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The possible role of acetylcholine (ACh,) histamine (His), and 5-hydroxytryptamine 
(6-HT) in the contractile response to ovalbumin (Oval) of ileal and tracheal muscle 
from sensitized guinea pigs uas examined. Antagonists to these agents (atropine, 
mepyramine and methysergide, ii-benzyloxygramine, or 5-HT tachyphylaxis, respec- 
tively) were employed singly or in oombinations. Care was always tahen to ensure 
specificity of blockade. Results indicate that about half of the peak magnitude of 
the oval-induced contraction is absent in the presence of a speoific inhibitory con 
centration of mepyramine. This finding suggests that His plays a considerable role 
in the oral-indnced contraction. Contrary to previous reports, similar evidence was 
not obtained of a role for ACh and 5-HT in the Oval-induced contraction. The 
sowrce of the agonists released by Oval was also investigated. Pretreatment with 
compound &?/SO almost completely eliminated the Oval-induced contraction of ileal 
muscle while reducing the tracheal contraction about one-half. It wonlcl appear that 
the Oval-induced ileal contraction involves primarily agonists released from mast 
cells in the preparation whereas tracheal contraction is only partly dependent on 
mediators from mast cells. 

Important advances in the elucidation of the mechanism of anaphylaxis 
were the demonstration by Schultz1 of the anaphylactic response of smooth 
muscle in vitro and the work of Dale2 on in vitro anaphylaxis. Since these early 
studies, a number of conflicting reports have appeared purporting to identify 
the factors involved in the so-called Schultz-Dale reaction. These alleged factors 
include (1) agonists released locally by an antigen-antibody reaction occurring 
at their sites of storage and (2) the direct stimulation of the smooth muscle 
cell by an antigen-antibody reaction occurring at its plasma membrane.3 

Agonists suggested to have a role in the Schultz-Dale reaction include at 
least 3 simple amines : histamine (His) ,4 acetylcholine ( ACh) ,5-7 and 5-hydroxy- 
tryptamine (5-HT) .5 These amines have also been postulated to be involved in 
anaphylaxis in the intact anima1.8-10 Presumably, His exists primarily in mast 
cells. In the guinea pig, 5-HT may not be stored in mast cells but rather is 
present in platelets and in the mucosal layer of the gastrointestinal tract.ll ACh 
is the neurotransmitter released at autonomic ganglia and nerve endings of the 
parasympathetic division of the autonomic nervous system. 
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FIG. 1. Dose-response relationship for ovalbumin contraction of ileal and tracheal strips. 
100% reference response was that elicited later by ovalbumin (1 milligram per milliliter) 
in the same tissue. Closed circles represent the means from 6 experiments with ileal muscles. 
Open circles represent the means from experiments with 4 tracheal segments. Brackets 
enclose the standard errors of the means. The magnitudes of the contractile responses to 
lo-*, 1 O-l, and 1 milligram per milliliter were not statistically different. 

The studies implicating these amines have often involved the use of blocking 
agents presumed to be specific. It is now generally recognized that the specificity 
of such antagonists is often related to concentration. At high levels, many 
antagonists appear to act nonspecifically. This report describes experiments on 
the anaphylactic contraction of guinea pig isolated ileal and tracheal smooth 
muscle during which precautions were taken to ensure the specificity of the 
various blockers employed. In addition, the source of mediators released during 
anaphylaxis was studied by means of compound 48/80, a substance known to 
promote the degranulation of mast cells.12 

METHODS 

Male guinea pigs weighing 250 to 300 Gm. were sensitized by receiving 0.1 ml. 
5 per cent Oval by intraperitoneal injection on alternate days for 5 days. They were main- 
tained on standard laboratory guinea pig chow and tap water ad lib. After 3 to 4 weeks, 
the animals were sacrificed by a blow to the head. Segments of the ileum and trachea were 
removed. 

