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D IJRING the second decade of the twentieth century, Schultz1 and Dale2 
developed a method for assaying reactivity of smooth-muscle preparations 

to foreign proteins and antigens in vitro. Since that time the sensitized guinea 
pig uterus and ileum have been used extensively for the study of allergenic 
sensitization and the basic physiology of anaphylaxis and allergic reactions.3-6 

The Schultz-Dale apparatus and technique were further developed by 
Coulson and co-workers,7 who have shown the great specificity and sensitivity 
of this reaction in detecting antigens of the order of 0.05 mcg. of ovalbumin. 
This sensitivity is 20 to 200 times that of the prccipitin test and much greater 
than gross anaphylactic shock and anaphylactic sensitization. 

For these reasons, it was felt that the Schultz-Dale reaction would be 
useful in studying blocking antibodies to specific antigens which would pre- 
vent the anaphylactic reaction of sensitized guinea pig uterine muscle cells to 
specific antigens. 

METHOD 

Twenty-five virgin female guinea pigs, each weighing 300 grams, were sensi- 
tized by the injection of 1.0 mg. protein per 100 grams body weight of alum- 
precipitated protein antigen, egg albumin, ragweed, house dust, and feathers 
prepared by the method of Coulson and Stevens.8 After a three-week incuba- 
tion period the animals were sacrificed at weekly intervals by a blow on the 
head or by anaphylactic shock produced with antigen injected intracardially. 
This allowed ample time for full sensitization to develop and for adequate 
testing of the uterine muscles. The uteri were removed and tested in an 
oxygen-aerated muscle bath with a perfusion bath volume of 25 ml. at a stand- 
ard room temperature of 25” C. The bath contained a low-calcium Tyrode 
solution recommended by Cou1sonY7 the formula of which follows: 

NaCl _- _______ 8.0 Gm. NaHC03 --____ 1.0 Gm. 
KC1 -_----__-_ 0.2 Gm. NaH,PO, __-__ 0.05 Gm. 
CaCl, ---- _____ 0.05 Gm. Gluocse ____-__ 1.0 Qm. 
MgCl, --_- ____ 0.10 Gm. Water to make 1,000 ml. 
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The foregoing experimental c*ontlitions wwc used lmx~use of the ~ecolnnlcndatiorl 
by Dalgliesh and collcaguc~s!’ that they retlucc the spontaneous activity of 
smooth muscle, 

The uterine muscle segments wore suspended in the bath, allowed to come 
to a base line, and then subjected to various antigens, antigen-serum mixt,ures. 
and other test compounds, such as histamine, serotonin, and acetylcholinc. 
The resulting contractions were recorded on a kymograph rotated at 0.492 
cm. per minute. 

The antigens were obtained from commercial sources (egg albumin)’ 
and the Aspenwall VA Hospital Allergy Servicet at Pittsburgh, Pennsylvania. 
The sera for the antigen-sera mixtures were obtained from allergy patients 
seen in the outpatient service and in the wards of the medical service of the 
VA Hospital in 0maha.t Elood was drawn while patients were on hyposensi- 
tization treatment. Guinea pig serum was obtained by cardiac puncture from 
animals sensitized by subcutaneously injected alum-precipitated antigens. 

Antigen-antibody complexes were formed by mixing an appropriat,e 
amount of antigenic protein (egg albumin, ragweed, house dust, and feathers) 
in a ratio of I to 100 with dialyzed human or guinea pig serum protein. These 
mixtures were incubated for thirty minutes at 37” C. and then for twenty-fout 
hours a6 4” C’. Following this, the mixtures were centrifuged, and the super- 
natant was used for testing in the muscle bath. 

An operation was devised whereby one uterine horn was removed from 
the sensitized guinea pig under ether anesthesia and the abdomen was sutured 
after hemostasis of the ut,erine stump. Two or three hours later the &ma1 
was anesthetized again and blood was drawn by cardiac puneturc. Through 
the same intracardiac needle, 3 mg. of the appropriat,e antigen (egg albumin. 
house dust, ragweed, or feathers) was given. This was generally followed by 
an anaphylactic reaction. After death, the remaining uterus was removed and 
placed in the Schultz-Da,le apparatus for testing. The ut,erine horn removed 
prior t,o antigenic shocking is called the preshock horn, and that removed 
after antigenic shocking is termed the postshock horn. 

