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Abstract :  Caffeine is one of the most widely consumed stimulant drugs
of the modern world.  I t  brings about a feeling of well-being,  relaxation,
increased  a le r tness  and  concent ra t ion .  I t s  e f fec t s  have  been  s tud ied  on
bra in  func t ion  and  behav io r  us ing  mood  ques t ionna i res ,  r eac t ion  t ime
tes t s ,  memory  tes t s ,  EEG and  of  la te  Event  Rela ted  Poten t ia l s  (ERPs) .
This study evaluates the response of caffeine on ERPs and Reaction Time
(RT)  us ing  aud i to ry  “oddba l l ”  pa rad igm.  For ty  undergradua te  med ica l
students volunteered for the study and their  ERPs and RT were recorded
before  and af ter  40 minutes  of  ingest ion of  caffe ine .  There  was a  non-
s igni f icant  decrease  in  la tency of  N1,  P2,  N2 and P3 and a  s igni f icant
decrease in  React ion Time af ter  caffeine consumption.  The ampli tude of
P3 showed a s ignif icant  increase af ter  intake of  caffeine.  The resul ts  of
th i s  s tudy  ind ica te  tha t  ca f fe ine  l eads  to  f ac i l i t a t ion  o f  in fo rmat ion
process ing and motor  output  response  of  the  bra in .
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INTRODUCTION

Caffeine is a methylxanthine,  present in
various commonly consumed substances like
tea, coffee, colas and some medicines. After
absorp t ion  of  ca f fe ine  f rom GIT or  i t s
admin is t ra t ion  v ia  paren te ra l  rou te ,  i t
r eaches  h igh  leve l s  in  the  b ra in .  Var ious
mechanisms  of  ac t ion  of  ca f fe ine  l ike
inhibition of phosphodiesterase, mobilization
of  ca lc ium and  b ind ing  to  benzodiazep ine
receptors have been proposed. However, the
main mechanism of its action is believed to

be blockade of adenosine receptors (1).

The average consumption of  caffeine in
India  i s  27  mg/person/day.  The amount  of
caffeine in food i tems ranges from 40–180
mg/150 ml of coffee, to 24–50 mg/150 ml of
tea and 15–29 mg/180 ml for colas (2).

Var ious  researchers  have  done  s tud ies
to evaluate the effects of caffeine on central
nervous  sys tem us ing  EEG,  psycholog ica l
tes ts ,  reac t ion  t ime,  and evoked potent ia ls
(3–7) .  Kawamura  e t  a l  us ing  audi to ry
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s t imulus ,  found  a  s ign i f ican t  increase  in
P300 ampl i tude  and  area  30  minutes  a f te r
caffeine intake (8). There was no significant
decrease in P300 latency. The reaction time
in  oddba l l  pa rad igm was  no t  s ign i f ican t ly
d i f fe ren t  before  and  a f te r  ca f fe ine
consumpt ion .  Des landes  e t  a l  inves t iga ted
the  e f fec t  o f  ca f fe ine  on  v i sua l  P300  by
adminis te r ing  400  mg caf fe ine  in  ge la t in
capsules.  They found a significant decrease
in  P300  la tency  a t  Fz  (9 ) .  The  ampl i tude
of  P300  showed a  var iab le  pa t te rn  o f
increase  in  some and  decrease  in  some
ind iv idua l s .

It has been reported that the latency and
amplitude of P3 in young Indian adults was
comparab le  wi th  age  and  sex  matched
subjects of the western world (10). Previous
s tudy  f rom our  l ab  has  shown tha t
substances l ike Vitamin E affects P3 (11).

Most  of  the  s tudies  on  CNS effec ts  of
caffeine have been done using visual stimuli
by adminis ter ing  caffe ine  e i ther  in  ge la t in
capsules or in decaffeinated coffee with milk
powder  and  sugar .  In  th i s  s tudy ,  we  have
adminis te red  pure  ca f fe ine  (wi thout
decaffeinated coffee) with milk powder and
sugar so as  to rule  out  the effect  of  other
const i tuents  of  coffee on CNS. A thorough
li terature search revealed scant  work using
audi to ry  s t imul i  and  th i s  p rompted  us  to
evaluate the effect of caffeine on cognitive
bra in  func t ions  and  motor  response  us ing
audi to ry  s t imulus .

