Research Article

Development of ionic liquid microemulsion for transdermal delivery
of a chemotherapeutic agent

Harish Sharma'~ . Gyanesh Kumar Sahu? - Chanchal Deep Kaur®

Received: 11 November 2020 / Accepted: 18 January 2021 / Published online: 25 January 2021
© The Author(s) 2021 OPEN

Abstract

Nowadays skin cancers have become a major area of concern because of the continuous exposure to sun rays (UV rays).
Hence, the present work focused on the synthesis of an innovative 5-Fluorouracil (5-FU) microemulsion as a topical
delivery system mainly used to treat various forms of skin cancer. The topical administration of most of the active com-
pounds is impaired by limited skin permeability due to the presence of skin barriers. In this sequence, the microemulsion
represents a cost-effective and convenient drug carrier system that successfully delivers the drug to and across the skin.
Unfortunately, 5-FU reveals high toxicity and low tumor affinity became inefficient for patients with the risk of serious
side effects. For decreasing of eluding some of its disadvantages we made it more effective by preparing its microemul-
sion with tween 80 (surfactant), isopropyl alcohol (co-surfactant), oleic acid (oil) in a four-component system. This study
emphasized increasing the drug release by multiple times and a topical gel has been formulated and designs to elongate
the drug release. All preparation of 5-FU microemulsion was characterized by physicochemical and drug release studies.
The size of the 5-FU microemulsion was 550-600 nm confirmed by transmission electron microscopy (TEM) and Zetasizer.
The clear microemulsion was prepared at pH 5-6. It shows viscosity in the limit of 13.52-18.23 Pa s. The outcome of the
present work is satisfactory for skin cancer treatment.
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1 Introduction

Carcinoma is a spoken word that acknowledges the ail-
ment that has the result of unregulated production and
partition of cells as a consequence of corpuscular altera-
tion. Skin carcinoma is the unwanted development of
dermis units. Dermis carcinoma is in progress when the
physique does not restoratively lesion to the deoxyri-
bonucleic acid (DNA) internally dermis units, assent the
units to split and proceed uncontrollably [1-3]. Dermis
carcinoma can exist as a dusky blur, lesion, bad damage

that doesn’t recover, or a bump on the skin [4, 5]. Dermis
carcinoma is split among two leading parts according to
their properties; (a) Non-melanoma dermis carcinoma is
a non-spreadable skin cancer it develops in basal dermis
cells [6]. These cells are present at the surface of the epi-
dermis. This kind of dermis carcinoma ordinarily arrives
in the areas of corporality that the majority disclosed to
the sunlight. Most commonly found on the face, nose,
forehead, cheeks, lips, ears, scalp, back to the hands,
and lower legs. (b) Melanoma; is the rarest form of skin
cancer, in which the pigment cell becomes cancerous
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[3]. It repeatedly cultivates on the foot of females and
the breastplate, behindhand, skull, and neck of males.
However, this kind of dermis carcinoma may for many
places on the physique. Melanoma begins in the mel-
anocytes which are the unit in the low most stratum of
the epidermis [7, 8].

Fluorouracil is an antineoplastic anti-metabolite chemo-
therapy drug. In-vivo, 5-FU is transformed into the active
metabolite 5-fluoroxyuridine monophosphate (F-UMP);
substituting uracil, F-UMP assimilates into RNA and DNA
thereby hindering there processing, thus preventing cell
growth [9]. It has been used in the treatment of numer-
ous solid tumors including colon, rectal, breast, gastric,
pancreatic, ovarian, bladder, and liver cancer [10-14]. Its
association with low elevations of transient serum ami-
notransferase during therapy has been implicated in rare
cases of clinically apparent acute liver injury. The struc-
ture of 5-FU is shown in Fig. S1. FU combines with many
enzymes and cofactors like N5-10-methylenetetrahydro-
folate, thymidylate synthase, folate cofactor and inhibit
covalently bound ternary complex [15-17]. The result of
this inhibition of thymidylate convert uracil is important to
the reduction of DNA and RNA and causes cancer cell end.

