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ABSTRACT 
 
Aim: The aim of the research study was to formulate and evaluate a reconstitutable oral suspension of Cefpodoxime proxetil using different natural 
suspending agents. Methods: Nine formulations of Cefpodoxime proxetil suspension containing varying proportions of acacia, Trigonella foenum 
graecum mucilage and xanthan gum as the suspending agent were prepared and the suspensions were evaluated for pH, sedimentation volume, 
redispersibility test, particle size analysis, flow rate and viscosity. Results: From the resulting study, the formulation F6 showed a lower flow rate of 
0.714 m/sec, higher viscosity 0.0424 poise, with lower particle size of 44µm and sedimentation volume nearly 1. The redispersibility test resulted that 
F4-F6 formulations showed good physical stability. The pH values of the formulations showed an optimum pH range of 6.21 to 6.39. Discussion and 
Conclusion: The present study revealed that the optimum formulation F6 of cefpodoxime proxetil containing Trigonella foenum graecum mucilage as 
a natural suspending agent showed greater flocculation, good flow rate with easy redispersibility characteristics. Moreover on increasing concentration 
of suspending agent the suspending property was increased. Trigonella foenum graecum has antidiabetic activity and antilipidemic action and along 
with antibiotic drug such as cefpodoxime proxetil, the formulation can be consumed by the diabetic patient. It was concluded that formulated 
cefpodoxime proxetil suspension with natural suspending agent Trigonella foenum graecum F6 showed superior stability over other formulations. 
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INTRODUCTION 
 
Dry suspension is commercial dry mixtures that require addition 
of water at the time of dispensing. It is also defined as an intimate 
mixture of dry, finely divided drug with excipients, which, upon 
the addition of suitable vehicle, yields a suspension. 
Reconstitutable suspension is reconstituted at the time of use and 
thus can be use as liquid formulation which avoids swallowing 
problem1. The most common reason for the formulation of 
suspensions for reconstitution is inadequate chemical stability of 
the drug in an aqueous vehicle. Cefpodoxime2-4 proxetil is a third 
generation cephalosporin antibiotic and the compound belongs to 
the class of organic compounds known as cephalosporins. The 
drug is sparingly soluble in water, slightly soluble in methanol 
and its oral bioavailability is 45-50 %. Cefpodoxime proxetil is 
indicated for the treatment of the following infections, genito 
urinary tract, respiratory, gastro-intestinal, Skin and soft tissue 
infections. The purpose of the study was to formulate and 
evaluate a new, effective natural suspending agent that can be 
used as an effective alternative for the formulation of 
pharmaceutical suspension. Trigonella foenum5 graecum 
(Family: Leguminosae) seeds, also known as fenugreek seeds, 
has mucilage in greater amount and forms viscous tacky mass and 
swell up when exposed to fluids. Therefore the potential of 
fenugreek seeds as suspending agent can be exploited for use in 
suspensions of cefpodoxime proxetil.  
 
MATERIALS AND METHODS 
 
Cefpodoxime proxetil was gift sample from Aravind Remedies, 
Thiruvallur. Acacia, Xanthan gum, sodium chloride, carboxy 

methyl cellulose sodium, sodium phosphate, methyl paraben were 
purchased from Sri Ragavendra enterprises, Pondicherry. 
Fenugreek seed were obtained from local market Pondicherry. All 
the other chemicals and reagents were used of analytical grade. 
Deionised distilled water was used throughout the study.  
 
METHODOLOGY 
Preformulation studies 
Characterization of Cefpodoxime proxetil  
 
Organoleptic character 
The color, odour and taste of the Cefpodoxime proxetil were as 
per Pharmacopoeia. 
 
Loss on drying 
Loss on drying is the loss of weight expressed as percentage w/w 
resulting from water volatile matter of any kind that can be driven 
off under specified condition6.  

                      
Loss on drying = Initial weight of substance – final weight of substance / 

Initial weight of substance × 100 
                        
Melting point 
The melting point of cefpodoxime proxetil was carried out using 
laboratory melting point apparatus by capillary tube method and 
the procedure followed as per Indian Pharmacopoeia. 
 
