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INTRODUCTION

The incidence of anaphylaxis during anesthesia ranges from
1:6,000 to 1:20,000 anesthetic procedures, and any drug can
potentially produce hypersensitivity reactions. Neuromuscular
blockers, latex, and antibiotics are frequently involved in tho-
se reactions’. The mortality of anaphylactic shock varies from
3% to 6% 2.

Anaphylactic and anaphylactoid reactions cannot be discri-
minated clinically, since the only difference relies on the me-
chanisms of histamine release '2. In anaphylactic reactions
IgE binds to the surface of mast cells, while in anaphylactoid
reactions histamine is released directly or through activation
of the complement®. Anaphylactoid reactions account for 30%
to 40% of hypersensitivity reactions .

Neuromuscular blockers (NMB) are the main cause of intra-
operative anaphylaxis, being responsible for 50% to 70% of
the cases during anesthesia '. As a rule, benzylisoquinoline
compounds promote the non-immunologic release of histami-
ne that can cause a reduction in systemic blood pressure and
bronchoconstriction in susceptible patients 4.
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Atracurium, a benzylisoquinoline compound, is a non-depolari-
zing blocker of neuromuscular cholinergic receptors 5. It is com-
posed by a mixture of ten optical and geometrical isomers 58.
The incidence of atracurium-related hypotension is low, but it
has been considered the etiologic factor in 18% of the episodes
of anaphylaxis during anesthesia 2. In doses higher than three
times its EDgs in humans, this drug can cause severe hypoten-
sion 56, Cisatracurium, one of the 10 isomers of atracurium, has
a similar profile, since evidence that isomers have a different
behavior on the release of histamine does not exist 3.

The objective of the present study was to compare the hemo-
dynamic effects of the intravenous administration of different
doses of atracurium and cisatracurium in rats, and to investi-
gate whether histamine receptor blockers, H1 (diphenhydra-
mine) and H2 (cimetidine), protect against those hemodyna-
mic changes. The use of diphenhydramine and cimetidine as
H1 and H2 antagonists, respectively, was based on literature
reports suggesting that those substances could block atracu-
rium-induced hemodynamic actions 78.

METHODS

All experimental protocols used in the present study were ap-
proved by the Ethics on Animal Use Commission of the Health
Sciences Center of the Universidade Federal do Rio de Janei-
ro (CCS-UFRJ). This study was undertaken in three steps:

1) In vivo assessment of the neuromuscular blockade

Wistar Rats of both genders, weighing 300 to 450 g, were
used to determine the dose necessary to promote neuromus-
cular blockade in rats.

Animals were anesthetized with 50 mg.kg' of intraperitoneal
sodium pentothal. The animals were intubated and the lun-
gs were ventilated with room air with an automatic Harvard
ventilator for small animals. To achieve adequate respiratory
conditions, tidal volume was maintained at 10 ml.kg' and a
respiratory rate of 50 bpm (breaths per minute).

To investigate the in vivo effects of NMBs, the technique des-
cribed by Brown et al. in 1936 ° was used. The sciatic nerve
of one of the paws was surgically dissected and stimulated
with a pair of platinum electrodes connected to a Grass S88
stimulator. The tendon of the gastrocnemius muscle was fi-
xed to the Grass FTO3 transducer with a metallic string and
contractions were recorded on paper with a quill. The vol-
tage of the stimuli and muscle stretching were adjusted to
obtain maximal muscular contractions, i.e., until stimuli fre-
quency that promoted maximal muscular contraction were
achieved, which was 0.2 Hz. Thus, supramaximal stimuli
were evoked to assess the neuromuscular function under
the effects of the intravenous administration of atracurium
or cisatracurium. Train-of-four (TOF) stimuli of 2 Hz were
used to determine the occupation rate of nicotinic receptors
in the muscle and to evaluate the neuromuscular function in
experimental animal models, since the relationship between
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the first (T1) and fourth (T4) TOF stimuli is considered the
most sensitive index to detect non-depolarizing neuromus-
cular block 1012, The T4/T1 ratio was calculated by dividing
the amplitude of the fourth stimulus, in centimeters, by the
amplitude of the first stimulus (cm), and the result was ex-
pressed in percentage 1.

