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ABSTRACT: Ibuprofen is a Non-steroidal anti-inflammatory (NSAID) 

class drug and is used to treat pain, minor aches, fever, inflammation, and 

arthritis. Ibuprofen has an oral dose of 300 mg minimum and 3200 mg 

maximum in a day and is the main reason for the increase in its dosing 

frequency; many of the Ibuprofen formulations are of three times a day 

dosing and is the main reason for the development of such a formulation 

which can reduce the dosing frequency, so many researchers developed 

Ibuprofen matrix dosage form which can give a prolonged therapeutic 

effect. But in this formulation, Ibuprofen is combined with a Natural, 

Resinous substance known as “Bee Propolis” or simply “Propolis” 

Propolis is a natural substance collected by some species of Honey bees; 

it is a resinous, gummy material that has many therapeutic properties and 

can also be used as a natural binder in the dosage form due to its good 

binding abilities and, it can also give a positive synergistic effect when 

combined with Ibuprofen. In this study, the formulation was developed as 

a matrix dosage system in an oral tablet form with a dose of 400 mg/ 

tablet. Though not all honey bee species are capable of making propolis 

some of the honey bee species, such as “Apis mellifera L.”, “Apis 

Dorsata”, etc. in India are capable of making Propolis. Propolis has 350-

500 chemical constituents which can be used in many therapeutic 

activities; such chemical constituents present in a single product makes it 

more valuable in further research. 

INTRODUCTION: Ibuprofen is a Non-steroidal 

Anti-inflammatory class drug used to reduce fever 

and relieve minor pain and aches and also for 

arthritis and other minor aches 
21, 22

. The minimum 

dose of Ibuprofen is 300 mg a day, and the 

maximum dose of Ibuprofen is 3200 mg/ day 
22

.  
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Ibuprofen, as in tablet form, has the frequency of a 

minimum of three tablets a day and so, to reduce 

the frequency of dosing, there is a need to develop 

such type of dosage form which can provide a long 

therapeutic response in a single or twice a day 

dosing, so Ibuprofen matrix tablets by various 

excipients and polymers are formulated by many 

researchers.  

But in this study, Ibuprofen is combined with “Bee 

Propolis” as a natural polymer and HPMC K 200 

M as a synthetic polymer. “Bee Propolis” is a 

natural, resinous, gummy, sticky, and pliable 

substance 
3, 4

, so it is also called “The Bee Glue”. 
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Propolis is as old as honey 
5
, it is collected and 

processed by honey bees, not all the honey bees are 

capable in making Propolis, as per the Indian 

scenario, in India there are five main species of 

honey bees and they are Apis mellifera L. (The 

European or Western Honey Bee), Apis dorsata 

(The Jiant Honey Bee or Rock Honey Bee), Apis 

cerana Indica (Indian Honey Bee) and Apis florea 

(The Dwarf Honey Bee). India is a huge and 

diverse country in its nature. But from these 

species, Apis mellifera L. (The European Honey 

Bee) was not native to India it was imported in the 

year 1983. “Bee Propolis” is also known for its 

therapeutic uses as in: - 

 Analgesic 
2, 3

 

 Anti-Inflammatory 
3, 7, 8, 9, 10

 

 Anti-Bacterial 
3, 9, 10, 11, 12, 13

 

 Wound Healing 
7, 14

 

 Anti-Viral 
3, 15, 16

 

And many other therapeutic uses, but in India Bee 

Propolis is not well known. But the, researchers 

from various parts in India are working on Propolis 

now.  

