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Exper iments  on the frog rec tus  abdominis muscle and the r a t  ileum in vitro showed that po- 
tentiation of the acetylcholine effect after  pre l iminary  administrat ion of neostigrnine depends 
on the temperature .  The increase  in sensit ivity in the experiments  on the frog muscle 
reached a maximum at 27"C and on the r a t  ileum at 39"C. Differences in the degree of po- 
tentiation are  determined by differences in the intensity of the choline-sensit izing action of 
neostigmine. 

Changes in react iv i ty  to acetylcholine (AC) are  determined by changes in the proper t ies  of the cholin- 
e rg ic  recep tors ,  the e lec t r ica l ly  excitable membrane,  and the sa rcoplasmic  ret iculum [3, 6, 8, 13]. The 
fact that the maxima of react iv i ty  of the organs to AC and of chol inesterase (CE) activity coincide is evi-  
dence of the identity of the changes in sensitivity to AC in CE and in the cholinergic recep tor  [5, 15]. 

In the present  investigation the effect of temperature  on the phenomenon of potentiation of the AC ef- 
fect observed during the adminis t ra t ion of ant ichol inesterase drugs was studied. 

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

The rec tus  abdominis muscles  of the frog were isolated and placed in aera ted  R inge r ' s  solution con- 
taining, in g / l i t e r :  NaC1 6.5, KC1 0.14, CaC12 0.12, NaH2PO 4 0.02, and NaHCO 3 0.3, and s t re tched by a load 
of 2 g. Segments of the ileum (10 cm from the cecum), 2 cm long, isolated from albino ra t s  deprived of 
food for  24 h, were placed in aera ted  Tyrode solution containing, in g/ l i ter :  NaC1 8.0, KC1 0.2, CaC12 0.1, 

TABLE 1. Maximal Con~aet ion  Pmax (in ram) and SensitiviW 
(pECs0) of F rog  Rectus Abdominis Muscle to AC at Different Tem-  
pera tures  of the Medium and After  P r e l im ina ry  Trea tment  with 
Neostigmine (1.10 -5 M) 

Temperature 
(in degrees) 

7 
10 
15 
20 
25 
27 
30 
35 
36 

Without n e o ~  
Pmax pECso 

15,2  5,1520,05 
15,5  5,302---0,05 
17,1 5,48-----0,08 
16,5  5,38-----0,08 
14,9  5,3020,10 
14,5  5,25-+---0,10 
12,6 4,90 +0,03 
5,6 3,65--+0,10 

0 0 

Pmax 

16,7 
15,5 
17,5 
17,5 
15,4 
14,9 
14,1 
5,4 

After neostigmine 
pECs, 

5,60---0,10 
6,02-*-0,10 
6,5020,05 
6,512--0,06 
6,5220,06 
6,53-+0,08 
5,9920,09 
3,8820,20 

Note. Here and in Table 2 confidence limits of the means are  given 
at P = 0.05. 
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TABLE 2. Maximal Contract ion Pmax (in mm) and Sensitivity 
(pECs0) to AC and Neostigmine of Isolated Segments of the Rat 
Ileum at Different Tempera tu res  of the Medium Before and After 
Trea tment  with Neostigmine (1 �9 10 .8 M) 

Temp.,  
(in de-  
grees) 

15 
20 
25 
30 
35 
37 
39 
41 
43 
45 
47 

Without neostigmine After neostigmine 
' lcholine 

Pmax pECjo 

7,1-----0,6 

8,1~1,0 
5,8+---0,7 
5,2+--0,9 
2,3+-0,4 

:neostigmine aceV 'lcholine aceV 

Pmax pEC, o Pmax pEC,o 

6,8+0,5 
7,6 + 0,6 
9,1~ 1,0 
9,2~-0,9 
9,6+-0,2 
9,8+----0,6 
9,3*'0,9 
8,9+- 1,2 
3,2+- 1,3 
3,1+-0,2 

0 

6,12+0,12 
6,24~0,03 
6,67+- 0,11 
6,81+-0,05 
6,96+---0,10 
6,89+-0,06 
6,74-----0,05 
6,53~0,05 
6,38~0,06 
6,27-4-0,16 

0 

5,5+---- 1,0 
7,0--- + 0,5 
9,7+0,8 

10,2~0,6 
10,7+-0,4 
11,4+ 0,6 
12,1+----0,5 
8,0 + 1,2 
1,9----- 1,6 

0 

5,8~0,3 

6,1~0,2 
6,3+-0,5 
5,9+---0,1 
2,5+0,7 

6,38----- 0,09 
6,58"*'0,04 
7,21-~0,06 
7,10+-0,06 
7,72--0,04 
7,79+0,06 
7,81-----0,03 
7,54+-0,05 
6,68+-0,08 

0 

Potentiation 
20 

15 

70 

5 
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Fig. 1. Intensity of choline-poten- 
tiating effect of neostigmine plotted 
against  tempera ture  of medium in ex- 
per iments  on frog rec tus  abdominis 
muscle  (thick lines) and ra t  ileum 
(thin lines). Absc issa :  temperature  
of medium (in deg); ordinate:  left) in 
c rease  in sensi t ivi ty to acetylcholine 
(continuous lines), on right) change in 
amplitude of contract i le  reac t ion  when 
t reated with acetylcholine af ter  neostig- 
mine (broken lines). Confidence l im- 
its shown by ver t ica l  lines. 

