
Synthesis

Halogenation of γ-cyclodextrin (I) with iodine or
bromine and triphenylphosphine in DMF provides the
halogen derivative (II), which is submitted to nucleophilic
displacement of the halogen atoms by treatment with
either 3-mercaptopropionic acid and NaH in DMF (1) or
with 3-mercaptopropionic acid methyl ester and CsCO3 in
DMF followed by hydrolysis with NaOH (2). Scheme 1.

Introduction

Neuromuscular blocking drugs, or skeletal muscle
relaxants, are widely used as nonanesthetic adjuncts in
surgical procedures and in critically ill patients to facilitate
tracheal intubation, mechanical ventilation and surgical
access. Neuromuscular blockers are classified according
to their mechanisms of action as either depolarizing or
nondepolarizing. There is a clinical preference for nonde-
polarizing neuromuscular blockers because they are
associated with fewer side effects than the depolarizing
drugs. Nondepolarizing neuromuscular blockers act as
competitive antagonists of the nicotinic acetylcholine
(ACh) receptor at the neuromuscular junction, thus pre-
venting cell membrane depolarization. They include
cisatracurium, mivacurium, pancuronium, vecuronium
and rocuronium (3, 4).

Antagonism or reversal of residual neuromuscular
blockade at the end of surgery is essential to ensure full
recovery of neuromuscular function. This reversal avoids
any postoperative complications associated with residual
paralysis (5). Traditionally, antagonism of nondepolarizing
neuromuscular blockade is achieved with acetyl-
cholinesterase (AChE) inhibitors, but this is associated
with side effects and other limitations, and is not suitable
for reversing depolarizing agents. Chemical encapsula-
tion of the neuromuscular blocker has emerged as a novel
pharmacological approach to the reversal of neuromuscu-
lar blockade. Cyclodextrins are cyclic oligosaccharides
that are able to encapsulate lipophilic molecules such as
steroids, and could therefore be used to sequester and
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Abstract

The use of neuromuscular blocking agents is well
established in anesthetic practice. Reversal of residual
blockade at the end of surgery is essential to ensure
full recovery of neuromuscular function and to avoid
any residual paralysis. Chelation or chemical encap-
sulation has emerged as a novel mechanism in the
reversal of neuromuscular blockade, and the investi-
gation of cyclodextrins resulted in the discovery of
sugammadex, a chemically modified γ-cyclodextrin.
Sugammadex forms a very tight host-guest complex
with rocuronium, resulting in the selective reversal of
neuromuscular blockade induced by this agent and
other steroidal neuromuscular blockers. The efficacy
and safety of sugammadex have been demonstrated
in vitro and in vivo and clinical studies have shown that
sugammadex is well tolerated and effective as a rever-
sal agent for neuromuscular block induced by rocuro-
nium. The agent is in late-stage clinical development. J.A. McIntyre, J. Castañer. Prous Science, P.O. Box 540, 08080
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Pharmacological Actions

Sugammadex forms a very tight 1:1 host-guest com-
plex with rocuronium, with an association constant (Ka) of
approximately 107 M-1. Nuclear magnetic resonance and
X-ray crystallography studies demonstrated that the com-
plex is a true inclusion complex, with the steroid located
inside the central void of the cyclodextrin (2, 8, 12, 13).

The selective reversal by sugammadex of neuromus-
cular blockade induced by steroidal neuromuscular block-

