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Abstract

Anhydrous cefdinir (AC) vs. monohydrated cefdinir (MHC) was compared in order to be used as antimicrobial in therapeutics.
Different techniques have been used to characterize physically AC and MHC, and also a complete microstructural analysis of raw
materials was carried out. Cefdinir and Maltodextrin QDM� 500 (3:2) formulations were compressed in order to obtain tablets with
typical dose of Cefdinir, i.e. 300 mg. Dissolution profiles were obtained for both AC and MHC tablets. Finally tablet X-ray diffraction
was performed to ensure the stability of the monohydrated form after tabletting being clearly different in both AC and MHC crystals.
AC crystal structure was agreed with the known pattern of anhydrous Cefdinir described in the literature. Microstructural analysis
showed large differences in specific surface area (SSA), confirmed by mercury intrusion. Crystal structures of both AC and MHC were
stable under mixing, compression and storing processes. Dissolution profiles were faster for hydrate form, probably related to
microstructural properties of the crystal which remained after tabletting. In conclusion, it is possible to isolate Cefdinir in two forms
anhydrous and monohydrate, well characterized and differentiated. The use of this later improves dissolution of tablet dosage form
due to the lack of interconversion during tablet manufacture.
� 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Cefdinir is an orally effective semisynthetic cephalo-
sporin with an extended antibacterial spectrum, and it
is characterized by a vinyl group at C-3 and a (Z)-2-
(2-amino-4-thiazolyl)-2-(hydroxyimino) acetyl moiety at
C-7 which result in a marked increase in its antimicrobial
activity against Gram-negative and -positive bacteria
0939-6411/$ - see front matter � 2006 Elsevier B.V. All rights reserved.
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[1–3] and also enhance its pharmacokinetic properties
[4] in the oral route [5]. Fig. 1 shows chemical structure.
Anhydrous Cefdinir has been developed and patented by
Fujisawa Pharmaceutical in amorphous state [6]. Howev-
er, the amorphous product has disadvantages in that it is
Fig. 1. Cefdinir structure.
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bulky, not so pure, unstable and insufficient in filtration
rate, therefore is not suitable for a pharmaceutical prod-
uct [7]. The crystal structure of Cefdinir [7] reported was
very pure and stable against heat, light and easy to han-
dle. The crystal structure was described on the basis of
X-ray pattern, with distinguishing peaks at the following
diffraction angles: [2h(�)]: 14.7, 17.8, 21.5, 22.0, 23.4,
24.5, 28.1.

Cefdinir may be used in the form of monohydrate as
antibiotic [1]. The process for obtaining and isolating
Cefdinir in the form of hydrate, e.g. monohydrate, was pat-
ented by Sturn et al. [8]. They described a process in which
a hydrate is formed by treatment of the Cefdinir dic-
yclohexylamine salt with an acidic agent. However, the
crystalline structure is not given by the corresponding 2h
diffraction angles.

Chemical stability in aqueous media was previously
studied [9,10] pointing out degradation via two major
degradation routes: lactam ring opening and pH-depen-
dent isomerizations (lactonization, epimerization at C-6
or C-7, syn–anti isomerization of N-oxime function).
However, solid state stability paying special attention to
crystalline structure and conditions under which a possible
transformation between monohydrate and anhydrous
occurs still remains unknown.

The aim of the present paper is to characterize Cefdi-
nir anhydrous (AC) vs. monohydrate form (MHC) by
using infrared spectroscopy, Karl Fisher tritimetry, elec-
tron scanning microscopy, thermogravimetry, differential
scanning calorimetry and X-ray diffraction, as well as
to compare microstructure of both raw materials, by
nitrogen adsorption and mercury porosimetry. It is also
to compare in the present study AC and MHC in tablet
dosage form formulations, including tablet compression
parameters and dissolution profiles. Finally tablet X-ray
diffraction is performed to ensure the stability of MHC
after tabletting. This is a novelty in both senses because
no previous work has been done with the MHC and all
the industrial development of Cefdinir was in the field of
hard gelatine capsules, marketed in the US under
Omnicef�.

