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Abstract

This study was carried out to find the effect of propylene glycol (PG),
poly ethylene glycol 400(PEG 400) and pH on the release and diffusion of
Ibuprofen from different topical bases. 5% Ibuprofen was incorporated in the
following bases and the release rate from these bases as in the following order:
NaCMC formula-4> methyl cellulose formula -3 > carbomer gel formula-1 >
emulsion base formula-2.

The effect of propylene glycol concentrations 10%, 30% and 40% applied
asin formulas 5, 6 and 7 which 40% gave the highest release, in the same time
40% of propylene glycol added as in formulas 8, 9 and 10 and only formula 10
gave significant effect and in addition to formula 7 while others had no change
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in Ibuprofen release. In addition to that, poly ethylene glycol 400 has been
added as in formulas 11 and 12 and this combination increased the Ibuprofen
release. Formula -1 has been chosen to study the effect of pH change ( 6.5 and
8) on the release process, since pH 8 gave the highest release leading to select
the formulas 11, 12 and formula with pH 8 and applied them to the diffusion test
by using excised mouse skin. On the other hand, preliminary clinical study was
carried out with 20 patients and the result revealed 65% of the patients gave
good positive response.

| ntroduction:

Nonsteroidal anti-inflammatory drugs (NSAIDs) are among the most
commonly prescribed drugs worldwide and are responsible for approximately
one-quarter of al adverse drug reaction reports. NSAIDs are widely prescribed
for patients with rheumatic disease. Considering the fact that most inflammatory
diseases occur locally and near the surface of the body, topical application of
NSAIDs on the inflamed site can offer the advantage of delivering a drug
directly to the disease site and producing its local effect, so preparing Ibuprofen
topical preparation will help to overcome NSAIDs problems ™.Ibuprofen is
mainly used in the treatment of mild to moderate pain related to dysmenorrhoea,
headache, migrane, postoperative, and dental pain and in the management of
spondylitis, osteo-arthritis, rheumatoid arthritis, and soft tissue disorders and has
also antipyretic properties. Ibuprofen is regarded one of the safest NSAIDs
available ¥,

This study included the incorporation of Ibuprofen in different topical
bases and studying the release of drug from these bases, investigating the effect
of PG concentration on the Ibuprofen release, the effect of penetrating enhancers
combination of PG and PEG 400 and pH on the Ibuprofen releasing rate from
the bases. Then selected the formulas with a significant effect subjected to
diffusion study through mouse skin.

Materials and Methods:
Ibuprofen was gifted from Al-Hukamaa pharmaceutical Industries,
(cetyl alcohol, sodium lauryl sulphate , glycerol, diethyl ether and sodium
carboxy methyl cellulose low viscosity grade) by BDH chemical LTD.Pool
,England. Triethanolamine by Hopkins and Williams LTD. England. Poly
ethylene glycol 400 and propylene glycol by Merk-Schuchardt, Germany. White
bees wax by May and Bake. LTD, Dagenham, England. Carbomer 940 by
Goodrich, U.SA.
Preparation of bases:
According to the quantities of contentsin table -1as following:
1- Emulsion base was prepared by melting the white bees wax and cetyl
alcohol with aid of water bath at 75° C, in the same time and at the same
temperature in a separate beaker, sodium lauryl sulphate and propylene
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glycol were added to the water then agueous phase was then added to the ail
phase with stirring until congealing.

2- NaCMC gel was prepared by wetting NaCM C with glycerin and the mixture
poured gradually to previoudy warmed water at 70°C with stirring until
forming gel.

3- methyl cellulose gel was prepared by adding methyl cellulose to the water
then kept in fridgeto get a gel.

4- carbomer gel was prepared by gradually adding carbomer to the water with
mechanica stirring until getting dis[persion of the polymer then drops of
triethanol amine was added to get gel 1.

The formulas were prepared and kept for 24 hours.

