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In experiments  on cats,  pe r fus ioaof the  central  canal of the lumbar segments  of the spinal cord 
with art if icial  CSF with the addition of ammonium ions - depressed slow negative electrotouic 
dorsal  root  potentials (DRP). Depress ion of DRP developed paral lel  with depress ion of post-  
synaptie inhibition of monosynaptie reflexes,  but it was act connected with depress ion  of mono-  
or polysynaptic reflex d ischarges .  Subsequent perfusion of the central  canal in normal  CSF 
led to full r ecovery  both of DRP and of inhibition of the tes t  ref lexes.  It is suggested that 
depress ion of DRP by ammonium ions could be the resul t  of blockade of the chloride pump, 
acting in afferent  terminals  and creat ing an emf for  the outward t r ansmembrane  chloride 
current ,  producing depolarization of afferent f ibers .  
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In experiments  on ea t s ,ammoni t tmaee ta te ,  injected intravenously in convulsant doses, depressed mech-  
anisms of p r i m a r y  afferent depolarization (PAD) [ 1, 2]. Depress ion of PAD took place paral lel  with depres -  
sion of postsynaptic inhibition of monosynaptic reflexes and was explained by blockade of the t r ansmembrane  
chloride pump. However,  interpretat ion of the resul ts  was made difficult by the fact  that injection of convul- 
sant doses of ammonium was accompanied by changes in a r te r ia l  blood p re s su re  and, in some cases ,  by ea r -  
diac a r re s t .  

In the present  experiments  the action of ammonium ions on the spinal centers  was accordingly studied 
by a method of perfusion of the central  canal of the spinal cord, so that complications connected with sys temic  
administrat ion of ammonium salts could be avoided. 

E X P E R I M E N T A L  M E T H O D  

Experiments  were car r ied  out on cats (2-4 kg) anesthet ized with chloralose (80-100 mg/kg,  intrave-  
nously). Cutaneous and muscu la r  branches of the sciat ic nerve to the left hind limb were isolated and divided 
distally. After larninectomy on ver tebrae  T12-$2 the spinal cord was divided at the level of segment L1. The 
ventral roots of all segments  caudally to L5 were ligated distally and divided below the l igatures .  The caudal 
end of the spinal cord was isolated for a distance of 3-6 mm and divided where its d iameter  was about 1 ram. 
After secure  fixation of the animal, the surface  of the cord was covered with a thick layer  of minera l  oil at a 
tempera ture  of 36-38~ and the central  canal of the spinal cord was perfused with art if icial  CSF. The general  
scheme of the method of perfusion ( Fig. 1) was taken from Morton et al., [9]. By means of a micromanipula tor ,  
an injection needle 0.5 mm in d iameter  was inserted into segments  L2 or L3 in the median plane at an angle 
of 60-80 ~ to the horizontal  (Fig. 1A). The needle was connected through a th ree -way  tube to glass  r e s e r v o i r s  
(Fig. 1B, C) f rom which the perfusion solutions gravitated into the spinal cord.  The fluid level in the r e s e r -  
voirs was 10-15 cm above the level of the spinal cord.  The depth of insert ion of the needle varied between 2 
and 3 ram. Insert ion of the needle ceased when CSF began to flow out of the divided caudal end of the spinal 
cord.  To collect the escaping CSF, the authors of the technique in [9] recommended division of the spinal cord 
at level S1 and insert ion of a eannula about 1 ram in d iameter  into the central  canal. In the present  exper i -  
ments  a special curved polyethylene cannula (Fig. 1D), into which the caudal end of the spinal cord was drawn 
by means of a syr inge,  was used to collect  the CSF. In the present  w r i t e r s '  view, this last  method of collection 
of CSF is less t raumat ic  and is eas ie r  to c a r r y  out. CSF accumulating lu the cannula was drawn off contin- 
uously by means  of a wate r - je t  pump. The central  canal was perfused with art if icial  CSF of "normal"  corn- 
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Fig. 1. Scheme of perfusion of central  canal of spinal cord.  Explanation in text. 

