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Exper iments  on f rogs  with an epileptogenic focus produced by injection of 1000 units penicil l in 
(0A ~l) into the p r imord i a l  hippocampus showed that  p r e l im ina ry  injection of two kynurenins 

- -  quinolinic acid (QA, 0.1 ~g) and kynurenin i t se l f  (K, 1 pg) - -  into the region of the focus or 
the i r  injection into an a l ready  functioning epileptogenic focus led to an inc rease  in the f requency 
of in ter ic ta l  ep i l ep t i fo rm d i scharges  and of e l ec t rograph ic  c o r r e l a t e s  of fits on the EEG~ An- 
thrani l ic  acid (AA, 5 ~g) had no effect  on act ivi ty of the focus whereas  sero tonin  (S, 1 ~g) and 
5-methoxyt ryp tamine  (1 ~g) substant ia l ly  dep re s sed  it .  The provoking act ion of the kynurenins 
on epi lept ica l ly  p red i sposed  b ra in  neurons ,  it is suggested,  may play an impor tant  role  in the 
pa thogenes is  of ep i lepsy .  
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Until r ecen t ly  the only sou rce  of enzymic  ( t ryp tophan-pyr ro lase ,  t ryp tophan-2 ,3-d ioxygenase)  fo rmat ion  
of kynurenins f r o m  t ryptophan  was cons idered  to be the l ive r .  The p rob lem of penet ra t ion  of kynurenins into 
the b ra in  or of the i r  fo rmat ion  in the b ra in  has not been  ra i sed  [2], although many and var ied  neurot ropic  
effects  of kynurenins have been  d i scovered  [9]. In r ecen t  y e a r s  t r y p t o p h a n - p y r r o l a s e  act ivi ty  has been  d i s -  
covered  in the b r a in  [5] and a kynurenin synthes ized in b r a in  t i s sue  has been  found [7]. Between 80 and 90% 
of t ryp tophan  molecu les ,  incidental ly,  follow the pathway of kynurenin format ion .  

Only two pape r s  have so f a r  been published [10,11] in which data a re  given on the abil i ty of kynurenins 
to inc rease  the exci tabi l i ty  of the CNS through the i r  d i r ec t  cen t ra l  act ion.  

The object  of the p r e s en t  invest igat ion was to study the effect  of th ree  kynurenins (D,L-kynurenin -- K, 
quinolinic acid - -  QA, anthrani l ic  acid - -  AA) on the act ivi ty of an epileptogenic focus in the frog h ippocampus ,  
i . e . ,  on neurons  with pathological ly enhanced exci tabi l i ty ,  and to compare  it with the ef fec t  of se ro tonin  (S), * 
another  impor tan t  t ryptophan metabol i te ,  and of the S -mime t i c  5 -methoxyt ryp tamine  (reexamine, M). 

The f rog  was chosen  as the t e s t  object ,  f i r s t ,  because  expe r imen t s  on these  an imals  for the s t imula t ion  
of epi lepsy and with injection of drugs  into b ra in  s t r u c t u r e s  a re  technical ly  e a s i e r  to c a r r y  out than on w a r m -  
blooded an imals  and, second,  S is the leading monoamine  media to r  in the f rog  b ra in  [3] and it is to be expected 
that  all  p r o c e s s e s  connected with ac t ivat ion and inhibition of S-erg ic  s y s t e m s  would be mani fes ted  more  c l ea r ly .  

EXPERIMENTAL METHOD 

Exper imen t s  were  c a r r i e d  out in winter  and spr ing on 92 f rogs  ~ a n a  t e m p o r a r i a ) ,  chiefly ma l e s ,  weigh-  
ing 35-40 g and living in the Leningrad Region.  The frogs were anesthet ized with 25% urethane solution (5 
rag /g) ,  the c ran ia l  bones were  r em oved ,  and the h e m i s p h e r e s  of the fo r eb ra in  were  exposed.  Chemical  and 
b ipo la r  e l ec t rodes ,  glued toge ther ,  were  used for  monopolar  and b ipolar  r ecord ing  of act ivi ty f rom the left 
and r ight  p r imord i a l  h ippocampus .  This ensemble  was so  designed that ,  when fixed in the e lec t rode  holder  of 
an S]~Zh-2 un iversa l  s t e reo tax ic  ins t rument  the chemica l  e lec t rode  was inser ted  into the left and the b ipolar  
e lec t rode  s imul taneous ly  into the s y m m e t r i c a l  point of the r ight  h ippocampus .  The chemica l  e lec t rode ,  in-  
se r t ed  into the left h ippocampus ,  consis ted of a cannula-needle  (diameter  0.4 mm) ,  insulated with t r a n s p a r e n t  
p las t ic ,  for  injection of solutions into the b ra in ,  which a lso  se rved  as one of the two e lec t rodes  forming a 

* Kynurenins have been shown to be antagonists  of many of the neurot ropic  effects  of se ro tonin  [2]. 
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TABLE 1. Changes in Activity of Epilepto- 
genie Focus in Hippoeampus under Influence of 
Drugs Injected into Focus af ter  Stabilization of 
Pathological Activity 50-60 min after Beginning 
of Experiment  

I 
Drag in- [No. of  

jeered and /emXen~ - 
dose. gg 

Imerictaldis- Fits (number, 
charges (mean }during 10 rain of 
mun[~er/mip - [observation trom 
ute oI recordinglS0th to 120th rain 
EEGfrom6Uth [of experiment) 
to 120th minute | 

Control 
QA-0,1 
K--1,0" 
S-I,0* 
M--1,0" 
AA1-5,0~ "i 

15 
6 
6 
6 
6 
2 

6,95 3,0$ 
25,0t 5,6t 
~8,9~ 5,~ 

1,58 $ 0,~ I 
2,38t 0,2t 
7,1 tl 3,11 

*Dose of 0.1ggdidnotaffectactivity offocusintwoex- 
periments. 
1"Dose of 0 .land l~g (each of two experiments) did not: 
change activity of epil~ptogenic ~ocus. 
~: p ~ 0.o01. 

