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Dutasteride-loaded nanostructured lipid carrier for androgenic
alopecia treatment — An in vivo study
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Abstract

Introduction: ~ Androgenic  alopecia
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testosterone to DHT, the more potent Gammacorznel

form of testosterone involved in the t i
pathogenesis of AGA. Blockers of this =

enzyme suppress the conversion of B ‘
androgens to DHT. Dutasteride is one

of the 5-alpha reductase inhibitors and e

is frequently used as an anti-hair loss

treatment. Gamma-oryzanol (GO) is an anti-oxidant and anti-5-alpha reductase, which has been
introduced as an anti-hair loss treatment by some studies.

Methods: The nanostructured lipid carriers (NLCs) were developed for targeting the dutasteride
and GO in hair follicles. The NLCs were prepared from herbal oils pumpkin seed oil (PSO) and
saw palmetto (SP), which also have a 5-alpha reductase inhibitory effect, contributing to the
therapeutic effect. NLCs in follicular targeting enable to accumulation of the drugs in the target
area (hair follicle cells), reduce the absorption of dutasteride in other organs and tissues, and
reduce the side effects. NLCs were prepared by adopting a hot homogenization method and were
characterized by particle size analyzer, scanning electron microscope, and X-ray diffraction. An
in-vivo study was conducted using C57BL/6 mice to assess NLCs ability in drug delivery and
accumulation in hair follicles.

Results: NLCs had great potentials for reducing the dutasteride daily dose. Moreover, the
accumulation of NLCs was confirmed by histopathological images even after two weeks of the
discontinued treatment.

Conclusion: NLCs may have facilitated the follicular delivery of the anti-hair loss drugs. Since the
NLCs have potential for accumulation in the hair follicles, the interval of formulation usage may
have been increased to more than once a week which was of great interest to the practitioners
aiming at developing more efficient formulations for androgenetic alopecia.
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Introduction

Alopecia or baldness is a condition that causes partial or
complete hair loss and slow growth of hair. It is a very
common condition in both males and females, elderly
and even young adults. Alopecia is initially perceived as
a cosmetic issue; when it occurs repeatedly, however, it
leads to mental and psychological problems such as lack
of self-esteem, depression, anxiety disorders, and even
more dangerous side effects (e.g., suicidal behaviors)."*
The most common type of alopecia in both males and
females is patterned hair loss or androgenic alopecia
(AGA), which is a kind of hair loss caused by androgenic
hormones. The miniaturization of terminal hairs and
turning to vellus hairs is the main symptom of AGA,
which finally diminishes the hair follicles and causes the
total baldness.> The main mechanism of male pattern
androgenic alopecia is associated with androgens,
testosterone, and dihydrotestosterone (DHT), as well as
with the enzyme that converts testosterone to DHT, the
5-alpha reductase is key to controlling this condition.”
Locally elevated levels of DHT in hair follicles cause hair
loss in AGA. The 5-alpha-reductase converts testosterone
to DHT (i.e., the more potent androgen).*'® The enzyme
5-alpha reductase (also known as 3-oxo-5a-steroid
4-dehydrogenases or SRD5A) is responsible for converting
testosterone to dihydrotestosterone in different organs
such as brain, skin, liver, testis, prostate gland and hair
follicles. It has three subtypes namely SRD5A1, SRD5A2,
and SRD5A3. The isozymes SRD5A1 and SRD5A2, are
the enzymes found in hair follicles and are responsible for
AGA.""* when the activity of this enzyme is reduced, the
rate of hair loss is also decreased. There is only one FDA-
approved medication with a 5-alpha reductase inhibitory
effect for AGA treatment, which is oral finasteride. As
it is absorbed into the systemic circulation, however, it
demonstrates limited efficacy, and even may reduce the
activity of 5-alpha reductase in other tissues and organs,
thereby causing unwanted side effects like sexual disorders
(e.g., erectile dysfunction and reduced libido) and post-
finasteride depression.'*'” Several studies have shown that
topical finasteride is effective in treating this issue and
reducingits side effects.'>'® Therefore, the topically applied
formulations are preferred to oral tablets. Dutasteride is
another 5-alpha reductase inhibitor that is more potent
than finasteride since it inhibits SRD5A1 and SRD5A2,
three times and 100 times stronger than finasteride does
respectively, some studies have investigated the anti-
AGA effects of both oral and topical formulations of
it.'>192 therefore, several herbal and natural products
with different mechanisms like vascular endothelial
growth factor (VEGEF), insulin-like growth factor-I
(IGF-I), 5-alpha reductase inhibitory, anti-oxidant, and
anti-inflammatory effects, etc.?** have been examined
in order for developing an effective AGA treatment.
Products containing rosemary oil, olive oil, pumpkin

