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Abstract  :  In the present  s tudy,  memory formation to an acquired pole-
climbing shock avoidance task was tested in young adult (3–4 month-old)
and aged (24–25 month-old) rats. The data were correlated with the activity
of nitric oxide synthase (NOS) and the concentration of nitric oxide (NO)
in the hippocampus, midbrain, cortex and cerebellum. Motor co-ordination
was tested in both groups. Memory test and NO determination were carried
out in another set of young and aged groups, 15 min after intraperitoneal
administration of NO precursor, L-arginine (500, 1000 mg/kg) or NO donor,
sodium ni t ropruss ide  (SNP) (1 .25,  2 .5  mg/kg) .  No dif ference was found
between the motor co-ordination performances of young and aged animals.
But the aged animals were not able to perform the shock avoidance pole-
c l imbing  t a sk  as  r ead i ly  a s  the  young  an imals .  I t  i s  sugges t ive  o f  an
impairment of memory formation of the acquired task in the aged animals.
The synthesis  of  NO which is  known to regulate memory process in the
hippocampus, was lower in this brain region of aged animals as compared
to that  in young animals.  L-arginine (1000 mg/kg) and SNP (2.5 mg/kg)
increased the concentrat ion of NO in the hippocampus and shortened the
time of pole-cl imbing shock avoidance task in young as well  as in aged
animals.  These results  lead to a conclusion that  a decreased synthesis of
NO in  the  h ippocampus  in  r espons ib le  fo r  an  impa i rment  o f  memory
format ion  in  aged animals  and tha t  an  increase  in  the  concent ra t ion  of
NO in the hippocampus by L-arginine (1000 mg/kg) or  SNP (2.5 mg/kg)
resu l t s  in  a  p romot ion  o f  memory  fo rmat ion  in  the  young  adu l t  r a t s
and  a  r eve r sa l  o f  memory  de te r io ra t ion  in  the  aged  an imals .  Thus ,
NO precurso r  and  NO donor  may  be  e f fec t ive  in  r eve r t ing  cogn i t ive
dys func t ion  assoc ia ted  wi th  Alzhe imer ’ s  d i sease ,  an  age ing- induced
neurodegenera t ive  d i sease .
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I N T R O D U C T I O N

Nitr ic  oxide (NO) which is  synthesized
f rom the  amino  ac id ,  L-arg in ine  by  the
enzyme n i t r i c  ox ide  syn thase  (NOS)  wi th
L-c i t ru l l ine  as  a  co-produc t ,  i s  known to
p lay  neuro t ransmi t te r  and  neuromodula tor
ro le  in  the  b ra in  (1 ) .  Ev idence  fo r  the
par t i c ipa t ion  of  NO in  long- te rm
poten t ia t ion  (LTP) ,  a  type  of  synapt ic
p las t i c i ty  tha t  i s  known to  invo lve  in
learn ing  and  memory  processes ,  has  been
demons t ra ted  by  severa l  inves t iga tors
(2 ,  3 ,  4 ) .  NO-regula ted  process  in  the
hippocampus has been suggested to  have a
ro le  in  memory  process  because  the
synthes is  of  NO is  increased in  th is  bra in
region  immedia te ly  a f te r  the  consol ida t ion
of an acquired task in rats  (5,  6) .

Ageing seems to deteriorate synthesis of
NO in the hippocampus because the activity
of  NOS and the concentrat ion of  NO were
found to be less in this brain region of 24
month-old  ra ts  in  compar ison to  tha t  of  3
month-old  ra ts  (7 ,  8) .  In  th is  context ,  the
memory  process  o f  aged  an imals  may no t
be  as  e f fec t ive  as  tha t  o f  young  adul t
animals .  In  suppor t  of  th is  proposal ,  aged
ra t s  (20–24  month-o ld)  exh ib i ted  a
s ign i f ican t  impai rment  o f  memory  of  the
acquired radial  arm maze task as compared
to  the  young adul t  (3  month  o ld)  an imals
(9) .  In  th i s  s tudy ,  memory  impai rment  in
aged  an imals  was  accompanied  by  a
decreased  syn thes i s  o f  NO in  the
h ippocampus .  Human s tud ies  a l so  showed
that  cogni t ive  dysfunct ion in  pat ients  wi th
Alzheimer’s disease (AD), an ageing-induced
neurodegenera t ive  d isorder ,  was  associa ted
with a decrease in NOS containing neurons

