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Abstract : The present study examined the interactions of local anesthetics
(LA) and calcium channel blockers (CCBs) on rhythmicity of heart  using
in  v ivo  and  in  v i t ro  exper iments .  ECG record ings  were  made  f rom the
anesthetized rats for in vivo preparations and spontaneously beating isolated
ra t  r igh t  a t r i a l  po ten t i a l  fo r  the  in  v i t ro  exper iments .  The  i n  v i vo
experiments  with LA showed dose-dependent  bradycardia with l ignocaine
(LIG, 100-500 µg/kg) and bupivacaine (BUP, 10-100 µg/kg). BUP was 4-5
times more potent than LIG. Verapamil (VML) and diltiazem (DTZ), CCBs
also produced dose (10-100 µg/kg) -dependent bradycardia. However, none
of them affected the PR/QT interval or QRS complex. Further, LA-induced
bradycardia was potentiated by CCBs. In addition, flattening of P-wave in
ECG was observed with doses (10-25 µg/kg) of LA in the presence of CCBs.
Similarly, the in vitro experiments demonstrated a concentration-dependent
decrease in  atr ia l  ra te  by BUP or  VML. The BUP-induced decrease was
potentiated in the presence of VML. Thus,  the results suggest  that  CCBs
potent ia te  the  LA-induced bradycardia  by  involv ing  pacemaker  ac t iv i ty .
Further,  the f lat tening of P-wave in ECG serves as an early indicator of
the cardiotoxicity produced by these drugs.
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INTRODUCTION

Calc ium channe l  b lockers  (CCBs)  and
local anesthetics (LA) are commonly used in
clinical  practice.  CCBs are one of the first
lines of therapy in hypertensive patients. In
addi t ion ,  LA are  a l so  used  regu la r ly  fo r

major  and  minor  surg ica l  p rocedures .
Fur ther ,  sys temic  admin is t ra t ion  of  e i ther
of these agents is known to depress cardiac
functions. The available in vivo experimental
s tudies  using LA and CCBs at  toxic  doses
showed severe  a r rhy thmia  and  dea th  in
experimental  animals (1–3).  Cardiac muscle
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contractions were also decreased in isolated
paced  ven t r ic les  by  these  d rugs  (4 ,  5 ) .
However ,  the  e f fec t s  on  chronot rop ic
properties of heart  are not clear.  Moreover,
a t  tox ic  doses  CCBs po ten t ia te  the  card io
depressive action of LA (3, 6,  7).  There is
every chance for systemic absorption of LA,
even  in  low concent ra t ion  dur ing  surgery .
Thus, the interactions between LA and CCBs
assume grea t  impor tance  to  the  pa t ien t s
rece iv ing  CCBs.  Fur ther ,  no  pred ic tab le
ind ica tors  fo r  such  drug  in te rac t ions  and
toxicity are available. Therefore, the present
s tud ies  were  under taken  to  unders tand  the
effects of lower doses of LA (lignocaine-LIG
and bupivacaine-BUP) and CCBs (verapamil-
VML and  d i l t i azem-DTZ)  e i ther  a lone  or
in combinat ions on the cardiac rhythmici ty
in  anes the t ized  ra t s .  Fur ther ,  the  i n
v i t ro  in te rac t ions  were  a l so  assessed  on
spontaneous ly  bea t ing  ra t  r igh t  a t r i a l
p r epa ra t i ons .

MATERIALS AND METHODS

All  the  exper iments  were  per formed
according to the guidelines of  the Inst i tute
of  Medica l  Sc iences ,  Banaras  Hindu
Univers i ty ,  Varanas i  fo r  conduc t ing  the
an imal  exper iments .  Care  was  taken  to
res t r i c t  the  number  o f  an imals  to  the
minimum poss ib le .

Animal  se lec t ion  and  groups

Adult albino rats (Charles Foster strain)
of  e i ther  sex  weighing around 250 g  were
used  in  the  p resen t  inves t iga t ion .  They
were reared for a week in the departmental
animal room and fed with rat feed (Hindustan
Lever, India) ad libitum and had free access

to water. Rats were randomly divided into 3
groups. Group1 and 2 were used for in vivo
studies (ECG recording). Group 1 was further
d iv ided  in to  four  subgroups  (7–11  ra t s  in
each group) to determine the dose response
of LIG, BUP, VML and DTZ alone.  Group 2
was a lso  subdivided in to  four  groups  (7–9
rats in each group) to observe the effect of
VML + LIG, DTZ + LIG, VML + BUP and
DTZ + BUP.  Group 3  was  subjected to  in
vi tro  s tudies  with r ight  a t r ia l  preparat ions.
This  g roup  was  subdiv ided  in to  3  g roups
(4  ra t s  in  each  group)  to  observe  the
ef fec t  o f  BUP/VML a lone  and  BUP af te r
pre t rea tment  wi th  VML.

