
prote ins ,  which is also the respons ib i l i ty  of lysosomal  p ro te inases  which par t i c ipa te  in in t ra luminaI  digestion 
in the distal  port ion of the smal l  intestine.  

It can be concluded f rom the r e su l t s  that in the per iod of mi lk  feeding the re  is a p rox imo-d i s t a l  gradient  
of act ivi ty of lysosomal  p ro [eases  both in the mucosa  and in the contents of the smal l  intestine.  The change 
f rom mi lk  to definitive feeding is accompanied  by d i sappearance  of the p rox imo-d i s t a l  gradient  of lysosomaI  
p ro t ea se  act ivi ty.  It can be tenta t ively  suggested that  lysosomal  p r o t e a s e s  of en te rocy tes  in the distal  port ion 
of the smal l  intest ine par t ic ipa te  in in t ra luminal  digest ion at an ea r ly  age. 
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E F F E C T  OF f l - P H E N Y L E T H Y L A M I N E  ON E V O K E D  

P O T E N T I A L S  IN T H E  R A T  N E O S T R I A T U M  

A.  D.  Z h a r i k o v a  a n d  O. V .  G o d u k h i n  UDC 612.826.1.014.46 : 547.55 

The effect of in t raper i toneal  (70 mg/kg)  and local (39pg) injections of B-phenylethylamine 
(flPEA) on evoked potent ia ls  (EP) in the caudate nucleus during s t imulat ion of the compact  
zone of the substant ia  nigra in the f rontal  cor tex  was invest igated in r a t s .  Fo r  local appli-  
cation of flPEA, g lu tamate ,  and haloperidol  a push-pul l  cannula sy s t em with s imul taneous  r e -  
cording of EP  was used. Definite specif ic i ty  in the action of the drugs on EP of cor t ica l  and 
nigral  or igin was found. In t raper i tonea l  injection of flPEA caused a f a s t e r  and s t ronge r  de- 
c r e a s e  in ampli tude of the N2-P 2 component  in the response  to s t imulat ion of the substant ia  
nigra  than local applicat ion,  but had ve ry  li t t le effect  on the ampli tude of EP in r e sponse  to 
s t imulat ion of the frontal  cor tex .  It was shown by the use  of haloperidol  that  the N2-P 2 com-  
ponent of EP  in r e sponse  to s t imulat ion of substant ia  nigra  is dopaminerg ic  in nature .  It is 
suggested that endogenous flPEA m a y  be a regu la to r  of the function of dopaminerg ic  neurons 
in the n ig ro -neos t r i a t a l  s y s t em  of the r a t  bra in .  

KEY WORDS: f l-phenylethylamine;  dopamine; evoked potential;  caudate nucleus;  subs tant ia  
nigra;  f rontal  c e r e b r a l  cor tex .  

It can be postulated on the bas is  of exper imenta l  data [2, 3, 11, 13] that f l -phenylethylamine (flPEA) is an 
endogenous regu la to r  of synapt ic  t r a n s m i s s i o n  effected by ca techolamiues ,  it is cons idered  that  flPEA acts  

Labora to ry  of Synapse Structure  and Function, Institute of Biological Physics ,  Academy of Sciences 
of the USSR, pushchino,  Moscow Region. (Presented by Academician  of the Academy of Medical Sciences 
of the USSR V. V. Zakusov.)  Trans la ted  f rom Byulleten'  ]~ksper imental 'noi  Biologii Meditsiny, Vol. 88, No. 
10, pp. 395-398, October ,  1979. Original a r t ic le  submit ted January  16, 1979. 
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Fig. 1. Effect  of flPEA on EP recorded  in caudate nucleus 
to s t imulat ion of SNC. Al, B1) each point r e p r e s e n t s  m e a n  
ampli tude (for s eve ra l  animals)  of EP components at v a r i -  
ous t imes  a f te r  injection of PEA; A l) sys t emic  injection of 
flPEA, B 1) local injection into caudate nucleus.  Continuous 
line shows change in ampli tude of component N2-Pz; broken 
line,  change in ampli tude of component  N1-P 1. As te r i sk  in- 
d icates  that  ampli tude of component differs  significantly 
(P< 0.01) f rom normal  amplitude.  Absc i ssa ,  t ime a f te r  in- 
jection of fiPEA (in rain); ordinate,  amplitude of component  
of EP (in pe rcen t  of normal) .  A2, B2) averaged  E P  (16 
rea l iza t ions)  fo r  one animal  under  normal  conditions (con- 
trol)  and at cor responding  t imes  a f te r  injection of fiPEA: 
A~) sys t emic  injection, B2) local injection. Tn control  for  
local injection of flPEA, 1 ~I R inge r ' s  solution was injected.  
Here  and in other  f igures ,  t ime  ca l ibra t ion  I0 r e s e t .  Nega- 
t ivi ty beneath act ive e lec t rode  co r responds  to upward de-  
f lect ion.  

both on the p resynap t i c  [3, 6] and on the pos tsynapt ic  [2, 5] pa r t s  of ca techolaminerg ic  neurons .  Consider ing 
that f l -PEA is p r e sen t  in the caudate nucleus in re la t ive ly  la rge  quantit ies [5], that exogenous flPEA accumula tes  
in the caudate nucleus [9], and that flPEA can l ibera te  dopamine f rom dopaminergic  t e rmina l s  [3, 6], it was 
decided to study the effect  of this compound on the functional act ivi ty  of dopaminergic  neurons .  

