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Summary

OBJECTIVE The methoxyindofe pathway metabolite,
melatonin (aMT), and the kynurenine pathway meta-
bolites, kynurenic acid (KYNA), xanturenic acid (XA)
and 3-hydroxyantranilic acid (3HANA) are anticonvul-
sants, whereas the kynurenine pathway metabolites,
L-kynurenine (KYN) and 3-hydroxykynurenine (3HK),
are proconvulsants. It is thought that alterations in the
concentrations of these compounds may be respon-
sibte for the excitotoxic aspect of human seizures.
The aim of this study was to determine whether
alterations in tryptophan metabofism might be related
to the occurrence and type (febrile or non-febrile) of
seizures in children.

DESIGN One hundred and eighteen children from the
University of Granada Hospital were studied. They
were divided into two main groups (febrile or epileptic
convulsive) depending upon their clinical diagnosis.
An age-, weight- and gender-matched control group
was also studied. Each group was then divided into
two subgroups of patients sampled between 0900 h
and 2100h (diurnal groups) and patients sampled
between 2100 h and 0900 h (nocturnal groups).
MEASUREMENTS Plasma melatonin was measured in
samples obtained from both the diurnal and nocturnal
groups. Urinary excretion of melatonin and kynure-
nine metabolites were measured in an aliquot of 12-h
urine samples collected from both the diurnal and
nocturnal groups.

RESULTS Besides the typical circadian rhythm of
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melatonin we also found diurnal/nocturnal differ-
ences in the concentrations of all the kynurenines,
which reached significantly higher levels during the
day. In normal humans the production of methoxyin-
doles is tower during the day and rises at night,
whereas the production of kynurenines is higher
during the day and decreases at night. In patients
suffering from febrile and epileptic convulsions, how-
ever, there was a significant increase in the nocturnal
production of KYN, 3HK, KYNA and XA. Thus we
found the circadian rhythm of kynurenines to be
altered in convulsive patients. Furthermore, while
the various kynurenine metabolites increased by the
same amount during the night in febrile convulsive
children, in eplileptic children the increase in KYN and
3HK was significantly lower than the increase in KYNA
and XA. During the day the proconvulsant KYN
decreased significantly and the anticonvulsant XA
increased in both convulsive groups. Moreover,
plasma aMT increased during the day in febrile con-
vulsive group and also during the night in both febrile
and epileptic groups although showing no significant
change in their urinary excretion levels,
CONCLUSIONS OQur results point to the existence of
an imbalance in the tryptophan metabolite pathways
during convulsions, blunting the normal diurnal-noc-
turnal rhythm of kynurenines. They also support the
idea of a difference in the production of tryptophan
metabolites between febrile and epileptic patients,
suggesting that the tryptophan pathways follow dif-
ferent routes depending upon the type and duration of
the convulsion.

Several authors have proposed that cxvottony emimo werds
are involved mothe tiggenng and mamtenanee ol serzures
- heman convalsive  disorders cAnderson er af. TYRT
Meldrunm. 19570 Moeldrum er al.. 19830 Bleck & RKlawuns,
1992), Expernimental data huve tocused o the possible role
ol glutemate and aspartate in sezure deveiopae toand
the potenual therapeutic benetit of amtagonints af excitaory
amino-acid receptors (Stone & Javid. TOR3 Andersan ef al
1987: Mecldrum, 1987 Meldrum er aio 1988, Mody er af |
1988y, The  fact  that  some  metaholites ot the
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Kynurenine pathway are ligands for excitatory amino-
acid receptors raises the possibility that tryptophan metabolites
may be involved in the pathogencsis of scizure disorders
(Lapin, [982: Perkins & Stone, (982, 1983: Vezzani et al.,
1988).

Tryptophan metabohsm, including its main pathways, such
as the methoxyindole and hydroxyindole routes, has been
studied exiensively in children (Aunchio er al., 1960; Snyder-
man et al.. 1961; Gholson ¢f al.. 1962; Narbona et al.. 1994).
Nevertheless, the relahionships between same of these wmietabo-
tites and their parbicipabion in mtantile pathalogy are as yet not
completely understood. Quinolinic acid 1s an agonist of the
NMDA receptor in the brain (Meldrum, [987), and it
administration induces an epileptiform discharge (Lupin,
1982; Perkins & Stone, 1982; Vezzani et al., 1983). L-
kynurenine (KYN) and 3-hydroxykynurenine (3HK) have
also been reporied (o be convulsanty (Snydensun e al., 1961,
Ghoisan ef al.. 1962: Tapin, 1980, 1982), Kynurcnic acid
(KYNA), on the other hand, 15 an unllugonisz of the NMDA
receptor i the brain and may prolcct 1t against excitoloxic
compounds (Perking & Stone, 1982; Foster ¢ al., 1984
Beninger ef al., 1986).