In  v ivo  exper iments

Preparation of the animal and ECG recording

Overnight fasted rats were anaesthetized
by intra peritoneal injection of urethane (1.5
g/kg body weight) and placed on a wooden
dissect ion board.  After  t racheostomy,  r ight
jugular vein was carefully dissected out and
cannulated wi th  a  f ine  catheter  f i l led  wi th
normal  sa l ine .  The  ca the te r  was  used  for
in jec t ing  var ious  drugs  and  normal  sa l ine .
ECG was  recorded  wi th  the  he lp  of  f ine
need le  e lec t rodes  connec ted  in  Lead  I I
conf igura t ion  and  the  po ten t ia l s  were
recorded on a  char t  recorder  (Physiograph,
Bio-dev ices ,  Ind ia ) .  Af te r  a l lowing  a
s tab i l i za t ion  per iod  of  30  min ,  in i t i a l
recording was made for 2 min. Then 0.1 ml
of  normal  sal ine/drug was injected and the
recording was continued for initial 2 minutes
and then for two min at every 5 min intervals
up to 30 min. Heart rate was calculated from
average R-R intervals  recorded from 2 min
after  infusion of normal sal ine or drugs.
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were  recorded  on  the  char t  recorder  a f te r
amplif icat ion.

Recording procedures

After  s tab i l i za t ion  per iod  of  30  min
cont ro l  record ings  were  ob ta ined  for
initial five min and then for 2 min at every
f ive  min  in te rva l s  up  to  30  min  a f te r
exposure  to  ind iv idua l  d rug .  At r ia l  r a te
was  ca lcu la ted  f rom in i t i a l  2  min .  The
ef fec t  o f  LA in  presence  of  CCB was
ascer ta ined  by  pre t rea t ing  the  a t r i a  wi th
VML for  5  min  before  the  admin is t ra t ion
of BUP.

Drugs  and  so lut ions

The  Krebs-Ringer  so lu t ion  had  the
fo l lowing  compos i t ion  (mM):  NaCl ,  137;
KCl ,  2 .68 ;  CaCl 2.2H 2O,  1 .8 ;  MgCl 2.6H 2O,
0.88;  NaH2PO4.2H2O,  0 .36;  NaHCO3,  7  and
glucose 11.

Two drugs from local anesthetic category
( l ignoca ine  hydroch lor ide-  LIG and
bupivaca ine  hydroch lor ide-  BUP)  and  two
CCBs (verapami l  hydrochlor ide-  VML and
diltiazem hydrochloride- DTZ) were taken to
examine  the i r  e f fec t s  on  ca rd iac  ac t iv i ty .
Drugs were obtained from Sigma Chemical
Company (USA). Stock solutions of the drugs
were prepared in distil led water and further
d i lu t ions  were  made  wi th  Krebs-Ringer
solut ion to  make the  des i red concentra t ion
at  the  t ime of  exper iment .

Stat i s t i ca l  ana lys i s

All  the  va lues  a re  p resen ted  as
mean ± SEM. One way or two way analysis
of variance (ANOVA) was used to examine

Experimental  protocol

The dose-response of LIG (100–500 µg/
kg); BUP, VML and DTZ (10–100 µg/kg) on
heart  ra te  and P-wave were determined.  In
addi t ion ,  doses  tha t  p roduced  a r rhy thmia
were  a l so  cons idered .  Fur ther ,  the
interaction of sub threshold doses of LA and
CCB was  a l so  de te rmined .  In  in i t i a l
experiments it was observed that P-wave was
abolished at very low dose of LA, CCBs and
their combinations. Therefore, a separate set
of  exper iments  was  car r ied  ou t  wi th  LA,
CCBs and their combinations using four rats
in  each  drug /combina t ion  to  f ind  ou t  the
min imum dose  requi red  to  f l a t t en  the  P-
wave .

