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Jeneyandco-workers [3-5] in a series of papers have established that quercetin (a preparation of the vitamin 
P-group) in a dose of 12 ),/g lowers the boOy temperatures of rats, and - which is e~pecially important - t h a t  
it prevents hyperthermia caused by dlnitrophenol. In the opinion of the authors, fl~e Influence of quercetin faci- 
litates the synthesis of glye~en from lactic acids even under the condition of dinitrophenol poisoning. 

In the present work we s~udied the influence of compounds of the vitamin P group (quercetin and rutin) 
upon the contractile effects of dinitrophenol and other poisons connected with phosphorylation. The ob- 
ject of our studies was the tonic muscle (straight abdon~inal muscle of the frog), in which such a contracture 
occurs under the influence of 80-101) t!mes lower ermcentration than in the atonic(sartorlm) mmele. 

EXPERIMENTAL METHOD 

The experiments were performed upon frogs which were caught in the spring and In the fall of 1954. In 
a portion of the experiments we used half the muscle (before isolating the muscle, we severed with the scL~sort 
along the midine so that one side served as a control for the other side), in other experiments we used two 
whole muscles from different animals of the same sex and of approximately the same size. These muscles were 
kept for one hbur in aerated Ringer's solution and then for a period of 15-30-45 minutes one of them was subjected 
to the influence of solutions of quereetin and rutin in concentrations of 1 : 7500 to 1:2000 (prepared from a 
0.~]~ solution of qlmrcetin and rutin kept in a. 0.1o]o Solution of sodium bicarbonate). After that both to the con- 
trol and the test solutions in which the muscles were being kept was added one of the poisons of of the accom- 
panying phosphor/lation (methylene blue, dlnitrophenol, gramicidin S, and monobromoacetate of sodium). 

The concentration, of the muscles were recorded on the smoked paper of kymograph drums. The length 
of the recording moving arms (12 and 3.8 cm) and the load (0.9 and 0.85 g) were kept constant in all experiment~o 

EXPERIMENTAL RESULTS 

Contractures. caused bymethylene blue (18 expts). Methylene blue (1:4000) by the 20th minute caused 
a regular coutracture, which grew by' the end of an hour of observation to a height of 1-3 cm. With the 5 muscle 
preparations previously treated with quercetin or ruttn (1 : 8000), methylene blue caused In the same time in- 
terval no muscle contractures whatever. After rinsing out the same five muscle preparations, methylene blue 
(1:4000) caused the writing arm to rise 2.0-2.8 cm within 15-50 minutes. In the other 10.experiments con- 
traetures began to arise only after 35-40 minutes, and even after an hour did not exceed0.8-0. '/era. The 
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results of experiments c~a the muscles or winter and spring frogs were prac t ica l ly  lndtxmu3ulshable and are shown 
on the Il lustration. 

The substitution in the immersion bath fo~ r u i n  and quercetin of 0.1% soda soluO, ion In the same volume 
did not a l ter  the eontracture effect of methylene blue.  

Co~nractures caused by.dinitrophenol (43 exr-~ertments). Mdscle contractures in ~pring frogs appear under 
the influence of weaker conccutratious of dini tro~e~)ol  (1 : 200.000) than in winter fro)i;s (1:100,000-1 : 75,000). 
In the .-pring f r ~ s .  muscle contractures begin 10- I2  minutes after the addition of the  ~0ison to rite bath,  and 
with winter frogs - after 25-35 minutes. Out of 22 experiments conducted with dtnitru.r#tenol, In ten the prior 
use of rutin and quercetin (1 :5000)  prevented this ~hortening ent irely.  After repeateff~',iming out with Ringer's 
solution of the quercctin and rutin, dinitrophenol i~ tim original concentration quickly,produced the eontractures 
In al l  10 experimented muscles. In the other expe:-iments quercetin and rutin delaye,t!!both the appearance and 
growth of uhe muscle ccntractures. I~ the muscles of the winter fro~s the la tent  perio,dd of the appearance of 
eontracture was mul t ip l ied  3-4 t imes,  and the increase was delayed 5-6 t imes.  Accomiingly. i t  is assumed that  
in rd~e muscles of spring frogs, which react  less readily to diniuophenol,  the influence ~0f quercetin and  turin Is 
manifested more strongly, 
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Influence of turin and quercetln on the deve l ep -  
merit of contractures of the straight muscle from 
the abdomen of the frog. caused by poisons of the  
accompanying phosphorylation. Duration of ac t ion 
of the p~fsolts - 60 minutes: columns a) con-  
tractures of control muscles, columns b) con-  
tractures of treated muscles. I) Methylene blue 
( 1 : 4 0 0 0 ) - 1 5  experiments;  II) monobromo- 
ace ta te  of sodium (1 : 25.000) - 10 experiments ;  
11I) diniuophenol  (1 :200 .000-1  : 100.000) - 
12 experiments.  Spring, 1954; IV) dinitrophenoI 
( 1  : IO0,DO0-I : 75,000) - 11 experiments ,  Fal l ,  
1954. 

