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1. Title of the Thesis  

Formulation development and evaluation of Bioadhesive drug delivery system 

containing selected phytopharmaceuticals 

 ABSTRACT 

 The present study was undertaken to formulate and evaluate herbal transdermal patch. A 

reservoir-type patch of 18 β-Glycyrrhitic acid (GA) was prepared using heat seal method 

allowing for independent variables like penetration enhancers, formulation matrix and rate 

controlling membranes. Also matrix type Patch of Boswellic acid was prepared using solvent 

casting technique. Both type of patch were evaluated for physicochemical characteristics, in 

vitro, ex vivo and in vivo studies. The prepared patches showed desirable physical appearance. 

Reservoir type patch of F4 formulation contains 5% menthol, 42% ethanol, 50% carbopol 

934 gel base, 0.5% piperine provided 95.55% in vitro and 91.58% ex vivo drug release at 

10hr. The matrix type patch of F10 formulation, containing 200mg HPMC E50, 5%menthol 

30% glycerine and 25% piperine was showed 97.8% in vitro and 93.20% ex vivo drug release 

at 10 hr.  The anti-inflammatory action of   F4 (reservoir type) and F10 (matrix type) showed 

87.365% and 89.77% inhibition of rat paw oedema at 10 hr.  The present study suggests that 

both type of patch was demonstrated the feasibility for future clinical trials. 

2. Introduction 

Bioadhesion means adhesion between polymer and a biological membrane by interfacial 

forces. There are many types of Bioadhesive drug delivery system like Transdermal drug 

delivery system (TDDS), Muccoadhesive drug delivery system (eg. Buccal, Sublingual, 

Nasal, Occular, Vaginal, Rectal drug delivery system). Different dosages form of TDDS are 

patch, bioadhesive gel etc. 
1      

  

Boswellic acids (β-boswellic acid, acetyl-β-boswellic acid, keto-β-boswellic acid and acetyl-11-

keto-β-boswellic acid) are a series of pentacyclic triterpene molecules obtained from plants in 

the genus Boswellia.
2
It is estimated that they make up 30% of the resin of Boswellia serrata.

 3
 

The oral administration of B. serrata extract (200 mg/kg) suppresses inflammation by 

inhibiting leukotrine synthesis
4
.It is Poorly soluble in water, Soluble in alcohol, chloroform, 

ether, acetone.
5
Topical formulations for the symptomatic treatment of musculoskeletal 

disorders contain 0.001% to 5 % Boswellia extract with 60% boswellic acids.
6
The LD

50 
has 

been established at > 2 gm/kg. 
7 

Dry extract dosage (orally) is 200 mg – 750 mg. Melting 

point is in range 273-276
o
C. Non aqueous titration method is reported for estimation of 

Boswellic acid using 0.1N potassium methoxide and 0.3%w/v thymol blue as indicator. 
8
 

http://en.wikipedia.org/wiki/Boswellia_serrata
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18-β-glycyrrhetic acid(18βGA) is a pentacyclic triterpenoid (0.5-20%) obtained from the 

hydrolysis of Glycyrrhezic acid, obtained from peeled or unpeeled roots and stolons of 

Glycyrrhiza glabra Linn.
9
 It is Solid, off-white powder, Soluble in ethanol and 

chloroform,Molecular formula C30H46O4, Molar mass 470.68 g mol
−1

,Melting Point: 292 ⁰C-

297⁰C.
8
 In vitro anti-inflammatory effects of 20–75 μM 18βGA by inhibiting the production 

of LPS-induced nitric oxide (NO), prostaglandin E2 (PGE2), and intracellular reactive oxygen 

species (ROS). 
10

 Its anti-inflammatory action in an amount of from 0.1% to 10% by 

inhibiting  prostaglandin (PGE-2 ) synthesis.
11

The liposomal gel with Glycyrrhitic acid 0.9% 

showed a stronger anti-inflammatory activity than triamcinolone acetonide and econazole 

nitrate cream.
12

 The oral LD (50) of Glycyrrhitic acid in rats was reported to be 610 mg/kg.
13 

Pharmacokinetic parameters of 18 β-Glycyrrhetinic acid : single administration at a oral dose 

of 15 mg·kg−1 in rats (n = 6) are AUC0−t 9.79 ± 0.98 μg·h·mL−1, AUC0−∞10.30 ± 0.75 

μg·h·mL
−1

, Cmax 2.09 ± 0.41 μg·mL−1, t max 1.58 ± 0.38 h, t ½ 2.95 ± 0.61 h. The half-life 

was 2.95 h shows poor bioavailability.
14     

 

In view of above reports, exhaustive work has been done on Boswellic acid and 18-ß-

Glycyrrhetic acid for its biological activity and mechanism of action through the systemic 

application but no preclinical data has been published for its anti-inflammatory activity by 

transdermal application. Hence, it was thought desirable to evaluate the anti-inflammatory 

activity of both phytopharmaceuticals through this route. The aim of the present study was to 

design and evaluate reservoir type transdermal patch of 18-ß-Glycyrrhetic acid as well as 

matrix type patch of Boswellic acid with Piperine as bioenhancer to avoid the hepatic first 

pass metabolism and improve the therapeutic efficacy of the drug. 

