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Abstract :  The present  study was under taken to assess the comparative
e f fec t s  o f  neb ivo lo l  wi th  p roprano lo l  and  a teno lo l  on  psychomotor
performances. Thirty healthy volunteers were randomized into three groups
with n=10 in each group. Each subject received single dose of one of the
three medications (nebivolol 5 mg, atenolol 50 mg and propranolol 40 mg)
in morning (9.00 AM).  Just  before administering the drug,  the pre-drug
scores were taken, followed by post drug score obtained for consecutive six
hours .  Psychomotor  a s sessment  was  ca r r i ed  ou t  by  th ree  t e s t s  S imple
Reaction Timer (SRT), Critical Flicker Fusion Frequent Threshold (CFFT)
and Digit  Cancellat ion Test  (DCT).  The results  of  present  study indicate
that single doses of atenolol and propranolol produced significant impairment
of  psychomotor  pe r fo rmance .  Neb ivo lo l  a l so  impa i red  psychomotor
performance tests in the similar fashion to atenolol and propranolol. Hence,
the findings of the present study correlate with the lipophilic nature of the
nebivolol.
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INTRODUCTION

Nebivolol is a newer highly cardioselective
β

1
- recep tor  an tagonis t ,  which  d i f fe r s  f rom

trad i t iona l  β -b lockers  by  i t s  pecu l ia r
pharmacodynamics profile and kinetics. It is
an  e f fec t ive  d rug  for  the  t rea tment  o f
hyper tens ion ,  conges t ive  hear t  fa i lu re  and

stable angina (1–2). Its tolerability profile is
highly favorable compared with the classical
beta-blockers, with less fatigue and dyspnea
in  hyper tens ive  sub jec t s ,  and  wi th  an
improvement  o f  func t iona l  capac i ty  and
exerc i se  to le rance  in  pa t ien t s  wi th  l e f t
ven t r icu la r  dysfunc t ion .  Fur thermore ,
con t ra ry  to  a teno lo l  and  propranolo l ,
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nebivolol does not diminish specific airway
conductance (3).  Hence, i ts use is l ikely to
inc rease .

In spi te  of  the fact  that  β–blockers  are
extensively used for variety of cardiovascular
ailments they have significant central effects
on cogni t ive  and psychomotor  performance
i r respec t ive  o f  l ipophi l l i c  o r  hydrophi l i c
antagonist  of  beta  receptors  (4) .  Moreover,
neb ivo lo l  l ike  ca rved i lo l ,  metopro lo l  and
buc indolo l  i s  h igh ly  l ipophi l i c  compounds
(5)  and is  expected to have central  effects
and  a f fec t  psychomotor  per formances .
However, from the available reports nothing
conclusively can be said about central actions
of the drugs as Mangrella et al (6) in there
review suggested few central nervous system
(CNS)  adverse  a f fec t s  such  as  d izz iness ,
headache  and  fa t igue ,  whereas  Van Bor te l
et  al  (7)  showed nebivolol  to be devoid of
CNS adverse effects.

Since, caridovascular conditions in which
nebivo lo l  f ind  therapeu t ic  p lace  need
prolonged therapy and the situation may be
compounded by the fact  that  most  of  these
pat ients  are  ambula tory .  Scan of  l i te ra ture
(Pubmed-wi th  key  words  neb ivo lo l ,
psychomotor  per formances)  d id  no t  revea l
any report regarding the effect of nebivolol
on  psychomotor  per formance  tes t s .
Therefore, the present preliminary study for
the  f i r s t  t ime  was  under  t aken  to  assess
the  e f fec t  o f  neb ivo lo l  on  psychomotor
per formances  and  compare  them wi th
conventional â-blockers like propranolol and
atenolo l .

METHODS

Thirty healthy volunteers (age 28–35 yrs,

wt 55–65 kg and M: F 16:14) were enrolled
for  the  s tudy  a f te r  ob ta in ing  in formed
consen t  and  Ins t i tu t iona l  Review Board
( IRB)  c lea rance .  The  vo lun teers  were  in
normal  phys ica l  hea l th  wi th  no  h i s tory  of
cardiovascular,  renal ,  hepatic or psychiatric
ailment. All subjects had normal biochemical
and laboratory values (Hb, TLC, DLC, LFT,
RFT,  l ip id  p rof i l e  and  b lood  sugar ) .  The
volun teers  were  non  smoker  and  non
alcoholic and had no history of any β-blocker
use  or  psychopharmacologic  t rea tment  two
weeks  pr ior  to  s tudy  and  were  advised  to
abstain from caffeinated drugs,  cola  dr inks
and chocolates during study tr ial .