The right internal jugular vein was dissected and a P-10 sili-
con catheter was inserted for the intravenous administration
of the NMBs.

The left internal carotid artery was dissected and a P-30 si-
licon catheter was inserted, filled with NS and heparin (50
IU.mL"1) to monitor the blood pressure (BP). The catheter was
connected to a Statham pressure transducer and the blood
pressure was recorded continuously by the model 7 Grass
polygraph by a metallic quill on paper. The blood pressure
was monitored to observe the hemodynamic response to atra-
curium and cisatracurium.

The effects of atracurium and cisatracurium on neuromuscu-
lar function were evaluated by intermittent intravenous bolus
injections of both drugs. They were administered until comple-
te inhibition of neuromuscular function was achieved, which
was considered as equal or greater than 95% of the T4/T1
ration!2. The interval between doses was the one that allo-
wed complete clinical recovery of the neuromuscular function
(95% T4/T1 ratio). For atracurium, we started with 200 ug.kg?
with subsequent doses of 200 ug.kg?; for cisatracurium, the
initial dose was 50 pg.kg? with increments of 50 pg.kg.
Atracurium was used in 12 animals, while 10 animals were
used for cisatracurium.

Neuromuscular function was chosen as parameter to repeat the
doses of NMBs because the pharmacokinetics of atracurium
and cisatracurium in rats is not known. Besides, some studies
report that those neuromuscular blockers do not have cumulati-
ve effects when repeated doses are administered 13,
Neuromuscular blockade dose-response curves were plotted
based on the data obtained with different doses of atracurium
and/or cisatracurium in relation to the values of TOF T4/T1.
Linear regression was then used to calculate the EDg, (dose
necessary to reduce the neuromuscular function by 50% or
50% of the T4/T1 ratio) and EDgs (dose necessary to reduce
the neuromuscular function by 95% or 95% of the T4/T1 ratio)
of atracurium and cisatracurium.

At the end, the animals were sacrificed under anesthesia
with sodium pentobarbital.

2) Changes in blood pressure (BP) and heart rate (HR)

To evaluate the effects of atracurium and cisatracurium on
blood pressure, Wistar rats of both genders, weighing 300 to
450 g, were prepared to record the blood pressure (BP) and
heart rate (HR).

The animals were anesthetized with intraperitoneal pentobar-
bital 50 mg.kg™! for the dissection of the right internal jugular
vein and the left carotid artery. After dissection of the right
internal jugular vein, a P-10 silicone catheter was inserted and
filled with NS for the intravenous administration of NMBs.
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The blood pressure (BP) was monitored by inserting a P-30
silicone catheter filled with heparinized (50 IU.mL"1) NS in the
left carotid artery of the rats. The catheter was connected to a
Statham pressure transducer and the pressure was recorded
continuously on paper by a model 7 Grass polygraph. The
electrocardiogram (ECG) was obtained by placing a pair of
electrodes on the DI derivation and recorded by the Gould
Brush 2400. The heart rate (HR) was determined by the R
wave of the ECG (Figure 1).

To evaluate whether the intravenous administration of atracu-
rium e cisatracurium promoted different responses in the blood
pressure, four groups of four animals were used. The first group
received an intravenous bolus of 1 mg.kg? of atracurium; the
second group received continuous intravenous infusion of atra-
curium; and the third and the fourth groups received intravenous
cisatracurium, in bolus and continuous infusion, respectively.

As shown in figure 2, continuous infusions of 0.5 mg.kg* and
0.2 mg.kg? of atracurium and cisatracurium, respectively, did
not change the blood pressure. Those doses promoted a 95%
blockade of the neuromuscular function. Continuous infusions
with higher doses also did not promote significant changes in
blood pressure. Thus, to compare the effects of those drugs
on blood pressure, only the experiments with intravenous bo-
luses were used.

