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of Cisatracurium

(51W89), Atracurium, and Fipe Isomers in Cats
William B. Wastila, Ph.D.,* Robert B. Maehr, B.S.,+ Geoffrey L. Turner, Ph.D.,t Derek A. Hill, M.Phil.,§

John J. Savarese, M.D. ||

Background: Atracurium has four chiral centers and the
marketed product is a mixture of ten optical and geometric
isomers. Six of the isomers were prepared and evaluated for
neuromuscular blocking activity and autonomic effects in
anesthetized cats. This study reports the comparative phar-
macology of the six isomers and atracurium that led to the
selection of one isomer, cisatracurium (Nimbex, 51W89) for
clinical development.

Methods: Purpose bred cats, anesthetized with alpha-chlo-
ralose (80 mg/kg) and pentobarbital sodium (7 mg/kg) ad-
ministered intraperitoneally, were used in this study. Neu-
romuscular blocking effects were assessed from the effects on
the tibialis anterior twitch evoked at 0.15 Hz. Inhibition of
the autonomic nervous system was assessed from the effects
on the nictitating membrane contraction, in response to pre-
ganglionic sympathetic nerve stimulation and the bradycar-
dia/vasodepressor responses to vagal nerve stimulation. Car-
diovascular effects and plasma histamine concentrations were
determined after a bolus injection of cisatracurium or atra-
curium.

Results: Like atracurium, all six isomers produced dose-de-
pendent neuromuscular block (NMB). The calculated EDys NMB
values varied approximately tenfold (43 + 2 ug/kg-488 + 56
#g/kg). The “R-series” isomers were more potent than the
corresponding “‘S series” isomers. With the exception of the
§,Trans-S,Trans isomer, the NMB effects, i.e., onset times (range
2.6 + 0.2 min to 4.7 + 0.3 min) and total durations (range 9.9
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* 1.4 min to 14 + 0.9 min), of the other five isomers were very
similar to that of atracurium. The former isomer had a rela-
tively short duration of action. The 25-75% recovery times
after cisatracurium at 1X EDys (4.4 + 0.4 min), 4X EDys (4.5 +
0.4 min), and continuous infusions lasting at least 60 min that
maintained 95-99% NMB (4.8 + 0.4 min) indicated a noncu-
mulative effect. The vagal ID5,: NMB EDgys ratios for atracurium
and the six isomers ranged from 2 to 27. The sympathetic ID,:
NMB ED,; ranged from 2.7 to 60. Atracurium and all of the
isomers, except cisatracurium, produced cardiovascular effects
after intravenous bolus administration at large doses (700-
4,800 ug/kg). In contrast to atracurium, there were no changes
in plasma histamine concentrations associated with the ad-
ministration of doses of cisatracurium equivalent to 60X the
NMB EDy (62 + 8 ug/kg).

Conclusions: Cisatracurium has neuromuscular blocking ef-
fects identical to those of atracurium, is more potent, and does
not produce cardiovascular effects or increase plasma hista-
mine concentrations. (Key words: Animals: cat. Neuromus-
cular relaxants, neuromuscular blocking agents: atracurium;
cisatracurium (51W89).

