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Exper iments  were  c a r r i e d  out on rabbi t s  to invest igate  the effect  of in t raper i tonea l  
injection of dioxyphenylalanine (DOPA) and 5-hydroxytryptophan (5-HT) on the duration 
of the latent  per iod of the shaking and f lexor  re f lexes .  The r e su l t s  showed that DOPA 
significantly i nc r ea se s ,  while 5-HT shor tens  the latent  per iod of both re f lexes .  An in-  
c r ease  in the latent  per iod of these  re f l exes  was a lso  produced by rausedi t  and DOPA, 
given against  the background of d isu l f i ram.  The effect  of DOPA was abolished by t r o -  
paphen, and the effect  of 5-HT by dihydroergotoxin,  indicating the par t ic ipat ion of ah- 
adrenerg ic  and D-se ro ton inerg ic  s t r uc tu r e s  in the changes in the functional s tate of 
the cent ra l  components  of these  two motor  re f lexes .  
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Fig. 1. Latent  per iod of shaking 
(A) and f lexor  (B) re f lexes  before  
(1) and af ter  (2) injection of r a u -  
sedil.  Absc i ssa ,  t ime  of o b s e r -  
vation (in h); ordinate,  latent  p e r -  
iod of re f lexes  (in sec), 

The role  of adrenerg ic  and se ro ton inerg ic  m e c h a n i s m s  in 
spinal cord  function has been demons t ra ted  exper imenta l ly  [2, 4, 
17, 26]. It is a s sumed  that the biogenic amines  p e r f o r m  an inhib- 
i tory function in physiological  r e s p o n s e s  of the spinal cord  [14, 
17, 24]. 

P r e c u r s o r s  of noradrenal in  and serotonin in fact block the 
conduction of impulses  f r o m  afferent  pathways of the f lexor  ref lex  
to motoneurons  [12], while microin jec t ions  of adrenal in,  no rad ren -  
alin, and serotonin cause suppress ion  of spontaneous e lec t r i ca l  ac-  
t ivity of in terneurons  [17] or  spinal motoneurons  [24]. However ,  
this  hypothesis  is contradic ted by invest igat ions which demons t ra ted  
the abil i ty of serotonin and 5-hydroxytryptophan (5-HT) to facil i tate 
the f lexor  ref lex  in cats  [2, 25] and to inc rease  the amplitude of 
p r i m a r y  evoked potentials  of the spinal cord  [14, 22]. These  resu l t s  
a re  conf i rmed by observa t ions  showing the ability of monoamine 
oxidase inhibitors to r a i se  the serotonin  level  in the t i s sues  of the 
spinal cord,  cor re la t ing  with inc reased  amplitude of the monosyn-  
aptic spike [13]. 

The object of the presen t  invest igat ion was to de te rmine  the 
nature of the centra l  adrenerg ic  and se ro ton inerg ic  s t r u c t u r e s  of 
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Fig. 2. Effect of tropaphen, propranolol ,  dihydroergotoxin, and 
morphine on changes in the latent period of the shaking (A) and flexor 
(B) ref lexes produced by DOPA and 5-HT: 1) latent period of reflexes 
studied; 2) the same after  injection of DOPA; 3) the same after  in- 
jection of DOPA followed by tropaphen; 4) the same after  injection 
of DOPA followed by propranolol;  5) the same after  injection of 5-HT; 
6) the same after  injection of 5-HT followed by dihydroergotoxin; 7) 
the same after  injection of 5-HT followed by morphine. 

Fig. 3. Changes in latent period of shaking and flexor ref lexors  under 
the influence of disulf i ram with or  without subsequent injection of DOPA: 
1) latent period of shaking (unshaded columns) and flexor (shaded col-  
umns) reflexes;  2) the same 18 h after  administrat ion of disulfiram; 
3) the same 4 h after  injection of DOPA following administrat ion of 
disulfiram; 4) the same 18 h af ter  injection of DOPA. 

the shaking and flexor reflexes,  the central  components of which lie in the medulla and the lumbar  division 
of the spinal cord  [6, 7, 22]. 