M E T H O D S

Se lec t ion  o f  subjec t s

The present study was conducted in the

Depar tment  o f  Phys io logy ,  Univers i ty
College of Medical Sciences, Delhi. The study
group comprised of 40 normal, healthy young
male  undergradua te  s tuden ts  in  the  age
group of 18–25 years.  The subjects had no
his to ry  of  head  in jury ,  ep i lepsy ,  hear ing
impai rment ,  migra ine ,  s leep ing  prob lems
and  drug  abuse  (n ico t ine ,  a lcohol  and
opium). Due written consent was taken from
them prior to the study. The subjects served
as  the i r  own cont ro l s  to  min imize
in te r ind iv idua l  var ia t ion .  Pr io r  to  the  day
of  record ing ,  the  sub jec t s  were  asked  to
abstain from caffeine containing substances
for  a t  l eas t  12  hours  and  have  adequa te
s leep .

Adminis trat ion  o f  ca f fe ine

Caffe ine  in  the  dose  of  3  mg/kg  body
weight of the subject was given after mixing
it with sugar and milk powder according to
taste  in  100 ml water .

Recording  o f  Event -re la ted  potent ia l s

The  record ings  were  done  in  a
soundproof room before and 40 minutes after
ingestion of caffeine. The subjects were given
a trial session a day before the recording to
fami l ia r ize  them wi th  the  s t imul i  and  the
record ing  procedure .  The  ERPs  were
recorded  on  Nihon  Kohden  Neuropack  µ
MEB 9100 using si lver-si lver  chloride disk
e lec t rodes  f rom Fz ,  Cz  and  Pz  (ac t ive
electrodes) with FPz as grounding electrode
and  A1 and  A2 as  the  ea r  re fe rence
e lec t rodes  p laced  accord ing  to  the  10–20
in te rna t iona l  sys tem.  The  sk in-e lec t rode
contact impedance was kept below 5 KΩ. The
subjects were instructed to close their  eyes
to avoid bl ink art i facts .
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The auditory ERPs were recorded using
“oddba l l”  parad igm where in  two s t imul i
( target  and nontarget )  were  presented  in  a
random order  by  headphones .  The  ta rge t
s t imulus  was  a  2  KHz sound  wi th  20%
occur rence  and  the  nonta rge t  1  KHz wi th
80% occurrence. The auditory stimuli had a
10  msec  r i se / fa l l  t ime ,  100  msec  dura t ion
and  in tens i ty  o f  60  dB above  the  hear ing
threshold.  The responses were f i l tered with
a band pass of 0.1–50 Hz and averaged for
30  responses .  The  ana lys i s  t ime  was  100
msec before to 900 msec after the stimulus.
The  subjec ts  p ressed  a  bu t ton  in  response
to the target stimulus. Data for 2 trials were
obtained,  stored and averaged by computer.
The  ERP peak  la tenc ies ,  base l ine  to  peak
ampl i tudes  and  reac t ion  t ime  were
e v a l u a t e d .

Stat i s t i ca l  ana lys i s

The data  obta ined were  analyzed us ing
SPSS software. The ERP amplitude data was
normal ized  us ing  log  t rans format ion  as  i t
was  r igh t  skewed.  Repea ted  measures
ANOVA was  done  to  compare  the  th ree
electrodes at  different  places  as  per  10–20
electrode placement system before and after
caffeine consumption.  Mult iple comparisons
were obtained (within subjects  comparison)

by  Tukey  Tes t  a t  5%.  Pa i red  t -Tes t  was
applied for analysis of Reaction Time.

R E S U L T S

The effect of caffeine on the latencies of
N1, P2, N2 and P3 waves of ERPs are shown
in  Table  I  (F ig .  1 ) .  ANOVA showed a
s ign i f ican t  decrease  in  l a tency  of  P2
(P=0.044).  However,  Tukey fai led to detect
any significant decrease in the latency of P2
as  the  s ignif icance shown by ANOVA was

TABLE I : Showing the  mean la tencies  ( in  msec)  of  ERP components  a t  the  three
elec t rode  posi t ions ,  before  and af ter  caffe ine  in take  (Mean±SD).