ATRACURIUM (Tracrium, Glaxo Wellcome, Research
Triangle Park, NC) is an intermediate-duration, non-
depolarizing neuromuscular blocking agent introduced
into clinical anesthesia in the early 1980s. Atracurium
has four chiral centers in its bis-benzylisoquinolinium
structure; however, because of molecular symmetry,
the 16 theoretical isomers are reduced to a mixture of
10 optical and geometric isomers." The isomers are
denoted by defining the absolute stereochemistry (R
or S) at C-1 of the tetra-hydropapaverine ring and the
relative cis or trans geometry of the bulky dimethox-
ybenzyl and alkyester groups at C-1 and N-2, respec-
tively. The ratios of the Cis-Cis, Cis-Trans, and Trans-
Trans isomers is approximately 10:6:1; corresponding
to about 50-55% Cis-Cis, 35-38% Cis-Trans, and 6-
7% Trans-Trans isomers, respectively.'* Several authors
have reported on the separation of the isomers,'* the
pharmacokinetics,” and the neuromuscular blocking
potencies.! All of the above studies were performed
with groups of optical isomers, e.g., the Trans-Trans
isomer group contained isomers designated R, Trans-
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R Trans; R.Trans-S',Trans; and S, Trans-S, Trans. Inter-
estingly, Tsui et al. observed differential rates of en-
zyme hydrolysis and speculated that the identification
and isolation of atracurium isomers that are hydrolyzed
rapidly may allow the development of a neuromuscular
blocking agent with similar kinetics to succinylcholine.
To date, no data on the comparative pharmacologic
properties of the individual isomers of atracurium have
been reported. Six of the component isomers contained
in atracurium have been prepared in quantities suffi-
cient for testing in experimental animals. Unfortu-
nately, the other four isomers could not be synthesized
individually or separated from the atracurium mixture.
This study was undertaken to determine the neuro-
muscular blocking profiles, the effects on the auto-
nomic nervous system, and the potential of atracurium
and the six available isomers to produce cardiovascular
effects in anesthetized cats.

Methods

All experimental protocols used in these experiments
were approved by our institutional Animal Care Use
Committee and were in accordance with the United
States Public Health Service, National Institutes of
Health Guidelines for the Care and Use of Laboratory
Animals. These experiments were performed in pur-
pose bred (Harlan Sprague Dawley, Indianapolis, In-
diana) male cats, weighing 2.9-5.2 kg. All animals were
anesthetized with a mixture of 7 mg/kg intraperitoneal
pentobarbital sodium and 80 mg/kg intraperitoneal a-
chloralose. Adequate levels of anesthesia were main-
tained with supplemental doses of a-chloralose (5-10
mg/kg) administered intravenously via a cannula in
the femoral vein. The trachea was cannulated and the
animals lungs were ventilated with room air via a Har-
vard Apparatus (South Natick, MA) respiration pump.
Arterial blood pressure was measured from a cannula
in the femoral artery connected to a Statham P23 trans-
ducer (Gould, Oxnard, CA). Heart rate was determined
from the electrocardiogram (lead IT) using a Grass
Model 7P44 tachograph (Quincy, MA). The left hind
limb was rigidly mounted and the tibialis tendon was
isolated and attached to a Grass FT.03 force displace-
ment transducer. After sectioning the sciatic nerve trunk
at the hip, the peroneal nerve was mounted on platinum
electrodes. Stimuli of 0.2-ms duration and at a supra-
maximal voltage were applied to the nerve at the rate
of 0.15 Hz using a Grass $88 stimulator. Twitch tension
in the tibialis anterior was recorded with a resting ten-

Anesthesiology, V 85, No 1, Jul 1996

sion of 50 g. The right vagus nerve and the right sym-
pathetic trunk were decentralized. Stimulating elec-
trodes were placed on the distal stump of the vagus
and on the preganglionic fibers of the sympathetic
trunk. Ten-second trains of square waves at 20 Hz, 0.5-
ms duration, and supramaximal voltage were applied
to the nerve at 5-min intervals. The contractions of the
right nictitating membrane at a resting tension of 5 g
were recorded via a Grass FT.03 transducer. All re-
cordings were made simultaneously for tibialis anterior
twitch. electrocardiogram, arterial blood pressure,
nictitating membrane contraction, and heart rate on a
Grass Model 7 polygraph. Esophageal temperature was
monitored with a Yellow Springs thermistor probe and
core temperature was maintained between 37° and
38°C with radiant heat. All nerves and tendons were
kept moist with mineral oil or mineral oil-soaked cot-
ton. At the end of the experiments, cats were killed
with intravenously administered saturated potassium
chloride and/or pentobarbital sodium.

