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A study of the functional f e ~ t ~ s  of p~esynapdc terminations i~ highly impoten t  in connection with deter- 
mining the mechanism of neu~o--museular t~ammi~sion. The reratm obmi.ned by many ~uthor~ leads to the r 
sion that the function of the~e endLng~ i~ determine4 by uhe degree of po!m'iza.~,ion of the~ membrane. Depolariza- 
tion !ends to an incxeased frequency of spontaneous .di~c~rge~ of the mini.'~ure en&piate potentia!s ~nd to e ~educ- 
don of the end-plate potenti~Is evoked by nexvous impul~es iS, 7 ,  9]. Hyperpoladz~tion i~ ~s~oeiated with ~ reduc- 
tion of the discharge frequency of minbmre  po,.entiat~ ~t th e end-pIa t~  and to an fl'mrease of the rynci~onized po- 
tential~ of the end-plates, However, these results 4o not ~ppear to be complete, because owing to the inadequacy 
of the method of electrical pol~tL~ation, ~ high current strength could not be used, and a b!ock of conduction in 
the nerve fibers themselves could essily be p;educad. 

By now ~. new method of producing polarization has been worked out~ it enables cen~idexab! e change~ in the 
nerve ending~ thermeaves to be produced without any b!cek of conduction in ~ e  nerve tibet [8, 8]. This me~uod h~s 
been sncce~sNl!y used to study functional changes evoked b / e l ec t i on1  pol~rL~ation of the presynapric endL,~g~ of 
the tat di~pbxagm. 

An ex~emely  interesting ~pplica.don of th~ me,hod i~ ~o apply it to a determination ofuhe functional feature~ 
of nerve end/rigs in the classical frog ne~'ve-mU~cle preparation. 

EXPERIMENTAL M E T H O D  

For the experiments we used a n~ve-mu~cle prep~r.afion of the frog sazto~ius, -In some case~ immobil~.~don 

was induced by cuzafizafion (1.5-2.0 �9 IO ~'~ D-tu~o.curar~ne), and in oths~ by an increase of n~gne~ium ion con- 

centration (Ii raM) of the ~oludon su~oundirl$ the m~sclr Sdmu!adon w.~. by ~qua;e-w~ves delivered tbr a 

radio-frequency lead. The end-plate po~enfL~.(EPP) were led off from the synoptic region of the muscle fi!~r by 
intrac,~l!ula: mictoelec~c4r having ~ reshta~ce from5 [o t5 meg,. The polafizi~g ct:~rent was ~Fplied thTc.ugh 
two silve~ chIorided etec~odes, one of which wa~ cormec.t~d fi~r an aga~ b~idge to the nerv, e and the othr162 was 
placed in a _=.~'~" ...... --,-.p.,~.;.~-~-~r . . . . . .  f~lled wi,:h ~'~a~-Rjr~r, e r o  . o (.-r r~::ce not g~ezzer th~! $ rn.,'~-~,.,...(~i,.o. !), The mIcro~ir.etLe.. 
was not f'~tha~: iron 1009 from the end piat.e. Thi~ m:,~at.kod provided wid~" "~':,r~tic:? in the d;:~ and extent of 
the p~la~izatioa of :he metcr ::erve endh:g3 w:lthou: le~ding ,:o :ay blod~ of s imp~ha,: :;: the. r~:ve ffbe.~. 

EXP ER!h4ENTAL RESULTS 
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Fig.  1. D i a g r a m  showigg t he  m e t h o d  o f  p o l a r i z a t i o n  of t h e  p r e s y n a p t i c l t e r m i n a t i o n s  of t h e  neu ro -  

mu~cu1~ junction in the frog. The muscle lies ~n the r~efi~,.h=nd part of ~he chambe~ which is 
f i l l ed  wi~.h R~nger. T h e  F2Ps were led  of f  by mean~  o f  a n  i n g a c e l l u l a r  e l e c ~ d e  (O),  T h e  p o l a r -  