(10)  and express ion  of  neuronal  NOS (11,
12)  in  the  h ippocampus  and cor tex .  These
observa t ions  ind ica te  tha t  a  d i rec t
re la t ionship occurs  between ageing-induced
impai rment  o f  NO synthes i s  and  memory
dec l ine .  Al though ,  these  in format ions  a re
available in the literature, it has never been
inves t iga ted  whether  age ing- induced
memory  def ic i t  i s  revers ib le ,  i f  NO
concent ra t ion  i s  inc reased  in  the  b ra in .
Hence ,  in  the  presen t  s tudy ,  memory
format ion  to  the  acqui red  po le -c l imbing
shock  avoidance  task  was  tes ted  in  young
and  aged  ra t s .  Motor  co-ord ina t ion  was
tes ted  in  these  an imals  in  order  to  assess
the influence of age factor on motor system.
The  da ta  o f  memory  tes t  were  cor re la ted
wi th  the  ac t iv i ty  o f  NOS and  the
concent ra t ion  of  NO in  the  h ippocampus ,
cor tex ,  midbra in  and  cerebe l lum.  Memory
test  and NO determination were carried out
in young and aged groups after the systemic
adminis t ra t ion  of  L-argin ine  or  NO donor ,
sodium ni t ropruss ide  (SNP) (13) .

MATERIALS AND METHODS

A n i m a l s

Colony bred adult 3–4 month and 24–25
month  o ld  male  Wis ter  ra t s  were  used .  In
order  to el iminate sex-related difference in
memory  process ,  on ly  male  an imals  were
used in this study. Test (n=10) and control
(n=10) groups of young and aged rats were
chosen randomly.  The animals were housed
in  groups  (3  o r  4  in  a  cage)  a t  room
temperature (22–26°C) with 12/12 light and
dark  cyc le  and  were  suppl ied  wi th  a
balanced diet  (Gold mohur,  Mumbai,  India)
and  tap  wate r  ad  l ib i tum.  Food  was
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or  un t i l  the  an imal  c l imbed  the  po le  and
escaped  f rom the  shock .  Then  the  an imal
learnt to climb the pole to avoid the shock
soon  a f te r  buzzer  s igna l .  The  s igna l  was
delivered for 10 s with one min interval for
15  t imes  or  un t i l  the  an imal  avo ided  the
shock by cl imbing the pole.  Thus,  the rats
were t ra ined,  as  descr ibed previously (14) ,
to  avo id  the  shock .  The  po le -c l imbing
performance immediately after buzzer signal
ind ica ted  tha t  the  an imals  acqui red  the
task .  The  an imals  tha t  c l imbed  the  po le
within 2–5 s were chosen for memory test .
The test  was carried in these animals 24 h
af te r  t ra in ing .  Food  was  wi thdrawn one  h
before the test .  The animals  was placed in
the pole-climbing chamber and was exposed
to buzzer signal.  The shock avoidance t ime
( t ime  be tween  the  buzzer  s igna l  and  the
moment  the  an imal  c l imbed the  pole)  was
measured using a stop watch which showed
the time in seconds. Thus, the pole-climbing
shock  avoidance  t ime  was  de te rmined  in
each animal in the test  and control  (young
and aged)  groups .

Another  se t  o f  young and  aged  groups
that acquired the shock avoidance task were
treated, 24 h later, with L-arginine, SNP or
sal ine and memory test  was carr ied out  15
min  la te r .