Propolis has a vast number of Chemical 

Compounds, many of the researchers claimed to 

have 350 to 500 Chemical Constituents in “Bee 

Propolis” 
3, 6, 7

. a lot of chemical constituents make 

Propolis an important topic of research, and the 

main chemical compounds found in different 

samples of “Bee Propolis” are: - 

 Galangin 
3, 6, 7, 13

 

 Pinocembrin 
3, 6, 7, 11, 13 

 Pinobanksin 
1, 3, 13, 16 

 Quercetin 
3, 10, 11, 13, 14 

 Apigenin 
1, 3, 11, 13 

 Caffeic Acid 
3, 14

 

So, in the formulation development. The Propolis is 

used as a natural polymer, and HPMC K 200 M is 

used as a synthetic polymer, and the excipients, 

such as Lactose, PVP K30, Talc, and Magnesium 

Stearate are used. Titanium Dioxide is used as a 

tablet coating material. By the help of design expert 

® software developed by state ease the factorial 

design of tablet batches was developed and the in-

vitro studies such as dissolution studies on 

formulation were studied, and the stability studies 

of the formulation were studied as per the ICH 

guidelines on stability studies, by the accelerated 

stability studies at (40°C ±2°C, 75 % RH) for 0 to 1 

month and further tested for accelerated stability 

studies. All obtained results were compared with 

the standard references and were in the standard 

range.  

The presence of 350 to 500 chemical constituents 

in a single product (“Bee Propolis”) makes it an 

ideal substance to be used in the formulation and 

further in-vivo studies should be done to check the 

“Synergistic Effect” which on combination of “Bee 

propolis” with Ibuprofen and such drugs which has 

the same therapeutic effect of “Bee propolis” can 

be used in formulations and to check their 

increased therapeutic response further in-vivo 

studies are required. 

MATERIALS AND METHODS: “Bee Propolis” 

were purchased from Kamboj Bee Farm, Hafizpur, 

Yamuna Nagar (State- Haryana, India), and 

Ibuprofen (API) was purchased from Thermosil 

Fine Chem Industries, Pune (State- Maharashtra, 

India), HPMC K200 M, Lactose, Magnesium 

Stearate were obtained from Research Fine Chem 

Industries, Mumbai (State- Maharashtra, India), 

PVP K30, Talc and Titanium Dioxide were 

obtained from Thermosil Fine Chem Industries, 

Pune (State- Maharashtra, India).  

College of Pharmacy provided all the Excipients, 

Akkalkuwa and all the chemicals used were of 

Analytical Grade. 

Extraction of Bee Propolis: The raw Bee propolis 

were washed with distilled water to clean the 

surface and then were extracted with 70 % ethanol 
1
 in a 40:50 ratio, then, the extract was filtered and 

further dried in an oven at 45°C (not exceeding 50 
0
C). Then pass the dry extract powder through an 

80# mesh sieve and calculate the % yield. 

Design of Factorial Batches: All the batches, i.e., 

F1-F9, were designed with the help of design 

expert software.  
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TABLE 1: FACTORIAL DESIGNED BATCHES 

Ingredients (mg/tablet) F1 F2 F3 F4 F5 F6 F7 F8 F9 

Ibuprofen 200 200 200 200 200 200 200 200 200 

Bee Propolis 40 40 40 65 65 65 90 90 90 

Hpmc K200m 20 40 60 20 40 60 20 40 60 

Lactose 97 77 57 72 52 32 47 27 7 

Pvp K30 26 26 26 26 26 26 26 26 26 

Talc 7 7 7 7 7 7 7 7 7 

Magnesium Stearate 10 10 10 10 10 10 10 10 10 

Titanium Dioxide Q. S. Q. S. Q. S. Q. S. Q. S. Q. S. Q. S. Q. S. Q.S. 

Total Weight 400 400 400 400 400 400 400 400 400 

 

Preparation of Granules: The granules of the 

formulation were made by the wet granulation 

technique; water was used as a granulating agent, 

and after granulation, the granules were passed 

through a 60# mesh sieve.  

Compression of Granules: The compression of 

granules was performed on a 9- stationed tablet 

compression machine [Rimek model: DL 09 

Stationed Tablet Compression Machine, Karnavati 

Engineering, (Mehsana, Gujarat, India) equipped 

with 9 mm of Round shaped punches and further 

studied for post-compression parameters. 

RESULTS AND DISCUSSION: 
A. Determination of Melting Point: The melting 

point of Ibuprofen API was determined by the 

capillary tube method. The Melting point was 

found within the standard range of 75-77°C. 

