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The sensitivity to pain of mice of congenitally res is tant  (CR) strains based on A/Sn, C3H/Sn, 
and C57BL/10/Sn  strains was studied after  injection of morphine into the animals. Among the 
CR strains based on A/Sn and C3H/Sn, strains sensitive and resis tant  to the narcotic were 
distinguished. Sensitivity to morphine is inherited as a dominant. The possibility of the par-  
ticipation of the principal H-2 histocompatibility system in mice in the genetic control of the 
sensitivity of mice to morphine is discussed. 
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Sensitivity to narcotics,  determined on the basis of hypnotic and analgesic tests ,  tes ts  of locomotor ac-  
tivity, and so on, varies  sharply in mice of different strains and, consequently, is under genetic control. This 
type of pain sensitivity has been shown to have a dominant or codominant type of inheritance [4]. One difficulty 
of the problem is that control of sensitivity to narcotics is polygenic, and as yet no markers  have been found 
for the identification of the individual genetic loci participating in this process [5]. The possibility that the 
sensitivity of mice to morphine is regulated by the principal H-2 histocompatlbility system has been argued 
theoretically, for it incorporates loci which control the strength of the immune response to a whole ser ies  of 
antigens [1]. Many congenitally res is tant  (CR) strains of mice have now been bred for the study of the H-2 
system; they differ f rom each other ei ther  with respec t  to the whole H-2 system or  to certain of its loci, 
the remaining genes being identical. 

The object of this investigation was to determine the degree of participation of H-2 systems in the ge- 
netic control of sensitivity of mice of CR strains to morphine. 

E X P E R I M E N T A L  M E T H O D  

Male mice of CR strains obtained on the basis  of strains A/Sn, C3H/Sn, and C57BL/Sn were used. 

The mean weight of the experimental animals was 25 g. The mice were kept on an ordinary laboratory 
diet. The analgesic response to a single intraperitoneal injection of morphine sulfate in a dose of 20 mg/kg  
was determined 1 h after injection by the hot plate method (t=55~C) [3]. In cases when the duration of the 
nociceptive response exceeded 1 min, observations on the animal were stopped and the t ime was considered to 
be 60 sec. 

E X P E R I M E N T A L  R E S U L T S  

The experiments on standard inbred strains (Table 2) showed that strains A/Sn and C3H/SN were much 
more  sensitive to morphine, according to the pain test ,  than C57BL/10 mice. Similar experiments, carr ied 
out on mice of CR strains based on C57BL/10 revealed no significant differences in the response to morphine 
as shown by the sensitivity to pain test .  Meanwhile, among CR strains based on A/Sn  and C3H/Sn, whose 
analgesic response was increased several  t imes over a f t e r  injection of morphine, strains differing in their  
sensitivity to the narcotic could be distinguished. Fo r  instance, the duration of the pain test  to a thermal 
stimulus in ASA mice was increased by 474% compared with the control (a high response), whereas in A/Sn 
and ASW mice the increase  was 386 and 294% respectively {intermediate and low responses).  The t e rm "low" 
response is used only to describe the intensity of the response to morphine among CR strains of one group, 
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TABLE I. 

Strain H-2 haplotype 

A/SnY H-2 a 
ASw H-2 s 
A. Ca H-2 f 
C3H/SnY H-2 k 
C3H.OH H-2 ~ 
C3H.YK H -2ja 
C3H .SW H-2 b 
C3H. NB H-2P 
C57BL/10 SnY H-2 ~ 
R 101 H-2g 
R 103 H-2g 
B10.CNB H-2p 
B10.M H-2 t 
B10.D2 H-2 d 

TABLE 2. Effect  of Morphine on Sensitivity to Pain  of Mice of CR Strains 

Number of I M e a n  Sensitivity to pain 

t weight Strain of mice Group mice control experiment 

A/Sn 
A.CA 
A: SW 
C3H/Sn 
C3H. OH 
C3H- NB 
C3H. SW 
C3H.IK 
C57BL/10 Sn 
B 10. D2 
B10. M. 
BI0. CNB 
R 103 
R 101 
(A. CA• ASW) 

