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Effect of Vasoconstrictive Agents Added to
Lidocaine on Intravenous Lidocaine-induced

Convulsions in Rats

Masataka Yokoyama, M.D.,* Masahisa Hirakawa, M.D., Hiroshi Goto, M.D.

Background: Epinephrine is reported to decrease the
threshold of intravenous lidocaine-induced convulsions.
However, the mechanism underlying this effect is not clear.
Therefore, we carried out a study to examine the role of va-
sopressor-induced hypertension.

Metbods: Fifty-six awake Wistar rats were assigned to seven
groups of eight. All groups received a continuous intravenous
infusion of lidocaine at a rate of 4 mg-kg - min ' until gen-
eralized convulsions occurred. The control group (group C)
received plain lidocaine. The acute hypertensive groups re-
ceived lidocaine with epinephrine (group E), norepinephrine
(group N), or phenylephrine (group P) to increase mean ar-
terial blood pressure (MAP) to 150 + 5 mmHg. Sodium nitro-
prusside (SNP) was added to prevent an increase in mean ar-
terial pressure in the remaining three groups (vasopressor-
SNP groups).

Results: The acute hypertensive groups required significantly
smaller cumulative doses of lidocaine to produce convulsions
compared with control (C = 41.5 + 2.9 > E = 24.1 + 2.7, N =
27.1£2.8,P = 26.7 + 2.5 mg-kg ’; values are mean + SD, P <
0.01). In addition, plasma lidocaine concentrations (C = 11.0
+07>E=74+05N=79+06,P=8.1+08ug-ml’, P<
0.01) and brain lidocaine concentrations (C = 50.9 + 4.5 > E
=326 +4.2,N =345+ 48,P=37.1%45ug-g7, P<0.01)
were less in the acute hypertensive groups at the onset of
convulsions. In the vasopressor-SNP groups, the plasma and
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brain lidocaine concentrations at the onset of convulsions
turned to the control values, although epinephrine and norg
epinephrine, but not phenylephrine, still decreased cumulaa,
tive convulsant doses of lidocaine significantly (P < 0. 01§
compared with control (E + SNP = 30.8 + 2.9 <N + SNP = 34. 8'
+2.8,P<0.01) <P+ SNP = 40.2 + 3.0 mg-kg ', P < 0.01). Theg
brain/plasma concentration ratios were similar for the seveté
groups.

Conclusions: An equal degree of acute hypertension inducecg
by these three different vasopressors may play a role in re9-
ducing the threshold (plasma and brain lidocaine concentm
tions) as well as the cumulative convulsant doses assoclatetﬂ’
with lidocaine-induced convulsions. (Key words: Anesthe(lcs,,
local: lidocaine. Sympathetic nervous system: epinephrineg,
norepinephrine; phenylephrine. Toxicity: convulsions; loca.E

E/

anesthetics. Vasodilator: sodium nitroprusside.) g
w
~
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ADDING vasoconstrictors, such as epinephrine 8

norepinephrine, and phenylephrine, to local anes-§

thetics to produce regional anesthesia may provndca
several beneficial effects such as decreasing the peakm
plasma concentrations of local anesthetics and m-o
creasing the duration of the block.'? In contrast,s '
Yagiela§ and Torbiner et al.® reported that an intrag
venous injection of lidocaine with epinephrine de2
creased the convulsant as well as the lethal doses ofE
lidocaine in rats. However, the mechanism by whichg
epinephrine decreases the convulsant doses of li-a
docaine is not clear.
We* reported that the greater the concentration of°
added epinephrine, the lower the cumulative convul-
sant dose of lidocaine; and the greater the increase in
mean arterial blood pressure, the lower the threshold
of lidocaine-induced convulsions in rats. Therefore, we
speculated that acute hypertension might play a prin-
cipal role. The purpose of this study was to determine
whether equal degree of acute hypertension induced
by epinephrine, norepinephrine, or phenylephrine
leads to equal reduction of the threshold of lidocaine-
induced convulsions and whether the addition of so-
dium nitroprusside to prevent hypertension modulates
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the effects of these vasoactive agents on the threshold
in rats.