Microemulsions are commonly defined as thermody-
namically stable systems; liquid mixtures of oil, water,
and surfactant, immiscible or partially miscible are sta-
bilized by added co-surfactants. These are liquid at room
temperature carrying negligible vapor pressure [18-20].
Various studies have been done with microemulsions as
a drug delivery vehicle because of their many potential
and extraordinary benefits [21, 22], such as high solubil-
ity, lucidity, thermodynamic stability, ease of preparation,
high dispersion and absorption rates in comparison with
the solvents without the surfactant system [23]. There
are numerous properties such as it can be industrialized
by a spontaneous emulsification method to improve the
solubility and bioavailability of poorly water-soluble drugs,
non-toxic and non-irritant hence can be easily applied
to the skin and mucous membranes [24]. Therefore, it
enhances drug efficiency, with reduced dosage and mini-
mal side effects. At the different ranges of temperatures,
they are thermodynamically stable and resign is to a highly
small drop size [25]. Therefore, in contrast to other emul-
sion systems, where the oil droplets may slowly coalesce
occur phase separation, in microemulsion preparation
phase separation doesn’t occur [26]. The transdermal deliv-
ery of sparingly soluble drugs is challenging due to of the
need for a drug carrier. In the past few decades, ionic liquid
(IL)-in-oil microemulsions (IL/O MEs) have been developed
as potential carriers. By focusing on biocompatibility, we
report on an IL/O ME that is designed to enhance the sol-
ubility and transdermal delivery of the sparingly soluble
drug, 5 FU.
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So, many drugs were used alone or in combination
as an anticancer drug [26]. Various work has been so far
reported, i.e., formulation of tamoxifen microemulsion
with sesame oil and tween 80 as an anticancer drug for
oral delivery [27], formulation of surface-active microemul-
sion for various sparingly soluble drugs to enhance activity
towards cancer cell [18], formulation of simvastatin nanoe-
mulsion to treat bone cancer [28] and formulation of 5-FU
porous microparticles for liver cancer [29]. However, we
did not find a single report on surface modification of 5-FU
as microemulsion and implemented for ex-vivo (goat and
human cadaver skin) and in-vivo (skin irritation on mice)
studies.

The present study reveals the formulation of twenty-
seven microemulsions by using 5-FU an anticancer drug,
which has improved skin permeability and seizing the
drug within the shell area thereby drug delivery in a
relatively short period. Therefore, the anticancer activity
of the particles against melanoma in the skin has been
investigated.

2 Materials and method
2.1 Chemicals

All the reagents were analytical reagent grades. Tween
20, tween 60, tween 80, isopropyl alcohol (IPA), span 80,
span 60, ethanol, n-butanol, polyethylene glycol (PEG 400),
propylene glycol, isopropyl myristate, oleic acid, castor oil,
olive oil, and dimethyl sulphoxide (DMSO) were obtained
from Merck, Mumbai, India. 5-FU; a pure drug sample pro-
cured from a pharmaceutical company; Neon laboratories
Ltd., Mumbai, India as a gift. Triple distilled water was used
for microemulsions preparation.

2.2 Screening of formulation ingredients
2.2.1 Screening of oil

The solubility of 5-FU in various oils; isopropyl myristate,
castor oil, olive oil, oleic acid, was determined due to its
solubility and tensile efficiency. In brief, the solubility of
5-FU in different oils was determined by the addition of
an excess amount of 5-FU in 2 ml of oils by a shaker. For
72 h the sample was kept to form an equilibrium point.
The materials were removed and centrifuged for around
15 min at 3,000 rpm. Lastly, the supernatant was shifted
with the help of a membrane filter to check the percent
(%) of medicament by the help of UV-Visible spectroscopy
at 225 nm.
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3 Screening of surfactants

The emulsification capacities were checked for three differ-
ent surfactants namely, tween 20, tween 60, and tween 80,
span 60, span 20. Firstly prepare 2.5 ml of 15% surfactant
solution next add 4 pl oil with continuous stirring to get a
clear solution. The emulsions could last 2 h.

4 Screening of co-surfactants

During microemulsion preparation, co-surfactant work
as a solubilizing agent. Co-surfactant has been combined
with surfactant and solubilizes them, to form a clear, trans-
parent solution. Various co-surfactants were investigated
such as isopropyl alcohol, ethanol, n-butanol, polyethylene
glycol, propylene glycol. The titration method was used to
determine co-surfactant efficiency [30].

