
Meman tine  and  kynurenic  acid:  curren t  neuroph a r m a c ological  aspect s

Abstrac t:  Glutama t e r gic  neurot r a ns miss ion,  of  special  import anc e  in  the

human  brain,  is  implicated  in  key  brain  functions  such  as  synaptic

plasticity  and  memory.  The  excessive  activation  of  N -methyl- D-aspar t a t e

(NMDA)  recep to r s  may  result  in  excitotoxic  neuronal  damage;  this

process  has  been  implicated  in  the  pathom ec h a ni s m  of  differen t

neurode g e n e r a t ive  disorde r s ,  such  as  Alzheimer’s  disease  (AD).

Meman tine  is  an  uncompe t i t ive  antagonis t  of  NMDA  recep to rs  with  a

favorable  pharm a cokine t ic  profile,  and  is  therefore  clinically  well

tolera t ed .  Memant ine  is  approved  for  the  trea tm e n t  of  AD,  but  may

additionally  be  beneficial  for  other  dementia  forms  and  pain  conditions .

Kynurenic  acid  (KYNA)  is  an  endogenous  antagonis t  of  NMDA  recep to rs

which  has  been  demons t r a t e d  under  experime n t a l  conditions  to  be

neuropro t ec t ive.  The  developm en t  of  a  well- tolera t ed  NMDA  antagonis t

may  offer  a  novel  therape u t ic  option  for  the  trea tm e n t  of

neurode g e n e r a t ive  disease  and  pain  syndrom es .  KYNA may  be  a  valuable

candida t e  for  future  drug  developm en t .  
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List  of  abbrevia t i o n s :

A 1- 42:  amyloid  beta  1-42β

AD: Alzheimer’s  disease

AMPA:  - amino- 3-hydroxy- 5-methyl- 4- isoxazolepropionic  acidα

Ca 2+  : calcium  ion

HD:  Hunting ton’s  disease

IDO:  indoleamine- 2,3- dioxygenas e

KMO:  kynurenine  3-monooxygenas e

KP:  kynurenine  pathway

KYNA: kynurenic  acid

LTP:  long- term  potentia t ion

Mg 2+ : magnesium  ion  

NMDA:  N -methyl- D-aspar t a t e

PD:  Parkinson’s  disease

QUIN:  quinolinic  acid

Introd u c t i o n

Glutama t e  is  the  main  excita tory  neurot r a ns mi t t e r  in  the  human  brain,

and  glutam a t e- media ted  neurot r an s miss ion  is  of  high  impor tance  in



several  key  brain  functions  such  as  synaptic  plas ticity  and  memory

formation.  NMDA  recep to r s  are  widely  distributed  in  the  human  brain

and  they  are  of  special  impor tanc e  in  both  excita tory  neurot r a ns mis sion

and  neurodeg e n e r a t ive  processe s .  Under  physiological  resting  poten tials ,

more  than  90%  of  the  NMDA  recepto rs  are  blocked  by  magnesium  ions

(Mg 2+ ).  Postsynap t ic  depola riza tion  of  the  membra n e s  resul ts  in  the

release  of  Mg 2+  and  allows  NMDA  activation.  The  voltage- depende n t  Mg 2+

block  is  able  to  influence  excita tory  postsynap t ic  poten tials ,  and  underlies

the  differen t  responses  of  the  various  subtypes  of  NMDA  recepto rs .  The

NR2  subunit  of  the  NMDA  recep to r s  dete rmines  the  voltage  depende nc e:

the  NR2A-  and  NR2B- containing  subtypes  are  blocked  more  strongly  than

the  NR2C  or  NR2D- containing  subtypes 1 .  The  NMDA  recep to rs  are

member s  of  the  ionotropic  recepto r  family,  and  possess  high  calcium

(Ca 2+ )  permea bili ty.  The  NMDA  recepto rs  also  play  an  importa n t  role  in

the  induction  of  long- term  potentia t ion  (LTP),  e.g.  a  long- lasting  increas e

of  the  synaptic  streng th  or  long- term  depress ion,  e.g.  a  decreas e  of  it.

LTP  and  long- term  depression  are  the  basis  of  synaptic  plasticity,  and  are

considere d  to  be  key  process es  in  memory  and  learning 2 . 

