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Abstract  :  A l locen t r i c  spa t i a l  l ea rn ing  can  be  assessed  us ing  popu la r
spon taneous  a l t e rna t ion  behav iour  (SAB)  t es ted  wi th  T-maze ,  and  a l so
using radial arm maze (RAM) tasks. But the SAB testing has been reported
to have lack of validity as a measure of retention, especially when used as
a measure of short term memory. A more complex dual alternated task was
designed to clarify whether increasing novelty and alternation factors in a
task  wi l l  increase  or  decrease  the  shor t  term and long term memory in
rats .  Rats  were  made to  learn both T-maze spontaneous a l ternat ion task
and RAM task alternatively. Another group of rats were made to learn both
the task separately without any alternation. And control group of rats were
assigned to learn only one type of task. It was found that the group of rats
performing “alternated dual task” could acquire the tasks more easily than
the control groups and non alternated dual task groups. This enhancement
of acquisition was associated only with the complex task (RAM task) among
the  dua l  t a sks .  More  over  the i r  r e t en t ion  (memory)  ab i l i ty  was  ve ry
significantly enhanced for both the tasks in dual tasks. It can be concluded
tha t ,  the  p r inc ip le  o f  “a l t e rna ted  dua l  t a sk”  can  be  made  use  when  a
complex task has to be acquired and learned faster by rats; as alternation
wi th  s imple  task  enhances  the  ab i l i ty  o f  ra t s  to  l ea rn  and  memor ize  a

complex task more efficiently.
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space  (3 ,  4 ) .  Also  i t  was  shown tha t
hippocampal – system lesions typically disrupt
allocentric (defined with respect to external
land  marks)  spa t ia l  l ea rn ing  bu t  l eave
egocentric (defined with respect to rat’s body
axis) learning intact (5–7).

Al locen t r ic  spa t ia l  l ea rn ing  can  be
assessed  us ing  T-maze  spontaneous
a l te rna t ion  task  (8)  and  a l so  us ing  Radia l
arm maze (RAM) task (9). In this study we
have  used  bo th  T-maze  spontaneous

INTRODUCTION

Animals  who are  moving in  space  may
compute  the i r  cur ren t  pos i t ion  by  pa th
integrat ion,  that  is ,  by detect ing movement
-genera ted  or  id io thet ic  cues ;  or  they may
use  a l lo the t ic  cues  genera ted  by
combina t ions  of  envi ronmenta l  l and  marks
(1, 2). It has been suggested that allocentric
spat ia l  impai rments  ref lec t  the  ro le  of  the
h ippocampus  sys tem in  de tec t ing  and
controll ing the animal’s movements through
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a l so  whether  i t  has  any  in f luence  on
retention (memory) could be observed.

MATERIALS AND METHODS

S u b j e c t s

A to ta l  o f  36  male  Wis ta r  a lb ino  ra t s
were used for this study. They were housed
in  groups ,  in  p ropylene  cages  in  an
acc l imat ized  (25–27°C)  room and  were
maintained on a 12 hr light/dark cycle. There
was free access to food and water until they
aged  60  days  a t  the  beg inn ing  of  the
experiment. They were randomly grouped as
T-maze spontaneous  a l ternat ion  task  group
(TM), radial arm maze task group (RAM), T-
maze radia l  arm maze a l ternated dual  task
group (TRAM (A)), T-maze radial arm maze
non alternated dual task group (TRAM (NA)),
radial arm maze T-maze alternated dual task
group (RAMT (A)) and radial arm maze T-
maze non alternated dual task group (RAMT
(NA)) with 6 rats in each group.

A p p a r a t u s

T-maze

The T-maze  was  made  of  wood wi th
smooth polished surface. It consists of a stem
(35×12 cm),  a  choice area (12×12 cm) and
two arms  (35×12 cm) ;  a t  the  end  of  each
arm contain a food well .  The sidewalls are
40 cm high. The choice area was separated
from the arms by a sliding door (8).

