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Introduction
▼
Cefalexin (cef) is a first generation cephalosporin 
antibiotic, which remained popular for about 40 
years, for the treatment of infections involving 
streptococcal pharyngitis, otitis media, pneumo-
nia, cellulitis, septic arthritis, and urinary tract. 
Now several bacterial strains have become resist-
ant against this drug and it also has several 
adverse effects. In order to cope with these prob-
lems, medicinal chemists have been synthesizing 
cefalexin analogues and derivatives for better 
activity and broad spectrum [1–4]. One of the 
approaches that can be used to modify its struc-
ture is to prepare coordination complexes with 
metal ions [5]. Such complexes are expected to 
be more effective and less toxic as they may 
behave as prodrugs. Recently, we have reported 
synthesis and activity of the salicylidine-
cefalexin-Zn(II) · 2H2O (sal-cef-Zn), a derivative of 
cefalexin, showing greater efficacy and reduced 

toxicity [6]. In this paper, we wish to report its 
pre-formulation study, which determined the 
parameters to be considered for converting the 
new derivative into suitable dosage forms.

Materials and Methods
▼
Materials
Chemicals used were: cefalexin monohydrate 
(Pharmagen, Lahore; Lot # 00213/108/2012), mag-
nesium stearate (Linghuxinwang Chemicals, China; 
Batch # 20110701), zinc acetate dihydrate (Extra-
pure, E. Merck, Germany; Lot # 531A804400), salic-
ylaldehyde (Extrapure, E. Merck, Germany; Lot # 
S5091440844), potassium hydroxide (Extrapure,  
E. Merck, Germany; Lot # B634632431), and meth-
anol (Extrapure, E. Merck, Germany; Lot # 012K 
137691089). All reagents and chemicals were of 
analytical grade and were used without further 
purification.

Abstract
▼
Background: Salicylidine-cefalexin-Zn(II) · 2H2O, 
a new derivative of cefalexin, has been reported 
to possess enhanced anti-microbial activity and 
lower toxicity than cefalexin. It is, therefore, 
desirable to carry out a pre-formulation study to 
determine its pharmaceutical properties which 
will be useful in conversion of the new molecule 
into various dosage forms.
Methods: The compound was synthesized by 
the previously reported method and character-
ized by elemental, Fourier-transform infrared 
and electronic spectral analyses. Crystallinity 
was determined by powder x-ray diffraction. 
Particle size distribution was determined by a 
laser-based sizer. Other properties including 
flow, density and compaction strength were 
determined by use of appropriate standard 
methods. The compound was also evaluated as 

a prodrug through dissolution study by the USP 
method.
Results: It was found that the new derivative 
is an amorphous powder with different bulk 
density, porosity, compressibility, plasticity and 
flow properties as compared to cefalexin. The 
amorphous character of the new compound sug-
gests that it will have better bioavailability. The 
dissolution study indicated that this compound 
is hydrolyzed to produce cefalexin in water in a 
sustained manner, thus it will act as a prodrug in 
vivo. The release data fitted well into Highuchi 
model.
Conclusion: Various pharmaceutical properties 
essentially required for formulation of salicyli-
dine-cefalexin-Zn(II) · 2H2O into dosage forms 
were determined. This study has shown that the 
new drug would behave as a prodrug for cefalexin 
with better bioavailability.
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Preparation	of	salicylidene-cefalexin-Zn(II)•2H2O
The complex was prepared in bulk quantity according to the 
previously reported method [6]. Briefly, cefalexin monohydrate 
(27.7912 g, 8.00 mmol) and potassium hydroxide (4.5000 g, 
8.00 mmol), were mixed in methanol (100 mL) under constant 
stirring in a glass reactor. To this, salicylaldehyde (9.7696 g, 
8.00 mmol) and zinc acetate dihydrate (8.7800 g, 4 mmol) were 
added one after the other. The reaction mixture was refluxed for 
about 3 h. The product was isolated after reduction of volume by 
evaporation. It was filtered off, washed with methanol and dried 
under vacuum. Yield: 84 %. The complex was characterized by 
elemental analysis (CHNZn), decomposition point, FT-IR and 
electronic absorption (UV-vis) spectroscopic techniques. Ele-
mental analysis: Found (calculated) C 54.93(55.11), H 4.46(4.42), 
N 8.26(8.36), Zn 6.46(6.52); decomp 261 °C; FT-IR (cm − 1): ν(OH) 
3 395, ν(C = N) 1 625, ρr(H2O) 890, 847, ρw(H2O) 540, ν(Zn-N) 460, 
ν(Zn-O) 350; UV-Vis in DMF (nm/ε): ligand 210/7438, 251/53565. 
The complex was characterized to be similar to that previously 
reported; the structure is shown below.