i z i n g  cm'~ent was appt~ed i~etween a m~e.opipe~.te (P) iy~ng by the  end-p . !a te  a n d  an  e l e c t r o d e  in 

c o n t a c t  wi th  tee  neawe Lmmeraed in v a ~ ] i n e  ({n the  l e f t  par t  of t h e  c M m b e ~ ) ~  T h e  p o l a r i z i n g  

cu .~ent  Waa measu red  by a m i ~ o a m  : ,--e.~ ( k ) ,  

A). Chanze:~ c f  an:.< l l : :u/a  .. . . . . . .  ct by g~ }</pe~: ; :  :.  ~,... ~<::~ s!" .~-. ,e :}~:h t 2  :i A: I )  l f P  t ed  off  

in~ace i l : : i :~d  ~ f: 'om a m:~:~c~e fibe7 he ~cee cc  ~.<c.i.~!~ o[ d:e >;:. : < .  g ! ~ i a i n g  e~,.=e=~:.o ... 203~4) 

off  t he  hy~e .~o1~ imb .g  c ....... gate 1) ~:~m;.evo*.: 72a -.: c,:e c~ai';:-~c:~:: I.Ls ve . . . . . .  ir>>,.~/ c ~ .  

2~ ~f:~ Io2, ~:~i $ ~::ki. r e s p e c : i v e l ] ,  

s~engs  ~.>d eeoc}:::." a r.:~,x[n>crn o ~3 r 4 tlme.a < ~  cdg2n :d  v a ! a a  by d":a e;~d c [  ~}:s ~t.! . . . . .  . ,.-:: {:<g~ 2~ AL 
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Fig. 3. 

An increased ampli tude of the EPP depended not cn!y on the duration of the polarization but also on ~ e  strength 

of the current applied. Small. c ~ e n u  produced either no effect, or a weak one; with increase of current strength the 

ampli tude of the responses inGeased. 

When sotudons containing an increased magnesium conten~ (up to i l  raM), with hyperpolarizatien of d-~e motor 

nerve endings the same i n . e a s e  in the amplitude of the EPP was obaerved as was found in cu~ari~ed preparations. 

With depoIarization of the negge ending~ the EPP were reduced in ampli tude immediate ly  ~fter the c~rrent was 

w~.~o~, period o f  peIar~a~Pan(Fig, 3L grafted., aad remained depressed ,u~equera ly  to the same degree throughout, the ~ ' -  

The ampli tude was reduced 10-20% below the normal value,  accc.~dL~r ~o ehe curren~ ~rength; vdth ieetea~e of co ' -  

ca EPP. A f t e r  the  e~arre.n~ ~.'~s s,-,~Lk~,~ o f / t heamo  rent  strength there was a conside~.bte reduction in the amplitude ~" ,.,~ . . . .  

pl i tude of the end-pla te  po~entiak~ immedia~.ely ret~r~ed to the origSna1 value, 

As in the case Of hyperpolarization these cb~r;g~e~oce~ed oN 7 d~'air:g e tee~otoNc polarization of the endings, 

The reauIra obtahued confirmed the ide~ t1>:~,, the ef%ctivene~a o2 the ~a,~-syna,~tic action ofa neawous im-  

pulse depend~ to some extent on the level of e!gc~ica!  po!a~iz:tien c2 C:e r:erve e-~dings: depolariaation depre.~ses, 

and hyperpolarizadon inereaaes the at=ion. The cri{~caI c. .a . '~c 'y  i.q the c?;;'r:ge o~ i"~ "~ " of th~" ending itself, 

b e c a u s e  ~t~n  there is a, distance gea~e~ than " ,  ~<. eed-pia~e a.ad the potagsi~g electrode no el:antes 
occur. These resutts a ~ e e  with t.hoae o~5:~i:.:ed e-~"- ~..'-:~Yr on ~ e  a ~ ,  ~ , . .  -c ~'.o~ e~nne ~:Vo~,~ in the fog  [8~:,nr~ also 

