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Abstract The base form of the local anaesthetic kazcaine
(BFK, [1-(2-ethoxyethyl)-4-ethynyl-4-benzoyloxypiperidine,
C,3H23NO3]) and f-cyclodextrin (-CD) co-crystallized as
BFK:$-CD inclusion complex in 1:2 M ratio from a mixture
of water and ethanol while the filtered mother liquor yielded
crystals of free BFK. X-ray diffraction showed that the
crystals of BFK and its inclusion complex with f-CD belong
to monoclinic (P2,/c) and triclinic (P1) space groups,
respectively. The crystals of free BFK are stabilized by pairs
of C-H:--O, C-H---w and =C-H:--O type interactions and
van der Waals contacts. In the 1:2 BFK:-CD complex the
two f-CD molecules are in hydrogen-bonding contact with
their primary hydroxyl groups, the 1-(2-ethoxyethyl)-4-
ethynyl-piperidine moiety being located in one and the
benzoyloxy group of BFK in the other f-CD. This crystal
structure is of the channel-type, the f-CD molecules of the
1:2 BFK:f-CD complex interacting with their secondary
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hydroxyl groups. The pharmacological activities of the 1:2
BFK/f-CD inclusion complex have been determined in
mice, rats, porpoises and rabbits and compare favourably
with those of kazcaine, procaine, dicaine, lidocaine and
trimecaine. The methods used include terminal (superficial),
infiltration, conduction anaesthesia, and acute toxicity.

Keywords Kazcaine base - Cyclodextrin - Crystal
structure - X-ray diffraction - Pharmacological properties -
Anaesthetic

Introduction

The cyclodextrins (¢-CD, f-CD, y-CD) are cyclic oligo-
saccharides containing six, seven or eight p-glucoses bon-
ded with each other by «-1,4-glucosidic bonds [1, 2]. The
external side of these macrocyclic molecules is hydrophilic
and their inner cavity is hydrophobic [3, 4].

Cyclodextrin complexes with various physiologically
active substances are of great pharmaceutical interest (see
reviews [5, 6]). Inclusion complexes of drugs with CDs
allow overcoming a number of problems of drugs con-
cerning unpleasant taste and odour, instability, low solu-
bility in water, and may improve some pharmacological
properties by reducing toxicity [7, 8].

The local anaesthetic kazcaine [1-(2-ethoxyethyl)-4-
ethynyl-4-benzoyloxy-piperidine hydrochloride] proved to
be the most efficient among different synthesized 4,4-
disubstituted derivatives of piperidine, which possess as
substituent C2H4OCH3, C2H4OC2H5, C3H60C4H9 at atom
N; and C=CH, C=CCH=CH,, C=CPh, COOH and OC-
OCH3;, OCOC,Hs, OCOPh at atom C, of the piperidine cycle
[9, 10]. Kazcaine (Fig. 1) has been recommended for infil-
tration and conduction anaesthesia [11].
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Fig. 1 Chemical structure of kazkaine-base (BFK) with atomic
numbering scheme used in the text. Kazkaine is the hydrochloride
of BFK with protonated N1 and additional chloride

Since kazcaine (the hydrochloride form) showed some
toxicity and the base form of kazcaine (BFK) is only
sparingly soluble in water, the synthesis of a new form of
kazcaine-base with minimal side effects is desirable. For
this purpose, the inclusion complex of BFK (Fig. 1) was
co-crystallized with f-cyclodextrin (f-CD). Here we
describe the crystal structures of BFK, its inclusion com-
plex with -CD, and pharmacological properties of the
obtained 1:2 BFK:f-CD complex.

Materials and methods
Crystallization and X-ray crystallography

p-cyclodextrin from SIGMA has been used to produce the
inclusion complex with BFK (synthesized as described in
[9, 11]) by co-precipitation from aqueous-ethanol solution.