3. Definition of the Problem  

Sr. 

No 

Problems Modification done based on problems 

1.  Phytopharmaceuticals 

(APIS) Selection 

On the bases of therapeutic efficacy Boswellic acids 

(200mg) and 18-ß-Glycyrrhetic acid (0.9%)are selected 

2.  Quantity of Plasticizer  Glycerine (30%) on the bases of polymer composition 

3.  Permeability enhancer Menthol (2% and 5%) included 

4.  Estimation of APIS  Simultaneous UV method development for 18 ßGA 

 Titerymetry method for total Boswellic acids 

5.  Pre formulation study  API -Polymer interaction study by FTIR, DSC method 

6.  Animal model selected for 

ex-vivo study 

Wister Albino Rat skin 
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7.  ΔJ  flux value  Calculated in ex vivo study 

8.  Formulation of Product for 

comparision 

Aceclofenac patch was prepared  

9.  Post hoc test in In vivo study One way ANOVA using dunnette’s test 

10.  Stability study Conducted according to ICH Q1A (R2)  guidelines 

 

4. Objectives and scope of work 

The present investigation is aimed at formulation of transdermal patches incorporating herbal 

drug components. Transdermal drug delivery has many advantages over conventional drug 

delivery system 

1. Painless administration: Topically administeration of drug in the form of patches that 

deliver drugs across a skin for systemic effects. 

 2.  Increase controlled delivery at predetermined rate 

 3.  Allows continuous input of drugs with short biological half-lives 

 4.  Reduction in frequency of dosing 

 5.  Possible to interrupt or terminate treatment as and when necessary  

The allopathic system of medicine for the treatment of inflammation has certain side effects. 

Hence, turning to safe, effective and time tested herbal drug formulations would be a 

preferable option. With this view transdermal patches incorporating Glycyrrhetic acid or 

Boswellic acid with Piperine as bioenhancer is envisaged. The drugs are selected on the basis 

that, they produce action in suppressing inflammation and safer. 

5. Original contribution by the thesis 

5.1 Preformulation study of phytopharmaceuticals
 
 

  Drug- polymer interaction by FTIR and DSC method 

5.2 Formulation of Transdermal Patch 

 5.2.1. Reservoir type Patch by Heat seal method (For 18 ß-Glycyrrhetic acid) 

    5.2.2. Matrix type Patch by solvent casting method (For Boswellic acid)  

5.3 Evaluation of Transdermal Patch 

Thickness, Weight variation
 
, Percentage moisture content, Folding endurance, Water vapor 

transmission, drug content uniformity, In vitro drug release, Ex vivo drug release, Skin 

irritation test, Carrageenan induced paw edema model, Stability study 
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6. Methodology of Research and Result  

Materials 

Boswellic acid was purchased from Natural Remedies, Banglor. 18-ß-glycyrrhetic acid and 

Piperine were purchased from Yucca Enterprises, Mumbai-37. The polymers Ethyl Cellulose 

(EC), Hydroxy Propyl Methyl Cellulose (HPMCE50), Carbopol 934, Benzyl alcohol, 

Menthol, Alcohol, Triethanolamine and polyisobutylene were procured from Chemdyes 

Corporation, Ahmedabad. All other chemicals and solvents used were of analytical grade. 

6.1 Preformulation study of phytopharmaceuticals
 
 

6.1.1 FTIR study 
15, 16, 17

 

The FTIR studies were carried for the drug, the polymers and the drug-polymer physical 

mixture in the ratio 1:1 were mixed separately with IR grade KBr in the ratio of (100:1) and 

corresponding discs were prepared using Shimadzu FT-IR spectrophotometer( Model 2500), 

model 2500.The discs were scanned over a wave number range (4000 - 400 cm-1). 

6.1.2 DSC study 
16, 18, 19, 20, 38

 

The DSC studies were performed for the drug, the polymers and the drug-polymer physical 

mixtures in the ratio 1:1. The samples (2 mg) were inserted in aluminum pan and heated in 

the rate of 10ºC ⁄min, to a temperature of 10-600ºC, Nitrogen Gas flow rate: 20 ml/min using 

a differential scanning calorimeter (NETZSCH DSC 204F1 phoenix 240-12-0239-L). 