Overact ivat ion  of  the  NMDA  recep to rs  results  in  excessive  Ca 2+  influx

into  the  cells,  activating  various  signaling  pathways  which  may  lead  to

neuronal  damage;  this  process  is  known  as  excitotoxicity 3 .  Excitotoxicity

has  been  implica ted  in  a  number  of  pathological  processe s  such  as

cereb ra l  ischemia  and  neurodeg e n e r a t ive  diseases 4 ,  5 .  Earlier  attempt s  to

use  NMDA  antagonis t s  as  therape u t ic  agents  failed  despite  the  promising

preclinical  resul ts ,  because  they  were  either  ineffective  in  the  clinical



set ting  or  resul ted  in  unaccep t a ble  side- effects ,  such  as  a  cognitive

impairm en t 6-8 . However ,  these  resul ts  promoted  a  bet te r  unders t a n ding  of

the  role  of  the  glutama t e r gic  neurot r a n s miss ion  in  physiological  brain

functions  such  as  cognitive  process es  and  memory.  On  the  other  hand,  in

pathological  cases,  where  the  excita tory  recep to rs  are  overact ivat ed ,  the

inhibition  of  NMDA  recepto rs  may  be  beneficial  by  reest ablishing  the

physiological  glutam a t e r gic  balance ,  and  preventing  excitotoxic  neuronal

damage  without  attenu a t ing  the  normal  neurot r a n s mission 9. 

Meman tine  was  the  first  NMDA  antagonis t  approved  for  the  therapy  of

modera t e  to  severe  Alzheimer’s  disease  (AD) 10 ,  11 .  Curren tly  no  other

NMDA  antagonis t  agents  are  available  in  clinical  practice,  and  it  is  still  a

challenge  to  develop  effective  neuropro tec t ive  drugs  capable  of

preventing  the  pathological  activation  of  NMDA  recepto rs  without

impairing  their  physiological  activity.  

The  kynurenine  pathway  (KP)  of  the  tryptopha n  metabolism  leads  to  the

formation  of  several  neuroac t ive  molecules ,  including  the  NMDA-

antagonis t  kynurenic  acid  (KYNA),  which  has  shown  promise  as  a

neuropro t ec t ive  agent  in  the  preclinical  setting.  This  review  will  focus  on

the  neuropha r m a c ological  proper t i es  of  the  NMDA- antagonis t  meman t ine

and  KYNA,  with  special  focus  on  AD,  describing  the  similari ties  and

future  potential  for  drug  developme n t .

Mem a n t i n e  



Meman tine  (1-amino- 3,5- dimethylada m a n t a n e ;  Figur e  1. )  was  first

synthe t ized  in  1968,  but  its  NMDA- antagonis t ic  proper ty  was  discovere d

only  in  the  1980s 12 ,  13 .  It  is  an  uncompe ti t ive  open- channel  blocker  which

exer ts  its  effect  by  inhibiting  Ca 2+  influx  at  excessive  NMDA  activation,

while  it  does  not  interfer e  with  physiological  activation  ( Figure  2. )14 .  In

rats,  the  adminis t ra t ion  of  5-10  mg/kg  memant ine  resul ted  in  a  plasma

level  of  1.0- 3.2  mM,  while  the  brain  levels  achieved  after  the  i.p.  injection

of  10  or  20mg/kg  meman t ine  were  1.2  and  2.6  mM,  respec t ively 15 .  The

IC 50  of  me m a n t i n e  is  approxi m a t e ly  3  µM,  which  is  in  good

accorda nce  with  its  therape u t ic  concen t r a t ion  range  in  humans  16 ,  17 .  In

AD  patient s ,  the  recom me n d e d  therap e u t ic  dose  is  20  mg/day 11 .  The

adminis t ra t ion  of  5-30  mg/day  of  meman tine  to  humans  results  in

cereb rospinal  fluid  concen t r a t ions  of  0.05- 0.31  M  and  serumμ

concen t r a t ions  of  0.025  to  0.529  Mμ 17 , 18 . The  elimina tion  half- life  of  orally

adminis te r e d  memant ine  in  the  human  serum  is  60–80  h 19 . 