Materials and Methods

This study was approved by the institutional animal
care and use committee. The animals were fasted for
6 h (water was supplied ad libitum), and the experi-
ments were performed between 1 and 5 pm.

Fifty-six male Wistar rats weighing 200-250 g (aged
7-8 weeks) were anesthetized with halothane in ox-
ygen during surgical preparation. One of the femoral
arteries was cannulated with a polyethylene catheter
to monitor mean arterial blood pressure (MAP) and
heart rate (HR) and for blood sampling. The femoral
vein was cannulated for infusion of drugs. The proximal
ends of these catheters were tunneled subcutaneously
to the posterior cervical region so that the animals
could move freely. Before emergence from anesthesia,
the animals were placed in a plastic container to re-
cover for 2 h before the experiment.

The animals were assigned to seven groups of eight
depending on the agents given (table 1). Doses of
added epinephrine (group E), norepinephrine (group
N), and phenylephrine (group P) had been predeter-
mined to increase MAP to 150 = 5 mmHg, and doses
of sodium nitroprusside (SNP) to prevent the increase
in MAP by epinephrine, norepinephrine, and phenyl-
ephrine were predetermined in the preliminary study.
All groups received a continuous intravenous infusion
of lidocaine (15 mg-ml™') at a rate of 4.0
mg-kg '-min~' (0.053-0.067 ml-min"") by infusion
pump (Model 2176, Harvard) until tonic/clonic activ-
ity occurred. Cumulative lidocaine doses from the be-
ginning of infusion to the onset of convulsions were
calculated for each animal as infusion rate X infusion
time.

Arterial blood pressure and HR were monitored and
recorded continuously, and the animals were observed
for tonic/clonic activity.

Arterial blood, 0.5 ml, was drawn just before the be-
ginning of the lidocaine infusion and 1.5 ml at the
onset of convulsions to determine blood gas tensions,
PH, serum sodium, serum potassium, blood glucose,
and plasma lidocaine concentrations. Immediately after
blood sampling, a catheter was inserted in the aorta.
The brain was perfused with saline for 1 min to remove
blood from cerebral vessels, and the brain was rapidly
removed and weighed. Homogenates were made from
the whole brain, and brain lidocaine was extracted and
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Table 1. Experimental Groups

Group Agents Given
Control Cc 1.5% lidocaine
1.5% lidocaine with 10 ug-mi~*
Hypertensive E epinephrine
1.5% lidocaine with 7.5 pg-mi™’
N norepinephrine
1.5% lidocaine with 50 ug-mi™* g
P phenylephrine g
Group E + 7.5 ug-kg'-min~' &
Vasopressor SNP  E + SNP sodium nitroprusside al
Group N + 12.5 ug-kg ' -min =
N + SNP sodium nitroprusside g
Group P + 15.0 ug-kg ™' -min~'3
P + SNP sodium nitroprusside

See Table 2 for abbreviations.

Seue/W09"11eyoIa/ |gs‘ze

analyzed. For determination of serum elcctrolytes
blood glucose, and plasma lidocaine concentrationsg
blood samples were centrifuged, and the serum andg
plasma were frozen at —80°C until analyzed. Seruni
electrolyte concentrations were measured with a Cibag
Corning blood gas analyzer (model 288, MedlﬁeldCL
MA), and blood glucose was determined by the glucoseg
oxidase method. Lidocaine concentrations were deterg
mined by high performance liquid chromatographg
(HPLC) with a UV spectrometer using a LC-6A pumlg
and SPD-6A detector (Shimadzu, Kyoto, Japan). we
employed the method of analysis introduced by Satoh. %
Procaine was used as an internal standard, and plasm$
and brain samples were extracted with benzene an@
chloroform. The analytic conditions were as followsg
the column, Shim-Pack (ODS) 4.6 X 250 mm (Shig
madzu); the mobile phase, 0.05 M KH,PO,, 0.05 &
K,HPO,/acetonitrile pH 4.0 (88:12 vol/vol).