Routinely, each strip was tested for its reactivity to acctylcholine bases 
(32 mcg. per milliliter), histamine basej( (0.2 mcg. per milliliter), and sero- 
tonin base1 (7 mcg. per milliliter). Depending upon the antigen or antigens 
used in sensitization, the strips w(‘re nest trsted with saline solutions of oval- 
bumin @A), 4 mcg. P per milliliter; ragweed protein (RW) 16 mcg. PN per 
milliliter; house dust protein (HI)), IX mcg. PN per milliliter; and feathers 
protein 7 mcg. I’ per milliliter. After the antigen testing the strips were again 

*Soluble WP albumin (Difco). 
tRagweed,-lhouse dust and feather extract were kindly supplied by Dr. L. H. Criep, 

Aspenwall VA Hospital, P:ttsburgh, Pennsylvania. 
SSera supplied through the interest and kindness of Dr. Morris H. Brodky, Omaha VA 

Hospital Outpatient Service. 
BAcetylchoIine chloride (Nutritional Riochemicals Corp.). 
l/Histamine dipbosphate (Abbott). 
IlSerotonin creatinine sulfate (California Research Foundation) 
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subjected to histamine, serotonin, and acetylcholine, respectively. Between 
each two test situations, the bath and strip were washed with several aliquots 
of 25 ml. of Tyrode solution. 

9 contraction was considered a significant response if it exceeded twice 
the height of the spontaneous contraction, if present, or was at least the same 
height as that produced by histamine base (0.2 mcg. per milliliter). 

The use of a low-calcium Tyrode solution at 25” C. was found to be most 
satisfactory in producing a constant base line with a minimum of spontaneous 
contraction. We have found the uterine muscle of the guinea pig t,o be ex- 
ceptionally responsive to acetylcholine and histamine hut minimally respon- 
sive to serotonin in dosages approximating 300 to 400 times that needed for 
the rat and mouse uterus. With histamine, adequate responses are obtained 
with 5 mcg. per 25 ml. or 0.2 mcg. per milliliter. These are substantially less 
than those reported by Coulson (100 mcg. per 50 ml. or 2.0 mcg. per milli- 
liter). Since we were not interested in the quantitative titration of the anti- 
gen reaction and since a preliminary pilot, study showed that maximal con- 
sistent responses occurred with protein levels of the order of 4 mcg. egg albumin 
P per milliliter, 16 mcg. ragweed PN per milliliter, 18 mcg. house dust PN per 
milliliter, ‘7 mrg. feathers P per milliliter, these were used throughout the 
experiments in order to provide comparable contractions. All guinea pigs were 
sensitized with alum-precipitated proteins:, R to ensure maximum sensitivit,y 
and to eliminate false negat,ire reactions. 

RESULTS 

Fig. 1 shows the type of responses which were registered on the kymo- 
graph of the Schultz-Dale apparatus as a result of the contractions and re- 
laxations of the guinea pig uterine strips. The upper half of the figure shows 
a typical pattern obtained from a normal untreated guinea pig uterine muscle 
strip. The normal strip responds repeatedly to acetyleholine and to histamine, 
but infrequently (30 per cent) to serot,onin. The normal horn does not re- 
spond to such antigens as ragweed, house dust, feather extracts, and egg albu- 
min. Fig. 1 (lower half) and Fig. 2 (upper experiment) show typical patterns 
obt,ained from sensitized horns. Here the responses are usually the same as 
those of the normal tissues, except that response is obtained from the antigen 
or antigens with which the animal had been sensitized. 

In the case of the shocked pig the situation is quite different. As is shown 
in Fig. 2 (lower experiment), where the guinea pig had been sensitized and 
then shocked with feather extract, the strip responded to acetylcholine and 
histamine and also responded markedly to scrotonin. The uterine horn seg- 
ment did not respond to feat’hers because of previous desensitization by anti- 
genie shocking. 

In several experiments we were able to show that a soluble antigen- 
antibody complex produces not only a higher percentage of responses in sen- 
sitized guinea-pig uteri but also a greater contraction of uterine strips than 
does the antigen alone. Fig. 3 shows two strips taken from the same sensitized 
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Fig. I.--Upper half: Responses of a normal guinea pig uterine strip to various test 
substances. 

Lower ItaZf: Responses of a guinea pig uterine strip sensitized to ragweed and egg 
albumin antigens. 

Metric scale in centimeters. One minute equivalent to 0.492 cm. 

