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Abstract 

Cefpodoxime Proxetil (CP) is an oral prodrug. Its extremely poor solubility in the biological fluids, is what causes its poor 

bioavailability. And since dissolution is rate-limiting stage in attaining the required bioavailability, co-grinding technique was 

exploited, it comprises grinding the medicine with excipients (one or more excipients) to create nanoparticles. Formulations were 

prepared by dry co-grinding technique, for different durations 5, 10 and 20 minutes either alone or with the selected carrier using 

mortar and pestle. Different premixes of CP as binary or ternary mixtures using fixed concentration of the API (260mg of CP 

equivalent to 200mg Cefpodoxime base) along with various ratios of other additives. Carriers used were Aerosil 200, Glycine, 

polyvinylpyrrolidone (PVP) K25 and HPMC E6. The prepared formulations were characterized through dissolution testing, 

FTIR and DSC techniques. Dissolution parameters such as dissolution efficiency (DE%), amount released after 5 minutes (Q5) 

and 60 minutes (Q60) were calculated. Statistical evaluation covering student’s T-test, f1, dissimilarity factor and f2, similarity 

factor was calculated. The findings from the binary mixtures of CP with Aerosil 200 has shown to be very promising, and hence, 

ternary mixtures of the CP/Aerosil 200 and one of the three carriers -namely, glycine, PVP K25 and HPMC E6- at the ratio of 

1:1:1, were separately co-grounded to give mixtures where Q5 ranged from 60% – 68%, Q60 ranged from 80 to 100% and DE% 

ranged from 67-82%. These results are suggested augmenting effect of the large surface area of Aerosil 200 and the hydrophilic 

nature of the other carriers. Upon decreasing the weight ratios of Aerosil 200 and other carriers to 1:0.25:0.5, PVP K25 was the 

most effective tested polymer in terms of improving drug dissolution rate at the lowest weight ratio. 
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1. Introduction 

The Numerous techniques can be used to create drug na-

noparticles. One of these is the co-grinding technique, which 

involves grinding the medicine with excipients (one or more 

excipients) in order to create nanoparticles [1], Grinding is 

unlike comparable techniques, as it does not necessitate the 

use of hazardous organic solvents, making it preferable to 

other procedures from both an economic and environmental 

standpoint [2, 3]. 

A variety of techniques can be used to create drug nano-

particles. There is a difference between top-down and bot-

tom-up technology. Bottom-up technologies begin with 

molecules, which are precipitated /crystallized in such a con-
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trolled manner to create the desired particle size. Bottom-up 

techniques are no longer the favored strategy for creating drug 

nanoparticles recently due to the use of organic solvents [4]. 

Co-grinding is a strategy of top-down disintegration in 

which the drug is ground with one or more excipients to 

produce nano-sized particles [5, 6]. One of the main ad-

vantages of co-grinding over competing methods is the fact 

that it is a simple procedure that does not employ organic 

solvents to produce nanosized particles, making it an eco-

nomically and environmentally desirable technology [2]. 

Control of the grinding factors is essential, such as the rate of 

grinding, duration of grinding, grinding technique, volume of 

the grinding pot, the quantity of excipients used, and the ratio 

of the medicine to the excipients [4]. 

Two methods for producing co-crystals have been devel-

oped: neat grinding (also known as solid state grinding or dry 

grinding) and solvent drop grinding (also known as liquid 

assisted grinding or kneading) [7]. 

The process of neat/dry grinding can be accomplished ei-

ther via the mechanical approach, by using a ball mill or the 

vibratory mill, or manually using a mortar and pestle. 

Co-crystals are sometimes formed because of this process. At 

least one of the reactants should have high solid-state vapor 

pressures for this strategy to be effective [8]. 

Dry milling techniques can also be used to create nano-

suspensions. This technique is utilized to create stable nano-

suspensions of poorly soluble medicines using soluble poly-

mers and co-polymers. Through this method, you may gen-

erate a stable amorphous solid by reducing particles size to the 

submicron range. Several poorly water-soluble medications 

have been effectively formed into colloidal particles em-

ploying dry co-grinding with polyvinylpyrrolidone as a sta-

bilizer. 

Wet grinding techniques are used to create nanosuspen-

sions employing high pressure homogenization and media 

milling using Pearl-ball mills. Lately, dry milling technology 

has permitted the production of nanosuspensions. Because of 

the improvement in surface polarity and a transfer of a crys-

talline drug to an amorphous drug, co-grinding improves the 

physicochemical characteristics and solubility of poorly wa-

ter-soluble medicines. It has been reported that stable nano-

suspensions may be made by dry co-grinding of insoluble 

medicines with soluble polymers and copolymers dispersed in 

a liquid medium [9]. The partial dissolution that might lead to 

uncontrolled recrystallization (particularly during drying) or 

chemical instability is a typical downside of the wet milling 

process [10]. Wet co-grinding was proven its efficiency in a 

wide group of APIs such as, nifedipine [3], hydrochlorothia-

zide [11]. 

Dry co-grinding may be done quickly, inexpensively, and 

without the need for organic solvents. An amorphous solid 

that is stable can be produced through the co-grinding ap-

proach to decrease particles to the nano range. Neat 

co-grinding has proven to improve the dissolution rate for 

numerous APIs such as phenytoin [12], furosemide [13], 

nifedipine [3], glibenclamide [14], Carbamazepine [2], 

meloxicam [4]. 