Radial  arm maze

Radial arm maze was made of Plexiglas,
cons i s t s  o f  e igh t  equa l ly  spaced  a rms
radiating from an octagonal central platform.
Each arm was having a length of 56.2 cm,
width of 7.9 cm and height of 10 cm. The
ent ire  maze was elevated 80 cm above the
floor for easy locating of spatial cues by rats.

a l t e rna t ion  task  and  RAM task .  The
evaluation of allocentric spatial learning was
done by making rats to learn both the task
a l te rna t ive ly  as  wel l  as  l ea rn ing  them
separately. The influence of one behavioural
task  on  ano ther  one  depending  on  i t s
complexi ty  was invest igated in  the  present
s tudy .

When tes ted  in  a  T-maze  ra t s  t end  to
a l te rna te  the i r  choices  spontaneous ly  (10) .
Rats alternate even when no choice has been
made on the first trial;  thus, if put directly
into the goal box at the end of one arm of
a previously explored T-maze, and then given
a choice between the two maze arms,  they
wil l  tend to choose the arm leading to the
other  goal  box (11) .  In  genera l  there  i s  a
tendency to go to the part of the environment
that  has  been leas t  recent ly  explored (12) .
In its simplest form, spontaneous alternation
behaviour was first described nearly 85 years
ago (13), the phenomenon has been ascribed
to the operation of a variety of mechanisms
inc lud ing  Hul l i an  reac t ive  inh ib i t ion  (14) ,
stimulus satiation (15), action decrement (16),
cur iosi ty  (17) ,  habi tuat ion to  novel ty  (18) ,
foraging strategies (19) and spatial  working
memory (20).

The  va lue  of  spontaneous  a l t e rna t ion
behaviour  as  a  measure  o f  re ten t ion  has
been quest ioned especial ly  when used as  a
measure of short term memory (21). To get
val idi ty for  retent ion test ,  we at tempted to
des ign  a  new task  by  in t roduc ing  more
complexity to the alternation task. A simple
task like T-maze task was made to be learned
by the rats in alternation to a complex task
l ike  RAM task .  We named th i s  par t i cu la r
task as “alternated dual task”. In the present
s tudy  we  de te rmined  whether  l ea rn ing  a
simple task (T-maze) along with a complex
task  (RAM),  e longa tes  o r  reduces  the
acquisi t ion t ime for ei ther of  the task,  and
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the rat was not rewarded with food. Instead,
i f  the  ra t  v i s i t s  the  a l t e rna te  a rm,  i t  was
recorded  as  cor rec t  score  and  the  ra t  was
al lowed to  ea t  food pel le t  ( reward)  in  the
food  wel l .  There  was  an  in te rva l  o f  30s
be tween  each  run .

Score  was  given for  a l ternate  se lec t ion
of  a rm dur ing  choice  run  and  a  maximum
score of ‘4’ can be obtained per tr ial .  The
acquisition test was continued until  the rats
a t t a ined  the  l ea rn ing  c r i t e r ia  o f  ob ta in ing
‘4’ correct score without any error for three
consecut ive  t r ia ls .

Ten days after the last day of acquisition
of  the  t ask ,  the  ra t s  were  sub jec ted  to
re ten t ion  tes t .  The  tes t  was  conduc ted
similar to acquisition test and was continued
unti l  the rats  at tained the learning cri teria.
A memory score was also calculated by taking
the  d i f fe rence  be tween  number  o f  t r i a l s
required for acquisi t ion test  and number of
t r ia ls  for  re tent ion  tes t .

Radial arm maze task (RAM group)

Orien ta t ion  phase  was  fo r  th ree  days ,
where  the  s ta rved  ra t s  were  a l lowed  to
familiarize themselves with the radial maze.
Prior to each acquisition trial ,  all  the eight
arms were baited with food pellets.  The rat
was  p laced  in  the  center  of  the  maze  and
allowed to freely explore the maze. The rats
were required to  take the food pel let  f rom
each arm without making a reentry into the
arm already visited. The trial was terminated
when the animal takes the food reward from
all the eight arms or after 10 minutes if all
the  e ight  arms were  not  vis i ted.  A correct
score was given when the rat visits an arm
and collect the food reward, and a maximum
score of ‘8’ can be attained per trial. When
a  ra t  reen te rs  an  a l ready  v i s i t ed  a rm or
doesn’t enter an arm, it  was taken as error.

