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Abstract  :  In t ra thecal  methotrexate  in  chi ldren with  leukemia is  known
to  cause  se izures ,  dement ia ,  l eukoencepha lopa thy  and  cogn i t ive
dys func t ion .  To  inves t iga te  the  ro le  o f  b ra in  amines  in  cogn i t ive
dysfunction,  male Wistar  rats  were given mult iple intracerebroventr icular
in jec t ions  o f  me tho t rexa te .  Our  ea r l i e r  s tud ies  in  th i s  r ega rd  revea led
d i s rup t ion  o f  b ra in  monoamines  in  h ippocampus  wi th  severe  cy to tox ic
e f fec t  on  CA4 h ippocampa l  neurons .  Fur the r  ex tend ing  th i s  s tudy ,  the
levels of brain monoamines in frontal cortex, hypothalamus and brainstem
were estimated by HPLC method and histopathological study of the frontal
cor t ex .  The  concen t ra t ion  o f  a l l  t h ree -b ra in  amine  (norep inephr ine ,
dopamine  and  se ro ton in )  l eve l s  was  reduced  in  2  mg/kg  dose  o f
metho t rexa te  in  f ron ta l  co r t ex  and  b ra in  s t em.  Hypotha lamus  d id  no t
show any  s ign i f i can t  change  in  b ra in  monoamine  l eve l s .  No  s t ruc tu ra l
changes in the frontal  cortex neurons were observed.  Disruption of brain
monoamines has been proposed as a cause of brain dysfunction from this
chemotherapy. The outcome of the study may have therapeutic implications
in  the  management  of  chi ldhood lymphoblas t ic  leukemia .
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deve lopment  o f  metho t rexa te  induced
neuro tox ic i ty  however  has  caused  major
c l in ica l  p rob lems  (2) .  The  metho t rexa te
induced  neuro tox ic i ty  in  the  fo rm of
pares i s  (3 ) ;  pa rap leg ia  (4 ) ,  se izures  (5 ) ,
encephalopathy (6) and even death (7) were
repor ted .  Insp i te  o f  i t s  neuro tox ic i ty ,
metho t rexa te  i s  ex tens ive ly  used  in
prevent ion  and  main tenance  therapy  of
ch i ldhood  lymphoblas t ic  l eukemia  for  i t s
excel lent  resul ts  s ince last  two decades.
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INTRODUCTION

Methot rexa te ,  a  fo la te  an tagonis t  i s  a
mains tay  t rea tment  fo r  ch i ldhood  acu te
lymphoblas t ic  l eukemia .  In t ra theca l
methotrexate alone or in combination is used
widely for  control  of  this  leukemia and to
t rea t  meningea l  in f i l t r a t ion .  Metho t rexa te
cannot cross blood brain barrier  (1) ,  hence
i t  i s  a  common prac t ice  to  admin is te r
metho t rexa te  d i rec t ly  in to  the  CSF.  The



428 Madhyastha  et  al Indian J Physiol Pharmacol 2005; 49(4)

Children given CNS prophylactic therapy
have  s ign i f ican t  reduc t ions  in  overa l l
intelligence quotient scores, impaired verbal
and visual-spatial memory abilities (8, 9, 10,
11  & 12) .  However ,  s tud ies  conduc ted  by
Duller and Vandekerkhof (13) did not show
any impai rment  o f  memory .  Our  ear l i e r
study (14) clearly demonstrated impairment
of  l ea rn ing  and  memory  ab i l i t i es  a f te r
methot rexa te  t rea tment .  The  mechanism of
methotrexate-induced behavioral toxicity has
not  been  s tud ied  ex tens ive ly .  The  ro le  o f
bra in  amines  in  metho t rexa te  induced
learn ing  and  memory  def ic i t  i s  poor ly
repor ted .  Net te r  e t  a l  (15)  p roposed
neuro tox ic i ty  by  metho t rexa te  i s  due  to
interference in supply of  neurotransmit ters .
Our  ea r l i e r  s tudy  has  conf i rmed  the
involvement of hippocampal neurotransmitters
in  metho t rexa te  –  induced  lea rn ing  and
memory deficits (15). In which the level of
dopamine  and  sero tonin  were  s ign i f ican t ly
decreased (P<0.001) in both 1.5 and 2 mg/kg
dose of methotrexate. Continuing our earlier
s tudy ,  b ra in  amines  (Norep inephr ine ,
Dopamine  and  Sero ton in)  l eve l  in  var ious
reg ions  o f  the  b ra in  were  es t imated  a f te r
in t racerebrovent r icu la r  metho t rexa te .