To determine the effects of bolus doses of atracurium on the
blood pressure, two groups of six animals, who received di-
fferent doses, 1 mg.kg? (atracurium EDgs times one) and 4
mg.kg? (atracurium EDgs times four), were used. Changes in
systolic (SP), diastolic (DP), and mean arterial pressure (MAP)
were evaluated. To assess the same effects of cisatracurium,
three groups of four animals were used. The first group re-
ceived 1 x EDgs (0.25 mg.kg?) of cisatracurium, the second
group received four times the EDgs (1 mg.kg?), and the third
group received 16 times EDgys (4 mg.kg?). Changes in systolic
(SP), diastolic (DP), and mean arterial pressure (MAP) were
evaluated in all three groups.

The dose of 4 mg.kg of cisatracurium was used because the
molecular weights of atracurium and cisatracurium are equal,
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Figure 1 — Effects of atracurium on the ECG of the rats. Electrocardio-
gram of a rat, on DI derivation, during the intravenous administra-
tion of bolus doses of atracurium equivalent to 4 x EDgg.
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Figure 2 — Effects of the continuous infusion of atracurium on the
neuromuscular function and blood pressure of rats. Recording of
the effects of the intravenous infusion of atracurium (0.5 mg.kg.
min-1) on the blood pressure of rats and contraction (Pt) of the rat
gastrocnemius muscle obtained by the electrical stimulation of the
sciatic nerve. The arrows indicate the beginning and end of the
infusion. The train of four was evaluated at the beginning and at
2-minute intervals after the discontinuation of the infusion. Similar
results were observed for 0.2 mg.kg*.min"! of cisatracurium (non-
equipotent doses). TOF = train of four.

since they are isomers; therefore, by using the same molecu-
lar mass for each of the isomers, comparative evaluation of
the release of histamine by each drug was possible.

The four-animal group for cisatracurium was considered satis-
factory because, according to reports in the literature, cisatra-
curium promotes greater hemodynamic stability 8.

A reduction in mean arterial pressure (MAP) higher than 20%
was considered suggestive of histamine release.

At the end of the experiments, the animals were sacrificed
under anesthesia with sodium pentobarbital.

3) Use of Diphenhydramine, Cimetidine and Atracurium

Wistar rats of both genders, weighing 300 to 450 g, were pre-
pared for the recording of the blood pressure (BP) and heart
rate (HR).

After the determination of the doses of atracurium and cisatra-
curium that promote hypotension in rats, the third step of the
investigation was undertaken to evaluate whether changes in
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blood pressure are mediated by the release of histamine. For
such, H1 (diphenhydramine) and H2 (cimetidine) anti-histami-
nes were used 78,

The animals were anesthetized with the intraperitoneal admi-
nistration of 50 mg.kg? of pentobarbital for the dissection of
the right internal jugular vein and the left carotid artery. A P-10
silicone catheter filled with NS was inserted for the intrave-
nous administration of NMBs.

Blood pressure (BP) was measured by the insertion of a P-30
silicone catheter, filled with heparinized (50 IU.mL1) NS, in-
serted in the left carotid artery of the rats. The catheter was
connected to the Statham pressure transducer and the blood
pressure was recorded continuously in paper by a model 7
Grass polygraph. The electrocardiogram (ECG) was obtained
by placing a pair of electrodes in the DI derivation and recor-
ded by the Gould Brush 2400 galvanometer. The heart rate
(HR) was determined by the R waves of the ECG.

The animals were divided in three groups: the first group (n = 6)
was pre-treated with diphenhydramine (2 mg.kg?), the se-
cond group (n = 7) received cimetidine (4 mg.kg?), and the
third group (n = 8) received both histamine antagonists, diphe-
nhydramine (2 mg.kg!) and cimetidine (4 mg.kg?). Initially,
4 x EDgs (4 mg.kgt) of atracurium were administered to confirm
the hypotensive effect of this drug with this dose and, therefo-
re, the number of animals in the control group was the sum of
all experiments. After complete recovery of the hemodynamic
parameters (approximately one hour), the animals were treated
with H1 (diphenhydramine, 2 mg.kg1) and/or H2 (cimetidine 4
mg.kg?t) antagonists 30 minutes before another administration
of 4 mg.kg* of atracurium. This interval was necessary for the
effective occupation of histamine receptors by the respective
antagonists 78. Atracurium and H1 (diphenhydramine) and H2
(cimetidine) antagonists were diluted in distilled water.

