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Abstract The inclusion behaviour of f-cyclodextrin
(BCD) was studied toward Cefdinir (CEF) in order to
enhance the solubility and dissolution rate, following
cyclodextrin complexation. Drug cyclodextrin solid sys-
tems were prepared by conventional methods of kneading
(KN), co-evaporation (CE), spray drying (SD) and with a
novel approach of microwave irradiation (MWI). The
formation of inclusion complexes with SCD in the solid
state, were confirmed by Differential scanning calorimetry
(DSC), Fourier Transform Infrared spectroscopy (FTIR)
and Scanning Electron Microscopy (SEM) studies, and
comparative studies on the in vitro dissolution of CEF
were carried out. Characterization of binary system by
DSC, FTIR and SEM indicated that SD and MWI method
resulted in formation of true complexes. Binary systems
showed significant increase in dissolution rate as compared
to plain drug. Amongst the binary systems MWI products
were prepared in least time with better yield and highest
dissolution rate.

Keywords Cefdinir - f-cyclodextrin - Complexation -
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Introduction

Cefdinir (CEF) is a semi synthetic third generation oral

cephalosporin with an extended antibacterial spectrum and
it is characterized by a vinyl group at C-3 and a (Z)-2-(2-
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amino-4-thiazolyl)-2-(hydroxyimino) acetyl moiety at C-7
which results in increase in its antimicrobial activity
against gram-negative and gram-positive bacteria [1-4].
The absorption of orally administrated CEF is low with an
oral bio-availability of 21-26% [S5] which is mainly due to
its poor aqueous solubility and slow dissolution rate. One
of the methods to increase solubility is to prepare inclusion
complexes with cyclodextrins. Such complexes have the
capability to increase the solubility, dissolution rate, bio-
availability and stability of drugs, to reduce bitterness and
to decrease tissue irritation upon dosing [6, 7].

Currently, the widely used methods to prepare inclusion
compounds are co-grinding, kneading, co-evaporation,
spray drying and freeze drying [8]. These methods often
involve time-consuming manufacturing processes and
generally require large amounts of solvents. According to a
very recent report, carrying out the inclusion reactions
using microwave irradiation (MWI), as opposed to con-
ventional methods, has the major advantages of shorter
reaction times and higher yield of products [9, 10]. Com-
plexation with cyclodextrin by MWI method has been
proved effective in improving the solubility of poorly
soluble drugs. Similar results have been reported by many
researchers. Inclusion complexes of Gossypol with fCD
prepared by microwave irradiation have been described by
Shen et al. They have reported an increase in apparent
solubility of gossypol [11]. Wen et al. have reported the
formation of 1:2 inclusion complex of Carvedilol with
SCD, wherein they have found that stable, true inclusion
complexes of the drug could be obtained by MWI method
[12].

Aleem et al. have reported increase in the solubility of
CEF by complexing it with f-cyclodextrin (fCD) and
hydroxypropyl f-cyclodextrin (HPBCD) by kneading
method [13]. Ren et al. have filed a patent for the
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complexation of CEF with pharmaceutically acceptable
CDs such as fCD, sulfobutyl ether SCD, HPSCD and
sulfobutyl ether HPSCD by conventional techniques [14].

The aim of present work was to evaluate the usefulness
of the microwave irradiation (MWI) method for prepara-
tion of CEF-SCD complexes. In order to prove the
advantage of this method, complexes were also prepared by
widely used methods like kneading (KN), co-evaporation
(CE) and spray drying (SD) method. The complexes were
characterized by Fourier Transform InfraRed spectroscopy
(FTIR), Scanning Electron Microscopy (SEM) and Dif-
ferential Scanning Calorimetry (DSC). Dissolution studies
were performed with paddle method, in which dissolution
properties of inclusion complex prepared by MWI method
were evaluated and compared with those of CEF alone, PM
and the complexes prepared by other methods.

Experimental
Materials

CEF was kindly gifted by Alkem Research Lab. Ltd
(India), fCD (MW-1135) was gifted by the Signet Chem-
ical Corporation (India). These chemicals were used as
received without further treatment. All other reagents were
of analytical reagent grade purity. Double distilled water
was used throughout the study.

Phase-solubility studies

Phase-solubility studies were carried out in water accord-
ing to the method described by Higuchi and Connors [15].
An excess amount of CFE (20 mg) was added to 5 ml of
aqueous solution containing various concentrations of fSCD
(0—-10 mM) in a sealed glass container. The suspensions
were shaken at room temperature for 48 h. After equilib-
rium was achieved, the samples were filtered and properly
diluted. The concentration of CEF was determined spec-
trophotometrically using UV-visible spectrophotometer-
(Shimadzu model UV-1601) at 287 nm [16]. The study
was carried out in triplicate. The apparent stability constant
K, was calculated from the phase-solubility diagram
according to the following equation.