EXPERIMENTAL METHOD 

Experiments  were ca r r i ed  out on 35 rabbits  weighing 2-3 kg. The exper iments  constituted 26 ser ies ,  
in each of which 5 or 6 aminals were used. The animals were used not more than once a week in the ex-  
periments .  Shaking and flexor reflexes were evoked by regular  square pulses (20/sec,  0.5 msec) which 
were applied through needle e lectrodes  inserted beneath the skin of the upper third of the concha auriculae 
[7] or  beneath the skin of a phalanx of the rabbi t ' s  hind limb [6], and they were recorded  on four occasions 
at intervals of 5 min by means of the PV-53L ref lexometer ,  at double the threshold strength. Some workers  
consider that much of the latent period of the motor  responses  is taken up with the t ransmiss ion  of exci-  
tation in the central  part  of the corresponding reflex a rc s  [1, 3, 6]. The actual conduction time along the 
nerve fibers (afferent and efferent) is only a few mill iseconds [1]; synaptic delay at the neuromuscular  syn- 
apse occupies 0.5 msec  [11], while the t ime taken for contractions of the rabbi t ' s  plantar flexor muscles  
is 23 msec [5]. In the present  experiments  the latent period of the shaking and flexor reflexes was 0.253* 
0.038 and 0 .139-  0.019 sec, respect ively,  so that a substantial part  of the latent period of both these r e -  
flexes was taken up by the summation t ime in the central  components of the reflex system. With this fact 
in mind, the functional state of the central  components of the shaking and flexor reflexes was judged f rom 
the length of their  latent period, with evaluation of the changes in its duration after  intravenous injection 
(4 h before the experiment) of dioxyphenylalanine (DOPA) and 5-HT in doses of 50mg/kg body weight. In 
2 ser ies  of exper iments  the animals were injected with rausedil  (5 mg/kg,  intraperitoneally) and the latent 
period of the two reflexes was measured  1.5, 4, and 18 h after  the injection. The effect of a combination 
of disulf i ram and DOPA on the latent period of the reflex responses  also was investigated. Disulf lram 
(300 mg/kg) was made up in 2% s ta rch  mucilage and adminis tered by gas t r ic  tube on two occasions at an 
interval of 18 h. DOPA was given to the animals 2 h after  the second dose of disulfiram. To analyze the 
receptor  s t ruc tures  of the central  components of the shaking and flexor reflexes,  through which the spe-  
cific effects of the catecholamines and serotonin are  exerted,  the following drugs were injected 30 rain 
before the experiment  into the marginal  vein of the ear :  morphine (2.5 mg/kg),  which inhibits effects due 
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to 5-HT on musca r ine - l i ke  se ro toninerg ic  s t ruc tu res  [18], the f l - r ecep to r  blocking agent [15] propranotol  
(5 mg/kg) ,  the a -adrenoly t ic  [9] t ropaphen (2.5 mg/kg) ,  and dihydroergotoxin (2 mg/kg) ,  used as an e f fec -  
t ive D-antagonist  of serotonin [20]. 