50 mL of a 20 mM aqueous solution of $-CD was added
to 25 mL of a 40 mM ethanol solution of BFK, heated to
65 °C during 15 min and allowed to cool to room temper-
ature. The formed precipitate was separated from the mother
liquor, washed with distilled water and left at room tem-
perature for 24 h to dry, yielding 1.437 g (86.7%) of white
crystalline powder of 5-CD inclusion complex with BFK. Of
this complex, 0.6 g were dissolved in 30 mL aqueous-eth-
anol solution (5:1 v/v) at 65 °C, stirred for 15-20 min and
then allowed to cool to room temperature. The S-CD
inclusion complex with BFK crystallized after 2 days.

The above crystals were filtered from the solution, and
pure BFK crystallized from this mother liquor after 3 days.

X-Ray measurements, determination and refinement
of the crystal structures

Crystals of BFK and of the inclusion complex with §-CD
were mounted on glass fibers with Kel-F90 grease. X-ray
data collection was performed using a SMART CCD dif-
fractometer (Bruker) with MoK, radiation operating at
50 kV, 30 mA. For BFK and for the complex with -CD
3319 and 16,612 unique reflections were measured in the 0
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range 1.15-26.37°, respectively. Data reduction was per-
formed with the program SAINT [12], including semiem-
pirical absorption correction with SADABS [13]. The
crystals belong to monoclinic and to triclinic space groups
P2,/c and P1, respectively (for details, see Table 1).

The crystal structures were determined by direct methods
followed by Fourier syntheses and refined by full-matrix
least-squares based on F> with the program SHELX [14],
based on 291 parameters for BFK and 1,806 for the complex
with -CD, with no restraints for BFK and nine restraints for
the complex with $-CD. The refinement using the observed
(I > 4a(])) reflections converged at R1 = 0.0382 for BFK
and at R1 = 0.0778 for the complex with -CD. For the
latter, water and guest molecules were located in difference
Fourier maps and showed that a BFK:-CD complex with
stoichiometry 1:2 had crystallized. In the final structural
model the oxygen atoms of water molecules are distributed
over 22 positions of which 15 are fully occupied (1.00) and
the occupancies of 7 are in the range of 0.22-0.50. Potential
water oxygen atoms with occupancy less than about 0.20
were not considered meaningful. All non-hydrogen atoms
were refined anisotropically. Except for those attached to the
water molecules, all hydrogen atoms were added in the ideal
positions (C-H, O-H distances at 0.979 and 0.820 A,
respectively) and refined as riding models.

Pharmacology

The current pharmacological studies were done in com-
pliance with “The methodical recommendations for
experimental studies on local anaesthetic medications”
approved by the Pharmacological Committee of the
Republic of Kazakhstan in 2000 and with “The Principles
of Laboratory Animal Care (NIH publication #85-23,
revised in 1985). The animals from the Kazakh National
Medical University (KNMU) vivarium that were used in
the here described experiments are: white mice, white rats,
porpoises and rabbits. Pharmacological tests have been
carried out for the 1:2 BFK:f-CD complex at KNMU
(Almaty, Kazakhstan). The methods used were terminal
(superficial) anaesthesia, infiltration anaesthesia, conduc-
tion anaesthesia, and acute toxicity.

Results

Crystal structures

The base form of kazcaine

Many attempts to crystallize BFK failed but when the

mother liquor of the crystallized 1:2 BFK:-CD complex
was filtered and stored at room temperature for some days,
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Table 1 Crystal data and
structure refinement of BFK and
inclusion complex of the BFK
with -CD

Name BFK Complex BFK with f-CD
Chemical formula C1gH23NO;3 2C4,H79035 + C1gH23NO; + 17.5H,0
Formula weight 301.4 2886.61

Temperature (K) 133(2) 133(2)

Wavelength (A) 0.71073 0.71073

Crystal system Monoclinic Triclinic

Space group P2/c P1

aA) 9.468(3) 15.299(4)

b (A) 16.146(4) 15.470(4)

¢ (A) 10.675(3) 15.590(4)

o (°) 90.000 104.548(6)

p(©) 90.061(7) 101.025(7)

7 (°) 90.000 104.067(7)

Volume (A)? 1632.0(7) 3337.1(2)