seed oil (PSO), saw palmetto extract (SP), and many other
herbal oils and extracts have been introduced to stimulate
hair growth and reduce hair loss.**** Expression of nitric
oxide synthase in response to androgens generates the
oxidative stress and inflammatory responses, and the
oxidative damage leads to hair loss by activating different
mechanisms; anti-oxidants and free radical scavengers can
reduce the free radicals produced by the oxidative stress
and therefore, can be considered as a treatment option
in AGA.**? Gamma-Oryzanol (GO) is one of these anti-
oxidant agents from rice bran, and has been reported by
several studies to act as a highly potent anti-oxidant and
free radical scavenger.””* as the result, these products, are
recognized by the pharmaceutical industries due to their
natural origins.***! Follicular drug delivery is a relatively
new field of targeted drug delivery that aims to deliver
the drug compounds to hair follicles and treat the hair
follicle disorders, hair loss in particular.**** In Follicular
delivery, the drug compound reaches deeper into the hair
follicle, and thereby increasing the effectiveness of the
drug, and reducing the unwanted side effects (caused by
the distribution of the drug to all body tissues). In some
cases of drug delivery systems (e.g., SLNs, NLCs, etc),
the residence time of therapeutic agent in hair follicles
increases and, therefore, the intervals of drug usage
reduce, which facilitates the patient compliance.”> A
nanostructured lipid carrier (NLC) is a lipid-based nano-
carrier for drug delivery, and is one of the most recognized
nano-lipidic carriers in dermatology products**” NLCs
increase the follicular delivery of loaded drug compounds
instead of the conventional topical dosage forms (e.g., gel,
cream, solutions, etc), and even help the loaded drug to
depot in hair follicles which prolongs the residence time of
therapeutical agent and reduces the usage intervals.*>*®*

In this study, NLCs made of natural lipids were used
as the drug delivery system to load dutasteride (ie., a
5-alpha reductase inhibitor) and gamma-oryzanol for
follicular targeted drug delivery. The natural lipids used as
NLC structure were pumpkin seed oil (PSO)?***! and saw
palmetto extract (SP),>>** Both of them have approved
5-alpha reductase inhibitory effects and GO is an anti-
oxidant and also 5-alpha reductase regulatory effects lead
to hair growth stimulating effects.*****’ therefore the entire
system of drug delivery has anti-hair loss effects, even the
NLC structure. This study aimed to investigate the co-
delivery of dutasteride and GO to hair follicles of mice by
NLCs from natural lipids in order for improving the anti-
hair loss effects of dutasteride and decrease the dose of it
via accumulation of nanoparticles in hair follicles.

Materials and Methods

SP and PSO were supplied from Jiaherb, China, Precirol,
glycerol, poloxamer188 were purchased from, Sigma-
Aldrich Chemical Company, USA, and GO was a
generously gifted from Tsuno Rice Fine Chemicals Co.,
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Ltd, Japan and dutasteride were supplied from Dr. Reddy’s,
India. Minoxidil was obtained from Pakdarou, Iran, and
testosterone was purchased from Iran Hormone, Iran.