The  experimen t a l  data  indicate  that  meman t ine  binds  to  the  same

channel  site  as  Mg 2+ ,  and  it  does  not  interfe re  with  the  glutama t e  or

glycine  binding  site 15 .  The  assumption  that  it  shares  their  binding  site

with  Mg 2+  is  suppor t ed  by  the  observa t ion  that  Mg 2+  decreas e s  the

NMDA- antagonis tic  effect  of  memant ine ,  and  that  muta tions  in  the  NR1

and  NR2  subuni ts  which  are  importan t  for  Mg 2+  binding  also  influence

meman t ine  block 17 ,  20 ,  21 .  Chen  et  al.  described  a  slow  unblocking  phase  of

this  substanc e  from  the  NMDA  recepto rs ,  which  was  inhibited  by  the

presence  of  Mg 2+  22 .  Meman tine  has  no  effect  on  the  curren t s  evoked  by

kainate  or  quisquala t e  either 22 .  High  concen t r a t ions  of  this  compound



have  been  sugges t e d  to  poten tia t e  a-amino- 3-hydroxy- 5-methyl- 4-

isoxazolepropionic  acid  (AMPA)- induced  curren t s  in  neuronal  culture s ,

but  this  effect  was  modera t e  and  therefore  its  relevance  is  unclear 15 .

Meman tine  displays  low  affinity  for  the  NMDA  recep to r s ;  the  binding  is

strongly  voltage- depende n t ,  with  fast  double  exponen t ial  blocking

kinetics,  which  is  strongly  depende n t  on  the  agonis t  concen t r a t ion 23 ,  24 .

Besides  NMDA  antagonism,  meman tine  has  been  demons t r a t e d  to

influence  glutama t e  levels.  The  chronic  administ r a t ion  of  meman t ine

resulted  in  a  decreas e d  hippoca mp al  glutama t e  level,  and  decreas e d

glutama t e r g ic  neurot r a n s mission  in  the  frontal  cortex 25 ,  26 .  The

neuropro t ec t ive  effect  of  memant ine  has  been  confirmed  by  several

studies,  indicating  that  it  prevents  the  toxic  effects  of  NMDA  and  NMDA-

recepto r  agonis ts  in  cultured  cortical  neurons,  cultured  retinal  ganglion

cells  or  the  chick  retina  in  vitro 22 , 27- 29 . 

An  intriguing  aspec t  of  the  glutama t e  antagonis t  meman t ine  is  its  ability

to  improve  cognitive  functions.  The  possible  explana tions  of  this  paradox

effect  include  a  decreas e  of  synaptic  “noise”  induced  by  NMDA  recep to r

overact ivat ion  and  restor a t ion  of  the  physiological  glutam a t e r g ic

balance 15 ,  17 .  Although  NMDA  recepto r s  are  necessa ry  for  some  forms  of

LTP,  the  basis  of  the  learning  process,  overac tiva tion  may  result  in

impairm en t .  In  these  cases ,  memant ine  may  actually  improve  synaptic

plasticity  and  cognition.  Experime n t a l  data  have  indicated  that  it  is  able

to  prolong  the  dura tion  of  LTP  in  rats 30 .  Depletion  of  Mg 2+  resul ts  in  the

impairm en t  of  LTP  in  hippocam p al  slices,  an  effect  attenua t e d  by

meman t ine 31 .  In  accordanc e  with  this,  memant ine  also  reverse s  the



reduc tion  of  LTP  in  the  CA1  region  of  the  hippocam p us  induced  by

NMDA 32 .  Accordingly,  this  drug  significantly  improves  cognitive  functions

in  modera t e  to  severe  AD  patien t s  and  it  has  been  approved  for  this

indication  in  both  the  Europea n  Union  and  the  USA 19 ,  33 .  This  effect  may

be  partly  media ted  by  its  influence  on  glutama t e r gic  neurot r a ns miss ion,

but  it  may  be  related  in  par t  to  the  counte r ac t ion  of  amyloid  toxicity.  In

cultured  primary  cortical  neurons  from  rats  memant ine  was  able  to

attenua t e  the  tau-  phosphoryla tion  induced  by  A 1-42β 34 .  In  anoth e r

study,  me m a n t i n e  was  able  to  preve n t  cogn i t ive  decl in e  in  triple-

trans g e n i c  (3xTg- AD)  mice ,  and  the  treat m e n t  also  resul t e d  in  a

signi f ic a n t  reduct i o n  in  the  level s  of  insolu b l e  amyloid  beta,  total

tau  and  hyperp h o s p h o ry la t e d  tau 35 .