2. Materials and methods

2.1. Materials

Cefdinir, both anhydrous and monohydrate, was sup-
plied from Antibioticos R&D (Milan) Italy:

• Anhydrous Cefdinir: Product R93 Batch 54693
• Monohydrate Cefdinir: Product R93H Batch 52734

Maltodextrin Maltrin QDM� 500 batch 083916V
(Grain Processing Corporation, Muscatine, Iowa, USA)
is used as direct compression excipient. The choice of this
filler was due to the high tablettability [11] and the amor-
phous nature [12].
2.2. Methods

2.2.1. FT-IR

IR spectra were recorded between 4000 and 450 cm�1 by
Perkin-Elmer FT-IR spectrometer SPECTRUM 1000
(Norwalk, USA). Each sample was mixed with KBr and
compressed at 70kN in a Perkin-Elmer hydraulic press.

2.2.2. Scanning electron microscopy (SEM)

Particle size analysis of samples from batches of
powders is examined using a scanning electron microscope
Philips XL-30 (Philips, The Netherlands) with the aid of a
program of acquisition and reduction of data (Soft-
Imaging Software, Münster, Alemania). Several fields were
computed for each sample. The following parameters were
calculated in the image analysis: average diameter
(equivalent circle diameter) and shape factor obtained from
the following equation:

Shape factor ¼ 4 � p � ½area=ðperimeter^2Þ�:
The particle size distribution of a suitably diluted sample of
cefdinir was studied with a Malvern Mastersizer 2000
(Malvern Instruments GmbH, Germany).

2.2.3. Karl-Fisher

An automatic titrator Metrohm 702 SM Titrino
(Herisau, Switzerland) with the Hydranal�-Composite
(Sigma–Aldrich) and Hydranal�-Methanol Rapid reagents
was used for water content determination.

2.2.4. Thermogravimetric analysis (TGA)
A Setaram (Caluire, France) Setsys 1200 system coupled

with a personal computer loaded with the program for pro-
cessing the results was used. Heat and temperature calibra-
tion of the instrument was made by high purity indium and
zinc as standard samples. The TGA measurements were
carried out with platinum sample pan. The heating rate
was 10 �C/min from room temperature to 200 �C, under
nitrogen atmosphere with a flow rate of 25 ml/min. The
mass of the sample was 5–10 mg. All measurements were
performed at least in duplicate.

2.2.5. Water uptake

Setaram (Caluire, France) Setsys 1200 was used to
obtained water uptake profile under isotherm conditions
25 �C. Atmosphere with a relative humidity 75% was
obtained by passing dry nitrogen through water at 20 �C
immersed in Julabo (Seelbach, Germany) FP12 bath.
TGA oven was cooled by recirculating water bath Julabo
(Seelbach, Germany) T1200 which also thermostatised
the pipe of inlet gas to avoid nitrogen condensation. The
mass of the sample was roughly 50 mg. All measurements
were performed at least in duplicate.

2.2.6. Differential scanning calorimetry
A Setaram (Caluire, France) DSC 131 system coupled

with a personal computer loaded with the program for
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processing the results was used. Heat and temperature cal-
ibration of the instrument was made by high purity indium
and zinc as standard samples. The DSC measurements
were carried out with pierced aluminium sample pans
and empty reference pans. Both the sample and reference
were scanned at a heating rate of 5 �C/min from room tem-
perature to 300 �C, under nitrogen atmosphere with a flow
rate of 25 ml/min. The mass of the sample was 5–10 mg.
All measurements were performed at least in duplicate.