Preparation of dutasteride and gamma-oryzanol loaded-
NLCs (NLC-Dut-GO)

Nanostructured lipid carriers were prepared adopting
the hot homogenization method. To this end; 400 mg
of liquid oil (200 mg SP and 200 mg PSO), 550 mg solid
lipid (Precirol), 2.5 mg dutasteride and 100 mg GO were
melted in a 70°C hot water bath above the melting point
of Precirol, then the melted solution was homogenized
(21000 rpm) using a high-shear homogenizer (Silent
Crusher M, Heidolph, Germany) whileanaqueous solution
of surfactants (500 pl glycerol and 500 mg poloxamer 188
in 25 ml distilled water) was added dropwise to the lipid
phase. To prepare the blank NLCs, the previous process
was completed without adding dutasteride and GO. After
the formation of the primary emulsion, the formulations
were sonicated by a probe sonicator (Sonics, Vibracell,
Newtown CT) for particle size reduction, and, then, the
formulations were kept in the refrigerator until cooling
and forming the final NLCs.

Preparation of the physical mixture

To this end, 2.5 mg dutasteride, 100 mg GO, 200 mg SP,
200 mg PSO, 550 mg Precirol, 500 ul glycerin, and 500 mg
poloxamer188 were heated to 70°C and mixed with a glass
stirring rod, and then, were dispersed in 25mlit distilled
water to make a physical mixture of all ingredients of
NLC-Dut-GO.

Particle size distribution and zeta potential

Particle size distributions of the prepared NLCs were
characterized by a laser diffraction particle size analyzer
(Wing SALD 2101, Shimadzu, Japan). The average
particle size was reported as the mean volume diameter
and the measurements were performed in triplicate.
The morphology and particle size of the prepared NLCs
were determined using a Scanning Electron Microscope
(SEM) (MIRA3, TESCAN, Czech Republic). The zeta
potential of prepared NLCs were acquired using zeta-sizer
(MALVERN- Nano zs, UK).

X-ray diffraction (XRD)

To confirm the proper preparation of nanoparticles
and none-crystallization of the ingredients (carrier’s
composition and loaded drugs), during preparation of
NLCs, XRD analysis was performed and the crystallinity
of NLC-Dut-GO and the physical mixture was compared
with those of Precirol, GO, PSO, SP, and dutasteride,
using X-ray diffractometer (Tongda, TD-3700, China, 10
°0-60 °0).

Fourier transform infrared- FTIR-analysis
The FTIR spectra of dutasteride powder (Dut), gamma-

oryzanol powder (GO), freshly prepared NLC-Dut-GO,
and blank NLCs were recorded by Spectrum Two, LITA,
UK. The FTIR spectra were measured at 400-4000 cm™
with samples dispersed in KBr pellets.

Entrapment efficiency (EE) and loading capacity (LC)

EE is a term that signifies the percentage of the loaded
drug to added drug and loading capacity is the percentage
of loaded drug to the amount of added lipid (both solid
and liquid lipid). To separate the loaded and un-loaded
dutasteride, the prepared NLCs were centrifuged (12000
rpm, with Amicon®) for 20 minutes, so that the unloaded
drug precipitated at the bottom of Falcon, and the loaded
drug was achieved in an encapsulated form in the aqueous
phase (i.e., the supernatant solution). After separation
of the supernatant, chloroform was added to it and was
placed in a shaker incubator to release all of the loaded
drugs into the chloroform then the chloroform phase
containing dutasteride was picked out after two-phase
separation (i.e., aqueous phase and chloroform phase)
the precipitated powder after the chloroform evaporation
was diluted with an acetonitrile-water solution and the
amount of loaded dutasteride was determined by high-
performance liquid chromatography (HPLC) (Knauer,
Germany). Briefly, a C-18 HPLC column was used as
the stationary phase, acetonitrile: water: trifluoroacetic
acid (52:48:0.05) as the mobile phase, and acetonitrile:
water (60-40) as a diluent for diluting the samples. GO is
a very low-density powder therefore, the unloaded drug
remained at the top of the solution after the centrifugation,
and the loaded GO remains in encapsulated form in the
solution. We extracted the loaded GO was extracted by
chloroform, and the amount ofloaded GO was determined
using spectrophotometer (UV-2000, Shimadzu, Japan).