Since cisatracurium only promoted significant changes in
mean arterial pressure (MAP) at a dose of 16 times EDgs, and
those doses are not used clinically, the effects of histamine
receptor blockers were evaluated just with atracurium.

At the end of all experiments, the animals were sacrificed un-
der anesthesia with sodium pentobarbital.

Statistical Analysis

Inhibitory doses 50 (EDsy) and 95 (EDgs) to promote neuro-
muscular blockade were estimated by linear regression.

The effects of atracurium and cisatracurium on the blood
pressure were transformed in percentages of the control level
to facilitate the statistical analysis of the charts. Since blood
pressure levels referred to the same animal, before and after
treatment with anti-histamines, paired statistical tests were
used. It was considered that the results of the blood pressure
evaluation followed normal distribution.

The Student t test was used to determine whether atracurium
and cisatracurium had significantly different effects on blood
pressure.

To determine whether the blood pressure after the adminis-
tration of atracurium differed significantly among the three
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groups pre-treated with diphenhydramine and cimetidine,
ANOVA, with Newman-Keuls post-test, was used.
Differences were considered significant when p was lower
than 0.05 (p < 0.05).

RESULTS

In vivo neuromuscular blockade — Dose response
curves for neuromuscular blockade

The results of the dose-response curves of inhibition of the
neuromuscular function were: atracurium EDsg, = 430 mg.kg?
and EDgs = 975 mg.kg?; cisatracurium EDg, = 130 mg.kg?
and EDgs = 232 mg.kg? (Figure 3).

Effects of atracurium and cisatracurium on blood
pressure and heart rate

It can be observed on Figure 4, the intravenous administration
of bolus doses of atracurium and cisatracurium equivalent to
EDgs did not change mean arterial pressure (MAP).
Significant changes in mean arterial pressure (MAP) were
seen with doses four times EDgy; of atracurium (a reduction in
MAP to 62.8 + 4.5%, p < 0.05 Student t test), but it was not
observed with the same dose of cisatracurium.

Doses of 16 EDgy; of cisatracurium reduced blood pressure to
82.5 = 2.3% (p < 0.05, Student t test). Unlike the blood pres-
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sure, the heart rate or the electrocardiogram pattern did not
change after the bolus administration of atracurium or cisatra-
curium. The change in the amplitude of the R wave observed
shortly after the administration of atracurium (Figure 1) can be
possibly explained by a shift in the electrical axis of the heart
due to a reduction in afterload.

Figure 5 shows the changes in systolic (SP), diastolic (DP),
and mean arterial pressure (MAP) promoted by 4 mg.kg? of
atracurium, and the hemodynamic protection provided by pre-
treating all three groups with diphenhydramine (2 mg.kg?),
cimetidine (4 mg.kg?), and diphenhydramine (2 mg.kg?) as-
sociated with cimetidine (4 mg.kg?). The administration of
4 mg.kg? (four times the EDgs) of atracurium caused non-
selective reduction in SP, DP, and MAP by 37% to 38%. Prior
treatment with diphenhydramine or cimetidine prevented par-
tially the effects of atracurium on SP; however, SP did not
change significantly, it still remained well below control levels
(95.4 + 2.5%), representing a 32% protection against the
effects of atracurium (p < 0.05, Student t test).

As for the effects of anti-histamines on DP, cimetidine was better
than diphenhydramine. Thus, in the presence of diphenhydrami-
ne, DP was reduced from 62.7 + 4.7 to 75 = 8.0% of control le-
vels; this reduction in blood pressure was considered significant
when compared to control levels (p < 0.05, Student t test) (Figure
5B). In the presence of cimetidine, DP was maintained at 82.7 +
8.4% of control levels, indicating a protection (p < 0.05, Student t
test) against the hypotensive action of atracurium.