Ileal segments 3 to 4 cm. in length were mounted in 15 ml. muscle baths. Care was 
taken to ensure that the lumen was freely accessible to the bathing medium. Trachea were 
cut into a series of attached rings after the manner of Timmerman and Scheffer.13 TWO 
tracheal preparations were obtained per guinea pig and mounted in 15 ml. muscle baths. 
One was used as a control and the other as an experimental preparation. Ileal muscle shorten- 
ing was detected and recorded by means of an inkwriting lever system and standard kymo- 
graph. The load on the muscle was one gram. Isometric contraction of the tracheal muscle 
was detected by a Grass force-displacement transducer and recorded on a Grass Polygraph 
Model 5. The resting load on the tracheal muscle was one gram. 

The muscle preparations were continuously bathed in physiological salt solution contain- 
ing : 125 mM NaCl, 2.7 mM KCl, 1.8 m&f CaCl,, and 11 mM glucose. The solution w&9 
buffered with THAM (Trishydroxymethylaminomethane, Sigma-Trizma base buffer), 23.8 
mM. The pH was adjusted to 7.4 with HCl. The medium was bubbled constantly with 100 
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FIG. 2. Comparison of histamine- and ovalbumin-induced contractile responses of an 
isolated ileal strip. An ileal strip resting in normal physiological salt solution was exposed 
to 5 x lo-’ M histomine. After about 1 minute, the muscle strip was returned to normal 
physiological medium lacking histamine. One hour later, the muscle was exposed to a 
bathing solution containing ovolbumin (1 milligram per milliliter). The contractile activity 
was followed for about 5 minutes. 

Table I. Effect of mepyramine on peak contractile responses elicited by equipotent 
concentrations of Oval and His 

Concentration of 
Magnitude*t of peak contractile response to: 

mepymmine (MI I Oval (1 mg./ml.) His (5 x lo-’ Ml 

0 101.1 ? 4.3 (39) 100 (39) 
10-g 73.0 r 8.1 I 51 49.5 + 3.1 (24) 
10-R 54.4 2 9.6 ( 7j 14.1 f 4.4 ( 8j 

5 x 10-1 40.7 f 6.1 (27) 5.7 2 2.0 (37) 

“As mean ? 8.E. (number of experiments). 
tAs 7’ of the standard reference contraction induced by 5 x lo-’ M His. 

. 

per cent oxygen. Temperature of the medium bathing the ileal muscle was maintained at 31” 
to 32” C. Temperature of the solution bathing the tracheal strips was kept at 36” to 37” C. 

Drugs were added to the bathing media from concentrated stock solutions prepared in 
distilled water. Oval was always employed at a final bath concentration of 1 mg. per milliliter. 
This concentration was chosen because it was found to be supramaximal in experiments assess- 
ing the cumulative dose-response relationship 14 for Oval (Fig. 1). Thus its use presumably 
ensured the complete activation of the processes by which Oval elicits contraction. When 
blockers were used, they were added to the bathing medium 5 minutes before the agonist. 

RESULTS 

Experiments on isolated ileum 

The concentration of Oval employed (1 mg./ml.) induced a substantial 
contractile response of the isolated whole ileal strip. The peak magnitude was 
virtually identical to that obtained with 5 x lo-’ M His in the same strip 
(Fig. 2). The His-induced response was always sustained for as long as the 
agonist was allowed to remain in the bathing solution. In. the experiment de- 
picted in Fig. 2, the contraction was terminated by draining out His-containing 
bathing solution after one minute of exposure and replacing it with fresh 
physiological bathing medium. 
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Table II. Contractile response elicited by equipotent concentrations of Oval, ACh, or 5-HT 
in the presence of ACh and 5HT antagonism 

Magnituda*t of contractile response to: 

Antagonist UvU Oval (1 mg./ml.)/ ACh (10m6 M) / 5-HT (10w6% 

Atropine (1 O-fi) 98.7 f 8.7 (71 1.9 -C 0.6 (18) 20.0 f 7.3 (11) 
Methysergide ( 10ms) + 5Benzyloxygrnminc 

(10-S) 92.0 ?r 2.8 (5) 17.6 t X.1 ( 3; 
Prior exposure for 15 min. to 5HT (IO-Ii) 83.8 ? 8.2 (8) 0 (4) ____--. 
*As mean ?r SE. (number of experiments). 
tAs yG of the standard reference contraction induced by 5 x 10 i 1/I Bis, a c~onzcntration 

equipotent to lo-” M 5HT and Oval (1 mg./ml.) in physiological ljathing medium. 