F z C z P z

Before A f t e r Before A f t e r Before A f t e r

N 1 110 .73±14 .54 107 .13±14 .49 100 .43±11 .57 98 .15±12 .91 95 .15±11 .41 92 .77± 12 .52
P 2 166 .55±13 .32 163 .78±12.47* 160 .88±11 .62 158 .78±10.41* 158 .07±17 .48 154 .8± 15.26*
N 2 215 .3±17 .26 211 .85±18 .67 209 .6±14 .26 206 .88±13 .98 205 .5±17 .84 200 .95± 25 .41
P 3 320 .12±32 .15 318 .72±30 .57 317 .82±39 .37 310 .47±33 .4 318 .45±32 .35 313 .98± 30 .52

*P<0.05  when the  base l ine  and  af te r  caf fe ine  va lues  a re  compared .

Fig.  1 : Showing the effect of caffeine on ERPs before
and  a f te r  ca f fe ine  in take .
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e f fec t  o f  ca f fe ine  was  due  to  b lock ing  of
adenosine receptors. Kawamura et al used a
dose of  500 mg of  caffeine in  10 subjects
and found a significant increase in the area
and  ampl i tude  of  P3 ,  30  minutes  a f te r
caffeine intake (8). No significant change in
P300  la tency  or  reac t ion  t ime  was  found .
They  sugges ted  tha t  ca f fe ine  a f fec ted  the
discr iminat ing  process  involved in  oddbal l
parad igm.  In  ano ther  s tudy ,  Lor i s t  e t  a l
concluded that caffeine led to lower level of
process ing of  i r re levant  informat ion which
was  ev iden t  by  absence  of  P3b  in  ERPs
elicited by irrelevant targets (6).  There was
a  fas te r  s t imulus  eva lua t ion  as  ev idenced
by change in P3b peak latency.

Rui j t e r  e t  a l  found  an  increase  in  P2
ampl i tude  af te r  caf fe ine  and  in te rpre ted  i t
as an arousal increasing effect (12). The RT
was shorter with caffeine than with placebo.
Ruijter  et  al  concluded that  caffeine led to
increased information processing. In another
study they found that caffeine had a general
in f luence  on  ear ly  in format ion  process ing
and not specifically on spatial attention (13).
Decrease  in  RT by caf fe ine  has  a lso  been
found by Azcona et al and Clubley et al (14,
15). Jacobson and Edgley found that a dose
of  300  mg caf fe ine  decreased  RT and

marginal .  The other  waves  namely N1,  N2
and  P3  showed a  non-s ign i f ican t  decrease
in  la tency.

The  mean  ampl i tude  of  P3  increased
s ign i f ican t ly  a f te r  ca f fe ine  in take .  The
amplitudes of all  other ERP waves i .e.  N1,
P2  and  N2 showed an  increase  bu t  the
change  was  no t  s ign i f ican t  (Table  I I ,
Fig. 1).

The  Reac t ion  t ime  was  414 .88 ± 90.92
msec  before  the  subjec ts  took  caf fe ine .  I t
decreased  s ign i f ican t ly  (P=0 .000)  to
372 .35 ± 74.48  msec  a f te r  consumpt ion  of
caffeine.

D I S C U S S I O N

The results of the present study revealed
that  there was a significant increase in the
amplitude of P3 with a significant reduction
in  Reac t ion  Time fo l lowing  caf fe ine
consumpt ion .  Our  f ind ing  of  a  non-
s ign i f ican t  decrease  in  P3  la tency  wi th  a
s ign i f ican t  decrease  in  reac t ion  t ime  (RT)
was similar  to that  of  Seidl  et  al  who had
also used audi tory  oddbal l  paradigm in  10
subjec t s  (7 ) .  On  the  bas i s  o f  known
literature,  they concluded that the stimulant

TABLE II : Showing the  mean ampl i tudes  ( in  µV) of  ERP components  a t  the  three  e lec t rode
posi t ions ,  fo l lowing Log t ransformat ion,  before  and af ter  caffe ine  in take .