4.1 Construction of phase diagram
The phase diagram displays the concentration of sur-

factant, co-surfactant, oil, and water for the preparation
of microemulsion. Pseudo ternary phase diagrams have
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been also constructed to examine the influence on the
region of microemulsion existence of the surfactant to the
cosurfactant ratio (5/CoS). To achieve the best one micro-
emulsion, each diagram has a precise weight ratio of Smix
and oil mixtures to prepare a total of twenty-seven for-
mulation for different ratios, i.e,, 1:1, 2:1, 3:1. The mixtures
of surfactant, co-surfactant (Smix), and oil combination
were mixed slowly with continuous stirring. The quantity
of water depending on the mixtures was assessed visually
like microemulsion. The phase diagram for the preparation
of microemulsion was optimized by the ‘triangular graph
constructor’software. The general ternary-phase diagram
of microemulsion represents in Fig. 1a (supporting docu-
ment; Fig. S2, S3, and S4). Table S1, S2, and S3 represent
the percentage of surfactant, co-surfactant, water, and oil
at 1:2, 2:1 & 3:1 ratio of tween 80:IPA. Table S4, shows the
formulation of all three (ME1, ME2, and ME3) 5-FU micro-
emulsions (5%).

4.2 Characterization

After getting the best formulation for 5-FU microemul-
sions, it was further studied for its characteristics such
as visual inspection, thermodynamic stability which
include stress test and centrifugation. The zeta potential
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Fig.1 Pseudo ternary phase diagram of 5-FU microemulsions; phase diagram representation (a); 1:1 weight ratio (b); 2:1 weight ratio (c); 3:1

weight ratio (d)
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of microemulsions samples was determined using a Zeta-
sizer 2000 (Malvern Co., Worcestershire, UK). Transmission
electron microscopy JEOL JEM-1010 (Jeol, Tokyo, Japan)
operating at an accelerating voltage of 80 kV was used
to determine the size and morphology of the 5-FU micro-
emulsion. A Systronic pH-meter was used for measuring
the pH of the prepared microemulsion. While viscosity was
measure by Brook field viscometer model WDV-8.

4.2.1 Spreadability study

The spreadability apparatus consists of a wooden block
with marking and two glass slides had a pan mounted
on a pulley. The required amount of microemulsion kept
between two glass slides and 100 g weight was placed on
the upper glass slide for 2 min to obtain a uniform thick-
ness of the formulation. Measurement of spreadability was
taken as the time(s) required separating the two slides.

The spreadability was calculated by using the following
equation:

S=(mxI/t m

where, S is spreadability; m is the weight placed on the
upper slides; I is the length of the glass slide and; t is the
time taken in seconds.

4.2.2 Ex-vivo drug permeation studies

Ex-vivo drug permeation studies (goat and human cadaver
skin), were performed in vertical Franz diffusion cells that
have a diffusion surface of 0.63cm? (Logan Instruments,
Somerset, NJ) at room temperature [30].

Goatskin Goatskin, weighing 8-10 g, were obtained
from the local market at Bhilai, Chhattisgarh, India. Poly-
propylene cages were further used to store them. Ethical
approval and the guidelines to perform the animal studies
were obtained from the Institutional Animal Ethics Com-
mittee (IAE), Shri Rawatpura Sarkar Institute of Pharmacy,
Raipur, India that was strictly followed throughout the
studies.

Human cadaver skin Franz diffusion cell was applied
in the test for ex-vivo diffusion of medicament with a
volume of 6 cm was used. It has two chambers; the upper
receptor chamber was covered with a cellulose acetate
membrane with the addition of the release media. The
next chamber is a donor chamber that was mounted on
the membrane. 1 g samples of the microemulsion were
loaded into the donor chambers with stirring at 800 rpm.
Formulation from the receptor chamber is taken at a fre-
quent interval of times throughout 3 hr and the concen-
tration of the medicament was determined by UV-Visible
spectrophotometric method using the standard curve.
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The quantity of medicament distributed at many time
intervals was calculated and the graph plotted against
time.