M E T H O D S

A n i m a l s

Four-month-old male Wistar rats bred in
house  were  used  in  the  p resen t  s tudy .
Animals  were  main ta ined  under  cont ro l led
conditions of light (10 h : light : 14 h : dark),
t empera ture  (22 ± 3°C) ,  and  humidi ty
(approximate ly  50 ± 10%)  in  an  a i r -
condi t ioned  an imal  house .  Al l  ra t s  were
main ta ined  on  the  s tandard  ra t  food  and
wate r  ad  l ib i tum.  The  average  weigh t  o f

the  ra t  was  226  g .  Al l  the  exper imenta l
procedures were approved by the Institutional
e th ics  commit tee .

C h e m i c a l s

Methotrexate was obtained from ‘Biochem
Pharmaceut ica l  Indus t r ies ’  (Ahmedabad ,
Ind ia ) .  Al l  o ther  chemica l s  and  reagen ts
were HPLC or analyt ical  grade (Sigma, St .
Louis, Mo.).

Animal  groups

Four groups of rats were subjected to the
biochemical  analysis .  Group 1 consis ted of
control rats,  group 2 consisted of rats with
a cannula implanted in the lateral  ventricle
(saline treated – vehicle control) and groups
3 and 4  consis ted  of  ra ts  t rea ted wi th  1 .5
and 2  mg methotrexate /kg,  respect ively .

Surgery  and  drug  adminis trat ion

Under  genera l  anes thes ia  ( sod ium
pentobarb i ta l ,  40  mg/kg ,  i .p )  ra t s  were
implanted with a  7-mm, 21-gauge s ta inless
steel guide cannula anchored over the right
(50% ra t s )  o r  l e f t  (50% of  ra t s )  l a te ra l
ventricle (anteroposterior position : –0.8 mm
pos te r io r  to  b regma,  ±2 mm la te ra l  to
bregma, and depth –3.2 mm below the skull
sur face  a t  the  po in t  o f  en t ry)  us ing
s te reo tax ic  appara tus .  A  s ta in less  s tee l
s tylet ,  cut  the same length as  the cannula,
was  inse r ted  to  keep  the  cannula  pa ten t .
Following surgery, the animals were housed
separately in  s ingle  cages unt i l  end of  the
exper iment .  At  the  end  of  the  exper iment
cannula placements were verif ied by visual
inspec t ion  by  in jec t ing  2% fas t  g reen  dye
solution (5 µl) through the cannula system.
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The rats  were observed t i l l  they recovered
f rom anes thes ia .

Methotrexate in physiological saline was
admin is te red  fo r  3  a l t e rna t ive  days  a t  the
ra te  o f  1  µ l  every  60  seconds ,  th rough  a
Hamilton syringe via silastic tube (0.46). For
group 2 rats, an equal volume of saline was
infused instead of  methotrexate .  The doses
of  metho t rexa te  se lec ted  were  accord ing
to  ea r l i e r  s tud ies  (10  and  16) .  Ten  ra t s
from each group were selected randomly for
bra in  amine  s tud ies  and  f ive  ra t s  fo r
h is topathologica l  s tudies .

Acute  tox ic i ty  tes t

Methot rexa te  ( in  phys io log ica l  sa l ine)
was  adminis tered  in to  the  la tera l  vent r ic le
at a dose of 3, 4, 5 or 6 mg/kg body weight
to  d i f fe ren t  g roups  of  ra t s  (n=6 ,  in  each
group) .  Dur ing  the  f i r s t  4h  a f te r  the  drug
administrat ion,  the freely moving rats  were
observed for gross behavioral  changes.  The
parameters  observed  were  hyperac t iv i ty ,
g rooming ,  convuls ion ,  seda t ion ,  increased
resp i ra t ion  and  hypothermia .