Exper imenta l  des ign

All  the  behavioura l  exper iments  were
carr ied out  in three phases viz;  or ientat ion
and t ra in ing  sess ion ,  learn ing  per formance
tes t  (acquis i t ion  tes t )  and  memory
per formance  tes t  ( re ten t ion  tes t ) .  The  ra t s
were semi starved for 48 hrs before the start
of behavioural experiments. The body weight
was  main ta ined  a t  85% of  the  o r ig ina l
body  weigh t ,  th rough  ou t  one  sess ion  of
behavioura l  exper iment .  Behavioura l
exper iments  were  conduc ted  in  the  same
room,  wi th  the  same a l locen t r ic  cues ,
such  as  doors ,  windows ,  pos te rs  and
the  exper imente r .  Exper imente r  a lways
main ta ined  same pos i t ion  th roughout  the
whole of  the experiment .

The  fo l lowing  behavioura l  exper iments
were included.

T-maze  spontaneous  a l terna t ion  task  (TM
group)

This  was analogous to  non-matching to
sample task (22), where the rat was rewarded
only if the current choice doesn’t match the
previous one.  In  the or ientat ion phase,  the
s ta rved  ra t s  were  a l lowed  to  spend  10
minutes /day  for  th ree  days  in  the  T-maze
and trained to col lect  food pel let  f rom the
food wells.

During the acquisi t ion test ,  a l l  the rats
were given six trials/day with an inter trial
interval  of one hour.  Each tr ial  consists  of
four  sample and choice run.  In  the sample
run,  the rat  was placed at  the star t  end of
the T-maze stem. Allowed to move towards
one arm and col lect  the  food pel le t ,  whi le
keeping the sliding door of other arm closed.
In the choice run, the rat was placed at the
start  end of stem and both arms were kept
open. If the rat visits the same arm as that
of sample run, it  was recorded as error and
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The acquisition test was continued until  the
rats attained learning criteria of obtaining a
correct score ≥7, and an error ≤1, for three
consecutive t r ials .  Six t r ials /day was given
with an inter  t r ia l  interval  of  one hour.

Ten days after the last day of acquisition
of  the  t ask ,  the  ra t s  were  sub jec ted  to
re ten t ion  tes t .  I t  was  con t inued  un t i l  the
learning criteria were attained. The memory
score was calculated as described for T-maze
spontaneous  a l t e rna t ion  task .

T-maze radial arm maze alternated dual task
(TRAM (A) group)

This group of rats was given dual task,
i.e. T-maze spontaneous alternation task and
rad ia l  a rm maze  task .  The  procedures  fo r
both the tasks were same as described above.
Here the rat was given the T-maze trial first
then fol lowed by RAM tr ial .  The task was
alternatively given with six trials (3 T-maze
t r ia l s  and  3  RAM t r ia l s )  pe r  day .  The
acquisition and retention test was continued
unt i l  the  ra ts  a t ta ined learning cr i ter ia  for
bo th  tasks  separa te ly .  Memory  score  was
also calculated separately for  both tasks.

T-maze radial arm maze non alternated dual
task (TRAM (A) group)

This  group of  ra ts  was also given dual
task,  but  the tasks were learned separately
without al ternating,  i .e .  the rats  learned T-
maze  task  f i r s t  and  a f te r  a t t a in ing  the
learning criteria, the RAM task was learned.
10  days  a f te r  acquis i t ion  of  bo th  t ask
re ten t ion  tes t  was  ca r r ied  ou t  s imi la r  to
acquis i t ion  tes t .  Memory  score  was  a l so
calculated separately for  both tasks.

Radial arm maze T-maze alternated dual task
(RAMT (A) group)

The experimental design here was similar
to TRAM (A) group, except that the first trial

given was RAM task which was alternatively
followed by T-maze task.

Radial arm maze T-maze non alternated dual
task (RAMT (NA) group)

This group of rats had the similar setup
as TRAM (NA) group, except that  the first
task learned was RAM task followed by T-
maze  task .