There 18 cvidence o support the ides that he main
tryptophan  methoxyindole pathway metabolite, N-aceryl-5-
methoxyuyptamine (melatonin, aMT), plays a role in nevro-
modulaton and in this way aMT is able to develop a
neuroprotective effectin humans (Antén-Tay, 1974; Champney
& Peterson, 1993; Molina-Carballo ¢ af.. 1994a.b; Fauteck et
al.. 1996) and in experimental animals (Réiter er al., 1972,
1973; Reiter & Morgan, 1972; Albertson ef al., 1981; Sudgen,
1983). Melalonin depresses the brain excitability regulating
Nat.KT-ATPuase (Acuna-Castrovicjo ef ul., Il 992) and GABA-
benzodiazepine  receptor-complex  activities (Acuna-Castro-
vicjo e al., 1986a,b). Mclatonin also polentiates the capacity
of corticotrophic and opioidergic peptides to increase bruin
benzodiazepine (BNZ) receptors (Gomar et al.. 1993, 1994).
Beswdes potentiating brain mhibitory ncurotransmission, aMT
also blocks glutamatergic-dependent brain excitability (Cas-
tillo-Romero ef al., 1993; Escames ef al.. 1996). thus acting as
an antiexcitotoxic compound. Therefore, the relative balance
between the excitotoxic properties of KYN, 3HK and other

excitatory amino acids, and the peuroprotective effects of

KYNA and XA and aMT may be relevant in the pathogenesis
of seizure disorders. We report here on the results of our
studies mto the relationships between aMT and the kynurenine
pathway metabolites in normal children and in children
with febrile or epileptic convulsions. Our aim was (o
determine whether alterations in central nervous system
tryplophan metabolism could be related to the occurrence of
seizures, and also to distinguish between febrile and non-(ebrile

scizures.

Materials and methods

A total of VIS infants and children from the Univerimy of
Granada Tlospital were swudied. Thewr parents were [ully
informed and their authorization obtaincd. as was permission
from the hospital’s Ethica) Comimittee, in accordance with the
1983 revised Helsinki Declaration of 19750 A history was
prepared and a complete climcal examinaton carried out for all
the children involved: anthropometric medasurements  were
noted and a rouhine biochenucal analysis was also made.
Depending upon their clinical diagnosis. the childeen, aged
351 = 21:9 months (mean — SD. runge 1 month=12 years),
were divided into three nwun groups i order (o mvestate
possible differences in the datly pattern ot aMT secretion. Each
of these groups was then divided into two suobgroups (diurnal
and nocturpal) depending upon the ume at which cacl chitd
was admitted to hospital and sampted 1t the me of the sainple
was i the penod between 0900 and 2100h the chifd was
grouped in the diurnal group, otherwise the child wus included
in the nocturnal group (samples obtained between 2100 and
0900 h).

The control group (CGy comamed 39 children who were
hospitalized becanse of non-endocrine. non-psychological and
non-neurological diseases: nivat were i hospitad for hernias or
for a health check-up. These children hud normal psychomotor
and somatometric development, normaul clinical and routine
biochemical findings aud had no husory either ot obstetric and/
or perinatal difficutties that meght reprosent neurological risk
factors or of neurological or endocrine itiness in the family.
They were age-, gender- and weight-matched with children in
the other groups. Each child in all the convulsive groups was
sampled once only during the study. on admission o hosphal,
One ¢hild from the control group was sampled at a similar tme
of day or night in order to compare this child's data with thut of
his counterpart in the convulsive group. Tt was not alwuys
possible 1o match the times of sanipling between the convalsive
and control children exactly but we wre sauisficd that the times
were close enough to make the comparisons adequite and valid.
The control group was divided into two suberoups: a divmal
control group (DCG). comprising 22 chidren, euch sampled
once in the period between 0900 und 2100 h, and a nocturnal
control group (NCG). comprising 17 chisldren sampled between
2100 and 0500 h.