F z C z P z

Before A f t e r Before A f t e r Before A f t e r

N 1 7 .40 8 .36 6 .12 7 .48 2 .69 2 .89
P 2 3 .12 3 .20 2 .99 4 .00 3 .09 4 .13
N 2 5 .53 6 .12 3 .90 5 .02 3 .05 3 .70
P 3 4 .16 6.63*** 7 .82 10.53*** 14 .40 17.07***

***P<0.001 when before  and af ter  caf fe ine  in take  values  are  compared.
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movement  t ime  s ign i f ican t ly .  However ,  a
dose  of  600  mg showed no  cons iderab le
change  in  RT and  movement  t ime  (16) .
Caf fe ine  has  been  found  to  sh i f t  EEG
towards  fas te r  spec t ra l  components  which
has  been  in te rpre ted  as  a  re f lec t ion  of
elevated levels of energy (17).

Caf fe ine  main ly  ac t s  by  b lock ing
adenos ine  recep tors  and  thus  b r ing  about
changes  in  the  l eve l s  o f  var ious
neurotransmit ters  l ike dopamine,  adrenal ine
and  g lu tamate .  The  A1 type  of  adenos ine
receptors have been linked to dopamine D1
recep tors  and  A2A wi th  dopamine  D2
receptors  (see  18) .  The  A1 receptors  have
been found to be associated with regulation
of  a le r tness .  Mesopont ine  cho l inerg ic
neurons  a re  assoc ia ted  wi th  regu la t ion  of
arousal level and are under tonic A1 receptor
cont ro l .  Of  var ious  dopamine  recep tors
isolated in brain,  D1, D2, D4 and D5 have
been found in hippocampus. Activation of D1
and D2 receptors  in  hippocampus has been
found to  improve acquis i t ion and retent ion
of  work ing  memory  (19 ,  20) .  D1 and  D2
recep tors  in  p re f ron ta l  cor tex  of  monkey
have been reported to improve performance
in  work ing  memory  task  (21) .  The
abnormal i ty  in  P3  in  Park inson’s  d i sease
i s  perhaps  due  to  changes  in  cen t ra l
dopaminergic  mechanisms (22) .

We there fore  be l ieve  tha t  the  changes
seen in  the  ampl i tude of  P3 af ter  caffe ine
in take  could  be  due  to  modula t ion  of

dopamine  re lease  in  the  cor tex  consequent
to the inhibi t ion of  adenosine receptors  by
caf fe ine .  The  more  pos i t ive  go ing  P3  was
ind ica t ive  o f  increased  in format ion
processing by recruitment of cortical neurons
af te r  ca f fe ine  consumpt ion .  The  e f fec t  o f
caf fe ine  on  la tenc ies  o f  ERPs  was  no t
significant. However, there was a significant
decrease  in  RT brought  about  by caffe ine .
These  f ind ings  sugges ted  tha t  ra ther  than
speeding up the central  processes ,  caffeine
acce le ra ted  motor  (ou tpu t )  p rocesses .  Our
f ind ings  of  ERPs  were  s imi la r  to  those
obtained by various researchers using visual
stimuli, thereby indicating that ERP changes
were  independent  o f  the  mode  of  s t imul i
given i.e. either pairing of two visual or two
auditory stimuli for oddball  paradigm. Thus
it  can be interpreted that caffeine ingestion
d i rec t ly  in f luenced  the  cor t i ca l  neurona l
processes involved in higher  funct ions l ike
or ien ta t ion ,  a t t en t ion ,  a le r tness  and
motor  response .  This  f ind ing  prov ides
an  e lec t rophys io log ica l  ev idence  of
caffe ine  induced improvement  in  cogni t ive
and  motor  func t ions .  Thus  i t  may  have
re levance  in  pa t ien t s  wi th  cogni t ive
dysfunc t ion  as  in  Alzhe imer’s  d i sease  o r
motor  impai rment  as  in  d i sorders  l ike
Parkinson’s  d isease .
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