Stat i s t i ca l  ana lys i s

Sta t i s t i ca l  ana lyses  fo r  behav ioura l
s tudies  were analyzed by one-way analysis
of  var iance  (ANOVA) and  fo l lowed by
Tukey – Kramer mult iple comparisons test .
S ign i f icance  was  accep ted  a t  P<0 .05 .
Means±SD are  repor ted .

RESULTS

RAM group and TM group was taken as
control group. The performance of radial arm
maze  task  and  T-maze  task  dur ing
acquisi t ion and retention by various groups
were  compared  wi th  respec t ive  con t ro l
g roups .

A c q u i s i t i o n

Radial  arm maze task

As elucidated in Table I; the no: of trials
requi red  for  acquis i t ion  of  RAM task  was
s imi la r  in  con t ro l  and  non-a l te rna ted  dua l
task groups [TRAM (NA) and RAMT (NA)],
and  there  was  no  s ign i f ican t  d i f fe rence .
Among the non-al ternated dual  task groups
also no significant difference were observed.
But ,  a l t e rna ted  dua l  t ask  groups  took
s ign i f ican t ly  less  [TRAM (A)  –  P<0.05  &
RAMT (A) – P<0.01] no: of trials than the
control  groups.

Acquis i t ion  of  RAM task  in  a l t e rna ted
dual task groups not only showed significant
difference to control groups, but also to non-
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of trials required for acquisition of RAM task
is significantly more (P<0.05) than TM task
in control groups. But within the alternated
dua l  t ask  groups  there  was  no  s ign i f ican t
d i f fe rence ,  bo th  the  RAM and  TM task
took almost  same no:  of  t r ia ls  in  both the
groups .

Wi th in  the  non-a l te rna ted  dua l  t ask
groups ,  s igni f icant  d i f ference  (both  groups
P<0.001)  were  observed  for  no :  o f  t r i a l s
for  l ea rn ing  RAM task  and  TM task .
The i r  acquis i t ion  was  s imi la r  to  con t ro l
g roups .

R e t e n t i o n

No:  of  t r i a l s  requ i red  dur ing  re ten t ion
was significantly less compared to acquisition
within al l  groups.  Control  groups and non-
a l te rna ted  dua l  t ask  groups  showed on ly
moderate significant difference [RAM control
group – P<0.01, TM control group – P<0.05,
RAM task in TRAM (NA) – P<0.01, TM task
in TRAM (NA) – P<0.01, RAM task in RAMT
(NA) – P<0.01, and TM task in RAMT (NA)
–  P<0.05] .  But  the  a l t e rna ted  dua l  t ask
groups  showed very  h igh  s ign i f ican t
difference (all  P<0.001) between the no: of
t r ia l s  for  acquis i t ion  and  no:  of  t r ia l s  for
r e t e n t i o n .

Radial  arm maze task

Retention of RAM task in alternated dual
task  groups  took  s ign i f ican t ly  l ess  no :  o f
trials than retention of RAM task in control
groups and non-al ternated dual  task groups
[a l l  P<0 .001] .  There  was  no  s ign i f ican t
d i f fe rence  among the  a l t e rna ted  dua l  t ask
groups.  Also,  no signif icant  difference was
shown among the  non-a l te rna ted  dua l  t ask
groups,  and in  addi t ion they did  not  show
much difference from control  groups.

T-maze  task

No: of trials required for retention of TM

TABLE I : Tab le  showing  the  ave rage  number  o f
t r i a l s  r equ i red  fo r  acqu i s i t ion  and
r e t e n t i o n .

Avg. number of trials required for
Groups

Acquis i t ion Retention@

RAM Group 21± 2.2804 16± 1.789
(Control)

TM Group 16.33± 2.1602* 11.5± 1.871*
(Control)

TRAM RAM 16.16± 2.3166# 8.33± 1.966###

(Alternating)
G r o u p T M 15.66± 1.9664NS* 8.5± 1.378NS*

TRAM (Non RAM 21.83± 1.941NS# 16.33± 1.862NS#

Alternating)
G r o u p T M 16± 1.414*** 10.66± 1.751***

RAMT RAM 15.83± 2.317## 8.16± 1.169###

(Alternating)
G r o u p T M 16± 2.366NS* 8.66± 1.751NS*

RAMT (Non RAM 20.83± 3.251NS# 15.83± 2.483NS#

Alternating)
G r o u p T M 15.16± 2.137*** 10.83± 1.472**

Results are mean±SD.
@No: of trials for acquisition is significantly different
from no: of trials for retention in all groups (level of
significance shown in text)
NS*not significant, *P<0.05, **P<0.01, ***P<0.001 TM
task vs. RAM task within each group.
NS#not significant, #P<0.05, ##P<0.01, ###P<0.001 RAM
task of each group vs. respective RAM control.

