of the mouse colon with the nitric oxide synthase inhibitors N°-nitro-L-Arginine methyl ester hydrochloride (L-NAME), or 
L-N°-nitro-arginine (L-NNA) (100-500 IxM) did not alter the inhibitory action of ketotifen. The histamine H~ receptor antagonist 
chlorpheniramine (5 ~LM) or the nerve blocker tetrodotoxin (1 IxM) did not alter the inhibitory effects of ketotifen. It is concluded that the 
actions of ketotifen are mediated by a non-cholinergic, non-histaminergic mechanisms. 
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1. Introduction 2. Materials and methods 

Ketotifen is a tricyclic compound used mainly as an 
anti-asthmatic drug (Grant et al., 1990). Recently it has 
been shown that ketotifen has an anti-inflammatory action 
in the stomach and large intestine (Pothoulakis et al., 
1993). The mechanisms of  action of  ketotifen are not 
entirely clear, and its anti-asthmatic effect has been as- 
cribed to its being a mast cell stabilizer. Ketotifen was 
reported to act as an antimuscarinic drug in the trachea 
(Poison et al., 1982), but non-cholinergic inhibition by this 
drug has also been described (Verleden et al., 1994). Eltze 
et al. (1992) studied the effects of  ketotifen on the contrac- 
tile activity of isolated smooth muscle preparations and 
concluded that it acted as a non-selective muscarinic 
blocker. This lack of selectivity, and the fact that ketotifen 
has a wide spectrum of  apparently unrelated effects 
prompted us to reexamine its actions on several intestinal 
preparations. 
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The experiments were done on male guinea-pigs (300-  
500 g), and on B a l b / C  mice of either sex (25-30  g). 
Guinea-pigs were stunned and bled, and mice were stunned 
and killed by cervical dislocation. The following intestinal 
segments were removed: non-terminal ileum (10-15 cm 
from the cecum) and distal colon from guinea-pigs and 
distal colon from mice. Two to three tissues were obtained 
from each animal. The tissues were placed in cold Krebs 
solution of  the following composition (mM): NaCI 120.7; 
KC1 5.9; NaHCO 3 14.4; MgSO 4 1.2; NaH2PO 4 1.5; CaCI 2 
2.5 and glucose 11.5. Longitudinal intestinal segments 
(1-1.5  cm long) were suspended under a constant tension 
of 1 g in a 10 ml organ bath containing Krebs solution. 
The solution was kept at 37°C and was bubbled with a 
mixture of  95% 0 2 and 5% CO 2. Force was measured 
with an isometric transducer (Gould UC2) and was recorded 
on a Gould model 2200S chart recorder. Electrical stimula- 
tions were delivered by two platinum ring electrodes from 
Grass $88 stimulator, pulse duration was 0.5 ms and 
supramaximal voltage (50 V) was used. Responses to 
agonists were recorded for 4 - 1 0  min. Antagonists were 
added to the bath at least 10 rain before testing their 
effects. Periods of  15-30 min were allowed between sub- 
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sequent measurements to allow full recovery from drug 
actions. To determine whether drug effects depended on 
the muscle tone we measured responses at resting tones in 
the range 0.2-1.5 g. These tones were achieved by stretch- 
ing the preparations until the desired values were reached. 

Drugs: ketotifen fumarate, carbamylcholine chloride 
(carbachol), bradykinin acetate, substance P, propranolol 
hydrochloride, histamine hydrochloride, hexamethonium 
bromide, isoprenaline hydrochloride, phentolamine hydro- 
chloride, tetrodotoxin, NG-nitro-L-arginine methyl ester 
hydrochloride (L-NAME), L-NC-nitro-arginine (L-NNA) 
were purchased from Sigma. 

In the cases where ketotifen acted as an agonist, its 
activity is indicated by pD 2 ( - l o g  of the concentration 
that produced 50% of the maximum effect). In cases where 
it acted as an antagonist, this activity is indicated by 1C50 
(the concentration of ketotifen that produced a 50% reduc- 
tion in the contractions evoked by an agonist). The results 
are presented as means + S.E.M. Statistical significance 
was evaluated by Student's t-test for paired or unpaired 
values where appropriate. Significance was set at P < 0.05 
level. 
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Fig. 1. The inhibitory effects of ketotifen on the isolated guinea-pig 
ileum. (A) Ketotifen (KETO) completely relaxed the tissue precontraced 
with carbachol (CARB). (B) A control response to carbachol. (C) Keto- 
tifen was applied before carbachol and greatly reduced the response. (D) 
Responses to electric field stimulations (EFS) were reduced by ketotifen. 
(E) Reversal of the ketotifen effect 15 rain after washout. The results are 
from three different preparations. Each of these results was obtained in 
eight preparations. 