In  v i t ro  recording  o f  spontaneous  a tr ia l
p o t e n t i a l s

Animals  and dissect ion

The procedure for  isolation of atria and
recording of the spontaneous atrial potential
had been described earlier (8, 9). Briefly, the
rats were kil led by cervical dislocation and
exsanguina t ions .  The  hear t  was  ca re fu l ly
d i ssec ted  ou t  and  p laced  in  a  Pe t r i  d i sh
containing chilled Krebs-Ringer solution (4°C,
pH=7.4) bubbled with 100% oxygen. The right
atrium was carefully separated from the rest
of the heart and fixed to a glass tube placed
in an organ bath (volume 10 ml) containing
oxygena ted  Krebs-Ringer  main ta ined  a t
28 ± 1°C. The atrial tissue was placed within
the loop of fine Ag-AgCl wire electrode. The
a t r ia l  p repara t ion  was  then  a l lowed  to
equilibrate for 30 minutes before making the
cont ro l  record ings .  The  Krebs-Ringer
so lu t ion  was  changed  a t  every  15  minute
in te rva l s .  The  spontaneous  po ten t ia l s
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the  d i f fe rences  be tween  var ious  g roups .
S tuden t ’ s  t - t es t  fo r  pa i red /unpa i red
observations was applied to compare the two
groups  and  i s  ment ioned  a t  appropr ia te
p laces .  A P  va lue  <0 .05  was  cons idered
signif icant .

RESULTS

LA produced  concentrat ion-dependent  decrease
of  heart  ra te

Loca l  anes the t ic  LIG produced
concen t ra t ion-dependent  decrease  in  hear t
rate.  At a dose of 100 µg/kg,  4% decrease
was seen and at  500 µg/kg there was 20%
decrease. BUP (10–100 µg/kg) also produced
dose-dependent  decrease  in  hear t  ra te  wi th
3% and 14% decrease for 10 and 100 µg/kg,
respec t ive ly .  The  dose- response  curves  o f
these two drugs are  shown in Fig.  1A and
are  s ign i f ican t ly  d i f fe ren t  (P<0 .05 ,  2  way
ANOVA). The 50% of the maximal response
produced at highest concentration used (IC50)
values of  BUP was 40 µg/kg and for LIG it
was 200 µg/kg.

Calc ium channe l  antagonis t s  produced
concentrat ion-dependent  decrease  in  heart
r a t e

Calc ium channe l  an tagonis t s  DTZ and
VML also showed dose-dependent  decrease
in  hear t  ra te .  However ,  the  decrease  was
similar (P>0.05, two way ANOVA) for both
VML and DTZ at all concentrations (Fig. 1B).
The decrease of heart  rate was 2–3% at 10
µg/kg and it  was nearly 20% at 100 µg/kg.
Their IC50 values are nearly similar and IC50

for DTZ and VML were 25µg/kg and IC50 of
VML 30µg/kg, respectively.

CCB pretreatment  potent ia ted  the  bradycardia
produced  by  LA

When LIG (100 µg/kg) or DTZ (10 µg/kg)
admin is te red  a lone  the  decrease  in  hear t
rate was only 2–5% but the combination of
these  drugs  produced near ly  20% decrease
in  hear t  ra te  (Fig .  3) .  S imi lar  change was
a l so  observed  when  LIG (200  µg/kg)  was
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Fig .  1 : Dose- response  of  loca l  anes the t ics  (LA)  and
ca lc ium channe l  b lockers  (CCBs)  on  hea r t
r a t e .  Dose - response  o f  Bup ivaca ine  (BUP,
10–100  µg /kg)  and  L ignoca ine  (LIG,  100–
500  µg /kg)  on  hea r t  r a t e  o f  anes the t i zed
rats in (A).   The effect  of different doses of
Verapami l  (VML)  and  Di l t i azem (DTZ)  in
(B) .  Da ta  a re  p resen ted  as  mean±SEM f rom
6–11  exper iments .
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Fig .  2 : Combina t ion  o f  LA and  CCBs  p roduced
s ign i f i can t  po ten t i a t ion  o f  b radycard ia  in
anes the t i zed  ra t s .  L ignoca ine ,  LIG,  n=11 ;
Bupivaca ine ,  BUP,  n=7 ;  Di l t i azem,  DTZ,
n=10  and  Verapami l ,  VML,  n=7  a lone  and
the i r  combina t ions  (VML+LIG,  n=9 ;
DTZ+LIG,  n=8;  VML+BUP,  n=7,  DTZ+BUP,
n=9) .  The  numbers  ins ide  the  ba r  ind ica te
doses  of  the  drugs  used .  Data  a re  presented
as  mean  ±  SEM.  An  as te r i sk  (* )  ind ica tes
P<0 .05  (S tuden t s  t - t e s t  fo r  unpa i red
observat ions  as  compared to  LA/CCB alone) .

combined with VML (25 µg/kg).  In case of
BUP significant bradycardia was observed at
25 µg/kg with DTZ and 100 µg/kg with VML
(P<0.05 ,  S tudent ’ s  t - t es t s  fo r  pa i red
observations) (Fig. 2).