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

Pre l imina ry  expe r imen t s  showed that the latent  per iod of the shaking and f lexor  r e f l exes  r ema ined  
substantial ly unchanged for  1.5, 4, and 18 h of the exper iment .  The latent  per iod of both re f lexes  was un- 
changed 1.5 h a f t e r  injection of rausedi l  into the animals ,  but 4 h a f te r  i ts  injection, i .e. ,  in the phase of 
exhaustion of the functionally active f rac t ion  of the monoamines  [21] and an inc rease  in the content of the i r  
f ree  fo rms  in the brain  t i s sue  [10], a significant increase  in the latent  per iod of both re f lexes  was observed  
(Fig. 1). Since 18 h a f te r  the injection of rausedi l ,  when the labile r e s e r v e s  of b ioamines  in the bra in  t i s sue  
were  r e s t o r e d  [21], the latent  per iod of both re f lexes  was the same  as init ially,  it can be concluded that the 
effect  of rausedi l  was due to its action on cent ra l  monoaminerg ic  mechan i sms  and was brought about by 
an increase  in the content of e i ther  serotonin or  ca techolamines .  However,  par t ic ipat ion of se ro toninerg ie  
mechan i sms  in the rausedi l  effect  is unlikely because injection of 5-HT into the rabbi t s  caused a ma r k ed  
shortening of the latent  per iod of both re f l exes  studied (Fig. 2). The second suggestion is more  l ikely be -  
cause injection of DOPA into the rabbi t s ,  increas ing  the noradrenal in  and dopamine leve ls  in the bra in  t i ssue  
[8], was followed, as in the expe r imen t s  with rausedf l ,  by an inc rease  in the latent  per iod of the re f lexes .  
Fur the r  evidence in support  of the view that adrenerg ic  mechan i sms  are  respons ib le  for  the inc rease  in 
latent  per iod of the shaking and f lexor  re f lexes  was given by expe r imen t s  in which DOPA was injected a f te r  
p re l imina ry  prepara t ion  of the an imals  with d isu l f i ram.  It was found that d i su l f i ram has no effect  on the 
latent per iod of e i ther  ref lex,  but the subsequent adminis t ra t ion  of DOPA caused a ma rked  inc rease  in the 
latent  per iod of both re f lexes ,  not only 4 h, but also 18 h a f te r  the injection of DOPA (Fig. 3). Disul f i ram,  
which blocks f l -hydroxylase ,  is known to inc rease  the dopamine level  in the bra in  t i s sue  and, at the same  
time, to cause a p r o g r e s s i v e  dec rease  in the noradrenal in  concentrat ion [19]. Compar i son  of these  o b s e r -  
vations with the resu l t s  of the p resen t  exper imen t s  shows that the inc rease  in latent  per iod of the two r e -  
f lexes under the influence of DOPA took place through the par t ic ipat ion of dopaminergic  mechan i sms .  This  
conclusion is suppor ted  by other invest igat ions which showed that the dopamine concentrat ion is s ignif i -  
cantly higher than the noradrenal in  concentrat ion in the rabbi t  spinal cord  [8] and of expe r imen t s  demon-  
s t rat ing inhibition of the dopamine effect  on monosynapt ie  r e f l exes  in cats  [23]. 

It thus follows f r o m  the r e su l t s  of these expe r imen t s  that the difference between the ef fec ts  of the 
p r e c u r s o r s  of the biogenic amines  on motor  re f lexes  depends on differences  in neuroehemica l  sensi t iv i ty  
of the cent ra l  components  of the re f lex  a r c s  to monoamines .  It is known that nei ther  DOPA nor 5-HT dis -  
tu rbs  neuromuscu la r  t r a n s m i s s i o n  or  changes the r e sponses  of skele ta l  musc les  to di rect  s t imulat ion [2, 
16, 27]. Meanwhile, the increase  in latent  per iod of the shaking and f lexor  re f lexes  produced by DOPA 
was diminished by t ropaphen,  but not by propranolol .  The effect  of 5-HT was unchanged by morphine ,  but 
ff 5-HT was given a f te r  p r e l im ina ry  adminis t ra t ion  of dihydroergotoxin,  the latent  per iod of the two r e -  
f lexes  was not shor tened (Fig. 2). 

The r e su l t s  desc r ibed  above show that the effect  of the ca techolamines  fo rmed  f r o m  DOPA on the 
cent ra l  components  of the shaking and f lexor  re f lexes  is due to the action of the amines  on a - a d r e n e r g i c  
b iochemical  sy s t ems .  Converse ly ,  the action of serotonin,  fo rmed  f r o m  5-HT,  on the cent ra l  components  
of the ref lex a r c s  of both these  re f lexes  is effected through D-se ro ton ine rg ie  s t ruc tu res .  This  conclusion 
co r r e l a t e s  with the r e su l t s  of invest igat ions showing that the fac i l i ta tory  effect  of 5-HT and t ryp tamine  
on the f lexor  ref lex  in cats  is suppres sed  by BOL and methyserg ide ,  specif ic  blocking agents of serotonin 
r e c e p t o r s  of the D-type [13, 22, 27]. 
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