promote the dissociation of neuromuscular blockers from
their site of action, and reverse the action of both depo-
larizing and nondepolarizing agents without the side
effects of AChE inhibition. Sugammadex (Org-25969) is a
chemically modified γ-cyclodextrin that is able to encap-
sulate all four steroidal rings of rocuronium within its
lipophilic cavity, thereby preventing its access to the nico-
tinic receptor and promoting its dissociation therefrom (2,
6-10). Sugammadex is in late-stage clinical development
for the reversal of neuromuscular blockade (11).
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tion following the administration of sugammadex were
demonstrated in anesthetized guinea pigs using a liquid
chromatography/mass spectrometry method.
Rocuronium was infused to produce a steady-state 90%
neuromuscular block. After 30 min, a concomitant infu-
sion of either sugammadex or saline was started. In the
sugammadex-treated group there was a significant
increase in twitch height of the gastrocnemius muscle,
whereas in the saline-treated group no significant
changes in twitch height were observed. A marked
increase in plasma concentrations of rocuronium, both
free and complexed to sugammadex, was observed after
50 and 60 min of infusion of rocuronium (corresponding to
20 and 30 min after the start of the sugammadex infu-
sion). The authors concluded that the reversal of neuro-
muscular blockade by sugammadex could be explained
by the rapid transfer of free rocuronium from the effect
compartment (neuromuscular junction) to the central
compartment (bound in plasma), explaining the increase
in total plasma concentrations of rocuronium (19, 20).

A study in anesthetized cats demonstrated that the
rapid reversal of rocuronium-induced neuromuscular
block was not dependent on the rapid renal excretion of
the sugammadex-rocuronium complex. Single twitch con-
tractions of the tibialis muscle were studied in cats before
and after ligation of both renal arteries. There was a
markedly more rapid reversal of rocuronium-induced neu-
romuscular block in renal artery-ligated cats administered
sugammadex 2.3 µmol/kg, with 90% recovery in 4.6 min
compared with 31.6 min in the intact animals, providing
further evidence that sugammadex reversal of neuromus-
cular blockade induced by rocuronium is attributable to
the formation of a sugammadex-rocuronium complex
(21).

The effects of acid-base status on the reversal of
rocuronium-induced neuromuscular block by sugam-
madex were investigated in anesthetized guinea pigs.
Metabolic and respiratory acidosis or alkalosis was
induced in guinea pigs, and spontaneous recovery and
sugammadex-induced recovery of gastrocnemius con-
tractions were compared under different acid-base condi-
tions. The recovery after administration of sugammadex
was complete within 1 min and was unaffected by the
acid-base status (22).

A further study using mouse isolated phrenic nerve
hemidiaphragm preparations was conducted to evaluate
the potency and efficacy of nonsteroidal neuromuscular
blocking agents when administered after reversal of
rocuronium-induced neuromuscular block by sugam-
madex. Hemidiaphragm preparations were treated with
cumulative concentrations of atracurium, cisatracurium,
mivacurium or succinylcholine. All the agents caused
complete block and their potency tended to increase fol-
lowing pretreatment with rocuronium and sugammadex.
A statistically significant improvement in potency was
observed for atracurium and succinylcholine. These
results have relevance in case emergency reintubation is
required following the administration of sugammadex
(23).

ers was demonstrated in vitro in the mouse hemi-
diaphragm preparation. A 90% blocking dose (3.6 µM) of
rocuronium was administered after a stimulation period of
30 min. Administration of increasing doses of sugam-
madex 20 min later revealed an EC50 (concentration to
recover 50% of muscle contraction) of 1.2 ± 0.8 µM. A
maximum reversal of 95% was achieved at the concen-
tration of 3.6 µM, equivalent to the rocuronium concen-
tration. Sugammadex also effectively reversed neuro-
muscular blockade induced by rapacuronium,
vecuronium and pancuronium. Following induction of pro-
found block by administration of 3 x the ED90 dose (i.e.,
10.8 µM) of rocuronium, sugammadex was also able to
reverse the block (62 ± 9%), in contrast to neostigmine
which had no effect (2, 8, 14).

