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A s y m m e t r i c a l  d i sp l acemen t  cu r r en t s  in the Banvier  node m e m b r a n e  of t~ana r idibunda,  t r ea ted  
with te t rodotoxin and t e t r a e t h y l a m m o n i u m ,  were  studied by the use of  r amp  voltage pulses .  In 
some  expe r imen t s  both r a m p -  and s t ep -vo l t age  pulses  were  used. The net d i sp lacemen t  c u r -  
ren t  is the sum of two components ,  one of which can be blocked by the local anesthet ic  t r i m e -  
caine or  inact ivated by a p r e l i m i n a r y  10-msec  depolar iz ing  pulse of sufficient ampli tude to in-  
ac t iva te  sodium cu r r en t s  in the control  solution. The p a r a m e t e r s  of dis t r ibut ion of the cha rge  
c a r r y i n g  the inact ivated pa r t  of  the d i sp lacemen t  cu r ren t  a r e  c lose  to (although not ident ical  
with) the p a r a m e t e r s  of  the sodium conductivi ty v e r s u s  m e m b r a n e  potential  curve .  The inac-  
t ivated cha rge  is 30-50~ of the total d isplaced charge .  It is suggested that the inact iva t ion-  
and t r i m e c a i n e - s e n s i t i v e  components  of the d i sp lacement  cu r r en t  m a y  be the t rue  gating c u r -  
rent .  
KEY WORDS: gating cur ren t ;  node of l~anvier; inactivation; t r imeca ine .  

The ne rve  f iber  m e m b r a n e  vol tage c lamp conditions and a f te r  comple te  blocking of the sodium and p o t a s -  
s ium channels exhibits  a s y m m e t r y  of its d i sp lacemen t  cu r r en t ,  which is a t t r ibuted to a red is t r ibut ion  of cha rges  
in the m e m b r a n e  d ie lec t r ic  produced by the e lec t r i c  field [1, 3, 4, 6, 9]. Definite co r re l a t ion  has been found 
between the c h a r a c t e r i s t i c s  of  the sodium pe rmeab i l i t y  s y s t e m  and the p r o p e r t i e s  of  mobi le  charges  ca r ry ing  
the d i sp lacemen t  cu r r en t  [2, 9]. This suggested that these  cha rges  (possibly some  so r t  of constant  dipoles) 
control  the act ivat ion gates  of the sodium channels~ The d i sp lacement  cu r r en t  was the re fo re  cal led the gating 
cu r ren t .  

However ,  full a g r e e m e n t  between the d i sp lacement  cu r r en t s  and the c h a r a c t e r i s t i c s  of the gating cu r r en t s  
expected on the bas is  of the Hodgk in -Hux ley  theory  [2] has not yet  been obtained. Meanwhile the re  a re  indica-  
tions that  the population of cha rges  contr ibut ing to the d i sp lacement  cu r ren t  is nonhomogeneous and that only 
pa r t  of  the d i sp lacemen t  c u r r e n t  is concerned with the gating function [7, 10]. The p rob lem accordingly  a r i s e s  
of  dis t inguishing that component  of the d i sp lacement  cu r r en t  which is the t rue  gating current~ 

To study this p rob l em ,  it was decided to use r a m p - v o l t a g e  pulses  (V=kt) to inves t igate  d i sp lacement  c u r -  
ren ts  r a t h e r  than the step pulses  usual ly  employed in such exper iments .  The quantity of cha rge  c a r r i e d  (Q), 
the in tegra l  of the d i sp l acemen t  c u r r e n t  with t ime ,  can be r ega rded  in this case  as a function of both potential  
,50 and t ime  (t)o The s lope (k) in this ca se  acts  as a p a r a m e t e r .  In this way it was poss ib le  to compare  the 
kinetic c h a r a c t e r i s t i c s  of the d i sp l acemen t  cu r r en t  and sodium cu r r en t  (INa) , m e a s u r e d  at  the s ame  slope (k), 
d i r ec t ly ,  and a lso  to c o m p a r e  Q and the coeff icient  of sodium pe rmeab i l i t y  (PNa) as functions of potential .  Be- 
cause  of the continuity of  the act  of m e a s u r e m e n t  of  the cu rve  Q(V, t),  all anomal ies  in it could evidently be r e -  
garded as a d i r ec t  indication of the nonhomogeneity of the cha rge  population. It will be understood that such 
anomal ies ,  in the ease  of d i s c r e t e  m e a s u r e m e n t  of  Q(V) can eas i ly  be taken as the resu l t  of  the natura l  s c a t t e r  
of the experimental data. 