Solubility studies 
The solubility of the drug cefpodoxime proxetil was determined 
by gravimetric method7.       
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Development of standard calibration curve of cefpodoxime 
proxetil in methanol  
 
UV- visible spectroscopy (λ max) 
The absorption maximum of the standard solution of 
cefpodoxime proxetil was scanned between 200-400 nm regions 
on UV-visible spectrophotometer. 
 
Preparation of standard stock solution  
 
An accurately weighed quantity of about 50 mg of cefpodoxime 
proxetil was taken in a 50ml volumetric flask and dissolved in 
sufficient quantity of methanol to obtain the concentration of 
1000µg/ml. From this solution, 5ml was pipette out in a 50 ml 
volumetric flask and the volume was made up with methanol to 
obtain a concentration of 100µg/ml. 
 
Preparation of calibration curve 
 
From the stock solution, aliquots 1, 2, 3, 4 and 5 ml appropriate 
aliquots were pipetted out from standard stock solution into the 
series of 10 ml volumetric flask and the volume made up to the 
mark with methanol to get concentration of 10-50µg/ml. The 
absorbance at various concentrations was measured with 
methanol as blank at 232 nm using UV- visible 
spectrophotometer8.    
 
Preparation of mucilage from Trigonella foenum graecum 
seeds 
 
Initially seeds of Trigonella foenum graecum were powdered by 
using simple mixer. The crushed seeds were soaked in distilled 
water for 12 hours and boiled in water bath to prepare slurry. 
Further slurry was cooled and was allowed to settle down 
unwanted material. Upper portion was collected and concentrated 
in water bath and after cooling acetone was added in it with 
continuous stirring. The precipitate was collected and dried at 
room temperature for 24 hours. The air dried material further 
subjected to size reduction by using mortar and pestle and passed 
through sieve no.60 and stored in desiccators for further 
formulation of suspension and evaluation9. 
 
Evaluation of mucilage 
 
Determination of swelling index 
About 1g of fenugreek seed powder was taken in a china dish and 
then 10 ml of distilled water was added and the mixture was 
shaken and allowed to stand for 1 hour. After 1 hour the 

remaining water in China dish was discarded and the weight of 
increase of the (natural suspending agent) fenugreek seed was 
rated10. 
                                                  

Swelling index = W1 – W2 / W1×100 
                                                    
Where; W1= Weight of seed at time ‘0’, W2= Weight of seed at time‘t’ 

 
Phytochemical test for fenugreek seed powder11 
1. Test for carbohydrates (Molisch’s test):  The fenugreek 

mucilage was mixed with a small amount of molisch reagent 
was taken in a test tube and few drops of concentrated 
sulphuric acid were added at the sides of the test tubes. The 
positive reaction is indicated by appearance of a purple ring 
at the junction layer. 

2. Test for tannins (Ferric chloride test):  The fenugreek 
mucilage was treated with the ferric chloride blue colour will 
appear if tannins are present. 

3. Test for proteins (Ninhydrin test):  The fenugreek mucilage 
was added with few drops of ninhydrin solution and heated 
for 2 minutes; a violet colour will be produced. 

4. Test for alkaloids (Wagner’s reagent):  Alkaloids give 
reddish brown precipitate when the fenugreek mucilage test 
solutions are treated with the Wagners reagent (iodine and 
potassium iodide solution). 

5. Test for glycosides (Keller Kiliani test):  The fenugreek 
mucilage was extracted with chloroform and evaporates to 
dryness. To the above solution 0.4 ml of glacial acetic acid 
containing trace amount of ferric chloride and 0.5 ml of 
sulphuric acid were added to the sides of the test tube. The 
acetic acid layer showed blue colour. 

6. Test for mucilage (Ruthenium red test): The fenugreek 
mucilage was treated with ruthenium red solution pink colour 
was formed. 

7. Test for reducing sugar (Fehling’s solution): The 
fenugreek mucilage was added with few amounts of Fehling’s 
reagent and for 2 to 3 minutes. A red colour precipitate was 
produced.  