K — slope
* So(1 — slope)

S, is the solubility of CEF in absence of CD.
Preparation of solid binary system

Following binary systems of CEF with fCD were prepared
in 1:1 molar ratio.
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Physical mixture (PM)

PM of CEF-BCD in 1:1 molar ratio were prepared by
mixing individual components that had previously been
sieved through sieve no 80.

Kneading method (KN)

CEF and pCD were accurately weighed, placed in the
mortar and triturated for 20 min. The mixture was then
kneaded with 66% alcohol for 45 min and resulting paste
was kept in vacuum desiccator overnight. The dry mass
so obtained was powdered and passed through sieve no.
80.

Co-evaporation method (CE)

Equimolar amounts of CEF and SCD were added to min-
imum volume of 66% alcohol and then sonicated for 5 min
to get clear solution. The final solution was stirred with the
help of magnetic stirrer at 60 °C.The pasty mass obtained
was dried at 60 °C, passed through sieve no. 80 and stored
overnight in desiccator [17].

Spray drying method (SD)

For preparation of spray dried product, the method reported
by Esclusa-Diaz et al. with some modification was used
[18, 19]. Equimolar amounts of CEF and BCD were dis-
solved in 100 ml of 66% alcohol and the solution was
spray dried in Spraymate LSD 48 apparatus (flow rate
4 ml/min, inlet temperature 95 °C outlet temperature 55 °C
atomizing pressure 2 kg/cm?®). The dry mass was passed
through sieve no. 80.

Microwave irradiation method (MWI)

Zhao et al. have prepared complex of Andrographolide
with SCD using microwave irradiation method [9, 20].
For preparation of CEF-CD complexes this method was
used. Homogenous powder mixture of CEF and BCD
was prepared in molar ratio 1:1. Minimum volume of
66% alcohol was added to homogenous mixture of CEF
and fBCD, sonicated for 5 min and subjected to micro-
wave irradiation in a scientific microwave oven (CATA-4R).
The process was carried out at power 245 watt and at
60 °C for 90 s. After the reaction was completed, ade-
quate amount of solvent (66% alcohol) was added
to remove the residual SCD and CEF, then the precipi-
tate was filtered and sample was then dried under
vacuum.
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Efficiency and yield of complexation methods

The total amount of CEF and SCD used in the beginning of
preparation method and the time required for complexation
of the processes were noticed. The amount of product
obtained at the end of process was determined. These
parameters were used to calculate percentage yield and to
understand efficiency of the process in terms of time.

Analysis of drug content in binary mixture

Samples of each binary mixture were assayed for drug
content by dissolving 50 mg equivalent in 100 ml of
methanol with the help of sonication and with subsequent
suitable dilution. The drug content was determined spec-
trophotometrically at 287 nm.

Characterization of CEF-CD complexes
Differential scanning calorimetry

The DSC records were obtained with a Mettler Toledo
DSC 882 apparatus. Between 2 and 6 mg of sample was
crimped in a sealed aluminium pan and heated at 10 °C/
min in the range of room temperature to 300 °C using an
empty sealed pan as a reference.(Dry nitrogen was used as
purge gas.)

Fourier transformed infrared spectroscopy

The sample with a CEF content of 0.5 mg was ground and
mixed with 50 mg of dry KBr in an agate mortar and the
mixture was then compressed into a disc. Each disc was
scanned 50 times at a resolution of 4 cm™' over the

wavelength region 4,000-400 cm ™.

Scanning electron microscopy

The surface morphology of CEF and CEF-SCD physical
mixture and complexes prepared by each method were
examined using a Scanning Electron Microscope.(JSM-
5510, JEOL, USA).The samples were precisely fixed on a
brass stub using double sided adhesive tape and then were
made electrically conductive by coating in a vacuum with a
thin layer of gold. The photographs were taken at an
acceleration voltage of 20 KV.

1 .
H nuclear magnetic resonance spectroscopy

"H nuclear magnetic resonance (‘"H NMR) spectra of CEF,
PCD and MWI system were taken at 25 °C by a Bruker
DPX Digital Nuclear Magnetic Resonance Model (USA)
operating at a proton frequency of 400 MHz using 5 ppm

sample tubes. DMSO [2.5 ppm from tetramethylsilane
(TMS)] was used as a solvent. Chemical shifts were
expressed in ppm downfield from the signal (0 ppm) of
TMS. The magnetic field remained stable with the deute-
rium field lock, being confirmed by negligible change in
the signal frequency before and after each experiment.