B. Calibration curve of Ibuprofen (Pure Drug): 

Calibration curve of Ibuprofen in 0.1 N HCL: A 

standard curve was prepared by dissolving 100 mg 

of Ibuprofen in 100 ml of 0.1 N HCL and further 

diluted to 0.1 N HCL to get the solution in the 

concentration range of 0-10 µg/ml. The absorbance 

values were determined at 222 nm. 

 
FIG. 1: STANDARD CALIBRATION CURVE OF 

IBUPROFEN IN 0.1 N HCL 

TABLE 2: STANDARD CALIBRATION CURVE OF 

IBUPROFEN IN 0.1 N HCL 

Concentration (µg/ml) Absorbance (Mean ± SD) 

0 0 

2 0.067 

4 0.080 

6 0.243 

8 0.327 

10 0.356 

Calibration curve of Ibuprofen in 7.4 pH 

Phosphate Buffer: A standard curve was prepared 

by dissolving 100 mg of Ibuprofen in Phosphate 

Buffer pH 7.4 and make up to a volume of 100 ml. 

it was further diluted to get the solution in the 

concentration range of 0-10 µg/ml. The absorbance 

values were determined at 222 nm. 

 
FIG. 2: STANDARD CALIBRATION CURVE OF 

IBUPROFEN IN 7.4 pH PHOSPHATE BUFFER 

TABLE 3: STANDARD CALIBRATION CURVE OF 

IBUPROFEN IN 7.4 pH PHOSPHATE BUFFER 

Concentration (µg/ml) Absorbance (Mean ± SD) 

0 0 

2 0.063 

4 0.160 

6 0.212 

8 0.243 

10 0.375 

C. FTIR Studies: 

FTIR of Ibuprofen (Pure Drug): 
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FIG. 3: - FTIR OF IBUPROFEN (PURE DRUG) 

TABLE 4: INTERPRETATION OF FTIR OF IBUPROFEN (PURE DRUG) 

Functional Group Characteristics Peaks Cm
-1

 

C-H Stretching 3089.96 

O-H Stretching 2951.09 

Aromatic Out-Plane Bending C-H 937.40 

C=O Stretching 1707.00 

FTIR Spectra of “Bee Propolis” (Natural Polymer): 
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FIG. 4: FTIR OF “BEE PROPOLIS” (NATURAL POLYMER) 

FTIR Spectra of HPMC K200 M (Synthetic Polymer): 
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FIG. 5: FTIR OF HPMC K200 M (SYNTHETIC POLYMER) 
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FTIR Spectra of Blend of Factorially Designed Batches: 
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FIG. 6: FTIR OF BLEND OF FACTORIALLY DESIGNED BATCHES 

D. DSC Studies: 

DSC graph of Ibuprofen (Pure Drug): 

 
FIG. 7: DSC GRAPH OF IBUPROFEN (PURE DRUG) 

DSC graph of Blend of Factorially Designed Batches: 

 
FIG. 8: DSC GRAPH OF BLEND OF FACTORIALLY DESIGNED BATCHES 

E) Evaluation of Sustained Release Matrix 

Tablet: 

i. Appearance: The tablets were observed 

visually and did not show any defects, such 

as Overlapping, chipping, and Lamination. 

ii. Dimensions (Thickness and Hardness): 
The size/diameter of the tablets of all 

formulations was 5.124 ± 0.05 to 5.296 ± 

0.02 nm. 
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iii. Tablet Hardness: The hardness of tablets 

was measured by a Monsanto hardness 

tester, and the hardness of tablets was found 

to be in the range of 5.22 ± 0.06 kg/cm
2
to 

6.90 ± 0.02 kg/cm
2
. This indicates good 

tablet strength. 

iv. Friability Test: Friability test was done in 

Friability Apparatus [Electrolabs, Ltd, EF2 

(USP) (Type-II Apparatus)]. The friability 

test or percent friability of all the 

formulations was found between 0.304 ± 

0.08 % to 0.755 ± 0.02 %. This indicates 

the good handling property of the prepared 

sustained release tablet. 

v. In-vitro Drug Release Study of Optimized 

Batches: The in-vitro dissolution studies of 

the factorially designed tablet batches were 

studied for 10 h, first two hours i.e., 0-2 hrs 

in 0.1 N HCL and the rest i.e., 3-10 hrs in 

pH 7.4 Phosphate Buffer and the results 

obtained were given in the table and figure 

given below. 