GP 2 - 8 2 l?ElATHEFlS 

F~ATH WASH HIST SER ACh 
7 ug/ml 0.2 w/ml 7 ug/ml 32 w/ml 

Ylll, 1 ; I i Ib l-2 
. x :, i i ia io B 24 26 1’8 $0 1 * 16 1 I’r 

ltlld O.lW CI~li” 

Fig. z.-uppa emperiment: Responses of a guinea pig uterine strip sensitized to feather 
antigen. 

dower ezps&me&: Responses of a uterine strip taken from a guinea Pig sensitized 
with feather antigen and shocked with feathers. 
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animal (HD). Both muscles responded equally to the same amount of his- 
tamine. When house dust (450 mcg. PN) was mixed with saline-dialyzed 
serum protein (in a ratio of 1 :lOO) from a patient who had been on a hypo- 
sensitization regimen and this mixture was added to the 25 ml. bath, the re- 
sponse obtained was much greater than that obtained from the other strip 
treated with the antigen alone. 

HD HIST HIST HD 18 ug.PN/$ 
18 ug PN/ml 0.1 ug/mi 0.1 ug/ml t SERUM (1:lOOJ 

METRIC i ; ; ; Ib i2 :4 ;6 Ii 2’0 iZ 2; i6 
I 

Spmd 0.492 CM.Min 

Fig. I.-Responses of uterine strips taken from the same guinea pig sensitized with 
house dust antigen. First pattern shows response to antigen alone. Second pattern shows 
increased response to antigen-antibody complex. 

Table I summarizes the results of the present study. Eighty per cent of 
normal, nonsensitized uterine horns responded 60 histamine. Following aller- 
genic sensitization, 66 per cent of the sensitized uterine horn strips responded 
to histamine. The observed decrease in the number of horns reacting to his- 
tamine after sensitization was significant at the 0.05 level of probability. 
Histamine reactivity of the preshdck sensitized uterine horn was not different 
from the histamine reactivity of the postshock sensitized horn after in vivo 
antigen shocking. 

TABLE I. RESPOKSE OF VIRGIN GUINEA PIG UTERI TO ANTIGENIC SHOCKING 

:$E;;f NTS 1 B,ECEWS& 1 ‘+!ifbj” / S&RWl’O.?I; 1 lI$;MII; 

13 normal 0% 0% 30%0’“’ 80%‘“’ 
nonsensitized 
horn segments 

108 sensitized (a) RW = 52% RW = 87% 
preshock horn (b) EA = 59% ;$ z ;B$ 41%(b) 66oy’“’ 
segments 1;; 5” z ;f” 0 21 of 51 72 of 108 

0 

69 sensitized 
postshock 
horn segments 

Chi-square 
tests 

61%0”’ 66%6’Q 
25 of 41 46 of 69 

(a) RW - RW + serum P > .Ol (a-b) P > 0.10 
(b) EA - EA + serum P > .Ol (a-c) P > 0.01 

(a-b) P > 0.05 

(e) HD - HD + serum P > .Ol (b-c) P > 0.01 
(a-c) P > 0.20 
(b-c) P > 1.00 

Thirty per cent of normal uterine horns were sensitive to serotonin. After 
allergenic sensitization, 41 per cent of the sensitized uterine horns were sensi- 
tive to serotonin. This difference is not significant at the 0.10 level. When 



the uterine muscle strips were subjratcd to in viva anaphplasis, the sensitivity 
to serotonin increased to 61 per crtlt, positive responses, which was significant 
at the 0.01 level. iNorma control uteri showed unchanged responses to scro- 
tonin in all cases when treatetl with ;lntigen in the (loulso~~ lowcalcium Ty- 
rode bath. Sensitizrcl uterine tlruscles respontled to ragweed protein 52 pel’ 
cent, egg albumin 59 per cent, house dust protein 29 per rent, and feathers 
60 per cent, demoiistratin g the relative activity of these proteins and l)rotcGl 
mixtures as atlt,igens and anaphylactogcns. When ragweed protein was ineu- 
1Med wit,h the dialyzed sera of patients undergoin g hyposcnsitixation to rag- 
weed and this complex was adtletl to the solut,ion bathing the sensitized muscle, 
the positive response increased to 87 per cent. This increasca was significant 
at the 0.01. level. Egg albumin lrrisecl wit,h sensit,ized guinea pig sera showed 
response increased to 78 per cent. This was significant at the 0.01 lercl. Simi- 
larly, when house dust protein was incubated with dialyzed seru of patients 
and added to the sensitized uterine muscle bath, t.hc pcrcentagc of positive 
responses rose to (is per cent. This rise was significant at. the 0.01 level. Sera 
of patients under hyposensitization regimens alone showed only slight rpac- 
tions on sensitized or unsensitized guinea. pig uteri, and these were diminished 
or removed by dialysis of the scra. 