3. Results 

3.1. Guinea-pig ileum 

Carbachol (1 IxM) caused a tonic contraction of the 
longitudinal muscle of the guinea-pig ileum, which was 
abolished by ketotifen (Fig. I A). Similarly, when ketotifen 
was applied to the bath prior to the addition of carbachol, 
it inhibited carbachol's effect (Fig. 1B,C). Ketotifen also 
inhibited contractions induced by electric field stimulation 
(Fig. ID,E). These contractions were largely due to acetyl- 
choline release as they were blocked by 1 txM atropine 
(data not shown). These effects of ketotifen were largely 
reversible after 15-30 min of wash (Fig. IE). 

These results suggested that ketotifen inhibited the re- 
sponses to carbachol or to electrical stimulation by block- 
ing muscarinic acetylcholine receptors, as proposed by 
Eltze et al. (1992). To test this point we measured the 
effect of ketotifen on the contractile response to bradykinin. 
In control experiments we found that the response to 
bradykinin was not altered by atropine (1 IxM, N =  6, 
P > 0.5, paired t-test) or by hexamethonium (0.2 mM, 
N = 7, P > 0.1), and it can be concluded that bradykinin 
acted via a non-cholinergic mechanism. Fig. 2 shows that 
the contractions induced by bradykinin (20 nM) in the 
presence of atropine (1 IxM) were strongly inhibited by 
ketotifen; the IC50 being 23 ~zM. This inhibitory influence 
of ketotifen was also observed in the absence of atropine 
(for ketotifen concentrations of 10 and 50 I-tM, N =  6, 
P > 0.1, paired t-test). These results indicated that keto- 
tifen acted by a non-cholinergic mechanism. 

At a resting tone of 1 g ketotifen alone in the concentra- 

tion range 1-10 /xM had no effect on the muscle tone 
(N  = 10, Fig. IC). At concentrations of 50 p~M and higher 
ketotifen evoked small, brief contractions that were not 
blocked by atropine (1 IxM). This pattern was not altered 
when resting tone was varied in the range 0.2-1.5 g 
( N =  9). 

3.2. Guinea-pig colon 

In the longitudinal muscle of the guinea-pig colon 
ketotifen alone induced contractions at all the resting tones 
in the range 0.2-1.5 g (N = 6), see Fig. 3. This effect was 
studied in detail on 20 preparations at a resting tone of 1 g 
and was found to be concentration-dependent with pD 2 of 
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Fig. 2. The effect of ketotifen on responses of the guinea-pig ileum to 
bradykinin (20 nM), in this and in all the following experiments the 
measurements were done in the presence of atropinne (1 I~M). Ketotifen 
was added 3 min before the application of bradykinin to the bath, and the 
maximum response to bradykinin was measured (N = 9). 
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Fig. 3. The effect of ketotifen on bradykinin-induced contractions of the 
guinea-pig colon. Ketotifen was added to the bath 3 min before the 

applications of bradykinin (20 nM). Note that in addition to its direct 

contractile action, ketotifen inhibited the responses to bradykinin. These 

results were obtained in 20 preparations, 

4.5. These contractions were not altered by atropine (1 
IxM). The ketotifen-induced contractions increased when 
the tone was raised; for example, at 1.5 g the contraction 
was 1.9 + 0.31 greater than at 0.5 g ( P  < 0.05, paired 
t-test, N = 6). To determine whether ketotifen had an 
inhibitory action in this tissue we examined the responses 
to bradykinin in the presence of ketotifen. As shown in 
Fig. 3, ketotifen contracted the muscle but still antagonized 
the responses to bradykinin. The concentration dependence 
of this effect is shown in Fig. 4 (IC50 = 75 IxM). All these 
measurements were done in the presence of  atropine (1 
~M). 