4.2.3 Skin sensitivity studies

The cytotoxicity test was done in A431 cells, at National
centre for Cell Sciences, Department of Biotechnol-
ogy, Pune, (M.H.), using the colorimetric method to
determine skin irritation. In brief, before one week of
the experiment, mice were adapted to laboratory con-
ditions. The humidity of the room was maintained up
to 40-45% RH and the temperature was monitored at
25 °C. The hair on the dorsal side of the mice was care-
fully removed with an electric clipper in the direction of
the tail to the head (approx. 5 cm) without damaging the
skin. Now, animals were divided into three groups (n=9)
and treated as follows: group I: negative controlled (no
treatment), group ll: test formulation, group Ill: applied
formalin a standard irritant (0.8% v/v). Test formulations
(0.5 g) were applied uniformly on the dorsal region by
uniform spreading within the area for continuous 7 days.
The treated skin was inspected visually for erythema and
edema. The mean erythemal and edema scores were
recorded depending on the degree of erythema.

5 Results
5.1 Solubility studies

To prepare a microemulsion, initially, the solubility of
oil, surfactant, and co-surfactant was determined. For
that firstly, the screening of different oil, i.e., isopropyl
myristate, oleic acid, castor oil, and olive oil was done
[31]. Table 1, depicts the solubility of 5-Fluorouracil in
different oil and concluded oleic acid was best to prepare
microemulsion with the highest solubility along with the
solubility of oil, surfactants, co-surfactants respectively.
The results indicate an enhanced solubility of 5-FU in the
optimized formulation when microemulsion was com-
pared to its respective individual ingredients.

Based on the screening of all reagents, optimized
constituents to prepare 5-FU microemulsion (5%) were
obtained (Table S4).

The increased solubility of 5-FU in 3:1 surfactant to
cosurfactant ratio can be attributed to solute-solvent
interactions such as hydrogen bonds, Van der Waals
forces, and ni-m interactions occurring between aromatic
rings of imidazolium cation and 5-FU.
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Table 1 Solubility of 5-Fluorouracil in different oil, surfactant, and co-surfactant at room temperature

Oil Solubility (mg/ml) Surfactant Solubility (mg/ml) Co-surfactant Solubility (mg/ml)
Isopropyl myristate 165.28+0.23 Tween 80 105.28+0.22 Isopropyl alcohol 107.28+0.25
Oleic acid 183.12+0.21 Tween 60 100.45+0.24 Ethanol 43.12+0.21
Castor oil 44.26+0.25 Tween 20 93.12+0.21 N-Butanol 58.27+0.19
Olive oil 32.61+0.19 Span 80 58.27+0.19 Polyethylene glycol 69.62+0.24
- - Span 20 31.62+0.22 Propylene glycol 79.62+0.24

5.2 Pseudo-ternary phase diagram and preparation
of MEs

The microemulsion formulation is a complex mixture
of oil, surfactant, cosurfactant, water, and drug and the
majority of its properties are dependent upon the droplet
size of the internal phase [32, 33]. Figure 1b, ¢, d reveals
a pseudo-ternary phase diagram of 5-FU microemulsion
with Tween 80, IPA, oleic acid, and water at room tempera-
ture. The "water dilution lines" were drawn, reflecting an
increase in water content and a decrease in Smix levels.
The water was steadily titrated with a Smix and visually
observed in the device for clarity or turbidity. The mixture
was stirred over the vortex mixer during every addition of
water. Since, after stirring, a clear and transparent mixture
was collected, the sample was considered monophasic.
As a point in the phase diagram, every composition of the
monophasic emulsion was marked. It was assumed that
the area protected by these points was the microemulsion
region of life. In phase diagrams, the transparent area of
the microemulsion life zone is presented. Based on vis-
ual observation, the remainder of the area on the phase
diagram represents the biphasic, turbid, and traditional
emulsions. The total area under the microemulsion zone
was inversely proportional to the ratio of S,;,. The area of
the microemulsion zone became enlarged as the S_, ratio

mix

decreased, reaching the maximum point at S, of 3:1. The
ternary phase study reveals that the extreme amount of
water has engulfed in the microemulsion system when
the S/Cos ratio was 3:1. Increased quantity of water and
decreased amount of surfactant-co-surfactant and oil pro-
vides a larger opportunity for the solubilization of 5-FU
which is an added advantage for less viscous and transpar-
ent microemulsion.