Anaphylact~ic shocking by ragweed, egg albumin, feather. and house dust 
antigens resulted in increased serotonin sensitivity in guinea pig uteri. d 
significant reduction was noted in histamine sensitivity. This finding sug- 
gested that anaphylaxis may be a more complex phenomenon than previously 
postulated. Increased serotonin sensitivity at the shock-organ cell level may 
play a role in the production of anaphylaxis. 

Antigen-antibody romplexcs formed by admixture of hyposensitized sera 
and antigen produce a greater incitlrnce of positive anaphylactic reactions in 
sensitized guinea pig uteri than antigens alone. This may confirm published 
works of other authors concerning antigen-antibody complexcs.“~ lo, ‘* 

No evidence wCas found in this study for the presence of blocking anti- 
bodies which prot,ect sensit,ized uteri against ant,igens, either in human hypo- 
sensitized blood or in the blood of guinea pigs sensitized by alum-precipitated 
antigens. 

DISCUSSION 

\‘c were puzzled by the lack of blocking activity exhibited by hyposcnsi- 
tized sera. Instead, we noted that, anaphylactic reactions in sensitized uteri 
were markedly enhanced by addition to the muscle bath of mixtures of hypo- 
sensitized human sera and specific antigen. The human sera had been dialyzed 
against normal saline solution to remove histamine, serotonin, and other uterine 
muscle stimulants. Our conclusion is that the antigen-antibody complex acted 
directly upon the mediating system in the uterine muscle or nerve plexus to 
produce the anaphylactic contraction. The lack of species specificity for this 
reaction was demonstrated by the finding of a similar reaction produced 1~~ 
guinea pig sera and egg albumin against uteri sensitized to egg albumin. No 
evidence of antigenic blocking was found. 
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Can anaphylaxis be a result of increased sensitivity of the uterus to 
serotonin or histamine? Our study of histamine reactions showed that hista- 
mine response was significantly decreased by sensitization, and therefore ana- 
phylaxis cannot be considered to be mediated by histamine alone. Uterine 
sensitivity to serotonin is not changed significantly by sensitization of the 
uteri, and an increased level of serotonin in the tissue is not presumed to be 
the factor responsible for this increased contraction ra,te and intensity. Fink 
and Gardner4 were unable to demonstrate mediation of anaphylactic contrac- 
tions by serotonin alone in guinea pig ut.eri. At this time the best explanation 
is that advanced by Germuth and McKinnon,F namely, that the shocking prop- 
erty of antigen-antibody mixt,ures is due to the presence of soluble antigen- 
antibody complexes. They suggest that anaphylactic shock does not require 
actual interaction of antigen-antibody complexes in the tissues but may be 
produced by preformed antigen-antibody complexes acting on susceptible cells. 

Serotonin sensitivity is markedly and significantly increased by in vivo 
shocking with antigen. This is true for any antigen used in this series. Wciss- 
bath and associates12 and Fink and Gardner4 demonstrated decreased serotonin 
levels in guinea pig lungs and lung perfusates after shocking by antigen. 
These findings have led us to consider that anaphylactic responses in the 
guinea pig uterus at least may be produced by a more complex reaction than 
previously hypothesized. Anaphylaxis may involve the action of higher con- 
centrations of serotonin released from platelet+ I4 upon a tissue whose sensi- 
tivity to serotonin has been greatly altered by the in vivo anaphylactic reac- 
tion due to soluble antigen-antihocly complex. Histamine sensitivity, though 
not significantly changed by anaphylaxis, may act to enhance or perhaps 
synergize serotonin reaction at the tissue level. One anaphylactic reaction to 
antigen or antigen-antibody complex blocks further response to the same 
antigen. 

SUMMARY 

The uteri of twenty-five virgin allergen-sensitized guinea pigs were studied 
in the Schultz-Dale muscle bath apparatus before and after in vitro and in vivo 
shocking. All uterine horns from guinea pigs responded to acetylcholine. 
Eighty-two per cent of normal nonsensitized horns contracted on addition of 
histamine. After sensitization, 61 per cent of the sensitized horns responded 
to histamine. Thirty to forty per cent of the uterine horns responded to sero- 
tonin before and after scnsitizat,ion. After shocking by in vivo antigenic 
exposure, 61. per cent of the uteri responded maximally to serotonin. A sig- 
nificant increase in response of sensitized uteri was obtained through the use 
of soluble antigen-antibody complexes over the use of antigen alone. 

Illustrations were prepared by Frank A. Roberts and John E. Friel, Medical Illustration 
Service, VA Hospital, Omaha, Nebraska. 
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