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ABSTRACT

Objective: Medroxyprogesterone Acetate (MPA) using a transdermal drug delivery system for contraception by passive diffusion is limited by the
skin barrier properties. Penetration enhancers such as olive oil (fatty acid permeation enhancer) and DMSO (chemical enhancer) can be used. The
objective of this study was to overcome MPA penetration problem by using olive oil and DMSO.

Methods: An in vitro penetration study using the Franz diffusion cells was performed. The first penetration study used MPA in olive oil (0) and MPA
in coconut oil (C) with the concentration 100 pg/ml to each sample and MPA suspension as a control with the same concentration. The second study
used MPA in olive oil with the concentration 200.0 ug/ml (A), MPA in olive oil with 0.5% DMSO with the concentration 200.0 pg/ml (B), and MPA in
olive oil with 1% DMSO with the concentration 200 pg/ml (C).

Results: MPA penetration test for olive 0il+0.5% DMSO had flux value 4.24+0.074 pg/cm? hr and it was not significantly different (t-test, P>0.05)
with olive 0il+1% DMSO. While the MPA penetration test in only Olive oil had flux value 0.90+0.0087 pg/cm? hr.

Conclusion: This research concluded that olive oil and 0.5% DMSO could improve the penetration of MPA into skin membrane by 4.5 times more
than olive oil alone.
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INTRODUCTION

Medroxyprogesterone acetate is a synthetic progestin which is used
as long-acting hormonal contraceptive and anabolic steroid. The
effectiveness of MPA as a contraceptive is for 3 mo when used as 150
mg intramuscularly or 104 mg subcutaneously [1].

Using a transdermal drug delivery system for contraception presents
some clinical advantages over conventional oral contraception [2]. The
once-weekly administration is more convenient for women than once-
daily administration with oral contraception and should also improve
efficacy by decreasing the degree to which it is dependent on user
compliance [3]. From a pharmacokinetic perspective, transdermal
delivery of contraceptive hormones eliminates variability in
gastrointestinal (GI) absorption, due to factors such as stomach pH,
stomach emptying rate, GI motility, and GI transit time. The drug is
delivered directly into the systemic circulation, avoiding the hepatic
first-pass metabolism experienced with oral contraception and
maintaining constant drug concentrations in the circulation by
eliminating peaks and troughs in serum concentrations climatic that
occur with oral administration [4].

The number of drugs that can be delivered by passive diffusion is
limited by the barrier properties of the skin. Only low molecular-
weight substances (<1000 Da) with the log p-value of<5 can be
delivered effectively through the skin. The drug molecule itself
needs to be potent because of the amount that can be delivered [5].

Penetration enhancers are the substances that functions by lowering
the potential of the barrier characteristics of skin so that it turns
more permeable for the drug molecules to traverse the skin rapidly.
The drug diffusivity in the stratum corneum (SC) can be increased by
these substances by liquefying the skin lipids or by denaturing skin
proteins [6].

Olive oil is natural penetration enhancer extracted from the fruits of
Olea europaea tree. The main constituents are tripalmitin, triolein,

tristearate, trilinolein, triarachidi, squalene, monostearate,
tocopherol and b-sitosterol. Olive oil is a very potent fatty acid
permeation enhancer [7] while DMSO is a chemical enhancer that act
by disruption of the highly ordered lipids of the stratum corneum
that can make enhancement drug across the skin mucosa [8].

In this study, the research question was the potential of using olive
oil and DMSO as an improvement for MPA penetration. In vitro
penetration study using Franz diffusion cells was performed to
answer this question. The suspension of MPA was made as a control.

MATERIALS AND METHODS
Chemicals and animals

The materials that were used in this study were:
medroxyprogesterone acetate (Sigma Aldrich), olive oil, virgin
coconut oil, hydroxypropyl methylcellulose, phosphate buffer pH
7.4, dimethylsulfoxide were from Merck (Darmstadt, German),
methanol, double-distilled water, formic acid and acetonitrile were
of an analytical grade that purchased from Jakarta, Indonesia. The
animals in this study were white female rats (Sprague Dawley
strain), aged 2-3 mo and weight about 150-200 g were provided by
Bogor Agricultural Institute. All of the methods for sacrificing the
animals have been approved by the ethics committee from Cipto
Mangunkusumo Hospital, Faculty of Medicine, Universitas Indonesia
(approval no: KET-943/UN2. F1/ETIK/PPM.00.02/2019).