3.3. Mouse colon 

At the resting tone used for most of  the experiments (1 
g), ketotifen evoked a biphasic response in 25 of  47 
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Fig. 4. The concentration dependence of the inhibitory effect of ketotifen 
on the contractions induced by bradykinin (20 nM) on the guinea-pig 
colon. Ketotifen was added to the bath 3 rain before the applications of 
bradykinin ( N = 10). 
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Fig, 5. Relaxations evoked by ketotifen in the mouse colon. This effect 

was concentration-dependent (pD,  = 4.2, N = 24). 

preparations, consisting of  a brief, transient contraction 
followed by a prominent and long-lasting relaxation. In the 
other 22 cases only prolonged relaxation was observed 
(Fig. 5). In all cases the relaxation persisted as long as the 
tissue was in contact with the drug (followed for 10-15 
min) and its amplitude was concentration-dependent with 
pD 2 = 4.2 (measured in 24 preparations). All these obser- 
vations were made in the presence of atropine (1 ~M). The 
effects of  ketotifen were examined on the tissue when the 
resting tone was maintained at values between 0.2 and 1.5 
g. In all cases ( N =  14) the transient contraction was not 
significantly influenced by the resting tone, but the ampli- 
tude of  the relaxation increased when the tone was raised. 

Unlike in the guinea-pig small and large intestines, in 
most cases bradykinin did not cause contraction in the 
mouse colon. To examine the effects of  ketotifen on 
non-cholinergic contractions we used substance P in the 
presence of  atropine (1 i.tM). Ketotifen at 10 txM (N  = 8) 
and 50 ~M (N  = 5) reduced contractions evoked by sub- 
stance P (0.1 txM) by 23.0 and 88.1%, respectively ( P  < 
0.005, compared with control, paired t-test). 

3.4. What is the mechanism qf  ketot~[en actions? 

These actions of ketotifen could be due to the release of  
an inhibitory substance from nerves. To test this possibility 
we incubated the guinea-pig ileum and colon and the 
mouse colon in tetrodotoxin (1 I, zM, N = 6 for each type 
of  tissue). We found that tetrodotoxin did not alter the 
inhibitory effects of ketotifen described above for these 
three preparations. In the guinea-pig colon the ketotifen-in- 
duced contractions were not affected by tetrodotoxin (N  = 
6). 

The best known action of ketotifen is to stabilize mast 
cells (Grant et al., 1990) and it could be proposed that its 
inhibitory actions were due to inhibiting histamine release 
from these cells (assuming that histamine contracts the 
muscle), or to inhibiting histamine's action on the muscle. 
To test these possibilities we first examined the effect of 
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histamine. Histamine contracted the guinea-pig ileum at 
concentrations of 1 and 10 IxM (N = 4), and the guinea-pig 
colon at 5 and 20 ~M (N = 4). These contractions were 
blocked by the histamine H l receptor antagonist chlor- 
pheniramine (5 IxM). Chlorpheniramine (5 IxM) itself did 
not have a consistent effect on muscle tone in the guinea-pig 
ileum (N = 4) or colon (N = 4), indicating that there was 
no tonic release of histamine. Also, chlorpheniramine (1 -  
10/~M) did not block ketotifen-induced contractions in the 
guinea-pig ileum ( N =  4, P >  0.1) and guinea-pig colon 
( N =  4, P > 0.6). In the mouse colon histamine did not 
elicit a response even at a very high concentration (20 
txM, N = 6). Chlorpheniramine (5 I~M, N = 6) contracted 
the mouse colon, apparently via a histamine-independent 
mechanism. Chlorpheniramine ( I - 1 0  I~M) did not affect 
the ketotifen response on the mouse colon ( N =  6, P > 
0.3). Thus it appeared that ketotifen's actions in the three 
tissues were not related to histamine release. 

The mouse colon was found to be strongly relaxed by 
13- adrenoceptor agonists (Fontaine et al., 1984; Hanani, 
1990), thus the inhibitory effects of ketotifen could be 
explained by a direct 13-adrenoceptor-mediated effect. The 
following experiment was designed to test this idea. In 
control measurements we observed the inhibitory influence 
of the 13-adrenoceptor agonist isoprenaline, which was 
largely blocked after adding propranolol and phentolamine 
(each 10 IxM). This blockade was reversed on washing. In 
the same preparation ketotifen evoked a contraction fol- 
lowed by relaxation. The adrenergic blockers did not alter 
the inhibitory effect of ketotifen. These results were ob- 
tained in 13 preparations. 