Dissolution studies

The dissolution rate studies of CEF alone and from various
CEF-fCD systems were conducted using USP XXIII dis-
solution apparatus type-II (6 stations VDA-6DR Veego
Scientific, India) at 37 &+ 0.5 °C stirring at 50 rpm. 125 mg
of CEF or its equivalent amount of CEF-SCD binary
system was added to 900 ml of phosphate buffer pH 6.8.
The aliquots of 5 ml were withdrawn at time intervals of
10, 20, 30, 45, 60, 90, 120, 150 and 180 min, diluted
appropriately and analysed spectrophotometrically at
287 nm.

Results and discussion
Phase solubility studies

The phase-solubility graph of CEF-ACD is shown in Fig 1.
The plot showed that aqueous solubility of the drug
increased linearly as a function of SCD. According to
Higuchi and Connors, the phase solubility profile can be
considered as Ay type. The slope -calculated was
0.0944 + 0.00036 which is less than 1, thus 1:1 stoichi-
ometry was suggested [15]. The value of the stability
constant was found to be 119.8 & 5.06 M~'. A similar
stability constant of 120.38 M~' has been reported by
Aleem et al. in their phase solubility study of CEF and
BCD [13]. The stability constant between the range of 100
and 1000 M~! is considered as an ideal value, smaller
values indicate weak interaction between drug and cyclo-
dextrin, while large value indicate incomplete drug release
from the inclusion complex [21].

1.9
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1.3 A
1.1 4

09 % y = 0.0943x + 0.865
2
074 R? = 0.9977

Concentration of CEF (mM)
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Concentration of BCD (mM)

Fig. 1 Phase solubility profile CEF-CD in water

@ Springer



42

J Incl Phenom Macrocycl Chem (2010) 67:39-47

Efficiency and yield of complexation method

The time required for complexation by various methods
and percentage yield obtained are shown in Table 1. It can
be seen that MWI method required the least time (6.5 min),
whereas CE method took the longest period (95 min). SD
method gave least yield of 55.62% as compared to maxi-
mum yield of 72.9% obtained by MWI method. Thus MWI
process proved to be less time consuming and yielding
maximum amount of the product.

Analysis of drug content in binary mixture

The results of the assay indicated that the content in the
binary mixture was in the range of 97-100%. Individual
values obtained were as described in Table 2.

Characterization of CEF-CD complexes
Differential scanning calorimetry

Figure 2 represents the DSC thermograms of drug, fCD
and binary mixtures. DSC thermogram of CEF (Fig. 2a)
showed a sharp exothermic peak at 227.59 °C, an obser-
vation similar to that made by Walter Cabri et al. [1]. A
broad endothermic peak at 130.78 °C was observed for
PCD (Fig. 2b), indicating the loss of water molecule. The
thermograms of the PM (Fig. 2c), KN (Fig. 2d) and CE
(Fig. 2e) products were superimpositions of the raw
materials, with a slight decrease in the intensity of the drug
peak and a slight shifting of the peak to 227.69, 224.17 and
226.05 °C, respectively. This indicated that the complex

Table 1 Efficiency and yield of complexation with following
methods

Complexation method Time required (min) Percentage yield

Kneading 65 63.34
Co-evaporation 95 67.58
Spray drying 25 55.62
Microwave irradiation 6.5 72.9

Table 2 Percentage drug content of various binary systems of CEF-
SCD

Binary system % Drug content

Physical mixture 99.60
Kneaded product 97.28
Co-evaporated product 97.72
Spray dried product 98.30
Microwaved product 100.2
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Fig. 2 DSC thermograms of CEF: SCD systems: Cefdinir (a), fSCD
(b), CEF: fCD PM (c), CEF: fCD KN (d), CEF: CD CE (e), CEF:
BCD SD (f) and CEF: SCD MWI (g) systems

formation was not complete. The disappearance of peak of
drug in SD and MWI products can be attributed to the
inclusion of CEF in the SCD cavity which provided evi-
dence that the complexes prepared by SD and MWI
method were true inclusion complexes [22].