F1 
(C3H. OH • C3H/Sn) 

F1 
C3H. NB• 
C3H. SW) F1 

2- 

3- 

4- 

8 
10 
9 

12 
7 
6 
8 
7 

11 
7 
6 
6 
6 
7 
7 

6 

8 

26,2 
22,1 
22,8 
30,8 
28,5 
27,8 
26,0 
24,8 
21,6 
24,4 
24,6 
26,7 
20,9 
25,8 
16,7 

23,1 

15,8 

10,9 + 1,06 
10,0-----0,41 
9,0~0,45 

11,6--0,34 
14,1--1,12 
14,7~1,0 
12,8-----0,79 
12,6-----0,39 
10,5-+0,59 

�9 9,0-+-0,54 
11,6-----0,62 
9,8-+0,63 
8,6-+0,50 

I0,0-+-6,36 
l 1,0*- 1,32 

13,6-+-0,81 

14,6~ 0,77 

42,1-----5,32 
47,44-4,08 
26,5-+'2,8 
35,0~3,45 
57, I-- 1,43 
54,3~3,12 
32,8-----0,24 
46,0-'-4,91 
13,7~0,86 
I 1,4~0,61 
13,6----- 0,55 
12,0~0,54 
9,2-----0,70 

I0,5--0,87 
45,1• 

54,6-----2,9 

51,4~0,84 

and F I Hybrids 

Change, in % 

386 
474 
294 
301 
425 
408 
256 
365 
130 
126 
117 
122 
107 
101 
410 

415 

351 

for  only s t ra ins  based on C57BL/10  were  absolutely res i s t an t  to the narcot ic  among all the s t ra ins  tested.  
A high r e sponse  to morphine in the second group, as shown by the resu l t  of the pain sensit ivity test ,  was shown 
by mice  of the C3H. OH and C3H. NB s t ra ins  (425 and 408?0 respect ively)  and intermediate  and low responses  
were  observed  in mice  of s t ra ins  G3H" IK (365%), C3H. SN (301%), and C3H" SW (256%). Since mice  of each of 
these  groups differed only with r e s p e c t  to the i r  H-2 sys tem of genes and adjacent reg ions  of the chromosome,  
one of the loc i  determining sensi t ivi ty to morphine evidently mus t  l ie in the H-2 complex or  be closely linked 
with it. In C 5 7 B L / 1 0  mice,  genetic determinants  not linked w~th the H-2 locus evidently a re  respons ib le  for  
the low sensit ivity to the narco t ic  as  revealed  by the pain tes t .  To discover  the gene linked with H-2 it was 
the re fo re  n e c e s s a r y  to use o ther  methods.  Exper iments  on DBA, C57BL/6  and B A L B / C  mice in fact  showed 
that  locomotor  activity and pain sensitivity a re  controlled by different genetic loci and that the responses  of 
these  s t ra ins  to morphine,  studied by the pain and locomotor  tes ts ,  d issociate .  Fo r  instance C57BL/6  mice,  
whose motor  activi ty is increased  several  t imes  over  af ter  injection of morphine,  were found to be res i s tan t  
to the analgesic  effect of the narco t ic .  In DBA mice  the opposite re la t ionships  were  found [2]. The use of the 
locomotor  tes t  would probably revea l  high and low responses  of CR s t ra ins  based on C57BL/6  and C57BL/10 .  
However,  for  the immediate  purpose  the analgesic r e sponse  was more  adequate for  the analysis  of genetic 
mechan i sms  controll ing sensi t ivi ty o r  r e s i s t ance  to morphine,  for  the mechanism of format ion of opium ad- 
dition evidently includes conformational  changes in the brain r ecep to r s  participating,  in conjunction with en- 
dorphines,  in the t r ansmis s ion  of the nociceptive impulse in the intact o rgan ism [6]. 