 
Formulation of suspension 
 
Method of preparation of dry suspension 
An experimental study of  nine formulations of cefpodoxime 
proxetil dry suspension (each of 50 ml) were prepared using three 
suspending agent such as acacia, Trigonella foenum graecum 
mucilage and the xanthan gum at varying concentration. The 
amount of each excipient used in each formulation was listed in 
Table 1.  

 
Table 1: Formulation composition of Cefpodoxime proxetil suspension 

 
Ingredients F1 

(g) 
F2 
(g) 

F3 
(g) 

F4 
(g) 

F5 
(g) 

F6 
(g) 

F7 
(g) 

F8 
(g) 

F9 
(g) 

Cefpodoxime 
Proxetil 

0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

Acacia 0.5 1 1.5 - - - - - - 
Fenugreek seed 

powder 
- - - 0.5 1 1.5 - - - 

Xanthan gum - - - - - - 0.5 1 1.5 
Sodium chloride 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 
Carboxy methyl 

sodium 
0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 

Sodium phosphate 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 
Sucrose 3 3 3 3 3 3 3 3 3 

Methyl  paraben 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
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Method of Preparation of cefpodoxime proxetil suspension 

 
The powder blends of cefpodoxime proxetil (50mg/5ml) were 
prepared by triturating all the ingredients in mortar and pestle (as 
tabulated it Table 1) and were passed through sieve no 40. The 
dry powder was reconstituted with distilled water12. 
 
Evaluation of suspension 
 
Particle size analysis  
 
The particle size was determined by optical microscopy method. 
The eye piece micrometer was calibrated. A drop of formulated 
suspension was placed on a glass slide and was covered with a 
cover slip without any air bubbles and was observed under 
microscope. Each particle diameter was measured and recorded 
for at least 100 particles.  
 
Determination of sedimentation volume  
 
The prepared cefpodoxime proxetil suspensions was transferred 
into a measuring cylinder and was kept aside without disturbing 
and the height of the sediment was observed at a regular time 
intervals of 0, 10, 20, 30, 40, 50, 60 minutes and the sedimentation 
volume was calculated by using the following formula. 
  

F = 100 Hu/Ho 
 
Where, Hu is ultimate or final height of sediment as suspension 
settles, Ho is initial height of suspension13 
 
Determination of viscosity   
 
The viscosity of the sample of suspension was determined by 
using Ostwald viscometer. A definite volume of preparation was 
poured into the bulb with the pipette. The liquid was sucked up to 
the top of next limb. The liquid was then release to flow back into 
the bulb. The time from A to B of the markings were noted with 
the stopwatch. The viscosity was calculated by using the 
formula14. 

ɳ ρ        dρ x tρ 
-------  ⁼   ---------- 
ɳw       dw x tw 

 
where; ɳρ – viscosity of the sample, dρ – density of the sample, 
tρ – time in seconds to flow from mark A to B, ɳw – viscosity of 
water and dw – density of water. 
 
Determination of flow rate  
 
The time required for each suspension sample to flow through a 
10 ml pipette was determined and the apparent viscosity was 
calculated using the equation. 
                                                     

         Volume of pipette (ml) 
Flow rate = ----------------------------------- 

Flow time (s) 
 
Determination of pH  
 
The pH of suspension was determined by using digital pH meter. 
The prepared dry suspension was reconstituted with distilled 
water and pH of the suspension was determined.   
 
Redispersibility test 
 
The bottles containing suspension were held up right between the 
fingers and rotated clockwise upside down through 180° in a 
semicircular path and back in the anti-clock wise direction (one 
cycle). This process was repeated continuously until the sediment 
was completely redispersed. Fixed volume of each suspension (50 

ml) was kept in test tubes which were stored at room temperature 
for various time intervals (1, 5, 10, 15, 20 days). At regular 
interval one tube was removed and shaken vigorously to 
redistribute the sediment and the presence of deposit (if any) was 
recorded15. 
 
RESULTS AND DISCUSSION 
 
Characterization of Cefpodoxime proxetil 
 
Organoleptic properties 
There was no apparent change in colour and odour of 
Cefpodoxime proxetil.  
 