TABLE 5: IN-VITRO DRUG RELEASE (0-10 HR) OF OPTIMIZED FORMULATION (F1-F9) 

Time  

(Hrs) 

Cumulative % Drug Release (% CDR) 

F1 F2 F3 F4 F5 F6 F7 F8 F9 

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

1 12.63 12.62 12.75 12.47 12.69 12.92 12.78 12.65 12.66 

2 12.83 12.66 12.81 12.49 13.15 12.93 12.80 12.67 12.88 

3 15.73 14.22 15.39 12.66 17.39 14.41 15.74 15.48 15.71 

4 22.12 19.65 22.40 16.42 24.61 24.18 24.05 24.06 22.99 

5 28.47 24.42 29.61 24.75 26.77 28.15 28.01 28.66 28.27 

6 32.32 28.44 36.58 32.01 37.98 32.06 30.36 29.71 31.12 

7 44.44 37.51 47.93 50.49 46.32 39.69 42.48 44.76 43.87 

8 68.63 63.54 70.77 72.86 67.02 64.07 63.97 61.73 63.09 

9 82.41 78.01 85.01 76.63 80.65 77.24 77.45 79.76 78.18 

10 95.32 93.42 96.57 94.65 93.17 94.34 92.44 91.82 93.38 

 

 
FIG. 9: IN-VITRO DRUG RELEASE (0-10 HR) OF OPTIMIZED FORMULATION (F1-F9) 

The release of all formulations was companied and 

evaluated. The results showed that the formulations 

give more drug release were considered optimized 

and further studied for stability studies. 

Stability Studies: Stability Study is carried out on 

formulation batch (F3) according to ICH 

guidelines. The tablet did not show any physical 

changes during the study period. The drug content 

was found to be 98.56 ± 1.44 % for Ibuprofen at 

the end of 1 month on stability conditions shown in 

the table below. 

TABLE 6: STABILITY STUDY OF OPTIMIZED BATCH (F3) 

Temperature Time in 

Months 

Hardness (kg/cm
2
) Friability  

(%) 

Drug Content (%) % Drug 

Release 

40° C ±2°C 

75% RH± 5% RH 

0 5.22 ± 0.06 0.731 ± 0.02 99.77 ± 1.23 96.57 % 

40°C ±2°C 

75% RH± 5% RH 

1 5.13 ± 0.10 0.651 ± 0.05 98.56 ± 1.44 93.56 % 
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FIG. 10: DISSOLUTION PROFILE OF OPTIMIZED BATCH (F3) AFTER 0 MONTH UNDER STABILITY PERIOD 

 
FIG. 11: DISSOLUTION PROFILE OF OPTIMIZED BATCH (F3) AFTER 1 MONTH UNDER STABILITY PERIOD 

CONCLUSION: Aim of the study was to 

formulate, optimize and evaluate matrix tablets of 

Ibuprofen. Ibuprofen matrix tablets were 

formulated by using the active pharmaceutical 

ingredient (drug), the Bee Propolis (Natural 

Polymer), and HPMC K200 M (Synthetic 

Polymer). The Bee Propolis and HPMC K200 M 

with their proportions, it can be seen that by 

increasing the concentration of Bee Propolis and 

decreasing the concentration of HPMC K 200 M in 

the formulation, the drug release rate from the 

tablets was found to be increased in formulation 

number F3, using this ratio of drug and polymer, 

gives optimum release, i.e., Drug; Bee Propolis; 

HPMC K200 M; PVP K30; Talc; Magnesium 

Stearate; Lactose. 