Weight of drug entrapped within nanoparticles "
Total drug added

%EE = 100

Weight of drug entrapped within nanoparticles N

%LC = 100

Total Weight of carrier

In-vitro release study

The release study was conducted in an oily environment to
partially mimic the skin layers’ physicochemical aspects.
To this end, isopropyl myristate- isopropyl alcohol 4:1 was
used as the release environment, and 1ml of NLC-Dut-
GO was added to 1000 ml of the release environment in a
sink condition and they were kept in a shaker incubator
with 37°C and 180 rpm. The samples were taken after 30
minutes, 1, 3, 6, 12, 18, and 24 hours, each sample size
was 1ml and the removed volume was replaced with 1 ml
of fresh solvent system (isopropyl myristate- isopropyl
alcohol 4:1) after each sampling.

Stability study
Three samples of NLC-Dut-GO, were prepared and
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kept at ambient temperature, then the samples were
analyzed after 3, 6 and 12 months, and their particle size
distribution and EE% were calculated. All measurements
were performed in triplicate. Also, the XRD analysis was
done to see if there are any lipid phase crystallizations
after 12 months or not. The change of particle size of
NLC-Dut-GO after 12-months storage was statistically
analyzed using paired-t test by SPSS statistical Software.

In-vivo study
A total of 30 mice (C57BL/6) aged 6-8 weeks and
weighting 20-25 g were selected and randomly assigned
into six groups. All groups were kept individually in cages
and fed normally. Dorsal skin hairs of all groups were
shaved using an electric shaver and treated as below:
Group 1 was the control group which received no
treatment. Group 2 was the negative control group which
was only induced by AGA using 100 pl testosterone
enanthate 0.05% w/v on a daily basis for 14 days. Group
3 was the positive control group which received daily
treatments of 100 pl testosterone enanthate 0.05% w/v, as
well as 100 pl minoxidil 5% w/v after 30 minutes (the only
topical FDA-approved treatment of AGA). Groups 4 and
5 were treated with 100 pl of the prepared NLC-blank and
PM respectively, 30 minutes after daily induction of AGA
using 100 pl testosterone enanthate 0.05% w/v. finally,
Group 6 was treated with NLC-Dut- GO every three
days (for proof of accumulation of NLCs in hair follicles)
and daily induction of AGA using 100 ul testosterone
enanthate 0.05% w/v. At the end of AGA induction (i.e.,
day 14th), the studied groups were sacrificed and the
skin of the treated areas of mice was separated for H&E
staining to check the new follicles. However, two mice
from groups 4 and were kept alive to 6 continue the study
for another 14 days with AGA induction by testosterone
(without applying the therapeutic agents) to examine the
potential of NLCs for accumulation in the follicles. On day
28, the rest of the mice were also sacrificed and their skin
samples were separated for pathological examination.

Results and Discussion

Particle size and zeta potential

The result from the particle size analyzer is shown in Fig. 1a
and Fig. 2a, the volume mean diameter was 413 +47 nm,
for NLC-Dut-GO and 392+ 32 nm for blank NLCs. SEM
results (Fig. 1b and Fig 2b) were about 400 nm and 310
nm for NLC-Dut-GO and blank NLCs, respectively. The
SEM results confirmed the results of narrow particle size
distribution; in a study by Lademann et.al, the particle
size of around 300 nm, was found the appropriate size
for follicular drug delivery*>*® which was consistent with
the result from our previous unpublished study about
investigating the best particle size range for hair follicular
targeted drug delivery, and indicating that, the 300-400
nm particles (in comparison with 50 and 1000), had

greater potential for reaching and accumulating in hair
follicles even after seven days of topical application the
formulation. Therefore, the 300-400 nm particles were
selected for the delivery of dutasteride and GO to the hair
follicles and for the treatment of AGA. The zeta potential
of prepared NLC-Dut-GO, was about -12 mV for and -6.4
mV for blank NLCs, and it can help the NLCs stability
during storage time.