EXPEI~IMENTAL METHOD 

Exper imen t s  were  c a r r i e d  out on l~anvier nodes of isolated f rog ne rve  f ibers  by the voltage c lamp method 
[5]~ The ends of  the f iber  on e i ther  side of  the t e s t  node were  divided in isotonic CsC1 solution. During m e a -  
su r emen t  of  the sodium cu r r en t  the po tass ium channels  w e r e  blocked by 10 mM te t r ae thy lammonium chloride 
and Cs + ions,  diffusing in the axoplasm through the divided internodes.  To inves t igate  the d i sp lacemen t  c u r -  
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Fig. 1. Displacement currents in response to ramp-voltage pulse and effect of preliminary depol- 
arization. Ramp-voltage pulse applied from held potential (-100 mV) in one case without pre- 
pulse (A), in the other 0.5 msec after end of prepulse (10 msec) with amplitude 80 mV (B) o Dif- 
ference between curves A and B and record of sodium current in response to same pulse, ob- 
tained in control solution, shown below (C). Averager triggered by trailing edge of prepulse. 
Moment of stimulation indicated by arrow. Calibration given for displacement current. Leak- 
age current automatically subtracted when recording ion currents. Experiment 15.2.7. 

Fig. 2~ Effect of trimecaine on displacement current. A) Before application of trimecaine; B) 
after addition of 5" 10 -4 M trimecaine to external solution. Held potential -120 mV, slope 30 
mV/sec. Integral of difference between curves A and ]3 is 26 �9 10 -55 K. Experiment 22.12o6. 
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Fig. 3. Ca r r i ed  cha rge  as  a function of 
potent ia l  m e a s u r e d  as d i sp lacement  c u r -  
ren ts  to s t ep -vo l t age  pu l ses .  Original  
r ecord ings  of d i sp l acemen t  cu r r en t s  for  
V = 120 m V  shown; top r e c o r d  without 
prepulse (I), bottom 0.5 msec after end 
of prepulse (10 msec) with amplitude 
of 80 mV (2). Ordinate, area beneath 
curves of on responses, in units of 1 ~ 
10 -55 K (shaded). Continuous line in- 
dicates difference between broken 
curves. Filled circles show peak val- 
ues of PNa as a function of potential. 
Parameters of distributions: inac- 
tivated components: VI/2 = 72 mV, 
gradient of curve 9 mV'for an e-fold 
change in charge; inactivated compo- 
nent: VI/2 = 63 mV,  grad ien t  of  cu rve  
15 m V  for  an e-fold  change in charge ;  
cu rve  of  PNa :VI/2 = 77 mV,  gradient  
of cu rve  8 mV for  an e-fold change in 
charge .  Exper iment  15.2.7. 

r e n t s ,  Na + ions in the P i n g e r ' s  solution were  rep laced  by T r i s + ;  3 x 10 -7 M tetrodotoxin a lso  was added to 
the solution (for all  solut ions pH was 7.2 and t e m p e r a t u r e  8-12~ The a s y m m e t r i c a l  d i sp l acemen t  c u r r e n t  
was obtained by a lgebra ic  summat ion  of  c u r r  eat a r i s ing  in r e sponse  to r a m p -  or  s t ep -vo l t age  pu l ses ,  s t r i c t ly  
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identical in amplitude and durat ion,  but opposite in sign. The total number of summations was 256. The d i s -  
placement  cur ren t  was averaged on the ATAS-250 digital ave rage r  (256 points per  path of 2 or  5 msec ,  de -  
pending on the value of k chosen). 

Before averaging,  the signal was freed from noise by means  of a pass ive fi l ter  with t r ansmiss ion  band 
of up to 50 kHz. The resul t s  were displayed ei ther  on the osci l loscope screen  or  by automatic X - Y  reco rde r .  
The potential on the inner side of the membrane  (relative to the external potential,  taken as zero) is designated 
E and the shift of potential from the original  held E (Eh) as V. 

EXPERIMENTAL RESULTS 

A record of the displacement current obtained by algebraic summation of ramp-voltage pulses with k (60 
mV/msee) is illustrated in Fig. IAo 

The next record of the displacement current was obtained with the aid of the same ramp pulses (Fig~ IB), 
the only difference being, however, that they were used 0~ msec after a 10-reset prepulse with an amplitude 
of 80 mV (the stimulation procedure is illustrated in Fig~ I). Clearly the prepulse completely removed the 
"hump" from the displacement current curve. Since the stimulation procedure used leads to inactivation of the 
inward INa if sodium ions are present in the medium, it can be concluded that removal of the "hump" of the 
displacement current is the result of inactivation of one component of the displacement current under the in- 
fluence of the depolarizing prepulse. Precisely the same effect on the "hump" of the displacement current was 
produced by the local anesthetic trimecaine in concentrations strong enough to completely suppress INa in nor- 
mal salt medium (Fig~ 2). 

The temporal course of the inactivated components of the displacement current and the inward INa of 
pain in response to the same ramp-voltage pulse in the control solution is compared in Fig. IC~ Clearly the 
displacement current developed slightly ahead of INa and ended close to V = 120 mY. This, incidentally, cor- 
responds to the region of values of potential where sodium activation reaches its maximum. The component 
of the displacement current tested thus showed good agreement with the changes in sodium permeability. The 
integral of the inactivated component of the displacement current in this experiment was 25 "10 -15 K. The net 
carried charge (Qmax), measured in this experiment with the aid of step-voltage pulses (Fig~ 3), was 58 ~ 10 -t~ 
Ko The inactivated charge was thus rather more than 40~ of the total charge displaced by strong depolariza- 

tion from E h = I00 inV. In other experiments this value varied between 30 and 50~. 