The patients belonging to the convulave groups were
admitted to the Umyversity of Granada Hospital with convulsive
pathology. The febnle convulsive group (FG) comprised 51
children with the tollowing neurological manifestations (WHO)
(Gastaut. 1983): serzures produced durmg febrile states. with
poorly defined signs and svimptoms. ‘Tuble 1 shows the criteria
for mclusion in the FG group On the busis of both the chnical
examination and scizure characteristies of cach patient, 41
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Table 1 Criteria for the inclusion of children :

with febrile convulsions Type of convulsion

Typical febrile convuision

Incluston enteriu

Temperature incrcase >38%C

(vimple or benign) (80-85%)  Extracerebral intccuous illness

\
N~

Atypical febrile convulsion
(complicated) (10~1357%)

Post-vaccination febrile

convuision (0-5%)

Concomitant febrile

convulsion -

Releasing febrial convulsion

Luck ol neurological signs

Age 6 months 1o 5 years

Generzhized and symmetrical 1onic-clonie consulsion
Durution <15 munutes

Ouly vne convulsion per febuje epirade

Rapid normiuhization of EEG withoul deug tecatmen
Fanmily history af teherle comvubaong (234

Recudiviem (3¢

Age <6 months or >5 yeuars

History of encephuopathy or acute fetal—necnaal cie
Family history of cpilepsy

"Geal or hemilateral convulsion

Duration >15 manutes

Prolonged posiconvolave period

Apparently normal EEG

Repeated serzares

Recidiviam (SO%)

Appearance about 2 weeke post-vaccinatiar
Partial or generalized seizures
Lasting effects (epilepsy. psychomotor retardation. hennparesisg

Febrile convutsion during acute infection of the CNS

Clinical appearance of Lent epilepsy duc 1o 1ise in emperature

individuals of FG were classified as having typical febrile
convulsions and 10 as having atypical febrile convulsions.
From their clinical characteristics 34 children showed general-

ized tonic-clonic convulsions, cight showed hypertonic con-

vulsions. four showed hypotonic convulsions and five showed
facal convulsions (three of which led to secondary general-
ization). Two patients in this group werc under previous
treatment with phenobarbitone and one with sodium valproate.
During the acute seizure twelve patienls were treated with
diazepam. The FG group was divided into two subgroups: one
of 26 patients corresponding to the diurnal febrile convulsive
group (DFG) and one ol 25 patients making up the noctumal
febrile convulsive group (NFG). !

The FG group was considered sepgratcly from the epileptic
convulsive group (EG), which included 28 children classified as
epileptics according to WHO criteria (Commission on Classi-
fication and Terminology, [989). This group included ninc
patients  with  parbal  tome-clonic  convulsigns, two  with
generalized tonic-clonic convulstons of tocal origin. 10 with
hypotomc convulsions and seven with Jocal convulsians.
Nineteen pavents from this group did not receive any
anticonvulsant treatment unti) they were sampled. Nine patients
were treated before the convulsive episodes: four with sodium
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I
valproate, two with sodium valprouate + phenobarbitone: one
with sodium valproate -+ clanazepam and two with phenobar-
bitone. None of the patients 1n this group developed febrile
symptoms associated with their convuisions. The EG group was
also divided into two subgroups: a diurnal epileptic sroup
(DEG), comprising 18 patients and ¢ nocturng epileptic group
(NEG), comprising 10 paucnts.

Peripheral blood samples (S miby were collecied Irom patients
in both convulsive groups upon admisston into hospital,
between | hour and 3 hours alter seizures, the duration of the
convulsion, the time lapse between the end of the convulsion
(Tuble 2) and the time of day were ull noted. Due to cethical
considerations only one sample was tahen from cach individual.
According to the time of sampling the children were grouped
into two periods of J2hours each (diumal and noctumal
groups). As far as possible, cach ¢hild w the contro) group was
sampled at the same time as cach from the convulsive groups.
The blood sumples were centriftiped at 3000 ¢ for 10 ninutes
and plasma wax separated and frozen ut —=20°C until ussay.
Urine was colleeted from 0900 1o 2100 h (diurnal - roups) and
from 2100 o 0900h (nocturnal groups) in the control and
convulsive groups. The unne volume was noted and an aliquol

was frozen at - 20°C until assay.
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Fable 2 Characlenistics of the contral and convulsive groups, and duration of convulsion and time elapscd from convulsion o sampling

{mecan = SEM.