Loss on drying (LOD) 
The Percentage loss on drying for cefpodoxime proxetil was 
found to be 0.2 %. The LOD of the given sample was within the 
limit of not more than 0.5%. 
 
Melting point 
The melting point values of Cefpodoxime proxetil were found to 
be 110°c. It complies with the Pharmacopoeial standard which 
implies the purity of the drug. 
 
Solubility 
The drug was found to be freely soluble in dehydrated ethanol, 
soluble in acetonitrile and in methanol, slightly soluble in ether 
and very slightly soluble in water. 
 
UV- visible spectroscopic studies 
Determination of  max of cefpodoxime proxetil in methanol 
The UV-Visible absorption spectrum of cefpodoxime proxetil in 
methanol showed λmax at 232 nm which were illustrated in 
Figure 1. 
 

 
 

Figure 1: λmax for Cefpodoxime proxetil in methanol 
 
Linearity and range for calibration curve of cefpodoxime 
proxetil in methanol
  
The straight line calibration graph was obtained in the 
concentration 10-50µg/ml of the cefpodoxime proxetil in 
methanol. The linear regression equation of Cefpodoxime 
proxetil in methanol was y=0.022x-0.010 with correlation 
coefficient of 0.9994. The calibration curve was illustrated in 
Figure 2 and the calibration data are tabulated in Table 2. From 
the linear regression equation and r2 value it can be concluded that 
the analyzed concentration of the drug solution followed linearity. 
 

Table 2: Calibration data for cefpodoxime proxetil in methanol 
 

S.No. Concentration (µg/ml) Absorbance 
1 10 0.202 
2 20 0.426 
3 30 0.658 
4 40 0.879 
5 50 1.103 
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Figure 2: Calibration curve for Cefpodoxime proxetil in methanol 
 
Swelling index of fenugreek 
 

Swelling Index % (SI) = (W2 – W1/W1) x 100 
⁼ (25 – 10 / 10) x 10 = 150% 

W1= weight of fenugreek powder at “time o”,  
W2= weight of fenugreek powder at “time t” 
 
From the above result it was showed that the increase in time 
causes swelling index to be increased, because weight gain by 
mucilage was proportional to rate of hydration. The direct 
relationship was observed between swelling index and mucilage 

concentration, when the mucilage concentration was greater, the 
swelling index was increased. 
 
Phytochemical test for the fenugreek seed mucilage 
 
Preliminary tests were performed to confirm the nature of the 
mucilage obtained. In view of phytochemical test, fenugreek 
mucilage contains carbohydrate, alkaloids, and proteins as 
illustrated in Table 3. 

 
Table 3: Phytochemical test for the fenugreek seed mucilage 

 
S.No. Tests Observation 

1 Test for carbohydrates (Molisch’s test) positive 
2 Test for tannins (Ferric chloride test) negative 
3 Test for proteins (ninhydrin test) positive 
4 Test for alkaloids (Wagner’s test) positive 
5 Test for glycosides (Keller-Kiliani test) negative 
6 Test for mucilage (Ruthenium red test) positive 
7 Test for reducing sugar (Fehling’s test) negative 

                 
Particle size determination 
 
The comparative particle size distribution for F1-F9 formulations are illustrated in Table 4 and Figure 3. It was observed that the 
average particle size for F6 formulation was found to be 44µm. Further it was concluded that the F6 which contain fenugreek seed 
powder as suspending agent showed better homogeneity and easily absorbable when compared to other formulations. 
 

Table 4: Comparison of particle size analysis for F1-F9 formulations of Cefpodoxime Suspension 
 

S.NO. F1 (µm) F2 (µm) F3 (µm) F4 (µm) F5 (µm) F6 (µm) F7 (µm) F8 (µm) F9 (µm) 
1 76.8 69.1 67.4 58 49 44 69.4 61 60 

 

 
 

Figure 3: Particle size distribution for F1-F9 of Cefpodoxime proxetil Suspension 
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Determination of Sedimentation volume  
 
By comparing the sedimentation volume data of all the F1-F3, F4-F6, F7-F9 formulations (tabulated in Table 5, 6, 7 and illustrated in 
Figures 4, 5 and 6) it was concluded that F6 is more stable than other formulation F1, F2, F3, F4, F5, F7, F8 and F9, as it has higher 
volume of sedimentation ratio of nearly equal to 1 indicating that it has higher suspendibility and the suspension formed was stable. 
 