6.2 Formulation of Transdermal Patch  

6.2.1 Reservoir type Patch by Heat seal method (For 18ß-Glycyrrhetic acid)
 21

 

4 g of Carbopol 934 was dispersed in 100ml of distilled water and kept overnight to get a 

smooth gel. Benzyl alcohol as preservative was added into gel base. Menthol and drug 

dissolved in ethanol and poured into the Carbopol 934 gel base with continuous stirring. 

Triethanolamine was added drop wise for to obtain normal skin pH (6.8-7). 

Accurately weighed quantity of the 1g gel (9 mg 18 ß-Glycyrrhetic acid) was placed on a 

sheet of backing layer (Pedlite-polyester) covering 2 cm x 2cm area. A rate controlling 

membrane (EVA with 9% or 19% vinyl acetate) was placed over the gel and the edges of 2 

cm x 2 cm area were heat-sealed to obtain a leak proof device. To ensure intimate contact of 

the patch to the skin, a pressure sensitive adhesive polyisobutylene (PIB), was applied onto 

rate controlling membrane (3 ml; 10% w/v in petroleum ether). A release liner was placed 

over the adhesive coated rate controlling membrane.  
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Table 1 Formulation of reservoir type transdermal patches of 18-β-glycyrrhetic acid 

Formulation of gel base  

Sr

. 

N

o.  

Ingredients  Formulations  

F1  F2  F3  F4  F5  F6  F7  F8  

1  Carbopol 934  4%  4%  4%  4%  4%  4%  4%  4%  

2  Distilled water  100 

ml  

100 

ml  

100 

ml  

100 

ml  

100 

ml  

100 

ml  

100 

ml  

100 

ml  

Formulation of medicated gel  

1  Gel base  50%  50%  50%  50%  60%  60%  60%  60%  

2  Benzyl alcohol  1%  1%  1%  1%  1%  1%  1%  1%  

3  18 ß-glycyrrhetic 

acid  

0.9%  0.9%  0.9%  0.9%  0.9%  0.9%  0.9%  0.9%  

4  Piperine  0.5%  0.5%  0.5%  0.5%  0.5%  0.5%  0.5%  0.5%  

5  Menthol  2%  2%  5%  5%  2%  2%  5%  5%  

6  Alcohol  45%  45%  42%  42%  35%  35%  32%  32%  

7  Triethanolamine  q.s  q.s  q.s  q.s  q.s  q.s  q.s  q.s  

Formulation of Reservoir TDDS  

1  EVA with % VA  9%  19%  9%  19%  9%  19%  9%  19%  

 

Table 2 Formulation of reservoir type transdermal patches of 18-β-glycyrrhetic acid 

show bioenhancer property of piperine 

Formulation of gel base 

Sr. No.  Ingredients  Formulations 

F9  F10  F11  F12  

1  Carbopol 934  4%  4%  4%  4%  

2  Distilled water  100 ml  100 ml  100 ml  100 ml  

Formulation of medicated gel 

1  Gel base  50%  50%  50%  50%  

2  Benzyl alcohol  1%  1%  1%  1%  

3  18 ß-glycyrrhetic acid  0.9%  0.9%  0.9%  0.9%  

4  Piperine  -------  0.25%  1%  0.5 %  

5  Menthol  5%  5%  5%  --------  

6  Alcohol  42.5%  42.3%  41.5%  47%  

7  Triethanolamine  q.s  q.s  q.s  q.s  

Formulation of Reservoir TDDS 

1  EVA with % VA  19%  19%  19%  19%  
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6.2.2Matrix type Transdermal Patch by solvent casting method (For Boswellic acid) 
22, 23

 

Matrix-type transdermal patches of Boswellic acid were prepared using the different polymer 

HPMC E50or EC by solvent casting technique in cylindrical both sides open glass molds. 

The bottom of the mold (40 cm
2
) was wrapped with polyester film as the backing membrane. 

The drug reservoir was prepared by dissolving HPMC E50in water (5 ml) or EC in ethanol (5 

ml). Glycerine (30 %w/w of dry polymer composition) was used as a plasticizer. The drug 

200 mg (in 3 ml Ethanol), piperine and menthol (in 1 ml chloroform) were added into the 

homogeneous dispersion under slow stirring with a magnetic stirrer. The casting solutions 

were sonicated in order to remove the air bubbles if any. The uniform dispersion was cast on 

a Polyester backing membrane. To control the rate of evaporation of solvent, the mould was 

covered with a funnel of suitable size and casting solution was allow to evaporate for 24 

hrs.The backing membrane was then glued to a gummy tape (Aeroplast
®
) keeping matrix side 

upward. The wax papers were used to give a protective covering. 