Regarding wet grinding, solvent should be added in a 

timely manner during the solvent drop grinding procedure. It 

is important to choose a solvent that can dissolve the molecule. 

A successful application to the solvent drop grinding ap-

proach is the caffeine glutaric acid co-crystal polymorph 

which was more successful in producing new co-crystals, 

more affordable, and ecologically acceptable than the evap-

oration method [15]. 

(Q5) was specifically chosen to highlight the rapid effect of 

the changes made in the formulations and to indicate the rapid 

absorption of the drug, while (Q60) was chosen because it is 

the endpoint of the pharmacopoeial limit. 

The aim of this work is to accelerate the rate at which 

Cefpodoxime Proxetil dissolute to produce granules which be 

further compressed into tablets that dissolute quickly and 

cause the medicine to be absorbed better. And hence reach 

better availability at the site of absorption. This may be ac-

complished by development and verification of an appropriate 

quantitative method for determining Cefpodoxime Proxetil, 

determination of the dissolution rate of the unprocessed drug 

and characterization of co-grounded granules. 

Cefpodoxime Proxetil (CP) is a poorly water-soluble drug. 

The chemical name of Cefpodoxime Proxetil is, 

(RS)-1-((Isopropoxycarbonyl) oxy) ethyl (+) - (6R, 7R) – 7 - 

(2-(2-amino-4-thiazolyl)-2-((Z)-methoxyimino) acetam-

ido)-3-(methoxymethyl)-8-oxo-5-thia-1-azabicyclo (4.2.0) 

oct-2-ene-2-carboxylate [17]. Cefpodoxime Proxetil (brand 

name Vantin or Orelox) [16, 17] is a semi-synthetic antibiotic 

of the cephalosporin class. which used commonly used in the 

management of respiratory tract and urinary tract infections 

[18]. It is mostly administered at dosages of 200mg tablet 

twice every day. Though its absolute bioavailability in hu-

mans is unknown, CP is known to be extensively and 

well-absorbed [16]. 

Excipients used in this research include: Poloxamer 188 

(Pluronic F68); it often exists as cast solids or as white, waxy, 

free-flowing spherical grains having little flavor or odor. Used 

as tablet lubricant, wetting agent, emulsifying agent, dis-

persing agent, and solubilizing agent, commercially known as 

Pluronic F-68 [19]. Avicel PH 102 (Micro Crystalline Cellu-

lose); it is refined, partly depolymerized, it is a crystalline 

powder that is white, odorless, and tasteless and is made up of 

porous units. It is functionally categorized as an adsorbent, 

tablet disintegrant, capsule diluent and a suspending agent. It 

is utilized in direct compression as well as wet granulation 

operations [19]. HPMC E6; hydroxypropyl methylcellulose 

E6 also known as Hypromellose which is a fibrous granular, 

white to creamy-white, flavorless, and odorless substance. 

Together with topical, nasal, and ocular pharmaceutical for-

mulations, Hypromellose is widely utilized in oral formula-

tions [19]. Glycine; Aminoacetic acid, Glycine is a 

sweet-tasting, white, crystalline powder that is odorless and 

crystalline. It is utilized in the pharmaceutical sector as a 
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nutritional supplement, tablet disintegrant, bulking agent, 

wetting agent, and buffering agent [19]. PVP K25: usually 

referred as Crospovidone. Crospovidone is an almost tasteless, 

odorless, white-colored to off-white-colored powder known 

to be hygroscopic, finely split, and free-flowing [19]. and 

Aerosil 200 which is also known as; colloidal silica, fumed 

silicon dioxide and other commercial names. It is an odorless, 

tasteless, bluish-white in color, light and loose amorphous 

powder. Aerosil dust inhalation could cause respiratory tract 

irritation, even though there is no correlation to silicosis (lung 

fibrosis), which could arise after exposure to crystalline silica 

[19]. 

2. Materials and Methods 

Cefpodoxime Proxetil (CP) is a poorly water-soluble drug. 

The chemical name of Cefpodoxime Proxetil is 

(RS)-1-((Isopropoxycarbonyl) oxy) ethyl (+) - (6R, 7R) – 7 - 

(2-(2-amino-4-thiazolyl)-2-((Z)-methoxyimino) acetam-

ido)-3-(methoxymethyl)-8-oxo-5-thia-1-azabicyclo (4.2.0) 

oct-2-ene-2-carboxylate [20]. 

2.1. Materials 

CP was a gift from Pharco B International company, Pharco 

corporation, it was purchased from Aurobindo Pharma Ltd. 

-HITEC City, Hyderabad, India. Aerosil 200, PVP k25, 

HPMC E6 were purchased from Evonik, Germany and Gly-

cine was purchased from Fisher Chemicals, USA. Reagents 

such as Methanol (Analar grade) and conc. HCl (Analar grade) 

were purchased from Merck, Germany. Table 1 shows the 

structures and melting points of CP and carriers used within 

this research. 

Table 1. Structures and melting points of CP and carriers used. 