It is natural to suggest that the inactivated and uninaetivated components of the displacement current are 
carried by different charges of different nature. This hypothesis is supported by the results of the following 
experiments. Curves characterizing the quantity of carried charge in response to a step-voltage pulse as a 
function of V, in one case without a prepulse and in the other case 0.5 msec after the end of the prepulse almost 
completely inactivating INa in the control solution, are shown in Fig. 3. Clearly the curve obtained in the mea- 
surements with the prepulse represents the distribution of the "uninactivated charge" (Q) and the difference 
between the two curves the distribution of the "inactivated charge" (q) ~ The position of the middle points of 
the curves (Vt/2) and the gradient of the curves can be seen to differ substantially at these points. This is in 
full agreement with the hypothesis that the charges are different in nature. The maximal value of q can be seen 
to coincide, within the limits of accuracy of measurement, with the value of q of the inactivated component of 
the displacement current measured in response to application of a ramp-voltage pulse to the membrane (marked 

by a plus sign). 

The fact will be noted that the cha rac t e r i s t i c s  of distr ibution of the "inactivated charge"  were  c lose to 
the pa rame te r s  of the curve  of PNa (filled c i rc les ) ,  whereas  the gradient  of distr ibution of the uninactivated 
charge  was just over  half  the gradient  of PNa, and the V1/2 point lay 14 mV to the left of the middle point of 
the PNa curve.  It mus t  be emphasized that the mutual a r rangement  of the PNa curves  and the distribution of 
the inactivated charge  were  p rese rved  in those cases  when the displacement  cu r ren t  was obtained by means 
of  a ramp-vol tage  pulse with a smal l  slope (30 m V / m s e c ) ,  i.e~ when the distribution of the charge  was close 
to s ta t ionary  (Fig. 3). 

To sum up the facts descr ibed above, it seems that the inactivated component of the displacement  cur ren t  
is evidently the t rue gating current .  The experimental  evidence does not yet  provide an answer to the question 
of whether the tminactivated component of the a symmet r i ca l  displacement  cur ren t  is related in any way to the 
gating function. The answer  to this question must  la rge ly  depend on whether a sa t i s fac tory  quantitative desc r ip -  
tion of the kinetics of PNa can be given by the use of the inactivated component of the displacement  current  only. 

In conclusion,  it should be noted that the a symmet r i ca l  displacement  cur ren t  in response  to a r a m p - v o l -  
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tage pulse does not reach zero in the region of values of E of about + 20 mV, whereas the curves of distribution 
of both types of charges reach saturation in this region. In the wr i te rs '  view, this is because 10 mM tetraethyl-  
ammonium chloride did not completely block the potassium channels, which were able to open by the time that 
these values of E were reached. 
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D O P A M I N E  S E N S I T I V I T Y  OF t I Y P O T H A L A M I C  A R C U A T E  N E U R O N S  

AND T H E I R  B O L E  IN T H E  R E G U L A T I O N  OF P I T U I T A R Y  

G O N A T R O P I C  F U N C T I O N  

V. N. B a b i c h e v  a n d  V. Ya.  I g n a t k o v  UDC 612.433'62-06:612.826.4 

The effect of microiontophoretic injection of dopamine (DA) into the arcuate region of the hypo- 
thalamus on single unit activity and the plasma and pituitary levels of luteinizing hormone (LH) 
was investigated in rats in various stages of the estrous cycle. No significantdifferences inthe 
number of neurons responding by activation or inhibition or  not responding to DA could be ob- 
served in the course of the estrous cycle. However, in the f irs t  half of the day of proestrus  
(P) a significant increase in the number of neurons responding by activation to microiontopho- 
retic injection of DA was observed. In all stages of the estrous cycle except the second half 
of P the activation response of the neurons was coupled with elevation of the plasma LH level. 
A significant r ise  in the LH level in the pituitary in response to microiontophoretic injection 
of DA into the hypothalamic arcuate region was observed only in stage diestrus 2. 
KEY WORDS: Hypothalamus; neurons; dopamine; microiontophoresis;  luteinizing hormone. 

The arcuate regionof the hypothalamus (ARC}, the tonic center of regulation of pituitary gonadotropic func- 
tion, must be regarded as a component of the neuroendocrine system in which the action of neuromediators is 
switched to the corresponding hypothalamic releasing factors. It has been shown that many dopamine terminals 
originating from higher levels of the CNS are  represented in this region [2]. Dopamine (DA), as a mediator,  
occupies a special place in the regulation of gonadotropin releasing factors and, in part icular ,  of luteinizing 
hormone releasing factor (Ltt-R F). Most data in the l i tera ture  indicate its activating action on the liberation 
of pituitary luteinizing hormone (LH), mediated through Lit-13 F [7, 12]. 

This paper describes a combined study of the sensitivity of the neurons to microiontophoretic injections 
of DA and subsequent changes in the plasma and pituitary LI4 levels in rats at different stages of the estrous 
cycle.  
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