X-ray diffraction (XRD)

The XRD graphs of NLC-Dut-GO, PM, dutasteride
powder, Precirol, PSO, SP, and GO, ate shown in
Fig. 3 the main sharp peaks of GO and Dut in PM and
were disappeared and therefore both compounds were
amorphous implying that they were capable of easily
penetrating from formulations to hair follicles and
functioning as the anti-hair loss agents. Furthermore,
SP and PSO were dissolved in Precirol since their sharp
peaks were also disappeared in the PM and NLC-Dut-GO
formulations. And they prevented Precirol (i.e., the solid
lipid) from crystallization which facilitated preventing
the variabilities of drug release followed by the drug
leaking from the crystalized solid lipid part.” And also
we observed that after 12 months the crystallization had
not happened due to XRD graph of the stability sample,
therefore the prepared NLCs showed a favorable stability
in 12 months at room temperature.

FTIR analysis

The FTIR analysis had undertaken to confirm the
formation of nanoparticles and to identify probable
interactions between components during the fabrication
of NLCs via comparing the FTIR spectra of drug-loaded
nano-particles, blank nano-particles, and pure drugs.®
FTIR spectra of pure Dut, pure GO, NLC-Dut-GO and
blank NLCs are presented in Fig. 4 the blank NLCs
and NLC-Dut-GO spectra are very similar with a little
difference in 2963 cm-1 peak in NLC-Dut-GO, that shows
the encapsulation of GO in NLCs, and in 1515 cm-1 there
is a short peak in Dut, that appears in NLC-Dut-GO too
and this can confirm the encapsulation of Dut in the
prepared NLCs. No new peaks were observed not in blank
NLCs nor NLC-Dut-GO, and according to this, there are
not any interactions or complexations and degradation of
encapsulated drugs during the encapsulation process and
therefore the encapsulated drugs are intact.

Encapsulation efficiency and loading capacity

The result of HPLC analysis for dutasteride was reported
as 2.19+0.084 mg and the result of UV-visible analysis
for GO was reported as 94.5+0.7 mg. The EE% and LC%
of the loading dutasteride and GO in the lipid phase are
shown in Table 1.

Dutasteride:
*
EE% =221

=87.8%
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Fig. 1. a. Particle size distribution, b. SEM image and zeta-potential of prepared NLC-Dut-GO.

K
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NLCs are nanoparticulated lipid carriers and are
composed of solid lipids and liquid oils, these carriers
can easily encapsulate the lipophilic drugs due to their
lipophilic structure. dutasteride and GO, are two highly
lipophilic substances and encapsulated more than 87%
and 94% for dutasteride and GO respectively. Several
other published studies, have confirmed that NLCs can
entrap the lipophilic drugs in a high percentage (higher
than 80%),*** which was consistent with our study
results since a percentage higher than 87 and even a
percentage about 95 were recorded for dutasteride and
GO, respectively, in our study.

Stability study

The results of the long-term stability study in a room
temperature on the prepared samples of NLC-Dut-GO are
shown in Table 2. According to the results of this stability
study, 78.61% of dutasteride and 83.8% of GO were
encapsulated in NLCs after 12 months, which implied that
the change in EE% was less than 10% for dutasteride and
11.3% for GO even after 12 months and that the change
in particle size distribution was less than 93nm. NLCs
are a new generations of SLNs, which have shown very
good stability in comparison with SLNs in several other
studies,®>*® SLNs are lipidic nanoparticulated carriers
composed of the solid lipids, and NLCs have liquid oil
as a part of their structure, in addition to solid lipid, and
this liquid part facilitates preventing the solid lipid part
crystallization and finally the leakage or explosion of the
encapsulated compound from NLCs in their shelf life,
which makes NLCs more stable than SLNs.®7! In this
study, the NLC-Dut-GO showed extremely great stability
as well. Even after 12 months, the particle size distribution
and EE% remained unchanged in comparison with
the particle size distribution and EE% of the freshly
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Fig 2. a. Particle size distribution, b. SEM image and zeta-potential of blank NLCs.