Substance Structure Melting point (°C) 

Cefpodoxime Proxetil [20] 

 

111 – 113°C 

Aerosil 200 [21] 

 

1600°C 

HPMC E6 (Hypromellose) [22] 

 

190-200°C 

Glycine [23] 

 

232–236°C 

PVP K25 (Povidone) [24] 

 

Softens at 150°C 
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2.2. Methods 

2.2.1. Sample Spectrophotometric Assay of CP 

A stock solution of CP was prepared by dissolving 10mg in 

50 ml methanol (stock solution). Serial concentrations were 

prepared by transferring 2, 3, 4, 5, 6 and 7 ml each into 50ml 

volumetric flask and completing to volume using the disso-

lution medium (Glycine – sodium dihydrogen phosphate 

adjusted to pH 3). Agilent UV spectrophotometer was used in 

Absorbance mode at wavelength of maximum absorption 259 

nm as stated by the USP monograph and as practically ob-

tained by running the spectrum mode. The calibration curve 

was obtained by plotting the concentration versus absorption 

The obtained plot was linear with R2 value of 0.9987. 

 

2.2.2. Preparation of Cefpodoxime Proxetil (CP)  

Co-grinded Formulations 

They were prepared by dry co-grinding technique. 

Cefpodoxime Proxetil (CP) was grounded for 10 minutes 

either alone or with the selected carrier using mortar and 

pestle. The dry powders were stored in air-tight containers. 

Different premixes of CP and one (Binary mixtures) or more 

carriers (Ternary mixtures) using fixed concentration of the 

API (260mg of CP equivalent to 200mg Cefpodoxime base) 

along with various ratios of other additives. The aim was to 

determine the optimum grinding time, optimum carrier, and 

their optimum concentrations to reach the fastest dissolution 

rate. Table 2 shows the composition of all successful CP trials 

and their weight ratios. The co-grinded mixtures are further 

proceeded for physical characterization and testing. 

Table 2. The ratio of different formulation components of Cefpodoxime Proxetil co-grinded mixtures. 

Formula CP Aerosil 200 Glycine PVP K25 HPMC E6 

Pure drug (CP) 1 ---  --- --- --- 

F1 1 --- --- --- --- 

F2 1 1 --- --- --- 

F3 1 --- 1 --- --- 

F4 1 --- --- 1 --- 

F5 1 --- --- --- 1 

F6 1 1 1 --- --- 

F7 1 1 --- 1 --- 

F8 1 1 --- --- 1 

F9 1 0.25 --- 0.5 --- 

F10 1 0.25 --- --- 0.5 

 

2.2.3. FTIR 

FTIR measurements were carried out to assess if the func-

tional groups of CP were altered or not after the grinding and 

co-grinding process. The Fourier transform infrared (FTIR) 

spectra of Cefpodoxime Proxetil, the selected polymers were 

recorded using FTIR spectrophotometer (FTIR- Spectrometer, 

Perkin Elmer, Waltham, MA., USA) Samples were mixed 

with potassium bromide (spectroscopic grade) and com-

pressed into disks using hydraulic press before scanning from 

4000cm-1 to 400cm-1. 

Data collection was performed using a DLaTGS detector 

which was adjusted to potassium bromide diffuse reflectance 

mode. The position of each absorption band was determined 

using Opus IR, FTIR spectroscopy Software Version 10.6.0. 

2.2.4. DSC 

These studies involved recording the thermograms of the 

samples (Cefpodoxime Proxetil, the selected polymers) using 

a differential scanning calorimetry (DSC, DSC-60, Shimadzu, 

Kyoto, Japan). Samples equivalent to approximately 2mg of 

the drug were loaded into aluminum pans before crimping the 

lids using a Shimadzu crimper. The thermal behavior of each 

sample was investigated at a heating rate of 10°C /min, cov-

ering temperature ranges of 25-400°C. 

The instrument was calibrated with an indium standard. 

Data analysis was conducted under steady flow of nitrogen 

gas. The whole process was under computer control em-
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ploying TA-60WS thermal analysis workstation and software 

for recording and analyzing the data. 

2.2.5. In Vitro Drug Dissolution Studies 

Dissolution studies were conducted according to the USP 

monograph of Cefpodoxime Proxetil oral tablets [25] as well 

as FDA recommendations for Cefpodoxime Proxetil. This 

utilized USP II dissolution method with the paddle speed 

being adjusted to 75 rpm. The dissolution equipment was 

Copley Scientific Dis 6000 (Nottingham, United Kingdom). 

The dissolution medium consisted of 900 mL Glycine 

buffer pH 3.0 ±0.1. The release studies were performed at 37 

+ 0.5°C, at a stirring rate of 75 rpm. The formulations (200mg 

of the drug or its equivalent) were loaded into the dissolution 

vessels. Aliquots Samples (5mL) were withdrawn at prede-

termined time intervals (5, 10, 15, 30, 45 and 60 minutes) and 

replaced with equal volume of fresh dissolution medium kept 

at the same temperature so as to keep the volume constant 

throughout the experiment. The experiments were performed 

in triplicates The samples were immediately filtered and an-

alyzed by UV spectrophotometer at λmax 259 nm. The amount 

of drug released at each time interval was calculated and the 

cumulative amount of drug released was calculated and ex-

pressed as percentage of the initial amount of drug added as a 

function of time and thus constructing the drug release profile. 

