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The administration of atracurium to humans has been reported to produce
little cardiovascular effects in clinical doses. The cardiovascular effect, histamine
releasing and catecholamine releasing effects of intravenous injection of atracurium
0.6 and 1.2 mg.kg- 1 were studied in man, and also the cardiovascular and cat
echolamine releasing effects of laudanosine which is a metabolite of atracurium
by Hofmann degeneration, were studied in dogs. The increase in human plasma
concentration of histamine, hypotension and tachycardia were found with the
dose of atracurium 1.2 mg.kg-I. The intravenous administration of laudanosine
10 /-lg.kg- 1 to dogs produced minimal epinephrine, norepinephrine releases and
cardiovascular changes. (Key words: Cardiovascular effects, atracurium, Laudano
sine, histamine and catecholamine release)

(Fukushima K, Aoki T, Watanabe K et al.: The cardiovascular effects of
atracurium and it's metabolite. J Anesth 4: 45-50, 1990)

Atracurium which is a new non
depolarizing neuromuscular blocking drug,
has a short duration of action and minimal
cardiovascular effects l - 3 . However, Basta"
reported that atracurium causes a dose
dependent histamine-releasing and cardio
vascular effects. The drug was designed
to undergo rapid chemical inactivation by
Hofmann elimination at physiological pH
and temperature. The major metabolite
of atracurium is laudanosine which has
been demonstrated convulsant and cardio
vascular depressant effects 5 . Nagashima, et
a1.6 reported that laudanosine produces va
gal block with slight tachycardia and cat
echolamine release from the right atria
of guinea-pigs. The present studies were
designed to investigate histamine-releasing
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potencies of atracurium and mechanism of
the cardiovascular effects of atracurium and
of it's metabolite laudanosine in human and
in dogs.

Methods

1. In clinical studies
22 surgical patients (age 48.3 ± 2.9 years)

classified ASA status 1-2 were studied after
obtained the informed consents. Anesthesia
was induced with intravenous injection of
thiopental (5 mg-kg" "] and patients were
ventilated with N20 4 f.min- 1 and O2 2
i·min -1 via mask inhalation. Atracurium
0.6 or 1.2 rng-kg"! was administered in
travenously to' the patients. Arterial blood
samples were collected for measurement of
plasma concentration of histamine in 12 pa
tients and catecholamine (epinephrine and
norepinephrine) in 10 patients prior to and
at 1, 3, 5, 10 and 15 min following the
administration of atracurium. All blood sam
ples were centrifuged, and the plasma was
stored at -40°C until analyzed. Serum con
centrations of histamine were measured using
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Fig. 1. Plasma histamine fol
lowing administration of atra
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the modified single radioenzymatic assay de
scribed by Beaven? and the concentration
of epinephrine and norepinephrine were mea
sured using high performance liquid chro
matography (HPLC). In addition, arterial
blood pressure (BP), heart rate (HR) were
monitored continuously and cutaneous signs
were observed during the study. Sensitivity
of assays for histamine is 0.1 ng-rnl"? in
single enzymatic isotope procedure and 0.01
ng·ml-1 for catecholamine in HPLC.

2. In animal studies
6 dogs, weighing 10-13 kg, were stud

ied. Anesthesia was induced with intravenous
thiopental (5 mg.kg-1) and the trachea was
intubated. Anesthesia was maintained with
0.5% halothane (FlO, = 0.3) and ventilation
was controlled to maintained Paco, between
35 to 45 mmHg. Femoral artery catheteriza
tion was performed to measure BP and to
provide access for blood sampling. Femoral
vein was secured for administration of lau
danosine and maintenance of fluid (lactaded
Ringer 12 ml·kg-1·hr-1). Swan-Ganz can
nule was inserted through right external
jugular vein for measurement of pulmonary
arterial pressure (PAP), pulmonary capil
lary wedge pressure (PCWP), central venous
pressure (CVP) and cardiac output (CO).
Systemic vascular and pulmonary vascular
resistances (SVR and PVR) were calculated.
Laudanosine 10 JLg·kg-1 was administered
as an intravenous bolus. Blood samples

were obtained prior to and at 1, 3, 5,
10 and 20 min following injection. Blood
samples were centrifuged below O°C and
plasma was stored at -40°C until analyzed.
Serum concentrations of epinephrine and
norepinephrine were measured using HPLC.