Pr io r  to  the  en t ry  in  s tudy  vo lun teers
were familiarized with test  procedure for a
week  to  ob ta in  s tab le  va lues .  The  s tudy
subjects were randomized into three groups
according to a block permuted randomization
plan ,  wi th  10  hea l thy  vo lun teers  in  each
group. Each subject received single dose of
one of the three medications (nebivolol 5 mg,
atenolol  50 mg and propranolol  40 mg) in
morning (9.00 AM). Just before administering
the  drug ,  the  p re -drug  scores  were  t aken ,
fo l lowed by  pos t  d rug  score  ob ta ined  for
consecut ive s ix  hours .

Psychomotor  assessment

1 . S imple  Reac t ion  T imer  (SRT)  :  Visua l
reaction t ime was determined by measuring
the  la tency  be tween  presen t ing  a  v i sua l
s t imulus  and  the  response  (p ress ing  a
key) .  The  mean  of  f ive  measurements  to
each stimulus were recorded in two sessions
and  the  resu l t s  o f  the  sess ions  averaged .
Increase  in  SRT ind ica tes  impai rment
of  execu t ion  of  even  s imple  mechanica l
tasks (8).
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medication or drug was analyzed by paired
t - tes t ,  whereas  in te r  d rug  compar i son  was
carried out by one-way analysis of variance
ANOVA (P-va lue<0 .05  has  been  taken  as
significant) .

RESULTS

The  da ta  ob ta ined  wi th  p ropranolo l ,
a teno lo l  and  neb ivo lo l  in  d i f fe ren t
psychomotor  t es t s  have  been  summar ized
in  Table  I  to  I I I .  Al l  the  th ree  d rugs
(propranolol,  atenolol and nebivolol) caused
significant increase with P<0.001 at 1, 2, 3 hr
and  P<0.01  a t  4  h r  by  propranolo l  and
nebivolol and with P<0.01 at 1, 2 & 3 hr by
atenolol  in SRT when compared with there
respective baseline values. The effect started
at 1 hour and lasted up to 4 hours except in
a teno lo l  where  i t  l a s ted  up  to  3  hours
after intake of drugs (Table I) .  When these
drugs were compared among each other,  no
signif icant  difference as  suggested by non-
s ign i f ican t  ANOVA was  observed ,  though
propranolol  caused more numerical  increase
in SRT than atenolol and nebivolol.

2 . Cri t i ca l  F l icker  Fus ion  Frequent
Threshold (CFFT)  :  Subjects  were required
to discriminate f l icker fusion in a set  of  4
light emitting diodes placed at foveal distance
of  1m.  Ind iv idua l  th resholds  in  Hz  were
de te rmined  on  f ive  ascending  and  f ive
descending  f requenc ies  as  per  the  method
descr ibed  by  Hindmarch  (9) .  Decrease  in
CFFT indicates impairment of senseriomotor
integrat ion process  in  CNS

3 . Dig i t  Cance l la t ion  Tes t  (DCT)  :  In  a
matrix of 400 ari thmetic digits  a part icular
digit was distributed randomly 40 times and
the subject was required to cancel the digit
as  fas t  as  he  could .  The  number  of  d ig i t s
cance l led  per  minute  was  recorded  (10) .
Decrease  in  DCT ind ica tes  impai rment  o f
perceptual processing of the central sensory
informat ion  wi th  regards  to  cur ren t
in format ion  and  match ing  wi th  p rev ious
s tored  informat ion .

Stat i s t i ca l  eva luat ion

The data was expressed in Mean ± SEM .
The  changes  f rom the  base l ine  score  by

TABLE I : Compara t ive  e f fec t  o f  P ropana lo l ,  A teno lo l  and  Neb ivo lo l  on  SRT.

n=10 SRT (msec) Mean ± SEM
(mg, P.O,
Single dose) 0 hr 1 hr 2 hr 3 hr 4 hr 5 hr 6 hr

Propranolol (40) 0.582 0.674*** 0.657*** 0.635*** 0.611** 0.598 0.574
± ± ± ± ± ± ±

0.027 0.026 0.030 0.026 0.022 0.022 0.027
Atenolol (50) 0.586 0.619** 0.624** 0.620** 0.604 0.592 0.584

± ± ± ± ± ± ±
0.027 0.022 0.027 0.029 0.026 0.026 0.027

Nebivolol (5) 0.589 0.653*** 0.641*** 0.633*** 0.622** 0.594 0.589
± ± ± ± ± ± ±

0.027 0.027 0.021 0.025 0.026 0.029 0.028
One way ANOVA F=3.354 F=3.354 F=3.354 F=354 F=3.54 F=3.35

df=2, 27 df=2, 27 df=2, 27 df=2, 27 df=2, 27 df=2, 27
p=NS p=NS p=NS p=NS p=NS p=NS
0.327 0.68 0.913 0.87 0.98 0.928