Motor  co-ord inat ion  tes t

This  t es t  was  ca r r ied  ou t  as  descr ibed
prev ious ly  (14) ,  in  young  and  aged  ra t s
using a rota-rod apparatus (15). The animals
were placed on a horizontal rotating rod (14
r.p.m.) and were allowed to stand for 90 s.
The  t ime  of  fa l l ing  f rom the  ro ta t ing  rod
during the allotted time was determined for
each  an imal .

wi thdrawn one  h  p r io r  to  the  exper iment .
Fresh  an imals  were  used  for  every
behavioura l  and  b iochemica l  s tudy .  Al l
experiments were carried out in accordance
wi th  the  gu ide l ines  fo r  ca re  and  use  o f
laboratory animals  def ined by the Minis t ry
of  Soc ia l  Jus t ice  and  Empowerment ,
Government  o f  Ind ia  and  the  Ins t i tu t iona l
Animal  E th ics  Commit tee .

Drugs  and  doses

The  dose  (1000  mg/kg)  o f  L-arg in ine
(SRL Fine  Chemica l ,  Mumbai ,  Ind ia )
tha t  increased  the  concent ra t ion  of  NO in
the  bra in ,  15–30 min  a f te r  adminis t ra t ion ,
and a smaller  ineffective dose (500 mg/kg)
of  i t  (14)  were  chosen  for  the  p resen t
s tudy .  In  a  p re l iminary  s tudy  in  th i s
laboratory,  NO concentrat ion was increased
in the brain 15 min after the administration
of  2 .5  mg/kg  and  no t  1 .25  mg/kg  of
SNP (SRL Fine  Chemica ls ,  Mumbai ,
India). Hence these doses were used in this
s tudy .  L-arg in ine  and  SNP were  d i sso lved
in  phys io log ica l  sa l ine  and  in jec ted
in t raper i tonea l ly  0 .2  ml /100  g  body
weight .  The  cont ro l  an imals  rece ived  an
equivalent volume of the vehicle in a similar
m a n n e r .

Memory  tes t

The t radi t ional  pole-c l imbing appara tus
descr ibed  ear l ie r  by  Jacobsen  (15)  and  by
the authors  in  their  recent  report  (14)  was
used in this study. The animals was placed
in  the  chamber  and  a f te r  one  min
habi tua t ion ,  buzzer  s igna l  and  foo t - shock
(100  mV and  200  µA for  100  ms)  were
de l ivered  s imul taneous ly  fo r  10 s .  I t  was
repeated with one min interval for 15 times
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with that of respective control (saline-treated)
group  and  the  da ta  were  s ta t i s t i ca l ly
ana lyzed  us ing  one  way  ANOVA and
Tukey’s mult iple comparison test .  P values
less  than 0.05 were considered s ignif icant .

R E S U L T S

Shock  avo idance  and  rota -rod  performance

Both young and aged animals performed
the pole-c l imbing shock avoidance task 24
h  a f te r  acqui r ing  i t .  However ,  the  t ime
requi red  by  the  aged  an imals  was
s igni f icant ly  (P<0.01)  grea ter  than  tha t  of
young animals (Fig. 1) indicating that these
an imals  were  no t  ab le  to  per form the
avoidance  task  as  read i ly  as  the  young
animals .  Both ,  young  and  aged  an imals
s tayed  on  the  moving  rod  wi thout  fa l l ing
during the al lotted 90 s.  The negative data
are  no t  shown here .

Determinat ion  o f  NOS act iv i ty  and  NO
c o n c e n t r a t i o n

NOS activity and NO concentration were
de te rmined  in  the  h ippocampus ,  cor tex ,
midbrain and cerebellum of untreated young
and aged groups.  The concentrat ion of  NO
was  measured  in  the  b ra in  reg ions  of
another  se t  o f  an imals  15  min  a f te r  the
administration of L-arginine, SNP or saline.
The animals were sacrificed by decapitation,
bra in  regions  were  removed and processed
immedia te ly  for  the  de terminat ion  of  NOS
act iv i ty  and  NO concent ra t ion .

The  ca ta ly t ic  ac t iv i ty  o f  NOS was
assayed by measuring the rate of conversion
of  L-arg in ine  to  L-c i t ru l l ine  (nmol  L-
c i t ru l l ine /min /mg pro te in )  as  descr ibed
previously (16).  In order to determine NO,
the concentrat ion of  ni t r i te  (µmol/g)  which
is  the  s tab le  ox ida t ion  produc t  o f  NO (1)
was  measured  in  the  b ra in  reg ions  us ing
the  method descr ibed by Savi l le ,  (17)  and
used by the  author  in  a  previous  s tudy to
measure  the  concent ra t ion  of  NO in  the
bra in  o f  ra t s  t rea ted  wi th  L-arg in ine  and
L-NAME (18).