Physical examination

The prepared formulas were inspected visualy for their color,
homogeneity, consistency, spreadability and phase separation. The pH values of
the prepared formulas were measured by pH meter (pH -2C- china) 1.
Solubility study:

Excess amount of the Ibuprofen was added to the different mediums as
shown in(Table -3), mixed and l€eft in a shaking water bath at 25°C for 24 hours
and then stored for a further 24 hours without agitation, Then filtered and the
absorbance of the filtrate was measured spectrophotometrically at 265 nm 1.
Preparation of the Diffusion Membrane:

The mouse (4-6 week old male) was sacrificed by ether inhaation, and
then the skin was shaved lightly with an electrical clipper taking care to prevent
any damage to the skin. A rectangular section of abdominal skin was excised
from the animal using a sharp blade and then applied the defating procedure.
Thein Vitro Release and Diffusion of I buprofen:

A test tube with 2.5 cm in diameter was filled with 2gm of each base. The
mouth of the test tube was covered with filter paper which was secured in place
with a rubber bad while in diffusion test a 1gm of base was introduced in a test
tube with a diameter of 1.4 cm and the epidermal surface of mouse skin was
stretched over the mouth of the test tube and legated with a cotton thread [, In
both testes the release cell and diffusion cell were then inverted and immersed in
500 ml and 350 ml of phosphate buffer (pH 7.4) respectively which placed in a
beaker of the dissolution apparatus. The system maintained at 37°C and the
buffer solution was stirred at 100 r.p.m during the 6 hours of the study. Samples
of 5 ml were pipetted from the collecting medium after 1, 2,3,4,5 and 6 hours
replaced with an equal volume of freshly prepared phosphate buffer (pH 7.4) at
37°C. The samples were then analyzed spectrophotometrically (UV- 165 OPC
Shimadzu) for their drug content at 265 nm.

Effect of Penetration Enhancers and pH on the Release and Diffusion of

| buprofen from Topical Bases:

The effect of addition of different concentrations of propylene glycol and
PEG 400 according to the(Table -2) on the release and diffusion of Ibuprofen
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and studying the effect of pH by adjusting the pH of the base by triethanolamine
buffer on the release and diffusion of Ibuprofen.
Effect of initial drug concentration:

The effect of initial Ibuprofen on the release from the base by using other
two drug concentrations 10 and 15% beside 5% &
Calculation of cumulative drug release.

The amount of Ibuprofen in the total receptor solution was determined
from a calibration curve. The cumulative drug permeated (Q,) corresponding to

th
the time of then sample was cal culated from the following equation ')

n-1
Qn = VRCn t2 VsCi
1=0
Where (%n and Ci are the drug concentrations of the receptor solution at the time
t
of then sample and thei (the first) sample, respectively and V _and V _are the

volumes of the receptor solution and the sample, respectively.
Release kinetics:

To study and characterize the drug release mechanisms from formulas, the

Korsmeyer —Peppas model was applied:
M{/M,=K xt"

Where Mt is the amount of released drug at time t, M« is the overal
amount of the drug, k is the constant incorporating structural and geometric
characteristics of the controlled release device, and n is the release exponent
indicative of the drug release mechanism. The rate constant k and the diffusional
exponent n can be obtained from the intercept and the slope of a plot of logM, /
M., versus log t respectively.

When n <0.5 corresponds to a Fickian diffusion, and if 0.5<n<0.89
corresponds to anomal ous transport, n > 0.89 indicates to a zero order or case ||
transport where, anomalous transport is due generaly to the swelling of the
system in the solvent before the release takes place in addition to polymer
relaxation while, case |1 represents polymer relaxation %12
Preliminary Clinical Study:

It was done under the supervison of Dr. Abdakareem Alsaffar
(Consultant-sport medicine —~Rheumatol ogist—Iragi football team doctor).
Twenty patients of different cases and age were selected. The gel was applied at
the pain area once daily for one week with the observation for pain relief.
Statistical Analysis.

Student t-test was used to determine the relation between 2 parameters.
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Result and Discussion:
Physical examination:

The prepared formulas colors were white except the formulas with pH 6.5
and 8 were transparent gel. They were easily spreadable with good adhesion.
The pH values of al formulas ranged from 4.77 to 6.77 except the formula with
pH 8, which all of them did not show any skin irritation upon application to
skin.

Release and diffusion studies:

(Figure -1) shows that the release rate decreased in the following order
NaCMC gel (formula-4)> methyl cellulose gel (formula-3) > carbomer gel
(formula-1) > emulsion base (formula-2).

This could be due to using of low grade of NaCM C and low concentration
of methyl cellulose which led to higher release than that 1%carbomer not less.
Ibuprofen is practically insoluble in water so water phase of emulsion contained
fewer drug available to release and Ibuprofen partitioning in the oil phase giving
the slowest release.

The effect of PG concentrations on the release of Ibuprofen from the
carbomer gel shown in (figure-2), the release of Ibuprofen increased with an
increasing in PG concentration as in the following rank: formula- 7> formula-6>
formula-5> formula-1.