Drug Dissolution Efficiency (DE) was calculated from the 

area under the dissolution curve at time, t (determined using 

the nonlinear trapezoidal rule) and expressed as a percentage 

of the area of the trapeziums described by 100% dissolution in 

the same time [26, 27] as shown in equation 1. Dissolution 

parameters to be tested are the efficiency od dissolution (DE%) 

and the percentage of CP released after 5 minutes (Q5) and 

after 60 minutes (Q60). Q5 was specifically chosen to high-

light the rapid effect of the changes made to the formulations 

and to emphasize on the rapid absorption of the drug, while 

Q60 was chosen because it is the end point of the pharma-

copoeial limit. The choice of pH3 was mainly because of the 

pharmacopeial monograph recommendation, and because it 

simulates the stomach's acidic environment as well as facili-

tating the ionization and solubility of acidic medicines such as 

CP (pKa of 2.2) during drug dissolution, hence improving 

their release from dosage forms. for acidic drugs. A pH of 3 is 

frequently employed in dissolving research [28]. 

Dissolution Efficiency (D.E.)=
∫ 𝑦.𝑑𝑡
𝑡2
𝑡1

𝑦100.(𝑡2−𝑡1)
 x 100% [27] (1) 

Where, y is the dissolved product. DE is the area under the 

dissolution curve between time points t1 and t2 expressed as% 

curve maximum dissolution (y100) over the same period. 

To calculate the area under the curve (AUC), a model in-

dependent method is used, the trapezoidal method, where the 

AUC is the sum of all the trapeziums defined by Equation 2. 

𝐴𝑈𝐶 =∑
(𝑡1− 𝑡𝑖−1) (𝑦𝑖−1+ 𝑦𝑖 )

2

𝑖=𝑛

𝑖=1

 [27]     (2) 

Where, ti is the ith time point, yi is the percentage of the 

dissolved product at time ti. 

To prove the dissimilarity between CP and other formula-

tions, difference factor, f1, and similarity factor f2 were applied 

[29]. The factor f1 is proportional to the average difference 

between the two profiles, whereas factor f2 is inversely pro-

portional to the average squared difference between the two 

profiles, f2 measures the closeness between the two profiles 

[30]. In order to compare between the dissolution profiles 

application of Equation 3 and Equation 4. 

𝑓1 = { 
∑ |𝑅𝑡− 𝑇𝑡|
𝑛
𝑡=1

∑ 𝑅𝑡
𝑛
𝑡=1

}x 100% [29]          (3) 

𝑓2 =         {[  
1

𝑛
∑ ( 𝑡   𝑡)

2𝑛
𝑡−1 ]

−0. 

}      [29] (4) 

Where n is the number of data points, Rt is the cumulative 

percentage of the reference dissolved at time t and Tt is the 

cumulative percentage of the test dissolved (%) at the same 

time. 

Student t-test was applied to compare the dissolution results 

obtained by pure untreated CP and other formulations, the 

paired t-test was applied because the compared results have 

been subjected to the same dissolution conditions [31]. Based 

on Equation 5, Microsoft Excel t-test function calculates the 

results based on the data of the control formulation _pure CP_ 

compared to each formulation from F1 to 10. The test was run 

as a double tailed and under unknown variances. 

t = 
𝑋1 − 𝑋2

√𝑠1 
2 + 𝑠2

2 −2𝜌𝑠1𝑠2
𝑛

 [31]          (5) 

Where, t is the student test value,  1 and  2 are the means 

of groups 1 and 2, respectively. n is the number of points 

taken for each sample and s1 and s2 are the standard deviations 

of formula 1 and formula 2, respectively. 

3. Results and Discussion 

3.1. FTIR Spectroscopy 

The FTIR spectrum of pure unprocessed CP showed char-

acteristic absorption bands which correspond to its main 

functional groups (Figure 1). The broad peak noted at 3350 

cm–1 is due to the NH stretching of the secondary amine. A 

fork-shaped band recorded at 2950cm-1 can be accredited to 

NH2 stretching with the peak at 1650 being attributed to N-H 

bending. The peaks that were observed at 1760, 1570 and 

1112 cm–1 are assigned for C=O, C=N and C-N stretching 

vibration, respectively. This spectrum with its absorption 

bands correlates well with the published data for CP [32, 33]. 
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In Figure 1 Aerosil 200 (Colloidal silicon dioxide) showed 

peaks at 3587cm-1 attributed to the hydroxyl groups, a large 

peak at 3289cm-1 due to Silicon (Si) atom, aldehyde group 

clearly showing at 2764, Also, Si-O-Si linkage is clear at 

929cm-1, these results are similar to those obtained by other 

researchers [34]. 

Grounded CP (F1) showed the same peaks as CP which 

means that grinding process did not affect the functional 

groups and thus the activity of the drug is not expected to be 

altered. Co-grinded formula F2 (CP and Aerosil 200) rec-

orded a broad peak at 3500cm-1 also shows the NH2 fork 

shape, generally similar to the spectrum obtained by CP alone, 

only changes are noticed in the fingerprint area as it is binary 

combination of CP and Aerosil 200. This also indicates that 

the main functional groups have not been altered due to 

grinding nor to addition of Aerosil 200 suggesting physical 

interaction (Figure 1). 