Powder	x-ray	diffraction
Powder x-ray diffraction (PXRD) measurements were carried 
out in the 2θ range of 5–50 ° in steps of 0.02 ° by a diffractometer 
(D/MAX-II Rigaku Japan) equipped with a Cu-Kα source.

Particle size distribution
Particle size distribution was studied by using a Mastersizer 
2000 (Malvern Instruments Ltd, UK). Slurry was prepared by 
dispersing the powder (2.00 g) in 20 mL ethanol-water (50:50) 
mixture. The slurry was sonicated to dissociate the agglomer-
ates. Approximately 5 mL of slurry was used, after sonication, for 
each measurement. Size distribution was reported as ‘span’; a 
narrower distribution would result in a smaller span. The span 
was calculated using the equation: Span = [D(ν, 0.9) − D(ν, 
0.1)/D(ν, 0.5)]. Particle size was reported as the mean of 3 meas-
urements and expressed as D(ν, 0.1), D(ν, 0.5), and D(ν, 0.9), 
where D is particle size in μm based on the volume, ν, of the 

particle, and 0.1, 0.5, 0.9 indicate the percentage (10, 50, 90 % 
respectively) of the particles.

Moisture content
Moisture was determined by a Karl-Fischer titrator (799 GPT 
Titrino, Metrohm, Switzerland), using methanol as solvent. The 
Karl-Fischer method measures coordinated as well as lattice 
water alike [7].

True density
True density (ρtrue) was determined by the specific gravity 
method using 0.5 g of the sample in xylene and ρtrue was calcu-
lated as: ρtrue = w/SG [(a + w) − b] [8], where w is the weight of the 
sample, SG the specific gravity of xylene, a is the weight of the 
bottle filled with xylene and b is the weight of the bottle filled 
with the powder and xylene. The determination was performed 
in triplicate and reported as the mean.

Bulk and tap densities
The sample (10.000 g) was transferred to a 50- mL clean and dry 
graduated cylinder. The cylinder was lightly tapped twice to col-
lect all the powder sticking to the walls. The volume, V0 was then 
read directly from the cylinder. The cylinder was then tapped 
500 times using tap density analyzer (Vanderkamp Model 
10703, Vankel, USA) and the volume V500 was determined 
according to British Pharmacopoeia (BP) method. Bulk and 
tapped densities were calculated as the ratio of the weight to 
volume (V0 and V500 separately).

Porosity
Porosity of the test material was calculated using the equation: 
ε = (1 − ρtap/ρtrue) × 100 where ε, ρtap and ρtrue are porosity, tap 
density, and true density respectively. From these data, Carr’s 
Index (CI) [9] and Hausner ratio (HR) [10] were calculated using 
the equations: CI = [(ρtap − ρbulk)/ρtap] × 100 = [(V0 − Vf)/V0] × 100; 
HR = ρtap/ρbulk = V0/Vf where V0 and Vf are initial and final vol-
umes.

Flow
Flow was determined by 2 methods and the results were 
reported in terms of angle of repose (α) and flow rate (g s-1). 
These parameters were determined by using the Powder Ana-
lyzer (Pharma Test PTB, Germany) according to the United States 
Pharmacopoeia (USP) method by using 10 g of the sample. All 
measurements were made in triplicate.