*P<0.05; **P<0.01; ***P<0.001 in comparison to respective baselines.
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Cr i t i ca l  F l icker  Fus ion  Frequent
Threshold  (CFFT)  was  found  to  be
significantly decreased with varied levels of
s ign i f icance  wi th  the  en t i re  th ree  d rugs
studied as shown in Table-II .  The decrease
with nebivolol lasted up to 5 hours whereas
wi th  p ropranolo l  and  a teno lo l ,  the  e f fec t
lasted up to 4 hours. Peak decrease in CFFT
was  observed  a t  2  hours  wi th  p ropranolo l
whereas ;  wi th  bo th  a tenolo l  and  nebivolo l

peak effect was observed at 3 hours (Table
II) .  No signif icant  difference was observed
amongs t  these  d rugs  when  they  were
compared wi th  each other  as  suggested  by
non-significant ANOVA.

On DCT,  less  number  o f  d ig i t s  were
cance l led  a f te r  in take  of  neb ivo lo l  and
atenolol. (P<0.01 to 0.001) as shown in Table-
I I I .  S igni f ican t  a f fec t  wi th  a tenolo l  l as ted

TABLE II : Compara t ive  Ef fec t  o f  P ropana lo l ,  A teno lo l  and  Neb ivo lo l  on  CFFT.

n=10 CFFT( in  her t z )  Mean ± SEM
(mg, P.O,
Single dose) 0 hr 1 hr 2 hr 3 hr 4 hr 5 hr 6 hr

Proprano lo l  (40) 3 5 . 5 2 9 8 34 .354*** 33 .894*** 34 .473** 3 4 . 8 2 8 * 3 5 . 1 1 1 35 .291
± ± ± ± ± ± ±

0 . 9 6 0 . 8 6 0 . 8 8 0 . 9 0 0 . 9 6 0 . 9 7 01 .02
Ateno lo l  (50) 35 .51 3 4 . 5 * * * 34 .01*** 33 .74*** 34 .3** 33 .38 35 .33

± ± ± ± ± ± ±
0 . 9 8 0 . 8 8 1 . 0 2 0 . 9 8 0 . 9 1 0 . 9 1 1 . 1 0

Nebivolol  (5) 35 .492 34 .963** 34 .557** 34 .369** 34 .797** 3 5 . 0 9 5 * 35 .44
± ± ± ± ± ± ±

0 . 9 7 0 . 9 1 0 . 9 3 0 . 9 3 0 . 9 6 0 . 9 6 1 .008
One  way  ANOVA F = 0 . 5 4 F = 1 . 3 F = 0 . 1 7 F = 0 . 1 1 1 F = 0 . 0 2 F = 0 . 0 0 5

d f = 2 , 2 7 d f = 2 , 2 7 d f = 2 , 2 7 d f = 2 , 2 7 d f = 2 , 2 7 d f = 2 , 2 7
p = N S p = N S p = N S p = N S p = N S p = N S
0 . 9 4 0 . 9 7 0 . 8 4 0 . 8 9 0 . 9 7 0 . 9 9

*P<0.05; **P<0.01; ***P<0.001 in comparison to respective baselines.

TABLE II I : Compara t ive  e f fec t  o f  P roprano lo l ,  A teno lo l  and  Neb ivo lo l  on  DCT.

n=10 DCT (Dig i t s  cance l l ed  per  minu te )  Mean ± SEM
(mg, P.O,
Single dose) 0 hr 1 hr 2 hr 3 hr 4 hr 5 hr 6 hr

Propranolol  (40 mg) 4 7 . 6 4 7 . 1 4 6 . 9 4 7 . 4 4 7 . 5 4 7 . 5 4 7 . 7
± ± ± ± ± ± ±

0 .702 0 .674 0 .706 0 .635 0 .670 0 .670 0 .650
Ateno lo l  (50  mg) 4 7 . 9 4 6 . 8 * * * 4 7 . 2 * * * 4 7 . 8 4 8 4 7 . 9 4 7 . 8