Formula 7 showed only a significant effect due to the addition of PG (p <

0.05) while the others did not have a significant effect. The effect of addition an
increasing amount of propylene glycol on the release of Ibuprofen harmonized
with the result of Ibuprofen solubility study asin (Table -3).
So, studying the effect of addition 40% of PG to the other bases (formulas 8, 9
and 10) as shown in (Table -2) and (figure 3, 4 and 5). PG did not have any
effect on the release from the NaCM C and methyl cellulose gel and this may be
due to precipitation of Ibuprofen in both formulas excluding the solubilizing
effect of PG as shown in table-3 which led J Aukauru et al prepared Ibuprofen
as an ointment .

Emulsion base had a significant effect (p <0.05) with the addition of 40%
PG. The result agreed with (Table -3).

Then addition of PEG 400 in the presence of PG to the formulas 11 and
12 also gave a significant effect (p <0.05) and increased the Ibuprofen release
may be due to this combination increased the solubility of Iburofen as shown in
figures 6 and 7 also table 3 revelead the same impact. A similar impact had been
gotten by Aukunuru et a ™.

Effect of pH on the release of Ibuprofen shown in figure 8, where the pH
adjusted in formula -1by triethanolamine buffer to pH 6.5 and 8 and the pH 8
formula gave higher release than formula with pH 6.5 and both formulas gave
significant effect (p < 0.05). A close result was reported by Potthast et al .
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Formulas 11,12 and the formula with pH 8 (showed a significant effect by
synergetic the effect of PG and PEG 400 combinations and the pH effect
respectively) have been subjected to the diffusion test using a mouse skin as
shown in (figure- 9).

Effect of initial I buprofen concentration:

Then the effect of different concentrations of Ibuprofen incorporated in
carbomer gel with pH 8 shown in figure 10 and 11. The formula with 15%
concentration of Ibuprofen showed highly significant effect (p < 0.001) in the
releasing process compared with 5% lbuprofen formula. The results revealed
that increasing the drug concentration, resulted in increasing the cumulative
amount released. The cumulative amounts released at 6 hrs were 93.625, 155.7

and 312.5 mg/cm2 for gel prepared with 5, 10, and 15% Ibuprofen, respectively.
Close parallel result was reported by Fergany 4.
Release kinetics:

The kinetic analysis of the Ibuprofen release and diffusion presented in
(Table 4 and 5). The consistence is very obvious when the discussion is related
to the cumulative amount to each formula. On the other hand and according to
Korsmeyer-Peppas model, the changing in transport mechanism of formula - 1
from case Il to the anomalous by addition of 10% and 30% PG in formulas 5
and 6 respectively, it may be due to PG is hygroscopic material (15) and this led
to the diffusion of water from the surroundings to the polymer into the base and
resulted into the swelling of the system and then relaxation ( anomalous) but, the
solubilizing effect of PG made the drug ready to release and overcome the
swelling happened due to the addition of PG as shown in (Table -3) ¥, The
transport mechanism of formula -7 with 40% PG was case |1, means that 40%
PG affected on the polymer structure and led to relaxation and chain
disentanglement, which showed the same effect on the transport mechanism in
formulas 8 and 9, but had no effect on release rate due to l|buprofen
precipitation. The transport mechanism of formula -2 did not change after
addition of 40% PG (formula -10) but, it had a significant effect on the release
rate due to increase in the Ibuprofen solubility as shown in (Table-3). Since the
mechanism of formula -11 changed from case Il to anomalous ( swelling and
relaxation), this may be due to presence both hygroscopic materials PG and PEG
400 ™ that led to diffusion of water to the formula and as mentioned previously
the solubilizing effect of the combination of PG and PEG overcame the swelling
of polymer. Also the transport mechanism of formula 12 changed from
anomalous to fickian after addition of PEG 400 that seemed increasing or
expanding the layers in the same base. But increasing in the release rate may be
due to decrease in the hydrophobicity of the base and increase the porosity of the
base resulted in ready release of the soluble and insoluble drug . Changing the
pH of formula 1 from 5.6 to 6.5 and 8 did not change the transport mechanism
(case II). (Table -5) shows the diffusion kinetic parameters since all formulas
followed fickian transport mechanism.
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Preliminary clinical study:

The clinical effects of Ibuprofen 5% gel with pH 8 have been tested in a
group of 20 patients. (Table -5)- revealed that 35% of the patients showed mild
positive response while other cases showed good positive response (relief pain
and better range of movement). This indicates that Ibuprofen has good release
from the selected topical formula and good diffusion through the skin.