Fourier transformation infrared spectroscopy

Figure 3 illustrates the FTIR spectra of CEF, fCD and their
binary mixtures prepared by different methods such as KN,
CE, SD and MWI method. The FTIR spectrum of
CEF (Fig. 3a) showed principle absorption peaks
at 3299.98 cm™ '(O-H stretching of hydroxyl group of
COOH), 2968.24 cm ™! (C-H stretch of the cyclic
ring), 1766.67 cm™' (C=0 stretching of COOH group),
1683.74 cm™' (C=C stretching), 1623.95 cm™' (C=C
stretching of aromatic ring), 1542.37 cm™' (N-H bending),
1428.64 cm™' (C-N stretching) and 657.68 cm™' (C-S
stretching). The IR spectrum of SCD showed prominent
peaks at 3396.41 cm™' (O-H stretching), 2925.81 cm™'
(C-H stretching), 1637.45cm~' (H-O-H bending),
1159.14 cm™' (C-O stretching of COOH group) and
1026.06 cm™' (C—O—C bending). The IR spectrum of the
PM was found to be a superimposition of the two parent
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Fig. 3 FTIR spectra of CEF: g
PCD systems: Cefdinir (a), fCD
(b), CEF: CD PM (c), CEF: /
SCD KN (d), CEF: fCD CE !
(e), CEF: fCD SD (f) and CEF:
SCD MWI (g) systems

S—

FTIR Spectra of
a — Cefdinir
b-pCD

¢ —Cef-BCDPM
d - Cef- BCD KN
e—Cef-BCDCE
f— Cef-BCD SD

g - Cef- pCD MW|

compounds with the peaks of both the substances appearing
with some peaks having lower intensities. Slight shifts
were observed in certain peaks mainly 3299.98, 2968.24
and 657.68 cm™ ' of CEF indicating an interaction between
the drug and cyclodextrin. In cases of inclusion complexes
prepared by KN, CE and SD methods there was even
further decrease in the intensities of the peaks of the drug
but the peaks were still visible indicating incomplete
complex formation. In case of the inclusion complex made
by MWI technique, the above mentioned three peaks of the

drug disappeared completely indicating the entrapment of
drug within the fCD cavity. The peaks 3299.98, 2968.24
and 657.68 cm™' corresponds to the cephem ring along
with carboxylic group. This reflected that cephem ring with
COOH functionality to be the guest moiety which has been
entrapped in the hydrophobic cyclodextrin cavity. A sim-
ilar observation has been made by Aleem et al. in their
CEF-fCD complexation study [13]. The FTIR observa-
tions were in concurrence with those obtained in DSC
studies.
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Fig. 4 SEM microphotographs
of CEF: CEF systems: Cefdinir
(a), SCD (b), CEF: fCD PM
(¢), CEF: CD KN (d), CEF:
pCD CE (e), CEF: fCD SD

(f) and CEF: fCD MWI

(g) inclusion complexes

Scanning electron microscopy
Figure 4 illustrates the observations of SEM. CEF was

observed to have irregular-shaped crystals whereas fCD
showed a parallelogram shape. The CEF-fCD PM showed
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b -BCD

c¢ - BCD-drug PM
d - BCD-drug KN
e — BCD-drug CE
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g — BCD-drug MWI

bulky unmodified particles of SCD covered with adhering
smaller drug particles. The comparison of the PM with the
pure component revealed that apparently no interaction
between CEF and CD has taken place in solid state. In the
KN, CE and SD products some agglomerates were visible
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in which the two parent components were indistinguishable
but some particles of fCD on which adhering drug parti-
cles were visible. This indicated that though there was
some complex formation, it was not complete as parent
components were still visible. In the product obtained by
MWI original morphology of the raw material disappeared
and it was not possible to differentiate between the com-
ponents. The microwave product appeared as agglomer-
ates. This change, indicative of the new solid state phase,
could be simply a consequence of crystalline pattern
change in this system and supported the existence of new
single solid phase.

1 .
H nuclear magnetic resonance spectroscopy

NMR spectroscopy has been previously used to establish
inclusion modes and stoichiometries [23]. In the present
work '"H NMR was performed to elucidate the structure of
CEF-fCD inclusion complex. The "H NMR chemical shift
values of fCD in the free and complexed form are shown
in Table 3. The chemical shifts of SCD protons showed
noteworthy, upfield changes of proton H-3 (0.107 ppm)
and H-5 (0.074 ppm) which are located on the inner sur-
face of the fCD cavity. These two later shifts clearly prove
formation of inclusion complex and prove that the driving
forces for the formation of the inclusion complex are
hydrophobic interactions.