± ± ± ± ± ± ±
0 .690 0 .696 0 .711 0 .663 0 .714 0 .690 0 .755

Nebivolo l  (5  mg) 4 8 4 6 . 4 * * * 4 7 . 5 4 7 . 9 4 8 4 8 4 8
± ± ± ± ± ± ±

0 .649 0 .541 0 .521 0 .622 0 .649 0 .649 0 .649
One  way  ANOVA F = 0 . 3 0 0 F = 0 . 2 1 1 F = 0 . 1 7 0 F = 0 . 1 8 0 F = 0 . 1 5 5 F = 0 . 0 4

d f = 2 , 2 7 d f = 2 , 2 7 d f = 2 , 2 7 d f = 2 , 2 7 d f = 2 , 2 7 d f = 2 , 2 7
p = N S p = N S p = N S p = N S p = N S p = N S
0 . 7 4 0 . 8 1 0 . 8 4 0 . 8 3 0 . 8 5 0 . 9 5

*P<0 .05 ;  **P<0 .01 ;  ***P<0 .001  in  compar i son  to  r e spec t ive  base l ines .
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upto 2 hours, while with nebivolol effect was
observed a t  1  hour .  Whi le  propranolol  d id
not  s ignif icant ly modify DCT however,  the
numer ica l  decrease  was  observed .  Al l  the
three drugs did  not  di f fer  f rom each other
when they were  compared wi th  each o ther
as  ev iden t  f rom non-s ign i f ican t  ANOVA
(Table III).

DISCUSSION

In  the  p resen t  s tudy  the  e f fec t s  o f
nebivolol have been compared with atenolol
and propranolol on psychomotor performance
tests to assess any CNS alteration.  We chose
propranolol, lipophillic in nature and atenolol
a selective hydrophillic â-blocker both known
to  a l te r  psychomotor  per formance  tes t s .  A
comprehensive battery of tests was employed
to  e luc ida te  such  po ten t ia l .  SRT i s  an
excellent example of tasks which comprises
of sensory and motor components. The CFFT
is  a  measure  o f  ab i l i ty  to  d i sc r imina te
between flicker and fusion and vice-versa of
l igh t  and  involves  cen t ra l  mechanism
involving cortical arousal or integration and
is  more  d i rec t  measure  o f  CNS ac t iv i ty .
Whi le  DCT i s  a  measure  of  percep t iona l
process ing  of  cen t ra l  sensory  in format ion
wi th  regards  to  cur ren t  in format ion  and
matching  wi th  previous  s tored  informat ion
(11).

Atenolo l  and  propranolo l  have  been
reported to cause appreciable impairment of
psychomotor  per formance  tes t  l ike  SRT,
CFFT, and DCT (12–15). In the present study
a tenolo l  and  propranolo l  a f fec ted  the
psychomotor  per formance  tes t s  in
concurrence with above authors  Betts  et  a l
(12),  McDevitt(13),  Salem & McDevitt  (14)

and our own previous report (15). McDevitt
(13)  in  accordance to  our  s tudy,  suggested
tha t  wi th  s ing le  doses  o f  a teno lo l ,  a
cardioselective hydrophil ic beta-blocker and
l ipophi l i c  non-se lec t ive  be ta -b locker
propranolol ,  produce signif icant  impairment
of psychomotor tests. The results of present
study further support the findings of Currie
et al (4) that β-blockers both lipophillic and
hydrophillic can modify the CNS function.

The main result of present study indicate
that nebivolol a newer highly cardioselective
β

1
- receptor  antagonis t  impairs  psychomotor

performance tests  in  the s imilar  fashion to
atenolol and propranolol suggesting nebivolol
to  have centra l  effects .  These f indings  are
in agreement with Mangrel la  et  al  (6)  who
suggested few CNS adverse affects  such as
dizziness, headache and fatigue with nebivlol,
whereas  the  f ind ings  a re  con t rad ic to ry  to
findings of Van Bortel et al (7) who showed
nebivo lo l  to  be  devoid  of  CNS adverse
ef fec t s .  F ind ings  of  the  presen t  s tudy  can
also be correlated with the lipophilic nature
of the nebivolol (5). However, the relevance
of  these  cen t ra l  e f fec t s  on  sk i l l ed
per formance  in  ac tua l  s i tua t ion  involv ing
mechanica l  and  o ther  sk i l l s  i s  unc lear .
Moreover, this study suffers from drawbacks
of being a single dose, short study done in
healthy individuals, & lacks placebo control.
Hence, additional adequately powered studies
are  needed  to  e luc ida te  the  psychomotor
effects of nebivolol in hypertensive patients
on  chron ic  t rea tment .

C o n c l u s i o n

Nebivolol, a newer highly cardioselective
β

1
- recep tor  an tagonis t  a l so  impai r s

psychomotor performance tests in the similar
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present  s tudy  cor re la te  wi th  the  l ipophi l ic
nature of  the nebivolol .

fashion to atenolol and propranolol in healthy
volun teers .  Hence ,  the  f ind ings  o f  the
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