LA/CCBs  produced  bradycardia  and  f la t ten ing
of  P-wave

R-R interval of ECG was prolonged after
application of LA or CCBs. Other parameters
l ike  PR- in te rva l ,  QT- in te rva l  and  QRS
complex  remained  una l te red .  The  mos t
prominent change in ECG following low dose
of  these  drugs  was  f la t t en ing  of  P-wave
(Fig .  3 ) .  The  Table  I  shows the  min imum
dose of  di f ferent  drugs (e i ther  a lone or  in
combination) that  produced flat tening of P-
wave in ECG without notable changes in QRS
complex or QT interval.  The required doses
of  d rugs  to  f l a t t en  P-wave  were  very  low
when they  were  used  in  combina t ion  as
compared to their individual doses (Table I).

TABLE I : Minimum doses of different drugs
( ind iv idua l  and  in  combina t ion)  a t  which
P-  wave  was  f l a t t ened  (n = 4) .
LIG = Lignoca ine ,  BUP = Bupivaca ine ,
VML = Verapami l ,  DTZ = Di l t i azem.

D r u g s Doses  (µg /Kg  body  we igh t )

L I G 1 0 0
B U P 2 5
VML 2 5
D T Z 2 5
L I G + V M L 2 5 + 1 0
L I G + D T Z 2 5 + 2 5
B U P + V M L 1 0 + 1 0
B U P + D T Z 1 0 + 1 0

BUP,  VML and the ir  combinat ions  decreased
rate  o f  spontaneous ly  beat ing  a tr ia

A s ign i f ican t  decrease  o f  ra te  o f
spontaneous ly  bea t ing  a t r ia  observed  a f te r
combined  appl ica t ion  of  BUP and  VML
(Fig .  4) .  On the  individual  adminis t ra t ion ,
the  decrease  was  2–4% a t  the  lowes t
concentrat ion (0 .3  µM) and 45–55% at  the
h ighes t  concen t ra t ion  (1 .2  µM) .  When  the

 Before  After 

BUP (10 µg/Kg) 

VML (10 µg/Kg) 

BUP+VML (10 + 10 µg/Kg) 
  

Fig .  3 : The  o r ig ina l  t r ac ings  o f  ECG before  and
af te r  admin i s t r a t ion  o f  Bup ivaca ine  (BUP,
10µg/kg) and Verapamil  (VML, 10µg/kg) and
their  combinat ion (10+10 µg/kg).  Please note
the  f l a t t en ing  o f  P -wave  deno ted  by  a r row
(↓ ) .
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drugs were combined the decrease at 0.3 µM
was  20% and a t  1 .2  µM i t  was  75%.  The
decl ine  (75%) observed wi th  the  combined
doses of BUP and VML in comparison to the
ind iv idua l  admin is t ra t ion  was  s ign i f ican t
(P<0.05 ,  S tudent ’ s  t - t es t s  fo r  unpa i red
observations,  Fig.  4B).

DISCUSSION

The presen t  resu l t s  demons t ra ted  tha t
low doses of LA and CCBs alone can produce
sinus bradycardia. Further, the effect of LA
af te r  p re t rea tment  o f  CCBs was  much
grea te r .  Th is  e f fec t  was  a l so  ev iden t  in
spontaneous ly  bea t ing  i so la ted  r igh t  a t r i a l
rate .  Remarkable f inding of  this  s tudy was
flattening of P-wave in ECG at very low doses
of drugs when combined.

Previous experiments  on dogs and mice
documented  the  augmenta t ion  of  nega t ive
chronotropic,  inotropic,  and arrhythmogenic
effect of LA in presence of CCBs (3, 10, 11).
These  exper iments  were  ca r r ied  ou t  us ing
tox ic  doses .  In  con t ras t ,  the  p resen t
investigation was performed using 20 t imes
lesser dose used by others.  Even with such
low concentrat ions bradycardia  and P-wave
f la t t en ing  was  observed  (F ig .  3 ) .  The
combination of minimal doses of LA and CCBs
produced  grea te r  b radycard ia  and  P-wave
f la t t en ing .  Thus ,  i t  i s  poss ib le  tha t  these
agents  produce synergis t ic  act ion.