5.3 Transmission electron microscopy (TEM)

The shape and size of the as-prepared 5-FU microemul-
sion were determined by transmission electron micros-
copy (TEM) [34]. Surface morphology showed an oval
shape with 560 nm size. Solubility is also depending on
the size of the particles, as the size decreases the solubility
of microemulsions increases. Hence TEM image confirms
the micro size, oval shape, and uniform distribution of the
5-FU (Fig. 2a, b).

5.4 Measurement of particle size and distribution

The size of the microemulsion globule was determined
by Zetasizer. The average globule size was 510 nm. The
droplet size was calculated using the Stokes-Einstein
relationship by Zetasizer Software. Figure 3, shows three

Fig.2 Transmission electron microscopy (TEM) image of the 5-FU microemulsion (3:1)
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Fig.3 Zeta potential micrograph of 5-FU microemulsion

peaks and the most intense peak obtained at 689.2 nm.
Thus, obtained results show homogeneous distribution
of microemulsion globules and it is in the required range,
consequently, a translucent microemulsion is formulated
efficaciously. Aggregations will not take place due to the
slightly negative charge of the droplets [35].

5.5 Viscosity and pH measurements

As viscosity is the friction between the inter molecules in
the microemulsion, it shows the thickness of the prepared
material. Brookfield Viscometer was used to study the
viscosity of the as-prepared microemulsion formulation.
The viscosity of ME3 was found to be 18.23+0.22 Pa-s as
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shown in Table S5. Due to its highest viscosity, ME3 was
selected for topical application.

The pH of the prepared 5-FU was determined to know
about the pH of the best microemulsion formulation with
the help of a pH meter. Figure 4 represents the pH values
of microemulsions batches. Almost all microemulsions
show pH at 5.64-5.9, approximating the usual transdermal
fluid pH range, which is among the elements of formula-
tion that can significantly lower the irritation created after
implementation [36].

5.6 Thermodynamic stability studies

Thermodynamic stability reveals the stability of prepared
drug microemulsion in terms of different temperatures,
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ME1 ME2 ME3
Formulation

Fig.4 pH values of microemulsions batches

Table 2 Spreadability of

; . S.No BatchNo Spreadabil-
prepared microemulsion ity (g.cm/
batches Y9

sec)
ME1 5.14
ME2 4.82
ME3 4.22

energy, or the equilibrium state of the prepared drug
microemulsions with the environment [37]. To determine
the thermodynamic stability of the 5-FU microemul-
sions, firstly placed all these three as prepared ME1, ME2,
and ME3 at different temperatures, i.e., 2-4 °C, 20-25 °C,
35-50 °C for 3 months and observed there were no phase
separation and color change occurred during this period.
Next, subject these formulations to centrifugations at
1000 rpm and 3000 rpm for 1 h (Table S6, Fig S5.). Cen-
trifugation can accelerate the rate of creaming or sedi-
mentation which demonstrates that the breakdown of

100

Amount retalned/unit area (%)

ME3 ME2 ME1 5FU
Formulation

an emulsion can be related to the action of gravitational
force. Centrifugation was done to evaluate for phase sep-
aration, cracking, or coalescence, and again no changes
were observed in the microemulsion.

5.7 Spreadability study

Spreadability measurement of prepared microemulsion
batches was done by wooden block with scale and two
glass slides. ME3 shows 4.22 g.cm/s spreadability on skin
(Table 2).

