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Since the end of the last and the bejinnin$ of this century there has been knowledge of a group of substan- 
ces capable of producilvg prolonged thy*.,hmic tremor of s~eletal muscles of the frogo(guanidine [8], amlnopyrtdine 
['/t, tetraethylammonium [10]. diphenol [.5.6], and others). The~e contractions can be prevented or diminished 
by curarization and do not occur in denervated ~uscle "ahen enough time has elapsed for the degeneration of the 
stimulatin,; nerve endings [91. Tllese s~b~t~nces are cap~ble of markedly enhancing muscle response to concen- 
trations of potassium ions which ordi~arily cause ..rely threshold contractions; the sensitization is reciprocal, at 
potassium iota in their turn markedly ac+ventuate contractions caused by the.above-name'J agents; it disappears 
with curarization, and vithin two weeks following denervation of the muscle [1, 2]. 

The above considerations provide a basis for believing that the .~ubstanees named above sensitize the 
periplleral nervous apparatus to ions of F,o~assiurr~ znd facilitate the liberation of acetylchollne from its labile 
combination with the stimulated albumin of the ~e rve -m~c le  synapse. The precise chemical reaction between 
guanidine and other substances, causing r~ervou,~ rL~sue to eause rhythmic muscular contractions, and their relation 
to exact biochemical structure is as yet trot clea~r. Therefore, it ts of Importance to consider the fact that the 
total effe~ctis prod.uced by substances k~own as a~ents affecting the thtol radicals of the albumins. 

In the isolated diaphragm of rats c6ntractHe a c t i v ~  appears under the influence of$alyrgan, a.~well as 
mercuzal, first reported in 1958-1954 i t /Kushin~y and hiseo-workers[ll. 12]. 

Independently of these authors, in 1954 we discovered that organic mercurials - mercuzal and parachloro- 
mereudbenzoate of sodium - a r e  capable of evo~L~g rhythmic activity of isolated skeletal muscles in frogs 
(straight abdominal muscle and the sartoi'iuO. 

Of the substances capable of ellciting rhy~mie ccmtractlle activity of these muscles, only for mercuzal 
and theparaehloromercuribenzoate of sodium do we have the knovdedge of the chemical reactions In which 
they participate: both poisons block the su!fhyd~)'l groups in the albumins, forming mereapto groupings. 

Beth the thlol poisons named, when used experimentally In 1 : 5000 ,concentrations, cause contracflom 
of the tonic muscles. This concentratiou i.~ twice that causing rhythmic contracting activity, The contrac- 
tions of the sartorius muscle do not start even wiffa a concentration of 1:1000. 
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E x p e r i m e n t s  w i t h  M e r c u z a l  

The contract i le  abi l i ty  of the sar[orius muscle arises w~en mcrcuzal is used in 1 : 10,000-1:5 ,000 and 
stronger concentrations, it is character ized by two types of t~emor. The first type, as a rule. arises in 5-10 
mieutes.  They are occasional,  repeti t ious after 2-5-8 mir~z~es, with their ampli tude as shown (Fig. 1 .A).  

Contractic~ls of the second type occur 10-20 minutes late:, against the background of the disappearance 
of the first type, being much lower in ampl i tude  but occ,~.~g more frequem;;,  and often reenforcing each other 
(Fig.  L B). 

The second type is observed as the first type diminishes: after disappearance of the first type. the second 
type continues 30-70 minutes. 

Contractions of the first type, besides those cofncidiv G with tremor, ate caused by the above-named sub- 
stances acting upon the movement-cont ro l l ing  nerve ending,  e~Fecially those occurring under the influence of 
t e t r a e~y l ammon ium.  Contractioils of the second type a~e m ~ e  comparable with those arising in sartorlons 
muscle immersed in 0.6~j solution of sodium chloride, 

We set ourseivez the task of determining to what exteP.t r.he hyperklnesis arising under '.he influence of 
mercuzal ,  depends as a function upon the moving nerve and components. 

In the first series of experiments ~r studied the effec'.~ of curare. Under the influence of  curare (firm of 
$uchardt) in concentrations of 1 : 200.000 to 1 : 50.000. tremor of the first type in the isolated sartorius muscle 
is diminished or to ta l ly  disappears immedia t e ly  on app l i ca t i~ ,  but 20-40 minutes later there appear contractions 
o f  the second type; nevertheless these are much weaker ~an  in the control, 1, e. ,  the act ion of curare somewhat 
suppresses the second type. 

In the second series of experiments  (April.  19,54) we d~erva ted  the muscles of one l imb of a frog. 