Biochemica l  S tudies

Rats were sacrificed two weeks after the
f i rs t  dose  of  methotrexate  by decapi ta t ion.
Bra ins  were  rap id ly  removed  and  var ious
reg ions  o f  the  b ra in  (Fron ta l  cor tex ,
Hypotha lamus  and  Bra ins tem)  were
separated on a ice slab and then transferred
to icecold saline. The tissues were immediately
homogenized in 5 ml 0.4N ice cold perchloric
ac id  con ta in ing  0 .1% Ethylene  d iamine
tetraacet ic  acid (EDTA) disodium sal t ,  and
0 .05% sodium metab isu lph i te  and  in te rna l
standard 3,4-dihydroxy benzylamine (DHBA)

us ing  a  t e f lon-g lass  homogenizer  (Thomas
Scientific, Philadelphia Penn). The homogenate
was centrifuged at  12000 rpm (12 235 Xg)
for 10 minutes at 40°C. The supernatant was
removed and stored at –20°C until  assayed.
Brain monoamine levels  were es t imated by
HPLC with electrochemical  detector (VMD-
101a ,  Yaagimoto  manufac tur ing  Co.  L td .
Kyoto ,  Japan) .

The brain amines were isolated on a C18
reverse  phase  co lumn of  par t i c le  s ize  5
micron  meter  and  25  cm length  us ing  the
isocrat ic  elut ion method.  The mobile phase
was  composed  of  70  mM sodium ace ta te
buf fe r  (pH 4 .5) ,  con ta in ing  1  ml  of  10%
EDTA and 0.05 M hexane sulfonic acid in
one l i tre of buffer.  The buffer was fi l tered
through a  0 .45 micron mil l ipore  membrane
filter and then mixed with methanol in 87:13
(v/v) ratio before use. The mobile phase was
degassed  us ing  an  on- l ine  degasser  (ERC-
3310,  Tokyo-Japan)  before  passing through
the column. The f low rate  was kept  at  1.5
ml /min .  The  vo l tamet r ic  de tec tor  wi th  a
g lassy  ca rbon  e lec t rode  was  used  for
electrochemical detection of the amines. The
detec tor  potent ia l  was  se t  a t  0 .8  V versus
an  Ag/AgCI  re fe rence  e lec t rode  wi th  a
sens i t iv i ty  o f  1 nA.  A vo lume of  20
microl i t res  of  the  f i l tered homogenate  was
in jec ted  wi thout  p r io r  p rocess ing .  Peak
record ing  and  quant i t a t ion  was  done
us ing  the  chromatocorder  11  (Alpha tech
Corpora t ion  Limi ted ,  Tokyo ,  Japan) .  The
ac tua l  concent ra t ion  of  amines  was
calculated by comparing the recovery of each
standard amine from the crude homogenate
wi th  tha t  o f  the  in te rna l  s tandard .  The
amounts of brain amines were expressed in
nanograms per gram wet weight of the tissue
(17).
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Histopatho log ica l  s tudies

Per fus ion  :  Each  an imal  was  deep ly
anes the t ized  wi th  e ther  and  secured  on  a
d issec t ion  board ,  and  i t s  ches t  cavi ty  was
opened to expose the heart. About 15 ml of
0 .9% sa l ine  was  per fused  through the  le f t
ventricle at the rate of 1 mL/min. This was
followed by perfusion of 10% formalin at the
same flow rate. The animal was decapitated
and the brain was removed and kept in 10%
formal in  fo r  48  h  (pos t f ixa t ion) .  Para f f in
b locks  were  made  in  an  embedding  ba th .
Coronal sections of 3–5 µm thickness were
cut in the frontal cortex (18) using a rotary
micro tome ( Jung  Biocut t  2035 ,  Le ica ,
Germany) .  Twenty-f ive  sec t ions  f rom each
animal  were  mounted  ser ia l ly  on  a i r -dr ied
gela t in ized s l ides .

Sta in ing  :  The  sec t ions  were  s ta ined  wi th
cresyl  violet  stain.  One hundred mill igrams
of cresyl violet was dissolved in 100 mL of
distilled water. To this 0.5 mL of acetic acid
was added to give a pH of 3.5–3.8 The stain
was f i l tered before use.

Scoring : Coronal sections at the level of the
fronta l  cor tex  were  screened for  s t ructura l
abnormalities (using ocular grid) under light
microscope.  Twentyfive sect ions from each
rat (five rats in each group) were considered.

Stat i s t i ca l  ana lys i s

The data  were  expressed as  mean ± SE.
The  s igni f icance  of  d i f fe rences  among the
groups was assessed using one way analysis
of  var iance  (ANOVA) tes t  fo l lowed by
Bonfer ron i ’ s  mul t ip le  compar i son  tes t .  P
va lues  l ess  than  0 .05  were  cons idered  as
s ign i f ican t .