Table 3 Formulation of Matrix type transdermal patches of Boswellic acid (BA) 

Formulations  Drug  Polymer Plasticizer  Permeability 

enhancer  

BA(mg)  HPMCE50 

(mg) 

EC (mg)  Glycerine 

(%) 

Menthol 

(%) 

F1 200 400 - 30 2 

F2 200 400 - 30 5 

F3 200 200 - 30 2 

F4 200 200 - 30 5 

F5 200 - 400 30 2 

F6 200 - 400 30 5 

F7 200 - 200 30 2 

F8 200 - 200 30 5 

Formulations  Drug  Polymer  Plasticizer  Permeability 

enhancer  

Bioenhancer  

BA  

(mg)  

HPMCK
15

M  

(mg)  

Glycerine 

(%)  

Menthol  

(%)  

Piperine  

(mg)  

F9  200  200  30  5  25  

F10  200  200  30  5  50  

F11  200  200  30  5  100  

F12  200  200  30  ------  50  
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6.3 Evaluation of Transdermal Patches 

6.3.1 Evaluation of Reservoir type Transdermal Patch of 18 ß-glycyrrhetic acid 

Thickness
 24 

The thickness of the patch was assessed by using screw gauge at different points of the patch. 

From each formulation three randomly selected patches were used. The average value for 

thickness of a single patch was determined. 

Weight variation
24 

 

Three patches from each batch were taken and weight of each patch was found by using 

electronic balance. Then average weight of single patch was determined. 

Drug content uniformity
24, 25

 

The patch (4 cm
2
) was added to a beaker containing 100 ml of phosphate buffered saline pH 

7.4 (PBS). The medium was stirred (50 rpm) with magnetic bead for 24 hours. The contents 

were filtered using what man filter paper and 0.5 ml filtrate was extracted with 5 ml 

chloroform. Chloroform layer evaporated on water bath. Then reconstituted in 5 ml methanol 

and analysed for 18 ß-Glycyrrhetic acid and Piperine with maximum absorption at 250nm 

and 342.5 nm using simultaneous UV determination (Thermo scientific T700) against the 

reference solution consisting of placebo patch. 

In vitro drug release
 24, 25, 26, 37

 

The fabricated patch was placed on pretreated cellophane membrane (cellulose acetate 

membrane)and attached to the Franz diffusion cell such that the cell’s drug releasing surface 

towards the receptor compartment which was filled with 50 ml of Phosphate buffer pH 7.4 at 

37± .5°. The whole assembly was fixed on a magnetic stirrer, and the solution in the receptor 

compartment was constantly stirred using magnetic beads at 50 rpm; the temperature was 

maintained at 37 ± 0.5 °C. The aliquots (5ml) were withdrawn at predetermined time 

intervals and replaced with same volume of Phosphate buffer pH 7.4.The aliquot (5ml) was 

extracted with 5 ml chloroform. Chloroform layer evaporated on water bath and reconstituted 

in 5 ml methanol. The samples were analyzed for 18ß-Glycyrrhetic acid and Piperine with 

maximum absorption at 250 nm and 343.17 nm using simultaneous UV determination against 

the reference solution consisting of placebo patch. 

Ex vivo drug release  

Hairs from the abdominal side of albino rat (200-210 gm) were removed by shaving. The 

animals were sacrificed. The full thickness skin of the abdomen was surgically removed and 

the adhering subcutaneous fat was carefully cleaned. Any trace of fat adhering was finally 

removed by wiping with cotton soaked in isopropyl alcohol. Finally skin rinsed with distilled 
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water then with saline.
 27

 The transdermal permeation was performed in Franz Diffusion cell. 

The cells were filled with freshly prepared phosphate buffer pH 7.4. While placing the patch, 

the donor compartment contains patch on stratum corneum side of skin and dermis side was 

facing receptor compartment. Receptor compartment contains phosphate buffer pH 7.4 and 

samples were withdrawn at regular time intervals and replaced the same with receptor fluid. 

The samples were analyzed for 18ß-Glycyrrhetic acid and Piperine with maximum absorption 

at 250nm and 343.17 nm using simultaneous UV determination against the reference solution 

consisting of placebo patch. 
28

  

Skin irritation test 

The irritancy of patches evaluated on albino rats (200 -210 gm) based upon the method 

described by Draize et al (1944) 
29

. The rats anesthetized with thiopental (60m/kg) injection 

(i.p) then the dorsal side of the rat is shaved with clippers 24 h before the beginning of the 

experiment. The animals divided into 3 groups each group consists of 6 rats: Group A was 

serve as control (std.), Group B was receive 0.5ml of a 0.8% v/v aqueous formalin solution as 

a standard irritant 
30

 and Group C (18 β-Glycyrrhetic acid with piperine) received medicated 

patches for 3 day ( A new patch apply daily). The application sites examined for edema and 

erythema after 24 and 72 h., then graded (0- 4) according to a visual scoring scale always by 

the same investigator; the final score represents the average of the 12 h readings. The 

erythema scale is as
29

: 0 none; 1 slight; 2 well defined; 3 moderate and 4 scare formations. 