Onset of neuromuscular block was measured as the
time from injection to maximal twitch depression, and
total duration was measured as time from injection to
return to 95% of control twitch height. Recovery times
were measured for 5-95% and 25-75% return of twitch
height. The dose-response curve for neuromuscular
block was estimated by linear regression of probit val-
ues corresponding to the percentage depth of neuro-
muscular block.* Because of the strong similarity of the
neuromuscular blocking effects, especially onset times
and total durations observed with cisatracurium, atra-
curium, and vecuronium, additional comparative €x-
periments were performed with cisatracurium, atra-
curium, and vecuronium. Pharmacodynamic trend
analysis and statistical comparisons of neuromuscular
ED values were made by analysis of variance with the
Bonferroni correction for multiple comparisons with
significance accepted at P < 0.05.°

Dose-response curves for inhibition of neuromus-
cular, vagal (parasympathetic), and sympathetic gan-
glionic function were determined for each animal. The
dose-response curves were determined as follows: for
neuromuscular blockade a dose-response curve (at least
three doses) was constructed for each animal. The an-
imal was allowed to remain stable between doses for
60 min after return of twitch baseline. Mean ED>s, EDso.
and EDys values (doses that decreased the tibialis twitch
height 25%, 50%, or 95%, respectively) were calcu-
lated from the individual log-probit dose-responsc
curves. Parasympathetic dose-response curves were
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T
Slym- Table 1. Neuromuscular Blocking Effects Determined in Anesthetized Cats
€lec- i
fag:s Carlscgla'ted Total Recovery Time (min)
hetic Compound (ng/gl:g) O(rrllsl(rel;T Du(rri::;nt 5-95% 25-75%
0:5 § Trans-S), Trans (34W89) 488 + 56 1.8+ 0.1 78+05 56+05 22+02
lied S, Cis-S/, Trans (35W89) 162+ 6 26+0.2 99+14 6.8 +1.2 28+0.5
f the s, Cis-S/, Cis (36W89) 88+ 8 30+0.3 1.2+ 07 7106 3.0+ 0.2
5 g R, Trans-R’, Trans (49W89) 79+ 6 35+0.2 115+1.0 6.6 +0.9 28+ 04
| re- Ri0ER, Trans (GgNE3) 43+ 2 47 +03 14.0 = 0.9 78+1.1 36+ 05
o Cisatracurium (51W89) 62+ 8 3.7 +0.1 12.7 + 0.9 85+1.0 3.8+ 0.4
Ao Atracurium 92 + 10 41+02 127+14 74+10 3.0+05
ure, Vecuronium 28+ 2 36+1.0 11.9+ 0.8 6.4+ 0.5 24+02
[;laz Values are mean + SEM; n = 5 for each compound.
and * EDgs calculated as ug/kg bis-cation of free base.
t Injection to maximum twitch suppression.
ang 1 Injection to recovery to 95% twitch height.
yere
cot-
e
iurg constructed in cumulative fashion using doses begin- Two different batches of the isomers (mesylate salts
ning with an approximate EDys dose for neuromuscular and besylate salts) and atracurium besylate were used
the block (NMB) and doubling the dose every 5 min up to in these experiments. The doses reported represent the
and approximately 50-100X the NMB EDys . The vagus and weight of the parent bis-cation. Atracurium and the iso-
1 to sympathetic trunks were stimulated 2 min after each mers were dissolved in cold, 0.9% NaCl with pH level
nes dose and the observed response was calculated as a of 3 and prepared fresh daily. The optical and geometric
tch percentage of the control response. The vagal IDs,, val- designations and the corresponding Burroughs Well-
lar ues (doses that produced 50% inhibition of the re- come numbers of the six isomers are as follows: S, Trans-
ral- sponse to vagus nerve stimulation) and the sympathetic S, Trans (34W89), S, Cis-STrans (35W89), S,Cis-S',Cis
£0- ID,5 values (doses that produced 25% inhibition of the (36W89), R Trans-R Trans (49W89), R,Cis-R,Trans
the response to sympathetic nerve stimulation) were de- (50W89), and R,Cis-R',Cis (51W89, CiSfltfaCllfiU‘m)l
1cs termined from mean, log-probit dose-response curves. The connyercially :1‘v:1ilablc preparation 'or vecuronium
fL A response suggestive of histamine release was sought was used for experiments performed with that agent.
eX- after each single bolus dose of the compounds. The
Ta- presence of a greater than 20% decrease in mean arterial
nd pressure, a 20% increase in heart rate, as well as drug- Results
lar induced contraction of the nictitating membrane were
he used as indicators suggestive of histamine release. The Neuromuscular
ith smallest dose resulting in observation of two of these Like atracurium, all six isomers produced dose-de-
indicators was considered the one causing the pre- pendent inhibition of the evoked tibialis anterior
us- sumptive syndrome. twitch. The log-probit dose-response curves for atra-
an- Plasma h-istaminc concentrations were determined curium and the six isomers were all parallel. 'thc cu.l—
'he using a commercially available histamine enzyme im- culated (mean = SE) NMB doscs‘ are suvmnm}rfzul”n‘]
for Mmunoassay kit (Amac, Westbrook, ME). Five 3-ml ar- table 1. The NMB ED‘,.; \';%l}lc's varied tenfold. Two *‘S-
ast terial blood samples were obtained just before and 1, series’’ isomers were S.lgnlllGln[l_\' less potcnf‘th;m ltl‘l
an- 2.5,5, and 10 min after the bolus administration of  curium. One was equipotent and the [l']I'CC Rs(nu
for 4,000 ug/kg cisatracurium or atracurium. Each sample isomers were m(?rc p()’[?nAt F.Ilzll? jdtruclu‘rlllhllil. Al{l)m[x[;:::]-
o Was immediately placed in chilled p()lypr()pylcnc. tiul)c:; mcrtr;:;:l(:l;lllt]:ucurlum were significantly less potent the
» containj -thvlenediaminetetraacetic acid and vect :
':Cutf chzfilgll;lfdi(;:ll]i;ths) ll;li];.d,l;l?:l;:lzt;:]r]:lwus removed, Also Sle?l;ll‘iZCd in l:lhl.t‘ I are the ncur‘(mTuscuI;l‘r
e kept chilled, and assaved immediately or stored at blocking effects ()l)sa'r\"c‘cl for each agent at .l-n ‘lp]).l'().\-
¢ =80°C ol ‘ L imate EDys NMB dose. These data were obtained from
re 0°C until assayed.
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responses observed in individual cats (n = 5 for each
agen.). In each case, the magnitude of inhibition of
the tibialis twitch ranged from 95% to 99%. The onset
times for the six isomers and atracurium (fig. 1 and
table 1) varied inversely with NMB potency. Similarly,
the total durations of action of the isomers and atra-
curium (table 1) varied inversely with NMB potency
(coefficient of correlation of best fit line = 0.94). With
the exception of the relatively short duration of the
S.Trans-S', Trans isomer, the total durations of the other
five isomers were not significantly different from atra-
curium or vecuronium. The 5-95% and 25-75% re-
covery times of the six isomers indicate that, like atra-
curium, all undergo relatively rapid spontancous re-
covery.