VA 4 1

D, (g/em?) 1.227 1.436

Absorption coefficient (mm") 0.08 0.13

F (000) 648 1,506

Crystal size (mm) 0.62 x 0.41 x 0.02 0.46 x 0.31 x 0.30

0 range for data collection (°) 2.15-26.37 2.72-24.77

Index range

—11 <h <11, =20 < k < 20,
—-13<i<11

—17<h<17, —-18 <k <18,
—-18<1<18

Reflections collected/unique
Rint
Data/restraints/parameters
Goodness-of-fit on F2
Refinement method

Final R indices [/ > 4a(I)]
R indices (all data)

17,186/3,319

35,107/16,612

0.1294 0.0837
3,319/0/291 16,612/9/1,806
0.995 0.993

Full-matrix least-squares on F?
R1 = 0.0382, wR2 = 0.1019
R1 =0.0633

Full-matrix least-squares on F?
R1 =0.0778, wR2 = 0.2115
R1 =0.1175

free BFK crystallized in the monoclinic space group P2,/c
(see “Crystallization and X-ray crystallography” section).
Geometric parameters of the BFK molecule correspond to
conventional values, and the bond lengths conform well to
standard values [15]. The ethoxyethyl and benzoyloxy
groups are in equatorial and the ethynyl group in axial
positions. The piperidine cycle assumes the conformation of
a slightly distorted NC,4 chair with Cremer—Pople parameters
0 = 0.589 A, 0 = 2.70°, ¢ = 343,15°. The N(l) and C(4)
atoms are 0.692(2) and —0.673(2) A, respectively, from the
other four atoms that are coplanar within 0.005 A.

There are two intramolecular C-H---O hydrogen bonds
in the molecule. The ethoxyethyl group adopts an extended
conformation that is stabilized by C(2)-Hx---O(9), and the
orientation of the benzoyloxy group is stabilized by C(3)-
Hg---O(14) (Fig. 2).

In the crystals (Fig. 3) two BFK form a centrosymmetric
dimer and interact through pairs of short intermolecular —
C=C(16)-H---O(9) hydrogen bonds with H---O and C---O
distances of 2.30 and 3.23 A, respectively. Symmetry

related dimers are at van der Waals contacts in the crystal
and interact through hydrogen bonds C(5)-Hy---O(14) and
C(10)-H---n(C(17)) with long H---O distances of 2.72 and
2.86 A, respectively.

In the 1:2 BFK:f-CD inclusion complex the BFK has a
different conformation compared to the free form (Fig. 2).
The ethoxyethyl group adopts a bent conformation stabilized
by aC(10)-Hg:--N(1) hydrogen bond, and the benzoyl group
is flipped by ~ 90° about the C(4)-O(12) bond and stabilized
by a C(5)-Hp---O(14) hydrogen bond (Fig. 2, right). The
piperidine ring is in a similar chair conformation as in the free
form with Cremer—Pople parameters Q = 0.574 A, 0=
1.59°, ¢ = 5.38°. The N(1) and C(4) atoms are at 0.683(18)
and —0.683(19) A, respectively, from the least-gsquares
plane of the other four atoms that are within 0.005 A.

Crystal structure of the 1:2 BFK:[3-CD complex

The asymmetric unit of the 1:2 BFK:3-CD complex in space
group P1 comprises two f-CDs, one BFK and 17.5 water
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molecules. The f-CD molecules are stacked along the
crystallographic c-axis in the alternating head-to-head and
tail-to-tail channel mode (Fig. 4) as frequently observed in
f-CD crystal structures [16]. The BFK molecules are located

Fig. 2 Intramolecular hydrogen bonds (black dashed lines) in free
BFK (left) and in complex with 5-CD (right). The views are roughly
similar with respect to the piperidine ring. Note differences in the
orientations of the benzoyl groups and in the folding of the
ethoxyethyl groups (H-:--O distances are in A)

in the f-CD channels in head-to-tail mode, and the presence
of hydrophobic aryl and ethoxyethyl groups at both ends
does not allow any water molecules to enter the channels.
Partly disordered water molecules fill 22 sites located in the
space between the [-CD channels, thereby contributing
significantly to the stability of the crystal structure by means
of a large number of hydrogen bonds with hydroxyl groups
of the f-CD molecules.