R E S U L T S

Acute  tox ic i ty  tes t

A mor ta l i ty  o f  16% was  observed
fol lowing 6 mg/kg dose of  in t raventr icular
methotrexate.  In the remaining doses tested
epileptic  react ions started with “running of
fi ts”,  developing into generalized tonic and
c lon ic  se izures  immedia te ly  a f te r  the
t r e a t m e n t .

Biochemica l  s tudies

Cannula t ion  procedure  d id  no t  a f fec t
brain amine levels as no significant change
was observed when this group was compared
with control group. The level of norepinephrine
decreased  s igni f icant ly  (P<0.05)  in  f ronta l
cor tex  wi th  bo th  doses  o f  metho t rexa te .
However  the  hypotha lamus  and  bra ins tem
did not show any significant (P>0.05) change
in  the  norepinephr ine  level  (Table–I) .  The
leve l  o f  dopamine  decreased  s ign i f ican t ly
(P<0.001)  in  bo th  f ron ta l  cor tex  and
bra ins tem a t  bo th  doses  o f  metho t rexa te .
The  decrease  in  hypotha lamus  dopamine
level is significant (P<0.05) (Table–II).  The
level of serotonin also decreased significantly
(P<0.01)  in  f ron ta l  cor tex  and  bra ins tem,
only at  2 mg/kg dose of methotrexate.  The
serotonin level did not alter significantly in
hypotha lamus  (Table–I I I ) .  Except  fo r  the
serotonin  level ,  the  remaining bra in  amine
levels did not differ between the two doses
of  methot rexa te .

Histopatho log ica l  s tudies

No structural  changes were observed in
the  f ronta l  cor tex  of  the  ra t s  t rea ted  wi th
methot rexa te  (F=2.05) .
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TABLE II : Level  of  dopamine (ng/g wet  weight  of  the t issue)  in different  regions of  the
bra in  a f te r  d i f fe ren t  doses  of  methot rexa te  in  4-month  o ld  male  Wis tar  ra t s .

Animal  groups H y p o t h a l a m u s Frontal  cortex B r a i n s t e m

Group 1 (Control) 192 .82±2 .63 394 .22± 9 .66 111 .34± 3 .40
Group  2  (Sham opera ted) 196 .03±5 .37 377 .19± 7 .58 99 .46± 3 .92
Group 3 (1.5 mg/kg MTX) 177 .34±3.21* 310 .53± 4.57** 86 .71± 1.70**
Group 4 (2 mg/kg MTX) 175 .46±2.52* 312 .15± 4.44** 84 .28± 2.76**
Anova s ignif icance :

F  va lue 8 .44 39 .57 16 .76
P  va lue 0 .0002 <0 .0001 <0 .0001

Values are  expressed as  means ± SE (n = 10 animals  in  each group).  Animals  were sacr if iced 2 weeks af ter
methotrexate administrat ion.  Group 1,  untreated controls;  group 2,  sham-operated control;  group 3,  1.  5 mg
methotrexate/kg;  group 4,  2  mg methotrexate/kg.  Group 1 versus group 3 and 4;  *=P<0.05 & **=P<0.001.

TABLE III : Level  of  serotonin (ng/g wet  weight  of  the t issue)  in  different  regions of  the
bra in  a f te r  d i f fe ren t  doses  of  methot rexa te  in  4-month  o ld  male  Wis tar  ra t s .

Animal  groups H y p o t h a l a m u s Frontal  cortex B r a i n s t e m

Group 1 (Control) 497 .35±9 .50 166 .9± 6 .17 433 .66± 6 .75
Group  2  (Sham opera ted) 490 .80±13 .70 169 .52± 3 .30 412 .81± 7 .46
Group 3 (1.5 mg/kg MTX) 487 .03±8 .04 156 .94± 4 .46 390 .86± 5 .87
Group 4 (2 mg/kg MTX) 458 .93±6 .67 137 .52± 6.32* 366 .90± 18.8*
Anova s ignif icance :

F  va lue 2 .96 7 .74 6 .73
P  va lue 0 .0448 0 .0004 0 .0010

Values are  expressed as  means ± SE (n = 10 animals  in  each group).  Animals  were sacr if iced 2 weeks af ter
methotrexate administrat ion.  Group 1,  untreated controls;  group 2,  sham-operated control;  group 3,  1.  5 mg
methot rexate /kg;  group 4 ,  2  mg methot rexate /kg .  Group 1  versus  group 4 ;  *=P<0.01.

TABLE I : Level  of  norepinephrine (ng/g wet  weight  of  the t issue)  in  different  regions of  the
bra in  a f te r  d i f fe ren t  doses  of  methot rexa te  in  4-month  o ld  male  Wis tar  ra t s .