Under ether anesthesia the abdomen skin was cut on ~ e  right side, separating the muscles. The inner 
organs were moved by blunt dissection to the left, exposing tgne right lumbar plexus; all  nerves of this plexus 
were e levated on a hook and severed with scissors. The skih ~ d  muscles were then sewn with steri le si lk.  In 
the ensuing days. in order to prevent wound sepsis an aquec.~s ~luti~..: of ;u~[ath'.'az~e was introduced into the 
frog's stomach [41. Fifteen to twenty days after the operation - a  length of t ime sufficient for the degeneration 
of the nerve endings at the muscles [2. 9] - the experimenu were performed. In each frog the sartorius was 
isolated on both sides, one serving as the control.  Al toge~er  there were 10 experimental  efforts with 10 controls.  

In d~e control muscles, under the influence of mercuzaI there arose tremor of the first and second type 
(Fig. 1, A, B). In the denervated muscles,  in "/experimew_s out of 10 there were observed contractions of the 
second v/pc; tremor of the first type did not occur (Fig. 1. I ~  

In the third series of experiments we observed the im'luence of mercuzal  upon muscle immersed tn a 
solution of phys'iological sodium chlor ide .  

Earlier we had observed that  guanidine is incapable ~ ca~.~ing its characteristic influence on muscle 
contractions when the muscle contractions were immersed in an 0.0?~ solution of sodium chloride.  When Ringer's 
solution was substituted for the physiological  saline, guani~.~r,r was capable of causing the character is t ic  muscle 
contract, 'on. This is connected with the fact  that the eonuacGng activity of muscle under the influence of 
g~aanidine is associated with the presence of potassium in ;~ge r ' s  solutier~. Increasing the co-.central!on of 
c-,.lcium chloride (1 : 2000-1 : 1000) depresses mecuza l - caw.~  tremor of the first type, just as i t  has been known 
fc~ a long t ime to do with guanidine [9], Upon the actiea of mercuzal on muscle immersed in warmed l:hysio- 
l ~ t c a l  salive,  tremor of the first type did not occur. Agaimt t:,:e background of "sal t"-eaused tremors, i t  Is 
diff icul t  to  explain contractions of the second type: as explained "above,mercuzal causes these paral le l  ~/ctions. 
In~ofar as in  a series of experiments the addit ional  mercuzal  reinforced the contractions, i t  can be thought that 
this reinforcement  is on the basis of mercuzal  caused uem:x  of the second.type. Therefore, the mercuzalo 
induced contractior~ of the first type. as in theones  due to guanidine, do not occur in physiological  saline.  
Guanldine.  on the background of mercuzal - induced ccr of the second type, is incapable of producing 
a~nv changes whatever in the lat ter  or of producing the co~azcttor~ characterist ic for i t .  Upon the act ion of 
mercuza l  on guanidine hyperkinesis,  in the beginning the~e is some accentuation of the lat ter ,  and then a 
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tramttion of ~emors  (first type) in aoothcr,t, e. cessation ~of the guantdine-caused and appearance of the met-  
cuzal-ca:tscd contractions of the secvnd type. 

Fig~ 1. Application of mereuzaiL l : 10,000 concentration to 
isolated sartofius muscle at poimt;marked by arrow. In $ 
minutes a comracdon of rite fir:it:type occurs lasting 45 min-  
utes (A); on the background o f  ~pers;.sting first type con-  
tractions, contractions of the sec,-ond type appear, lasting 65 
minutes (35 minutes after ccssatiic~n of the first type . .con-  
tractlons)(B). The effect of mer~uza l  (1 : 10,000) upon tar-  
torius of h o g ,  denervated 15 da)Ts before the experiment, 
second type Contractions appearii~g after 22 minute~ (C). 
Below is shown file base line, 

~ e r l m e n t s  w i t h  P a r a c h l o r o m e r c u r i b e n z o ~ t , e  " 

Anothe~ poison blocking thiol groups "parachlorccmercuribenzoat~ - like mercuzal,  is capable d 
evoking cor.wacttons in isolated skeletal frog muscles (ln:~artorius, as well as In the straight abdominal muscles) 
in concen t r~ons  of 1:50,000-1:25.000 and strono~er. T h e  co~tractlom of the muscles appear more rapidly 
the stronger ~ the concentration of the poison,r  50,000c~ncentrationthecontractiom appear 
In 45-60 mL~:~res, while with a concentration of I : 10,0~:u they appear within 2-5 minutes. 