Obtained data were expressed as mean = SD. Cu..
mulative convulsant doses of lidocaine, plasma lldO’
caine concentrations, and brain lidocaine conccntrag
tions were compared between groups by one-way analw
ysis of variance followed by Duncan’s method. Two®
way analysis of variance followed by Duncan’s method
was used to compare MAP, HR, values of blood gases,
electrolytes, and blood glucose between and within
groups. Values were considered statistically significant
when P < 0.05.

§onb Aq

Results

Baseline MAP and HR were similar for the seven
groups (fig. 1). The MAP did not change in group C
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Fig. 1. (Top) Changes in mean arterial blood pressure (MAP)
during intravenous infusion of lidocaine. The MAP did not
change in group C and vasopressor-SNP groups (groups E +
SNP, N + SNP, P + SNP). The MAP significantly increased after
1 min of infusion in the hypertensive groups (groups E, N, P;
P < 0.01), and there were no significant differences in the
MAP among the three groups. (Bottom) Changes in heart rate
(HR) during intravenous infusion of lidocaine. The HR in group
C continuously decreased. The HRs significantly decreased af-
ter 1 min of infusion in the hypertensive groups (groups E,
N, P; P < 0.01). The HRs in group E + SNP and N + SNP did not
change. The HR in group P + SNP significantly decreased after
5 min of infusion (P < 0.01). Values are means + SD; n = 8. C
= control (plain lidocaine); E = lidocaine with epinephrine;
E + SNP = lidocaine with epinephrine + sodium nitroprusside;
L.LB.C. = immediately before convulsions; N = lidocaine with
norepinephrine; N + SNP = lidocaine with norepinephrine +
sodium nitroprusside; P = lidocaine with phenylephrine; P +
SNP = lidocaine with phenylephrine + sodium nitroprusside.

and vasopressor-SNP groups until the onset of convul-
sions. The addition of epinephrine, norepinephrine,
and phenylephrine produced acute hypertension to
MAP of 150 mmHg. Changes of HR varied significantly
among groups until convulsions. In the control and P
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+ SNP groups, HRs were significantly decreased im-
mediately before convulsions.

Baseline blood gas, electrolyte, and blood glucose
data in all groups were similar. The changes in these
data are shown in tables 2 and 3.

The hypertensive groups (groups E, N, and P) re-
quired significantly smaller cumulative doses of lido-
caine (@ 41:5 == 2.9 > \Ei= 24 =2 58N =270 18 =5
2.8,P=26.7+25mg-kg ', P<0.01) (fig. 2) and
significantly lower plasma lidocaine concentrations (C
=41 1101017 > Ei= 724122 0555 INi= 729k 06 S PA= 18
+ 0.8 ug-ml ', P< 0.01) and brain lidocaine concen-
trationsi(Ci= 50.9 =45 >1FE =32 644 28N —15485
+4.8 P=371+t45pug-g ' P<0.01) at the onset

Table 2. Analysis of Blood Gases

Group Baseline Convulsions

pH C 7.42 +0.02 7.41 + 0.03

E 7.42 + 0.02 7.41 + 0.02

EXESNE 7.42 + 0.08 7.41 £ 0.03

N 7.42 + 0.03 7.39+0.03"

N + SNP 7.41 + 0.03 7.40 + 0.02

B 7.41 + 0.02 7.40 = 0.03

P + SNP 7.42 +0.02 7.40 + 0.02
Pao, (mmHg) 0 87 +3 89 +5

E 85+3 79 8%

EESNP 83+ 4 85 +4

N 88 +5 8 =ES T

N + SNP 85 +4 80 + 5t

B 86 +7 74 + 6

P + SNP 87 +3 84 + 5%
Paco, (MmHQ) C 3858 ofe) s 72

E 39 + 2 38+ 5

E + SNP 38 +3 35+ 3

N 383 40 + 2

N + SNP 38+3 36+ 2%

P 39 +5 4105

P + SNP 3742 38 +2
HCO3 (mm/L) C 24 £ 2 24 +1

E 29) =4l 24 +2

ESHISNP 24 +2 225

N 252 24 +1

N + SNP 24 + 2 23512

B 24 + 2 25£12

P + SNP 23D 23 £2

Values are mean + SD; n = 8.