— Age

Group Males Females {months)
CDG 15 7 4400 =774
CNG 12 5 37.70 £ 1001
DEG K 15 17.07 = 3.77
NFG i0 15 18:56 = 205
DLEG 10 b 5930+ 916
NEG 7 3 38:00 + 12:08

Duration of convulsion T elapsed
lexp {min) {min}
0-36 (ns)
142 = 218 Hi-15=2 2110
19 {ns)
1165 % 1-80 13400 = 15-533
1983 =342 10638 = 22.9%
1-46 (ns)

30040 = 23-16

122.00 = 3484

texp. | values obtained from staristical wnalysis

The concentraton of plasima and bring aM 1 was delermned
by RIA (WHB, Bromma, Sweden). This method has been
validated elsewhere for the direet measurement of aMT in
human plasma and urine {(Ferndndex er al., 1990). Pooled
human plasma senally diluted with assay buffer gave displace-
ments parallel 10 those of aMT standards. The intra- and
interassay coefficients ol variation were 11-3% and 16-3%,
respectively. Recovery of aMT, as assessed by (he standard
addibon method, gave a value of 84-4% and sensitivity was
Sngl/l. '

Standard reagents (KYN, 3HK, KYNA, XA and 3HANA) of
the highest available purity were bought from Sigma for
kynurenine metabolite detcrminations. These metabolites were
determined by thin-layer chromatography according to Coppiri
et al. (1959), slightly modified by us (Narbona et al., 1986),
nsing 60 F254 silica gel plates (Merck). Briefly, 20ul of

standiard mixture containing 4 peg of cach standard or 100 ul of ‘
urine was applied to the chromatographic plate and quickly

dried o avoid sample diffusion. The plate was then developed
with the eluent (butanol:formic  acid:distilied  water,
40:5:55) withoul being previous saturated. After a develop-
ment time of 4 hours, the solvent (ront reached 10¢m and the
chromatography was stopped. The chromatogram was then
dried in hot air and the spots were exposed by ultraviolct Light
{360 nm} 1 a photematic Uvatom 75 (Atom). The spots werc
identificd by their respective Ry values. Peak areas for
appropriate standards covering the dynamic range, spotted in
duplicate on each TLC plate, were used to construcl a standard
curve. Peak areas calculated for samples of urine were
converted inte the quantity of each kynurenine metabolite via
the corresponding standard curve. Peak areas were always
caleulated using the square of the peak height (Narbona et /.,
1986) instead of the original formula (peak arca = peak

height ® horizental width of one-halt peak heght: Frees e ol
1979). The relationship between the sample and standard
conceniration and the square of the peak height is hneur and
always results in correlation coefficients of above ¢-99. The
chromatographic method is highly sensitive, ¢ven when there
are marked concentration variations among the five metabolites
studied. The TLC method was subject 1o quality control (Freer
et al., 1879). Within-run (within-plate) analytcal variation for
the kynurenine standards ol eight replicates at every concentra-
tion of each metabolite was determined, and the coefficients of
variation thus obtained were between 6-5% and 8-3%. In
precision studies on the urine samples fram a contral group
(eight replicales in cach case} the coefficients of varation were
similar to thase oblained for the within-run analytical variation
of the standards (6-7-89%). The detection hmit, ie. the
minimum amount of a compound that must be present in the
chromalogram to allow reproducibic resulls = sensinvily, wiis
0-3 g Cor XA and 1-0 pg for KYN, 3HK, KYNA and 3HANA,
respectively, The values obtained for each compound (in pg/
100 p] of urine) were multiplied by 10 and divided by the
child’s weight (in kg). Thus, the resulis were expressed in pg/
ml - kg.

All results are expressed us mean = SEM. Plusma and urine
aMT are expressed in ng/l. The resulis were analysed by
Dunnet’s i-test for multiple comparisons. Stanstical analysis
also included Pearsor’s correlation coclficient and correfanon
analysis.