Nitric oxide (NO) is another agent that potently relaxes 
intestinal smooth muscle (Stark and Szurszewski, 1992; 
Sanders and Ward, 1992). We next tested the hypothesis 
that NO may be released in the mouse colon by ketotifen. 
Electrical field stimulation induced relaxation followed by 
contraction. L-NAME, an inhibitor of NO synthesis, was 
added at concentrations of 100 or 500 IxM and greatly 
reduced the inhibitory phase. Under these conditions keto- 
tifen relaxed the muscle as in the control (N = 12). Similar 
results were obtained with another NO-synthase inhibitor, 
L-NNA (100 or 500 p~M, N = 10). 

4. Discussion 

The principal conclusion from the results above is that 
ketotifen acted on intestinal muscle via non-cholinergic 
mechanisms. The main evidence for this conclusion is that 
ketotifen exerted its effects in the presence of atropine at a 
concentration that completely blocked muscarinic acetyl- 
choline responses. The finding that these actions were not 
blocked by tetrodotoxin indicated that ketotifen did not 
release inhibitory substances from nerves but acted directly 
on the muscle. 

The mechanisms that mediate the effects of ketotifen on 
intestinal smooth muscle are unclear, and the presence of 

both inhibitory and excitatory influences is a further com- 
plication. In the guinea-pig ileum and colon ketotifen alone 
evoked transient contractions but it still inhibited contrac- 
tions induced by carbachol or bradykinin. The ketotifen-in- 
duced contractions were not mediated by acetylcholine 
receptors as they were not blocked by atropine. Ketotifen 
inhibited muscarinic acetylcholine responses evoked by 
electric field stimulation and by the application of carba- 
chol. This inhibitory effect was apparently not mediated by 
acetylcholine receptors because non-cholinergic responses 
to bradykinin or to substance P were also blocked by 
ketotifen. However, a minor cholinergic influence of the 
drug cannot be excluded. 

Ketotifen is known to be a mast cell stabilizer (Grant et 
al., 1990) and it can be suggested that its inhibitory actions 
may be related to this effect. However, we found that in 
the guinea-pig ileum and colon the histamine H j receptor 
antagonist chlorpheniramine did not affect the resting tone, 
indicating the absence of tonic release of histamine. More- 
over, chlorpheniramine did not alter the inhibitory action 
of ketotifen in the mouse colon, and it can be concluded 
the actions of ketotifen were not mediated by histamine. 

Kamikawa (1989) and Verleden et al. (1994) reported 
that in the guinea-pig isolated trachea ketotifen inhibited 
non-cholinergic contractions, apparently by inhibiting 
transmitter release from nerves. Our experiments with 
tetrodotoxin indicated that in the intestine ketotifen acted 
directly on the muscle rather than prejunctionally. We 
tested the possibility that ketotifen relaxed the mouse 
colon by activating [3-adrenoceptors, which are inhibitory 
in this preparation (Fontaine et al., 1984; Hanani, 1990), or 
by blocking the synthesis of NO, which is a potent relax- 
ing agent in intestinal muscles (Stark and Szurszewski, 
1992; Sanders and Ward, 1992). In both cases the actions 
of ketotifen were not blocked. Thus, in the intestine, 
ketotifen apparently acted by activating a yet unidentified 
receptor or by modifying a post-receptor mechanism such 
as the metabolism of second messengers (e.g. Ca 2+ or 
cyclic nucleotides). Castillo et al. (1990) showed that 
ketotifen inhibited phosphodiesterase activity, thereby al- 
lowing the accumulation of cyclic AMP. Whatever is the 
precise pathway, it is likely that ketotifen inhibited muscle 
contraction by some generalized mechanism and not via 
the blockade of acetylcholine receptors (see Eltze et al., 
1992). This conclusion is in accord with previous studies 
that showed that ketotifen could inhibit contractile re- 
sponses to agents other than acetylcholine: histamine 
(Wilhelms, 1987) or prostaglandin F2~, (Alvarez and Ar- 
ruzazabala, 1983). However, the site of action has not been 
determined in these studies. Our conclusions may be rele- 
vant for other tricyclic compounds. Our preliminary (un- 
published) results suggested that the tricyclic compound 
cyproheptadine also acts on intestinal muscle via a non- 
cholinergic mechanism. Thus, the results on ketotifen may 
contribute to the understanding of the pharmacology of 
this important family of drugs. 
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Our  results may  have  clinical  re levance.  Therapeut ic  