The neuromuscular blocking effects of cisatracurium,
atracurium, and vecuronium observed after the admin-
istration of 1X and 4X the EDys NMB doses and con-
tinuous infusions of doses that maintained 95-99%
neuromuscular block for at least 60 min are shown in
figure 2. All three agents had similar onsets and total
durations of action after the 1X or 4X the NMB EDys

Onset-Potency Relationships

10 Non-Depolarizing NMB Agents 10
T Anesthetized Cats ‘7
U 57
5 50W i

Q Atra

Cisatra O
49W

Onset (min)

J correlation coefficient 0.9 t;
1 1

e T T T 1

30 50 100 300 500

Dose (ng/kg)

Fig. 1. The relationship between onset time (min) to 95-98%
tibialis anterior twitch depression and the calculated EDys NMB
doses (ug/kg) in anesthetized cats. The log-onset time is the
time from injection to peak effect. The data points represents
the mean + SEM, n = 5 for each agent. 50W = R,Cis-R/,Trans
(50W89); Cisatra = cisatracurium (51W89); 49W = R,Trans-
R, Trans (49W89); Atra = atracurium; 36W = S,Cis-S,Cis
(36W89); 35W = S,Cis-S,Trans (35W89); and 34W = S,Trans-
S, Trans (34W89).
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Fig. 2. Neuromuscular effects after approximate 1 EDys, 4X
EDys doses, and infusions of cisatracurium (top), atracurium
(middle), and vecuronium (bottom). Data points represent
mean + SEM (n = 5 for each agent). Doses as in table 2.