With respect to Figure 2, glycine is an amino acid having 

the chemical formula NH2-CH2-COOH, is expected to show 

the broad beard shape peak at about 3400cm-1 due to the 

carboxylic acid group and hydrogen bond and a fork shaped 

peak at about 2900cm-1 due to the primary amine. This was 

obtained as a broad peak was noticed at 3489cm-1 for the 

carboxylic acid OH group. Fork shaped peak was noted at 

2920 and 1230cm-1 for primary amine group stretching and 

bending, respectively. Co-grinded formulation F3 composed 

of CP co-processed with glycine at different ratios, while F6 

composed of CP, glycine in addition to Aerosil 200. 

 
Figure 1. FTIR spectra of CP, Aerosil 200 and co-grinded mixtures F1 and F2. Details of formulations are presented in Table 2. 

 
Figure 2. FTIR spectra of CP, Aerosil 200, glycine and glycine containing formulations (F3 and F6). 
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The FTIR spectra for the two composites were very similar 

to each other. The very broad peak at 3450cm-1 and the fork 

shaped peak of the NH2 group have disappeared. This could 

be accredited to the probable interaction between COOH and 

NH2 groups, or due to alteration of primary amine to sec-

ondary amine. The FTIR spectra for CP co-processed mix-

tures using PVP K25 as an inert additive are shown in Figure 

3. 

Those mixtures which are composed of CP and PVP K25 

without (formula F4) or with Aerosil 200 at different weight 

ratios (formulations F7 and F9) (Table 2). Pure PVP K25 

(which has main groups as tertiary amine, amide group C=O, 

C-N and CH2) showed the peak at 3400cm-1 attributed to 

C=O, another peak at 3150cm-1 reflecting amine group C-N 

and the characteristic peak at 1650cm-1 of the amide group. 

This goes in good conformance with published work Ambrus 

et al, Fayed et al. and SreeHarsha et al. [35-37]. Formula F4 

(composed of CP and PVP) showed the broad peak between 

3600 and 3065cm-1 attributed to hydrogen bonding resulting 

from OH and NH groups. Also showed a weak peak at 

2900cm-1 of NH2 of CP, as well as a peak at 1768cm-1 due to 

ketone or ester group of CP. Regarding F7, the fork shaped 

peaks of NH2 of CP are still there and the broad peak at 

3400cm-1 as well. Similarly, F9 gave the same FTIR spectra, 

which indicates that varying the ratios of the same formula at 

varying concentration did not affect the functional groups of 

CP and consequently its therapeutic behavior. It was noticed 

that the concentration of Aerosil 200 affected the intensity of 

the broad peak at 3400cm-1 of the formulations. Where F4 

with 0% Aerosil 200 had the least peak intensity, formula F9 

with 14% Aerosil 200 had the larger peak valley, while F7 

with 33% Aerosil 200 had the largest peak valley at 

3400cm-1. 

 
Figure 3. FTIR spectra of CP, Aerosil 200, PVP K25, F4, F7 and F9. 

 
Figure 4. FTIR spectra of CP, Aerosil 200, HPMC E6, F5, F8 and F10. 
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In Figure 4, HPMC E6 (Hydroxypropyl Methylcellu-

lose/Hypromellose), showed a broad characteristic peak at 

3428cm–1 due to the OH hydroxyl group stretching, other 

peaks at 2901cm–1 due to aliphatic C-H stretching and 1643 

cm–1 which indicate the aldehyde group, similar spectra found 

by Fayed et al. and Reddy and Karpagam, [38, 39]. Formula 

F5 (1:1 weight ratio of CP:HPMC) showed a broad peak at 

3644 and 2900cm-1. Formulations F8 (1:1:1 

CP:HPMC:Aerosil 200, respectively) and F10 (1:0.5:0.25 

CP:HPMC:Aerosil) showed the same pattern as F5. F5 and 

F10 peaks are quite similar to CP alone, this could be because 

of the percent of CP in the formulations is 50% and 57%, 

respectively. Regarding F8, it only has 33% CP giving same 

pattern but with less magnitude. 

3.2. Differential Scanning Calorimetry (DSC) 

Thermal analysis was employed to further investigate the 

interaction between CP and other carriers in order to elucidate 

potential physical and/or chemical reactions. Representative 

thermograms are shown in the following section. Figure 5 

shows the recorded thermograms for pure CP, F1 (grounded 

CP), Aerosil 200, and glycine as well as their prepared for-

mulations at different weight ratios. 

The thermogram of pure CP showed an endothermic peak 

with an onset of 77.2°C, end 112°C and transition mid-point 

(Tm) of 97.7°C. This endothermic peak can be attributed to the 

melting of the drug. A broad exothermic peak was noted at Tm 

of 226°C with an onset of 204°C and end of 250°C which can 

be attributed to drug degradation. This thermogram is com-

parable to that reported by other investigators [32, 40]. While 

the thermogram of F1 (grounded CP) gave the same peaks as 

CP showing that the grinding process did not even affect the 

physical characteristics such as melting point but shall appear 

to enhance the dissolution properties as shall be evident by the 

dissolution profile. 