The edema scale is: 0 none; 1 slight; 2 well defined; 3 moderate and 4 severe. The primary 

irritancy index (PII) is determined for each preparation by adding the edema and erythema 

scores, the formulations are accordingly classified as non-irritant if PII < 2, irritant if (PII =2-

5) and highly irritant if PII=5-8. 

Carrageenan induced paw edema model  

The anti-inflammatory activity of formulated patches was evaluated by the carrageenan-

induced rat hind paw edema method of Swingle et al (1969).
31

 Wistar rats were used after 

being allowed to acclimatize for 2 weeks. Before the day of administration, rats was fasted 

overnight but was allowed access to water ad libitum. The backsides of rats were shaved 12 h 

before starting the experiments. Group – I (Control group): Paw edema was induced by 

injecting 0.1 mL of a 1% w/v homogeneous suspension of carrageenan in double-distilled 

water. The volume of injected paw was measured immediately (0 h) and at 1, 2, 4, 6, 8, 10, 

12 h after injection using a plethysmometer. The amount of paw swelling with respect to 

initial volume was determined time to time. It was obtained by subtracting volume of injected 
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paw at time ‘0’ from volume of injected paw at time ‘t’ divided by volume of injected paw at 

time ‘0’. Group – II (Standard) Treated similar to control group except that Aceclofenac 

patch was applied half an hour before subplantar injection of carrageenan. Group –III (Test 

groups-1, 2): Treated similar to control group except that patches was applied half an hour 

before subplantar injection of carrageenan. Percent (%) inhibition of edema produced by each 

patch treated group was calculated against the respective control group using the following 

formula.
32, 33

 

% inhibition of edema = (1- Vt / Vc) X 100  

Where, Vt = Volume of edema in test; Vc = Volume of edema in control  

Table 4: Carrageenan induced paw edema model  

Adult 

Albino 

Wistar 

rats Total 

no. of 

animal 

required 

=24  

Group(n=6)  Treatment  

Disease Control  Normal rat chow diet  

Standard group  Aceclofenac Reservoir type patch (9mg) with piperine 

(5mg) (2*2 cm
2
)  

Test group -1  Formulation  F4 : Glycyrrhitic acid (9 mg)with piperine 

(5mg)Patch (2*2 cm
2
)  

Test group -2  Formulation F9: Glycyrrhetic acid (9 mg) Patch (2*2 cm
2
)  

Stability study

 
34, 35

 

It was conducted according to ICH Q1A (R2) guidelines by storing the prepared patch (F4 for 

GA and F10 for BA) at 25
o
C (60±5% RH), 30

o
C (65±5% RH) and 40

o
C (75±5% RH) kept in 

stability chamber for period of 6 months. Samples were withdrawn at the end of 6 months 

and analyzed for physical appearance, drug content, and in-vitro diffusion studies. 

6.3.2 Evaluation of Matrix type Transdermal Patch of Boswellic acid 

Thickness
24

 

Weight variation
24 

Percentage moisture content
 24

 

The films were weighed individually and kept in a desiccator containing fused calcium 

chloride at room temperature for 72 hours. The film was again weighed and the percentage 

moisture content was calculated using the formula:  

% moisture content = [initial weight – final weight / final weight] × 100 

Folding endurance
 24

 

The number times the films could be folded at the same place without breaking gave the 

value of folding endurance. It was expressed a number of times. The patches were folded at 

same place either to break the patches or to develop visible curves. It was done normally for 

the prepared  

 



Enrollment No. 119997290040              Student Reg. No. 9139  

 
 

10/18 
 

Water vapor transmission
24

 

Glass vial of equal diameter were used as transmission cell. These transmission cells were 

washed thoroughly and dried in an oven. The prepared patch was fixed over the edge of the 

glass vial containing 3 gm of fused calcium chloride as a desiccant by using an adhesive. 

Then the vial was placed in a desiccator containing saturated solution of potassium chloride. 

The vial was taken out periodically and weighed for a period of 72 h.  

WVT = WL/S 

 W=Water vapour transmitting in g, L=Thickness of the patch in cm, S=Exposed surface  

Drug content uniformity

 
8, 24, 36

 

Patches of specified area (4 cm
2
) were dissolved in 5 mL of Ethanol and the volume was 

made up to 10 ml with phosphate buffer pH 7.4. A blank was prepared using a drug-free 

patch treated similarly. Solutions were filtered through a 0.45 μm membrane. 0.5 ml filtrate 

was extracted with 5 ml chloroform. Chloroform layer evaporated on water bath. and 

estimated by non aqueous titration method. 