2.2.7. Surface area analysis

NOVA 2200 Quantachrome Surface Area Analyzer
(Quantachrome, Boynton Beach, FL, USA) was used to
measure particle surface area and material density. Weight
degassing of samples was carried out by high vacuum
(<50ltorr) at 50 �C for 2 h. MultiBET was obtained in
the range from 0.05 to 0.3 Nitrogen relative pressure.
Nitrogen was of >99.995% w/w purity. The mass of the
sample was roughly 1 g. All measurements were performed
at least in duplicate.

2.2.8. Material density
Material density reported is obtained by helium filling of

the cell and automatic calculation of volume occupied by
the powder mass in the cell which volume was previously
calibrated. Calculation was done with Software NOVA
Enhanced Data reduction Software Ver. 2.13 from
Quantachrome.

2.2.9. Mercury porosimetry
Pore size distribution was determined by using a mercu-

ry porosimeter (Quantachrome, Boynton Beach, FL, USA)
equipped with a Macropore Unit Filling apparatus and a
Micropore Autoscan-33. Before analysis, samples were
degassed at room temperature for 5 min at high vacuum
(<50 ltorr). The maximum intrusion pressure was
33,000 psi. The mass of the sample was roughly 1 g.

2.2.10. Powder X-ray diffraction

X-ray diffraction patterns were obtained with a Siemens
Kristalloflex D-5000 diffractometer (Siemens, Haan,
Germany). Certain amounts of the samples were analyzed
through Bragg geometry in the range from 0� to 70� 2h.
The diffractograms were recorded by using monochromatic
CuKa radiation filtered with Ni. Step was 0.05� and step
time was 2 s.

2.2.11. Tabletting

Formulations were prepared by mixing 3:2 Cefdinir and
Maltodextrin QDM� 500 in a double-cone Retsch mixer
(Haan, Alemania) at 30 rpm during 20 min.

Compression characteristics of the powders were
investigated using an instrumented single-punch tablet
machine (Bonals model AMT 300, Barcelona, Spain)
running at 30 cycles/min, with strain gauges HBM YL6
(HBM, Darmstadt, Germany) and inductive displace-
ment transducers HBM T50; all channels were attached
to A/D converter HBM Spider 8. The displacement
measurements were corrected with the deformation of
punches [13]. An exact amount of 500 mg of powder
was manually filled in the die (12 mm). Each tablet
contained typical dose of Cefdinir, i.e. 300 mg. Applied
pressure was around 150 MPa (tablet hardness – break-
ing strength – was higher than 100 N). Upper and lower
forces as well as punch displacements were monitored
during tabletting.

2.2.12. Grazing angle X-ray tablet diffraction

The samples were studied in a Siemens Kristalloflex
D-5000 diffractometer (Siemens, Haan, Germany). The
radiation used was CuKa. The grazing angle attachment
consisted of a long Soller slit and LiF monochromator,
both in the diffracted beam. The measurements were
carried out at fixed incident angles ranging from 0.1� to
2�. The instrument was operated in a step-scan mode in
increments of 0.05� 2(h), and counts were accumulated
for 2 s at each step.

2.2.13. UV-spectra. Calibration curves
UV spectra were obtained in both water and simulated

gastric medium (SGF). Solutions were prepared in the
range 0–0.4 mg/mL in order to obtain calibration curve
for dissolution testing according to UV–vis Chemstation
(Agilent Technologies).

2.2.14. Dissolution profiles

Dissolution profiles were obtained for 6 tablets of each
formulation with a USP apparatus 2 consisting of Varian
VK 7025 8-spindle dissolution tester (Varian, Weston Park,
NC, USA). All studies were run at 50 and 200 rpm. Disso-
lution was performed using the following medium: water
(pH 7.0), SGF pH 1.2 (0.05 N NaCl adjusted to pH 1.2
with HCl). On-line Agilent system monitored continuously
drug dissolved by recirculating media from the vessels with
a multi-channel peristaltic pump and 8 multi-cell cuvettes
(0.1 cm) controlled with the UV–vis Chemstation and the
driver for Varian VK7025.