The combined effect on SP and DP reflected on MAP levels
(Figure 5C). The combination of both agonists, diphenhydra-
mine and cimetidine, administered simultaneously, was effec-
tive in preventing the hemodynamic effects of atracurium
(p < 0.05, ANOVA).
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Figure 3 — Estimated doses of atracurium and cisatracurium in rats by li-
near regression. Inhibition of the neuromuscular transmission in rats.
The markings in the chart represent mean + SEM of 12 experiments
for atracurium and 10 for cisatracurium. EDsy and EDgs for both
NMBs were obtained by linear regression analysis.Atracurium EDs,
=430 pg.kg™; EDgs = 975 pg.kg?; Cisatracurium EDsy = 130 pg.kg?
and EDgs = 232 pg.kg?; SEM = Standard Error of the Mean.

Revista Brasileira de Anestesiologia
Vol. 60, Ne 1, Janeiro-Fevereiro, 2010

Figure 4 — Effects of atracurium and cisatracurium on the mean arte-
rial pressure of rats. Effects of atracurium and cisatracurium on
mean arterial pressure (MAP) of rats. Intravenous bolus doses
multiples of the EDys were injected. The data represent mean +
SEM. N = number of experiments. *p < 0.05 in relation to control
(MAP for 1 mg.kg™! of atracurium). Paired bicaudal Student t test
for comparison between two groups.
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Figure 5 — Effects of pre-treatment with diphenhydramine and/or cimetidine on the effects of atracurium on the blood pressure of rats. Effects of 4
x EDgs of atracurium on SP, DP, and MAP of rats after pré-treatment with H1 (diphenhydramine 2 mg.kg-t) and/or H2 (cimetidine 4 mg.kg?). A)
On systolic blood pressure (SP). B) On diastolic blood pressure (DP). C) On mean arterial pressure (MAP). The data represent mean + SEM.
n = number of experiments. *p < 0,05 in relation to atracurium. ANOVA for intergroup comparison and Newman-Keuls post-test.

DISCUSSION

Prior exposure to a neuromuscular blocker is not always ne-
cessary for the development of anaphylactic reaction, since
30% of the individuals with severe anaphylactic reactions to
neuromuscular blockers have never been exposed to this type
of drug 3. It is believed that sensitization can result from the
use of cosmetics, which have a quaternary ammonium group
in their structure, explaining why anaphylactic reaction are
three times more common in females than in males 23.
Atracurium is a benzylisoquinoline neuromuscular blocker
that causes hypotension when administered in doses equal or
higher than three times EDgs ® in humans. The severity of this
effect depends on the dose and speed of administration 3.
The release of histamine is the main mechanism responsible
for the hemodynamic effects observed with benzylisoquinoli-
ne agents #° due to the presence of a quaternary ammonium
ion in the molecule of neuromuscular blockers 3. It is important
to emphasize that the amount of histamine in mast cells and
the susceptibility to its release by chemical agents depend on
the species and tissues studied 4.

The mechanism of histamine release triggered by any neuro-
muscular blocker (NMB) is not immunologically mediated 15,
since histamine release from mast cells induced by atracu-
rium and vecuronium was not abolished by a reduction in tem-
perature or absence of extracellular Ca2* 7. Although in the
present study the plasma concentration of histamine was not
determined, a reduction in blood pressure as a function of the
doses of atracurium and cisatracurium was observed. To cha-
racterize the role of histamine, H1 (diphenhydramine) and H2
(cimetidine) antagonists were administered to two groups of
animals before the administration of atracurium, while a third
group received a combination of both antagonists. In those
experiments, it was evident that both receptors are involved in
the hypotensive response 16:18.19,

The need of combined blockade of both receptors indicates that
hypotension triggered by histamine probably has two compo-
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nents: an immediate reduction in blood pressure mediated by H1
receptors, and a later reduction mediated by H2 receptors 2021,
Those receptors can be found in the endothelium and smooth
muscle cells, resulting in heterogeneous responses 2021,

From the results of this study, it is possible to state that the
blockade of H2 receptors results in partial, but significant, pro-
tection of the diastolic pressure in rats, which might be explai-
ned by the presence of H2 receptors in the endothelium and
smooth muscle 2%, Histamine probably causes hypotension by
affecting different areas of the same site (blood vessel).

