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Abstract--Strips of the ileal longitudinal muscle layer of guinea pigs have the following affinities for 
bradykinin: in males. K, = 1.55 x 10mK M with S. D. = 0.23 x IO-* M; in females. K, = 0.39 
x 10YH M with S. D. = 0.04 x lo-’ M. No difference between males and females was found 
in the K, values for acetylcholine or for histamine. Castration of males and hormonal treatment after 
castration modify K, values for bradykinin: in castrated males, K, = 0.84 x 10m8 M with S. D. 
= 0.01 x lOm8 M: in castrated males treated with testosterone. K, = I.33 x IO-’ M with S. 
D. = 0.34 x IO-” M: and in castrated males treated with /I-estradiol. K, = 0.45 x 10mH M with 
S. D. = 0.02 x IO-’ M. No difference was observed in the maximum contractility to bradykinin 
among the five groups of animals. The state of the hradykinin receptors in the castrated animals 
seems to he influcnccd by the sexual hormones in the following way: administration of testosterone 
to the animal changes the receptors to a state of lower affinity for bradykinin; administration of 
/I-cstradiol changes the receptors to a state of higher affinity for hradykinin. The results of the hormonal 
cl’fects wcrc discussed in terms of an allostcrically controlled receptor or the synthesis of modified 
rcccptors. 

The drug-receptor dissociation constant (K,) is an 
important parameter used to describe the interaction 
between drugs and receptors. Our studies to dctcr- 
mine K,, values for bradykinin in the longitudinal 
muscle strip (LMS) of guinea pig ileum show an ori- 
ginal behavior of the structure that rendered possible 
the observation of sexual difference in the affinity to 
bradykinin. whereas no such difference exists in the 
affinities to acetylcholine and histamine [I]. 

Hormonal influences in responses of smooth 
muscle were described in masculine genital apparatus 
[2 S] and in the uterine muscle [6X]. but no report 
of such infuence had been made in the case of guinea 
pig ileum. It is clear to us that such differences could 
be important in quantitative work in the field. and 
the aim of this paper is the description of hormonal 
influence in the affinity of LMS to bradykinin. 

WlATERlA1.S AND MICTHODS 

Guinea pigs weighing from 500 to 700 g were used. 
A portion at about IO cm of the terminal ileum was 
rcmovcd immediately after stunning and exsanguina- 
tion the animals. The piece of ileum was washed with 
nutritive solution and prepared according to the 
method of Rang [9] for separation of the longitudinal 
tnusclc strip. A piece of LMS about 3% to 4 cm long 
(approximatclk 25 mg tissue) was suspended in an 
organ bath at 36 
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In order to retard the diffusion of the agonists out 
of the organ bath, it was constructed with indepen- 
dent and constricted ports for the admittance and 
withdrawal of the perfusion fluid. The volume of the 
perfusion fluid in the organ bath was rigorously kept 
at 10 ml through the use of a syringe intercalated 
between the reservoir and the heating coils. 

The perfusion fluid was Tyrode’s solution from 
which sodium bicarbonate was omitted and with 
monosodium phosphate used in a concentration of 
0.50 g/liter. The pH of the solutions was raised with 
0.4 M NaOH to 7.4 during the preparation. After 
preparation of the Tyrode’s solution. the osmolarities 
were measured in a Fiske osmometer, model G-66; 
the values obtained were from 270 to 280 mOsmoles/ 
liter. The bath fluid was continuously bubbled 
through with air in the organ bath. 

The hormones used were testosterone propionate 
and fl-estradiol dipropionate, both from Sigma Chemi- 
cal Co. As agonists WC used acetylcholine chloride 
and histamine phosphate. also from Sigma Chemical 
Co., and bradykinin from Schwartz/Mann. Solutions 
of the agonists were prepared in Tyrode’s solution 
immediately before use. by dilution of stock solutions 
maintained at -30’ in little flasks that contained just 
the volume necessary for one experiment. We made 
as many solutions as necessary so as to add to the 
organ bath the same volume (0.1 ml). even when dif- 
ferent concentrations of agonist were required. Each 
dose of agonist was added to the organ bath 1 min 
after washing out the previous dose. The agonists 
were used in increasing concentrations, and we 
made triplicate or quadruplicate recordings for each 
dose. We chose the doses so as to obtain an arith- 
metic progression in the values of the reciprocal of the 
doses [ IO]. 
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Contractions were I-carded on ;I smoked drum 
with an auxotonic law. prepared according to Pnton 
[I I]. that gave a 6 x magnification. hnd ;I rusting 

tension of 3(X) mg. and a11 action load of 150 mg ‘cm 
of deflection on the drum. 