C = control (plain lidocaine); E = lidocaine with epinephrine; N = lidocaine with
norepinephrine; P = lidocaine with phenylephrine; E + SNP = lidocaine with
epinephrine + sodium nitroprusside; N + SNP = lidocaine with norepinephrine

+ sodium notroprusside; P + SNP = lidocaine with phenylephrine + sodium
nitroprusside.

* P < 0.05 versus baseline.
1t P < 0.05 versus C.
1 P < 0.05 versus without SNP.
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Table 3. Analysis of Electrolytes and Blood Glucose

Group Baseline Convulsions
Na* (mEq/L) C 142 stz 143t g2
B 140 + 3 11395 et 4
E+SNP 141 =+ 3 1400 =+ 3
N e 2 ol 14180
N+SNP 141 + 3 14100 e 72
P AAIREREERES 117 (ER s e
P+ SNP 142 + 2 lTdiliel=%3
K* (mEq/L) C 425103 S5 0I3%
E 42+ 0.3 SI7EER0E5E
E + SNP algles (0 S -EN O
N Al as (02 3.5t 0%
N + SNP 40 =EN 02 36510 4"
P 410/ =02 Bea--40:35
BPEESNE 40+ 0.2 360038
Blood glucose (mg/dl) C 1hle) =5 149 + 20"
E 278 HOON =7
E+SNP 124 =+ 14 54222
N 268818 il 87 = O
N+ SNP 116 =+ 11 150me =it
B 1235 =414 78R O
P+SNP 117 + 9 148 =14+

Values are mean = SD; n = 6

C = control (plain lidocaine); E = lodocaine with epienphrine; N = lidoaine with
norepinephrine; P = lidocaine with phenylephrine; E + SNP = lidoccaine with
epinephrine + sodium notroprusside; N + SNP = lidocaine with norepinephrine
+ sodium nitroprusside; P + SNP = lidocaine with phenylephrine + sodium
nitroprusside

* P < 0.05 versus baseline.

t P < 0.05 versus C.

t P < 0.05 versus without SNP.

of convulsions compared with the control group (fig.
3). These values were similar for the three hypertensive
groups. Administration of SNP along with epinephrine,
norepinephrine, or phenylephrine increased cumula-
tive convulsant doses as well as plasma and brain con-
centrations toward the control levels (figs. 2 and 3).
Although the cumulative convulsant doses in group P
+ SNP returned to control values, E + SNP and N +
SNP groups still required significantly smaller cumu-
lative convulsant doses as compared with the control
levels (P < 0.01), and there were significant differences
among the three vasopressor-SNP groups; i.e., E + SNP
=08 2.9 NFEFISNE =34 .82, 8 (P <'0.01 )<
P+SNP=402+36mg-kg ' (P<0.01).The plasma
lidocaine concentrations (E + SNP = 10.6 =+ 0.8, N +
SNP = 10.2 + 0.8, P + SNP = 10.6 + 1.1 pug-ml™")
and the brain lidocaine concentrations (E + SNP = 48.5
+ 7.9, N+ SNP =465+ 4.0,P+SNP =509 =54
ug-g ') were similar to the control levels. The brain/
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plasma concentration ratios were similar for all seven
groups.

Discussion

Our data indicate that equal degree of hypertension
produced by epinephrine, norepinephrine, or phen-
ylephrine causes equal reduction of the threshold of
lidocaine-induced convulsions. The decreased thresh-
old of lidocaine-induced convulsions returned to the
control levels when sodium nitroprusside, in an amount
sufficient to counteract the hypertensive effects of these
agents, was added. Therefore, it appears that acute ar-
terial hypertension may be a major factor for reduction
of the lidocaine-induced seizure threshold. However,
our study does not clearly elucidate how hypertension
decreased the seizure threshold, nor does it reveal other
factors responsible for the reduction of the seizure
threshold.

