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ARTICLE INFO ABSTRACT

Keywords: The study was to develop a transdermal formulation of insulin, determine its pharmaceutical characteristics, and
Insulin finally test its efficacy. In the current study - Transfersomes were selected as the carrier system for insulin. The
Transferosomes

transfersomes were produced by the hand-shaking method using soy lecithin phospholipid and sodium deoxy-
cholate as the objective of the surfactant. The prepared transfersomes were subjected to characterization with
optical microscopy and scanning electron microscope to estimate the shape and size of transfersomes respectively.
In addition, the physical and drug-excipient interaction studies were carried out and the transfersomes were also
studied for the insulin entrapment efficiency.

Results of the study showed the shape of the transfersomes was well defined and spherical. The mean size of
transfersomes was estimated to be 130 nm The transfersomes were found to be stable over a period of four weeks.
The insulin entrapment efficiency of the transfersomes was estimated to be 87.3%. The ex-vivo skin permeation
study employing goat ear skin with the transfersomes hydrogel revealed that there was a slow and sustained
release of insulin till 180 min. From the above study, it may be concluded that transfersomes are suitable carriers
of insulin across biological membranes.

Transdermal patches
Ex-vivo study
Hand-shaking method
Goat ear skin

1. Introduction two categories i.e type 1 and type 2 diabetes mellitus (T1 DM and T2

DM). In T;DM there is a complete deficiency of insulin whereas, different

Diabetes mellitus has progressed into a pandemic in the last few de-
cades and claimed to be the fifth foremost cause of death in developing
and developed countries. According to the International Diabetes
Federation (IDF), diabetes mellitus has affected 382 million people which
is expected to be 592 million in 2035." Diabetes Mellitus is a group of
metabolic disorder arising either due to relative or absolute deficiency of
a digestive hormone called insulin or inability or resistance of body cells
to use the available insulin.>* Diabetes mellitus is broadly classified into

* Corresponding author.
E-mail address: lallybinoy@gmail.com (B.V. Cheriyan).

g8

EI;gEVIE}; Production and Hosting by Elsevier on behalf of KeAi

https://doi.org/10.1016/j.ipha.2023.07.001

degrees of insulin resistance, increase in the production of glucose and
impaired insulin secretion are the causes of To DM. Insulin is the only
remedy in T{DM and in T,DM patients whose diabetic state is not
adequately controlled by using oral anti-diabetic agents. Even though
many combinations and timed-release preparation of insulin are avail-
able, all of them have to be administered subcutaneously. The difficulties
of multiple injections, physiological stress, and cost also add to the
emotional burden of the patient. Hence, there is a continuous search to
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develop alternative non-invasive routes for insulin administration in
diabetic patients. The initial success reported with inhaled insulin was
only short-lived. Oral formulations of insulin are also undergoing various
phases of the clinical trial at many centers. Recently a few scientists have
reported the successful use of transdermal patches of insulin in diabetic
animals. Several advantages like ease of self-administration, non--
invasiveness, and a uniform sustained release of the medicament makes
the transdermal patch an attractive drug delivery system. Insulin is a
peptide hormone consisting of 51 amino acids and having a molecular
weight of 5.7 kDa* needs a carrier system to transverse across the bio-
logical membrane. This is where the nanoparticles come into play by
acting as an efficient carrier system for insulin. Several nanoparticles like
chitosan® liposomes and pharmacosomes are available. Out of which
transfersomes, a flexible vesicle that permeates the skin and follows a
natural water gradient across the epidermis has been employed to pre-
pare a hydrogel of insulin.®” With this background, an attempt has been
made in the present study to prepare insulin-containing transfersomes,
study their characteristics and incorporate them into a transdermal
patch.

2. Methodology
2.1. Materials

Human insulin (Torrent Pharmaceuticals), soy lecithin, sodium
deoxycholate, phosphate buffer, Lowry's Reagent, Folin's reagent, Car-
bopol, and distilled water were used for the preparation of transfersomes.

IAEC approval - The experimental protocol was approved by the
institutional animal ethics committee. (IAEC No: 007/2016 dated
29.1.2016).

2.2. Preparation of transfersomes

Transfersomes were formulated by conventional handshaking
method with some modifications as described in the literature’ Phos-
pholipid (soylecithin) and surfactant (sodium deoxycholate) are mixed
with chloroform in the ratio 1:1:1 in a round bottom flask. They were
constantly hand shaken and maintained on a water bath at 60 °C until a
thin layer formed after solvent evaporation.

0.347 mg (10 IU) of the human mixture was dissolved in phosphate
buffer in1:1 ratio drop by drop in a water bath maintained at 60 °C. The
resulting composition was added to the tranfersomes and was hydrated.
The vesicles were allowed to swell for 2 h at room temperature. The
resulting transfersomes were sonicated at room temperature for 30 min
using a bath sonicator.

2.3. Characterization of transfersomes

The techniques performed for characterization of the synthesized
transfersomes are:

2.3.1. Optical microscopy

The synthesized transfersomes were observed under an optical light
microscope, Stereo discovery V8 to give a qualitative idea about the
shape of the synthesized transfersomes.