Preparation of a calibration curve of a standard solution of MPA

A calibration curve of a standard solution of MPA in methanol was
made. The concentration of the standard solution was 1000 pg/ml. It
was diluted to obtain six different concentrations ranged from 10 to
60 pg/ml. Each standard solution then analyzed by chromatography
at a wavelength of 240 nm using a High-Performance Liquid
Chromatography HPLC with the mobile phase was composed of
0.1% formic acid solution and acetonitrile; flow rate of 1.0 ml/min;
and the injection volume was 20 pl.
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In vitro penetration test

At the first study, MPAsuspension was made as a control. HPMC was
dispersed in distilled water then mixed with the gel whilst stirring.
Solution of MPA was added and the concentration of suspension was
100.0 pg/ml (S). While MPA in olive oil (0) and coconut oil (C) was
also made with the concentration 100.0 pg/ml.

At the second study, MPA in olive oil was made with the
concentration 200.0 pg/ml (A), MPA in Olive oil with 0.5% DMSO
with the concentration 200 pg/ml (B), and MPA in Olive oil with 1%
DMSO the concentration 200 pg/ml (C).

In vitro Penetration Test: The abdomen skin of female Sprague
Dawley rats aged 2-3 mo was used as a membrane in the test.
Permeation studies were performed by using a Franz diffusion cell
apparatus with a receptor compartment capacity of 16 ml (area 3.14
cm?) [9]. The excised dorsal rat abdominal skin was mounted
between the donor and receptor compartment of the diffusion cell.
The rat skin was adjusted with the stratum corneum layer facing
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into the donor compartment, while the dermis faced the receptor
compartment. Phosphate-buffered saline (pH 7.4) were used as the
receptor solution for penetration studies of all formulations
prepared (temp 37 °C+2 °C) 12 h [10]. The 1.0 ml sample solution
(0), (C) and (S) were placed over the skin with stratum corneum
with fat (F) and non-fat (NF) facing the donor compartment. The
samples (2 ml) were withdrawn at different intervals
(1,2,3,4,5,6,8,10 and 12 h) and analyzed for drug content by HPLC
analysis. The experiment was conducted in triplicate and with
measurement of means. The amount of cumulative release MPA per
square centimeter of the sample was plotted against time to obtain
the flux value.

RESULTS
Preparation of a calibration curve of a standard solution of MPA

Calibration curve of MPA was linear with the correlation coefficient
(r2=0.998) in the concentration range from 10 to 60 pg/ml as shown
in fig. 1.
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Fig. 2: Cumulative of total MPA penetrated, all values were represented as mean+SD (n=3). NF: Non-Fat, F: Fat

At the first study, MPA penetration test was conducted in
coconut oil and olive oil as natural penetration enhancer with
MPA suspension as control and amount of penetrated as shown
in fig. 2.

The MPA penetration test with non-fat skin rat in olive oil had the
highest cumulative percentage release of 13.56+0.23% and was
started to appear after 4 h, while with fat skin rat the result at
5.87+0.11% after 6 h. The MPA penetration test with non-fat skin
rat in coconut oil had the percentage of release 7.67+0.21% and

began to appear after 3 h, while with fat skin rat at 5.64+0.14%
after 6 h.

The MPA suspension gave a percentage of release at 2.96+0.04%
and began to appear after 6 h, while with fat skin rat did not had any
release until 12 h.

The result showed in fig. 3, the flux value of O(NF) had the highest
flux value was 0.64+0,027 pg/cm2 hr. C(NF), O(F), C(F), and S(NF)
were 0.346+0.034 pg/cm? h, 0.218+0.031 pg/cm2 h, 0.210+0.028
ug/cm2 hand 0.121+0.018pug/cm?. h, respectively.
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Fig. 3: Average penetration flux of O(NF) C(NF), O(F), C(F),S(NF), and S(F) (mean+SD, n=3)

At second MPA penetration test, the MPA penetration test with fat
skin rat in Olive 0il+0.5% DMSO had the cumulative percentage
release 29.95+% and began to appear after2 h, with the
cumulative amount of MPA penetrated was 9.66+0.12ug/cm?. The
MPA penetration test with fat skin rat in Olive 0il+1% DMSO had a
percentage of release 30.19+% and also began to appear after 2 h

with the amount of MPA penetrated was 9.71+0.25ug/cm?. Both of
0.5% and 1% DMSO were not significantly different (t-test,
P>0.05) While the MPA penetration test with fat skin rat in Olive
oil had the percentage of release 12.72+% and began to appear
after 6 h, with the amount of MPA penetrated was 4.06+0.016
ug/cms?, as shown in fig. 4.
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Fig. 4: Cummulative of total MPA penetrated, all values were represented as mean+SD (n=3)