a l ternated dual  task groups [TRAM (A) vs.
TRAM (NA) – P<0.001, TRAM (A) vs. RAMT
(NA) – P<0.05, RAMT (A) vs. TRAM (NA) –
P<0.001, RAMT (A) vs. RAMT (NA) – P<0.01].
In  add i t ion ,  no  s ign i f ican t  d i f fe rence  was
observed between TRAM (A) and RAMT (A)
groups  for  no:  of  t r ia ls  taken for  learning
RAM task.

T-maze  task

No: of tr ials required for acquisit ion of
TM task was almost similar in every group.
None  of  them showed any  s ign i f ican t
difference with each other .

Comparison of  acquisi t ion of  RAM and TM
task within each group

As the values in Table I depict,  the no:
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t ask  in  a l t e rna ted  dua l  t ask  groups  was
s l igh t ly  l ess  than  in  o ther  g roups ,  bu t  no
signif icant  difference were observed among
any groups .

Comparison of retention of RAM and TM task
within each group

Simi la r  to  acquis i t ion ,  s ign i f ican t
difference between no: of trials for RAM and
TM task within a group was observed only
for control (P<0.05) and non-alternated dual
task groups [TRAM (NA) – P<0.001, RAMT
(NA) – P<0.01]. And no significant differences
were  observed  for  a l t e rna ted  dua l  t ask
groups .

Memory  score

RAM task

As seen in the Fig. 1, the memory scores
of RAM task in alternated dual task groups
were  s ign i f ican t ly  d i f fe ren t  f rom cont ro l
[TRAM (A) – P<0.001, RAMT (A) – P<0.01]
and non-alternated dual task groups [TRAM
(A) vs. TRAM (NA) – P<0.01, TRAM (A) vs.
RAMT (NA) – P<0.001, RAMT (A) vs. TRAM
(NA) – P<0.05, RAMT (A) vs. RAMT (NA) –
P<0.01] .  No s ign i f ican t  d i f fe rence  were
observed between RAM tasks  of  a l ternated

dua l  t ask  groups ,  be tween  RAM tasks  o f
non-a l te rna ted  dua l  t ask  groups  and
between control and non-alternated dual task
groups .

TM task

Memory scores of TM task also showed
s imi la r  pa t te rn  as  tha t  o f  RAM task .
Significant difference were observed between
alternated dual task groups and control (both
P<0.01)  and  a l so  wi th  non-a l te rna ted  dua l
task groups [TRAM (A) vs.  TRAM (NA) –
P<0.05, TRAM (A) vs. RAMT (NA) – P<0.001,
RAMT (A) vs. TRAM (NA) – P<0.05, RAMT
(A) vs. RAMT (NA) – P<0.001]. No significant
difference were observed between TM tasks
of alternated dual task groups, between TM
tasks of non-alternated dual task groups and
between control and non-alternated dual task
groups .

Compar ison  o f  memory  score  o f  RAM and
TM task within each group

In teres t ingly ,  no  s igni f icant  d i f ferences
were  observed for  memory scores  of  RAM
task and TM task within any groups.

DISCUSSION

Number of trials required for acquisition
and  re ten t ion  of  TM task  –  cont ro l  g roup
was  s ign i f ican t ly  l ess  than  RAM task  –
cont ro l  g roup .  This  gave  the  bas i s  fo r
cons ider ing  TM task  as  a  s imple  task  and
RAM task as a complex one.