In vitro drug release

 
8, 24,26,36,37

 

The fabricated patch (2X2 cm
2
) was placed on pretreated cellophane membrane (cellulose 

acetate membrane) and attached to the Franz diffusion cell such that the cell’s drug releasing 

surface towards the receptor compartment which was filled with 50 ml of Phosphate buffer 

pH 7.4. The whole assembly was fixed on a magnetic stirrer, and the solution in the receptor 

compartment was constantly stirred using magnetic beads at 50 rpm; the temperature was 

maintained at 37 ± 0.5 °C. The aliquots (5ml) were withdrawn at predetermined time 

intervals and replaced with same volume of Phosphate buffer pH 7.4. The aliquot (5ml) was 

extracted with 5 ml chloroform. Chloroform layer evaporated on water bath and analyzed for 

drug content by non aqueous titration method against the reference solution consisting of 

placebo patch.  

Ex vivo permeation studies using rat skin (For Formulation F10) 

Skin irritation test (For Formulation F10) 

Carrageenan induced paw edema model  

Table 5: Carrageenan induced paw edema model  

Adult 

Albino 

Wistar 

rats Total 

no. of 

animal 

required 

=24  

Group(n=6)  Treatment  

Disease Control  Normal rat chow diet  

Standard group Aceclofenac(20mg) with piperine(5mg)  (2*2cm
2
)  

Test group -1 FormulationF10:Boswellic acid (20 mg) with piperine 

(5mg) (2*2cm
2
)  

Test group -2 Formulation F4:Boswellic acid (20mg) Patch (2*2 cm
2
) 

Stability study

 
34, 35

 



Enrollment No. 119997290040              Student Reg. No. 9139  

 
 

11/18 
 

6.4 Results 

Preformulation Studies  

Interaction of drug with polymers was confirmed by carrying out FTIR and DSC study. 
There were no changes in these main peaks in IR spectra of mixture of drug and polymer; it 

shows that there are no interactions found between the drug and polymers. 

GA exhibited peak at 293.9
0
C accordance with std. melting point (292

0
C-297

o
C). BA 

exhibited peak at 272.8
0
C accordance with std. melting point (273-276

0
C). The thermogram 

of the physical mixture was more similar to that of  drug which indicated that drug was 

highly dispersed in the polymer, which does not form complex with polymer used in the 

study. 

Thickness  

% Thickness was observed for all the formulations of GA were between 0.32±0.004 to 

0.33±0.006 and for BA patches were between 0.21±0.01 to 0.23±0.01. A low standard 

deviation (SD) value in the film thickness measurements ensures uniformity of the patches.  

Weight variation  

% Weight variation was observed for GA and BA patches were between 1.78±0.015 to 

1.79±0.015 and 0.066±0.001 to 0.093±0.002 respectively. 

Folding endurance 

The values of folding endurance of BA patches were found to vary from 278±0.57 to 

285±0.57 which indicates good strength and elasticity. 

Moisture content (%MC) and Water vapor transmission (WVTR) 

There was increased moisture content in matrix type patches with an increase in 

concentration of hydrophilic polymers. The F1 formulation showed maximum WVTR and 

%MC, which may be attributed to the hydrophilic nature of HPMC E50 and EC decreased 

these values. The results indicated that the hydrophilicity of the polymers is directly 

proportional to the WVTR and %MC. The order of hydrophilicity of the polymers was 

HPMC E50>EC. However, the small moisture in the formulations may prevent complete 

drying and brittleness. Overall, the moisture uptake of the transdermal films was low and thus 

reduced the bulkiness of the films. 

Drug content uniformity  

% drug content was observed for 18-β-glycyrrhetic acid and Boswellic acid patches were 

between 99.33 ± 0.014 % to 99.34 ± 0.016 % and 98.14 ± 0.014 % to 99.34 ± 0.015 %. The 

results indicated that the preparation was capable of yielding uniform drug content due to the 

homogenous dispersion of the drug.  
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In vitro drug release 

The release of a drug from a reservoir type patches occurs by diffusion. Transport of GA 

from the polymeric rate controlling membrane (EVA) into the in vitro study medium 

depended upon % of Carbopol Gel base, % of penetrating enhancer menthol, % of vinyl 

acetate in EVA as well as % of bioavailability enhancer Piperine. The results of release 

profile indicated that as the % of Carbopol Gel base increased in patch, the drug release from 

the patches is decreased (F5>F1, F6>F2 F7>F3 F8>F3). Concentration of menthol increased 

from 2% to 5% in the formulation; the in vitro release rate increased (F3> F1, F4> F2, F7> 

F5, F8> F6). Hydrophobic nature of EVA polymer retards the drug release but the percentage 

of vinyl acetate in EVA membrane helps in the release of drug from membrane due to pore 

forming property. EVA with 19% VA membrane showed greater drug release (F2> F1, F4> 

F3, F6> F5, F8> F7) as compared to EVA with 9% VA. 0.25 %, 0.5% and 1 % piperine in 

the formulations F10, F4, F11 increased biovailability of GA 30%, 55.44% and 55.44%. 