After each cspcrimcnt the wordings wrc 

measured with a caliper rule and the \alucs 01‘ the 
rcsponscs wcrc related to the respccti\c v;~Iiic~~ 01 
agonist molar concentration through (‘lark’s i’cluation 
[ 121 in double reciprocal form [13]. The equation 

used was 

in which Y = the value of one response to dose ,Y. 

X = the molar concentration of agonist. HH = the 

maximum contraction height and K,, = the dissocia- 

tion constant of the agonist- rcccplor complex (reci- 
procal of Clark’s constant). The ~alucs of 1-m and 
K,, were calculated with the help of an IBM I I30 
computer. using ;I program KMVM [ 131. To mim- 
mire the errors in ?.obt:iincd at IOL~ agonist concent- 
rations. WC introduced in the calculations the variance’ 
as a statistical ucight rl5]. C’omparison hctwccn 

mean values of K,, was made using Student’s l-tat. 
Comparison bet\\ccn the values of marcimum contrac- 
tion heights calculated in ewr! expcrimcnt M;IS per- 
formed by analysis of \ariancc. 

In an attempt to detect ;I direct hormonal inllucncc 
on the affinity of the LMS for bradykinin, we first 
measured a complete series of contractions with XC- 
tylcholinc and another series with bradykinin; then. 
WC substituted for the normal T~rodc’s solution 
another one containing hormone in ;I concentration of 
14 x lO_’ M. Stock solutions of the hormones wcrc 
prepared in ethanol. at ;I concentration of 1 mM. and 
aliquots of thcsc stock solutions uere added to the 
Tyrode’s solution in order to obtain the dcsircd final 
concentrations. After adding hormonc to the T! rode’s 

solution WC changed the perfusion fluid in the organ 
bath at j-min intervals o\‘cr ;I period of I hr: then. 
WC repeated all the determinations using the pcrfusion 
fluid with hormone. 

Castrations \vcrc‘ pcrformcd under aqcptic condi- 
tions in malt guinea pigs anesthctircd \\ith pcntobar- 
bital (3 mg/loO p of weight). using scrotal xxcss Ibl 
the surgerb. After 30 days the animals wcrc divided 
randomlv -into three groups. Each animal ol g-oiip 

A was in_jccted subcutaneously with 0.2 ml of an oil 
solution of tcstosteronc propionate (2.5 m&/ml) every 
da\ for 15 da!“. The animals of group B wcrc trcatcd 
with /I-estradlol dipropionatc for 30 days. receiving 
a subcutaneous inicction of 0.2 ml of an oil solution 
of the hormone (&I mg, ml) on alternate dabs. The 
animals in Group C‘ did not rcccive hormone. Aftet 
the treatments the animals were sacrificed in the man- 
ncr described and the values of K,, wrc dctcrmincd 
in LMS. 

Di.s.soc~irrtiorl c'oJl,sttr,rf\ qf r//w~ i”““‘/‘I”r co/H/~/~w\ 
~OJ. /JIY~~/~+;H~II. trc,c,t!,/~/~o/i,~t, trntl I~i.stu~tli~. The cxper- 
imontal data obtained wcrc of the pattern shown in 
Fig. I. The mean values of K,, for bradykinin found 
for male and fcmale guinea pigs arc given in Table 
I. Bctwccn these means thcrc exists a statisticallv sig- 
nificant difference at the lcvcl of P < OWI. &urc 
2 shous the regression lines calculated for determ%a- 
tions of K,, for bradykinin in male and female guincu 
pigs. K,, values for acctylcholine and histamine arc 
also sl~ow~~ in Table I, For both agonists. the differ- 
cnccs hctwcen the means found for males and females 
arc not statistically significant at the level of P < 
045. 

In six animals. three of each sex. WC: dctcrmined 
K,, flues for acotylcholine and bradykinin in the 
same piece of LMS. A comparison between these 
\alucs is shohn in Table 2. For male guinea pigs. 
the quotient K,, (acetylcholine)/K,(bradykinin) is 
about I : for female guinea pigs. this quotient is about 

~/IC /~$~~~ior~ fl~rirl. The K,, values for bradykinin and 
for acctylcholine found with testosterone-perfused 
LMS from female guinea pigs were identical to the 
controls without testosterone. Again. no change in K,, 
values for these agonists &as observed with /I-cstra- 
diol-perfused LMS from male guinea pigs. 