This  pharma con  might  also  offer  a  therap e u t ic  option  in  other

neurode g e n e r a t ive  disorde r s ,  such  as  Parkinson’s  disease  (PD)  or

Hunting ton’s  disease  (HD).  In  a  small  study,  meman t ine  slowed  the

progre ss ion  of  the  neurode ge n e r a t ive  process  in  HD 36 .  It  also  improves

PD  dement ia  and  surprisingly  displays  beneficial  symptom a t ic  effects  on

the  motor  symptoms  too 37- 40 . Case  repor t s  have  sugges t ed  that  memant ine

may  also  improve  levodopa- induced  dyskinesia ,  but  furthe r  studies  are

merited  to  confirm  this 41 ,  42 .  Another  field  of  neurology  where  this  drug

may  be  beneficial  is  migraine .  Some  smaller  studies  have  sugges t e d  that

it  may  be  able  to  reduce  the  frequency  of  headach e 43 ,  44 .  Furthe r  large-

scale  studies  are  awaited  to  confirm  this  observa t ion.  Neuropa t h ic  pain

syndromes  affect  a  broad  range  of  the  populat ion,  but  their  therap e u t ic

manage m e n t  has  not  yet  been  fully  resolved.  Meman tine  effectively



alleviated  the  developme n t  of  neuropa t hic  pain  in  rats  and  also  achieved

significant  antinocicep tion  in  an  animal  model  of  diabe tic  neuropa t h ic

pain 45 ,  46 .  A clinical  trial  is  ongoing  to  investigat e  its  efficacy  to  prevent

post- mastec tomy  neuropa t hic  pain  in  breas t  cancer  patien t s 47 .  The  fact

that  me m a n t i n e  is  clinica l ly  well  tolerat e d  can  be  attribut ab l e  to

its  favorabl e  pharm a c o k i n e t i c  proper t i e s 17 , 48 .

Kynure n i c  acid  

KYNA  is  one  of  the  neuroac t ive  metaboli tes  synthesized  in  the  KP  of

tryptopha n  metabolism  (Figur e  3.) .  The  KP  produces  not  only  the

neuropro t ec t ive  KYNA,  but  also  several  neurotoxic  metabolites ,  such  as

quinolinic  acid  (QUIN)  and  3-hydroxykynure nine .  QUIN,  an  endo g e n o u s

agoni s t  of  NMDA  recepto r s ,  additionally  induces  endogenous  antioxidan t

depletion,  contribu te s  to  free  radical  genera t ion  and  induces  lipid

peroxidation 49- 51 .  Moreover ,  QUIN  has  been  confirmed  to  increase

presynap t ic  glutam a t e  release  and  reduce  glutama t e  uptake  by  the

ast rocyte s 52 ,  53 .  On  the  other  hand,  KYNA  is  the  only  know n  broad-

spec tr u m  endo g e n o u s  inhibi tor  affec t i n g  all  ionotro pi c  gluta m a t e

rece pt or s .  It  is  able  to  block  NMDA,  AMPA  and  kainat e  subtypes ,  but

has  a  highes t  affinity  for  NMDA  recep to r s  which  are  the  most  perme a ble

recepto r s  for  Ca2 + 7 ,  54 ,  55 .  NMDA  recep t or s  are  tetra m e r  struct u r e s

which  cons i s t  of  four  subu n i t s .  The  most  preval e n t  forms  in  the

brain  conta in  NR1  and  NR2  subu n i t s .  The  NR1  subu n i t  conta i n s

the  glycin e - bindin g  site ,  where a s  the  NR2  subu n i t  conta i n s  the

gluta m a t e - bindin g  site .   At  low  micro m o l ar  con c e n tr a t i o n s  (EC 50



=7. 9  to  15  µM),  KYNA  binds  with  high  affini ty  to  the  strych n i n e -

inse n s i t iv e  glycin e - bindin g  site  on  the  NR1  subu n i t  of  the  NMDA

rece pt or s ,  where a s  at  10- 20  time s  high er  conc e n tr a t i o n s  (EC50 =