To determine the inheri tance of the sensi t ivi ty of mice to morphine,  F 1 hybrids  obtained by c ross ing  mice 
of high- and low-responding s t ra ins  based on A / S n  and C3H/Sn were  used (Table 2). The response  of all the 
hybrids  was found to be s imi lar  to that of the s trongly responding parental  s t ra ins .  These  findings are  evi-  
dence of the dominant type of inheri tance of high ser~sitivity to morphine,  as determined by the analgesic  tes t .  

The r e su l t s  a r e  of pract ica l  importance in connection with the promis ing  use of HLA antigens (the human 
his tocompatibi l i ty  system) as m a r k e r s  of individual sensit ivity to opiates .  
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ACTION OF IONOPHORE A23187 ON THE STRENGTH 

OF CONTRACTION AND TRANSMEMBRANE ACTION 

POTENTIAL OF GUINEA PIG PAPILLARY MUSCLE 
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The calcium ionophore A23187, in a concentration of 2.5 pM, caused a two- to threefold in- 
crease  in the strength of the contraction of the isolated papillary muscle of the guinea pig heart, 
stimulated at a frequency of 0.2 Hz. The ionophore A23187 reduced the resting voltage of the 
preparation in the intea~trial interval and reduced the total duration of contraction. The increase 
in the strength of contraction was not accompanied by any change in the amplitude or  duration 
of the transmembrane action potential. In the presence of the ionophore the ascending phase of 
a single contraction cycle showed a discontinuity separating the development of the twitch into 
two phases; differentiation of the twitch gave two positive maxima. The substance D-600, which 
blocks the calcium current, reduced the duration of the action potential and inhibited the second 
phase of twitch development, but caused no change in the magnitude or  ra te  of the f i rs t  phase 
of contraction. It is suggested that under the influence of the icnophore the component of the 
twitch which is not blocked by D-600 is caused by liberation of calcium from the sarcoplasmic 
reticulum. 

KEY WORDS: ionophore; calcium; twitch; action potential. 

The carboxyl antibiotic A23187, which has the property of forming electrically neutral complexes with 
bivalent cations, acts as  a car r ie r  of Ca 2+ through the cell membrane [5]. In the f i rs t  investigations to study 
the effect of this ionophore on the myocardium, i ts  positive inotropic action was not found [6]. Later,  however, 
the ionophore A23187 was shown to increase the strength of myocardial contraction in warm-blooded animals, 
evidence of an increase in the intracellular calcium concentration in the presence of the ionophore [3, 4]. On 
the other hand, data on the effect of A23187 on the duration and level of the plateau phase of the transmembrane 
action potential of isolated Purkinje f ibers  were given in [2]. 

It was thus not decided whether the positive inotropic action of ionophore A23187 is connected with 
changes in the electrical  activity of the myocardial cells.  The object of this investigation was to study that 
problem. 

E X P E R I M E N T A L  M E T H O D  

Experiments were carr ied out on isolated papillary muscles  from the hearts of guinea pigs (300-350 g). 
The papillary muscle was isolated from the left or  right ventricle and placed in a transparent plastic chamber 

Laboratory of Electrophysiology of the Hear t  and Laboratory of Myocardial Metabolism, All-Union Cardi- 
ologic Scientific Center, Academy of Medical Sciences of the USSR, Moscow. Department of Pharmacology, 
Vanderb/lt University, Nashville, USA. (Presented by Academician of the Academy of Medical Sciences of the 
USSR V. V. Zalmsov.) Translated from Byulleten' ]~ksperimental,noi Biologii i Meditsiny, Vol. 85, No. 6, 
pp. 690-693, June, 1978. Original art icle submitted January 20, 1978. 

754 0007-4888/78/8506-0754507.50 �9 1978 Plenum Publishing Corporation 