Results

The resulis obtained in the control group are shown in Table 3.
Melatonin production increased signihcantly during the night
(P<0-001) concomitantly with a siguficant decrease in the
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Table 3 Day and night production of melatonin, kynurenine and kynurenine metaboliles 1n normal and in convulsive children.

Control group

Compound DCG NCG

Methoxyindoles (ng/)

Melatomn (plasma) 26.5 +2-0% 532x52
Melatonin (urine) 56-5+ 59 639175
I\’ynnl'enines (pg/mlkg)
L-Rynurching 821 1-3% 0.7+02
J-hydroxykyuurenme 24.5x4.2% 4.1 =06
Kynurenijc acid 247 x 4.5* 55%09
Xanturenic acid 253 £ 3.2% 8741
3-hydroxyantranihc acid 1.9 *0.2* 16 =03

-
Febrile group Cpilepue group
DFG NFG DEG NEG
7567133 - 943 %[22 330+ 38% 885~ 1776
674+ 87 84.5 = 14.7 56:0 9.2 678=21.9
2ax03 S4=16 26205 18 =405
174433 423+ 136 245+ 125 99 =24
52:1 %89 533179 330 = 167 1246 = 454
1434 =29 119.0 37 108.2 = 25.2 i36:1 = 845
21203 45%1.2 3507 1.9+ 04

Data arc expressed as mean = SEM. *£2>0-001 vs. night.
I

urinary excretion of kynurenine metabolites (P <0-001). These
results suggest the existence of two different profiles for
tryptophan metabolism: a nocturnal profile for methoxyindole
production (aMT) and a diurnal profile for Kkynurenine
production.

The group of paticnts with febrile convulsions showed a
completely different pattern of aMT and kynurenine metabolite
production compared to controls (Table 3). In these groups the
diurnal/mocturmal differences betwoca thie tryprophan meabo-
lites scen in the control group disappeared. There was an
increase in diurnal aMT production, whereas the production of
JHK. KYNA and XA increased both dml‘ing diurpal and
nocturnal periods. A similar pattern of tryplophan metabolite
secretion was found in the group of pabients with epileptic
convutsions (Table 2). The sigmficant difference berween
diurnal and nocturnal aMT levels found in the control group
persisted in the epileptic group (£ <U-001) but was absent 1n the
febrile group.

The percentage alterations in the presence of these
compounds in the febrie and epileptic convulsive groups
were compared to those in the control group (Fig. 1). A
significant increase in diurnal aMT seccetion can be seen in
children with febrile (284% = 50%, P <0-001) but not epileptic
(124% * 14%) convulsions, but with no changcs in their urine
contents (119% = 15% and Y9% * 16%, (ebrile and epileptic
convulsions, respectively). 1t can also be seen in Fig. 1 that
there was a significant decrease in KYN (29% = 3% and
32:3% = 7%. P<0-01) and an increase in XA (566% * 104%
and 446% *+ 87%, P <0-001) in the febrilc and epileptic diurnal
groups, respectively. The other tryptophan metabolites
remained unchanged. showing values of 3HK, 70-7% = 13%
and 99% = 51%; KYNA. 210% £36% and 133% = 67%;
3JHANA, 104% * 15% and 180% = 71%, cormresponding to
the febrile and epileptic diurnal groups, respectively. During

© 1997 Blackwell Science Ltd, Clinical Endocrinology. 47, 667-677

the night aMT increased in both the febrile and epileptic groupy
(177% = 22% and 166% = 36%. tespecuively. P<0-01) bw
with no change to their unnc contents (132% % 23% and
1067 > 34%, febrile and epileplic groups, respectively)
(Fig. 2). During tbe night there was also a significant increase
in all the kynurenine mietabolites in both the febrile and
epileptic  groups (KYN, 801% *=248%. P<0-001 and
236% = 4d%, P<0-01; 3HK, 1026% = 330%. P<0-00]
and 2d1% T 58%, F<0-01; KYNA, 9S8% = 321%, P <0001
and 2241 © 716%, P <0-00}: XA, 1370% = 660%. P <0-001 and
1567% = 62%, P <(0-001, respectively). No changes in 3HANA
were found 277% = 73% and 119% = 229 nocturnal febrile and
epileptic groups, respectively). A ditterence did exist between
these groups, however; while the increase in these metabolites was
simitar in the febrile group. in the cpiepuc group the most
significant increase was found in KYNA und in XA.