2.3.2. Scanning electron microscope (SEM)

The evaluation of the particle size of ultra-deformable transfersomes
was done by FEI Quanta FEG 200 high-resolution Scanning electron
microscope.

2.3.3. Entrapment efficiency of transfersomes (Insulin)

For this, a stock solution of insulin (human mixtard) was prepared by
dissolving 0.347 mg of insulin (corresponding to 10 IU of insulin) in 10
ml of distilled water and the concentration of the stock being 0.0347 mg/
ml.
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The transfersome suspension and insulin stock were mixed in ratio of
1:1 and were kept in a shaker for 30 min. The mixture was centrifuged
and the supernatant was collected and estimated for insulin that is left
over without entrapment in the vesicle. From this, the value of insulin
entrapped in the vesicles was deduced.by Lowrys, method.

2.4. Estimation of insulin by lowry's method®

This was carried out using Lowry's method. Different dilution of in-
sulin stock was prepared and to 1 ml of each dilution, 1.4 ml of Lowry's
reagent was added and the test tube was incubated for 30 min in the dark.
To each of these, 0.2 ml of folin's reagent was added and incubated for a
further period of 30 min. The absorbance of this reaction was read at 750
nm and a standard curve of different concentrations of insulin was
plotted. The entrapment efficiency of transferosomal suspension was
calculated using the formula

Entrapment Efficiency = {(A-B)/A} x100; where A- Total concentration of
insulin

B- Concentration of the un-entrapped insulin

2.5. Physical stability studies

This test was carried out to investigate the leakage of drug from the
prepared vesicles during storage. The synthesized vesicles were stored in
transparent vials covered with plastic cap at ambient temperature for 30
days. They were checked every day for the appearance of flocculates and
agglomerates.

2.6. Drug-excipient interaction by UV spectra study

This test was performed to measure the chemical composition of
theprepared transfersomes over a period of 30 days by UV spectra study.
Samples were taken from the stored transfersomes on day 0, 5th,
10th,20th and 30th day and their absorption spectra was measured to
detect any change in chemical composition.

2.7. Hydrogel preparation

Hydrogel of the insulin encapsulated transfersomes was prepared by
using 1% carbopol as gelling agent. Encapsulated transfersomes was
added to carbopol and dissolved in distilled water.The resulting mixture
was heated at 50 °C until it attained the gel form and was stirred to
achieve a uniform consistency and stored in a vial.

2.8. Ex-Vivo release of insulin from hydrogel

Ex-vivo studies were performed with goat ear skin and the experiment
was carried out using Franz Diffusion cell. The goat ear was obtained
from the slaughter house within 1 h of sacrificing the animal. The skin
surface was cleaned of any hair using hair clipper and the fatty layer
adhering to dermis also removed by surgical scalpel. The goat ear skin
was then washed with distilled water. The hydrogel was applied on the
skin in the Franz diffusion cell and the set up was placed on a magnetic
stirrer with a rate of 100 rpm. Samples were replaced with fresh phos-
phate buffer at specific intervals. Two ml of medium collected from the
receptor compartment at definite intervals i.e. at 30 min was replaced
with the same amount of fresh phosphate buffer. To these samples
Lowry's reagent and Folin's reagent were added and the absorbance of
this reaction mixture was read at 750 nm for each sample and plotted
against time. Drug release rate was calculated by comparing the absor-
bance value against standard values of insulin and the corresponding
concentration was noted.
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Fig. 1. Transdermal patch.

Fig. 2. Optical micrograph of transferosome

2.9. Preparation of transdermal patch

A simple transdermal patch was prepared by using the backing layer
from 3M company, USA. 623 mg of gel containing 10 L.U of insulin was
evenly spread over it. The rate controlling membrane from 3M Company,
USA was assembled over it. A release liner with the use of a bio-adhesive
was applied over the membrane to prevent the release of the drug
(Fig. 1). The transdermal patch prepared finally measured 5 cm x 3.5 cm
and contained 10 1.U of insulin with 87.3% entrapment efficiency.

3. Results & discussion

The area of drug delivery has been changing over the years. The re-
searchers are constantly working on various systems to improve the
performance of drug delivery to maximize therapeutic activity and
minimize side effects. Each delivery system has its own unique phar-
maceutical and physiological characteristics and must be chosen ac-
cording to the characteristics of the drug which it is going to carry. A
number of delivery systems are being developed for anti-diabetic drugs
and insulin® and the widely employed method is hypodermic injection.
New methods of insulin delivery aim to deliver insulin with minimal
invasiveness in an accurate and painless manner to increase the patient's
compliance.'® A transdermal patch is a medicated adhesive patch applied
over the skin to deliver a specific dose through the skin into the blood-
stream. An advantage of this drug delivery system is that there is a
controlled release of medication into the system. Medications whose
molecules are small can only penetrate the skin. There are a few reports
about the preparation of transdermal delivery of insulin and its biological
effect in animal models''"'*. Primarily there are two types of carriers
that are used in the transdermal delivery system. They are particulate
delivery system and vesicular delivery system. Among them the vesicular
delivery system has been suggested to have many advantages. The
presence of lipid bilayer-like arrangement in the vesicles enables safe and
sustained delivery of molecules for a longer period of time. Such carriers
as liposomes, niosomes, pharmacosomes, and transfersomes have been
reviewed earlier. Among these, transfersomes have been considered to
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Fig. 3. Scanning Electron Microscope of transferosome
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Fig. 4. Standard curve for insulin (Lowry's Method).