The  in  v i t ro  da ta  p rov ide  ev idence
regard ing  the  ac t ion  on  the  pacemaker
ac t iv i ty .  The  in  v i t ro  exper iments  wi th
isolated atria also confirmed the toxic effects
of  bupivacaine  and verapamil  combinat ion.
This indicated that the bradycardia observed
were a direct effect on pacemaker cells and
not  a  re f lex  phenomenon involv ing  the
cent ra l  nervous  sys tem.

The comparative dose-response curve of
lignocaine and bupivacaine (Fig. 1A) clearly
demons t ra ted  tha t  po tency  of  BUP was
higher  than  LIG.  The  d i f fe rence  may be
attributed to the fact that l ignocaine affects

Fig .  4 : In  v i t ro  exper iments  showing  the
potent ia t ion  of  LA and CCBs on a t r ia l  ra te .
Spontaneous  potent ia l  recorded f rom isola ted
a t r i a  be fore  and  a f t e r  Verapami l  (VML,  0 .6
µM)  and  Bupivaca ine  (BUP,  0 .6  µM)  a lone
and  in  combina t ion  a re  shown in  (A) .  The
hor izonta l  l ine  =  1 sec  and  the  ver t ica l  l ine
=1mv.  Note  a  dras t ic  decrease  of  a t r ia l  ra te
when  these  d rugs  were  combined .

In  (B)  the  mean±SEM da ta  a re  shown in
bar  g raphs  be fo re  and  a f t e r  admin i s t r a t ion
of  Verapami l  (VML,  0 .3–1 .2µM)  and
Bupivaca ine  (BUP,  0 .3–1 .2µM) a lone  and  in
combination. An asterisk  (* )  indicates P<0.05
as  compared  to  BUP/VML a lone .
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only the fast sodium channel (12), whereas,
bupivaca ine  a l so  b locks  s low ca lc ium
channe ls  (13 ,  14)  and  po tass ium channe ls
(14).

Loca l  anes the t ics  l ike  l ignoca ine  and
bupivacaine are known to block fast sodium
channel (12, 15) in pace maker cells. On the
other hand calcium channel blockers (CCBs)
verapamil and diltiazem selectively block L-
type calcium channels and possibly also block
fast sodium (16) and potassium channels (17).
Al l  these  ion ic  cur ren t s  con t r ibu te  to  the
pacemaker  potent ia l /diastol ic  depolar izat ion
(18 ,  19) .  Thus ,  the  loca l  anes the t ics  and
CCBs may in f luence  the  hyperpola r iza t ion
activated current, I f (20, 21) that determines
spontaneous cardiac pace maker act ivi ty of
s inoatr ia l  node.  The s i te  of  act ion of  both
the groups of drugs are being similar, it may
be  specula ted  tha t  CCBs pre t rea tment  wi l l
pronounce the  negat ive  chronotropic  ef fect
of  loca l  anes the t ics .  However ,  the  exac t
ion ic  mechanisms  for  enhancement  o f
cardiotoxicity by CCBs can not be ascertained

from the present  s tudy.  I t  is  interest ing to
note  tha t  even  less  than  one  ten th  o f  the
arrhythmogenic dose of drugs could produce
f la t t en ing  of  P-wave .  Thus  the  p resen t
findings of severe bradycardia and flattening
P-wave may be considered as an early feature
for cardiotoxicity of LA and CCBs. In view
of very frequent  use CCBs in hypertensive
patients,  the chances of interaction between
CCBs and LA are increasing. In the event of
systemic absorption of very small amount of
LA dur ing  reg iona l  anes thes ia  in  minor
surgical procedures the cardiac problems may
be  an t ic ipa ted .  Fur ther ,  in  such  s i tua t ion ,
the cardiac monitoring is required to detect
the condit ion at  ear ly s tage.

In  conc lus ion ,  the  p resen t  s tudy
documents that low dose of calcium channel
blockers  can enhance the   local  anes thet ic
induced negative chonotropic effect either in
v ivo  o r  in  v i t ro  s i tua t ions .  These  f indings
uncover the cardiotoxic effects of these drug
in terac t ions  and  a l so  provide  ev idence  for
the early cardiotoxic sign.
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