To analyse further the rclationship belween the methox-
yindole and kynurenine metabolic pathways, we made a
correlation analysis between their metabolites. The results of
these comparisons are set out in Table 4, where the correlation
coefficient and the statistical significance in each of the variable
pairs can be seen. These data suggest: first. that in the control
group, plasma aMT showed a significant inverse correlation
with KYN (”<0-01) and 3HK (P <0-05): secondly. that in the
febrile and epileptic groups the correlation level disuppeared:
and lastly, that when the relationship between the different
kynurenines was analysed, significant correlation cocflicients
were found both in the control group and in the febnle and
epileptic groups.

Di.-.ssion

Tryplophan is the main indole derivauve, being especially
abundani in high-quality biologicul proteins. Orgunisms usc
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Table 4 Corrclation cocfticients (r) and significance levels of each pair of related variables in each of the studied groups.

Pair of variables DCG NCG DFG = NFG DEG NEG ™
S S ~ S
aMT-P/aMT-0 ~0-25 0-78%* 0-65%* 035 0-53 0-67
aMT-P/L-Kyn —0-68* -027 015 —0-16 —011 —~0-19
aMT-P/3HO-K —051 —0-34 011 | 0-004 0-001 —011
aMT-P/KA —028 —0-16 013 010 0-001 —013
aMT-P/X A —0:32 —0-004 —02] 0-002 —0-007 —0:005
aMT-PAHO-AA —-035 —-0:20 0-0006 0001 —0-19 —0-006
aMT-0/-Kyn —0-59 —-44 024 —013 —0-13 0-005
aMTOAHOK -0.37 —0d5 026 ' —0:10 0003 040
aMT-O/KA —0-25 —0:22" ~ 037 016 0002 017
AMT-0/XA -0.24 014 0-15 0002 ~0:10 —0:004
aMT-0/3110-AA —0-54 —0-26 0-0005 (002 —025 0008
L-Kyn/3HO-K 0-85% 0-79~* 091 ¥+ 0-32 0-37 0-84*
L-Kyn/KA 0-64% 0-78%* 0-85%* 0-0007 027 0-72
L-Kyn/XA 0-47 043 0-46 o017 0-66* 0-44
L-Kyn/3HO-AA 0-66* 0'68* 0-71%= 030 (677 0-48**
3HO-K/KA 0-76% 0-84%* 0.-89%* ‘ 0-47 097+ 0-9] %%
3HO-K/XA 0-62* 051 033 0-69%* 0-85%* 0-80%
3HO-K/3HO-AA 0-65% 0-89%x 0-51* 0-78%*¢ 036 0-80%
KA/XA 0-80* 0-74% 0-65%* 0-937% 083+ 072
KA/IHO-AA 0-62% 0.83%+ 0-53%* 0-857* 030 0-61
XA3HO-AA 0-61% 048 0-59% 0:97+* 046 0-56

aMT-P: plasma melatoning aMT-0: urine melatonin; L-kyn: L-kynuremine; 3HO-K: 3-hydroxykynurenine; KA: kynuremic acid; XA. xanturenic acid,

JHO-AA: 3hydroxyanuanilic acid.
*P<0:0); **P <0-001.

four main pathways, with different enzyme systems, to
metabolize tryptophan (Narbona e/ af, 1994). We have
analysed two of these catabolic pathways: the kynurenine
pathway, which is considered to be the most important
metabolic destination of tryptophan; tryptophan pymrolase
cleaves the pyrrolic ring of the amino-acid producing formylk-
yoaurening, which is rapidly hydrolyzed to KYN and its
metabolites (Snyderman et al., 1961), and the methoxyindole
pathway, which produces n-acetylscrotonin and aMT, both
important biological amines. The action of n-acetyltransferase
on S-hydroxytryptamine is the limiting: step in this synthesis.
The main source of these amines is the pineal gland, which
helps (0 control biological rhythms and brain  activity
(Cardinali, 1981; Reiter, 1981, 1983; Acuia-Castroviejo et al.,
1995).