prepared NLCs of more than 93nm and 11% respectively.
Furthermore, an XRD analysis was performed for the
12-months sample of NLC-Dut-GO formulation (Fig. 3),
the peaks are similar to freshly prepared NLCs and so the
graph confirms that after 12 months, the NLCs solid lipid
part (i.e., Precirol) has not crystallized and therefore, the
explosion and burst release of loaded drugs (the main
stability problem of lipid nanoparticles) will not happen
at least within 12 months of storage. This was suggestive
of the fact that the prepared formulation was stable at
room temperature for at least 12 months.

Particle size changes were statistically analyzed by
paired t-test (IBM SPSS software, version 26) and the
change in particle size was not significant according to
P>0.05, and it confirms the stability of prepared NLCs
after 12 months storage at room temperature.

Release study

The target site of this formulation is the hair follicle
and, therefore, the aqueous release medium is not an
appropriate release environment for an in-vitro study
on the release profile, in a study by Rancan et al, an oily
release medium (i.e., isopropyl myristate) was selected,”
but the release medium did not match the sink condition.

In our study the sink condition was used, Although this
condition was unable to simulate the skin environment
completely and it was only confirmed that the prepared
formulation had the potential to release the loaded drug
in the target site without degrading the loaded drug or
complexing with the carrier, however, the release profile
and the timeline of release cannot be simulated by in-vitro
study, because skin and hair follicle units are composed
of compacted cells, meanings that the release area of
the target site is composed of more solid-state than the
liquid state, and that this area cannot mimic with only
an oily medium. According to the in-vitro release study,
78.12+5.3 % of the loaded dutasteride and 93.25+2.1 %
of the loaded GO were released in the first 30 minutes.
Which remained unchanged even after 24 hours due to
the partitioning of loaded drug during the oily phase
(i.e., isopropyl myristate- isopropyl alcohol and Precirol).
The latter showed that the encapsulated drugs, had the
potential to release after penetration into hair follicle
units, as for their release profile, and since the in-vitro
release media failed to completely simulate the hair
follicle environment, however no thorough discussion
was presented about that, before developing a complete
matching in-vitro release medium.
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Fig 3. X-ray diffraction graphs of Precirol, Dutasteride, Gamma-oryzanol
(GO), Pumpkin seed oil (PSO), saw palmetto (SP), dutasteride and gamma-
oryzanol and dutasteride loaded NLCs (NLC-Dut-GO), the stability sample
of NLC-Dut-GO after 12 months and Physical mixture of all ingredients
(PM).

In-vivo studies

All mice groups were photographed at the beginning and
end of the study (Fig. 5, where, the photos on the left are
the mice on day 0, and those on the right are mice on
day 14). and H&E staining slides (Fig. 6) from the dorsal
skin of mice (i.e., the treated area) were performed after
14 days. Group a was the control group in our study,
and therefore received neither an AGA induction nor
a treatment. As displayed in (Fig. 5a), the shaved area
was covered by hair in the usual manner after 14 days.
Group b only included the testosterone applied mice for
AGA induction and they received no treatment as AGA
medication. The hair regrowth in group b, did not occur
completely after 14 days, so that nearly half of the shaved
area was not covered by hair. Group c after AGA induction
by testosterone, was treated with topical minoxidil as an
FDA-approved topical treatment of AGA, and the hair
loss was partially prevented by medication after 14 days.
In group d, the group treated with blank NLCs after AGA
induction, at the end of study in this group we observed
that the blank NLCs, has prevented the hair loss because
the blank NLCs are composed of SP and PSO as its liquid
lipid, these two herbal extracts act as 5-alpha reductase
inhibitors and prevented induction of AGA, but not
totally and in some parts of skin hair loss was happened

Blank NLCs
100
80 NLC-GO-Dut
e
1515 v
80 063 vm
Dut
g%
GO
20
4000 3500 3000 2500 2000 1500 1000 500
wavenumber]/cm