Mth those obtained fo~: re.her types of ay~;ap.r 

Thus, hyperpolariaation of ~he ~eesynz>de elemee..~s kre~gh~ " ~"" . . . ~. e v ~  b), an i~ rr~e-eL;ular electrode inse~ed in-to 

the gian~ synapse of a ~quid caused a a . .  ~ ~-'.-d aeti, oa p~:~:r:zial of r~-~e . . . . . . .  ~'~'~" *'" " p~,.,, . . . .  ~..o,:~ ;~c, er and an enhanced postsyna D 

tie pomndal :  uhi~ effee,: a p p e z z e d  to  ke due ~o an i~cze:~:eg ;::t:o~:::~ c~ .<::~d..ma- Iibe~z~ed [5,103. The same efgec~ 
was produced by hyperpo!ar~a~ion of ~i:e ~s:rn~nal Drancce~ oi-~:e .... ~ ....... flt'era cf  the m, pina! cord in time cam [4], 

Depolarization of ~he pr~ynapt ic  elerae~t~ in all  ca~es brought edna: ~he ~everee change, 

In out ex~'etimen~ theze wea'e in zddition eh~n~,ea of synamic, rrar~m~;ion which e::~;mor b~ d~er_>~ related 

to changes of e l eca iea t  ~t,~r~r*.on of d:e eedings, and which have nar be-:> pointed e>~ L "h~ recur= ,'e s~V.e~ 
P . . . . . . . .  ' " ~  s 

we have referred-. 

The pa:.~age of z poi~ri:~ing e~rea t  ~w',v~d~ ~, . . . . .  a s!o,4 i::e:e.~.se in.the ef~-'ect~venesa ,ct: ~ae " . . . .  ~, ...... ~ . . . .  ~,;on," a ...... eh~,~,,~:.&,. 

which exceeded several ti~'~ag the.re 'e,,hie~ ..... ~ - ~  
tic terminat iom of a f:cg ne~ve-~uscle  p:epa:'a~:on c;crrearx~nd eom2?e~el] ze t;::~ ~yn3p::c' [er~i>.a.'ioc: a~ toe 1,,eil,,-c~ 
muzeuiar junction of w ; : g : ~ 5 ] o o ~ e d  a:-~/c,':~:is [g~, 81 :~," " ..... -'~,~ g:e v! .... -~,~, c.- :2-~ c]:-~ 2j~c, cccoun~ Foe ,:<, egret-, " 

not having t een  d e s G g ~  p~evioa~!y. 

!I i~ quite 2~:~aibte e>,e~ ~in'Jiar praeFect!e: :,,:{At ke 5-:,:-,.,-d i~ o:.::er ~. ';-<~: a~ ::7~preo f,:~ e• ik eer:+:~7 
, # 

. , ~ C g a ~  C O g  synapses, if t:::equa~e ~e2:c.d~ ~." F:'oducing ~ ? : ' = i : : . : . . :  t f i : : - :  :. :me �9 " : ~ ,  
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However, the slowly increasing change~ cannot of course be related to such a mechanism. The idea hasthere- 
fore arisen that hyperpolarization leads to important changes within the cytoplasm of the termination and possibly 

a spread within it of the synaptic vesicles which, according to-modern views [1, 2, 11] carp] the rnedia~or~ 

S U M M A R Y  

A frog nerve-muscle preparation was used. to study the effec~ of depolarization and hyperpol'arizafion of the 
transmi~ion of single irnpulse.~ at ne~r endings. The efficacy of synaptic transmission was determined by the value 
of the end-plate potemial led off intracellularty from the muscle fiber. 

Depolarization of the nerve endings produced a rapid reduction of up to 10-205~ in the Eans-synapttc action 
of the ending. Hyperpolarizafion of fl~.e end~ng~ caused the efficacy of traw-synapfic actien to increase slowly for 
three minutes. In such cases the end-plate potential ro~r ~0 8 0~ 4 times the contr level. These changes were ob- 
served 0nly with a local polarization of nhe region of the ne~'e endings, and were absent when the preterminal 
branches of the nerve were polarized, 
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