Table Ill. Contractile response elicited by equipotent concentrations of Oval, ACh, His or 
5HT in the presence of combinations of antagonists 

I Magnitude*t of contractile response to: 

Antagonist (Ml 
ACh His (5 

Oval (1 mg./ml.) (lo-6 Ml x 10.’ Ml 5-HT (10.6 M) 

Mepyramine (5 x 1O-8) 
+ Atropine (1O-B) 53.5 + 12.2 (4) 0 (4) 0 (4) 

Mepyramine (5 x 1O-8) 
+ Atropine (1O-B) 
+ 5-Benzyloxygramine (100~) 37.02 6.5 (3) i) (3) 0 (3) 0 (3) 

Atropine ( 7O-6) 
+ Methysergide (lo--‘) 121.Ok 3.4 (6) 0 (22) - 4.6 + 1.3 (22) 

“As mean + SE. (number of experiments). 
tAs % of the standard reference contraction induced by 5 x lo-’ M His, a concentration 

cquipotent to 10-O M ACh, 10-O M 5HT, and Oval (1 mg./ml.) in physiological bathing 
medium. 

Once the response to Oval had occurred, the tissue was insensitive to Oval for 
at least the following 2 hours, This same concentration of Oval was ineffective 
when applied to isolated ileal strips from normal, nonsensitized guinea pigs. The 
His response could be repeated and was also obtained in isolated ileal strips 
from normal, nonsensitized animals. 

The effects of various concentrations of the antihistamine, mepyramine, on 
the magntiude of the Oval (1 mg./ml.) and His (5 x lo-’ M) -induced contrac- 
tions are illustrated in Table I. Increasing the level of mepyramine from lo-” 
to 5 x lOmu M reduced the magnitude of the contractile responses in both cases. 
However, the highest level (5 x 1O-8 M) almost completely inhibited the His 
response while blocking the Oval-induced contraction only about 60 per cent. 
This concentration of mepyramine was without effect on the ACh and 5-HT- 
induced contractions. Raising the mepyramine level to lo-? M, however, resulted 
in profound innibition of the contractions due to Oval, His, 5-HT, and ACh, 
suggesting a nonspecific blockade. 

Similar experiments were performed comparing the mechanical responses 
to Oval (1 mg./ml.) and equipotent concentrations of ACh (10-O M) and 5-HT 
(lOeF M). The anticholinergic agent, atropine ( 1Om6 M), was found to block 
the ACh response almost completely without affecting the His-induced contrac- 
tion (Table II). This level of atropine was ineffective versus the Oval-induced 
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FIG. 3. Effect of prior exposure to compound 48/80 on ovalbumin and histamine-induced 
contraction of ileal segments. A typical kymograph tracing is illustrated. A, An ileal strip 
resting in physiological salt solution was exposed to 5 x lo-’ M histamine. After about 
2 minutes, the strip was returned to physiological medium lacking histamine (not shown). 
B, One hour later, compound 48/80 (1 milligram per milliliter] was added to the bathing 
medium. Thirty minutes later, the bathing solution was replaced by physiological salt 
solution lacking compound 48/80 (not shown). C, After 5 minutes in physiological medium, 
the strip was exposed to ovalbumin (1 milligram per milliliter). D, Thirty minutes after 
the ovalbumin-induced response declined to base line, histamine (5 x lo-’ M) was intro- 
duced into the bathing medium. The horizontal bar represents one minute. The vertical bar 
represents 3 cm. 

response but inhibited the 5-HT contraction about 80 per cent. Inhibition of 
5-HT contraction by atropine has been reported before.15 It apparently results 
from the blockade of ACh released by 5HT-induced nerve stimulation. 