Glycine thermogram showed one sharp endothermic peak 

at 254°C, with melting point onset at 244°C and end at 264°C, 

this sharp peak denotes its purity and crystallinity, such peak 

is mentioned by [41]. Aerosil 200 (Colloidal silicon dioxide) 

as an amorphous powder with a melting point of 1600°C [19] 

showed nearly a flat peak like previously reported thermo-

grams. Formula F2 (CP:Aerosil 200 at 1:1 ratio) showed 

somehow flattened CP peak This would indicate reduced 

crystallinity of CP as a result of co-grinding with Aerosil., For 

formulations prepared using glycine, formula F3 (CP:Glycine 

at 1:1 ratio) reflected the disappearance of characteristic en-

dothermic and exothermic peaks of CP indicating its trans-

formation to the amorphous form. Meantime, the sharp en-

dothermic peak of glycine was noted at slightly lower Tm of 

about 250°C with reduced intensity. Addition of Aerosil 200 

to CP/glycine mixtures produced formula F6 

(CP:Glycine:Aerosil 200 at 1:1:1 weight ratio). The thermo-

gram of F6 showed DSC thermograms similar to F3 (Figure 

5). 

The second group of formulations was the CP co-grinded 

with HPMC E6 in presence or absence of Aerosil 200 (F5, F8 

and F10 as described in Figure 6 shows the thermogram of 

unprocessed CP and pure additives. The thermogram of pure 

HPMC E6 showed a broad endotherm which started at 60°C 

and ended at 121°C. This broad peak could be due to the 

evaporation of bound moisture. Another broad peak was rec-

orded at Tm value of 360°C and can be assigned to its degra-

dation. 

The same thermal pattern of HPMC was stated in previous 

research work [42-44]. In binary combination with CP and in 

ternary combinations (F5, F8 and F10) this peak has disap-

peared denoting change in characteristics of HPMC E6, while 

CP peaks at about 280°C were still there showing that the 

chemical characteristics of CP were not altered. It was noticed 

that in F8 where the ratio of Aerosil 200 was high (about 33%), 

the peaks tend to decrease in their magnitude, suggesting that 

the CP is adsorbed or coated inside the pores of Aerosil 200 

this was noticed in glycine and PVP k25 trials as well, also 

mentioned by Chaudhari SP et al. and Bhagwat DA et al. [45, 

46]. 

The DSC thermograms of PVP k25 containing formula-

tions, namely, F4, F7 and F9 in different ratios -as shown in 

Figure 7- PVP k25 has a clear endothermic peak at about 80°C 

that can be ascribed to the evaporation of water and it is 

characteristic for the amorphous PVP, similar thermograms of 

PVP were published by Gurunath et al., Marin et al. and Liu et 

al. [36, 47, 48] In F4 where no Aerosil 200 was added the 

peaks of both CP and PVP k25 were clear at approximately 

80°C and 250°C, where at the highest percent of Aerosil 200 

(F7), an approximately flat thermogram of Aerosil 200 dom-

inated indicating the adsorption or coating of both CP and 

PVP k25 denoting more amorphousization of the drug. This 

becomes clearer upon decreasing the percent Aerosil 200 in 

F9 where the peaks start to reappear. It was also noticed that a 

decrease of drug endothermic melting peak, accompanied by 

broadening and shifting to lower temperatures for all PVP 

K25 formulations, which was attributed mainly to PVP K25 

content in the formulations. Almost whereas it depended 

markedly on the PVP content in the mixture. Almost complete 

disappearance of the drug melting peak, indicative of its 

amorphization, was observed in the 1:3, such results were 

previously concluded by Mura et al. [49]. 
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Figure 5. DSC thermograms of pure CP, grounded CP, Aerosil, Glycine; individually and in combinations at different ratios. 

 
Figure 6. DSC Thermograms of CP, Aerosil 200 and HPMC E6; individually and in combinations at different ratios. 

 
Figure 7. DSC Thermograms of CP, Aerosil 200 and PVP K 25; individually and in combinations at different ratios. 

3.3. In Vitro Drug Dissolution Studies 

3.3.1. Dissolution Results 

The in-vitro drug release from the prepared formulations 

and unprocessed CP was conducted in triplicates, the standard 

deviation of each point was calculated and all ranged from 

0.03 to 0.09. The used dissolution medium was glycine me-

dium adjusted to pH 3 ±0.1. The obtained results are presented 

as percentage amount of CP released as function of time 

(Figure 8). The dissolution profiles were used to compute the 

dissolution parameters and are presented in Table 3 and 

graphically represented as histogram in Figure 9. These pa-

http://www.sciencepg.com/journal/pst


Pharmaceutical Science and Technology http://www.sciencepg.com/journal/pst 

 

46 

rameters were the percentage CP released after 5 min (Q5) 

and 60 min (Q60). The efficiency of dissolution (DE) after 60 

minutes was calculated from the area under the dissolution 

profile at each time relative to the corresponding area as-

suming 100% dissolution at that time point [27]. 