Table 5: Sedimentation volume for F1, F2, and F3 of Cefpodoxime proxetil Suspension 
 

Time HU/HO (F1) HU/HO (F2) HU/HO (F3) 
0 1 1 1 

10 0.5 0.7 0.96 
20 0.4 0.4 0.6 
30 0.36 0.4 0.48 
40 0.34 0.38 0.42 
50 0.32 0.36 0.4 
60 0.32 0.34 0.38 

 

 
 

Figure 4: Comparison of sedimentation volume between F1, F2 and F3, formulations of Cefpodoxime proxetil Suspension 
 

Table 6 : Sedimentation volume for F4,F5,and F6 of Cefpodoxime proxetil Suspension 
 

Time HU/HO (F4) HU/HO (F5) HU/HO (F6) 
0 1 1 1 

10 0.98 0.98 0.99 
20 0.96 0.97 0.99 
30 0.93 0.94 0.99 
40 0.9 0.92 0.98 
50 0.88 0.92 0.98 
60 0.84 0.91 0.98 

 

 
 

Figure 5: Comparison of sedimentation volume between F4, F5 and F6 of Cefpodoxime proxetil Suspension 
 

Table 7: Sedimentation volume for F7, F8, and F9 of Cefpodoxime proxetil Suspension 
 

Time HU/HO (F7) HU/HO (F8) HU/HO (F9) 
0 1 1 1 

10 0.84 0.86 0.89 
20 0.65 0.72 0.81 
30 0.54 0.66 0.76 
40 0.48 0.52 0.65 
50 0.42 0.44 0.61 
60 0.38 0.38 0.58 
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Figure 6: Comparison of sedimentation volume between F7, F8 and F9 of Cefpodoxime proxetil Suspension 
                         
Measurement of viscosity 
 

Table 8: Viscosity for F1-F9 formulations of Cefpodoxime proxetil suspension 
 

S.No. Viscosity(poise) 
F1 0.0194 
F2 0.0248 
F3 0.0313 
F4 0.0294 
F5 0.0318 
F6 0.0424 
F7 0.0243 
F8 0.0288 
F9 0.0318 

 

 
 

Figure 7: Viscosity for F1-F9 of Cefpodoxime proxetil Suspension 
                                
By comparing the viscosity of all the nine formulations (As shown in Table 8 and Figure 7) it was concluded that F6 has more viscous 
property than other formulations. 
 
Flow rate 

Table 9: Flow rate for F1-F9 of Cefpodoxime proxetil Suspension 
 

S.No. Flow rate(ml/sec) 
F1 1.42 
F2 1.25 
F3 1.11 
F4 0.90 
F5 0.83 
F6 0.714 
F7 1.42 
F8 1.66 
F9 1.66 
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Figure 8: Flow rate for F1-F9 of Cefpodoxime proxetil Suspension 
                    
From the above results as shown in Table 9 and Figure 8 it was 
concluded that formulation F6 having a high viscosity and lowest 
flow rate than the other formulations. 
 
 
 

pH determination 
 
The pH for F1- F9 formulated suspensions were measured by 
using digital pH meter and the results are shown in Table 10. The 
pH values of the formulations ranged in between 6.21 to 6.39, so 
it shows that all formulations have optimum pH range. 

 
Table 10: pH for F1-F9 of Cefpodoxime proxetil Suspension 

 
S.No. pH 

F1 6.30 
F2 6.29 
F3 6.28 
F4 6.39 
F5 6.25 
F6 6.23 
F7 6.21 
F8 6.28 
F9 6.27 

 
Redispersibility test 
 
The redispersibility test were done for fenugreek mucilage 
formulations F4,F5 and F6 (as indicated in Table 30) at day 1, 7, 
10 and after 15 days. With the lower concentration of  Trigonella 
foenum Graecum mucilage (F4)  2 shakes (as shown in Table 11) 
were enough to redisperse the suspension entirely whereas with 
the higher concentration of Trigonella Foenum Graecum 

mucilage, at least 4 shakes were required to redisperse fully. It 
must be noted due to greater percentage of suspending agent, it 
was expected that greater number of shaking times would be 
required to redisperse the suspension formulation but it was not 
needed to be shaken as many times as expected,  as they were in 
a flocculated state already. From the redispersibility results, it was 
evident that that F4-F6 suspension formulated showed good 
physical stability. 