Animal  groups H y p o t h a l a m u s Frontal  cortex B r a i n s t e m

Group 1 (Control) 729 .58±29 .83 95 .5± 3 .30 77 .96± 3 .53
Group  2  (Sham opera ted) 698 .44±38 .0 95 .61± 3 .10 74 .20± 3 .12
Group 3 (1.5 mg/kg MTX) 685 .21±29 .20 81 .76± 1.96* 68 .88± 2 .87
Group 4 (2 mg/kg MTX) 611 .23±17 .4 80 .46± 3.61* 66 .54± 3 .43
Anova s ignif icance :

F  va lue 2 .88 7 .50 2 .52
P  va lue 0 .049 0 .0005 0 .0731

Values are  expressed as  means ± SE (n = 10 animals  in  each group).  Animals  were sacr if iced 2 weeks af ter
methotrexate administrat ion.  Group 1,  untreated controls;  group 2,  sham-operated control;  group 3,  1.  5 mg
methotrexate /kg;  group 4 ,  2  mg methotrexate /kg.  Group 1  versus  group 3  & 4;  *=P<0.05.
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D I S C U S S I O N

Data generated in this study clearly show
tha t  in t raven t r icu la r  metho t rexa te  a l t e r s
brain amines (norepinephrine, dopamine and
serotonin) in various regions (hypothalamus,
bra in  s tem and f ronta l  cor tex)  of  bra in  in
addi t ion  to  the  h ippocampus .  We have
repor ted  ea r l i e r  tha t  metho t rexa te  impai r s
lea rn ing  and  memory  and  s ign i f ican t
decrease  in  the  l eve l  o f  norep inephr ine
(P<0.01), dopamine (P<0.001) and serotonin
(P<0.001) in hippocampus at both 1.5 and 2
mg/kg dose (14).  Hence it  is  clear that the
methot rexate- induced learn ing  and memory
dysfunc t ion  i s  no t  on ly  due  to  the
involvement  o f  h ippocampus  bu t  a l so
involves  b ra in  amines  in  o ther  a reas  o f
b r a i n .

There  a re  repor t s  tha t  b ra in  amines
espec ia l ly  norep inephr ine ,  dopamine  and
serotonin play a role in memory processing
(19  and  20) .  In  the  p resen t  s tudy ,  the
leve l  o f  norep inephr ine  was  s ign i f ican t ly
reduced  in  f ron ta l  cor tex  bu t  no t  in
hypotha lamus  and  bra in  s tem.  From our
ear l i e r  and  presen t  s tudy ,  i t  i s  c lea r  tha t
hippocampal  norepinephrine involvement  is
more  spec i f ic  in  metho t rexa te  induced
cognitive deficit .

Dopamine  i s  ano ther  amine  impl ica ted
in cognitive function. Dopamine receptors of
the hippocampus and prefrontal cortex have
been reported to be involved in learning and
memory (21, 22 and 23). In the present study,
a highly significant decline in the dopamine
level  of  both  bra ins tem and f ronta l  cor tex
was observed. The decline of dopamine level
in hypothalamus is  less  s ignif icant .  Earl ier

we  observed  s imi la r  dec l ine  in  the  l eve l
of  dopamine in  h ippocampus (14) .  Thus  i t
i s  c lea r  tha t  metho t rexa te  induced
cogni t ive  dysfunc t ion  a l so  involves  b ra in
d o p a m i n e .

Another  impor tan t  amine ,  namely
serotonin  has  been impl ica ted  in  a  var ie ty
of  behaviora l  pa t te rns  inc lud ing  s leep ,
perception of pain and social behavior (24).
The  ro le  o f  se ro ton in  in  l ea rn ing  and
memory  cont inues  to  be  a  sub jec t  o f
behavioral research. Serotonin is crucial for
main ta in ing  h ippocampal  synapses  and
memory acquisition in rats (25, 26 and 27).
Nowakowska  and  co  workers  (28)  showed
s t ress - induced  memory  dysfunc t ion
associated with decreased levels of serotonin
in rat brain. Lesions of serotonergic neurons
of rat brain resulted in reduced concentration
of serotonin by 60% in frontoparietal cortex
and  80% in  h ippocampus  wi th  severe
memory def ic i t  (29) .  From these  avai lab le
reports, it  is evident that declined serotonin
leve l  in  b ra in  has  inh ib i to ry  ac t ion  on
learning and memory.  In  the  present  s tudy
serotonin level fell significantly in brainstem
and  f ron ta l  cor tex  ( se ro tonerg ic  a reas )
except in hypothalamus. The above findings
sugges t  the  involvement  o f  se ro tonerg ic
sys tems  in  metho t rexa te - induced  lea rn ing
and memory def ic i t .

