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ABSTRACT

Objective: Oral route is the usual route of drug delivery which has many advantages such as easy delivery but has disadvantages such as poor 
bioavailability and tendency to produce rapid blood level spikes, such that there becomes a necessity for higher dose or recurrent dosing which 
becomes difficult for the patient and also high cost. Keeping all these drawbacks in concern, there arises a necessity for novel development of drug 
delivery with improved therapeutic efficacy and safety with targeted delivery such that size and number of doses could be reduced. This can be 
achieved by transdermal delivery which possesses several advantages such as avoids first-pass metabolism, eliminates gastrointestinal irritation 
reduces frequency of dosing, and rapid termination of drug action.

Methods: Dried fruits of Terminalia chebula were extracted and preliminary phytochemical evaluation was performed. Ethosome was prepared by 
cold method using soya lecithin. Ethosomal gel was prepared using carbopol as gelling agent and was evaluated.

Results and Discussion: The prepared gel was evaluated for its pharmaceutical properties and was found to be satisfactory. The in vitro drug diffusion 
of ethosomal gel showed better release compared with that of the gel with extract. In vitro anti-arthritic activity exhibited significant effect compared 
to that of the standard diclofenac.

Conclusion: Considering all the above-mentioned factors, the present study was aimed to develop a natural drug-loaded ethosomal gel for transdermal 
drug delivery, thereby permeation of drug can be enhanced compared with conventional dosage forms.
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INTRODUCTION

Skin is made of three main layers such as subcutaneous layer, dermis, 
and epidermis. Drugs mainly penetrate at the intercellular spaces or 
the lipid bilayers [1]. There are numerous advantages in developing a 
transdermal formulation such as follows:
•	 Avoid first-pass metabolism
•	 Avoids risk and inconveniences of parenteral therapy
•	 Substitutes oral when is unsuitable as in case of vomiting, etc.,
•	 Avoids vagaries that occur with GI absorption due to pH, enzymatic 

activity, and drug-food interactions
•	 Reduces daily dosing
•	 Improves patient compliance
•	 Rapid termination of drug
•	 Suitability of self-administration [2,3].

Although with all these advantages, targeted drug delivery faces few 
disadvantages such as follows:
•	 Difficulty in drug permeation through skin
•	 Skin irritation
•	 Clinical need.

To overcome these difficulties [4,5], a novel transdermal dosage 
form with improved permeation can be developed, i.e.,  ethosomal 
drug delivery which has phospholipids, water, and ethanol in high 
concentration, thus increases skin permeation of the drug. Delivery of 
drug by ethosome is assumed by two reasons one being ethanol which 
is basically a permeation enhancer acts by decreasing the density 
of lipid multilayer by penetrating into intercellular lipid therapy 
increasing the fluidity of the lipid cell membrane and the others by 
ethosome which can easily permeate into the deep layer of the skin 

when combined with the lipids, thus releasing the drug into the deep 
layers of the skin [6-8].

Since ancient times, it is believed that herbal drugs are safe with no 
adverse effects. Thus, the present work is to develop an herbal ethosome 
using Terminalia chebula extract.

T. chebula is a deciduous tree belonging to the family Combretaceae, 
commonly called as Kadukkai, Haritaki, and Myrobalan. Leaves, seeds, 
bark, and fruit are used medicinally as astringents, purgative, stomachic, 
and laxative and also used in inflammation, anthelmintic, cardiotonic, 
aphrodisiac, digestion, etc. [9-11].

METHODS

Fruits of T. chebula were procured from local market, were dried 
powered and stored for further use.

Preparation of extract
T. chebula extract was prepared by cold maceration process with 70:30 
ethanol: water for 72 h.

Preliminary phytochemical studies
The extract was tested for flavonoids (Shinado’s test), anthraquinones 
(Borntrager’s test), glycosides, carbohydrates, alkaloids (Dragendorff’s 
and Mayer’s), quinines, phenols, tannins, saponins, proteins, and amino 
acids [12].

Formulation of ethosomes
T. chebula loaded ethosomes were prepared by cold method. Soya 
lecithin was accurately weighed and dissolved with required quantity 
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of water separately. Drug and cholesterol were weighed and dissolved 
in required quantity of ethanol. This was then transferred little by 
little into the lecithin solution and was stirred vigorously to get a 
homogenous mixture. Propylene glycol was added and vigorously 
stirred. This solution was then sonicated/extruded to decrease the size 
of vesicle. This was then packed in glass vial and stored in refrigerator 
for further use [13-16] (Table 1).

Preparation of ethosomal gel
Methyl-  and propyl-paraben were added to 50  ml water and 
required quantity of carbopol was added little by little and 
dispersed homogenously. Propylene glycol and EDTA were added to 
the above mixture. To 25 ml of water, triethanolamine was added to 
maintain the desired pH. To the above gel, the prepared ethosomes 
was added and dispersed well to get the ethosomal gel [17-20] 
(Table 2).

Evaluation of ethosomal gel
Spreadability
This was measured by slip and drug basis. Gel was sandwiched within 
the slides and 100 g weight was placed on the upper slide for 5 min. The 
time taken to separate the two slides was noted.