200  to  500  µM)  it  is  able  to  block  the  gluta m a t e - bindin g  site  on

the  NR2  subu ni t  as  well 56 ,  57 .  The  neuropro t ec t ive  effect  of  KYNA  is

mainly  attribu ted  to  the  preven tion  of  glutama t e  excitotoxicity  via

antagonism  of  the  NMDA  recep to rs .  KYNA  displays  antagonis t ic

proper t ies  at  the  presynap tic  7  nicotinic  acetylcholine  recepto rs ,α

inhibiting  them  in  a  noncompe t i t ive  manne r ,  which  is  involved  in  the

presynap t ic  regula tion  of  glutam a t e  release 58 ,59 .  Low  KYNA

concen t r a t ions  inhibit  presynap t ic  glutam a t e  release ,  thereby

contributing  to  its  neurop ro tec t ive  effect 60 .  Interes t ingly,  KYNA  exert s  a

dose- depende n t  dual  effect  on  the  AMPA  recep to r s :  in  the  micromolar

concen t r a t ion  range,  KYNA  inhibits  them,  where as  in  low  nanomola r

concen t r a t ions  it  evokes  facilita tion 61 ,62 .  The  facilita tory  effect  is  probably

associa ted  with  a  positive  modula to ry  binding  site  at  the  AMPA  recepto r s .

A  recent  work  provided  data  relating  to  the  possible  molecula r

mechanism s,  but  furthe r  investiga t ions  are  definitely  warran t e d 63 .  KYNA

has  been  identified  as  a  ligand  for  the  previously  orphan  G-protein-

coupled  recep to r  too 64 .  The  complex  molecula r  interac t ions  of  KYNA with

the  differen t  recep to r s  underlie  its  impor tance  in  the  physiological

processe s  of  the  central  nervous  system,  and  sugges t  its  neuromodula to ry

and  regula to ry  functions.  

Altera t ions  in  the  delicate  balance  of  the  neurotoxic  and  neuropro t ec t ive

compounds  of  the  KP  have  been  implicated  in  the  pathomec h a ni s m s  of



several  neurodege n e r a t ive  diseases ,  such  as  AD  or  PD,  and  stroke 65 ,  66 .

The  activity  of  indoleamine- 2,3- dioxygenas e  (IDO),  which  is  responsible

for  the  rate- limiting  step  of  the  KP,  has  been  demons t r a t e d  to  be

increas ed  in  AD  and  stroke,  reflecting  an  increase d  activation  of  the

metabolic  cascade  66 ,  67 .  The  IDO  activity  has  been  confirmed  to  be

increas ed  in  the  hippocam p us  of  AD patien ts ,  togethe r  with  an  elevated

immunore a c t ivity  of  the  neurotoxic  QUIN 68 .  In  human  macropha g e s  and

microglia,  A 1-42  induces  IDO  expression  and  QUIN  produc tionβ 69 .  QUIN

has  been  described  to  be  co- localized  with  hyperphosp ho ryla t ed  tau  in

the  cortex  of  AD  patient s ,  and  it  also  resul ts  in  tau  phospho ryla tion  in

primary  neuron  cultures 70 .  Altera t ions  in  the  KP  have  likewise  been

described  in  PD,  HD  and  stroke  (reviews  in 71 , 72 ).  

Elevated  KYNA  levels  have  proved  to  be  neurop ro tec t ive  under  differen t

experimen t a l  conditions  of  neurotoxici ty.  The  promising  resul ts  in

experimen t a l  studies  can  mainly  be  explained  by  the  prevention  of

glutama t e  excitotoxicity,  but  other  possible  mechanis ms  have  also  been

sugges t ed .  In  an  in  vitro  study,  KYNA  induced  the  gene  express ion  and

activity  of  neprilysin,  an  enzyme  participat ing  in  the  metabolism  of  A ,β

and  this  resul ted  in  increase d  neuronal  cell  survival 73 . These  data  indicate

that  the  neuropro t ec t ive  effect  of  KYNA may  be  related,  at  least  in  par t ,

to  the  induction  of  amyloid  degrad a t ion .  Furthe r ,  KYNA  has  been

confirmed  to  exert  beneficial  effects  in  PD  and  pain  syndromes .  In  an

experimen t a l  animal  model  of  PD,  KYNA  effectively  alleviated

parkinsonian  motor  symptoms 74 . 