The two crystallographically independent -CD mole-
cules A and B form a head-to-head dimer with 28 direct
O-H---O hydrogen bonds connecting their secondary faces
(mean O---O distance 2.97 A within the range 2.70-3.25 A).
On the other side, tail-to-tail dimers are formed by only three
direct O-H---O hydrogen bonds connecting their primary
faces formed by O6 hydroxyl groups (within the range 2.68—
2.81 A) and three additional water-mediated hydrogen
bonds O-H:--Ow—H---O (in the range 2.73-3.20 10%) as fre-
quently observed for this kind of supramolecular complexes
[17, 18].

Geometry of the f-CD molecules in the complex

Each glucose residue of f-CD adopts the usual *C, chair
conformation, and the overall -CD molecule has an
approximate 7-fold axis. The geometric parameters for the
two independent -CD molecules are listed in Table 2. The

Fig. 3 Stereo view of the crystal structure of kazcaine-base with intermolecular C-H---O and C-H---w hydrogen bonds indicated by black

dashed lines (distances H---O, H---C in 10\)
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Fig. 4 Stereo view of the inclusion complex kazcaine-base - 2 f-CD-17.5 H,0. 5-CD in yellow, O red, H white, and kazcaine green, O red, N
blue, H white, the water molecules are omitted for sake of clarity (Color figure online)

O(4n) atoms (n denoting the number of the glucose in the
macrocycle) of molecules A and B are almost co-planar,
with the mean deviation from the least-squares plane being
0.05 and 0.04 A for molecules A and B, respectively, the
angle between the two planes being only 1.2°.

The orientation of the C(6n)-O(6n) bond is described by
torsion angles C(4n)-C(5n)-C(6n)-O(6n) and O(5n)—
C(5n)—C(6n)-O(6n), Table 2. Most of the primary hydro-
xyl groups have the (4-)gauche, (—)gauche orientation and
point “away” from the cavity as indicated by the corre-
sponding angles in the ranges 50.22°-62.17° and —59.25°
to 80.42°, respectively.

Geometry of inclusion

The 1:2 BFK:-CD complex stoichiometry is less common
and formed when the guest molecule can not be totally
included into an individual f-CD cavity. The main part of
BFK is located in -CD molecule B and comprises the
piperidine moiety, the carboxyl, ethynyl and the ethoxy-
ethyl groups, the latter also being partly included in f-CD
molecule A that is hydrogen bonded to molecule B by
secondary hydroxyl groups. The phenyl group of BFK is
harbored mainly by -CD molecule A* that is hydrogen
bonded to molecule B through primary O(6) hydroxyl
groups, see Fig. 4. The interactions between f-CD and
BFK are mainly of van der Waals type involving hydrogen

atoms, and C-H---O hydrogen bonds are formed between
BFK O(14) with H---O distances within the range 2.68—
2.97 A and C(64)-H, C(55)-H of -CD molecule B and
C(67)-H of molecule A*. The ethynyl group is not
hydrogen bonding to any oxygen atom, except to O(67)
from -CD molecule A*, with H---O distance of 2.69 A.

Pharmacological studies
Terminal (superficial) anaesthesia

The ability of compounds to fulfil superficial anaesthesia
was studied on a rabbits’ eye cornea by Rene’s method
[19], which is based on the summation principle of
threshold mechanical irritations rhythmically applied to a
cornea. During the experiment the strength of anaesthesia
(the maximum index is 1,300), the duration of the total
anaesthetic effect and the general duration of the effect
were observed. The activity of the examined compound
was compared to the standard medication dicaine (tetra-
caine) and kazcaine (Table 3).