TABLE 2. Changes in Activity of Epilepto- 
genie Focus in Hippocampus after  P re l iminary  
Injection of Tryptophan Metabolites into l~egion 
of Focus (5 rain before injection of penicillin) 
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z 
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K--I,0 
S-l,0 6 6 
M--I,0 
AA.--5,0 2 6 

Interictal discharge Fits (mean nu tuber 
(mean nu tuber per 
minute ofreco/ding during 10 rain of 
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from 0 to from 0 to 
120th mir 120th mix 
ofexperi- P ofexperi- P 
ment ment 
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26,0 2~8 
3,2 

13,0 

<~Ol 
<o,ool 
<020] 
<o,oot 
>o,oot 

2,8 
3,8 

Y 
o 

2,9 

<0,001 
<0,001 
~o,001 
~0,001 
>o2ol 

bipolar chemical  e lec t rode .  The second of the two electrodes consisted of a n i ch romewi re ,  0.10 mm i n d i a m -  
eter,  insulated with t r ansparen t  plast ic and glued to the eannula.  The bipolar e lectrode inserted into the 
r ight  hippocampus of the frogs differed f rom the chemical  electrode only in the fact  that,  instead of a cannula- 
needle, it incorporated a nichrome wire 0.18 mm in d iameter .  The reference  e lect rode was a s i lver  disc in- 
ser ted into the mouth. 

The chemical  and bipolar e lectrodes  were inserted into the brain  to a depth of 0.5-0.6 ram, according to 
the coordinates of an atlas of the f rog ' s  brain  [8], to reach  the g rea tes t  concentrat ion of hippocampal py rami -  
dal ce l l s .  Hippocampal potentials were recorded  on an I~]~GU-16-0.2 16-channel e lect roencephalograph.  

An epileptogenic focus was created in the hippocampus of the frogs by injection of 0A gl of a solution of 
the potassium salt  of penicillin containing 1000 units of the antibiotic through the chemical  electrode by means 
of a micromanipula tor .  The resul ts  of pre l iminary  experiments  showed that this dose of penicillin is the 
smal les t  to produce an epileptogenic focus in the hippocampus of frogs in all exper iments .  

For  120 min after injection of the penicillin the EEG was recorded for subsequent counting of single in ter -  
ictal d ischarges  (bi-triphasie spikes or pointed waves) per  minute of EEG recording  during each 10-rain in te r -  
val of the experiment  and the mean number of e leet rographic  cor re la tes  of fits (a continuous prolonged paroxys-  
mal discharge on the EEG), also during each 10-rain interval of the experiment .  

The drugs were injected into the location of the epileptogenie focus either 5 rain before or 60 rain after  
injection of penici[Hn into the hippocampus.  The activity of the focus became stabilized 50-60 rain af ter  its 
format ion.  All solutions of drugs were injected into the hippocampus in a volume of 0.4 #i. The following 
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doses of the drugs were used: K 0.1 and 1 ~g (0.25% solution, pH 2.8), QA 0.1 pg (0.025% solution, pH 5.1), AA 
0.1, 1, and 5 ~g (1.25% solution, pH 5.0), S 0.1 and 1 pg (0.25% solution, pH 3.7), and M 0.1 and 1 ~g (025% 
solution, pH 5.8). The solutions of the drugs were made up in bid[stilted water.  In experiments on control 
frogs, bidistilled water (pH 6.9) was injected into the region of the epileptogenie focus, and changing the pH of 
the water over the range from 3.0 to 6.0 in different experiments did not affect the dynamics of epileptogenesis 
in the control animals. 

The results were subjected to statistical analysis by means of the Wilcoxon-- Mann--Whitney U-cr i te-  
rion. 

EXPERIMENTAL RESULTS 

The results given in Table 1 show that injection of K or QA into the region of an actively functioning, 
stabilized epileptogenic focus led to an increase in the frequency of the interparoxysmal epileptiform dis-  
charges of the EEG and in the number of fits in the frogs.  Conversely, S and M considerably reduced the 
pathological activity of the focus. AA, in the doses tested,  did not change the activity. 

Prel iminary injection of kynurenins S and  M into, the hippocampus (Tables 1 and 2) caused the same 
changes in activity of the epileptogenic focus in that s tructure as their injection into an already functioning 
focus described previously: QA and K provoked whereas S and M inhibited its pathological activity. 

Under experimental conditions evidence was thus obtained of a direct  effect of tryptophan metabolites 
of the kynurenin ser ies  on excitability of CNS neurons. It must be emphasized that the kynurenins differed 
in this respect:  AA, under the conditions used, did not affect the excitability of the epiteptically predisposed 
neurons whereas QA was about 10 times as active as K~ 

These experiments also showed that antagonism between kynurenins and S in their neurotropic effects 
[2] also extends to the effect of these tryptophan metabolites on activity of an epileptogenic focus. 

The possibility cannot be ruled out that the provocative action of kynurenins on epileptically predisposed 
neurons may play a definite role in the pathogenesis of epilepsy, for increased excretion of kynurenins [4, 6], 
unconnected with any vitamin B6 deficiency [6], has been found in patients with epilepsy. 
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