Di f fe ren t  g roups  of  young  and  aged
animals  were  used  for  NOS and  NO
dete rmina t ions .  The  exper iments  were
car r ied  ou t  in  the  morn ing  be tween  10 .00
and  12 .00  h .  The  behavioura l  t es t s  were
done  a t  room tempera ture  (22–26°C)  and
NOS and NO determinat ions  were  done  in
a cold (4°C) room.

Stat i s t i ca l  ana lys i s

The  resu l t s  o f  the  aged  groups  were
compared  wi th  tha t  o f  young  groups  and
analyzed stat ist ically using Student’s t- test .
The  dose- re la ted  e f fec t s  o f  the  t es t  d rugs
on young and aged  groups  were  compared

Fig. 1 : Shock avoidance  t ime (s )  of  young and aged
rats  15 min af ter  the adminis trat ion of  sal ine
(con t ro l ) ,  L -a rg in ine  and  SNP.  Each  ba r
represents mean ± SEM of 10 animals. **P<0.01
as  compared  to  young  an imals  (S tuden t ’ s
t-test).  ++P<0.01 as compared to saline-treated
con t ro l  g roup  (One  ANOVA and  Tukey”s
mul t ip le  compar ison tes t ) .
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The  t ime  of  shock  avoidance  task  was
not  a l t e red  by  the  smal le r  doses  o f  L-
arginine (500 mg/kg) and SNP (1.25 mg/kg)
in both the groups.  The pole-climbing t ime
was  shor tened  s ign i f ican t ly  (P<0 .01)  in
young and aged animals ,  15  min  af ter  the
adminis t ra t ion  of  the  l a rges  doses  o f  L-
arginine (1000 mg/kg) and SNP (2.5 mg/kg)
as  compared  to  tha t  measured  in  the
respec t ive  sa l ine- t rea ted  con t ro l  g roup
(Fig. 1).

NOS act iv i ty  and  NO concentrat ion  in  bra in
r e g i o n s

In  the  p resen t  s tudy ,  L-c i t ru l l ine  tha t
i s  formed as  a  co-product  of  NO f rom L-

arg in ine  by  the  ac t iv i ty  o f  NOS and  the
concentration of nitrite, the stable metabolic
product of NO have been estimated for the
de te rmina t ion  NOS ac t iv i ty  and  the
concentration of NO, respectively. The data
presen ted  in  F igure  2  show tha t  NOS
act iv i ty  and  NO concent ra t ion  in  the
h ippocampus  and  midbra in  and  no t  in  the
cortex and cerebel lum of  the aged animals
d i f fe r  f rom tha t  o f  young  an imals .  The
hippocampus of the aged animals was found
to have a significantly lesser (55.9%, P<0.01)
NOS activity and NO concentration (55.8%,
P<0.01)  as  compared  to  tha t  o f  young
animals .  NOS ac t iv i ty  (44 .1%)  and  NO
concentration (40.7%) of aged animals were
less  (P<0 .05)  in  the  midbra in  a l so  in
compar ison  to  tha t  in  the  young animals .

The smaller doses of L-arginine (500 mg/
kg)  (F ig .  3 )  and  SNP (1 .25  mg/kg)

Fig. 2 : NOS activity (A) and NO concentration (B) in
the  b ra in  r eg ions  o f  young  and  aged  ra t s .
Each bar represents mean ± SEM of 10 animals.
Da ta  in  pa ren thes i s  show percen t  l e s s  a s
compared to  that  of  young animals .  **P<0.01
as compared to young animals .