Values within each group were compared
to the control values using paired t test. For
all statistical comarisons, differences were
considered significant at a P < 0.05.

Results

1. In clinical studies
The plasma concentration of histamine

increased in one of six patients 1 min after
atracurium 0.6 mgkg"! injection, however,
there was no change in other five patients.
With dose of 1.2 mg-kg"! atracuriurn, the
plasma histamine level increased in all six
at 1 to 5 min following the injection (fig.
1). HR, systolic and diastolic BP (SBP and
DBP) were not changed in the dose of
atracurium 0.6 mg' kg-1, however, with dose
of 1.2 mg·kg- 1, HR increased at 1 to 5 min,
and SBP and DBP decreased significantly 1
min after the injection.

Although plasma concentration of his
tamine increased slightly from 0.362 ± 0.035
ng-ml" ' (mean ± SE) of control to 1.871
± 1.185 ng'ml-1 1 min after atracurium
0.6 mg-kg"! injection, there was no signif
icant difference due to wider variability in
measured values of histamine. The plasma



Vol 4, No 1 Pharmacology of atracurium and it's metabolite

HR

47

bents/min

30s
~ 20

"0 10

~
o
.9
'" -10
i?
~ -20
o

-30

t
ATR

o

'---6 ATR 0.6mg/kg

_ATR 1.2mg/kg

10

Fig. 2. Effects of atracurium on blood
pressure, heart rate and plasma histamine con
centration
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Fig. 3. Plasma noradrenaline following administration of atracurium
(ATR)

histamine level increased from 0.303 ± 0.090
ng-ml"! of control to 8.141 ± 2.990 ng-ml "!
1 min after atracurium 1.2 mg.kg-1 injec
tion (fig. 2). Skin rash over the chest was
observed in two patients with the dose of 0.6
mg-kg"! and in three patients with dose of
1.2 mg.kg-I.

Significant increase of epinephrine and
norepinephrine was not demonstrated, how-

ever, in two of five cases in both groups,
which were given atracurium 0.6 or 1.2
mg·kg- 1

, respectively, the concentration of
norepinephrine increased.

2. In animal studies
The plasma concentration of epinephrine

and norepinephrine increased in one of six
dogs following intravenous administration of
laudanosine 10 jlg·kg- I (fig. 4), but sta-
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Fig. 4. Plasma level of
adrenaline and noradrenaline
following administration of lau
danosine 10 j.Lg.kg-1 in Dog
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tistically there was no significant difference
from the control values. Mean BP (MBP),
HR, CO, SVR, mean PAP (MPAP), PVR,
PCWP and CVP were not changed following
the laudanosine injection (fig. 5 and 6).

Discussion

One of major reasons for developing new
neuromuscular blocking agents is that all
currently used drugs have more or less

Fig. 5. Influence oflaudanosine on mean ar
terial blood pressure, heart rate cardiac output
and systemic vascular resistance. (Laudanosine
10 j.Lg.kg-1 administered at 0 min, 1: change of
percent)

cardiovascular effects, some of which may
be related to the release of histamine
or catecholaminet". Atracurium has been
shown to have little cardiovascular effect in
clinical doses. In our studies, no cardiovascu
lar effect was demonstrated in the patients
anesthetized with nitrous oxide and oxygen
following the intravenous injection of 0.6
mg-kg"! of atracurium, Coincidently, Payne
and Huges'' also demonstrated that there
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Fig. 6. Influence of laudanosine on mean
pulmonaty arterial pressure, pulmonary vascu
lar resistance, pulmonary capillary wedge pres
sure and central venous pressure. (Laudanosine
10 jlg.kg-1 administered at 0 min. 1: change of
percent. 2: change of mmHg)

were no remarkable changes in BP and HR
following the injection of 0.6 mg.kg-1 of
atracurium. However, significant decreases in
BP and increase in HR were found when
1.2 mg-kg"! of atracurium was administered.
BP returned to the control within 3 min
and tachycardia lasted for 10 min. There was
difference between recovery time of BP and
that of HR.