Primarily, the pure CP dissolution was conducted, the 

quantity released either at Q5 or Q60 were unsatisfactorily 

very low, and this is attributed to the very hydrophobic nature 

of the drug as it is classified as class IV drug according to BCS 

[50]. The drug was processed by grinding for 10 minutes to 

increase the surface area of the drug exposed to the dissolution 

medium and hence increase its solubility, the results of F1 

show evident enhancement of the dissolution as demonstrated 

in Figure 8A. 

In the attempt of further enhancement of CP dissolution, 

grinding CP with an additive to form binary mixtures was 

introduced. Four additives were co-grounded each with CP 

separately in a weight ratio of 1:1, namely Aerosil 200, gly-

cine, PVP K25 and HPMC E6. 

Formulas F2, F3, F4 and F5, respectively- the effect of 

co-grinding with Aerosil 200 (F2) was the most obvious (DE 

up to 52%) due to its high surface area which incorporates 

drug particles and hence increases the wetting of the drug in 

the dissolution medium, also because of its chemical charac-

teristics, it may establish hydrogen bonds with a variety of 

molecules thanks to its silanol group [51], similar findings 

was reported by Boghra et al. [52]. 

With respect to Glycine, amino acids are generally known 

to increase the dissolution of poorly soluble drugs [53]. The 

use of glycine as a wetting agent is mentioned in the handbook 

of pharmaceutical excipients [19], by the mechanism of at-

tracting the dissolution medium and increasing its presence in 

the vicinity of the drug surface, moreover, it prevents the 

aggregation of the drug molecules with each other [53]. In our 

work, F3 gave the highest Q5 dissolution value (68%) as 

shown in Ta le  3. 

Regarding formula F4 results mentioned in Figure 7, con-

sisting of CP and PVP K25 in weight ratio of 1:1 (Table 2), 

PVP is polyvinylpyrrolidone or povidone and it is expressed 

as a K-value, in the range of 10 to 120. One of its main func-

tions is acting as a dissolution enhancer when used in the ratio 

of 10-15% of the formula, in addition, mixing a variety of 

active medications of poor solubility with povidone (PVP) 

can improve their solubility, this crucial feature is attributed to 

its hydrophilicity -enhancing wetting effect-, and hydrogen 

bond–forming ability [19, 54]. 

The amorphous form, which has high energy and rapid 

molecular mobility decrease in drug crystallinity, may also 

contribute to such improved dissolution [55]. F4 DE% results 

were 31% compared to 16% of the pure drug of approximately 

94% increase, boosted solubility was also mentioned in other 

studies of poorly soluble drugs. 

Regarding HPMC E6, it is a hydrophilic polymer, safe, 

non-toxic which is widely used in the pharmaceutical industry, 

its concentration in the formula as well as its viscosity grade 

have tremendous effect on the release of the API. Two 

mechanisms are known for the release from HPMC which are 

erosion and diffusion, with drugs with low water solubility, 

drug release is mainly via erosion [56], HPMC is known to be 

a dispersing agent and a dissolution enhancer [19]. HPMC 

viscosity grades range from 3 to 15,000 mPa, which means 

that the grade used in this study (E6) is a low viscosity grade 

and thus will not hinder the release. F5 is the CP/ HPMC E6 

1:1 formula, (as shown in table 2 and depicted in Figure 8A, 

recorded a DE of 37%, similar dissolution enhancement via 

HPMC was reported by Fayed et al. [38]. Generally, Am-

phipathic molecules such as HPMC can modify the surface. 

Based on the previous findings from the binary mixtures, 

Aerosil 200 has shown to be very promising, and hence, ter-

nary mixtures of the drug, Aerosil 200 and one of the three 

carriers -namely, glycine, PVP K25 and HPMC E6- at the 

ratio of 1:1:1, were separately co-grounded to give mixtures 

F6, F7 and F8, respectively. Results are shown in Ta le  3 and 

depicted in Figure 8B, where Q5 ranged from 60% – 68%, 

Q60 ranged from 80 to 100% and DE% ranged from 67-82%. 

All three carriers’ dissolution profiles were nearly similar as 

shown in Figure 8B, as well as the similarity factor, f2 results 

demonstrated later in this work. These prosperous results are 

suggested to be due to the augmenting effect of the large 

surface area of Aerosil 200 and the hydrophilic nature of the 

other carriers. 
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Figure 8. (A&B) Dissolution profiles of binary (A) and ternary (B) co-grinded CP with different excipients using different concentrations of 

Aerosil 200. 

Upon trying to decrease the weight ratios of Aerosil 200 as 

well as the carriers – PVP K25 and HPMC E6 – to 1:0.25:0.5 

in F9 and F10, respectively, they both gave nearly similar 

profiles with little superiority to PVP K25 (F9). 

In an overall view, formulations from F2 to F5 aimed to 

compare the effect of binary combinations to the effect of 

ternary combinations, it was obvious that ternary combina-

tions gave superior results. Upon referring to the dissolution 

results at Q5 (Ta le  3) and focusing on Glycine formulations 

(F3 & F6), it can be noticed that F6 gave highest dissolution 

value (68%), but the ratio of Aerosil 200 was tremendously 

high (50%) which could not be applied to industry due to 

incompressibility of the powder mixture as Aerosil 200 is 

very fluffy and nearly incompressible, therefore its ratio 

should be as minute as possible. Another reason to try to 

decrease the amount of Aerosil 200 is that it is a health haz-

ardous material if inhaled it would cause irreversible damage 

to the lung cells and could range to death [21]. 