 
Table 11: Redispersibility test of the F4, F5 and F6 of Cefpodoxime proxetil suspension 

 
FC Concentration 

of fenugreek mucilage 
Redispersibility 

(day 1) 
Redispersibility 

(day 7) 
Redispersibility 

(day 10) 
Redispersibility 

(day 15) 
F4 0.5g Easily 

Redispersable 
After shaking 2 

Times 

Easily 
Redispersable 

After shaking 2 
Times 

Easily 
Redispersable 

After shaking 3 
Times 

Easily 
Redispersable 

After shaking 3 
Times 

F5 1g Easily 
Redispersable 

After shaking 2 
Times 

Easily 
Redispersable 

After shaking 2 
Times 

Easily 
Redispersable 

After shaking 3 
Times 

Easily 
Redispersable 

After shaking 3 
Times 

F6 1.5g Easily 
Redispersable 

After shaking 2 
times 

Easily 
Redispersable 

After shaking 2 
Times 

Easily 
Redispersable 

After shaking 4 
Times 

Easily 
Redispersable 

After shaking 4 
Times 

 
CONCLUSION  
 
The present study was aimed at comparing evaluation parameters 
by using three natural gums such as acacia, Trigonella foenum 
graecum (Family: Leguminosae) seeds, also known as fenugreek 
seeds and xanthan gum as a suspending agent in a cefpodoxime 
proxetil oral dry suspensions. Nine formulations of cefpodoxime 
proxetil suspension containing varying proportions of acacia, 
Trigonella foenum graecum mucilage and xanthan gum as the 
suspending agent (0.5g, 1g, 1.5g, respectively) were prepared and 

evaluated. The particle size of all the nine formulations was 
determined and the results proved that the particle distribution for 
F6 is 44µm, so the F6 has better homogeneity, easily absorbable 
due to small particle size as compared to other formulations. The 
sedimentation volume did not change significantly over a period 
of 60 minutes for F6, so it shows that F6 is more stable than other 
formulations due to its higher volume of sedimentation ratio 
indicating that it has higher suspendibility, higher degree of 
flocculation and good stability.  The viscosity of all the 
formulations were determined, on comparison the F6 formulation 
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has more viscosity value which shows that it has more viscous 
property. The pH of all the formulations was found to be similar 
(approximately 6).  The suspensions were easily redispersible 
after shaking only twice even after 15 days and the flow rate of 
the F6 suspensions shows low flow rate due to its high viscous 
nature when compared to other formulations.  
 
Even though F4, F5 formulations gave good results over the F1, 
F2, F3, F7, F8 and F9 formulations, it can be concluded that F6 
formulation is the optimum formulation with greater flocculation, 
good flow rate and easily redispersibility characteristics along 
with small particle size so the study reveals that the potential of 
Trigonella foenum graecum mucilage as a natural suspending 
agent and also showed on increasing the concentration, the 
suspending property was increased. Since Trigonella foenum 
graecum has many advantages like antidiabetic activity and 
antilipidemic action etc., along with antibiotic drug cefpodoxime 
proxetil, the formulation can be consumed by the diabetic patient. 
These formulations should be compared with the market 
preparations for further evaluation. It concluded that formulated 
cefpodoxime proxetil suspension with natural suspending agent 
Trigonella foenum graecum F6 showed superior stability over 
other formulation. Increase in concentration of suspending agent 
increases the viscosity of suspension which ultimately reduces 
sedimentation and contributes to the stability of suspension. The 
objective of developing a patient-compliant dosage form was 
achieved. This novel formulation would be helpful for patients 
who suffer from dysphasia or those who have difficulty in 
swallowing solid oral dosage forms. 
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