The effects of sugammadex were studied in vivo in
anesthetized guinea pigs. The sciatic nerve was stimulat-
ed and the force of gastrocnemius contractions was mea-
sured. Infusions of neuromuscular blockers were given to
obtain a steady-state 90% neuromuscular block.
Following i.v. bolus injections of sugammadex 1 mg/kg, a
rapid reversal of neuromuscular block induced by
steroidal neuromuscular blockers was observed, with a
90% recovery of twitch height obtained within 1 min; it
was less active against nonsteroidal neuromuscular
blockers. After 90% neuromuscular block with rocuroni-
um, rapacuronium, pancuronium and vecuronium, spon-
taneous recovery occurred in 2.5, 2.1, 7.4 and 12.9 min,
respectively. Following administration of sugammadex,
recovery occurred in 0.3-0.4 min for all drugs. There were
no significant changes in heart rate or blood pressure (15,
16). The effect of sugammadex against profound block
induced by administration of 10 x the ED90 dose of rocuro-
nium was also evaluated in anesthetized guinea pigs.
One minute after complete block developed, the adminis-
tration of sugammadex 5 mg/kg i.v. resulted in rapid
reversal of the neuromuscular block, with 90% recovery
after 9.3 min (16).

In anesthetized cats, the effects of sugammadex were
evaluated on rocuronium-induced steady-state block of
the tibialis muscle. Following administration of rocuroni-
um as a bolus and an infusion to produce a stable 90%
block of twitch tension, sugammadex 1 mg/kg was given.
This resulted in a rapid reversal of neuromuscular block,
with 90% recovery in 1.5-2.2 min compared with 7-9 min
for spontaneous recovery. No significant changes in heart
rate or mean blood pressure were seen (2, 16, 17).

The ability of sugammadex to reverse neuromuscular
blockade of the ulnar nerve of the right thumb was inves-
tigated in anesthetized rhesus monkeys. A steady-state
block was achieved with a bolus injection and infusion of
rocuronium or vecuronium. Neuromuscular recovery was
significantly faster following administration of sugam-
madex 1 mg/kg compared to spontaneous recovery after
either rocuronium- or vecuronium-induced block (p <
0.05). There were no significant changes in heart rate or
blood pressure (16, 18).

The reversal of neuromuscular blockade and the
simultaneous increase in plasma rocuronium concentra-



cular block. There was a dose-related decrease in the
time to recovery. Regression analysis showed that the
fastest achievable time to recovery was 1.6 min.
Sugammadex was well tolerated and there was no evi-
dence of recurarization (11).

The safety and efficacy of sugammadex 2.0 mg/kg in
reversing rocuronium-induced neuromuscular block were
evaluated in patients randomized to either propofol or
sevoflurane maintenance anesthesia after induction of
anesthesia with propofol. Forty-two patients with an antic-
ipated duration of anesthesia of > 45 min were enrolled in
this phase II study. The mean time from sugammadex
administration to recovery was 1.83 min for patients in the
propofol group versus 1.80 min in patients switched to
sevoflurane. These results were within the predefined
range for equivalence. No recurarization was observed
(11).

Phase III trials are expected to start soon and will
involve approximately 1,500 patients. Reversal of neuro-
muscular block will be assessed following administration
of rocuronium and vecuronium. The results are anticipat-
ed in 2006 (11, 28).

Source

Organon International (NL).
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Pharmacokinetics

The plasma pharmacokinetics of sugammadex were
determined in guinea pigs. Bolus doses of sugammadex
of 0.15, 0.5 or 1.0 mg/kg were administered following
achievement of a stable 90% neuromuscular block with
rocuronium. Plasma levels declined in a biphasic manner.
The pharmacokinetics of sugammadex were character-
ized by low distribution and a short elimination half-life.
There was a dose-related increase in urinary excretion of
sugammadex, which appeared to be mainly due to
glomerular filtration. Rocuronium appeared to decrease
the distribution of sugammadex (20).