The result showed in fig. 5, the flux value of Olive 0il+0.5%
DMSO, Olive o0il+1% DMSO and Olive oil were 4.24+0.074

pug/cm? h, 4.20+0.036ug/cm?2 h, and 0.90+0.0087 pg/cm?2 h,
respectively
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Fig. 5: Average penetration flux of olive 0il+0,5% DMSO, olive o0il+1% DMSO and olive oil) (mean+SD, n=3)
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DISCUSSION

For the first MPA penetration test, olive oil in the non-fat skin rat
gave the highest percentage of release at 13.56+0.23% and began to
appear after 4 h, while with fat skin rat 5.87+0.11% after 6 h. This
indicated that MPA was deposited in fat for 2 h with Olive oil
enhancer. The MPA penetration test with nonfat skin rat in coconut
oil had the percentage of release at 7.67+0.21% and began to appear
3 h, while with fat skin rat 5.64+0.14% after 6 h. This indicated that
MPA was deposited in fat for 3 h with a coconut oil enhancer.

The MPA suspension had percentage of release at 2.96+0.04% and
began to appear after 6 h, while with fat skin rat until 12 h did not
have any release. From this penetration test, MPA with suspension
as a control had difficulty to traverse the skin without any enhancer
while olive oil had a higher percentage of release than coconut oil.

The flux value of O(NF) had the highest flux value 0.64+0.027
pg/cm?. hr. The flux value obtained from the comparison between
the cumulative numbers of penetration to time [11].

Natural oils are complex lipid mixtures containing various ratios of
saturated and unsaturated Fats. Fatty acids (FAs) from natural oils
interact with the skin as a mixture of skin penetration enhancers and
are also affected by the presence of other components. Olive oil was
mainly composed of FAs: C16:0 (palmitic), C18:0 (stearic), C18:1
(oleic) and C18:2 (linoleic). Coconut oil was mainly composed of
saturated short-chain C8:0 (caprylic), C10:0 (capric), C12:0 (lauric),
C14:0 (myristic) and lower amounts of C16-C18 fatty acids [12].
Lipid protein partitioning theory explains the interaction between
individual

FAs and the skin barrier [13]. According to this theory, FAs
containing C18 chain and at least one double bond have the potential
to form a “link” structure and can disrupt the ordered skin lipids.
Oleic acid was used as a model FA to prove the theory since it is a
C18 FA and it contains a cis double bond at C9 position [14]. H.
Tanojo et al. evaluated FAs structure differences, resulting in the
perturbation of skin lipids and changes in penetration enhancement,
suggesting that C18 FAs with more than one double bond should
increase the fluidity of skin lipids even more [15]. This indicates,
that C18 linoleic acid-containing two unsaturated double bonds
should disturb the skin lipids more than oleic acid [16]. In this study,
it can be concluded that MPA had deposition in fat before released to
blood as in non fat skin rat MPA after 2 h earlier than fat skin rat.

For the second MPA penetration test, Olive 0il+0.5% DMSO in fat
skin rat gave percentage of release at 29.95+% and began to appear
after 2 h. The MPA penetration test with fat skin rat in olive 0il+1%
DMSO gave the percentage of release at 30.19+% and began to
appear after 2 h. Both 0.5% and 1% DMSO were not significantly
different (t-test, P>0.05). While the MPA penetration test with fat
skin rat in Olive oil had the percentage of release at 12.72+% and
began to appearafter6 h. The highest flux value was Olive 0il+0.5%
DMSOwith 4.24+0.074 pg/cm? hr but was not significantly different
(t-test, P>0.05)with olive oil+1% DMSO.

DMSO can change keratine conformation of stratum corneum from
a-helical conformation to p-sheet conformation [17]. DMSO
increased flux of the drug with its interaction with lipid in stratum
corneum and changed the peptide structure, and then caused a
change of the partition coefficient (8). These changes indicated that
DMSO can be a chemical enhancer that penetrated MPA into the skin
membrane through the diffusion process.

CONCLUSION

This research concluded that olive oil and 0.5% DMSO could
improve the penetration of MPA into the skin membrane by 4.5
times more than olive oil alone. Considering that DMSO can cause
skin damage in high concentration, using as low as possible DMSO as
enhancer with olive oil avoid skin damage but still give enhancer
effect and could improve MPA subcutaneous penetration.
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