p lasma concentra t ions  o f  ketot i fen in humans  are in the 

range of  1 - 4  I x g / m l  (Jeffreys  and Volans ,  1981), which  

corresponds  to about  2 . 5 - 1 0  txM. In our  exper iments  the 

threshold for  ketot i fen effects  was about  1 IxM. Thus the 

direct  effects  on musc le  descr ibed above  may  be  re levant  

to cl inical  situations. W e  have  shown that ketot i fen can 

relax smooth  muscle  direct ly  or  inhibit  the actions o f  

exci ta tory agents,  and it can therefore  be  sugges ted  that 

part o f  its therapeutic act ion on the respiratory tract may  

be media ted  by a s imilar  effect.  

Acknowledgements 

W e  thank M r  Nadee r  Maudle j ,  Ms  Yaffa  Mashriki  and 

Ms Vered  Louzon  for technical  assistance. Suppor ted  by 

the USA-Is rae l  Binat ional  Sc ience  Foundat ion  (BSF,  No. 

91-00135).  

References 

Alvarez, R.G. and M.L. Arruzazabala, 1983, Further studies on the 
effects of ketotifen on guinea-pig ileum, Arch. Immunol. Ther. Exp. 
31,401. 

Castillo, J.G,, P.M, Gamboa, B.E. Garcia and A. Oehling, 1990, Effect of 
ketotifen on phosphodiesterase activity from asthmatic individuals, 
Allergol. Immunopathol. 18, 197. 

Eltze, M., E. Mutschler and G. Lamprecht, 1992, Affinity profile of 
pizotifen, ketotifen and other tricyclic antimuscarinic rat muscarinic 
receptor subtypes M 1, M 2 and  M 3, Eur. J. Pharmacol. 211,383. 

Fontaine, J., A. Grinegnee and J. Reuse, 1984, Adrenoceptors and 
regulation of tone in the isolated colon of the mouse, Br. J. Pharma- 
col. 81, 231. 

Grant S.M., K.L. Goa, A. Fitton and E.M.S. Sorkin, 1990, Ketotifen. A 
review of its pharmacodynamic and pharmacokinetic properties and 
therapeutic use in asthma and allergic disorders, Drugs 40, 412. 

Hanani, M., 1990, Rapid effects of MPTP in the mouse colon, Eur. J. 
Pharmacol. 175, 273. 

Jeffreys, D.D. and Volans, G.N,, 1981, Ketotifen overdose: surveillance 
of the toxicity of a new drug, Br. Med. J. 282, 1755. 

Kamikawa, Y., 1989, Inhibitory effect of anti-allergic drugs on choliner- 
gic and non-cholinergic neurotransmitters of guinea-pig bronchial 
muscle in vitro, Ann. Allergy 63, 59. 

Poison, J.R., J.J. Krzanowski, W.H. Anderson and A. Szentivanyi, 1982, 
Effects of ketotifen, a benzocycloheptathiophene, on metacholine- and 
acetylcholine-induced contraction of canine respiratory smooth mus- 
cles, Immunopharmacology 4, 69. 

Pothoulakis, C., F. Karmeli, C.P. Kelly, P. Eliakim, M.A. Joshi, C.J. 
O'Keane, I. Castagliuolo, J.T. LaMont and D. Rachmilewitz, 1993, 
Ketotifen inhibits Clostridium difficile toxin A-induced enteritis in rat 
ileum, Gastroenterology 105, 701. 

Sanders, K.M. and S.M, Ward, 1992, Nitric oxide as a mediator of 
nonadrenergic noncholinergic neurotransmission, Am. J. Physiol. 262, 
G379. 

Stark, M.E. and J.H. Szurszewski, 1992, Role of nitric oxide in gastro- 
intestinal and hepatic function and disease, Gastroenterology 103, 
1928. 

Verleden, G.M., J.L. Pype and M.M. Demedts, 1994, Ketotifen modu- 
lates noncholinergic contraction in guinea pig airways in vitro by a 
prejunctional nonhistamine receptor, J. Allergy Clin. Immunol. 94, 
207. 

Wilhelms, O.H., 1987, Antagonism of picumast and ketotifen against 
histamine, acetylcholine, LTC4, slow-reacting substance of anaphy- 
laxis and barium chloride in the guinea-pig ileum bioassay, Int. Arch. 
Allergy Appl. lmmunol. 82, 544. 