Infiltration anaesthesia
To measure the local anaesthetic activity at infiltration

anaesthesia the intradermal method of Bulbring—Wade [19]
was used. Experiments were carried out on porpoise males
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cT}?al;Li tzerift'g) macrocycle Residue D* (A) () & (A) D4 (A) Torsion angle (°)
C4-C5-C6-06 05-C5-C6-06
Molecule B
Gl 4.40 130.69 —0.08 2.79 59.45 —62.83
G2 433 126.43 0.08 2.82 —~172.26 69.09
G3 4.40 127.69 —0.01 2.85 54.41 —65.51
G4 436 130.54 —0.05 2.73 55.61 —66.75
G5 437 128.33 0.02 2.75 62.08 —59.48
G6 431 127.24 0.02 2.76 52.14 —61.29
56.99 —80.42
G7 4.40 128.84 0.01 2.73 53.57 —70.74
Molecule A
* Distance between atoms Gl 433 125.83 —0.08 2.76 —172.07 70.39
bot’l'l'g'l(:::‘et;;:n stoms G2 4.48 133.37 0.02 2.69 60.09 —61.21
041 — 1)..-Odn--Od(n + 1) G3 4.29 126.97 0.10 2.85 —~176.36 63.36
¢ Deviations (A) from the least- 50.22 —70.06
squares optimum plane of the G4 4.41 125.07 —0.08 2.90 62.17 —59.25
seven O4n atoms G5 437 132.17 —0.03 2.75 57.51 —63.59
4 Intramolecular hydrogen- G6 4.40 128.5 0.06 2.80 50.71 —-71.73
bond distance between G7 437 125.83 ~0.002 278 57.94 ~61.95

O3n---02(n + 1)

Table 3 Anaesthetic activity of the 1:2 BFK:-CD complex and reference preparations at terminal anaesthesia. (M £ m)

Preparations Rene index Complete Total duration Rene Index Complete Total duration
anaesthesia (min) of effect (min) anaesthesia (min) of effect (min)
Concentration (%) 1 1 1 5 5 5
BFK:f-CD° 4416 + 164* 0 42.8 +1.8° 636.2 + 8.6 31.0 & 2.6° 68.5 + 2.53°
Kazcaine 217.2 £ 18.75 0 220+ 13 575.0 £ 30.46 145 + 1.8 357 £ 1.75

Dicaine (tetracaine) 1300 + 0 Longer than 50 60 and longer

* Deviations in relation to tetracaine and
® Kazcaine are statistically authentic at p < 0.001
¢ By mass BFK is 1/10 of the complex

Table 4 Anaesthetic activity of the 1:2 BFK:$-CD complex and reference preparations at infiltrational anaesthesia and at conductive anaes-
thesia, (M £ m)

Preparations Concentration (%) By the Bulbring—Wade method “Draw a tail aside”mode

BFK:3-CD®  Kazcaine Procaine BFK:3-CD®  Kazcaine Procaine
Complete anaesthesia (min) 0.5 633 £ 29 263 +29 133+ 1.1 106.1 £2.0° 744+ 11.1 242439
Total duration of effect (min) 0.5 108.4 + 2.7 829 +36 300+13 1189468 97.6+63 333 £ 11.2
Complete anaesthesia (min) 1 1213 £43*  674+19 201 +16 1371 £3.9° 1034+ 11.1 342+ 6.9
Total duration of effect (min) 1 136.1 = 1.7* 1019 +£3.5 420+ 1.2 1475+£6.7" 119.6 £55 413 +46

# Deviations in relation to reference preparations are statistically authentic at p < 0.001
® In relation to kazcaine are authentic at p < 0.01
¢ By mass BFK is 1/10 of the complex

with weight of 200-250 g. The depth of anaesthesia (the
maximum index is 36), duration of full anaesthesia and
general duration of the anaesthetical effect were

determined. The activity of the compound was compared
to standard medications with novocaine (procaine) and
kazcaine (Table 4).
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Table 5 Acute toxicity of observable and reference preparations
tested on white mice at hypodermic injections

Preparation LD50 (mg/kg) P
Complex of the 1:2 BFK:f-CD* 590.0 £ 11.3

Procaine 486.0 £+ 8.8 D1
Lidocaine 2495 + 184 )2
Trimecaine 3782 £ 174 D3
Kazcaine 5293 + 7.1 P4