MgC12 0.1, NaHCO 3 0.7, NaH2PO 4 0.15, and glucose 1, and 
s t re tched by a load of 1 g. The isolated organs were bathed at 
the assigned tempera ture  for 30 min, during which the solution 
was changed five t imes.  After bathing, neostigmine was added 
in sufficient quantity to produce a final concentrat ion of 1. 
10 -5 M in the baths containing the rec tus  abdominis musc les  
and completely suppress ing CE activity. In the exper iments  on 
segments  of the intestine, neostigmine was used in a concentra-  
tion at which the hydrolys is  of AC was not suppressed:  1. 
10 -8 M [2, 8]. After  30 min without r ins ing out the neostig- 
mine, concentrat ion t i trat ion curves  were plotted [11] and used 
to find the amplitude of maximal  contract ion (Pmax) and neg- 
ative logari thms of the concentrat ions requi red  to produce a 
contract ion equivalent to 50% of maximal  (pECs0). The degree 
of potentiation was es t imated from the change in ECs0. 

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

The resul t s  in Tables 1 and 2 show that t rea tment  with 
neostigmine for 30 min led in all cases  to an increase  in sen- 
sitivity to AC. However,  the degree of potentiation of the AC 
effect differed at  different t empera tures  (Fig. 1). With an in- 
c rease  in tempera tu re ,  sensit ivity rose  and reached  a maxi-  
mum at 27~ in the exper iment  on the frog rec tus  abdominis 
muscle and at  39~ in the exper iment  on the r a t  ileum. The 
potentiation diminished rapidly with a fur ther  increase  in tem- 
perature .  

The potentiating effect of neostigrnine is determined by 
its ant ichol inesterase ,  faci l i tatory,  depolarizing, and sensit i-  
zing actions [1]. The concentrat ions chosen rule out any effect  

of the ant ichol ines terase  action on tempera ture  differences in potentiation. The facili tating act ion is not 
exhibited on the f rog rec tus  abdominis muscle  [10]. Tempera tu re  differences in the l iberation of AC from 
nerve endings in the intestine [7, 9, 14] are  of no significance in the present  experiments ,  for the decrease  
in the concentrat ion of Ca ++ and addition of Mg ++ to the Tyrode solution did not affect  the pat tern of change 
in potentiation. The development of subthreshold depolarization (at least  for the r a t  ileum) can be e l imi-  
nated as a cause of the increase  in potentiation at  39~ because the depolarizing action of neostigmine has 
a maximum at 37~ If the increase  in potentiation were connected with a change in the depolarizing ac-  
tion, its maximum also would lie at  370C. 
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Since all  the other possible  causes  have been ru led  out, it mus t  be accepted  that the changes in the 
degree  of potentiation of the AC effect  with changes of t e m p e r a t u r e  depend on changes in the intensi ty of the 
chol ine-sens i t i z ing  act ion of neost igmine.  

The w r i t e r s  showed prev ious ly  that a change in t e m p e r a t u r e  of the medium leads to s ignif icant  
changes in the p rope r t i e s  of both the r ecep to r  and the e x t r a r e c e p t o r  prote in  s y s t e m s  concerned with the 

f o r m a t i o n  of the contract i le  r e sponse  of a musc le  to AC [3, 4]. Taking these r e su l t s  in conjunction with 
those of the p r e s en t  invest igation,  it can be concluded that there  is a ce r t a in  opt imum t e m p e r a t u r e  which co r -  
responds  to the max i m um  of complemen ta ry  in terac t ion  between r ecep to r  and AC under the conditions used. 
However ,  accord ing  to Koshland and Neet  [12], even at the opt imum t empera tu r e ,  c o m p l e m e n t a r y  in te rac -  
t ion with AC is not ideal. P r e l i m i n a r y  t r e a t m e n t  with neost igmine leads to changes in the chol inergic  r e -  
ceptor  as  a r e su l t  of which not only is i t s  sensi t iviW to AC increased ,  but a different  r e sponse  to t e m p e r -  
a ture  is es tabl ished.  As a r e s u l t  the shape of the t e m p e r a t u r e  - ef fect  curve  is a l tered ,  and the t e m p e r a -  
ture  opt imum is displaced.  
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