The 5-HT antagonists methysergidel” and 5-benzyloxygramine17 either 
separately or in combination greatly inhibited the 5-HT response without 
altering the His contraction. The Oval-induced response was also essentially 
unchanged (Table II). When the concentrations of these 5-HT antagonists were 
increased until they completely inhibited the 5-HT response, the contractions 
induced by His and ACh were also appreciably affected, indicating a non- 
specific blockade. 

However, it was found that a 15 minute prior exposure of the muscle to 
lo-” M 5-HT resulted in a subsequent loss of the 5-NT response for 15 to 30 
minutes, probably owing to the development of a receptor-related specific 
tachyphylaxis since responses to His were little affected.ls The contractile re- 
sponse to Oval applied during this period of 5-HT taehyphylaxis was almost. 
unchanged from the normal response (Table II). 

Some experiments were carried out employing two or more antagonists. In 
these studies, the antagonists were added together 5 minutes before the agonists. 
The order of agonists added was: ACh, His, 5-HT, and Oval. On occasion, 
either His or 5-HT was omitted. 

Mepyramine (5 x 1O-s M) plus atropine ( 1O-G M) completely blocked re- 
sponses to Ach and His, while inhibiting the Oval response about one-half (Table 
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FIG. 4. Comparison of histamine- and ovalbumin-induced contractile responses of an 
isolated tracheal strip. A, A tracheal strip resting in physiological salt solution was ex- 
posed to lo4 M histamine. After about 10 minutes, the strip was returned to physiological 
medium lacking histamine (not shown). B, One hour later, the muscle was exposed to a 
solution containing ovalbumin (1 milligram per milliliter). The contractile activity was 
followed for about 10 minutes. 

III). The addition of 5-benzyloxygramine ( 1O-5 M) to this antagonist mixture 
resulted in the further blockade of 5-HT while the Oval-induced contraction 
was still present to an appreciable degree. 

Atropine (lo+ M) plus methysergide ( 10U6 M) blocked the contraction 
induced by ACh and greatly attenuated the response to 5-HT. The Oval-induced 
contraction was, if anything, enhanced by this antagonist combination. 

Some insight into the source of agonists involved in the Oval-induced con- 
traction was gained in 6 experiments using compound 48/80. This substance 
promotes the degranulation of mast cells and induces the release of histamine 
and other substances.‘R~ I9 Ileal strips were tested with 5 x 10--? M His to elicit a 
reference response. The agonist was then washed out and the tissues allowed to 
recover in physiological salt, solution for one hour, whereupon the strips were 
exposed to compound 48/80 (1 mg./ml.) for 30 minutes. The introduction of 
compound 48/80 resulted in an immediate spikelike contraction followed by 
relaxation to or beyond the previous resting length. The muscle segments were 
next returned to physiological salt solution for 5 minutes and then Oval 
(1 mg./ml.) was added to the bathing medium, The resultant contraction was 
weak and developed slowly (Fig. 3) compared to that obtained in tissues not 
exposed to compound 48/80 (Fig. 2). Thirty minutes after the Oval-elicited 
contraction had subsided, His (5 x lo-’ M) still induced a substantial contractile 
response (Fig. 3) suggesting that the cellular effects of compound 48/80 did 
not seriously inhibit the stimulatory activity of this agent. 