Elevation  of  the  KYNA  level  in  the  brain  is  challenging,  because  KYNA

itself  can  cross  the  blood- brain  barrie r  only  poorly;  however ,  there  are

various  methods  to  achieve  this.  

 The  first  option  is  the  administ r a t ion  of  kynurenine ,  which  is  the  prodrug

of  KYNA,  togethe r  with  probenecid,  an  organic  aminoacid  transpor t e r

inhibitor;  this  was  able  to  preven t  the  neuronal  damage  induced  by

soluble  A  and  also  significantly  improved  spatial  memoryβ 75 .  This

trea tm e n t  was  also  neurop ro tec t ive  in  the  6-hydroxydopa mine  animal

model  of  PD 76 . The  same  trea tm e n t  regime  exerted  beneficial  effects  in  an

animal  model  of  neuropa t h ic  pain  by  diminishing  the  allodynia 77 .  Another

possible  option  is  the  use  of  kynurenine- 3-monooxygenas e  (KMO)

inhibitors ,  which  resul ts  in  a  shift  of  the  KP  toward  produc tion  of  the

neuropro t ec t ive  KYNA.  A  synthe t ic  KMO  inhibitor  has  been  described

that  exer ts  beneficial  effects  in  an  animal  model  of  AD  by  preven ting

neuronal  damage  and  also  spatial  memory  deficits 78 .  KMO  inhibition  has

additionally  been  described  to  improve  levodopa- induced  dyskinesia

without  diminishing  the  antiparkinsonian  effect  of  simultaneously

adminis te r e d  levodopa 79 , 80 . 

Synthe t ic  kynurenine  derivatives  may  repres e n t  anothe r  therape u t ic

option;  these  molecules  have  proved  neuropro t ec t ive  in  the  1-methyl- 4-

phenyl- 1,2,3,6- tetrahydropyridine  model  of  PD 81 .  A  halogena t e d  KYNA

derivative,  4-chlorokynure nine ,  has  also  been  confirmed  to  prevent

cellular  damage  in  a  toxic  animal  model  of  AD 82 . A novel  KYNA amide  was

neuropro t ec t ive  in  experime n t a l  models  of  HD 83 .  The  same  analog

demons t r a t e d  a  significan t  neuropro t ec t ive  capaci ty  and  prevente d



neuronal  damage  in  hippocam p al  CA1  pyramids  in  an  experimen t a l  model

of  global  cerebra l  forebrain  ischemia  in  rats 84 .  An  in  vitro  compara t ive

elect rophysiological  study  confirmed  that  this  analog  displays  the  same

neuromodula to ry  proper t ie s  as  KYNA 85 .  In  an  experime n t a l  migraine

model,  this  compound  reduced  c-fos  and  nNOS  86 , 87 . 

An  import an t  aspect  of  NMDA  antagonis t  therapies  is  the  possibility  of

cognitive  side- effects.  The  novel  KYNA  analog  2- (2- N,N -

dimethylaminoe thyla mine- 1-carbonyl)- 1H- quinolin- 4-one  hydrochloride

has  therefore  been  investiga t ed  in  differen t  behavioral  paradigms  to

assess  its  side- effect  profile.  The  results  confirmed  that  in  a  dose  in  which

it  exerted  its  neurop ro t ec t ive  effect,  this  KYNA  derivative  did  not  give

rise  to  any  significant  systemic  side- effect 88 .  Other  studies  also  showed

that  elevation  of  KYNA  levels  in  the  brain  did  not  resul t  in  further

worsening  of  working  memory  function 89 .  Its  effects  have  been

investiga t e d  on  locomotor  activity,  working  memory  performa nc e  and

long- lasting,  consolidat ed  reference  memory  by  the  means  of  open  field,

radial  arm  maze  and  Morris  wate r  maze  paradigms.  In  these  experime n t s ,

it  did  not  impair  the  cognitive  functions  of  the  brain 90 .  Furthe r m o r e ,  an

elect rophysiological  study  of  the  effects  of  this  analog  on  the  cognitive