E[j;Y7 of c~tr.sfl’rrfiorl 011 r/w rYdw.s of f/K rlissocitrtio,1 

cor~.\tr/r~f.s of’ f/w h~ui/yki/~i~~ rw~~/mr umph. The cas- 
trated guinea pigs of group C wcrc sacrificed 30 days 
after castration. Tl?c values found for the dissociation 
constants of the LMS hradykinin receptor complex 
arc gi\,en in Table i. The mean value is significantly 
dilTcrcnt from the mean found for females (P < OWI ) 

Fig. 1. Experimental data obtaincti in LMS for the calculation of one K, value from :I normal male. 
Experimental conditions are as described in Methods. 
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Table I. Mean values of drug--receptor dissociation constants calculated for brady- 
-kinin. acetylcholine and histamine in female and male LMS* 

Agonist Females Males 

Bradykinin 3.87 x 1O-9 + 044 x 10-9M 15.47 x lo-“ I2.26 x 10m9 M 
(91 1801 (6: 99) 

Acetylcholme I.82 x IO-* k 0.24 x 1O-8 M I.56 x IO-’ f 0.23 x lO-‘M 
(8: 143) (7: 171) 

Histamine 1.24 x lo-- ir 0.26 x 10”M I.31 x IO-’ f 0.25 x IO-‘M 
(4; 83) (9: 153) 

* Following each mean are the standard deviations of the means. In parentheses 
are: lirst. the number of K, determinations that originated the mean valucc: and 
second. the total number of contractions measured. 

Fig. 2. Regression lines obtained in calculating K. for bra- 
dykinin in female (t-- 0) and in male (* 0) LMS. 
The points are means of reciprocals of contraction heights 
at each agonist concentration; the vertical lines are ranges 
of such reciprocals. In the actual calculation of K,, all 

points were used. 

and from the mean found for noncastrated males (P 
< 0.05). 

E&r of tc’S~OStc’rof1C tlY’at/Wrlt O/l f/W c&rs qf’ f/W 
tlissocicctiorl c’orl,sfarlf.s of’ 1/W hrclrl~~kirlirl~rc~~~~/~t~~ (‘OIH- 
p/c.u. The castrated guinea pigs that were given tcstos- 
terone were sacrificed at the end of the treatment. 
The values found for the dissociation constants of the 
bradykinin-receptor complex are given in Table 4. 
The mean value is not significantly different from the 
mean value found for noncastrated males. but differs 
significantly from the mean value found for females 
(P < OGOS). The mean value is not significantly differ- 
ent from the mean value found for untreated. cas- 
trated males at P < 0% but differs significantly at 
the level of P < 0.10. 

Table 2. Comparison between the values of K, for brady- 
kinin and acetylcholine in the same piece of longitudinal 

muscle 

Sex 
Expt. 
No. 

Acctqlcholine Bradykinin 
lO”‘K,, l(P.K, 

(M) (M) 

Males 

Females 

Ii I ,75 I .59 
I4 I.29 0.97 
I5 I .63 I .66 

7 7.49 0.36 
8 I .30 0.33 
9 I 90 0.25 

Table 3. K,, values calculated for brady- 
kinin in LMS of castrated males 30 days 

after castration 

Expt. No. 

3X 
39 
40 
JI 
42 

Mean 
S. D. of mean 

No. of IO” K 
points* (M) ’ 

I4 7.03 
I3 I I.14 
12 6.6 I 
I7 6,Xx 
I2 1043 

x.42 
0.9X 

* Number of contractions measured to 
obtain each K, value. 

E$j%ct ~f’estr.arlio/ ~WL/~WVI~ on tlzr ~vtlur.s 01’ t/w dis- 
sociution comstutm of’ t/w hrcrd~~kir~it~ -rcwptor con1p1e.u. 

After fi-estradiol treatment of the castrated guinea 
pigs of group B. they were sacrificed and the values 
of K, for bradykinin were determined in the LMS. 
The values found are given in Table 5. There is no 
difference between the mean value found for this 
group and the mean value found for females, but a 
statistically significant difference does exist between 
group B and group C (P < 0.05) and between group 
B and untreated males (P < 0005). A comparison 
of the results is shown in Fig. 3 as a histogram. 

C&tfLlrcJrl rrrlzrcs of’ /,~a.Yilltlrr~f cor~tractior~.s of LMS 

to hmdykinin The values of maximum contractions 
calculated for bradykinin were grouped (Table 6) and 
compared by means of an analysis of variance that 

showed no statistical dilTercnce between the five 

groups at the level of P < 0.05. 

Table 4. K, values calculated for brady- 
kinin in LMS of castrated males after 15 

days of testosterone treatment 

Expt. No. of lO”K, 
No. points (MI 

43 12 24.4 I 
44 II 9.59 
45 I2 17.47 
46 17 4.93 
47 I5 IO.03 

Mean 13.29 
S. D. of mean 3.43 



Table 5. K, \~alues calculated for brady- 
hinin III LMS after 30 days of /I-estradiol 

treatment 

1x 11 5w 

1’1 I 6 4.5Y 

50 IX 4.13 
51 Y 1.24 

M Gil I1 3.51 
S. D. of ,nc;,n 0.22 

The thcrmod>namics of the bradykinin reccptol 
interaction in the LMS were found to be dcpendcnt 
on the sex and on the hormonal conditions of the 

guinea pigs. The female preparation has about four 

timcr more alfinity for bradykinin than the male prcp- 
aration. Such sexual diffcrencc does not exist for acc- 
tylcholinc or for histamine. 