Clinical Studies

A randomized phase I study investigating the safety,
pharmacokinetics and efficacy of sugammadex was per-
formed in 29 healthy male volunteers. Ten subjects
received general anesthesia on two occasions using
remifentanil and propofol for induction and maintenance,
and an intubating dose of 0.6 mg/kg rocuronium bromide.
At maximum block 3 min after administration of rocuroni-
um, placebo or sugammadex (0.1-8.0 mg/kg) was given.
Adverse events related to administration of sugammadex
were generally mild and of limited duration. There were
no clinically relevant changes from baseline in routine
laboratory parameters, ECG, physical examination or
vital signs. In the subjects (n=2) given sugammadex 4.0
mg/kg, recovery of neuromuscular block was achieved in
2.5 and 3.2 min, and in the subjects (n=2) given 8.0
mg/kg, the recovery times were 1.0 and 1.2 min. The cor-
responding values in subjects administered placebo
(n=10) were 35-69 min. No signs of recurarization (re-
establishment of neuromuscular blockade) were
observed up to 90 min after administration of sugam-
madex. This preliminary assessment indicated that sug-
ammadex was well tolerated and effective as a reversal
agent for profound neuromuscular block induced by
rocuronium (24). On the basis of the clinical data from this
phase I study, a mechanism-based pharmacokine-
tic/pharmacodynamic (PK/PD) model was developed.
The model accurately predicted the PK and PD of the
rocuronium-sugammadex interaction and could be used
to investigate potential drug-drug interactions with sug-
ammadex (25-27).

In a phase II, dose-response study, 87 patients aged
18-80 years received 1.0 mg/kg rocuronium to induce pro-
found neuromuscular block. Sugammadex (2-16 mg/kg)
or placebo was administered either 3 or 15 min later. The
mean time to recovery was 2.5 min for a dose of 8 mg/kg.
No serious adverse events were reported (11).

Another phase II study investigated the dose-
response relationship of sugammadex following pro-
longed rocuronium-induced neuromuscular block. Thirty
adult patients who had an anticipated duration of anes-
thesia of at least 2.5 h were randomized to receive sug-
ammadex doses of 0.5-6.0 mg/kg to reverse neuromus-

Drugs Fut 2005, 30(8) 783



784 Sugammadex Sodium

rapidly reversed by Org 25969 in the anaesthetized monkey. 7th
Int Neuromuscular Meet (June 21-24, Belfast) 2001, Abst 19.

19. Epemolu, O., Bom, A., Hope, F., Mason, R. Reversal of neu-
romuscular blockade and simultaneous increase in plasma
rocuronium concentration after the intravenous infusion of the
novel reversal agent Org 25969. Anesthesiology 2003, 99(3):
632-7.

20. Epemolu, O., Mayer, I., Hope, F., Scullion, P., Desmond, P.
Liquid chromatography/mass spectrometric bioanalysis of a
modified gamma-cyclodextrin (Org 25969) and rocuronium bro-
mide (Org 9426) in guinea pig plasma and urine: Its application
to determine the plasma pharmacokinetics of Org 25969. Rapid
Commun Mass Spectrom 2002, 16(20): 1946-52.

21. Bom, A., van Egmond, J., Hope, F., van de Pol, F. Rapid
reversal of rocuronium-induced neuromuscular block by Org
25969 is independent of renal perfusion. Anesthesiology 2003,
99: Abst A1158.

22. Bom, A., Mason, R., McIndewar, I. Org 25969 causes rapid
reversal of rocuronium-induced neuromuscular block, indepen-
dent of acid-base status. Anesthesiology 2002, 96: Abst A1009.

23. Bom, A., Thomson, K. The potency and efficacy of non-
steroidal neuromuscular blocking agents is not reduced when
administered after reversal of rocuronium-induced neuromuscu-
lar block by Org 25969. Anesthesiology 2004, 101: Abst A1144.

24. Gijsenbergh, F., Ramael, S., De Bruyn, S., Rietbergen, H.,
van Iersel, T. Preliminary assessment of Org 25969 as a rever-
sal agent for rocuronium in healthy male volunteers.
Anesthesiology 2002, 96: Abst A1008.