Fig. 3 : NO concentration in the brain regions of young
and aged rats  15 min af ter  the administrat ion
of  sa l ine  (con t ro l )  and  L-a rg in ine  Each  ba r
represents mean ± SEM of 10 animals. *P<0.05,
**P<0.01 as compared to saline-treated control
group (One way ANOVA and Tukey’s multiple
compar ison  tes t ) .
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The data presented here show that  both
young and  aged  an imals  have  remembered
the pole-c l imbing shock avoidance task 24
h  a f te r  acqui r ing  i t .  However ,  s ign i f ican t
d i f fe rence  was  found  be tween  the  po le -
c l imbing t ime of  young and aged animals .
The  aged  an imals  requ i red  a  s ign i f ican t ly
longer time to climb the pole in comparison
to  young animals .  A marked  d i f fe rence  in
age and body weight cannot account for this
resu l t ,  because  in  th i s  s tudy ,  the  aged
animals  per formed the  ro ta - rod  motor  co-
ordinat ion task as  effect ively as  the young
animals .  Therefore ,  an  inab i l i ty  to
conso l ida te  the  acqui red  task  has  been
sugges ted  for  the  de layed  po le -c l imbing
escape  response  of  the  aged  an imals .
Thus ,  age ing  seems  to  impai r  the
mechanism tha t  i s  respons ib le  for  memory
fo rma t ion .

LTP which  re fe rs  to  an  increase  in
synapt ic  t ransmiss ion  a f te r  s t imula t ion  of
an  exc i ta tory  pa thway in  the  h ippocampus
has  been  sugges ted  to  be  one  of  the
predominant  mechanisms  of  l ea rn ing  and
memory formation (19). The role of NO as a
re t rograde  messenger  in  the  induc t ion  of
LTP in  the  h ippocampus  has  been
demonstrated by several investigators (3, 4).
In  these  s tud ies  NO has  been  found  to
increase  LTP by  ac t iva t ing  so lub le
guanyla te  cyc lase  and  u l t imate ly  cyc l ic
guanos ine  monophospha te .  NO formed in
the  h ippocampus  has  been  sugges ted  by
Bernabeu et al. (5) to have a role in memory
process  because ,  in  the i r  s tudy ,  NO
synthesis and LTP induction were increased
in this region of the brain immediately after
conso l ida t ion  of  an  acqui red  task  in  ra t s .
F in  e t  a l .  (6 )  have  a l so  demons t ra ted
evident ly  tha t  memory  s torage  depends  on
a NO regulated process in the hippocampus.

Fig. 4 : NO concentration in the brain regions of young
and aged rats  15 min af ter  the administrat ion
of  sa l ine  (con t ro l )  and  SNP.  Each  ba r
represents mean ± SEM of 10 animals. *P<0.05,
**P<0.01 as compared to saline-treated control
group (One way ANOVA and Tukey’s multiple
compar ison  tes t ) .

(Fig .  4)  d id  not  a l ter  NO concentra t ion in
the  bra in  reg ions  o f  bo th  the  g roups .
Significant increases were found in all brain
regions of young (P<0.01) and aged (P<0.05)
animals,  15 min after  the administrat ion of
1000 mg/kg of  L-arginine (Fig.  3)  and 2.5
mg/kg of SNP (Fig. 4).

D I S C U S S I O N

In the  present  s tudy,  the  t ime between
the  de l ivery  of  buzzer  s igna l  and  the
acqui red  shock  avoid ing  po le -c l imbing
response has been measured in young adult
and aged rats, in order to assess the memory
of  the  acqui red  avo idance  task  in  these
animals.  A promotion of memory formation
is  ind ica ted  by  a  shor ten ing  of  the
responding t ime and a delay in performing
the  task  i s  an  ind ica t ion  tha t  the  an imals
fai l  to  consol idate  the acquired task.
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In this context,  a decrease in the synthesis
of NO in the hippocampus is likely to result
in cognitive dysfunction. In support  of this
sugges t ion ,  b i l a te ra l  in t rah ippocampal
microinjection of nitroarginine,  an inhibitor
of NOS, produced amnesia for the acquired
avoidance task in  ra ts  (5) .