The anti-muscarinic effects of the H1 antagonist could explain
the partial reversion of the reduction in blood pressure 1923,
The effects of the histamine released on available receptors
would represent another possible explanation for the partial
effect observed with one of the anti-histamines. Thus, when
only one of the histamine receptors (H1 or H2) is blocked,
histamine would exert its action on free receptors, promoting
an effect of equal magnitude to that observed in the absence
of the antagonist 2. Since H1 and H2 antagonists are compe-
titive, higher doses of those antagonists could be necessary
for more complete protection against hemodynamic changes;
however, this could promote adverse reactions 221,

As for the absence of any effects on the heart rate, H1 an-
tagonists could have had a weak antimuscarinic effect 2223,
besides the positive chronotropic and inotropic effects of his-
tamine on non-blocked cardiac H2 receptors 23. Other subs-
tances released by mast cell degranulation and implicated in
development of hypotension would be the prostaglandins and
tryptase 2.

Thus, although the isomers have the same histamine-relea-
sing property, atracurium was approximately four times more
potent than cisatracurium in causing a significant reduction
in blood pressure; therefore, cisatracurium provided bet-
ter cardiovascular stability, even in doses much higher than
the EDgys. Cisatracurium was a more potent neuromuscular
blocker; then, it is possible that more potent neuromuscular
blockers require a smaller number of molecules to exert their
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action and, consequently, release less histamine, with little
clinical impact.

Under the conditions of the present study, isolate diphe-
nhydramine and cimetidine did not prevent the reduction in
mean arterial pressure induced by atracurium. However, the
association of both drugs was effective in preventing the he-
modynamic effects induced by atracurium. Cisatracurium, in
the doses used in the present study, did not promote a reduc-
tion in blood pressure that would justify the use of preventive
measures.
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RESUMEN

Correa CMN, Zapata-Sudo G, Sudo RT — Efectos Hemodinamicos
del Atracurio y del Cisatracurio y el Uso de la Difenidramina y la Ci-
metidina.

JUSTIFICATIVA Y OBJETIVOS: Habida cuenta de que el atracurio
puede causar hipotension arterial en el hombre, se investigaron los
efectos hemodindmicos promovidos por el atracurio y por el cisatra-
curio, y la proteccion hemodindmica dada por la difenidramina y la
cimetidina en ratones.

METODO: 1) Ratones Wistar anestesiados con pentobarbital sédico
y preparados de acuerdo con Brown y col. para evaluar las dosis de
atracurio y cisatracurio para la reduccion de T4/T1 de la secuencia
de cuatro estimulos mayor o igual al 95%. 2) Evaluacion de las alte-
raciones hemodinamicas del atracurio y el cisatracurio por inyeccién
venosa, midiendo la presion arterial sistémica de la arteria carétida y
electrocardiograma de ratones. 3) Observacion de la proteccion he-
modinamica por el tratamiento previo con difenidramina (2 mg.kg?)
y/o cimetidina (4 mg.kg™) por inyeccién venosa. Andlisis estadistico:
test t de Student, ANOVA.

RESULTADOS: El atracurio y el cisatracurio no modificaron la presi-
6n arterial promedio (PAP) en las dosis de 1 mg.kg? y 0,25 mg.kg-?,
respectivamente. Las dosis de 4 mg.kg?! disminuyeron la PAP de
62,8 + 4,5% del control para el atracurio, y de 82,5 + 2,3% del control
para el cisatracurio. Con la difenidramina y la cimetidina, la presién
sistdlica se redujo a 95,4 + 2,5% del control. Con la cimetidina, la
presion diastolica disminuy6 82,7 + 8,4% del control. El efecto con-
junto sobre las presiones sist6lica y diastolica se reflejo en los valores
observados de la PAP.

CONCLUSIONES: La difenidramina y la cimetidina, aisladamen-
te, no impidieron la disminucién de la presion arterial promedio
inducida por el atracurio. Sin embargo, la asociaciéon de esos de
los farmacos fue eficaz en la prevenciéon de los efectos hemodina-
micos inducidos por el atracurio. El cisatracurio, en las dosis del
experimento, no promovié una disminucién de la presién arterial
que justificase las medidas preventivas aplicadas en los grupos
donde se utilizé el atracurio.
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