doses. The recovery indexes for cisatracurium, ob-
served after the bolus injections of the 1X and 4X EDos
NMB doses and after infusions were not significantly
different from each other (table 2) and indicate that,
like atracurium, recovery is independent of dose or
duration of neuromuscular block. In contrast, the 5-
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Table 2. Recovery Times Following 1x EDy, 4X EDy, and
EDys oo Infusion Doses of Cisatracurium, Atracurium, and
Vecuronium in Anesthetized Cats

Recovery Times (min)

Compound Dose (ug/kg) 5-95%

25-75%

Cisatracurium 1X: 67 + 4 103+07 44+04

4x: 250 93+08 45+04
Infusion: 4.01 + 0.16/min 108+ 0.7 4.8 +0.4

Atracurium 1X: 92 73+07 31+03
4x: 368 99+11 47+06
Infusion: 5.02 + 0.29/min 96+12 39+05
Vecuronium 1X:21 £ 1 86+10 35+04

4x: 96 174+23 69+1.0
Infusion: 1.21 + 0.08/min 109 + 1.4 45+ 06

Values are mean + SEM; n = 5 for each agent.

95%, and 25-75% recovery indexes observed after the
4X EDoys NMB dose of vecuronium were significantly
longer than the corresponding indexes observed after
the 1X EDys NMB dose and the infusions.

Antagonism with Neostigmine or Edrophonium

The administration of 50 ug/kg intravenous neostig-
mine or 500 ug/kg intravenous edrophonium at 85%
block of the tibialis anterior twitch produced by cisa-
tracurium after an approximate EDys NMB dose, sig-
nificantly decreased the 5-95% times (range 43-65%)
and 25-95% times (range 70-93%). Similar effects
with the anticholinesterases were observed with all of
the other isomers.

Autonomic Nervous System

The relationships between the dose-response curves
for neuromuscular block and inhibition of the re-
Sponses to vagal and sympathetic nerve stimulations
observed after large doses (530-5,300 ug/kg) of cis-
atracurium are shown in figure 3. The ratios of the dose
that produced 50% inhibition of the response to vagal
nerve stimulation (vagal IDs,) to the NMB EDgys neu-
fomuscular blocking dose and the ratios of the dose
that produced 25% inhibition of the response of the
Nictitating membrane to sympathetic nerve stimulation
(sympathetic ID,s) to the NMB EDys, observed after
the administration of each of the six isomers, as well
dsatracurium, or vecuronium, are summarized in table
3. The vagal IDs,:NMB EDys ratios varied 14-fold and
the sympathetic ID,s:NMBys varied 22-fold.

Histamine
Doses of the six isomers and atracurium that produced
Cardiovascular effects after rapid bolus injection are

Am‘sthcsiology, V 85, No 1, Jul 1996
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Fig. 3. Dose-response curves for inhibition of neuromuscular
and parasympathetic and sympathetic autonomic responses
by cisatracurium in anesthetized cats. Data points represent
mean * SEM (n = 5).

summarized in table 4. Atracurium and all of the iso-
mers, except cisatracurium, produced cardiovascular
effects (for typical response see fig. 4) over the same
dose range in all the cats in each group. In these initial
experiments, cisatracurium did not produce cardio-
vascular effects (for typical effects see fig. 4) at doses
up to and including a dose equivalent to 85X the NMB
EDys. Plasma histamine concentrations were deter-

Table 3. Effects of Atracurium and Isomers on the
Autonomic Nervous System in Anesthetized Cats

Ratio 50%
Vagus Inhibition Ratio 25%
Neuromuscular  Versus NMB  Sympathetic Inhibition