In order to further confirm the inclusion complexation,
"H NMR spectroscopy data of CEF was evaluated. Fig-
ure 5 gives the assignment of protons. The difference in

Table 3 'H NMR chemical shift values of SCD in the absence and
presence of CEF

Proton no. BCD (d¢) PCD-CEF (9) AS (0-d¢)
H1 4.819 4.800 -0.013
H?2 3.290 3.272 —0.018
H3 3.627 3.520 -0.107
H4 3.391 3.327 —0.064
HS5 3.565 3.491 —0.074
H6 3.640 3.572 —0.068
8
JOH
N 7
N A H
N6 58
10HN—C |
S 9 (] N p
)

Fig. 5 Chemical structure of Cefdinir

chemical shift values between CEF in the free and com-
plexed state are shown in Table 4. The H-3-H-6 atoms
representing the cephem ring with COOH functional group
experienced a downfield shift attributable to diminished
freedom of rotation caused by the penetration into the fCD
cavity. It can thus be deduced that cephem ring along with
COOH functionality entered the fCD cavity. This obser-
vation is in concurrence with that obtained from FTIR data.

Dissolution rate studies

The dissolution curves of CEF and CEF-fCD binary sys-
tems in pH 6.8 phosphate buffer at 37 £ 0.5 °C are shown
in Fig. 6. According to these results, the amount of drug
released from PM was not significantly different than that
of CEF alone. But the amount of drug released from binary
mixtures prepared by various methods like CE, KN, SD
and MWI was high as compared to the PM and CEF alone.
Binary systems prepared by CE, KN and SD methods
released about 90% drug in 120, 90 and 60 min, respec-
tively, as compared to 180 min for plain drug. Complete
drug release was obtained in 60 min in case of complexes
prepared by MWI method, indicating the effectiveness of
MWI method in improving dissolution characteristics of
drug. Zingone et al. have compared the release of Warfarin
complexed with fCD by various techniques such as KN,
CE and FD. They observed that the release of the drug
from KN and CE inclusion complexes was lesser as

Table 4 'H NMR chemical shift values of CEF in the absence and
presence of fCD

Proton no. CEF (dp) PCD-CEF (9) AS (0-d¢)
H3 12.564 12.613 0.049
H4 3.164 3.228 0.064
HS5 5.172 5.283 0.111
H6 5.466 5.517 0.051
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Fig. 6 Dissolution diagram of CEF-fCD systems: () Cefdinir
(CEF) (l) Physical mixture of CEF: fCD, (A) Kneading mixture of
CEF: CD, (B) Co-evaporated mixture of CEF: SCD, (x) Spray
dried mixture of CEF: fCD, (@) Microwaved mixture of CEF: fJCD
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compared to the FD complex. Our observation is similar to
theirs in respect that CEF-CD inclusion complex pre-
pared by KN and CE methods showed a lower rate of
dissolution as compared to those prepared by SD and MWI.
Results of instrumental characterisation which suggested
that true complexation occurred only in case of SD and
MWI, might be responsible for their better dissolution
behaviour [24]. Similar observations have been reported by
Obaidat et al. who got better dissolution from binary sys-
tems prepared by SD method over those prepared by KN
method [25].

There have recently, been reports of synthesis of mod-
ified CDs with the assistance of microwave. Trotta et al.
have reported the use of ultrasound and microwave for
the synthesis of CD derivatives such as 6'-monotosyl-CD,
61—monoazid0—6l—monode0xy—ﬂCD, 6-monoamino-6'-mono-
deoxy-BCD and 2'-O-mono(methylamino)alkyl-SCD [26].

The inclusion complex of CEF with fCD in this work
was also prepared by microwave technique. But there are
differences in the two methods with respect to reaction
time, temperature and use of specialised reagents. Time
and temperature required to synthesize substituted CDs was
higher than that used in the present work. Also no special
reagent or solvents were used. Thus it would not lead to
generation of substituted CDs.

Generation of inclusion complex has also been irrevo-
cably proven by various characterisations carried out.
FTIR, DSC and NMR have conclusively proved that there
is only an entrapment of cephem ring with COOH func-
tional group of CEF within the hydrophobic cavity of fCD.
There are no observations made for the appearance of a
new chemical entity. Thus it can be emphatically con-
cluded that MWI generated the true CEF-SCD inclusion
complex.

Conclusion

The phase solubility study of CEF-SCD indicated formation
of inclusion complexes of 1:1 stoichiometry. Characterisa-
tion of binary systems by DSC, SEM confirmed true inclu-
sion complexation by SD and MWI method. FTIR and 'H
NMR studies of MWI binary system indicated inclusion of
cephem moiety of Cefdinir inside the SCD cavity. Two
distinct advantages of MWI method on large scale are
shorter drying time and exclusion of large quantities of
potentially hazardous organic solvents. Thus it can be con-
cluded that MWI method can be used efficiently to prepare
CEF-CD complex with better yield on industrial scale.
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