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Sugammadex is a new class of cyclodextrin functioning as

SUMMARY

Cyclodextrins are large molecules of various numbers of glucose molecules
bound in a ring-like structure. This creates a hydrophilic outer layer with a
lipophilic inner core. Sugammadex is a modified cyclodextrin designed to en-
capsulate aminosteroid nondepolarizing muscle relaxing agents. It has been
successfully tested in animals and humans. It has been shown to be well
tolerated and effective in humans. Sugammadex binds neuromuscular blocking
agents and encapsulates them, making cholinesterase inhibitors unnecesary.
Due to its rapid onset of action and relative lack of side effects, this drug
promises to change the method of anesthesia delivery. This review summariz-
es the literature of the drug.
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RESUMEN

Las ciclodextrinas son moléculas formadas por varias moléculas de glucosa
cuya estructura semeja un anillo, con una capa externa hidrofilica y una por-
ciéninterna lipofilica, que tridimensionalmente adopta la forma de una dona. El
sugammadex es una ciclodextrina modificada disefiada para encapsular agen-
tes relajantes musculares no despolarizantes aminoesteroideos. Ha sido estu-
diada en modelos animales y estudios clinicos en donde se ha demostrado su
efectividad y margen de seguridad. El sugammadex se une al agente bloquea-
dor neuromusculary lo encapsula, haciendo innecesario el uso de inhibidores
de colinesterasa. Por su innovador mecanismo de accién y relativa carencia
de efectos colaterales su inclusién en el armamentario terapéutico del aneste-
si6logo impactara en la practica cotidiana de la anestesiologia. El objetivo de
este trabajo es revisar los conceptos actuales sobre el sugammadex.

Palabras clave: Ciclodextrinas, sugammadex, bloqueadores neuromuscula-
res, rocuronio.

Cyclodextrins are cyclic oligosaccharides with D-gluco-

encapsulator specific of amino-steroidal muscle relaxants.  syl-alpha-1, 4 rings which can contain 6 (a-cyclodextrins),
The discovery of the encapsulation effect of these drugsis 7 (8-cyclodextrins) or 8 (3-cyclodextrins) D-glucosyl rings®.
the result of the work of Dr. Anton Bom et al. by studying Their three-dimensional structure consists of a hydropho-
the cyclodextrin molecules as transporter and encapsulator  bic cavity and a hydrophilic exterior due to the presence of

of rocuronium®2),

polar hydroxy! groups, for which they are water soluble and
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biologically stable. For this reason, cyclodextrins have been
used and approved by the FDA (Food and Drug Administra-
tion) as solvents of different anesthetics such as propofal,
midazolam, bupivacaine, and sulfentanyl. y-cyclodextrins
resemble a doughnut where hole is the lipophilic cavity
with adiameter of 7.5-8.3A(4. This cavity attractsand binds
molecules forming complexes.

It has been shown that rocuronium has a high affinity for
the modified cyclodextrin molecule called Org 25969 which
was called sugammadex (Su refers to sugar, gammadex re-
fersto their y-cyclodextrin molecular structure). This mole-
cule encapsul ates and antagoni zes the neuromuscular block
induced by rocuronium® (Figure 1).

The discovery of this new cyclodextrin led to the develop-
ment of basic and clinical research protocols to evauate the
propertiesof encapsulationin order to reversetheeffect of non-
depolarizing muscle relaxants, especially of rocuronium.

PHARMACOKINETICS AND PHARMACODYNAMICS

Epemolu et a. found that the rapid inactivation of muscle
relaxants by Org 25969 was carrying out in the extracel lular
compartment through a concentration gradient(®.
Sugammadex rapidly decreasesthe concentration of plas-
ma muscle relaxant, not attached to the neuromuscular re-
ceptor, and this allows for establishing a relaxant gradient
and flow to the bloodstream, where it is quickly encapsul at-
ed. Sugammadex molecules have the ability to penetrate
the tissue and form complexes with rocuronium. The formed
complex has high affinity, a very low rate of dissociation
and it does not interact with the acetylcholine receptor and
acetylcholinesterase. The sugammadex’s high affinity for
vecuronium and rocuronium has been compared with that
of other non-steroidal and steroidal molecules such as corti-
sone, hydrocortisone, aldosterone, atropine and verapamil
with which forms complexes, but they are 120 to 700 times
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weaker because there are no electrostatic interactions with
carboxylic groups of their molecules?,

The sugammadex interaction with other neuromuscular
relaxants such as succinylcholine and benzyl-quinoline
derivatives (atracurium, cis-atracurium and mivacuronium)
and anesthetics such as propofol and sevoflurane is much
lower or non-existent with respect to non-depolarizing ami-
no-steroidal muscle relaxants. Cyclodextrins excretion is
by kidney within 8 hours after of administration and it goes
in parallel to the renal elimination of rocuronium.

