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Potassmm ions play an important rr le in the process  of excitation [1, 6, 8-12, 15-19]. There are  
two main xCews regarding the meclxan!sm responsible for the movement of potassium in differentfuncttonal 
states, and these are combined into the membrane [17, 18] and sorptio n [8, 9, 11, 12] theories of excita-  
tion. Information is given in the l i terature regarding, the relationship between changes in the concentra-  
tion of potassium ions and of sulfhydry! groups [8, 9, 11, 12], to which great  ~.mportanee i s  also a~'l~.ched 
in fi',e mecham-:m of excitation [2, 3, 5, 7, 21]. 

TVe object of the present  investigation was io study the potassium (in 3e experimental and 10 control 
:nimals~ and SH-groups (in 55 experimental and 1~ control animals~ in the motor neurons of the spinal 
cord of the frog during reflex excitation. 

E X P E R I M E N T A L  M E ' I ' H O D  

The ex-perimental method was d-scr ibed  in the preceding art icle.  The motor neurons of tbc iumbar 
enlargement between the point of emergence of the eighth and ninth pairs of nerves were investigated for 
a period of between 15 sec and 6 min after  reflex excitation. Against the backgro,~m5 of electrical  st imula- 
tion of the central  end of the sciatic nerve, causing reflex excitation of the motor neurons, perfusion was 
car r ied  out ~Sth a solution of ~3dium cnbaltnitrite ~-ith acetic acid, foil:--:.,, o~r fixation with Carnoy~s 
mixture, fcr  detection of potassium, and ~ t h  I0~  neutral formalin, Carnoy's  mixt ~re. Brodskii 's  mixlxire, 
and a 1~ s~,:ation of t r ich!oroacet ic  acid in 80 ~ alcohol for detection of SH-group~. Paraffin sections, 6~ 
in thickness, were stained for potassium by Macallum's method and for sulfhydryl groups by the methods 
of Ch~vi'emo~t and Fr~c~ric and of Yakovlev and Nistratova. 

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

During reflex excitation of the motor  neurons, changes were found in the concentration and localiza-  
tion Gf the substances investigated. Breakdo~na of the protein-electrolyte complex took piace in the excited 
motor neuron, with the loss of potassium from the neuron and liberation cf SH-groups. The reaction used 
for potassium did not reveal the accurate  localization of the ions, so if, at nc definite conclusions could be 
dra~r, regarding tae precise  cell s t ruc tures  to which the potassium belonged. However, ou the basis of the 
re tauve uniformity of the results  obtained, it ~ s  assumed tbzt the potassium was localized at the tntra-  
cellular  level, llowever, all these conclusions were made subject to the limitations of the method andcould 
not be claimed to be absolute. 

InveEtigation of the potassium i n the motor  neurons showed that some variability in the eor.centration 
of these ions was present also in the intact cells. As a rule the nucleus stained more intensively than the 
cytoplasm. The potassium activity took the form of dark granules, and at res t  its intensity was slight, in 
i~:dixidual neurons a more ciearl)  ~ defined localization of the granules was found at the periphery of the 
nucleus. During excitation the granules in the nuclrus and eytoplarm became more distinct, i.e., the potas- 
sium concentration was increased,  ex~idently as a result  of the liberation of potassium f:'om the protein- 
electrolyte complex, and the concentration of granules was highest at the periphery of the nucleus andcyto-  
plasm. In addition, migration of granules from the nucleus into the cytoplasm was observed (Fig. l), 
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Fig. Fig. 2 

Fig. 1. Motor neurons of the sp i ra l  cord  of t~a frog.  s) intact, b ) a f t e r  excitation for  2 
rain. Maca l lum's  react ion ear po i&~!~m.  An increase  Ln granular i ty  during excitation 
can be seen, with migrat ion of granules f rom the r, ncleas  i~,to the cytoplasm.  Photo-  
mic rograph .  Objective 100 x, ocu la r  6.6 • 

F!~;. 2. Motor neurons of the spinal cord of ~he f rog:  e) ii~tact, b) a f t e r  excitation for  
3 rain. Reaction of Chbvremont  and Fr~d&~c. An increase  in the concentrat ion of 
SH-grouys can be seen in the cytoplasm e_nd nucleus, shown by an i nc r ea se  in the den-  
s i ty  of staining. Photomicrograph.  Objective 20 • ocular  6.6 x. 

On the bas i s  of the membrane  theory it  would be e x p e c ~ d  that during excitation the amount  of po ta s -  
s ium in IJ~e cell  would fall because  of i ts  migra t ion  into the ext race l lu lar  spaces .  The r e s u l t s o f t h e p r e s e n t  
exper iments  demonst ra ted  an increase  in the po tass ium ion concentration in the st imulated motor  neurons,  
which was incompatible with the membrane  theory but, on the other  hand, which could be explained p e r -  
fectly sa t i s fac tor i ly  by the sorption theory, according to which the inc reane  in the potass ium concent ra -  
tion during excitat ion is associa ted with i ts  l iberat ion f r o m  the pro te in-e lec t ro ly te  complex.  As a r e su l t  
o~ this Dbera~lon, leading to an ~ncrease in the concentrat ion of potass ium ions inside the cell,  the po tas -  
s ium a t tempts  to leave the cell s t ruc tu res  along the concentrat. 'on gradient  and migra tes  into the in t e r -  
ce l lu la r  space.  

Staining for  SH-croups  by the method of Ch~ vremont  and Fr~d6ric  revealed  an inc rease  in the i r  
concentrat ion in the :mclear  s t ruc tu res  and c.vtoplasm during excitation (Fig. 2). In the s t imula ted  motor  
neurons the nucleue stained ve ry  intensively, while in the cytoplasm SH-groups  were  found d,:ffusely and 
also in the g ranu la r  s ~ u c t u r e s .  In the intact  mo to r  neurons the localization of SH-groups was fundamental -  
ly the same ,  although the granular i ty  of the cytoplasm was less  marked and the staining of the cell  s t r u c -  
tures  was weaker .  The method of Ch~vremont  and F rede r i c  is not specif ic  enough and cannot t h e r e f o r e  
de te rmine  the localization of the protein sulfhydryl  groups  perfect ly  accura te ly .  However, s taining the 
p repara t ion  by the method of Ynkovlev and Nistra~ava, although reveal ing a somewhat  different  loca l iza-  
tion of S H - g r o u p s - t h e  nucleolus and cytoplas,-rdc s t ruc tu res ,  showed that the relat ionships between the 
concentrat ion of SH-groups of the excited and intact  mo to r  neurons was of the same cha rac t e r  as  a f t e r  
staining ]by the method of Ch~vremont and Fr~d~rlc. i.e., stimulated motor neurons gave a more intensive 
reaction than intact. This evidently indicated an increase in the concentr~tlon of sulfhydryl groups during 
excitation (Fig. 3). 
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Ffg. 3. ~Iotor neurons of L.~e 
spired cord of the frog: a) intact, 
b) a h e r  excitaticn for I rain. An 
increase  in the granular i ty  of the 
cb~oplasm and an increase  in the 
inten~i~ of staining of the nucleus 
can be seen, indicatingan increased 
concentration of SH-groups during 
excitation. S t.~ned by the method 
of Yakovlev and Nistratova.  

Hence, it may be concluded from these investigations that a f ter  
comparat ively  br ief  excitation of the motor  neurons of the spinal cord, 
breakdown of the pro te in-e lec t ro ly te  complex takes place in these 
neurons,  with l iberation of potass ium ions f rom the cell  and the f o r -  
mation of f ree  SH-groups.* 
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