2.2.15. Tablet X-ray diffraction

Tablet X-ray diffraction measurements were made with
a Siemens Kristalloflex D-5000 diffractometer (Siemens,
Haan, Alemania). A tablet was fixed to sample holder
and tablets were analyzed through grazing incidence angle
method in the range from 0 to 70 2h. The diffractograms
were recorded by using monochromatic CuKa and LiF
monochromator. Step was 0.05� and step time was 2 s.

3. Results

Fig. 2 shows FT-IR of AC and MHC. Microphoto-
graphs of AC and MHC obtained by SEM are shown in
Figs. 3A and B, respectively. The average diameters were
21.5 ± 13.1 lm for anhydrous cefdinir and 16.7 ±
10.0 lm for the hydrate, while shape factor was
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Fig. 2. FT-IR of Cefdinir anhydrous and hydrate.
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Fig. 4. Thermogravimetric (TG) analysis of Cefdinir anhydrous (circle
dots) and hydrate (square dots), derivative thermogravimetric (DTG)
analysis of Cefdinir anhydrous (continuous line) and hydrate (discontin-
uous line).
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0.229 ± 0.214 for anhydrous cefdinir and 0.226 ± 0.145 for
the hydrate.

Data for particle size distribution obtained from master-
sizer support those obtained by SEM. AC shows a bimodal
distribution of particle size, with modes at 54.01 and
0.34 lm while MHC exhibits a trimodal distribution of
particle size, at 4.38, 43.13 and 0.30 lm.

AC showed water content according to Karl-Fisher of
0.5% w/w while the MHC showed a content of 5.6% w/w.

Fig. 4 shows water uptake profile under isotherm condi-
tions at 75% RH plotted as a function of the temperature.
A 

B 

Fig. 3. SEM microphotograph of Cefdinir anhydrous (A) and hydrate
(B).
Curves are shown as thermogravimetric (TG) and differen-
tial thermogravimetric profile (DTG) plots for both AC
and MHC. The minimum in the curves of DTG profiles
were two for the monohydrate (70.89 and 186.30 �C), while
in AC was not observed a detectable minimum. Total mass
lost between RT and 200 �C was 0.932 for the AC and
6.195% for MHC.

Fig. 5 shows water uptake profile under isotherm condi-
tions at 75% RH as a function of the temperature. Curves
are shown as thermogravimetric (TG) and differential ther-
mogravimetric profile (DTG) plots for both anhydrous
and hydrate forms. In both cases steady state was reached
before 9000 s isotherm experiments. The maximum water
uptake was 0.425% for AC and 1.621% for MHC, while max-
imum DTG was 0.0285%/min for AC and 0.1035%/min for
MHC.

Fig. 6 shows DSC curves of both products. Melting
curve of AC is described by an onset point of 216.86 �C,
peak at 223.82 �C and a total enthalpy of fusion (exother-
mic) of �439.6 J/g (area under the peak). Pure substances
have their melting point at the onset temperature of the
melting curve. Thus, the melting point of AC according
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Fig. 5. Water uptake (TG) of Cefdinir anhydrous (square dots) and
hydrate (circle dots), derivative water uptake (DTG) of Cefdinir
anhydrous (continuous line) and hydrate (discontinuous line).
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to DSC measurements is 216.86 �C. In the case of MHC
form the peak is broadened and with lower vertex temper-
ature with an onset point of 175.32 �C and divided in two
peaks at 180.96 and 198.16 �C with corresponding enthal-
pies of �69.12 and �115.97 J/g.

Table 1 shows specific surface area by MultiBet method
calculated with 6 relatives nitrogen pressures in the range
between 0.05 and 0.30 in both products in all cases correla-
tion coefficients were higher than 0.999. Single Bet was
obtained by highest relative nitrogen pressure of 0.3, while
external area was obtained by t-method Carbon black [14]
for which correlation coefficient obtained was always high-
er than 0.997. Material density obtained as described in
Section 2.2 is shown in Table 1.