Note: Deviations for complex of 1:2 BFK:$-CD in relation to refer-
ence preparations are statistically authentic at p1, p2, p3, p4 < 0.001

* By mass BFK is 1/10 of the complex

Conduction anaesthesia

A modified “draw a tail aside” method [20] was used on
outbred rats (males with weight of 200-250 g). Solutions
of each concentration given in Table 4 were tested on six
animals. At first, the pain threshold was determined. Later,
tailheads of the examined rats were evenly pricked from
four sides with observable and reference preparations
(1 mL each). Animals from the set were treated in the same
way, but with normal saline solution. The irritation was
applied 1 cm distal from the injection. After injection of
observable and reference preparations, repeated tests were
carried out with a certain time slice. Doubling of the latent
period of a “draw a tail aside” reflex was counted as total
anaesthesia (Table 4).

Acute toxicity

Acute toxicity of substances was determined by single
abdominal and hypodermic injections to white outbred
mice (6-8 species in screening with weight of 17-23 g).
The treated animals were supervised continuously within
several hours and further 6 days after injections and com-
pared with the untreated animals. Behavior changes, re-
flectory breath excitability, rate of development and regress
of external poisoning indications and mortality were reg-
istered. Data were processed accordingly to Litchfield,
Wilkinson and Berensz [21], and half-lethal doses (LD50)
were calculated (Table 5).

Discussion

Crystal structures

Looking at Fig. 4, it appears that BFK were better included
by -CD if it would move “up” to fit deeper into the cavity

formed by molecules A and B. This is obviously avoided
for steric reasons because the ethynyl group sticks out

towards the primary side of molecule B, and the phenyl
group of the benzoyl group pushes -CD molecule A* to
the “right” which is possibly easier (because there are
fewer O6-H---O6 hydrogen bonds) than to push one -CD
relative to the other if they are connected by many more
hydrogen bonds formed by the secondary hydroxyl groups,
as between -CD molecules A and B.

In solution, a comparable inclusion complex could be
formed by BFK and two S-CD molecules stabilized by
hydrogen bonds between the primary O6—H groups forming
the host for BFK because only then the hydrogen-bonded
p-CD can shift laterally to accommodate the sterically
demanding BFK. We anticipate that this complex will look
similar to the -CD molecules B and A* with BFK inclu-
ded, its ethoxyethyl moiety partially protruding from the
cavity formed by the f-CD molecules.

However, it could also be that in solution a 1:1 complex
is formed by -CD molecule B and BFK as shown in Fig 4,
the benzoyl group being exposed to solvent and not
included by a second f-CD.

Pharmacological studies

1 and 5% aqueous complexes of 1:2 BFK/f-CD were tested
for terminal anaesthesia, Table 3. The trials showed that
the complex of 1:2 BFK/S-CD in both tested concentra-
tions has defined local anaesthetic activity. As seen in
Table 3, 1% of the complex of 1:2 BFK:$-CD in water
caused 2-fold anaesthesia effect and about twice prolonged
duration of the general anaesthesia compared to the
anaesthetic kazcaine. Compared to BFK, the 1:2 BFK:f-
CD complex dissolved at 5% concentration in water also
showed improved local anaesthetic effect (1.1 times Rene’s
index), prolongation of total anaesthesia (2.2 times) and
notable general prolongation effect (1.9 times). It must be
noticed that the tested complexes of 1:2 BFK:f-CD did not
show any irritation effect, while kazcaine caused insignif-
icant irritation when applied to rabbit’s eye tissue, gave rise
to hyperemia of conjunctiva and of eyelids’ edges of nic-
titating membranes within 20 min as well as in closing of
eyelids within 5-7 min after application, (“+4”—on the
scale of Setnikara) [19].

The same complexes were tested for infiltrational
anaesthesia with 0.5 and 1% solutions (Table 4). The com-
plex of 1:2 BFK:f-CD dissolved at 0.5% concentration in
water showed 4.7-fold prolongation of complete anaesthesia
compared to procaine (2.4-fold compared to kazcaine) and
in 3.6 times longer activity than procaine (at p < 0.001).
With 1.0% 1:2 BFK/S-CD complex in water the duration of
complete anaesthesia was as high as 121 min, which excels
given parameter for procaine six times and that of kazcaine
1.7 times. The total duration of the effect was 3.2 times and
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1.3 times longer compared to procaine and kazcaine,
respectively.