Extrudability
This was done using lacquered aluminum collapsible tube. Extrudability 
was determined by measuring the amount of the gel extruded through 
the tip when a constant weight was applied [21-23].

In vitro drug diffusion
This test was performed using an open-ended cylinder, of which one 
end was closed using a semipermeable membrane, and the sample was 
placed over it. The membrane was completely covered inside, and it 
was placed in the diffusion medium (pH 7.4 phosphate buffer) which, 
in turn, was placed on a magnetic stirrer with 37°C±2°. Sample was 
withdrawn at a time interval of 30 min for 6 h, and absorbance was 
measured at 272 nm [24-27].

In vitro anti-arthritic activity
In vitro anti-arthritic activity study was carried out based on protein 
denaturation method. Test solution was prepared with 0.45  ml 
bovine serum albumin. 1 N HCl was used to adjust the pH to 6.3. 
The samples was then incubated at 37°C for 20 min and heated at 
57°C for 3 min. 2.5 ml of phosphate buffer pH 6.3 was added to the 
cooled sample. Test control was prepared using distilled water with 
bovine serum albumin, and standard solution was prepared with 
0.05  ml of diclofenac sodium solution in various concentrations 
with bovine serum albumin, rest of the procedures of test control, 
and standard solution followed as similar as with test solution 
preparation [23,28-31].

The percentage inhibition of protein denaturation was calculated as 
follows:

OD of test solution 
100 –  

– OD of test control
Percent	Inhibition= 100

OD of test control

 
 
  ×

The control represents 100% protein denaturation. The result was then 
compared with diclofenac sodium.

RESULTS AND DISCUSSION

Preliminary phytochemical screening of T. chebula
The extract showed the presence of alkaloids, flavonoids, carbohydrate, 
saponins, tannins, quinones, proteins, and amino acids (Table 3).

Table 1: Formulation of ethosomes

Ingredients Quantity (%)
Drug 1
Soya lecithin 4
Cholesterol 0.5
Ethanol 45
Propylene glycol 20
Water Q.S.

Table 2: Preparation of ethosomal gel

S. No. Ingredient Ethosomal gel (%) Gel (%)
1. Ethosome 1 ‑
2. T. chebula extract ‑ 1
3. Carbopol 2 2
4. Propylene glycol 15 15
5. Sodium edentate 0.01 0.01
6. Propylparaben 0.001 0.001
7. Methylparaben 0.05 0.05
8. Triethanolamine Q.S. Q.S.
9. Water Q.S. Q.S.
T. chebula: Terminalia chebula

Table 3: Preliminary phytochemical screening of T. chebula

S. No. Phytochemicals Inference
1 Test for alkaloids

Dragendorff’s test +++
Mayer’s test ++

2 Test for flavonoids 
Shinado’s test ++

3 Test for carbohydrates
Fehling’s test +++

4 Test for glycosides +
5 Test for saponins

Lead acetate test ++
6 Test for tannins

Lead acetate test +
7 Test for proteins and amino acid

Ninhydrin test +
Biuret test +

8 Test for quinones
Sodium hydroxide test +

+Present, T. chebula: Terminalia chebula

Table 4: In vitro drug diffusion study

S. No. Time (h) Gel with 1% extract Ethosomal gel (%)
1. 0 0 0
2. 0.5 10.8 14.14
3. 1 13.96 22.41
4. 2 27.12 32.64
5. 4 35.92 41.82
6. 6 43.21 56.32

Table 5: In vitro anti‑arthritic activity of T. chebula extract

S. No. Concentration (µg/ml) Percentage inhibition

T. chebula 
extract

Diclofenac 
sodium

1. 10 21.221 22.17
2. 50 40.357 42.116
3. 100 57.256 53.886
4. 200 65.891 61.276 
5. 400 72.131 67.43
6. 800 76.090 75.905
7. 1000 88.129 89.39 
T. chebula: Terminalia chebula
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Evaluation of ethosomal gel
pH determination
The pH of the ethosomal formulation was in the range of 6.4.

Spreadability studies
The spreadability of the ethosomal formulation was found to be 44 mm.

Rheological studies
The viscosity of the ethosomal formulation was found to be 4700 cps 
using Ostwald’s viscometer.

In vitro drug diffusion study
The diffusion study showed that there was better permeation with 
the ethosomal gel than compared with that of the gel which contains 
extract (Table 4 and Fig 1).

In vitro anti-arthritic activity of T. chebula extract
The in vitro anti-arthritic potential of the T. chebula extract was 
performed using protein denaturation method. The results showed 
that the extract at different concentrations from 10 to 1000  µg/ml 
exhibited significant anti-arthritic activity compared to that of the 
standard drug (Table 5 and Fig 2).

CONCLUSION

Clinical efficacy is one of the most vital criteria for any novel drug 
delivery system. T. chebula is used for multiple actions given usually 
by oral route which has poor bioavailability making the treatment 
unsatisfactory. Thus, a novel ethosomal drug delivery has been 
developed with ease of self application and also with high permeability 
due to ethanol compared with conventional transdermal dosage forms. 
To conclude, the present work will have better permeability, thus better 
absorption and thereby increased bioavailability.
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