(mg'kg'lb
SOW

40
30 1

20 1

Cumulative convulsant dose

P+SNP

E+SNP N

C E N+SNP P

Fig. 2. Cumulative convulsant dose among seven groups. The
hypertensive groups (groups E, N, P) required significantly
smaller cumulative convulsant doses of lidocaine compared
with the control group (group C), and these values were sim-
ilar for the three hypertensive groups. Administration of SNP
along with E, N, or P (groups E + SNP, N + SNP, P + SNP)
increased cumulative convulsant doses compared with the
hypertensive groups. However, groups E + SNP and N + SNP
still required significantly smaller cumulative convulsant
doses as compared with the control levels. Values are means
+ SD; n = 8. C = control (plain lidocaine); E lidocaine with
epinephrine; E + SNP lidocaine with epinephrine + sodium
nitroprusside; N = lidocaine with norepinephrine; N + SNP =
lidocaine with norepinephrine + sodium nitroprusside; P =
lidocaine with phenylephrine; P + SNP = lidocaine with phen-
ylephrine + sodium nitroprusside. *P < 0.01 versus C. 1P <
0.01 versus without SNP. 1P < 0.01 versus E + SNP. #P < 0.01
versus N + SNP.
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Fig. 3. Plasma and brain concentrations of lidocaine at the
onset of convulsions. The hypertensive groups (groups E, N,
P) had significantly lower plasma and brain concentrations
of lidocaine at the onset of convulsions compared with the
control group (group C), and these values were similar for
the three hypertensive groups. Administration of SNP along
with E, N, or P (groups E + SNP, N + SNP, P + SNP) increased
plasma and brain concentrations compared with the hyper-
tensive groups and these values were similar to the control
levels. The brain/plasma concentration ratios were similar
for all seven groups. Values are means + SD; n = 8. C = control
(plain lidocaine); E = lidocaine with epinephrine; E + SNP =
lidocaine with epinephrine + sodium nitroprusside; N = li-
docaine with norepinephrine; N + SNP = lidocaine with nor-
epinephrine + sodium nitroprusside; P = lidocaine with
phenylephrine; P + SNP = lidocaine with phenylephrine +
sodium nitroprusside. *P < 0.01 versus C. 1P < 0.01 versus
without SNP.

-0

In regard to the mechanism of enhancement of li-
docaine toxicity by 1:100,000 epinephrine, Yagiela§
speculated that epinephrine altered the distribution of
blood by its effects on the cardiovascular system and
probably caused a greater proportion of the infused
lidocaine to enter the central nervous system (CNS).
Sokrab et al.® investigated regional cerebral blood flow
in acute hypertension (MAP 158-168 mmHg) induced
by epinephrine, norepinephrine, or phenylephrine in
the conscious rat, and they found that only epinephrine
significantly increased local cerebral blood flow. Sev-
eral investigators”™” have reported that acute hyperten-
sion increases the permeability of the blood-brain bar-
rier in animals. Higgendal and Johnsson'” reported that
the change in permeability of the blood-brain barrier
depends on the rate at which the blood pressure is
increased. It also has been reported that epinephrine
induces more disturbance of the blood-brain barrier
than other vasoactive substances in conscious rats.'’
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Our results, however, showed that equal degree of hy-
pertension induced by epinephrine, norepinephrine,
or phenylephrine led to equal reduction of the cu-
mulative convulsant doses of lidocaine, and these va-
soconstrictive agents decreased the plasma and brain
lidocaine concentrations to the equal degree at the on-
set of convulsions. Furthermore, the brain/plasma
concentration ratios were similar among the hyperten-
sive groups and the control group. This means that the§
added vasoconstrictive agents did not cause a grcater§
proportion of the infused lidocaine to enter the CNS.% ’
However, we measured the whole brain lidocaine con-fi,t
centrations, and it may be possible that the lidocaine §
concentrations of a specific and minute area in the brain g

umoQ

-~
=
]
-~
;
o
(@]
-~
7
a
=]
(¢]
=
=
o
8
[=%
c
(o)
o
=%
o
o
g
2.
o
=
@
B
(2]
-
o
Y
174
o
(=%

equally by these vasoactive agents.