Compound EDgs (1g/kg) EDgs Versus NMB EDgs

S, Trans-S', Trans

(34W89) 488 + 56 2 2.7
S, Cis-S', Trans

(35W89) 162 + 6 14 21
S, Cis-S/, Cis

(36W89) 88+ 8 38 60
R, Trans-R’, Trans

(49W89) 79+ 6 22 60
R, Cis-R’, Trans

(50W89) 43 &2 26 49
Cisatracurium

(51W89) 62+ 8 27 60
Atracurium 92 + 10 17 34
Vecuronium 28+ 2 19 57

Values are mean + SEM; n = 5 for each agent.
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Table 4. Dose Ranges Associated with Cardiovascular Effects
in Anesthetized Cats

Dose Range NMB EDgs
Compound N (ng/kg) Multiple

S, Trans-S', Trans

(34W89) 5 1,300 2.7
S, Cis-S', Trans

(35W89) 5 1,300-2,700 8.0-16.6
S, Cis-S', Cis

(36W89) 5 5,300 60.2
R, Trans-R’,

Trans (49W89) 5 700-1,300 8.9-16.5
R, Cis-R’, Trans

(50W89) 5 1,300-2,700 30.2-62.8
Cisatracurium

(51W89) 5 >5,300" >80.0
Atracurium 5 1,200-4,800 13.0-52.2

* Four cats received 5,300 ug/kg, the fifth cat only received 2,700 ug/Kg.

mined in a separate group of cats that received either
cisatracurium or atracurium at intravenous bolus doses
of 4,000 ug/kg. As summarized in table 5, cisatracu-
rium had no significant effect on plasma histamine con-
centrations; whereas, plasma histamine concentrations
rapidly increased approximately 100-fold within the
first minute after the administration of atracurium. No
cardiovascular effects were observed after the admin-
istration of 4,000 ug/kg intravenous cisatracurium, but
were observed in all cats after 4,000 pg/kg intravenous
atracurium.

Discussion

Neuromuscular

The results of this study indicate that all six isomers
of atracurium had neuromuscular blocking activity. It
is likely that all of the isomers contribute in a significant
way to the NMB effects of atracurium, but possibly,
because of the observed differences in potencies, onset
times, and total durations, in an unequal way. None of
the isomers produced muscle fasciculations or poten-
tiation of twitch contraction, but all produced partial
“tetanic fade”’ and “‘posttetanic potentiation” (data not
presented) and were pharmacologically antagonized
by the acetylcholinesterase inhibitors, neostigmine or
edrophonium. Thus, the observed neuromuscular
block had the characteristics of a nondepolarizing type
of mechanism. The reason for the tenfold range of po-
tencies is not known at this time, but it may be owing
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to a combination of enzymatic hydrolysis by plasma
esterases in the cat and receptor affinity, and is most
likely not owing to different rates of Hofmann elimi-
nation, the latter being a chemical reaction likely not
influenced by stereochemical differences. The finding
that the R-isomers were more potent than the corre-
sponding S-isomers is in agreement with Stenlake et
al. with the R and S isomer mixtures. The significant,
inverse relationship between potency and onset time
observed after the administration of equieffective neu-
romuscular blocking doses of the isomers and atra-
curium (fig. 1), support the hypothesis that non-
depolarizing neuromuscular blocking agents of low
potency have a more rapid onset of action than that
seen with agents of high potency.®™® The significant,
inverse relationship between duration and potency ob-
served after the administration of approximate EDos
NMB blocking doses supports the suggestion that if a
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Table 5. Effects of Intravenous Administration of Atracuri
of Histamine in Anesthetized Cats

Drug Control 1.0 min

2.5 min 5.0 min 10.0 min

Atracurium 4,000 ng/kg

(43.5 X NMB EDqs) 4.78 + 0.99 438.44 + 13579 179.94 + 51.66 79.60 + 19.50 69.54 + 22.91
Cisatracurium 4,000 ng/kg + 22.
(64.5 X NMB EDgs) 2.48 + 0.47 8.76 £0.37 282+ 0.47 334+ 065 296+ 0.31

Values are mean = SEM (plasma histamine concentrations, nM); n = 5 for each agent.

nondepolarizing equivalent of succinylcholine is dis-
covered, it is likely to be a neuromuscular blocking
agent of low potency.?®