During conductive anaesthesia experiments (Table 4)
the 1:2 BFK:f-CD complexes also showed higher activity
than reference medications. At 0.5% concentration in
water the 1:2 BFK:$-CD complex provided complete
anaesthesia in all screens, with 4.4- or 1.4-fold prolon-
gation compared to procaine or kazcaine, respectively.
The total duration of the anaesthetic effect was also
extended considerably compared to procaine (3.5 times)
and insignificantly compared to kazcaine (1.2 times).
Increase of the 1:2 BFK:f-CD complex to 1.0% con-
centration showed profound local anaesthetic activity. The
duration of complete anaesthesia was 4 or 1.3 times
longer compared to procaine and kazcaine, respectively.
The total duration of the anaesthetic effect was 1.2 times
longer than for kazcaine.

According to acute toxicity, toxic reactions were of the
same character, the higher the dose, the faster poisoning
became evident. Intoxication declared itself 20-30 min
after injection. The initial stage started with general
oppression, yielding in deferred response, absence of reflex
to exogenous irritants, dyspnea that later developed into a
short period of motional excitation followed by muscular
twitching and clonico-tonic spasms. Mice accepted a lat-
eral position, breath became rare, arrhythmic. The death
came from primary respiratory standstill in 30-90 min
after injection. The survived mice recovered from stagna-
tion in 2-2.5 h and were as active as untreated mice by the
end of first day.

Data on half-lethal doses (LD50) are presented in
Table 5. The complex of 1:2 BFK:-CD appeared to be
less toxic than reference preparations and its effect is
approximately comparable with that of kazcaine.

Conclusions

The complex 1:2 BFK:f-CD has noteworthy anaesthetic
effects at infiltrational and conductive anaesthesia, which is
higher compared to reference preparations, and it is also of
great importance that this complex is less toxic. It needs to
be mentioned that the solutions used for the pharmaco-
logical studies contained BFK with an amount corre-
sponding to only one 10th of the complex 1:2 BFK:f-CD
(see footnotes Tables 3, 4, 5). In this connection 1:2
BFK:-CD can be recommended for extensive clinical
research with a wider range of doses.

Acknowledgements The authors acknowledge financial support by
Volkswagen Stiftung in the frame of the international focus “Between
Europe and the Orient”. We acknowledge help with in-house X-ray
data collection by Prof. Ulrich Abram.

@ Springer

References

1. Saenger, W.: Cyclodextrin inclusion compounds in research and
industry. Angew. Chem. Int. Ed. Engl. 19, 344-362 (1980)

2. Dodziuk, H.: Cyclodextrins and Their Complexes. WILEY-VCH
Verlag GmbH & Co. KGaA, Weinheim (2006)

3. Lindner, K., Saenger, W.. p-Cyclodextrin dodecahydrate:
crowding of water molecules within a hydrophobic cavity. An-
gew. Chem. Int. Ed. Engl. 9, 694-695 (1978)

4. Groger, M., Kretzer, K.E., Woyke, A.: Cyclodextrine. Science
Forum an der Universitit Siegen, Siegen (2001)

5. Szejtli, J.: Introduction and general overview of cyclodextrin
chemistry. Chem. Rev. 98, 17431753 (1998)

6. Challa,R., Ahuja, A., Ali, J., Khar, R K.: Cyclodextrins in drug delivery:
an updated review. AAPS PharmSciTech. 6(2), 327-359 (2005)

7. Pinto, L.M.A., Fernandes, F.L., Santana, M.H.A., Pertinhez, T.A.,
Oyama, S., Junior de Paula, E.: Physico-chemical characteriza-
tion of benzocaine-f-cyclodextrin inclusion complexes. J. Pharm.
Biomed. Anal. 39, 956-963 (2005)