functions  revealed  that  did  not  decreas e  LTP  as  might  have  been

expected  from  its  NMDA  antagonis t ic  proper t i es ,  but  rather  facilita ted

the  potentia t ion  of  field  excita tory  postsynap tic  potentials 91 .  The

explana t ion  of  this  somewha t  paradoxical  effect  may  be  the  observa t ion

that  the  elevation  of  KYNA levels  resul ts  in  a  prefere n t ial  inhibition  of  the

extrasynap t ic  NMDA  recep to r s  and  presynap t ic  nicotinic  acetylcholine



recepto r s ,  wherea s  the  synaptic  NMDA  and  AMPA  recep to r- mediat ed

curren t s  are  relatively  spared  (reviewed  in 92 ).  The  slight  facilita tory  effect

of  the  KYNA analog  may  possibly  be  related  to  the  Janus- faced  natu re  of

KYNA,  e.g.  its  concen t r a t ion- depende n t  dual  effect  on  AMPA  recep to rs

(Figur e  4. ).  

The  NMDA  recep t or s  play  critica l  role s  in  normal  brain  funct io n

(me m o ry ,  synapt i c  com m u n i c a t i o n  and  control l i n g  synapt i c

plast i c i ty ) .  Consi s t e n t ly ,  their  antag o n i s t s  applie d  as  poten t i a l

therap e u t i c  drug s  frequ e n t ly  failed  due  to  seriou s  side- effec t s 7 ,  93 .

The  main  parall e l i ty  betwe e n  me m a n t i n e  and  KYNA  is  repre s e n t e d

by  their  effec t s  on  NMDA  rece pt or s ,  both  havin g  been

hypoth e s i z e d  to  allow  their  normal  physio l o g i c a l  activat io n  while

inhibi t i n g  their  patho l o g i c a l  exci to t ox i c  overact ivat i o n 17 ,  94 .

How ev er,  their  mec h a n i s m  of  act ion  is  differe n t .  Mema n t i n e  is  a

trappin g  open- chan n e l  block er  of  thes e  recep t or s ,  where a s  KYNA

binds  as  an  inhibi tor  at  both  the  strych n i n e - ins en s i t iv e  glycin e -

bindin g  site  at  low  conc e n tr a t i o n s ,  and  at  the  NMDA  reco g n i t i o n

site  at  high  conc e n tr a t i o n s ,  bein g  a  broad- spec tr u m ,  non- sel ec t iv e

gluta m a t e  recep t or  anta g o n i s t 95 .  Their  overlappi n g  therap e u t i c

pote n t i a l  furth er  refle c t s  their  similar  proper t i e s  and  effec t s .

Mem a n t i n e  is  an  importa n t  player  in  the  therapy  of  mod er a t e - to-

sever e  AD;  howev er ,  its  bene f i c i a l  effec t  has  also  bee n  sug g e s t e d

in  PD,  HD,  neurop a t h i c  pain,  epil ep sy ,  and  mult ip l e  sclero s i s  as

well 11 ,  15 ,  46 ,  48 ,  96- 100 .  the  neuropro t e c t iv e  propert i e s  of  KYNA  might  be



also  be  bene f i c ia l  in  treat m e n t  of  AD,  PD,  MS,  neurop at h i c  pain  as

well  75 , 101- 103 .

Moreover  the  beneficial  effect  of  the  NMDA  antagonis t  memant ine  and

KYNA  on  cognitive  functions  exhibit  marked  similarities.  Interes t ingly,

meman t ine  has  recen tly  been  demons t r a t e d  to  enhanc e  the  produc tion  of

KYNA,  which  may  lead  in  par t  to  the  beneficial  therape u t ic  effect  of  this

compound 104 .  KYNA may  contribu te  to  the  NMDA- antagonis tic  proper t i es

of  meman t ine ,  and  both  compounds  are  also  able  to  influence

acetylcholine  recep to rs 104 . These  cholinergic  recep to r s  have  recen tly  been

sugges t ed  to  contribu te  to  AD  pathology  by  promoting  amyloid

accumula t ion  in  the  neurons 105 .  Furthe r  investiga tions  are  merited  to

assess  the  poten tial  interac t ions  of  meman tine  and  KYNA.  On  the  other

hand,  KYNA  and  its  analog  may  serve  as  promising  candida t e s  for  the

future  developme n t  of  well- tolera t ed  partial  NMDA  antagonis t s .