It has been reported that normal plasma
concentration of histamine ranged from 0.6
to 1.0 ng-ml:". 2 In our data, the concentra
tion of histamine was almost within normal
range following atracurium 0.6 mg-kg"! in
jection, but increased significantly 1 to 5 min
after 1.2 mg. kg-1 injection. These findings
indicate that hypotension and tachycardia
induced by atracurium is quantitatively re
lated to the level of plasma histamine. Hy
potension and plasma histamine level were
also correlated with the dose of adminis
tered atracurium. The hypotension recovered
within 3 min in spite of a high plasma con-

centration of histamine. From these clinical
findings it seems that vasoactive substances
such as catecholamine were released during
increased plasma concentration of histamine
and these substances may mask the activ
ity of released histamine. Nagashima et a1.6

reported that atracurium and it's metabo
lite, laudanosine enhanced the evoked re
lease of 3H-norepinephrine in the right atria
of guinea pig. Oxotremorine, which acts
as a potent muscarinic agonist, signifi
cantly depressed the evoked release of 3H_
norepinephrine, and gallamine, pancuronium
and atracurium antagonized the action of
oxotremorine.P'I"

Plasma level of 1.9 to 5.1 f.lg·ml-1 (7 to
18 f.lM) of laudanosine was found in pa
tients after either intravenous bolus injection
0.5 mg-kg"! or continuous infusion of 0.8
mg·kg-1·min- l atracurium!", These lau
danosine concentration are in the same range
as those which caused significant increase of
evoked release of norepinephrine in in vitro
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studies". Therefore, we speculated that in
creased release of 3H-norepinephrine in the
atrium preparations of guinea-pig following
exposure of atracurium might be caused by
laudanosine. However, in our clinical studies
no increase of plasma concentration of cat
echolamine was demonstrated following the
intravenous injection of atracurium. Also in
the animal studies, there were no change
in the concentration of catecholamine and
hemodynamics with 10 J..tg·kg-1 laudanosine.

We concluded that an increase in plasma
histamine is dose-dependent with the admin
istration of atracurium, and is significantly
correlated with hypotension and tachycardia.
Catecholamine release due to atracurium and
laudanosine was not confirmed in this study.

(Received Jan. 24, 1989, accepted for publi

cation Jul. 5, 1989)

References

1. Huges R, Chapple DJ: The pharmacology of
atracurium: A new competitive neuromus
cular blocking agent. Br J Anesth 53:31-44,
1981

2. Basta SJ, Sunder N, Savarese JJ: Clinical
pharmacology of atracurium (BW33A): A
new neuromuscular blocking agent. Anesth
Analg 61:169-170, 1982

3. Payne JP, Huges R: Evaluation of
atracurium in anesthetized man. Br J
Anaesth 53:45-54, 1981

4. Basta SJ, Savarese J J, Ali HH: Histamine
releasing potencies of atrcurium, dimethyl
tubocurarine and tubocurarine. Br J

Anaesh 55:105S-106S, 1983
5. Hennis PJ, Fahey MR, Canfell PC: Phar

macology of laudanosine in dogs. Anesthesi
ology 65:56-60, 1986

6. Nagashima H, Visi ES, Kobayashi 0:
Atracurium and laudanosine increase 3H_
norepinephrine release from guinea pig
atrium. Anesthesiology 65:A413, 1986

7. Beaven MA, Robinson-White A, Roderick
NB: The demonstration of histamine release
in clinical conditions: A review of past and
present assay procedures. Kli Wockenschr
60:873-881, 1982

8. Fukushima K, Aoki T, Nagashima H:
Plasma histamine levels following the in
travenous administration of atracurium and
vecuronium in man. 9th World Congress
of Anesthesiologists, Washington, DC (Ab
struct A0520), 1988

9. Kobayashi 0, Nagashima H, Duncalf D,
Chaudhry lA, Harsing LG Jr, Foldes FF,
Goldiner PL, Visi ES: Direct evidence
that pancuronium and gallamine enhance
the release of norepinephrine from arterial
sympathetic nerve by inhibiting prejunc
tional muscarinic receptors. J Auton N Syst
18:55-60, 1987

10. Kinjo M, Nagashima H, Visi S: Effect of
atracurium and laudanosine on the release
of 3H-noradrenaline. Br. J Anaesth 62:683
690, 1989

11. Yate PM, Arnold RW, Flynn PJ, Weath
erley BC,' Simmonds RJ, Dopson T:
Atracurium infusions in the intensive care
unit including measurement of plasma lau
danosine. Anesthesiology 63:A313, 1985