Fig. 2: Action of ammonium ions on spinal cord potentials.  A) Monosynaptic reflex d ischarges  
in ventral root L7 (above) evoked by stimulation of nerve to gas t rocnemius  by single e lect r ical  
stimuli of supermaximal  strength for group I f ibers;  B) effect of preceding afferent volleys 
evoked by application of single stimuli of nine t imes threshold strength to the sural  nerve on 
the same discharges;  C) DRP of L6 (above) and DCP (below) evoked by application of single 
stimuli of nine t imes threshold strength to sural  nerve.  I) All t races  obtained 50-55 m i n a f t e r  
beginning of sp[naI cord perfusion with normal  CSF; I[) 20-25 rain later ,  lIl) 30-35 rain af ter  
perfusion of central  canal with CSF in which NaC1 replaced by NH4C1; W) 60 rain af terbeginning 
of perfusion of central  canal of spinal cord with normal  CSF. Calibration: for  ventral  root  
potentials in [II, A, B 600 ~V, elsewhere 400 #V, for  DRP 200 #V, for DCP 600 ~V. Each f rame 
represents  5-8 sweeps of beam. 

position [5] and with CSF containing ammonium ions. The composit ion of the normal  CSF was (in g / l i te r )  NaC1 
8.1, KC1 0.25, CaC12 0.14, MgC12 0.11, NaHCO 3 1.76, NaH~PO 4 0.07, urea  0.13, glucose 0.61; pH 7.4.  To prepare  
the "ammonium" CSF, insome cases  the NaCI in normal  CSF was replaced by an equimolar  concentrat ion of 
NI-!4C1, and in other cases  NH4C1 or ammonium acetate was added to normal  CSF in concentrat ions of 5 to 15 
g / l i t e r .  The CSF entering the spinal cord was warmed as it passed through the needle, which was immersed  
in warm mineral  oil. The rate of perfusion was 0.1-0.2 ml /min .  

The afferent nerves of the hind limb were stimulated with square pulses 0.1 m s e c  in duration. Reflex 
electr ical  d ischarges  were recorded f rom ventral  root L7 and electrotonie potentials were recorded f rom a 
bundle of fibers isolated f rom the dorsal  root  L6. The dorsal  cord potentials (DCP) were recorded  by aneedle 
electrode at the level L6 (Fig. 1). Amplif iers  with a t ime constant  of 0.3 sec and a dual-beam osci l loscope 
with camera  attachment were used to record  potentials.  

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

The t r aces  i l lustrated in Fig. 2A and B i l lustrate the action of ammonium ions on inhibition of monosynap-  
tie reflex discharges  of motoneurons of the extensor  muscles  of the ankle (gastrocnemius) caused by volleys of 
afferent impulses in f ibers of the cutaneous sural  nerve.  This inhibition is a well known example of postsynap-  
tic inhibition. Volleys of impulses in the aural  nerve 50-55 min after  the beginning of perfusion of the central  
canal with normal CSF caused definite inhibition (a decrease  in amplitude) of the tes t  responses .  Replacement 
of the normal CSF by CSF containing an equimolar  concentrat ion of NH4C1 instead of NaC1 led to gradual  de- 
p ress ion  of this inhibition, which was completely res tored  again 60 rain af ter  the beginning of perfusion of the 
central  canal with normal  CSF. The t r aces  in Fig. 2C il lustrate the action of ammonium ions on depblarization 
of central  endings of p r im a ry  afferent f ibers evoked by volleys in the sural  nerve.  Para l le l  with depress ion  
of postsynaptic inhibition the amplitude both of the slow negative electrotontc dorsal  root potential {DRP) and 
of the positive wave of the DCP, which is known to reflect  the e lec t r ic  field potential ar is ing during depolar iza-  
tion of p r i m a r y  afferent  endings, was reduced.  