For  this purpose  the effect  of fiPEA on evoked potent ials  (EP) recorded  in the caudate nucleus i n r e s p o n s e  
to s t imulat ion of the subs tan t ia  n igra  (SN), was studied. 

EXPERIMENTAL METHOD 

Noninbred male rats weighing 300-400 g were used. The animals (40 rats altogether) were divided into 

two groups. 

In the animals of Group 1 the systemic action of flPEA on EP recorded in the caudate nucleus to stimula- 

tion of SN in the midbraln and the frontal cortex was studied. In the course of a preliminary operation, stimu- 

lating electrodes were implanted, using stereotaxie coordinates from Fifkova and Marsal's atlas, in the com- 

pact zone of SN (SNC) (AP= +4.5, V=8.2, L:I.8) and the frontal cortex (AP=-2, L=I), and a recording elec- 

trode was inserted into the head of the caudate nucleus (AP :-1.5, V :4.5, L=2.5). The experiment began 5-7 
days after the operation. During its course EP in the caudate nucleus to stimulation of SN and the frontal cortex 
were recorded by a monopolar technique. The reference electrode was located in the nasal part of the skull, 
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Fig. 2 Fig. 3 

Fig. 2. Averaged EP recorded  in eaudate nucleus at specified t ime after  local injection of 
haloperidol (A) and glutamate (B). EP to stimulation of frontal cortex shown on right, to 
stimulation of SNC on left. 

Fig.  3. Effect of fiPEA on amplitude of El) recorded in caudate nucleus to stimuation of 
frontal cortex.  A1, A2) sys temic  injection of flPEA; BI, B2) local injection of flPEA intocau-  
date nucleus. Remainder  of legend as in Fig. 1. Data for same groups of animals as in 
Fig. 1. 

and the whole sys tem of e lectrodes  was secured to the skull by means of self-hardening plast ic.  The animals 
were unrestra ined during the experiment.  EP were led through a low-noise cable to a 4-~]~G-1 electroenceph-  
alograph and recorded on an SDR-4I analog tape r e c o r d e r  after frequency modulation of the signal, l ) rocess -  
ing of EP consisted of averaging by the "biocode-neuron ~ sys tem (Special Design Bureau for  Biological Ins t ru-  
mentation, Pushehino). The averaged EP were then led to a photographic r eco rde r .  The El) were recorded 
both under normal  conditions and 5, 20, 40, and 90 rain af ter  administrat ion of fiPEA, fll)EA-HC1 was injected 
intraperi teneal ly in a dose of 70 mg/kg.  

In the animals of group 2, thelocal  action of flPEA on EP recorded in the eaudate nucleus to stimulation 
of SN and the frontal cortex was studied under pentobarbital (40 mg/kg,  intraperitoneally) anesthesia.  The p ro -  
cedure was s imi la r  to that used with the animals of group 1. For  local microinject ion of the drugs,  a push- 
pull cannula sys tem of the w r i t e r s '  own design, with an electrode for  recording bra in  e lectr ical  activity f rom 
the region of injection, was used. The operation of this cannula was fully described previously [1]. The injec- 
tion cannula, connected with an electrode for  recording E1 ), was introduced into the head of the caudate nucleus 
(AP=-1.5, V=4.5 ,  L=2.5) .  The following substances were injected: fiPEA-HC1 (39 #g/#l), glutamate (10 -1~ M), 
and haloperidol (4 #g/td).  The solutions of the substances were injected in a volume of 1 tzl for 1 rain to avoid 
damage to the brain through p ressu re .  EP recorded  under normal  conditions and at different t ime intervals 
(5, 20, 40, and 90 rain) after  microinject ion of each drug were averaged.  Statistical analysis  was by Student's 

t - t e s t .  The amplitude of the components of EP was measured  f rom peak to peak. At the end of the experiment 
the position of the electrodes and injection needle in the animal ' s  brain was verified morphological ly.  