Preparation of compacts
Compacts (300 mg each) were prepared by use of a manual 
hydraulic press (Schimadzu, Japan) at different compression 
pressures in the range 6–60 MPa using a 13 mm die, flat-faced 
punches, and a dwell time of 30 s. Before each compression, die 
and punches were lubricated with magnesium stearate disper-
sion in alcohol (1 % w/v). The compacts were stored over silica 
gel in a desiccator for 24 h for hardening [11]. The compacts 
were then weighed accurately and their thickness and diameter 
were measured with  ± 0.01 mm accuracy using a digital microm-
eter. The thickness was reported as the average of 5 measure-
ments made at 5 different points between the 2 surfaces of the 
compact.

Structure of sal-cef-Zn
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Density
Density measurements were made according to standard meth-
ods. Relative density for Heckel analysis was determined by the 
relationship: ρ = ρapp/ρtrue, where ρapp is the apparent density of 
the compacts at a particular pressure and ρtrue is the true density 
of the powder. The ρapp was calculated from the ratio of the com-
pact mass to its volume (πr2h, where r is the radius and h the 
thickness of the compact).

Hardness
Hardness of the compacts was determined after 24 h by an auto-
matic hardness tester (Erweka TBH250 TD, Germany).

Heckel analysis
Porosity (ε) of the compacts was determined by the standard 
method and Heckel plots [12] were constructed by plotting 
In(1/ε) against pressure Py. Regression analysis was performed 
on the linear portion of the curve. A mean deformation pressure 
(Py) was obtained from the slope of the line using the relation-
ship: Py = 1/slope. Statistical analysis was performed by use of 
Statgraphics® Plus software.

Evaluation as prodrug
The new derivative was evaluated as a prodrug by studying the 
release of cephalexin from the complex for 300 min by placing 
one capsule containing 180 mg of the test drug in each of the 6 
vessels having water as a dissolution medium (900 mL) using 
USP dissolution apparatus II (Pharma Test, PTB, Germany) 
according the USP assay method. The samples (2 mL) were drawn 
at 10, 20, 30, 40, 60, 90, 120, 150, 180, 210, 240, 270, and 300 min 
after starting the apparatus and analyzed by measuring light 
absorption at 263 nm using a spectrophotometer (Pharmaspec 
UV1700 Schimadzu, Japan) according to the BP method. The 
amount of drug released from the derivative was expressed as 
percent of the total loaded drug. The kinetics of drug release was 
determined by fitting the data in zero order, first order, Higuchi 
and Hixon-Crowel models, and the release profiles were com-
pared by dissimilarity (f1) and similarity (f2) factors [13].

Results and Discussion
▼
Preparation of the cefalexin complex
The complex having light yellow color was easily obtained in 
bulk quantities with 84 % yield according to the method used 
and the product was found to be similar to that already reported 
as indicated by the elemental analysis, FT-IR and UV-Vis spectra.

Powder	x-ray	diffraction
The PXRD spectra of cef and sal-cef-Zn are shown in  ●▶	 Fig. 1. The 
sal-cef-Zn appears to exhibit amorphous character in contrast to 
the crystalline nature of cef. This change is expected to result in 
improved tabletting properties and bioavailability of the new 
derivative [14].

Particle size
The D value (μm) as determined by particle size analysis were: 
D(v,0.1) 0.62, D(v,0.5) 10.26, D(v,0.9) 43.52. The values of span 
and specific surface area were 4.179 μm and 2.919 m2 g− 1, 
respectively. This analysis indicates that particle size distribu-
tion of cef and sal-cef-Zn is largely comparable ( ●▶	 Fig. 2). How-
ever, cumulative size range showed narrow span for sal-cef-Zn 
(4.179 μm) as compared to cef (4.273 μm) and the particle size of 
sal-cef-Zn was relatively greater than that of cef. This was also 
evidenced by better compactability shown by sal-cef-Zn as com-
pared with cef ( ●▶	 Fig. 3).