The total durations ranged from approximately 8 to
14 min with most of the isomers having a total duration
similar to that of atracurium. The S, Trans-S', Trans iso-
mer’s total duration of 7.8 min + 0.5 min is twice the
total duration of an equieffective dose of succinylcho-
line (3.8 min + 0.2 min) in our anesthetized cats. Tsui
et al. reported that components of the Trans-Trans iso-
mer groups may be hydrolyzed at different rates in hu-
man blood.* The differences in potency and duration
observed in this study between the S, Trans-S', Trans and
R,Trans-R',Trans isomers support his findings. Con-
versely, our results indicate that the S,Cis-S', Trans and
the R,Cis-R', Trans isomers do not represent the pro-
posed rapidly degraded components of the Cis-Trans
isomeric group. It is likely that the other two isomers
in the Cis-Trans isomeric group (R,Cis-S,Trans and
S,Cis-R',Trans) have neuromuscular blocking profiles
similar to the Cis-Trans isomers we tested; because, if
hydrolysis occurs, it will occur at any one of the ester
sites common to either the R,S, or meso isomers. The
total duration of most of the isomers, especially the R-
series, were very similar to both atracurium and ve-
curonium and, like atracurium and vecuronium, would
be classified as intermediate-duration agents.

Autonomic

The effects of the isomers on the autonomic nervous
system are typical of benzylisoquinolinium com-
pounds. The only clinically available benzylisoquino-
linium that will cause blockade of ganglionic trans-

# Machr RB, Belmont MR, Wray Di., Savarese JJ, Wastila WB: Au-
tonomic and neuromuscular effects of mivacurium and its isomers
in cats (abstract). ANESTHESIOLOGY 1991; 75:A772.

" Basta SJ: Modulation of histamine release by neuromuscular

blocking drugs. Curr Opin Anaesthesiol 1992; 5:572-6
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mission at doses equal to or only slightly greater than
its EDys neuromuscular blocking dose is d-tubocura-
rine.>'*# The dose ratios ([IDs, for vagal inhibition/
NMB EDys] and [ID,s for sympathetic ganglionic inhi-
bition/NMB EDys]) in cats are useful because they rep-
resent ratios that gauge the relative likelihood of oc-
currence of autonomic effects in humans under anes-
thesia. With the exception of the S,trans-S'trans isomer,
all of the isomers had vagal IDs,/NMB EDys values
greater than 10, with even higher sympathetic ID;5/
NMB EDys ratios. The low ratios observed with the
S,trans-§',trans isomer are caused by its low NMB po-
tency rather than an increased potency at autonomic
receptors. The other five isomers, like atracurium, have
a selective effect at the neuromuscular nicotinic re-
ceptor. These data are in agreement with many other
comparisons in the cat of neuromuscular blocking
properties versus autonomic effects that forecast a lack
of cardiovascular effects in humans as a result of the
autonomic effects of benzylisoquinolinium neuromus-
cular blockers.

Histamine

Histamine release is thought to be the principal
mechanism by which the newer benzylisoquinolinium
neuromuscular blocking agents, e.g., atracurium and
mivacurium, produce cardiovascular effects in hu-
mans.”” In testing new drugs, investigators attempt to
measure histamine release by several different methods,
including histamine release from mast cell prepara-
tions, animal studies, and human studies. It is important
to note that the amount of histamine in mast cells and
the susceptibility to be released by chemical agents are
both species and tissue dependent. We have chosen to
study the cardiovascular effects of bolus intravenous
injections of high doses of neuromuscular blocking
agents in anesthetized cats as an initial index of hista-
mine release because of our previous preclinical and
clinical experiences with three benzylisoquinolinium
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neuromuscular blocking agents: atracurium, doxacu-
rium, and mivacurium. Bolus intravenous administra-
tion of each of the five isomers of atracurium and atra-
curium itself produced decreases in arterial blood
pressure, tachycardia in all of the 30 cats tested (n =
5 per compound), and in most cases, a small sponta-
neous contraction of the nictitating membrane. These
responses were taken as indicative of the ‘‘histamine-
release’” syndrome. Cisatracurium, like vecuronium,
did not produce this syndrome in any of the cats tested
even though higher doses were administered (5,300
ug/kg, n = 4 and 2,600 pg/kg, n = 1). This finding
was supported in a second study where it was observed
that 4,000 ug/kg intravenous bolus injection of atra-
curium produced the typical histaminelike cardiovas-
cular effects and increased the plasma histamine con-
centration more than a 100-fold, whereas, cisatracu-
rium at an identical dose did not affect plasma histamine
concentrations. Similar observations were observed in
both anesthetized dogs (unpublished) and rhesus
monkeys.tt Notably, in support of the findings with
cisatracurium in cats, Lien ef al. have reported that
cisatracurium did not affect plasma histamine concen-
trations or produce important cardiovascular effects at
doses up to and including eight times its human EDos
NMB dose in healthy patients undergoing elective sur-
gical procedures.'' To date, cisatracurium is the only
benzylisoquinolinium neuromuscular blocking agent
that does not produce cardiovascular effects or increase
plasma histamine concentrations in experimental ani-
mals or humans at the doses tested.