In this F3 showed satisfactory results. But when the 

concentration of HPMC K200 M increased and Bee 

Propolis decreased, the drug release rate was found 

to be 96.57 %, from the formulations F1-F9, the 

formulation F3 was selected as an optimized 

formulation because it showed maximum drug 

release, i.e., 96.57 % in 10 Hrs and the 

compatibility of Ibuprofen with polymers HPMC 

K200 M and Bee Propolis. The studies of FTIR 

show that all of the above characteristic peaks of 

Ibuprofen were observed near their respective 

values. So, it has been concluded that there is no 

incompatibility between polymers and pure drugs. 

The preliminary examination of Ibuprofen, like its 

melting point, obtained in range from 75-77°C by 

capillary tube method using Thiele’s Tube and 

liquid paraffin to check the melting point. 

Calibration curves were taken in 0.1 N HCL pH 1.2 

and 7.4 pH Phosphate Buffer at 222 nm by using 

UV Spectrophotometer (Dual Beam).  

The physical study of formulation like its hardness, 

friability, thickness, weight variation, surface pH, 

drug content uniformity, in-vitro residence time, 

etc. have been performed. The hardness was found 
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in the range of 5.22 ± 0.06 kg/cm
2
 and 6.90 ± 0.02 

kg/cm
2
. The hardness result shows that as increase 

in polymer concentration will increase the hardness 

of tablets. The percentage friability was good in the 

range of 0.304 ± 0.08 % to 0.755 ± 0.02 %, and the 

normal range of friability is below 1 % by the 

standards of Indian Pharmacopoeia (IP). 

The thickness is ranged in 5.124 ± 0.05 to 5.296 ± 

0.02 mm. The weight variation of all trial and 

factorial designed formulation batches was found 

between 397.95 ± 2.05 to 399.25 ± 0.75 mg. The 

obtained results indicate that all the tablets of 

different formulations were within the IP 

specifications. The average of drug content was 

found in between the range of 98.54 ± 2.46 to 

99.98 ± 1.02 %. The In-vitro drug dissolution 

studies were carried out for 0-10 Hrs on 

formulation F1-F9, and the percentage of drug 

release was found to be in the range of 91.82% to 

96.57%; the stability study was performed 

according to ICH guidelines, and the tablet showed 

very minute or little changes on its physical 

appearance like hardness.  

The percentage of drug release of tablets kept in 

two different stability conditions (40°C ± 2°C, 75% 

RH) for 0- and 1-month periods were found to be 

96.57% and 93.56%. All the results are found 

within the pharmacopeial limit; it passes all of the 

tests. By adding Bee Propolis to the Ibuprofen API 

and making a matrix tablet will give a synergistic 

approach towards Analgesic, Antipyretic and Anti-

inflammatory activities of the formulation; in a 

research paper by Katarzyna Grecka and Piotr 

Szweda 
1
, they concluded that “by the broth, 

microdilution checkerboard assay revealed 

synergistic interactions between all investigated 

antipyretics namely acetylsalicylic acid, Ibuprofen 

and Acetaminophen with ethanolic extracts of 

propolis on the growth of Staphylococcus Aureus” 

means synergism for antibacterial and antipyretic 

effect. 

In another research article by Liping Sun, et. al., 
2
, 

the author combined Ibuprofen with Chinese bee 

propolis and tested in-vivo by Acetic Acid Writhing 

Test, Tail-immersion Test, and Hot Plate Test 

authors concluded that while combining bee 

propolis with Ibuprofen it gives the synergistic 

effects for Antinociceptive (compounds capable of 

diminishing pain without negative effects on 

consciousness or without producing anaesthesia) 

and pain-relieving therapeutic activities. In this 

work, only physicochemical characterization, 

formulation development, and in-vitro evaluation 

of matrix tablets of Ibuprofen were done, along 

with in-vitro release study in-vivo release behaviour 

of the drug is also important. So, future in-vivo 

release studies using different models are required 

to set the in-vitro, in-vivo correlation necessary for 

the development of successful formulation, and 

long-termstability studies are necessary for the 

further future prospects. 
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