Experiments on isolated trachea 

Oval produced a slowly developing contraction of the sensitized tracheal 
smooth muscle preparation (Fig. 4). Mechanical activity did not begin im- 
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FIG. 5. Effect of compound 48/80 on ovalbumin-induced contraction of tracheal muscle. 
A typical physiograph record is shown. A, A tracheal strip bathed in physiological salt 
solution was exposed to 1O-4 M histamine. After about 5 minutes, the muscle was re- 
turned to histamine-free physiological medium (not shown). B,, After one hour, the strip 
was exposed to compound 48/80 (1 milligram per milliliter). The contractile response 
during the first 8 minutes is illustrated. B,-B,, Contractile responses at 12, 22, 32, 42, 52, 
and 62 minutes, respectively, after the addition of compound 48/80. The muscle segment 
was then transferred to physiological salt solution (not shown). C,, After 5 minutes, 
ovalbumin (1 mg./ml.) was added to the bath. The contractile response during the first 
10 minutes is shown. C,-C,, Contractile response 40 and 75 minutes, respectively, after 
the addition of ovalbumin. Horizontal bar = 0.5 Gm. 

mediately after the application of the antigen. Onset was delayed about one 
minute. Peak tension was reached some 5 minutes later. The contraction could 
not be terminated early by removal of the Oval from the bathing medium. In 
contrast, responses to His (Fig. 4), ACh, or 5-HT began immediately upon the 
introduction of the agonist into the bathing solution. Peak tension was reached 
in less than 2 minutes. While tracheal preparations from nonsensitized animals 
also responded well to His, ACh, and 5-HT, they were insensitive to Oval. 

The magnitude of the peak tension response to Oval (1 mg./ml. ) was usually 
about one gram and was similar to that induced by lo-* M His, ,5 x W5 M ACh, 
and D4 M 5-HT. In contrast to the contractions elicited by these agents, the 
the response to Oval (1 mg./ml.) could not be repeated. 

In 6 experiments, mepyramine (5 x 1O-7 M) was found to block completely 
the mechanical response to 1O-4 M His while the Oval-induced contraction was 
still 59 & 4 (S.E.M.) per cent of control. The Oval response in the presence of 
mepyramine was always slower to develop and sometimes more delayed in onset 
than control responses elicited in the absence of mepyramine. Contractile 
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responses to ACh (5 x lo-” M) and 5-HT (lo-’ M) still occurred in the presence 
of 5 x 1O-7 M megpramine. 

Four experiments were performed to test the effect of AC11 and 5-FIT block- 
ade. 5-HT block was obtained by inducing taehyphylaxis of the tissue to tht> 
drug. This was accomplished by exposing the tissue t,o IO-” BI 5-HT for 30 
minutes. A second application of 5-HT now had no cffecat while the responses 
to ACh and His could still be obtained. Atropinc (lo-‘; M) was employed to 
block the ACh response. In the presence of complete blockade of ACh and 
5-HT by atropinc and 5-HT tachpphplasis, respectively, the Oval-induced 
(#ontraction was still not significantly altered (99 f 4 per cent) from that of’ 
the mitral 

E’our tracheal strips were treated with compound 48,630 in a manner similar 
to that described previously for ileal segments (Fig. 5). After being exposed 
to lo-’ M His to elicit the reference contraction and allowed to rcc’over in 
physiological salt solution, tracheal strips were placed in contact with compound 
J-S/HO (1 mg./ml.) A large, long-lasting contractile response ocrurrcd that, 
required 30 to 65 minutes t,o subside, after which the strips were returned to 
physiological medium and 5 minutes later exposed to Oral (1 rng./ml.). The 
resulting contraction was about half that, expected (Fig. 4) but was quite pro- 
longed, lasting 60 to 90 minutes. 

DISCUSSION 

A contractile response is elicited by Oval (1 mg./ml.) in sensitized guinea 
pig isolated ileum and trachea but not in tissues from nonsensitized animals. The 
peak magnitude reached is similar to that seen with 5 x 10e7 M His in ileum 
or IO-* M His in trachea. Once obtained in a preparation, the Oval-induced 
contraction could not be repeated for at least 2 hours. This desensitization has 
hren noted btforc and attributed to the temporary exhaustion of t,he processes 
coupling the antigen-antibo(Iy complex formation with the rdease of srnooth 
muscle agonists.2’J 