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

The effect of fiPEA on E P recorded in the visual cortex of animals to flashes was investigated previously 
[12]. However, the components of these EP have a complex and heterogeneous origin, which makes them diffi- 
cult to analyze. Unlike Sabelli et al., [12] we studied the effect of flPEA on nigral  and cort ical  inputs to the cau- 
date nucleus, whose monosynaptic nature enables the resu l t s  to be interpreted more  c lear ly .  EP in the caudate 
nucleus to st imulation of SN consisted of two components:  ear ly  (NI-P1) and late (N2-P2 )  , which differ in origin. 
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Under the influence of haloperidol  and f lPEA, the  f i r s t  component of E P was v i r tua l ly  unchanged, probably  be -  
cause  of its p resynap t ic  origin.  Mainly the second component  (N2-P2) of EP,  with a latent  per iod of 7-12 m s e e  
and a durat ion of 15-20 m s e c ,  responded to the subs tances  used.  Systemic injection of flPEA in a dose of 70 
m g / k g  to the r a t s  caused a sharp  d e c r e a s e  in ampli tude of the second component  of EP in the caudate nucleus 
to s t imulat ion of SN a f te r  5 rnin (Fig. 1). An EP  of reduced ampli tude continued for  90 rain. Local  injection of 
35 pg/#l of / /PEA caused a s lower  d e c r e a s e  in ampli tude of the N2-P 2 component  of the nigral  EP,  becoming 
significant  90 rain a f te r  the injection. It was this component  which responded by a d e c r e a s e  in ampli tude to 
local injection of haloperidol ,  which blocks dopaminerg ic  pos tsynapt ic  r e c e p t o r s  [8], into the caudate nucleus 
(Fig. 2). These  observa t ions  indicate that  the N2-P 2 component  of EP is probably  dopaminerg ic  in nature  and 
that it was reduced because  of exhaust ion of dopamine (DA) in the nerve  endings under the influence of flPEA 
[6]. The re  a re  s eve ra l  poss ib le  explanations of the g r e a t e r  ef fec t iveness  of action of fiPEA when injected in t r a -  
per i toneal ly .  F i r s t ,  a f t e r  in t raper i tonea l  injection of / /PEA , t h e d r u g a f f e c t e d  all pa r t s  of the neuron (body, axon 
t e rmina l s ,  dendr i tes) .  Second, flPEA could affect  other  monoaminerg ic  bra in  s y s t e m s  on which the act ivi ty  of 
n ig ro - s t r i a t a l  neurons depends.  In the case  of local injection of pPEA, the drug pene t r a t e s  by pass ive  diffusion 
[10] only into the neuron t e rmina l ,  where  it p robab ly  d is turbs  the deposit ion of DA in granules  and, consequently,  
causes  the m o r e  rapid l ibera t ion of m ed i a t o r  into the synaptic  space and a dec rea se  in the DA concentra t ion in 
the nerve  endings.  However ,  the intact neuron body in SN compensa tes  for  these  def ic iencies ,  and only the p r o -  
longed act ion of flt?EA can give r i s e  to the observed  d e c r e a s e  in amplitude of the second component  of EP 90 
rain af ter  injection. 

E1 ~ of cor t ica l  origin consis ted of one component  (Nl-Pl) with a latent  per iod of 5-7 m s e c  and a durat ion 
of 15-20 m s e c .  Local  injection of flPEA had vi r tual ly  no effect  on the ampli tude of EP,  but sy s t emic  injection 
of 70 m g / k g  flPEA caused a t r ans ien t  dec r ea se  in ampli tude of EP at the 40th minute  (Fig. 3). The cause of 
this effect  is not quite c l ea r .  It was pe rhaps  media ted  through dopaminergic  t e r m i n a l s  modulat ing the act ivi ty  
of cor t ica l  a f ferents ,  but the d i rec t  action of flPEA on cor t ica l  neurons cannot be ruled out, for  the c e r e b r a l  
cor tex  can also accumula te  exogenous flPEA [9]. Haloperido1, when applied to the caudate  nucleus,  did not 
affect  EP  of cor t ica l  or igin (Fig. 2). Unlike haloperidol ,  g lutamate ,  which according to some  worke r s  [4], plays 
the role  of m e d i a t o r  in the neuron s y s t em  of the e o r t i c o - s t r i a t a l  pathway, led to opposite changes in EP  to s t im-  
ulation of the f rontal  cor tex  and SN: EP of cor t i ca l  or igin were  s ignif icant ly inc reased  in ampli tude.  EP of 
nigral  or igin were  reduced.  Dep re s s ion  of the ampli tude of the EP of nigral  or igin points to a d e p r e s s a n t e f f e c t  
of g lutamate  on act ivi ty  of nigral  a f ferents  in the caudate nucleus.  In exper iments  with local  injection of flPEA, 
glutamate ,  and haloperidol  into the eaudate nucleus,  definite specif ic i ty  in the response  of the frontal  cor tex  
and SN was thus d i scovered .  These  exper imen t s  revea led  a specif ic  act ion of flPEA on act ivi ty  of the n igro-  
s t r i a t a l  sy s t em,  ref lec ted  in a specif ic  d e c r e a s e  in ampli tude of EP  of nigral  origin.  However ,  these r e su l t s  
do not rule  out a d i rec t  effect  of flPEA on EP of nigral  origin, not media ted  through exhaustion of DA f rom p r e -  
synaptic t e r m i n a l s .  
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