Table 2 shows parameters from mercury porosimetric
measurements. Bulk or apparent density from mercury
intrusion is defined as the volume of the mercury displaced
at ambient temperature, while skeletal density is defined as
the volume of the mercury displaced at the highest intru-
sion pressure, i.e. 33,000 psi. This table also shows total
intruded volume, pore surface area assuming cylindrical
pores open at each radius corresponding to the applied
pressure by the Washburn equation and recognizing
2prL. as pore area [14]. Fractal dimension (D) is calculated
from the following equation:

log
dV
dP

� �
¼ logðK2Þ þ ðD� 4Þ logðP Þ

where K2 is a proportional constant, V is the intruded vol-
ume and P is applied pressure [15]. Thus from the slope of
the log (dV/dP) vs. logP (range between 1.8 and 4), the
Table 1
Specific surface area and material density of analyzed products

Sample MultiBET (m2/g) SingleBET (m2

Mean SD Mean

Cefdinir anhydrous 1.948 0.466 1.867
Cefdinir hydrate 13.450 0.232 12.800
fractal dimension could be calculated. In all the cases cor-
relation coefficient was higher than 0.99. Smooth surfaces
would present values of D = 2, whereas rougher surfaces
would present D approaches 3.

Figs. 7A and B show, respectively, the powder X-ray
pattern of AC vs. the X-ray pattern [7] previously
described.

Mixtures of both anhydrous and hydrate cefdinir forms
were prepared and tabletted according to procedures
described in Section 2.2. Table 3 shows parameters mea-
sured during tablet compression [13] of both mixtures.
After tabletting, the grazing incidence X-ray tablet diffrac-
tion was used to study crystal structure of Cefdinir and
possible transformations during tabletting. Tablets ana-
lyzed were intact tablets without either grinding or section-
ing may introduce unwanted artefact and further
transformations [16]. Fig. 8 shows the X-ray powder dif-
fraction of the Cefdinir anhydrous powder vs. the tablet
containing it, while B shows the same comparison for
MHC.

Dissolution profiles according to the USP paddle
method were obtained for tablet compressed from both
Cefdinir anhydrous and hydrate forms. Dissolution testing
results in water and SGF (without pepsin) are shown at 50
and 200 rpm in Fig. 9.

4. Discussion

Infrared spectroscopy is a technique being used to mea-
sure and identify hydrate and anhydrate forms [17]. Fig. 2
shows FT-IR of both products. Absorbance peaks of
water molecules in hydrate form differ from those of the
anhydrous form. In the hydrate form characteristic peaks
were observed at 1130, 1180, 1665, 1780 and 3300 cm�1

this later due to O–H stretching vibration of water mole-
cules [18]. Differences observed between hydrate and
anhydrous forms were more pronounced in the range
3800–3100 cm�1 according to other studies of drug
hydration [19].

SEM showed for both products particles consisting of
agglomeration of small plate-like crystals which are scarce-
ly smaller for the hydrate form. The overall shape of the
particles was in both cases quite irregular with low values
of shape factors.

According to the theoretical value of water content of
monohydrate (4.35% w/w) this is lower than the
experimental value obtained by Karl-Fisher (5.6% w/w)
and with mass loss up to 200 �C (6.2% w/w). These higher
/g) External area (m2/g) Density (g/mL)

SD Mean SD Mean SD

0.405 2.015 0.558 1.4722 0.0329
0.275 13.099 0.438 1.4404 0.0272



Table 2
Parameters from mercury intrusion experiments

Product Intruded volume
(cc/g)

Pore surface
area (M2/g)

Fractal
dimension

Mean poro
size (Å)

Bulk density
(g/mL)

Skeletal density
(g/mL)