Formula no. 1 2 3 4
| bopr ofen 5gm 5gm 5gm 5gm
Carbomer 941 1gm
Triethanolamine | Few drops
White bees wax 1gm
Cetyl alcohal 15gm
SL.S 2gm
PG 10gm
PEG 400
Methyl cellulose 2gm
Na.CMC agm
Glycerol 15gm
EDTA 0.1% 0.1% 0.1% 0.1%
H,O to100gm | to100gm | To1l00gm | to100gm
Table-1: formulas compositions
Formula no. 5 6 7 8 9 10 11 12
I buprofen 5gm | 5gm | 5gm | 5gm | 5gm | 5gm | 5gm | 5gm
Carbomer 941 l1gm | 1gm | 1gm 1gm
triethanolamine | Few | Few | Few Few
drops | drops | drops drops
White bees wax 1gm Igm
Cetyl alchol 15gm 15gm
SL.S 2gm 2gm
PG 10 | 30gm | 40gm | 40gm | 40gm | 40gm | 40gm | 40gm
PEG 400 6gm | 6gm
M ethyl cellulose 2gm
Na.CMC 5gm
Glycerol 15gm
EDTA 0.1% | 0.1% | 0.1% | 0.1% | 0.1% | 0.1% | 0.1% | 0.1%
H-0 t0100 | t0100 | to100 | to100 | to100 | t0100 | to100 | to100
gm gm gm gm gm gm gm gm

Table-2: formulas of | buprofen
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Composition of solvents Solubility mg\ml
10%PG +90% H20 1.25
30%PG +70% H20 1.7
40%PG +60% H20 2.46

40%PG +6% PEG 400 +54% H20 3.714

Table-3: Solubility of Ibuprofen

Formula no. n log k R2 Transport Cumulative
mechanism amount
F1 1.07 -4.49 0.9847 Cesell 35.975
F2 0.625 -3.94 0.923 Anomalous 8.8651
F3 0.8024 -3.386 0.987 Anomalous 93.375
F4 1.2 -4.2 0.994 Cesell 103.75
F5 0.747 -3.58 0.97 anomalous 39.125
F6 0.703 -3.42 0.964 anomalous 49.36
F7 1.036 -3.92 0.9795 Casell 83.025
F8 1.4 -5 0.91 Casell 82.06
F9 1.07 -3.9 0.9714 Cesell 101.33
F10 0.789 -3.68 0.90 anomalous 51.675
F11 0.878 -3.48 0.951 anomalous 104.1
F12 .041 -2.6 0.817 Fickian 57.175
pH 6.5 0.914 -3.7 0.98 Cesell 83
pH 8 1.05 -3.9 0.918 Casell 93.625
Table-4: Release | buprofen parameters
Formula n Log k R2 | Transport | Cumulative
no. mechanism amount
Formula 0.485 -2.6 0.9876 Fickian 55.7
of pH 8
Formula 0.497 -2.9 0.9755 Fickian 51.975
11
Formula 0.478 -2.99 0.9609 Fickian 25.975
12
Table-5: Diffusion kinetic parameters of | buprofen
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Figure-1: Effect of Different Baseson The Release of |1 buprofen
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—=— PG 40%-formula7
"PG 10%-formula 5

—s«— PG 30%-formula 6

time in hours

Figure-2:Effect of Diffrrent Propylene Glycol Concentration on The
Release Of | buprofen From Carbomer Gel.
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Figure-3 Effect of 40% Propylene Glycol on The Release of |buprofen
From Methyl Cellulose Gdl.
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Figure-4:Effect of 40% PG on The Release Of Ibuprofen From Sodium
CMC Gd.
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Figure-5: Effect of 40% PG on The Release of |buprofen From Emulsion

Base.
0.25
g 02
IS < —e— carbomer gel - formula 1
c
.15 -
.5 015 —a— carbomer gel + 40% PG -
< 0.1 | formula 7
§ ' carbomer gel+40%
§ 0.05 - PG+6%PEG400 - formula 11
o
0 !‘ T T T
0 2 4 6 8
time in hours

Figure-6: Effect of PG + PEG 400 on The Release of Ibuprofen From
Carbomer Gel.
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Figure-7: Effect of PG +PEG 400 On the Release |buprofen From
Emulsiom Base.
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Figure-8: Effect of pH on therelease of ibuprofen from carbomer gel
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Figure-9: The diffusion of ibuprofen 5% through mouse skin via selected
formulas.
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Figure-10: Effect of different ibuprofen concentrattions on the release
from carbomer formula with ph 8.
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Figure-11: The Effect of Initial Drug Concentration on The Amount of
I buprofen Released in The Release Study.