The data indicate that about half the Oval-induced contractile response of 

both tracheal and ilcal smoobh muscle can be ascribed t,o the action of His. 
This agonist is apparently released into the vicinity of the smooth muscle cells 
following the antigen-antibody reaction. A role for His in the anaphylactic 
response has often been postu1ated.l 

Vnlike previous workers,:-’ we were unable to obtain convincing evidenct> 
of a role for ACh or 5-HT in this response. Several possible reasons might 
account for this discrepancy: ( 1) The earlier workers often made no attempt 
to compare equipotent concrnt,rations of Oval, His, 5-HT, and ACh. (2) The) 
usually demonstrated inhibition of the Oval-induced response only when com- 
binations of blockers were used. (3) Little attempt was made to quantitate their 
results. (4) Tlittle inforrnation was reported of any effort made to test fot 
specificity of blockade. In the present study, cquipotent concentrations of 
agonists were employed. Experiments were performed with single blockers as 
well as combinations of antagonists. All the contractile responses were compared 
quantitatively to a standard reference contraction in the same muscle strip. 
Moreover, in our studies we routinely tested for specificity of blocka,de. 
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The present findings agree with those of other recent studies describing 
the participation of His in the Schultz-Dale reaction. Cirstea and Suhaciuzl 
and Kurihara and Shibataz2 detected His release during the anaphylactic re- 
sponse of guinea pig ileum. In addition, the latter investigators report finding 
no evidence of 5-HT release. 

The residual contractile response to Oval in the presence of His blockade 
by mepyramine may have resulted from the release of other agonists or from 
the direct stimulatory effect of an antigen-antibody reaction on the muscle cell 
surface itself.3 While a number of agonists other than amines have been postu- 
lated to be released during systemic anaphylaxis, those that have attracted the 
most attention are bradykininz3 prostaglandins,24 and a “slow-reacting sub- 
stance of anaphylaxis” or SRS-A. 25 The latter is an acidic, lipidlike substance. 
Bradykinin is produced from a plasma substrate’l and is not likely to be in- 
volved in anaphylactic responses of isolated tissues. On the other hand, SRS-A26 
and prostaglandinsz7 are possible candidates for mediating the residual Oval- 
induced response obtained in the presence of mepyramine in both ilea. and 
tracheal preparations. 

Our results with ileal muscle do not support the postulate that the mepyra- 
mine-resistant residual contraction involves a direct action of the antigen 
on the smooth muscle cell itself. After treatment with compound 48/80: ilcal 
strips responded very weakly to Oval although substantial contractions to 
His could still be elicited. Presumably, the mast cell serves as the principal 
source of agonists for Oval-induced contraction of ileal segments. This cormlusion 
is in agreement with that of Dale and Zillettiz8 who used n-octylamine to dis- 
rupt the mast cells. 

Tracheal strips still responded well and in a prolonged manner to Oval 
after compound 48/80 treatment. It may be that compound 48/80 is a less 
effective agent for releasing agonists from tracheal than from ileal 
mast cells, although the large, prolonged contraction associated with 
its introduction into the medium bathing the airway muscle (Fig. 5) 
would tend to argue against this. More likely, it would appear that a direct 
stimulatory effect of the antigen-antibody reaction on the tracheal muscle cell 
may have occurred. Alternatively, agonists from sources other than mast cells 
may also be involved in the Oval-induced tracheal contraction. 

The adequacy of these guinea pig isolated preparations as animal models 
for human anaphylaxis is, of course, questionable. Reservations have been 
voiced frequently.ll Nevertheless, the clinical evidence for the lack of efficacy 
of anticholinergic agents and the limited usefulness of antagonists of His and 
5HT2” are in agreement with the failure of these inhibitors to block the anaphy- 
lactic contraction of isolated ileal and tracheal preparations. 

We wish to thank Miss Elizabeth C. Thomason for her aid in preparing the manuscript, 
Sandoz Pharmaceuticals for the donation of methysergide, Dr. V. B. Haarstad for the gift 
of B-benzyloxygramine, and Burroughs Welleome & Co. for compound 48/N. 
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