offer potential benefits in drug delivery.'® Hence, in the present study
transfersomes were chosen as a carrier to be incorporated in transdermal
patch of insulin In the present study soy lecithin has been used as the
phospholipid and sodium deoxycholate has been used as the surfactant
for their better biocompatibility and high entrapment efficiency for
transferosome preparation'® The prepared transfersomes were subjected
to characterization, excipient-drug interaction studies and entrapment
efficiency.

3.1. Characterization of transfersomes

3.1.1. Optical microscope examination

This gives a qualitative aspect about the shape of the vesicle. Through
the optical microscope the formation of vesicular structure by classical
thin film hydration technique was observed (Fig. 2). The outline of well-
defined spherical and sealed transfersomes vesicles was confirmed.

3.1.2. Scanning electron microscope examination

Scanning electron microscopy confirmed the morphology and size
details of the transfersomes. The vesicles appeared spherical and did not
show any aggregation and the mean size of transfersomes was around
130 nm (Fig. 3).

3.1.3. Entrapment efficiency of transfersomes with insulin

Absorbance value of the supernatant transferosomal composition
incubated with Lowry's reagent was noted and interpolated from the
standard curve (Fig. 4). The absorbance at 750 nm for the insulin
encapsulated transfersomes was 0.621. The entrapment efficiency for
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Fig. 5. Excipient-Drug interaction - U-V Absorption spectra of the trans-
fersomal suspension.

Insulin loaded transferosomal suspension was found to be 87.3%

3.1.4. Physical stability studies

The physical stability studies confirmed the stability of the vesicles
under room temperature and they were free from aggregation or fusion.
No significant agglomeration or flocculation was seen over a period of 30
days of observation.

3.1.5. Drug -Excipient interaction study by UV method

The UV absorbance of transfersomal suspension was noted at 280 nm
for all samples taken at definite intervals. They were found to be similar
thereby confirming no variation in the chemical composition of the
insulin-containing transfersomes (Fig. 5).

3.1.6. Ex—vivo release of insulin from hydrogel

A significant release of insulin from the hydrogel was noted in the ex-
vivo studies. The released insulin was estimated by using a spectropho-
tometer at different time intervals and the absorbance value are pre-
sented in (Fig. 6). The results indicate a initial slow release of insulin
followed by a quick burst at 90 min and sustained release till 180 min.
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This observation confirms that transfersomes are suitable carriers of in-
sulin across the biological membrane.

Conventionally, the medicaments prepared and intended for trans-
dermal application have to be subjected to estimation of the release of the
active ingredient by ex-vivo studies. Many biological membranes are
employed for this purpose and diffusion of the active drug across the
membranes is estimated. In the present study, goat ear skin was utilized
for this purpose. The results of the skin permeation study revealed a
significant transfer of insulin across the goat ear skin (Fig. 6). A
measurable quantity of insulin could be detected at 30 min in the
perfusate with a spike release at 90 min. A sustained release of insulin
from the hydrogel could be detected for up to 180 min (Fig. 6). This
observation indicates that a sustained release of insulin could be ex-
pected over a period of time from the insulin-loaded transfersomes. This
is essential because abrupt variations in insulin release may be delete-
rious in diabetic subjects leading to many complications. A uniform and
sustained release of insulin may mimic normal physiology and preserve
the blood glucose within normal limits. The prepared insulin trans-
fersomes suspension may be expected to perform such a beneficial role. A
variety of topical formulations have been developed by pharmaceutical
companies to treat local indications. However, the utility of cutaneous
application to treat systemic diseases had many limitations. But the
advent of the transdermal preparation of scopolamine to treat motion
sickness has revolutionized the mode of drug delivery over the skin to
treat systemic ailments. Many other drugs like estradiol, lidocaine,
testosterone, and fentanyl are also available as a transdermal patch for
therapeutic use. Only a few attempts have been made to prepare insulin
for transdermal delivery.

4. Conclusion

The present study aimed to prepare a simple transdermal patch
containing insulin transfersomes. The formulation of the patch is in
conformity with the standard transdermal patches available The ex-vivo
studies indicated good permeability of the insulin-containing trans-
fersomes across the biological membrane. Hence, the formulation can be
evaluated in various antidiabetic animal models. The animal models will
provide valuable insights into the efficacy and safety of the insulin
transfersome patch. Additionally, further studies can be conducted to
optimise the dosage and application frequency of the patch for better
therapeutic outcomes in diabetic patients.

30 60 90 120 150 180
Time (min)

Fig. 6. Insulin release by transfersomes at different time intervals.
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