In the w r i t e r s '  previous investigations [1, 2] intravenous injection of ammonium ions in effective doses 
was accompanied with a marked increase  or,  somet imes,  complete suppression of monosynaptie ref lex dis-  
charges ,  which suggested nonspeciflc blockade of PAD by ammonium ions. By contras t  with this, in the p r e s -  
ent experiments  depress ion of postsynaptic inhibition and PAD evoked by injection of ammonium ions to the 
central  canal of the spinal cord was accompanied by a marked increase  (by 30-50%) in the amplitude of mono-  
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synaptic ref lex  r e sponses  ( compare  the ca l ibra t ion  m a r k e r s  fo r  vent ra l  root potent ials  in Fig. 2, I, A and C). 
As a rule ,  bes ides  monosynapt ic ,  polysynapt ic  d i scharges  also were  increased .  

Intravenous injection of convulsant doses  of ammonium sa l t s ,  as was done in all previous  invest igat[ons 
aimed at studying the act ion of ammonium on cent ra l  neurons,  led to ca rd iovascu l a r  d i s t rubances ,  the mos t  
se r ious  of which was ca rd iac  a r r e s t .  The method of per fus ion  of the cent ra l  canal ,  which was used in the p r e s -  
ent case ,  enabled d i s tu rbances  of the s y s t em i c  c i rcu la t ion  to be avoided. 

The r e su l t s  of the expe r imen t s  with per fus ion  of the cent ra l  canal thus conf i rm the e a r l i e r  conclusion 
[1, 2] that  " ammon ium"  blockade of PAD is due to the specif ic  action of ammonium ions on spinal neurons.  

Selective depress ion  of PAD by ammonium ions is of definite in teres t  in the d iscuss ion  of ionic m e c h -  
anism of PAD. The re  is evidence that the onset of PAD is due to increased  m e m b r a n e  pe rmeab i l i t y  of afferent  
t e rmina l s  for  chlor ide ions,  as a resu l t  of which these  ions rush  f rom the inside to the outside of the f i b e r s ,  
thus c rea t ing  an e lec t r i c  cur ren t  which depola r izes  the p resynap t ic  m e m b r a n e s  [3, 4, 6]. It is thus logical to 
suggest  the p r e s e n c e  of a t r a n s m e m b r a n e  gradient  of chloride ions f rom inside to outside,  unbalanced by the 
m e m b r a n e  potential ,  which is mainta ined through the constant  act ivi ty of a t r a n s m e m b r a n e  chlor ide pump [.n the 
di rect ion f rom outside to inside.  Accordingly specia l  impor tance  at taches to the fact that dep res s ion  of pos t -  
synaptic  inhibition of cent ra l  neurons by ammonium sal ts  is due to blockade of the act ive t r a n s m e m b r a n e  t r a n s -  
por t  of chloride ions (admittedly in the d i rec t ion f r o m  inside outward), c rea t ing  an emf  for  the chloride cu r r en t  
producing the IPSP [7, 8, 10]. The assumpt ion  that a chloride pump, s i m i l a r  in its m e c h a n i s m  to the chloride 
pu:mp in motoneurons  but acting in the opposite direct ion,  exis ts  in af ferent  t e r m i n a l s  readi ly  explains both 
the sens i t iv i ty  of PAD to ammonium ions and the pa ra l l e l  obse rved  between the decline and r e c o v e r y  of pos t -  
synaptic  inhibit'ion of monosynapt[c  re f lexes  and of DAP p r o c e s s e s  a f t e r  admin is t ra t ion  of ammonium ions. 

The r e v e r s i b i l i t y  of changes in spinal potent ials  following the addition of ammonium ions to the CSF is 
evidence that  per fus ion  of the cent ra l  canal with ar t i f ic ia l  CSF i tself  causes  no se r ious  functional d[s t rubances ,  
at l eas t  within a l imited per iod of t ime .  This conclusion is also conf i rmed by the r e su l t s  of special  p r e l i m i n a r y  
exper imen t s ,  in which continuous per fus ion  of the cent ra l  canal with ar t i f ic ia l  CSF for  3-4 h caused no vis ible  
changes in ref lex e lec t r i ca l  d i scharges  in the vent ra l  roots  of the per fused  segments .  The re  is no doubt that 
the method of per fus ion  of the cent ra l  canal can be used successfu l ly  to study the action of the spinal cord of 
agents which, if admin i s t e red  sys temica l ly ,  caused undesi rable  ca rd iovascu l a r  and other  d i s t rubances .  
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