8. Ingle, J.R., Busch, K.W., Busch, M.A.: Chiral analysis by mul-
tivariate regression modeling of spectral data using cyclodextrin
guest—host complexes—methods for determining enantiomeric
composition with varying chiral analyte concentration. Talanta
75, 572-584 (2008)

9. Praliev, K.D., Yu, V.K., Poplavskaya, I.A.: Target synthesis of
pharmacologically active derivatives of 4-ethynyl-4-hydro-
xypiperidine. In: Kartsev, V.G., Tolstikov, G.A. (eds.) Nitrogen-
Containing Heterocycles and Alcaloides, pp. 484-489. IBS
PRESS, Moscow (2001)

10. Yu, V.K., Nagimova, A.D., Praliev, K.D., Shin, S.N., De Kempe,
N.: Synthesis, antibacterial, and analgesic activity of 1-(2-eth-
oxyethyl)-4-hydroxy(acyloxy)-piperidine-4-carboxylic acids.
Pharm. Chem. J. 36(7), 282-284 (2002)

11. Praliev, K.D.,Isin, Zh., Yu, V.K., Tarakov, S.A., Bosyakov, Yu.G.,
Utepbergenova, R.K., Shin, S.N., Kadyrova, D.M.: Hydrochloride
of 1-(2-ethoxyethyl)-4-ethynyl-4-benzoyloxy-piperidine  pos-
sesses anesthetic activity. Patent Ru. 1704415 (1996)

12. Siemens Industrial Automation, Inc., SAINT: Area-Detector
Integration Software. Madison, WI, (1995)

13. Siemens Industrial Automation, Inc., SADABS: Area-Detector
Absorption Correction. Madison, WI (1995)

14. Sheldrick, G.M.: A short history of SHELX. Acta Crystallogr.
A 64, 112-122 (2008)

15. Allen, F.H., Kennard, O., Watson, G.D., Brammer, L., Orpen,
A.G., Taylor, R.: Tables of bonds lengths determined by X-ray
and neutron diffraction. Part 1. Bond lengths in organic com-
pounds. J. Chem. Soc. Perkin Trans. II, 1-17 (1987)

16. Harata, K.: Structural aspects of stereodifferentiation in the solid
state. Chem. Rev. 98, 1803-1827 (1998)

17. Mino, R.C., Vivienne, J.G., Luigi, R.N., van Bosch, O.: Synthesis
and X-ray crystal structure of f-cyclodextrin diclofenac sodium
undecahydrate, a /-CD complex with a unique crystal packing
arrangement. J. Chem. Soc. Chem. Commun. 1061-1062 (1994)

18. Bonnet, P., Jaime, C., Morin-Allory, L.: Structure and thermo-
dynamics of a-, b-, and g-cyclodestrin dimers. Molecular
dynamics studies of the solvent effect and free binding energies.
J. Org. Chem. 67, 8602-8609 (2002)

19. Quevauviller, A.: Local Anaesthethics in Experimental Methods
for Comparing Local Anaesthetic Activity—International Ency-
clopedia of Pharmacology and Therapeutics, pp. 291-318.
Pergaman Press, Fayetteville (1971)

20. Dib, B.: Intrathecal chronic cathetarisation in the rat. Pharmacol.
Biochem. Behav. 20, 45-48 (1984)

21. Camougis, G., Takman, B.H.: Methods in Pharmacology.
Appleton Century Crofts, New York (1971)



	Pharmacology and structures of the free base of the anaesthetic kazcaine and its complex with beta -cyclodextrin
	Abstract
	Introduction
	Materials and methods
	Crystallization and X-ray crystallography
	X-Ray measurements, determination and refinement of the crystal structures

	Pharmacology

	Results
	Crystal structures
	The base form of kazcaine
	Crystal structure of the 1:2 BFK: beta -CD complex
	Geometry of the beta -CD molecules in the complex
	Geometry of inclusion

	Pharmacological studies
	Terminal (superficial) anaesthesia
	Infiltration anaesthesia
	Conduction anaesthesia
	Acute toxicity


	Discussion
	Crystal structures
	Pharmacological studies

	Conclusions
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