NO synthes i s  seems  to  dec l ine  dur ing
ageing because, the urinary excretion of NO
metabol i t es  n i t r i t e  and  n i t ra te  decreased
wi th  p rogress ive  age ing  in  ra t s  (20) .
Fur ther ,  the  aged ra ts  have  been  found to
exhib i t  a  s ign i f ican t ly  lower  h ippocampal
NOS activity than the young adult  rats (9).
In  suppor t  of  these  resul t s ,  in  the  present
and in previous studies (7,  8) ,  the act ivi ty
of  NOS and the concentrat ion of  NO were
s ign i f ican t ly  l ess  in  the  h ippocampus  and
midbrain of aged rats in comparison to that
measured  in  the  young  an imals .  The  da ta
presen ted  here  fu r ther  demons t ra ted  tha t
a  dec l ine  in  NO concent ra t ion  in  the
hippocampus correlated with an impairment
of  conso l ida t ion  of  the  acqui red  shock
avoidance  task  in  aged  an imals .  I t  i s
apparent  f rom th is  resu l t  tha t  a  decreased
synthes i s  o f  NO in  the  h ippocampus  i s
responsible for memory impairment in aged
animals .  The  resu l t s  o f  the  human s tudy
also showed that the expression of NOS was
aber ran t  in  the  h ippocampus  of  pa t ien t s
wi th  AD (10 ,  11) ,  an  age ing- induced
neurodegenerat ive disease,  character ized by
cogni t ive  decl ine  and eventual ly  dement ia ,
suggesting that a decreased synthesis of NO
in  the  h ippocampus  was  respons ib le  fo r
memory def ic i t  in  these  pa t ients .

Since,   in the present study, a decrease
in the activity of NOS and the concentration
of NO in the hippocampus was accompanied
by  an  impai rment  o f  cogni t ion  in  aged

animals ,  the  e f fec t s  o f  NO precursor ,  L-
a rg in ine  and  NO donor ,  SNP were  tes ted
on  the  memory  of  the  acqui red  shock
avoidance task in aged as well as in young
adul t  an imals  The  resu l t s  o f  these  s tud ies
showed clearly that the smaller doses of L-
a rg in ine  and  SNP tha t  fa i l ed  to  increase
NO concentrat ion in  the brain regions,  did
not alter the pole-climbing time of the test
animals .  However ,  adminis t ra t ion of  larger
doses  o f  these  compounds  resu l ted  in  an
increase  in  the  concentra t ion of  NO and a
promot ion  of  the  memory  of  the  acqui red
pole-cl imbing task in both aged and young
animals.  In previous studies,  NO increasing
doses of L-arginine (6, 13, 21, 22) and NO
donors ,  S-ni t roso-N-acetylpenic i l lamine  (6)
and  mols idomine  (23)  increased  the
retention of  acquired tasks in normal adult
ra t s .  Converse ly ,  the  inh ib i to rs  o f  NOS
impaired the memory of  the acquired maze
(24)  and shock avoidance  (6 ,  22)  tasks  in
young  adul t  ra t s .  Fur ther ,  memory
impairment produced by NOS inhibitors was
rever ted  by  NO increas ing  doses  o f  L-
arginine (22,  24)  and NO donor,  SNP (25)
in  young  ra t s .  Toge ther ,  these  s tud ies
demons t ra te  ev iden t ly  tha t  NO has  a
s ign i f ican t  ro le  in  memory  format ion  and
tha t  age ing- induced  memory  de te r io ra t ion
i s  revers ib le  i f  NO concent ra t ion  i s
increased in the brain following the systemic
administrat ion of  L-arginine or  NO donors.

The  resu l t s  p resen ted  here  l ead  to
conc lus ion  tha t  a  decreased  NO synthes i s
in  the  h ippocampus  i s  respons ib le  fo r
memory  de te r io ra t ion  in  aged  an imals
and  tha t  no t  on ly  NO precursor  bu t ,  the
donor ,  SNP a l so  rever t s  th i s  condi t ion  by
increas ing  NO concent ra t ion  in  the
h ippocampus .  Thus ,  the  p resen t  s tudy ,
may hopeful ly  lead  to  the  development  of
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NO precursor  and  NO donors  in  the
management of cognit ive defici t  in patients
suf fe r ing  f rom AD,  an  age ing- induced

neurodegenera t ive  d i sease  assoc ia ted  wi th
cogni t ive  dec l ine  over  the  t ime  and
eventua l ly  dement ia .
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