Intracerebroventricular injection of KYN or 3HK in mice
produces convulsions (Lapin, 1978), which may be counter-
acted by some of its metabolites, such as KYNA, XA and
3HANA. These kynurenine metabolites uct as endogenous
anticonvulsants. Thus, the increased excretion of some of these
kynurenines might represent the expression of an cndogenous
compensatory mechanism during convulsions (Lapin, 1981). It
has also been suggested that in some pathological situations in
which an imbalance between kynurenine and its ‘antagonisls

© 1997 Blackwell Science Lid, Climcal Endocrinology, 47, 667-677

exists, with increasing KYN levels, an excllalory proconvulsant
condition may occur (Lapin, 1981). With regard tw this point,
increased urinary excretion of both XA and KYNA during
convulsions has been reported (Rodriguez et al., 1990: Molina
et al., 1991).

Our results show significant divrnal/nocturny changes in the
urinary concentrations of KYN, 3HK, KYNA and XA w febrile
and epileptic patients compared to normal children. In the
control group all kynurenine metabolites, apart from 3HANA,
were significantly lower during the night than duning the day. In
the febnle and‘cpilcp[ic groups, on the other hand, significant
increases in both diurnal and nocturnal production of 3HK.
KYN and XA took placc. These changes explain the
disappearance of the diurnal/mocturnal differences in these
metabolités in the convulsive groups compared to controls.
Similur])", plasma aMT and its urinary excretion increased in
the'teprile group both during the day and night, and only in the
epileptic group was there any significant diurnal/nocturnal
differcnce in plasma aMT.,

When the values ol tryptophan meluboliles were expressed as
a percentage change, a significant reduction in KYN and an
increase in XA cxcretion compared to the control group was
found during the day in the convulsive groups. During the night,
however, there was a significant increase in KYN 3HK, KYNA
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and XA in both the febrile and epileptic groups. As far as aMT
levels are concerned, Lhe results showed an increase in aMT
production in the febrile group during the dixy and an increase in
both the febrile and epileptic groups during the night. ¥

The data reveal that in the convulsive groups there was a
decrease in the proconvulsant metabalite KYN during the day
3HK, another metabolite,
unchanged. During the day the anticonvulsants aMT (in the
febrile group) and XA (in the febrile and epileptic groups) also
increased. During the night, however, al} the proconvulsant and
anticonvulsant metabolites, except for 3HANA, increased.

whereas proconvulsant was

These data point towards the existence of a dissociation
between the diwmal and nocturnal production of tryptophan
metabolites: in normal children tryptophan 1s mainly metabo-
lized during 1he day via the kynurenine pathway, thus
producing higher levels ol hynurenine metabolites and lower
levels of aMT. During the night, (ryptophan metabolisim
switches to the methaxywindale pathway, resulling in annercasc
i aMT and a concomitant decrease in kynurenines, In the
convulsive children this diurnal/nocturnal equilibrivm disap-
peared, perhaps due to some modification to the enzyme
activity in the metabolic pathways. resulting in a sigmficant
increase in nocturnal tryptophan metabolites. This nocturnal
mectabohic increase might be rclated to the existence of a
circadian rbythm in scizure activity, which appears to be higher
during the night (Champney er al., 1993).

Both pro- and amiconvulsanl'lryptoph;lm metabolites werc
higher in the convulsive groups. Nevertheless, the higher
nocturnal increase in the anticonvulsants KYNA and XA in the
epileptic compared to the febrile gm‘up still remains to be
clarified. Perhups a chronic seizure status, such as epilepsy.
induces a penmanent alteration o tryptophan metabolism,
deviating it to the production of anticonvulsant metabolites,
This hypothesis pomts to an up-and-down regulatary mechan-
ism for the tryptophan metabolic pathways, ie. that the
organism adapts itself over a period of time to counteract
hyperexcitatory bramn activity. The data also suggest that the
changes in tryplophan metaboliles are not the origin of the
convulsions. but a consequence of them (Heyes et al., 1994).
Thus, measurements of tryptophan turnover in these patients

may throw more light on the relationship between cerebral

activity and ryptophan metabolism.