25. Ploeger, B.A., Ruigt, G., Danhof, M. PK/PD modelling of
reversal of neuromuscular blockade by a chemically optimised
cyclodextrin. Clin Pharm Ther 2004, 75(2): P80.

26. Ruigt, G.S., Ploeger, B., Danhof, M., Bom, A., van Iersel,
M.P. Development of a mechanism-based PK-PD model of the
reversal of rocuronium-induced neuromuscular block by Org
25969. Anesth Analg 2004, 98(Suppl.): Abst S-249.

27. Ploeger, B., Houwing, N., Bom, A., van Iersel, M.P., Zollinger,
D., Danhof, M. The reversal of rocuronium-induced neuromus-
cular block by the cyclodextrin Org 25969: Model development
and validation. 13th Meet Population Approach Group Europe
(June 17-18, Uppsala) 2004, Abst 473.

28. Agreement on phase III studies of ORG-25969.
DailyDrugNews.com (Daily Essentials) May 20, 2005.

9. Bom, A., Cameron, K.S., Clark, J.K., Feilden, H., Hutchinson,
E., Muir, A.W., Palin, R., Rees, D.C. Chemical chelation as a
novel method of NMB reversal: Discovery of a synthetic
cyclodextrin Org 25969. 222nd ACS Natl Meet (Aug 26-30,
Chicago) 2001, Abst MEDI-307.

10. Bom, A., Cameron, K., Clark, J.K., Feilden, H., Hutchinson,
E., Muir, A., Palin, R., Rees, D.C., Zhang, M.-Q. Chemical chela-
tion as a novel method of NMB reversal  Discovery of Org 25969.
7th Int Neuromuscular Meet (June 21-24, Belfast) 2001, Abst 16.

11. N.V. Organon announced today positive top-line findings
from three phase II studies of Org 25969, the first of a new class
of agents to reverse neuromuscular block. Org 25969 – widely
anticipated as “the most significant advance in neuromuscular
pharmacology in the last 20 years” – is currently entering phase
III clinical trials. Organon International Press Release 2005, May
31.

12. Cameron, K.S., Fletcher, D., Fielding, L. An NMR study of
cyclodextrin complexes of the steroidal neuromuscular blocker
drug rocuronium bromide. Magn Resonance Chem 2002, 40(4):
251-60.

13. Cameron, K.S., Fletcher, D., Fielding, L., Clark, J.K., Zhang,
M.-Q., Orbons, L.P.M. Chemical chelation as a novel method of
NMB reversal - Characterization of the Org 25969 NMB complex.
7th Int Neuromuscular Meet (June 21-24, Belfast) 2001, Abst 15.

14. Miller, S., Bom, A. Org 25969 causes selective reversal of
neuromuscular blockade induced by steroidal NMBs in the
mouse hemi-diaphragm preparation. 7th Int Neuromuscular
Meet (June 21-24, Belfast) 2001, Abst 20.

15. Mason, R., Bom, A. Org 25969 causes selective reversal of
neuromuscular block induced by steroidal NMBs in anaes-
thetized guinea pigs. 7th Int Neuromuscular Meet (June 21-24,
Belfast) 2001, Abst 18.

16. Bom, A., Mason, R., Hope, F., van Egmond, J., Muir, A. et al.
The cyclodextrin derivative ORG 25969, which forms complexes
with steroidal neuromuscular blocking agents, causes selective
reversal of normal and profound neuromuscular block.
Anesthesiology 2001, 95: Abst A1020.

17. Hope, F., Bom, A. Org 25969 reverses rocuronium-induced
neuromuscular blockade in the cat without important haemody-
namic effects. 7th Int Neuromuscular Meet (June 21-24, Belfast)
2001, Abst 17.

18. van Egmond, J., van de Pol, F., Booij, L., Bom, A.
Neuromuscular blockade induced by steroidal NMBs can be