With respect to HPMC E6 formulations (F5, F8 & F10) 

again the unacceptable high ratio of Aerosil 200. F8 -although 

giving excellent results, 68% at Q5-, the Aerosil 200 percent 

has been decreased from 33% to 14% through F10, to give a 

compromise value of 46% at Q5. 

With respect to PVP K25 formulations (F4, F7 & F9), F7 

giving the highest Q5 value (60%) within this group of for-

mulations, but again, upon decreasing the percent of Aerosil 

200 in F9 from 33% to 14% giving decreasing dissolution 

results in a linear relationship between the percent of Aerosil 

200 and dissolution values. F9 was the best compromise 

among this group of formulations. 

Table 3. Dissolution parameters of Cefpodoxime Proxetil (CP) from different formulations represented the amount released after 5 min (Q5), 

after 60 min (Q60) and percentage dissolution efficiency (DE%). 

Formula % Released at Q5 % Released at Q60 DE 60 min% 

Pure drug 8 ± 0.51 23± 0.25 16% 

F1pure 31± 0.48 66± 0.18 46% 

F2 CP/Aero 9 ± 0.39 49± 0.26 52% 

F3 CP/glycine 12± 0.43 49± 0.24 31% 

F4 CP/PVP 42± 0.24 60± 0.13 31% 

F5 CP/HPMC 8± 0.46 47± 0.40 37% 

F6 CP/Aero/glycine 68 ±0.09 95 ±0.09 82% 

F7 CP/Aer/PVP 60 ± 0.13 100 ±0.10 81% 

F8 CP/Aer/HPMC 62± 0.24 88± 0.26 76% 

F9 CP/Aer/PVP low 55± 0.30 80± 0.29 69% 

F10 CP/Aer0.25/HPMC 46± 0.27 81± 0.25 68% 
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Figure 9. Percentage amount of released of Cefpodoxime Proxetil after 5 minutes (Q5) and dissolution efficiency values (DE) of different 

formulations. 

In a nutshell, PVP K25 was the most effective tested pol-

ymer in terms of improving drug solubility. This finding was 

drawn from the observation that PVP K25 with lowest Aerosil 

200 weight ratio with the drug (namely, F9), when compared 

to other polymers at the same weight ratio, produced the 

largest improvement in drug dissolution at the lowest weight 

ratio with the drug. Similar results were also obtained by 

Fayed et al. [40]. 

3.3.2. Statistical Analysis of Dissolution Testing 

Difference and Similarity Factors 

The dissolution profiles were assessed by applying the 

difference factor f1, and the similarity factor f2 in order to 

prove that the formulations gave different dissolution profiles 

from that of the pure CP. Generally, when the two profiles are 

identical, f2=100. An average difference of 10% at all meas-

ured time points results in a f2 value of 50 [29], FDA has set a 

public standard of f2 value between 50-100 to indicate simi-

larity between two dissolution profiles [30]. The results 

shown in table 4 prove that all formulations had dissimilar 

profiles from pure unprocessed CP as all f1 results were more 

than 15 and all f2 were below 50. 

Table 4. Comparison between CP dissolution profile and other 

formulations dissolution profiles. 

Formulation 
Difference factor 

(%) (f1) 

Similarity factor 

(%) (f2) 

F1 45.7 25.1 

F2 40.8 22.9 

F3 114.2 41.6 

F4 117.9 41.0 

F5 80.3 35.4 

Formulation 
Difference factor 

(%) (f1) 

Similarity factor 

(%) (f2) 

F6 22.7 10.2 

F7 23.2 10.5 

F8 25.0 12.3 

F9 27.9 14.7 

F10 29.3 15.6 

Table 5. Results of student t- test values between pure untreated CP 

and different formulations. 

Formulation T- test value (unequal variance) 

F1 0.012 

F2 0.005 

F3 0.155 

F4 0.185 

F5 0.073 

F6 0.003 

F7 0.004 

F8 0.003 

F9 0.004 

F10 0.005 

Resulting P-value are all less than 0.05 except F3, F4 and 

F5, which proves that the differences are significant. 

Our Null Hypothesis is that the sample mean and popula-

tion mean are statistically different, as per the results listed in 

Ta le  5, all formulations accepted the null hypothesis of the 
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difference between them and pure CP, except highlighted 

formulations F3, F4 and F5, which in fact gave dissolution 

profiles similar to the that of pure CP. 

Also, by applying student t-test to obtain the P-value in 

order to prove significance of data, students t-test was applied 

between pure untreated CP and all other formulations, the 

resulting data and enlisted in table 5. 

4. Conclusion 

Upon preparation of binary and ternary solid dispersion of CP, 

it was revealed that ternary combinations were more effective, 

PVP K25 as a carrier in ternary combinations (F9) was of higher 

quality than other carriers HPMC E6 and glycine. The exploita-

tion of Aerosil 200 in the ternary combinations was of undevi-

ating consequence on the enhancing the dissolution and this 

effect was directly proportional to its ratio. 

Abbreviations 
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PVP Polyvinylpyrrolidone 
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°C Degree Celsius 

mW Milliwatt 
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