Specific studies on the sugammadex action in the pres-
ence of abnormalities in renal perfusion and acid-base dis-
turbances have shown that they do not interfere with its
activity®,

ENCAPSULATION BY SUGAMMADEX

The sugammadex’s interaction mechanism with rocuroni-
um is through encapsulation via Van der Waals forces and
hydrophobic interactions, which keeps the muscle relaxant
into the cavity of sugammadex (Figure 2). The binding ac-
tive site of muscle relaxant is the amino group, which binds
thermodynamically with carboxyl groups of the sugamma-
dex molecule, which prevents any other active binding of
the two molecules®),

Although amino-steroidal relaxants are one quarter to
one third the size of the cyclodextrins, their encapsulation
is incompletel®,

Themaodification of cyclodextrins, such asthat madewith
sugammadex, allows to improve encapsulation and bind-
ing between both molecules. The modified sites are hydrox-
yl groups on the second, third and sixth of the carbon atoms
of base glucose (Figure 3).

To increase the size of the cavity of cyclodextrins, the
molecular structure is altered by replacing every sixth car-
bon of a carboxyl group by a hydroxyl thioether.
(CH2SCH2CH2CO2Na) (Figure4).

Figure 1. Org 25969 (Sugam-
madex) structure.
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This new re-arrangement not only increases the size and
depth of the cavity but also the area of lipophilic interac-
tions with the rocuronium molecule (Figure 5).

Anionic carboxyl groups provide additional affinity for
the rocuronium molecule, especially toward the positively
charged amino group®.

Given the confirmed affinity between sugammadex and
rocuronium, Ploeg et al. devel oped a 3-phases pharmacoki-
netic and pharmacodynamic model expressing the interac-
tion between sugammadex and rocuronium (Figure 6).

1. Free sugammadex
2. Freerocuronium
3. Sugammadex-rocuronium complex

The Ploeg et al. model was validated to simulate the in-
teractions of sugammadex and rocuronium@0.11),

STUDIES IN ANIMALS

The efficacy of sugammadex as a reverter of muscle relax-
ation have been confirmed in animal models. Miller and
Bom used mouse hemidiaphragm preparations with intact
phrenic nerve, in which the isometric contractions produced
by electrical stimulation were registered.

Different muscle relaxants (vecuronium, rocuronium,
pancuronium, and rapacuronium) were administered until
reaching a block 90% of the train of four and confirming
paralysis. Subsequently, increasing doses of sugammadex
were applied and thetimein which the paralysis disappeared
wasregistered.

The findings indicated that the amino-steroidal muscle
relaxants such as rocuronium, rapacuronium, vecuronium,
and pancuronium were actually reversed. The best effect

was observed with rocuronium followed by rapacuronium,
vecuronium and pancuronium, respectively. The muscle
relaxants succinylcholine, atracurium and mivacurium are
not reversed?).

Inthefirst phase of amodel involving Guineapigs, doses
of muscle relaxants were administered via infusion until
reaching block 90% of the train of four, monitoring it in the
sciatic nerve. Subsequently, spontaneous recovery was al-
lowed and thetimein which it occurswas determined. In the
second phase, infusion of muscle relaxant was repeated and
a1 mg/kg intravenous bolus of sugammadex was adminis-
tered, it was observed that all amino-steroidal relaxantswere
reversed in lessthan 1 minutesto 90% of thetrain of four(13),

In another study involving a cat model, it was observed
that after induction of paralysis with an initial bolus and
continuous infusion of 10% rocuronium using train of four

Figure 2. Molecule of rocuronium encapsulated per mole-
cule of sugammadex (Org 25969).