5.8 Ex-vivo studies

The ex-vivo studies were done on both goatskin and
human cadaver skin by the use of Franz diffusion cell, to
know the efficacy of the 5-FU microemulsion formula-
tion for permeation on skin. The below figure shows the
efficiency of different 5-FU microemulsions (ME1, ME2,
and ME3) with free 5-FU in goat and human cadaver skin.
It was observed that 5-FU with ME3 formulation for goat-
skin showed 86% permeation compared to other ratios
ME2 (78%), ME1 (53%), and free 5-FU (25%). The increase
in the percentage of permeation is due to microemul-
sion formation in free 5-FU, which enhances its surface
area. For human cadaver skin permeability results of
5-FU obtained almost the same pattern of results that
ME3 shows the best skin permeability with no side effect
on the skin. In general, when 5-FU is used alone on the
upper layer of the skin the surface was very less and can
easily penetrate the inner layer of the skin. Figure 5a,
shows the comparative skin retention profile for all the
formulation 5-FU ME with free 5-FU. The value of skin
retention for free 5-FU was found to be around 32%.
However, microemulsion of 5-FU shows better results,

Mean cumulative drug permeated (%)

Time (hr)

Fig.5 Comparative skin retention profile for all the formulation 5-FU ME with free 5-FU (a); Percentage (%) mean cumulative 5-FU micro-

emulsions penetration in the skin (b)
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i.e., ME1, ME2, and ME3 are 53%, 78%, and 86% respec-
tively. Thus, based on the above results, it was concluded
that microemulsion based drug provides better drug
deposition on skin compare to free 5-FU (Fig. 5b).

5.9 Cytotoxicity test (MTT assay)

MTT assay the high-throughput cell-based assay was
used to evaluate the cytotoxic response of different cell
lines to different oncology products. MTT assay is a test
done in the lab and a usual colorimetric assay (an assay
that measures color changes) for determining growth
in a cell. In this paper, the MTT assay was reformed as a
chemosensitivity test, and its potential was examined.
This technique also has numerous benefits regarding
speed, quantitation, managing of various samples, and
cell number is essential for the assay. The application of
this assay to chemosensitivity testing appears to be valu-
able and advantageous.

MTT examines cell respiration and the extent of
formazan made is proportionate to the number of living
cells existing in the culture. An escalation or reduction
in cell number results in a concomitant change in the
quantity of formazan made, demonstrating the degree
of cytotoxicity initiated by the drug. IC5, (concentration)
of the tested drug capable of causing the death of 50%
of the cells and can predict the degree of its cytotoxic
effect. The lower the value, the more cytotoxic the sub-
stance will be. Figure 6, reveals the comparative graph
of the IC;, of certain chemotherapeutic drugs against
human cancer cell lines.

Inhibltion (%)

ug/ml

Fig.6 MTT assay to determine the IC;, and analyze their effect on
cell viability in 5-FU microemulsion (ME1, ME2, and ME3)
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5.9.1 Skin irritation studies

ME1, ME2, and ME3 samples formulated show zero ery-
thema and edema score index for negative and test-
controlled values. The microscopic appearances of the
controlled mice skin sections (without treatment) and
the sections of skin treated with all formulation shown in
Fig.S6. The Draize score for skin irritation for negative and
test controlled were zero (no effect) while positive con-
trol for erythema was 1.11+0.03 with edema 0.89+0.014.
Anatomical and pathological changes established in this
study did not provide the safety of tested formulations
on mice skin.

6 Conclusion

Topical 5-FU is approved for the treatment of superficial
basal cell carcinoma and actinic keratosis. However, 5-FU
suffers from poor skin permeation. The above formulations
have been successfully applied to improve the skin per-
meability of small and large molecules, and even micro-
particles, by creating micron-sized pores in the stratum
corneum layer of the skin.

In summary, successfully prepared a more efficient 5-FU
microemulsion via the phase titration method. Later on,
implemented as a carrier system for topical delivery on
dermis carcinoma with improved solubility and perme-
ability. 5-FU was characterized by physicochemical evalu-
ation and shows particle size in the limit of 500-600 nm
at pH 5.64-5.97. Around 95.57-83.67% quantity of 5-FU
was released from all ME. To achieve effective results dif-
ferent ratios of microemulsions were prepared and imple-
mented on Goat and human cadaver skin and found ME3
was successful in treating dermal carcinoma for 3 months
as compared to ME1 and ME2. Ex-vivo permeation studies
reveal a great increment in flux as well as an increasing
amount of drug-infused in 24 h using ME solution. Skin irri-
tation is also very low as compared to free 5-FU. Thus this
work will expose the novel method for further research as
a probable drug delivery system with excellent stability
and release profile. All the other formulations (ME1 and
ME2) were also found to be equally good in their physico-
chemical characteristic.
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