I t  is  now clear  that  al l  the three major
bra in  monoamines  were  involved  in
methotrexate induced cognit ive dysfunction.
Among the areas investigated in the present
study, the frontal cortex showed involvement
of  a l l  the  th ree  b ra in  amines .  The
histopathological study of the frontal cortex
d id  no t  show any  s t ruc tura l  changes  in
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neurons and neuroglial  cel ls .  In our earl ier
s tudy  we  observed  changes  in  bo th
h is to log ica l  and  bra in  amine  leve l  o f
h ippocampus  a f te r  metho t rexa te  t rea tment .
However,  such histological  changes are not
observed  in  f ron ta l  cor tex .  In t racerebra l ly
microper fused  metho t rexa te  wi l l  have
quanti ta t ively different  spat ial  dis tr ibut ions
(maximum at  the  cannula  t ip  and decl ined
sharply with radial distance from the tip) in
rodents  (30) .  Such  d i f fe ren t  spa t ia l
distribution of methotrexate will account for
more  pronounced  cy to tox ic  e f fec t  in
hippocampus (hippocampus form the wall of
the ventricle to which the methotrexate was
adminis te red  d i rec t ly)  in  our  ear l ie r  s tudy
and  no t  in  the  f ron ta l  cor tex .  Thus  our
presen t  s tudy  c la ims  tha t  metho t rexa te
induced  neuro tox ic i ty  i s  due  to  impai red
synthes i s  o f  amines ,  ra ther  than  cy to tox ic
effect .

Norep inephr ine  con ta in ing  ce l l  bod ies
are  s i tua ted  a lmost  exclus ively  in  a  group
of nuclei in brainstem. In the present study,
metho t rexa te  has  no t  a f fec ted  the
norep inephr ine  leve l  in  b ra ins tem but
significantly affected frontal cortex. It could
be  due  to  the  involvement  o f  t ranspor t
sys tem of  norep inephr ine  f rom bra ins tem.
Interestingly the brainstem did not show any
increase  in  norep inephr ine  l eve l  in  such
case.  Hence decreased norepinephrine level
may be  due  to  impai red  syn thes i s .  The
altered levels of brain amines could be due
to  impai red  syn thes i s  o f  these  amines  by

methot rexate .  Mi l lo t  e t  a l  (31)  and  Net te r
et al. (15) supported this view, claiming that
altered biopterine metabolism is blocking the
synthes is  of  these  amines  in  bra in .  In  the
las t  few years ,  the  mechanism involved in
methotrexate  induced learning and memory
dysfunction is  not adequately reported.  The
other  b iochemica l  changes  fo l lowing
methot rexa te  t rea tment  i s  poor ly  repor ted .
A cl inical  s tudy by Chan et  a l  (32)  s ta tes
tha t ,  ch i ldren  surv ived  for  long  t ime wi th
in t ra theca l  metho t rexa te  therapy  had
decreased  N-ace ty laspar ta te  (NAA/Cr)  and
chol ine  (Cho) /c rea t ine  (Cr )  in  the  b ra in
t i s sue ,  es t imated  by  pro ton  magne t ic
resonance  spec t roscopy .  Another  s tudy  by
Quinn et al (33) claimed an elevation in the
leve l  o f  CSF homocys te ine  in  ch i ld ren
undergo ing  in t ra theca l  metho t rexa te
t r e a t m e n t .

To  conc lude ,  in t racerebrovent r icu la r
methotrexate,  decreases major  brain amines
in  d i f fe ren t  par t s  o f  the  b ra in .  This
decreased brain amine could be one of  the
fac tors  in  induc ing  var ious  types  o f
neurotoxici ty  af ter  in t ra thecal  methotrexate
in  ch i ld ren  wi th  acu te  lymphoblas t ic
leukemia.  One has to consider both benefi t
and r isk  fac tors  before  se lec t ing the  dose ,
as  the  prevalent  therapeut ic  dose has  been
proved to be neurotoxic in the present study.
The procedure employed in the current work
provides  an  an imal  model  to  a id  in
unders tanding methot rexate- induced cent ra l
nervous system toxici ty .
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