Cisatracurium

These initial results identified cisatracurium, the R-
R’ optical isomer of the cis-cis configuration, which
represents about 15% of the atracurium mixture, as a
neuromuscular blocking agent that was 1.5 times more
potent than atracurium, had neuromuscular blocking
effects and lack of autonomic effects very similar to
that of atracurium, yet was devoid of the cardiovascular
and histamine-releasing properties of atracurium. Ad-
ditional neuromuscular studies were subsequently
performed for comparisons to the standard interme-

tt Belmont M, Beemer G, Bownes P, Wastila W, Savarese JJ: Com-
parative pharmacology of atracurium and one of its isomers, 51W89,
in Rhesus monkeys (abstract). ANESTHESIOLOGY 19935 79:A947

¥ Lepage JY, Malinovsky JM, Malinge M, Cozian A, Pinand M:
51W89: Dose response, neuromuscular blocking profile, and car-
diovascular effects (abstract). ANESTHESIOLOGY 1993; 79:A945.
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diate-duration neuromuscular blocking agents, atra-
curium and vecuronium. The absence of significant dif-
ferences in the 5-95% and 25-75% recovery times after
two different bolus doses or a 1-h infusion indicated
that cisatracurium, like atracurium and unlike vecu-
ronium, did not have cumulative effects in anesthetized
cats. A lack of cumulative effects and a consistent pat-
tern of recovery independent of the size of the bolus
doses or the length of infusions of cisatracurium was
recently reported in human adults by Belmont et al.'?
and in children by Meretoja et al. 3 These investigators
also reported that, as in the cat, cisatracurium was more
potent than atracurium, had a duration of action similar
to that of atracurium, and its neuromuscular blocking
effect was antagonized by neostigmine. The only dif-
ference in the neuromuscular blocking effects noted
in both humans and cats was the significantly slower
onset time of cisatracurium in comparison with equi-
potent doses of atracurium. The most likely explanation
for this observation is the greater difference in neuro-
muscular potency between cisatracurium and atracu-
rium observed in humans (3X) and cats (1.5X). In
summary, the current study has identified cisatracurium
as nondepolarizing neuromuscular blocking agent with
overall neuromuscular blocking effects very similar to
that of atracurium. Unlike atracurium and five other
available component isomers in the atracurium mix-
ture, cisatracurium does not produce cardiovascular
effects or affect plasma histamine concentrations after
the administration of large bolus doses. The observed
greater potency and intermediate duration of action,
consistent pattern of recovery and lack of cumulative
effects, pharmacologic antagonism by anticholinester-
ases, as well as a lack of autonomic, cardiovascular and
histaminelike effects have been confirmed in human
studies.''"'*## The data indicate that cisatracurium
represents an improved atracurium.

The authors thank Lois J. Cooper, for technical assistance with all
animal experiments presented in this study; Dr. Eric Yung Sheng
Wang, for the plasma histamine assays; and Gary L. LaMunion, Patricia
F. Burns, and Judy A. McDuffie, for their assistance in data collection
and manuscript preparation.
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