Density
Bulk, tap, and true densities of sal-cef-Zn observed were: ρtrue 
1.30 g mL − 1, ρbulk 0.32 g mL − 1 and ρtap 0.47 g mL − 1. These values 
were higher than those of cef (ρbulk 0.21 and ρtap 0.35). This 
increase would eliminate the need for densification in tablet for-
mulation. This also results in decreased bulkiness (the reciprocal 
of bulk density), which would reduce voluminous packaging 
requirements and use of bulking agents for formulations.

Fig. 1 PXRD spectra of sal-cef-Zn and cef.

Fig. 2	 Cumulative	particle	size	frequency	(volume)	of	cef	(♦)	and	sal-
cef-Zn	(■).

Fig. 3	 Heckel	plots	of	cef	(♦)	and	sal-cef-	Zn	(■)	compacts.
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Porosity
The sal-cef-Zn (63.55 %) showed decrease in porosity as com-
pared with cef (76.54 %) suggesting that the new material will 
exhibit lesser compressibility as evidenced by lower Carr’s com-
pressibility index (sal-cef-Zn: 31.50, cef: 40.00). This was the 
only negative effect of derivatization observed in this study.

Flow
Flow is typically determined by powder properties including 
density, surface area, moisture content, particle shape, particle 
size, and size distribution. The results of angle of repose (24 °), 
Hausner ratio (1.46) and Carr’s index (31.35 %) [15] are consist-
ent with the flow rate (10 g s − 1), in case of sal-cef-Zn, as deter-
mined by flow meter. On the other hand cef did not flow through 
at all. Thus a substantial improvement was observed in flowabil-
ity on derivatization.

Heckel analysis
Heckel analysis was performed to study the effect of applied 
pressure on the changes in relative density of the powder bed 
during compaction [16]. The Heckel plots for cef and sal-cef- Zn 
are shown in  ●▶	 Fig. 3. The results of the regression analysis per-
formed on the linear portion of the Heckel plot of sal- cef-Zn 
were: R2 = 0.9875, slope = 0.0419 and mean deformation pres-
sure (Py) = 23 MPa. The slopes of the Heckel plots indicated that 
plasticity/ductility improved markedly on derivatization of cef.

Hardness
The relationship between the hardness of the compacts and the 
applied pressure is shown in  ●▶	 Fig. 4. These results show the for-

mation of weaker compacts by sal-cef-Zn. This property corre-
lates well with the results of porosity data as discussed above.

Moisture content
Moisture content (bonded and adsorbed water) of the new 
material was 9.00 % w/w, which is higher than the parent drug 
(6.00 % w/w). The enhanced moisture content is understandable 
as the new derivative contains 2 water molecules as a part of the 
formula. Moisture content is known to have a significant effect 
on physical-mechanical properties, which play an important 
role in the tableting process [17]. The presence of free moisture 
on particle surface helps in the reduction of friction between the 
particles leading to increased fluidity. On the other hand, 
adsorbed water lowers the surface energy of crystals and 
enhances adhesion with the matrix as well as the die surfaces of 
the compression machines, which may be the cause of lower 
tablet strength observed here.

Evaluation as prodrug
This study was carried out to see if the complex under investiga-
tion can be used as a prodrug. It was performed by monitoring 
the release of cef from the complex in dissolution apparatus. The 
release profile is shown in  ●▶	 Fig. 5. A comparison of the release 
profiles of cef from the derivative and the parent drug was made 
by use of dissimilarity and similarity factors, f1 and f2. The values 
of f1 and f2 obtained were 32.8246 and 8.4534 respectively, 
which indicate different release profiles of the 2 materials. The 
release data were fitted into various models; the R2 values were: 
Zero-order 0.7789, First-order 0.3964, Highuchi 0.9416 and 
Hixon-Crowel 0.4274. The results indicate that release pattern 
from the derivative follows Highuchi model and as such the new 
compound can be considered as a prodrug with sustained 
release characteristics.
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