In the fal l  fr(~os neither rutin nor quercedn ~dtered the 
gramtcidin  S in concenLratfo~xs of 1 : 100,000-1: ~.000. 

La connection with trim experiments of N. V. 
Golyakhov [1]. who has disown that the toxic effects 
of diniuophenol  are grearmr in  an acid  than in an 
alkaline medium, speeial2.work was done. In 3 o u t  
of "/cases when soda ss~_tutions were added in 
concentrations similar to:tthat of quercetin and rutin 
( 1  : 15,000-1 : 10,000), the: ;dinitrophenol conttacture 
effect was delayed.  In dim other 4 cases the addit ion 
of sodium solution did non alter the deve lopment  
of the dinitrophenol contrraetures. 

In 20 experiments ~museles were subjected to  
the action of quercetin (~It:: 5000-1 : 1000) without 
addition of soda soluuum (0.1% solution can b e  
used for 3-5 hours before: ~the quercetin f locculates) ,  
In 6 of the 20 experimentr.s, in the presence of quer-  
cetin no contraetures dex~toped;  in 12 they appeared 
lal:er and were weaker thmn in the controls. In 2 
cases, both when a 1 : 10~D solution of quercetin 
were used, there was a mmre rapid development  of 
mlJ.$cle contracture.  

_Contractures causetE by gramlcidin  S (12 exper-  
lrrlents). In the musclex~ oof spring frogs under the 
influence of gramicidiu ~ ( 1  : 200,000-1 : 100,000) 
co ntractures began withiin~2-8 minutes under the 
ll~Fluenee of the poison, r tea:hing a maximum after  
thirty to forty minutes.. 

In 2 experiments i i~ the  presence of quercetln 
(1:5 ,000 ) muscle conttamture did not occur, In 
the other 10 experimem~ :muscle contracture took 
place la ter  and for the ftir.st 10-15 minutes developed 
more slowly, with the mmximum however,  occurring 
as tn the conuols,  withim:30-40 minutes. 

d me of the appearance~ ~of contractures caused by 
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Comractures caused by the m~mobromcacetate of sodium (10 experiments). Parallel with the poisam 
suppressing respirator)' phosphorylation, there ~'as used a typical glycolytlc poison - the mont,'oromoacetate of 
sodium. In coutroi muscles, the monobramoace~ate in concentrations c4" 1:50.000-1:25,000 caused muscle 
contracturcs within 25-30 minutes of addition ~7 to 10 experiments). At the end of the first hour, all muscl~ 
were in a state of contracture, the elevation ,.~.~ the writing needle var/ing from 0.5 te 3.5 cm. In muscles pre- 
viously subjected to the influence of rutiu (I  :5000; 4 experiments), or quercetln (I :5000;  6 experiments), the: 
eontractures appeared only after an t~jr .  and .'-hen only ! n 3 out of 10 cases. By the end of the 2nd and begin- 
ning of the 3rd hour both the experimental a~:d control muscles showed contractures reaching 3-5 cm. 

It must be noted here that In neither c ~ r o l  nor experimental preparations was there any evidence o4" tut'ln 
or quercetin influence when acetylcboline or ~tassium were tested. 

SUMMARY 

In the presence of quercetin ~r ~t in  t~e:e is delay, diminution, ~ even prevention of contractures caused 
by poisoning associated with phosphoryl~fion. The protecting action is more pronounced against tnusclr 
poisoni,lg due to methylene blue and monobrc:~oacetate of sodium, and is weaker against poisoning with dinl- 
trophenol and gramicidin S. So, the more ~o~c the substance [2], the more difficult it is for vitamin P to 
protect against its effect. 

The influence of quercetin and patin u ~  the development of a shielding from the effect of contraetures 
caused by poisoning associated wifla  ph~?horylation is selective, since contractures caused by acetylchollnr 
and potassium are not affected. 
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