Figure 3. Gamma cyclodextrin
in natural form, in showing the
hydroxyl groups that can be
modified.
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Figure 4. Cyclodextrin mole-
| cule where it has been re-
l placed every sixth carbon of

‘ -y - a hydroxyl group by a c_arboxy
tioether group to obtain sug-

ammadex.

Figure 5. Encapsulation of the
rocuronium by a molecule of
sugammadex, where the car-
boxil extention is observed to
tioether of the cyclodextrin.

Figure 6. The broken arrows
4 i represent hydrophobic and

1 L]
""'-l' H N, thermodynamic attractions.
e & " ! The arrows pointing towars the
_'f- ' g lN . ' 3 ammonium group rocuronium
-y ~ e T e WY
| ; i

represent electrostatic inter-

" ' actions with the carboxyl
H AN ) ! i group of the cyclodextrin
it » ' - sugammadex.
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in the tibial nerve to monitor relaxation, 90 % spontaneous
recovery from block was of 6.2 minutes, and after the infu-
sion of sugammadex was of 1.3 minutes without significant
hemodynamic effects®4),

A study involving Rhesus monkeys which received in-
travenous anesthesia with pentobarbital and ketamine,
baseline train of four was performed in cubital nerve, pa-
ralysis was induced with rocuronium or vecuronium until
reaching block 90%. In afirst phase spontaneous recovery
was monitored and in the second phase it was recorded
after 1 mg/kg sugammadex, by considering the 50%, 75%
and 90% recovery from thetrain of four. Theresults of this
study are shown in Table |I. Speed with which reversal of
muscl e rel axation occurs with sugammadex was arelevant
information(19).

De Boer et al. used 2 groups of cats as experimental
model, they were anesthetized and then paralyzed with
820 umol/kg of rocuronium, monitoring the relaxation with
train-of-four in the tibial nerve. Ninety minutes |ater, both
renal arteries were occluded. Spontaneous recovery time
was recorded in group 1 and recovery time after adminis-
tration of sugammadex at a 2,300 nmol/kg dose was re-
corded in group 2. There were no changes in the spontane-
ous recovery from muscle relaxation in group 1. It was
observed that the paralysis was reverted 10 times faster in
group 2. In this way the results of this study showed that
the effect of sugammadex is not modified to exclude blood
flow and renal function(16),

Bom and Miller conducted a study to evaluate whether
the acid-base disturbances cause changes in the activity of
sugammadex. For this reason, they carried out a protocol in
which Guinea pigs were anesthetized and paralyzed with
rocuronium until reaching 25% of the train of four, record-
ing it in the gastrocnemius muscle. Subsequently, alkalosis
and metabolic acidosiswere induced by injecting lactic acid
and sodium bicarbonate respectively, and respiratory disor-
ders (acidosis and alkalosis) were induced by modifying
mechanical ventilation. Initially spontaneous recovery from
muscle relaxation was recorded, then 1 mg/kg sugammadex
was administered intravenously to each group. The results
showed arapid and complete recovery from neuromuscular
block after receiving sugammadex as compared to sponta-
neous recovery was taking from 4 to 9 minutes. This study
demonstrated the effectiveness of sugammadex regardless
of acid-base state?,

CLINICAL STUDIES

Phasel
The first documented study on sugammadex in humans
was published by Gijsenbergh et al.(*® in 2002. This
study included 29 healthy subjects which were divided

Table I. Recovery time (minutes) in spontaneous form and
subsequent to administration of sugammadex. (Modified of
Eur J Anaesthesiol 2001;18:100).

Spontaneous Recovery
Train recovery time after
of four time sugammadex 1 mg/kg
Rocuronium Minutes Minutes
0.50 7.4 0.5
0.75 10.2 0.9
0.90 14.5 1.9
Vecuronium
0.50 12.7 15
0.75 17.4 2.4
0.90 23.1 4.4

into two groups to receive placebo or sugammadex at
doses ranging from 0.8 to 8 mg/kg after the relaxation
with rocuronium. There were no adverse effects in the
sugammadex group and time to reverse the effect of re-
laxation was faster than with placebo. The sugammadex
at 0.8 mg/kg doses reversed the relaxing effect in 1 min-
utes as compared to 52 minutes of placebo. This study
allowed to evaluate the effectiveness, safety and toler-
ance of sugammadex in healthy subjects19).