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Anhydrous Cefdinir 0.678 0.021 3.97 0.17 2.522 0.101 10010 235 0.914 0.025 1.806 0.067
Cefdinir hydrate 0.637 0.035 16.56 0.98 2.845 0.084 1541 54 0.910 0.084 1.800 0.079
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experimental values, which are normally observed [18–21],
were due to sorbed water, which is more pronounced
according to the highly available surface area of the
MHC (13.45 m2/g MultiBet specific surface area). TG
curves show water loss from practically room temperature.
The water loss comprises two steps according to the two
minimum peaks observed from the derivative curve. In
the first one water removed is practically sorbed water
Fig. 7. (A) X-ray powder of Cefdinir anhydrous with the reference X-ray pa
anhydrous vs. hydrate.
while in the second one bonded water is being removed.
In many cases hydrates show this bonded water in TG
curves above 100 �C [18,20,21]. TG profile of AC shows
a very low mass in the whole range of temperature most
probably related to small amount of sorbed water.

Water uptake of MHC was approximately 10 times
higher than that of AC, according to the differences in sur-
face area. The water sorption profiles of the samples under
ttern from US Patent 4935507 (1990) and (B) X-ray powder of Cefdinir



Table 3
Tablet compression parameters

Parameter Cefdinir
anhydrous R93

Cefdinir
hydrate R93H

Applied pressure (Mpa) Mean 127.6 140.5
SD 0.0 0.3

Applied work (Joules) Mean 14.15 16.01
SD 0.86 0.46

Minimum distance
between punch tips (mm)

Mean 3.503 3.593
SD 0.020 0.010

Lubrication coefficient Mean 0.489 0.510
SD 0.010 0.020

Maximum ejection force (N) Mean 4897 2500
SD 313 283

Plasticity (%) Mean 99.07 98.62
SD 0.01 0.01
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high relative humidity were obtained after treatment under
high vacuum, in which low energy bonded water is
removed [22].

DSC of MHC does not show peaks below 175 �C, the
low energy necessary for removing sorbed water [21,23]
produces only a small increase in baseline over a wide
range, this is generally accepted for adsorbed monolayer
of water and water tightly bound [21,24]. Furthermore
water is strongly bonded and dehydration occurs at tem-
peratures above boiling point of water and close to the
melting point of the MHC crystal. DSC in perforated pans
produces vapour that cannot escape readily and higher
vapour pressure causes water to escape at higher tempera-
tures and different stages [25]. In this case it is difficult to
distinguish dehydration and vaporization endotherms [26]
MHC shows a double peak in which the release of internal
strains left by the crystallization water molecules produces
this effect [27].

The specific surface area (SSA) might have direct impact
on the dissolution rate, and therefore on the bioavailability
of a compound [28]. Analytical principle is the quantifica-
tion of the N2 volume that can be adsorbed on the surface
of the particles from BET equation at different relative
pressures – MultiBET – or at the highest relative pressure
– SingleBET. Both methods and external Carbon black,
and data obtained from mastersizer, show similar tenden-
cy, i.e. values six to seven times higher for the monohydrate
form. Typical values found for Aventis research com-
pounds were in the range from 0.6 to 5.1 m2/g [29]. AC
was in this range while MHC shows clearly higher SSA.
Material density was very similar in both cases. This small
difference in material density seems to be more related to
hydrate where the water molecules are isolated from the
direct contact with other molecules by intervening Cefdinir
molecules as occur in cephradine dihydrate [30] similar val-
ues were also found for densities derived from mercury
intrusion experiments.

Microstructure was also confirmed by mercury intrusion
parameters, in this case porosimetry-measured surface area
exceeds that of nitrogen adsorption due to ink-bottle-
shaped pores having a narrow entrance with a wide inner
body [14]. Although the mercury intruded volume per gram
was quite similar, large differences were found in mean pore
size and fractal dimension. According to mean pore size
(on the basis of intruded volume) MHC shows a fine inter-
nal structure and taking into account the fractal dimension
close to 3 rougher surfaces. Both effects tend to increase
dissolution efficiency, especially fractal geometry, as
has been stated [31] previously for diclofenac
hydroxyethylpyrrolidone.