It has been shown that of the intermediary metaboliles in the
kynurenine pathway only KYN and 3HK are actively
transported across either the blood—brain barrier or the
cercbrospinal - (uid  barrier (Fukui er af., 1991). KYNA,
3HANA and XA scem barcly to cross the blood—brain barricr
and are therefore not expected to contribute significantly 1o
the brain poal under normal conditions. Qur abservations
revealed that during seizures both the metabolites to which the
blood-brain barrier is perimeable and those that normally do not

cross the barrier to any significant excent increased in urine The
extracerebral metabolism of kynurenines cannot be ruled out
since a diurnal variability in the activity ol hepatic tryptophan
dioxygenase exists and conscquently changes in the level of
tryptophan metabolites in urine might reflect changes in hepatic
metabolism. It s highly likely. howevere that chunges
systemic kynurenine pathway metabohsm exert a considerable
mfAuence on changes in brain kynurenine metabolites such as
KYNA, which do not normally cross the blood-brain buarrier
(Heyes, 1993). Several changes are also known to occur in brain
cells following convulsive injury, including infiliration by
macrophages and glial proliferation. Invading macrophages
rather than microgha seem (o constitute a major source of
cerebral kynurcnine metabolites (Alberan-Giani et af.. 1996,
Thus, the changes in kynurenine metabolite excretion that we
have observed probably reflect sioular altcranons in it
presence in the brain. During seizures the norinal distcibution
of kynurcnie mctabolites between the brain and its peripherica
is altered because the blood ~brain barrier is breached and thug
become more permeable (Petiwo er al.. 1977).

Although Heyes ¢r af. (1994) recently reported that no
differences  berween metabolite  concentrations

could be put down to the time of day at which the sumples

tryptophan

were collected, our observations record signtficant diurnal/
nocturnal differences in the production of these metabohtes.
This discrepancy may be doe 1o the lact thut Heyes eral. (1994)
compuared data from samples taken between 0600 and 1200 h
vs. 1200 and 1800 h vs. 1800 and 2000 h, whereas we compared
the data collected from 0900 10 2100h vs. 2104 to 0900 h. An
alteration in the aMT circadian rhythm has recently been shown
(0 exist in convulsive pathology (Moling-Carballo er «l.,
1994a,b), and a 5-hour phase-shift delay n the aMT nocturnal
peak has also been detected in epileptic children (Champney er
al . 1995). As far as the kynurenine pathway is concerned.,
simtlar alieration in the nocturnal peak of its metabolites may
well occur and collccting the samples hetween 0600 and 1200 h
might mask the circadian nature of their production. These
observations then could well explain the lack of correlation
between KYN and KYNA previously reporied (Heyes er al.
1994). Our data showed a signilicanl inverse correlations
between aMT and KYN and 3HK in the control group. These

~correlations suggest the exisience ol 4 balunce between anti-

and proconvulsant iryptophan metabelite production. The
disappearance of these corrclations 1 convulsions further
supports the hypothesis of an uncoupling of (ryptophan
metabolic pathways in seyzure pathology

The pro- and anticonvulsant tryplophan metabolite com-
pounds seem (o produce their effects by acting on brain
NMDA-subtype glutamatergic receptors. Electrophysiological
studies have demonstrated that aMT plays a physiotogicat role
in the inhibition of striatal NMDA receplor activity in rat brain
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(Castillo-Ramero ef af., 1993; Escames et al., 1996). This
indoleamine inhibits brain nitric-oxide—synthase activity (Pozo
et al, 1994) and counteracts nitric-oxide-dependent, free-
radical production, The recendy described free-radical scaven-
ger propertics of aMT supports the role suggested for this
neurchormone as an efficient cell protector (Reiter et al.. 1994;
Acufia-Castrovicjo of al., 1995; Reiter ef al., 1995), Thus, the
wmcrease wplasing aMT duning convulsions witliout changes
vrinary sMT excredon paints 10 an increase in plasma aMT
metsbolisi, wiinch usay be due 1o (the ‘suicidal” properties of
this niolecule after sts antioxidant action (Reiter enal,, 1994,
1995).

Ly summary, relationships between the teyptophan metabolic
pathways do exist. According to the needs and requirements of
the organism and 1ts condition, some tryptophan mclabolic
pathways will be stimulated while others will be inhibited in
order to arrive at the required effect. Althougl generalized
disturbances in kynurenine palhway metabolite levels take
place in convulsions, our data do not support the ideal of XYN
or 3HK playing any part in the triggering or the maintenance of
febrile and/or epileptic convulsions in children. The preatest
support is for the possibility that an imbalance between the
mcthoxyindole and kyourenine tryptophan metabolic pathways
may help to produce brain excilotoxicity and convulsions.
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