Impor tan t ly,  a  recent  study  demonst r a t e d  that  orally  adminis te r e d  KYNA

did  not  decreas e  cell  viability  in  differen t  cell  culture s ,  nor  affect  body

gain  or  blood  counts  in  roden ts .  The  study  confirmed  that  KYNA is  well-

tolera t ed  in  rats  and  mice  and  does  not  display  any  toxic  effect.  These

findings  sugges t  that  oral  KYNA  adminis t ra t ion  would  not  be  toxic  in

humans  either  106 .  An  importa n t  aspe c t  for  future  drug  develop m e n t

is  the  fact,  that  KYNA  is  an  endo g e n o u s  comp o u n d ;  howev er,

synth e t i c  KYNA  analo g s  or  nanot e c h n o l o g y - based  approa c h e s  may

hold  promi s e  for  drug  develo p m e n t  with  the  aim  to  achi ev e  bett er

pharm a c o l o g i c a l  prop er t i e s .  



Conclu s i o n s

As  an  open- channel  blocker  NMDA  antagonis t  meman tine  is  clinically

well  tolera t ed  and  effective  for  the  trea tm e n t  of  AD  and  other  forms  of

cognitive  impairme n t .  Its  poten tial  therape u t ic  benefits  have  been

sugges t ed  in  other  conditions  too,  such  as  migraine  or  neuropa t h ic  pain.

KYNA  and  its  synthe t ic  derivatives  display  several  similari ties  to

meman t ine  as  concerns  their  mode  of  action,  e.g.  par tial  NMDA  recep to r

inhibition  and   7  nicotinic  acetylcholine  recepto r  inhibition.  A  novelα

KYNA  analog  has  proved  neurop ro tec t ive  in  differen t  experimen t a l

set tings,  and  does  not  induce  any  significant  systemic  side- effect;  indeed,

it  improves  the  LTP.  Furthe r  investigat ions  are  called  for  to  assess  the

poten tial  therape u t ic  value  of  KYNA  derivatives  with  the  aim  of

neuropro t ec t ion  and  cognitive  improveme n t .  
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Figur e  lege n d s :

Figur e  1.  The  chemical  struc tu r e  of  memant ine

Figur e  2.  The  affinity  of  the  memant ine  to  the  NMDA  recep to r

①: Resting conditions: NMDA receptors with the physiological Mg2+ block

②: Increased background: Left side: low to moderate affinity antagonist memantine binding to the 
NMDA receptor, Right side: without memantine the NMDA receptor is getting activated after the 
binding of glycin and glutamate

③: Synaptic activity: Left side:after depolarization, without the memantine , the NMDA receptor is 
activated by the glycin and glutamate, Right side: after the depolarization the NMDA receptor 
becomes activated by the binding of glycin and glutamate, the Mg2+ block ceases

        :memantine,       :  glutamate, ○:Mg2+, ●: glycin

Figure 3. The kynurenine pathway
1: tryptophan dioxygenase (TDO) and indoleamine-2,3-dioxygenase (IDO), 2: formamidase, 
3: kynurenine aminotransferase, 4: kynurenine-3-monooxygenase (KMO), 5: kynureninase, 
6:kynurenine aminotransferase, 7:kynureninase,  8: 3-hydroxyanthranilic acid dioxygenase, 
9: quinolinic acid phosphoribosyltransferase

Figure 4.
A: Normal conditions: After Ca2+ influx from the α7-nicotinic acetylcholine receptors, the glutamate is
releasing and binding to its receptors (extrasynaptic NMDAR, synaptic NMDAR, AMPAR) on the 
postsynaptic surface of the neurons.

B: With kynurenic acid: After releasing into the perisynaptic area, KYNA exerts inhibition on 
extrasynaptic NMDARs and α7-nicotinic acetylcholine receptors ,while sparing synaptic NMDAR and 
AMPA receptor- mediated currents. In some articles it is mentioned that it has a Janus-faced impact on 
the AMPA receptors- e.g. it exerts a concentration-dependent dual effect.

         : glutamate, ●: glycin,           : Kynurenic acid 