In the alternated groups [TRAM (A) and
RAMT (A)] the number of trials required for
re ten t ion  and  acquis i t ion  of  TM task  was
similar to RAM task, in contrast  to control
and non alternated groups [TRAM (NA) and
RAMT (NA)] .  Th is  ind ica tes  tha t  the  ra t s
learning ability has increased when the task

Fig. 1 : Bar graph showing memory scores (no: of trials
for acquisition minus no: of trials for retention)
of each group.

**P<0.01, ***P<0.001 compared with respective
con t ro l s .
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was alternated. The probable reasons for this
may be  nove l  l ea rn ing  condi t ions  g iven
a l te rna te ly .  As  s ta ted  by  Dember  WN and
Fowler H in 1958 (10) rats  tend to choose
the environment that has been least recently
explored .  This  cou ld  have  increased  the
curiosity, and curiosity tends to increase the
ability of alternation behavioural tasks (17).
I t  was  po in ted  ou t  tha t  ra t s  p re fe r  (over
repeated trials) a path leading to a goal box
containing complex stimuli over a blind alley
or an empty goal box respectively (23).  So
when ra ts  were  a l ternated  between T-maze
and  RAM the i r  l ea rn ing  ab i l i ty  enhanced .
Also when rats were learning both the task
wi thout  a l t e rna t ion ,  the  nove l ty  d r ive
hypothesis (23) was lacking and be the reason
why they behaved similar to control groups
for  having a s ignif icant  difference between
the  number  of  t r ia ls  requi red  for  TM task
and RAM task.

Al l  the  g roups  showed s ign i f ican t
difference between acquisition and retention.
Retention of task after 10 days took always
less  number of  t r ia ls  for  a l l  the rats .  This
prompted  us  to  ca lcu la te  a  memory  score
which  gave  a  c lea r  idea  about  memory
capacity of rats.  Only the alternated groups
showed a significantly higher memory score,
in  contras t  to  the  non a l ternated group.  I t
can  be  assumed tha t  the  a l te rna ted  groups
had a novelty drive and also a higher load
on short term memory and working memory
compared to  non al ternated groups.  As the
short  term memory load was more a  bet ter
long  te rm memory  format ion  may be
possible. In 1968 Atkinson-Shiffrin model (24)
descr ibed  the  s t ruc ture  o f  memory  and
mentioned the need for rehearsal to transfer
shor t  t e rm memory  to  long  te rm memory .
Recen t ly  a l so  i t  was  shown tha t  regu la r
rehearsal helps in consolidation of long term
memory (25). In our study alternated groups

rece ived  regu la r  rehearsa l  fo r  complex
task  in te rmi t ten t  wi th  s imple  t ask ,
whereas  non-a l te rna ted  groups  rece ived
cont inuous  rehearsa l  fo r  a  par t i cu la r
task .  So  a  be t te r  re ten t ion  capac i ty  i s
poss ib le  in  a l te rna ted  groups ,  as  indica ted
over here by an increased memory score in
th is  group.

Langla i s  and  Savage  in  1995  prov ided
evidence  for  the  fac t  tha t  h igh  leve l s  o f
spontaneous a l ternat ion are  consis tent  wi th
good spatial memory performance (26). Here
in our experiment also as the complexity in
a l te rna t ion  increased  by  us ing  a l t e rna ted
dual  task ,  the  spat ia l  memory performance
also  enhanced.

Spontaneous alternation has been labeled
a hippocampal – dependent task (27–30).  I t
has  assumed cons iderab le  popula r i ty  in
s tud ies  o f  spa t ia l  memory  as  a  qu ick  and
simple measure of retention that avoids the
need for  extensive  t ra ining and the  use  of
convent ional  re inforcers  (21) .  Even though
spontaneous  a l t e rna t ion  can  be  a  usefu l
index of responsiveness to novelty, its value
as  a  measure  o f  re ten t ion  i s  l ess  ce r ta in
especially when used as a measure of short
term memory. It can be concluded that when
“alternated dual task” is used, a complex task
can  be  learned  eas i ly  and  acqui red  fas te r .
Moreover ,  the  long  te rm memory  for  the
complex task learned is better,  and that the
task  learned fas ter  i s  not  eas i ly  forgot ten .
So th is  pr incip le  of  “a l ternated  dual  task”
can be made use when a complex task is to
be learned by a rat within a short period of
t i m e .
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