However, increasing the concentration of piperine to 1% w/v did not further enhance the 

permeation of GA. The enhancement in the permeation of GA (95.5% in F4) in the presence 

of piperine:methanol (0.5%:5%) mixture suggested its better performance as compared to that 

of 0.5 % piperine ( 50.31 % in F12) as well as 5% methanol (40.11 % in F9) alone . It is 

worthy to note that the piperine:methanol (0.5%:5%) mixture in F4 formulation was 

significantly more effective for ex vivo analysis of 18 ß-Glycyrrhetic acid. 

The release of a drug from a matrix type patches occurs by diffusion, which involves 

transport of a drug from the polymer matrix in to the in-vitro study medium depending on 

concentration. The EC was use it retards the release of the drug from the matrix due to the 

more hydrophobic nature, therefore the prolonged drug release was obtained. The 

formulation F1 to F4 containing HPMC E50showed higher % drug release 

(49.2%,57.7%,50.2%,61.5%) over 10 hrs compaired with EC formulations F5 to F8 

(44.1%,56.3%,48.3%,58.1%) due to hydrophilic nature of the HPMC E50 polymer. 

Bioenhancer piperine showed the best role in drug release when added into 50% 

concentration in the formulation F10 (97.8% drug release). 

Ex vivo drug release  

The prepared F4 patch of 18 ß-Glycyrrhetic acid and F10 patch of boswellic acid were 

evaluated for ex vivo release pattern. The mechanism of permeation enhancement of menthol 

could involve its distribution preferentially into the intercellular spaces of stratum corneum 

and the possible reversible disruption of the intercellular lipid domain Bioenhancer, piperine 
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increase the bioavailability of drug by biphasic mechanism involving partial extraction of 

stratum corneum (SC) lipid and interaction with SC keratin. Ex vivo study using rat skin as 

permeability membrane confirms the release of 18 ß-Glycyrrhetic acid and boswellic acid in 

patches as controlled delivery over 10h as 91.58 % and 93.2%. 

Skin irritation test  

According to Draize et al. the tested F4 patch of 18 ß-Glycyrrhetic acid and F10 patch of 

boswellic acid were considered to be negative (non-irritant)[PII< 2].Statistical analysis using 

Two way ANOVA test at p < 0.05 showed that , compared to the control, the formalin 

solution was found to be significantly irritant [p = 2]. The irritation indices proved the no 

irritancy of the drug or any of patch components and showed that the innovated patches are 

safe to be applied to the skin for the intended period of time. 

Carrageenan induced paw edema 

The paw of rats are very sensitive to carrageenan when it's injected in the sub plantar region 

of the left hind paw it causes swelling, redness and edema of the paw. 18 ß-Glycyrrhetic acid 

and Boswellic acid patches have been proved to decrease the swelling of the injected paw 

according to equation. From rat paw edema volume in Table 6 and 7 we noticed that the 

control group showed a continues increase in paw swelling edema till 4 hr while both the std. 

and test groups showed percent swelling lower than that of the control group. In std. group 

decrease in the percentage swelling started nearly after 2 h. While for test group-1 showed a 

reasonably gradual decrease in the percentage swelling after 4hr. The paw volume nearly 

returned to normal faster in test group-1 compared with std. and test group-2. 

Table: 6 Carrageenan induced rat paw edema volume of 18 ß-Glycyrrhetic acid patch 

Time 

(hr)  

Carrageenan induced rat paw edema volume (ml)  

Disease control 

Group (Vc)  

Standard Group 

A + P (Vt)  

Test Group -1  

GA+P (Vt)  

Test Group-2  

GA (Vt)  

0  0.09± 0.01  0.09± 0.01***  0.09± 0.01 ***  0.09± 0.01  

1  0.58 ± 0.04  0.31 ± 0.04***  0.28 ± 0.04***  0.41 ± 0.04  

2  1.11 ± 0.04  0.51 ± 0.04***  0.41 ± 0.04***  0.76 ± 0.05  

4  1.48 ± 0.04  0.41 ± 0.04***  0.38 ± 0.04***  0.96 ± 0.05  

6  1.38 ± 0.04  0.28 ± 0.04***  0.26 ± 0.05***  0.90 ± 0.06  

8  1.28 ± 0.04  0.24 ± 0.04***  0.17± 0.05***  0.81 ± 0.04  

10  0.88 ± 0.04  0.13 ± 0.04***  0.11 ± 0.02***  0.55 ± 0.05  

12  0.87 ± 0.04  0.13 ± 0.04***  0.11 ± 0.02***  0.55 ± 0.05  

All values were analysed using one way ANOVA followed by Dunnett’s multiple comperision  test                                                  

expressed  as Mean ± SEM(n=6) ,***p<0.05.All  the groups compared with control.   