The powder X-ray diffraction patterns revealed clearly
different patterns between AC and MHC, as typically
between hydrate and anhydrous forms [32–34]. In the case
of AC this matches with the pattern reported in US patent
4935507 [6].

Tablets were compressed at an intermediate applied
pressure of 135 MPa (±10%) and breaking strength was
in both cases in the range from 60 to 80 N. In order to
avoid interference with X-ray patterns maltodextrin was
selected as filler and no lubricant was added. This later
explains the relatively high friction coefficient and ejection
forces [12,13] obtained (Table 3). Grazing angle enabled
not only to determine the surface phase composition, but
also the profile phase transformation as a function of com-
pact depth [35]. In Cefdinir forms no transformation was
observed when powder was compressed into tablets for
both AC (Fig. 8A) and MHC (Fig. 8B). Also similar pat-
terns were observed for the two extreme of incidence angles
0.1� and 2�, indicating no modification with penetration
depth. According to SEM microphotographs (Fig. 2) par-
ticles were irregularly shaped and with a mean particle size
smaller than 30 lm. Thus, similar relative intensities could
be observed for the raw and the tablet AC (Fig. 8A) and
MHC (Fig. 8B) which is related to the random orientation
of particles instead of a preferred direction. The differences
observed in integrated peak areas and full width at half
maximum (FWHM) of raw material and tablets neither
demonstrated changes in the microdomains [12]. From
these results it appears that AC and MHC remained unal-
tered after dry blend and tabletting processes.

Dissolution profiles were faster and higher for monohy-
drate form using water (Fig. 9A) and SGF (9B) media. This
is most probably related to the higher surface area of the
MHC crystals and which remained after tabletting accord-
ing to the similar X-ray patterns of the crystals found
before and after compression. The intrinsic dissolution pro-
file of cefdinir shows a similar tendency, with a value of
0.05 mg/min/cm2. Compound having polymorphic and/or
pseudopolymorphic forms with thermodynamic differences
between forms presented differences in solubility and
dissolution profiles. In many cases the more hydrated form
showed higher stability and slower dissolution curves
[18,20,25,27]. However, Cefdinir shows an exothermic heat
of fusion which is attached at higher temperature for the
AC form. Dissolution profiles of this later did not
reach a plateau value from which rate changes progressive-
ly to reach the equilibrium rate of the hydrated form [36].
This can be explained by the fact that MHC is not an



  

 

 
 

  
       

         

 

  
                 

                  

 

 

 

Fig. 8. (A) X-ray powder diffraction of the Cefdinir vs. grazing incidence X-ray diffraction pattern of flat tablet compressed with Cefdinir.
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intermediate during dissolution testing of AC. The
observed dissolution rate is not affected by the transforma-
tion rate due to the low rate of this later process. Dissolu-
tion media were chosen without surfactants due to the
known effect of wetting, micellar solubilization and defloc-
culation produced by these which eliminates the ability to
distinguish between polymorphic forms [37]. Profiles were
faster in acidic medium in which Cefdinir is more soluble
than at pH 7.
5. Conclusions

Cefdinir is possible to isolate in two forms anhydrous
(AC) and monohydrate (MHC), well characterized by
X-ray diffractometry, thermal analysis, tritimetry and
infrared spectroscopy. Microstructural properties of the
MHC including a very high surface area and a large value
of fractal dimension determine dissolution behaviour.
The use of MHC to improve dissolution and oral
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Fig. 9. Comparative dissolution profiles with paddles (USP 2) of both
tablet formulations at 50 and 200 rpm in water (A) and simulated gastric
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bioavailability overcomes the possibility of interconversion
both during manufacture and storage of the tablet dosage
form.
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