Epinephrine, norepinephrine, or phenylephrine di-
rectly might have affected excitatory neurotransmitters
in the brain at a time when lidocaine toxicity was ap-
proaching. Under normal conditions, catecholamines
are not able to enter the CNS,'? and our preliminary
study showed that continuous infusion of epinephrine,
norepinephrine, or phenylephrine in normal saline so-
lution at the same rate used in this study did not cause
convulsions. However, catecholamines might have en-
tered the brain in areas where blood-brain barrier per-
meability was increased due to acute hypertension'
and decreased the threshold of lidocaine-induced con-
vulsions by changing the cerebral metabolism'> even
functioning as excitatory neurotransmitters.'® It has
been reported that changes in the concentration of
brain amines have an effect on lidocaine-induced con-
vulsions.'’

The threshold of lidocaine-induced convulsions may
decrease if local cerebral ischemia is produced by in-
tense a-action of these agents. Although acute hyper-
tension induced by epinephrine, norepinephrine, or
phenylephrine did not decrease local cerebral blood
flow in rats according to the study by Sokrab et al.,®
we did not measure cerebral blood flow, so that the
possibility of local cerebral ischemia cannot be ex-
cluded in our study.

Arterial hypertension triggers peripheral receptors,
such as baroreceptors, and can change various afferent
nerve impulses to the CNS. It is possible, therefore,
that these processes may decrease the threshold of li-
docaine-induced seizure.

It is well known that the acid-base balance affects
the threshold of lidocaine toxicity.'®'? The changes
in the values of pH, Pac,, and HCO;" in this study
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were small, so that these changes probably did not
contribute to lowering the threshold of convulsions.
The concentrations of serum potassium in all groups
were decreased at the onset of convulsions, and these
concentrations were similar for all groups. Avery et
al.* reported that a change in serum potassium (2.7-
5.4 mEq-17") did not alter the cumulative convulsant
doses of lidocaine in dogs. Therefore, it is unlikely
that the reduction of serum potassium in the hyper-
tensive groups affected the threshold of lidocaine-
induced convulsions, but the reason for this reduc-
tion is not clear.

Increased blood glucose at the time of convulsions
in animals has been reported.?' Increased blood glucose
was persistent in all groups at the onset of convulsions,
and the values in the hypertensive groups were greater
than in the normotensive groups. It has been reported
that epinephrine increases blood glucose level more
than phenylephrine,® but it is unknown whether the
higher blood glucose levels in the hypertensive groups
were related to reducing the threshold of lidocaine-
induced convulsions.

We attempted to offset the hypertensive effects of va-
soconstrictive agents with SNP, and the decreased sei-
zure threshold (the plasma and brain lidocaine con-
centrations) returned toward the control level. This is
most likely due to controlled mean arterial pressure
but also might be due to a direct effect of SNP on the
CNS. It is of interest that the cumulative convulsant
doses of lidocaine were different among the three va-
sopressor-SNP groups. These differences might be due
to differences in distribution volume of lidocaine and/
or metabolism and clearance of lidocaine among the
three vasopressor-SNP groups. The different doses of
SNP to control blood pressure might have contributed
to different cumulative convulsant doses. The cumu-
lative convulsant doses of lidocaine were lowest in the
E + SNP group and highest (equal to control level) in
the P + SNP group. Because epinephrine has a stronger
B-adrenergic effect than norepinephrine, phenyleph-
rine has only an a-adrenergic effect, and vasoconstric-
tive effects were counteracted by SNP, the S-adrenergic
effect might have played a role in the different cumu-
lative convulsant doses of lidocaine in the vasopressor-
SNP groups.

In conclusion, our data indicate that acute hyperten-
sion caused by three different vasoconstrictive agents
may play a role in reducing the threshold of lidocaine-
induced convulsions in rats. Further study is necessary
to elucidate the relationship of hypertension, a- and (-

Anesthesiology, V 82, No 2, Feb 1995

adrenergic pharmacodynamics, and other changes as-
sociated with induced hypertension to lidocaine-in-
duced convulsions.
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