 A=Aceclofenac, G=18 ß-Glycyrrhetic acid,P=Piperine  

  



Enrollment No. 119997290040              Student Reg. No. 9139  

 
 

14/18 
 

Table: 7 Carrageenan induced rat paw edema volume of Boswellic acid patch 

Time(hr)  

Carrageenan induced rat paw edema volume (ml)  

Disease control Group  

(Vc)  

Standard Group 

A + P (Vt)  

Test group -1 

B+P (Vt)  

Test group -2  

B (Vt)  

0 0.09± 0.01  0.09± 0.01  0.09± 0.01  0.09± 0.01  

1 0.58 ± 0.04  0.28 ± 0.017  0.13 ± 0.016  0.39 ± 0.016  

2 1.11 ± 0.04  0.48 ± 0.017  0.21 ± 0.016  0.69 ± 0.015  

4 1.48 ± 0.04  0.38 ± 0.015  0.18± 0.017  0.88 ± 0.017  

6 1.38 ± 0.04  0.21 ± 0.017  0.16 ± 0.015  0.80 ± 0.016  

8 1.28 ± 0.04  0.18 ± 0.017  0.14± 0.017  0.72 ± 0.017  

10 0.88 ± 0.04  0.11 ± 0.017  0.09 ± 0.017  0.50 ± 0.016  

12 0.87 ± 0.04  0.11 ± 0.017  0.09 ± 0.017  0.48± 0.017  

All values were analysed using one way ANOVA followed by Dunnett’s multiple 

comperision  test expressed  as Mean ± SEM(n=6) ,***p<0.05.All  the groups compared 

with control.   A=Aceclofenac, B=Boswellic acid,P=Piperine 

Stability study 

The physicochemical parameter of the optimized formulation was not significantly changed 

on storage. The result indicates that the formulation was stable on the required storage 

condition. 

Table: 8 Stability data of F4 patch of 18 ß-Glycyrrhetic acid 

Parameters  F4 patch of 18 ß-Glycyrrhetic acid  

25
o
C (60±5% RH)  30 

o
C (65±5% RH)  40 

o
C (75±5% RH)  

Thickness  0.32±0.005  0.32±0.004  0.32±0.003  

Weight variation  1.79±0.014  1.79±0.015  1.79±0.014  

% Drug content  99.31±0.015  99.22±0.015  99.33±0.015  

In-vitro Drug release  

Time  0.5 hr  2 hr  4 hr  6 hr  8 hr  10 hr  

25
o
C(60±5% RH)  5.2 %  18.9 %  38.20 %  57.14 %  76.64 %  95.48 %  

30 
o
C(65±5% RH)  5.1 %  19.1%  38.19%  57.30%  76.44 %  95.50%  

40 
o
C(75±5% RH)  5.3 %  19.2%  38.22%  57.34%  76.45%  95.55%  

Table: 9 Stability data of F10 patch of Boswellic acid 

Parameters  F10 patch of Boswellic acid  

25
o
C(60±5% RH)  30

o
C(65±5% RH)  40

o
C(75±5% RH)  

Thickness  0.22±0.005  0.21±0.004  0.22±0.004  

Weight variation  0.072±0.001  0.071±0.001  0.072±0.002  

%moisture content  8.5 ± 0.2  8.5 ± 0.3  8.4 ± 0.2  

Folding Endurance  281±0.57  283±0.57  282±0.57  

WVTR  1.23*10
-6

  1.22*10
-6

  1.23*10
-6

  

% Drug content  99.4±0.015  99.34±0.015  99.39±0.015  

In-vitro Drug release  

Time  0.5 hr  2 hr  4 hr  6 hr  8 hr  10 hr  

25
o
C (60±5% RH)  5.3  19.3  38.8  58.1  76.5  97.9  

30 
o
C (65±5% RH)  5.2  19.1  38.9  58.3  76.4  97.7  

40 
o
C (75±5% RH)  5.1  19.2  38.7  58.2  76.3  97.8  
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7. Achievements with respect to Objectives 

A reservoir-type patch of 18 β-Glycyrrhitic acid (GA) was prepared using heat seal method 

while matrix type Patch of Boswellic acid was prepared using solvent casting technique. In-

vivo anti-inflammatory action of GA as well as BA in presence of piperine was much higher 

compared with standard Aceclofenac patch. In-vivo data has proved the feasibility of 

controlled transdermal delivery of phytoconstituents (GA as well as BA) in adequate 

quantity into the circulation. 

8. Conclusion 

Through the present investigation, it was found that herbal drugs can be incorporated into 

modern dosage forms like transdermal drug delivery system. In the present study, herbal 

transdermal patches were prepared and evaluated. It needs to be further optimized and 

characterised as these types of herbal formulations possess tremendous potential for the 

treatment of inflammatation. 
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