Phasell
The results of phase Il studies have been consistent with
those performed in animalsin regard to dose- effectiveness
and hemodynamic stability. The first studies and results are
shownin Tablell.

These resultswere confirmed by Suy et a using aproto-
col including 79 healthy individuals between 19 and 84
years assigned to three groups, the first group received
rocuronium and subsequently sugammadex at doses from
0.5 mg/kg to 4.0 mg/kg, the second group received vecu-
ronium and sugammadex at doses from 0.5 to 8.0 mg/kg,
and the third group received placebo. The sugammadex
was administered intravenously when the relaxation re-
sponse was 50% of thetrain of four. The results concluded
that sugammadex reversed the relaxation induced by rocu-
ronium and vecuronium in a dose-dependent manner. The
highest dose of sugammadex (8 mg/kg) reversed both re-
laxants in less than 2 minutes in comparison with 30 to 48
minutes of placebo®.

De Boer et a. developed a protocol for the purpose of
confirming the efficacy and safety of rocuronium reversal
by sugammadex, in which included 46 healthy subjects who
were anesthetized with propofol, remifentanil and oxygen,
then rocuronium at 1.2 mg/kg dose was administered and
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Table II. Clinical tests Phase Il with sugammadex.

Shields@021)

Design

Initial dose of rocuronium 0.6 mg/kg
Rocuronium was instilled to keep train of four 2/4
Duration of anesthesia 2 hours or more
Random dose of sugammadex 0.5-6.0 mg/kg.
Results

Recovery time related to dose (1.59 minutes)
Well tolerated

Without adverse effects

Without recurarization

Khunt-Brady(@2

Design

Rocuronium 1 mg/kg (deep relaxation)

3 to 15 minutes later, placebo or sugammadex 2-16 mg/kg
Results

Deep paralysis reversion, average 2.5 minutes with dose of
8 mg/kg

without adverse effects

Vanacker(@3)

Design

Intravenous bolus of rocuronium after induction with propofol
Maintenance with sevoflurane or propofol in random form
Reversion with sugammadex, 2.0 mg/kg until reapperance
of 2/4 of the train of four

Results

Average recovery time of 1 minute 50 seconds with propofol
Average recovery time of 1 minute 48 seconds with sevoflurane
Not submitted recurarization.

five minutes after sugammadex at 2 to 16 mg/kg dose or
placebo was administered intravenously.

The results showed a shorter recovery time from neu-
romuscular relaxation induced by rocuronium after sug-

ammadex’ s administration of a dose-dependent manner
and there was no recurarization in any case?®. In amul-
ticenter study, the effectiveness of rapid sequence intu-
bation was compared between succinilcholine at 1 mg/
kg doses and rocuronium at 1.2 mg/kg doses followed
by sugammadex at 16 mg/kg doses three minutes later.
The rapid sequence intubation with rocuronium-sugam-
madex offered better intubation conditions with a rapid
recovery(29),

Side effects associated to sugammadex that have been
reported in these studies are: hypotension, cough, nausea,
vomiting, dry mouth, parosmia, prolonged QT and elevated
levels of N-acetyl glucosaminidase in urinet?7:28),

Phaselll
Studies are being conducted currently to evaluate the effi-
cacy and safety of sugammadex in awide variety of patients
and clinical settings, still no results have been obtained
from this studies®).

CONCLUSION

Cyclodextrins are donut-shaped complex molecules which
have the capacity to be solvents and encapsulation medium
of drugs. Sugammadex is a cyclodextrin modified by re-
placing every sixth carbon from the hydroxyl group by a
carboxy! thioether which has the ability to encapsulate
amino-steroidal neuromuscular relaxants with particular af-
finity for rocuronium.

Experimental studiesin animals and Phase, Il and 111
clinical studies have proved its efficacy and safety margin
as reverter of profound neuromuscular relaxation and as
part of anew technique of rapid sequence intubation based
sugammadex-rocuronium. Doses ranging from 0.5 to 16
mg/kg have been used in various clinical assays, but the
standard doseisfrom 4 to 8 mg/kg. The availability of this
new molecule will broaden the range of the therapeutic
armamentarium of the anesthesiologist, which naturally
will impact on safety and quality of the daily practice of
anesthesiology.
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