The co.tractions of the sarrodus muscles which apLs~ar under the influence of par~chloromercuribenzoatr 
have an irre~.~lar'amplitude and a varying,, rhythm. They/ elther build uponeachother ,  6r are very rare, ot 
sometimes very perceptible. The rhythmic activity caused by the poison lasts 30 to 60 minutes (Fig. 2). ThL, 
is-lxevented or markedly diminished by n~ercapto~ucclifit~ acid (i.ts sodium .,;alt is used) - a substance containing 
free ~1oI ~oups  and being an antidote to thiol poisccus [3]. ltowever, t1: must be noted that to counteract  
the effect ~ uhiol poisons much lower concentrations aire needed to prevent than to suppress an already exLst ~. 

lng effect.  

The t~r of the mercaptosucclnic acid on already dt~ve!oped contractions first reenforces and then suppresses 
them. 

The sLmultaneous use of both pots, era u uon the actaeon of the muscles .~xerts reenforcing action of one upon 
the other. S*.muItaneous concentrations ~ed. were: m e r ~ u z a l  1 : 200,000, F arachlorome~curibenzoate 1 :  I00,000: 
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In these strenT2..s separately no effect was produced upon the muscle; together the] tynerglzed a well-developed 
rh)-thmlc ac'tlvity In the sartorlus muscle of the frog. 

Contractlom caused by parachloromercurlbenzoate are comparable with aetlvtW upon Immersion in 0.6% 
)aline sohttloa. 

The c.rare preparation (Suchardt) In eoncentratloe.s of 1 : 100.000-1 : 10.000 does not prevent or diminish 
conttactlom caused by the parach!oromercutibcnzoate; they remain wf~out change (muscle contractlom stimu- 
lated by guanZdtne, a-amtnopyrldfne, tetraethylammorrlum, dtphenols, all stimulants of nerve endings tn muscle. 
ate suppressed by 1./10 as much~urare), 

> 

~:,~ , ~  --:. . . . . . . . .  L~:,~,~ ~ q " ' c - ~ , . ~ L , "  

Fig. 2. Effect upon sartorlus of frog of 1:50J200 parachloromercudbenzoate (applied 
at point r, -rked by arrow). After 50.minutes there appeared low amplitude waves, 
some rare, some superimposing on each o~.er. Below t) the s~cohd scale (5 seconds).. 

When parachloromeret~rtbeozoate acts on muscles denervated 15-20 days prior to the day of the experiment 
(Fall, 1954). lc~.g enough to permit nerve degeneration tn the denervated muscle the contractions are observed 
just as they are on the con~ol side. 

Kushimkyandhisco-workerz [11, 12] explained the contractile ability of the mt diaphragm, produced 
under the influence ofSa.lyrgan, ~ an antichdinestera~ activity of the poison. 5alyrgan-induced contracticm 
were equated,,,-i",h eserine orPrc~t~gmine-likemechani~ms. Such an explanationdoesnot hold in case of the 
isolated sartoH~ muscle of the frog. as in this case neither eserine nor Prostlgmtne can produce rhythmic muscle 
contractiom. It must be assumed that the mechanism of action of the poisom being studied is different. 

We observed that mercuzal produces in Isolated .~keletal frog muscle rhythmic contractions different from 
those caused by parachloromerc~u-tbenzoate and eharacterlzcd b), two type~ of conuaetiom. First ~pe  contrac- 
tiom depend oa the intactness of the nerve en-dings, while the .~econd type does not so depend. Mercuzal-induced 
contractions of-the first type, just as with guanidine, are 3uite sensitive to various pharmacologic agents; they 
do not occur tn either curarized muscle, or In denervated muscle; neither are they observed in muscle prepara- 
tions immersed tn 0.070 saline. 

V. M. Karadk theorizes that guanidine, without disturbir, g acetylcholtne synthesis, weakens its bonds with 
=stimulated" albumins of the neuromuscular synapse' ~Jwich leads to the liberatioll d acetylcholine and the 
appearance of a muscular contraction. This theory can be developed wtdt the mer~azal action of muscle" con- 
tractions of the first type. Most complex albumins contain sullhydryl groupS; they are not only present in the 
albumin but ~a!ro form complexes with acetylcholme, participating in its binding. R is possible that mereuzal 
is a powerful tblol :poison, competing with acetylcholine for Lhe sulfhydryl group and replacing it in the albumin 
complex, the freeing of the aceD'lcholine leading to the muscle ~=ontractions. 

Followi~g prolonged activity (30-80 mInutes) by mereuzal, apparently the neuromuscular syhapse is blocked. 
which elimina=er muscular activity of the first type. At thLt ti~r,e guanidine Is unable to produce its character- 
istic contraction,  

Much ie~ clear is the blc~:kage by the thlol groups and the role of mercuzal in the contractiom of the 
second type. also. conuactlons ~ue to parachloromercurtbenzc~,tr influence. The participation in such a block- 
a ~  by these r mercurials cannot be dltpined. 
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