Fig. 4. FTIR analysis of GO powder, Dut powder, Blank NLCs and NLC-
Dut-GO. The main differentiations between blank and drug loaded NLCs
have shown in the image with red lines

Table 1. Entrapment efficiency and loading capacity of loaded dutasteride
and GO in prepared NLCs

EE% LC%

Dutasteride 87.8+0.3% 9.02£0.25%

Gamma-oryzanol 94.5+0.7 % 9.947 +0.084 %

(it was as effective as FDA-approved, minoxidil, treated
group). In group e, after AGA induction, the area was
treated with NLC-Dut-GO and in almost all shaved area
was covered with new hair after 14 days, suggesting that
the formulation had the potential to prevent the effects
of testosterone and hair loss, and that was even more
effective than the FDA-approved treatment (minoxidil)
and after 14 days of discontinuing the hair growth are still
in the normal way (Fig. 7b). In group f, the shaved area
was treated with PM after AGA induction by testosterone,
it was found more effective than the FDA-approved
treatment although it was not as complete as the NLC-
Dut-GO treated group, which may have been attributed
to, more favorable penetration and accumulation of NLCs
compared to dispersion form of ingredients, after two
weeks of discontinued treatment, the AGA symptom -hair
loss is back (Fig. 7a). Fig. 6 presents the histopathology
images of in-vivo mice study groups biopsies stained
with Hematoxylin and Eosin (H&E) staining, according
to Fig. 6d-f, had more hair follicles than the control
and testosterone groups, as well as the FDA-approved
treatment. The differences between the NLC-Dut-GO
treated group with and other study groups was significant,
so that there were several new hair follicles in biopsies of
the group e even two weeks after the discontinued usage
of NLC-Dut-GO (Fig. 8b), furthermore, the induction
of AGA by testosterone was continued during in this
two weeks (day 14-28), suggesting that the NLCs were
accumulated in the hair follicles and that they were slowly
released, thereby blocking the effects of testosterone in
these two weeks. As to Fig 6d and 6e, for groups treated
with blank NLCs and PM respectively, an increase was
also detected in hair follicles (less than the increase in the
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Table 2. Stability study results after 3, 6, and 12 months in room temperature vs. freshly prepared NLC- Dut-GO

Fresh NLCs After 3 months After 6 months After 12 months
Median volume diameter (MVD) 413 +47 nm 428 £ 87 nm 479 £ 46nm 506 +78 nm
EE% for dutasteride 87.8+0.3% 87.64+0.2% 86.96+0.4 % 78.61+1.3%
EE% for GO 94.5+0.7 % 93.7+15% 93.2+2.8% 83.8+4%

The particle size distribution and entrapment efficiency (EE%) of the loaded gamma-oryzanol (GO) as well as dutasteride in stability samples and
freshly prepared NLCs are shown.

Fig. 5. In-vivo studies on dorsal skin of mice groups. The right picture of each group were taken at day 0, and, the left picture of each group day 14. The
groups are: a. control group, b. testosterone-induced androgenic alopecia group, c. daily minoxidil treated group, d. daily blank-NLCs treated group, e
the group treated daily with Physical Mixture of dutasteride. gamma oryzanol, pumpkin seed oil and saw palmetto, f. every 3days dutasteride and gamma-
oryzanol loaded NLCs treated group.

Fig 6. The histopathologic study of AGA in mice model, the biopsies were taken after 14 days of treatment. The groups are: a. control group, b. testosterone-
induced androgenic alopecia group, c. daily minoxidil treated group, d. daily blank-NLCs treated group, e. the group treated daily with Physical Mixture
of dutasteride. gamma oryzanol, pumpkin seed oil and saw palmetto, f. every 3days dutasteride and gamma-oryzanol loaded NLCs treated group. The
epidermis layer of skin is shown by black arrow, the dermis layer is shown by green arrow and the hair follicle located in hypodermis layer are shown with
blue arrows. The magnification of all slides are x 50.
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Fig 7. Mice groups after 2 weeks of discontinuing treatment. a. the group
treated with Physical mixture of dutasteride, gamma oryzanol, pumpkin
seed oil, and saw palmetto. and, b. the group treated with dutasteride and
gamma-oryzanol loaded NLCs.