Scsual di&rcnces in affinit! for groups of agonists 
haw been described in structures associated &h the 
genital apparatus be scvcral authors 12. 5. 161. Otn 
results show sexual diffcrcnccs and a hormonal in- 

Iluencc in the allinit! of the guinea pig ileum onl! 

for bradykinin. and not for histamine or acetylcho- 

line. This leads to the hypothesis that a physiological 
role mav be associated wifh the sexual differences in 

the afinity of the smooth muscle of the guinea pig 

ileum for bradykinin. 

+T 
<- 

+E 
=======> 

Fiy. 3. Comparison of the magnitudes of K, for bradykinin 
In the live experimental groups described in the text. 

Our results fo not rcvcal ditfcrences in the contrac- 
tile capacity of the longitudinal muscle \timulatcd 1~~ 
hradykinin. In preparing the picccs of longitudinal 
muscle strip WC tried to LISC picccs of similar length. 
from 3.X to 4 cm. After the cxpcrinisnts the humid 
preparations wrc ~+eighcd and their ~cights \ICI-c 
ah~s close to 25 mg. Thus. \vc conxiderod that it 

14 as valid to coniparc the calctilatcd maximum wlucs 
ofcontractilit~. The statistical analysis shows that ~1 
or hormonal state of the animals dots not modif\ 
the maximum values. This observation suggc~t~ th;;( 
the LMS does not bchaw like the rat v&al vcsiclc 
[S] or like the rabbit uterus 171. in which the contrac- 
tilt capacity is modified h! the hormonal condition 
of the animal. Moreover. it can he infcrrcd from out- 
results that castration and hormonal tlwtmcn1 do not 
modify the actomyosin content 01‘ lhc LMS. ;I< it dot\ 
in the rabhil uterus rl7]. 

Since no inllticncc on contl-actilit> \\a5 ‘rccn. out- 
findings scan (0 be dircctl\ rclatcd to the drug rcccp 
tor interaction 01. to the receptor structure. Two altcl- 
natives should be considcrcd in (hi\ respect: the firzt 
is that modified rcccptors arc hcing s4 nthcsi/cd ;ih 

;L co~ixqi~cticc of hormonal ci~ccts: and the second 

is that din‘ercnt conformational states of rhc brad>- 
kinin receptor could bc stabilized by sexual hormones. 
so 2s to bring about the ditTcrcnccs in attinit\ 
observed. Our data do not permit ;I d&ion concw- 
ing these altcrnati\cs. Ho\vevcI-. additional data poinl 

to the fact that the interaction phcnomcnon het\+een 
drug and receptor remains essentlall~ unaltered. dch- 
pitc the finding that ditTcrcnl atlinitics *cl-c found uw 
dcr the cxpcrimcntal conditions tcstcd. Thus. dctcr- 
mination of the molccularit! of the iiitcwctlon. using 
the equation of .lohnson (‘I ~1. [IS]. shwccd Ihat \+lth 
the various prcparatinns used the interaction M;t\ 
always unimolccular. ;I> gi\cn 1,) ;I jlopc close lo I .O 

in the equation: 

log/( Yr,t - I’) F.1 = log I<,, ~ I1 log .Y (‘1 

A speculative model of the second alternative 
recluircs that at least four conformations should exist 
for the bradykinin receptor in LMS. three of which 
would respond activeI\ to bradvkinin. Fach of the 
three would have a d&crcnt aftinity for bradq’kimn 

and their interconversion equilibria would bc UN- 

trolled by the sexual hormones. Thus. the K,, \aItw 
measured in LMS obtain& from animals undcl 
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definite experimental conditions. such as normal male 
or female. or castrated treated. or castrated untreated. 
would reflect the prevalence of a given conformation. 
compatible with a definite hormonal balance. An 
allostcric behavior has indeed been proposed by 
Changeux ct tri. [19] and Karlin [?O] for receptors 
found in cell membranes. which would exist in two 
conformations. one active and the other inactive. 

Our cxperimcnts in which hormones were added 
to the perfusion fluid failed to show any differences 
in affinity of the receptor for bradykinin. The in&cti- 
vencss of’ action iu r+wo might be due to a require- 
ment for hydrolyis of the esters for activity. WC do 
not know. in addition. if the appropriate levels of hor- 
mone concentration were attained at the receptor 
sites, nor if the time of incubation required to afl’ect 
the receptor was sufticicnt. 
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