No. of cases The case Response
2 Supraspinates Good +ve response
tendentites
2 Osteoarthritis of knee Mild +ve response
joint
5 Sport injury Good +ve response
5 LBP Mild +ve response
2 Kneejoint pain Good +ve response
2 Muscle spasm (neck) Good +ve response
2 Frozen shoulder Good +ve response

Table 6- The preliminary clinical study of I buprofen 5% w/w gel.
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Conclusion:

The results indicated that topical preparation of Ibuprofen could be an

effective topical dosage form beside its ora dosage form in inflammatory
conditions with the possibility of less systemic side effects.
Acknowledgments:

| would like to thank Dr. Abdakareem Alsaffar (Consultant-sport

medicine —Rheumatologist—Iragi football team doctor) for his help in
preliminary clinical study. Deepest gratefulness to the pharmacists Hadeel
Hareth and Nora Zawar for their help and support.

Refer ences:

1-

Ardllano, A.;Santoyo, S.; Martin, C. and Ygartua, P. (1999) Influence of
propylene glycol and isopropyl myristate on the in-vitro percutaneous
pentration of declofinace sodium from capobol gels. Eur. J. Pharm. Sci.
7(2):129-135.

Ardlano, A.;Santoyo, S.; Martin, C.and Ygartua, P.( 1998) Surfactant
effect on the in-vitro percutaneous absorption of declofinac sodium. Eur.J.
Drug Metab. Pharmacokinet. 23(2): 307-312.

Ulbrich, H. and Dannhardt, G. (2002). A heterogeneous drug class.
NSAID: classification and spectrum of action. Pharm in unser Zeit 31:146-
154.

Cooper and Gunn's,(1987). Dispensing for Pharmaceutical students, 11"
ed.,Pitman Medical and Scientific Publishing Company LTD.,London,214-
222

Magdy, |. Mohamad (2004). Optimization of Chlorphensin Emulgel
Formulation, AAPS J,, 6, (3) article 26.

H. POTTHAST, J.B. DRESSMAN, H.E. JUNGINGER, K.K. MIDHA, H.
OESER, V.P. SHAH, H. VOGELPOEL,7 D.M. BARENDS. (2005).
Biowaiver Monographs for Immediate Release Solid OralDosage Forms:
Ibuprofen, JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 94,
NO. 10.

Ezzedin,F.W.; Shihab,F.A. and Stoh,S.G. (1986). Release of Scorbic Acid
from Ointment Bases, Int.J.pharm28, 113-116.

JAukunuru,;C.Bone pully and V.gudduri  (2007).Preparation,
Characterization and Optimization of Ibuprofen for Topical and systemic
Delivery . Tropical of pharmaceutical reserch,6(4):855-860.

Gonsho, A.; Imanidis, G.; Vogt, P.; Kern, E. R.; Tsuge, H. Su, M.H; Chai,
S.H. and Higuchi, W.( 1990) Controlled (trans) dermal delivery of an
antiviral agent (Acyclovir). |: an in-vivo animal model for efficacy
eva uation in cutaneous HSV-Infection. Int. J. Pharm.; 65 (3): 183-194.
Ibraheem, b.and AL-Laham, A. (2009). Comparison Study of Carbopol
and Cellulose Derivatives Polymers Effected in Sustained Drug Release
from Matrix Tablets, Ara. J.pharm;vol(3) 9:11-24.

92



AJPS, 2011, Val. 9, No.1

11-

12-

13-

15-

Mehrgan, H.and Mortazavi, A.Sayed. The Release Behavior and Kinetic
Evaluation of Deltiazem HCL from Various Hydrophilic and Plastic Based
Matrices, Iran,J Phar,2005(3):137-146.

El-Samaligy,S.A.; Basdious, E.B.Yehia (2004). Formulation and
Evaluation of Diclofenac Sodium Buccoadhesive Discs, Int. JPharm,
vol(286): 27-39.

J. Aukunuru™, C. Bonepally and V. Guduri (2007) .Tropical Journal of
Pharmaceutical Research. Preparation, Characterization and
Optimization of lbuprofen Ointment Intended for Topical and Systemic
Delivery Val. 6, No. 4, December, pp.855-860

Fergany, A.M. (2001) Topical permeation characteristics of diclofenac
sodium from Na CMC ges In comparison with conventiona g€l
formulation. Drug Dev. Ind. Pharm.; 27(10):1083-1097.

Martindale, The Extra Pharmacopia, 27th ed., (1977), 629-631.

93