NLC-Dut-GO group), which may have been due to SP
and PSO’s 5-alpha reductase inhibitory effects; Moreover,
the oils penetration enhancer,”* helped GO and
Dutasteride to reach to hair follicles, but, the number of
follicles decreased after two weeks discontinuing of usage
of PM and the advantage of NLC-Dut-GO formulation,
is the accumulation and depot of particles in hair follicles
and this helps to reduce the frequency of drug use and
so the acceptance of treatment by consumer will increase.
In addition, the group treated with minoxidil had fewer
new follicles than other treatment groups which was
indicative of a failure in treating majority of the cases with
this drug.””® Although there are some published studies
on topical drug delivery of GO*” dutasteride-loaded
nanoparticles,”®®! they are all limited to in vitro studies,
in our study, however, the in-vivo effects of NLCs on the
depot as well as drug delivery of dutasteride and GO to
hair follicles were confirmed. The blank NLCs (herbal
extracts) and PM, produced more favorable results but
the NLC-Dut-GO completely returned the effects of
testosterone and the number of hair follicles increased
more than other treated groups even after 2 weeks of
discontinuing medication and then the best formulation
of this study for preventing AGA is GO and dutasteride-
NLCs (NLC-Dut-GO). According to human-animal dose
calculations,® the equal mice daily dose of dutasteride is
40 pg (the human daily dose is 0.5 mg*); in our study, the
dose of dutasteride was decreased to 10 pg in three days
as below:

2.5 mg dutasteride was encapsulated in 25 ml of NLCs.
Then 100 pl of NLCs was applied topically to the dorsal
skin of mice every three days so that the dutasteride dose
was lowered to 10 ug per three days.

As for PM formulation, the dutasteride dose was
lowered to 10 pg on a daily basis due to the SP and PS0
and GO anti-5-alpha reductase effects and therefore
extremely favorable outcomes were achieved even for
blank NLCs indicating the potency of the herbal oils in
anti-hair loss activity.

Fig. 8. The histopathological H&E staining of mice groups after 2 weeks
of discontinuing treatment. a. the group treated with Physical mixture of
dutasteride, gamma oryzanol, pumpkin seed oil, and saw palmetto. and,
b. the group treated with dutasteride and gamma-oryzanol loaded NLCs.
The magnification of all slides is x 50

Conclusion

In summary, the ability of NLCs to target and accumulating
the dutasteride and GO in hair follicles contributed
to decrease the dose of dutasteride to 10 ug every three
days (i.e., approximately 8.3% of the daily mouse dose,
40 pg), when compared with PM formulation which was
used on a daily basis. This finding was even confirmed
by the histopathological result showing that the NLC-
Dut-GO was more effective than the daily PM despite its
application once every three days. The histopathological
results also revealed that nanoparticles, preserved their
anti-hair loss effect even two weeks after a discontinued
treatment which confirmed the depot of dutasteride and
GO in hair follicles as well as the release of loaded drug
for at least two weeks, therefore, the drug usage intervals
may have been increased to more than 14 days, thereby,
resulting in more favorable patient compliance and more
satisfactory treatment outcomes since the drug is released
from carrier with a prolonged and appropriate rate
instead of dose fluctuations due to the daily topical or oral
administration. Also, the limitations of this study are the
lack of in vivo experiments about the effect of dutasteride
solution and gamma-oryzanol solution topically and
orally and the comparison of these different formulations
with NLC-Dut-GO, on AGA and hair regrowth; the only
descriptive comparison of histopathologic images is
another limitation for this study and it is suggested that to
perform a quantified and statistical analysis of the NLC-
Dut-GO effect in AGA treatment to obtain an optimum
dosage of medication and appropriate usage intervals.
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