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Abstract

Anastrozole, a third-generation aromatase inhibitor, it treats postmenopausal
breast cancer in estrogen receptor-positive patients. The restrictions of
anastrozole are involved low aqueous solubility, first-pass effect and
stomach troubles. In the current work, anastrozole nanoparticles were
developed to manage the transdermal delivery of anastrozole as an
alternative to the oral route and to increase patient compliance.

Method: anastrozole nanoparticles were made by nanoprecipitation utilizing
Kollicoat MAE100-55 as the polymer and poloxamer 188, polyvinyl
pyrrolidone-K30, and hydroxy propyl methyl cellulose E5 as stabilizers.
Polymer and stabilizer concentrations and stabilizer types were investigated
for their effects on nanoparticle physical parameters such as particle size,
zeta potential, entrapment efficiency and in-vitro release. Morphological and
compatibility examinations, as well as an ex vivo permeation investigation
via rat abdomen skin to investigate the effect of solid polymeric
microneedles on drug flux, were also conducted.

Results: The results showed nanoprecipitation can make polymeric
nanoparticles. Prepared polymeric nanoparticles ranged in size from
47.41+10.1nm to 541.3+23.6 nm and had a negative zeta potential.
Entrapment efficiency ranged from 37.67% to 76.3%. A spherical, uniform
shape was seen in transmission electron microscopy of formula (F2).
Formula (F2) was chosen for further evaluation due to its small particle size,
high entrapment efficiency percent, and 4-hour release pattern. The
compatibility analysis didn't consider anastrozole's interaction with other
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parts. The permeation study found polymer microneedles increased drug
penetration into rat skin compared to nanoparticles.

Conclusion: Combining polymeric nanoparticles and microneedles increased
the transdermal absorption and penetration of anastrozole, as an alternative
to the oral route, to increase patient compliance and minimized side effects.

Keywords: Anastrozole, Polymeric nanoparticles, Nanoprecipitation
method, Poloxamer 188.
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Drug delivery through the skin has become an increasingly common practice
In recent years. Any medication that is applied topically and is intended to
enter the bloodstream through the skin is included in the category of
transdermal drug delivery systems. By absorption through the skin and into
the bloodstream, transdermal drug administration allows for systemic and
tissue effects. Not only it is convenient for the patient, but it also avoids
first-pass metabolism, minimizes variation in medication blood
concentration through regulated distribution over time, and can be used
when oral dosing is unappropriate. These features are remarkable, but the
skin's impermeable nature creates a physiological barrier that must be
overcome [1].

Enhancing skin permeability, modulating medication release, and protecting
delicate molecules from degradation are just few reasons why polymeric
nanoparticles are becoming increasingly popular. Unfortunately, their
contribution to the transdermal sector is limited by their inability to penetrate
intact stratum corneum, since it is confined to hair follicles, providing depots
for cutaneous drug delivery in a sustained manner [2]. Creating pores using
polymer microneedles is a common pre-treatment technique. For example,
needles penetrate the skin and create temporal micron-sized channels
through which the medicine can be absorbed by applying patches, cream,
ointments and gels. This improves the penetration of drugs. To demonstrate
a systemic and tissue effect, the substance is absorbed by the vasculature. It
can also be used to affect a specific area [3].

Recent interest has grown in microneedles, a micron-scale permeation
enhancer comprised of arrays of microscopic projections on a baseplate.
Polymer microneedles are used to produce pores on the skin before
treatment [4]. Needles penetrate the skin to create temporary micron-sized
channels via which high molecular weight drugs, hormones, and
nanoparticles can be absorbed by patches, lotions, ointments, and gels. It
stimulates drug use. This can also target a specific location under skin layer

[5].

Anastrozole (ANA) is a nonsteroidal aromatase inhibitor authorized to treat
breast cancer and metastatic disease. Estrogen makes breast cancer worse
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[6]. Several studies demonstrate that postmenopausal women's tissue
estrogen levels are 10 to 20-fold higher than plasma levels. Limiting
estrogen in breast tissue is more effective than in the blood. ANA exhibits
only 80 % of oral bioavailability due to first pass metabolism, very slightly
soluble in water (0.53 mg/ml at 25 °C) [7]. Therefore, anastrozole possesses
all the ideal properties needed for transdermal distribution, including
solubility of 0.5 mg/ml, partition coefficient of 3.5, molecular weight of
293.3 Daltons, and dose of 1mg [8].

We attempted to achieve the study's goal by producing anastrozole as
polymeric nanoparticles (NPs) with improved stability and delivering them
transdermally via microneedles as an alternative to the oral route and to
Increase patient compliance.

Materials and Methods
Materials

Anastrozole was purchased from Hyper Chem, China. kollicoat MAE 100-
55 provides as gift from Basf SE, 67056 ludwigshafen Germany. Polyvinyl
Pyrrolidone K30 (PVP K30) from Hi-Media Lab. Ltd. India. Ethanol was
supplied from Sigma-Aldrich, Germany. Cold Polyvinyl Alcohol(PVA), was
purchased from India Central drug house. HPMC E5 was supplied from
Provizer Pharma, India. Sodium acetate, acetic acid, and phosphate buffered
(pH 7.4) have been got from Merck, Germany, Dialysis membrane 8-14 kDa
was supplied from Hi-Media-Lab Pvt. Ltd India.

Anastrozole Polymeric Nanoparticle Preparation

The nanoprecipitation process was used to create anastrozole polymeric
nanoparticles. In 3 mL of ethanol, a water-miscible solvent, ANA and
polymer were dissolved; the resulting ANA-polymer dispersion, which
represents the organic phase, was then injected by 23 G 1 %4 (0.6 x 31.8 mm)
at 37°C at a rate of 0.5 mL/min into the external aqueous phase (30 mL of
acetate buffer pH 4.5) containing various stabilizer. Due to the formation of
nanoparticles, The dispersion's color changed to a milky opalescence;
evaporation at 40 °C for 30 minutes with a magnetic stirrer removed any
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residual organic solvent [9]. After being centrifuged at 4500 rpm for 10
minutes and washed with deionized water, the resulting dispersion was
lyophilized and stored for future use . The components of the developed
ANA nanoparticle formulations are mentioned in the table (1).

Table 1: Anastrozole Nanoparticles Formulas Components

© = |89 ‘%’ s Stabilizer w/iv%

HEEEE RS

s°I°89 2 g § ~| O'g* | Poloxamerlss HPMCE5 | PVP K-30
F1 10 20 1:2 05 ] ]

F2 10 20 1:2 1 - ]

F3 10 20 1:2 2 - )

F4 10 5 1:0.5 1

F5 10 40 1:4 1

F6 10 20 1:2 1

F7 10 20 1:2 1

Anastrozole Polymeric Nanoparticle Characterization
Particle size, polydispersity index and zeta potential are measured

Using dynamic light scattering (DLS) techniques (Malvern, zetasizer, ultra,
USA) at a scattering angle of 90° at room temperature, particle size (PS),
zeta potential (ZP), and polydispersity index (PDI) were determined for
nanoparticles. Triplicate measurements were performed for each sample
[10].

ANA Polymeric Nanoparticles Drug Content Determination

To measure quantity of ANA was in each formulation, we diluted 1 mL of
polymeric nanoparticle dispersion with ethanol until got 10 mL in a 100 mL
volumetric flask. After 2 hours of sonication, a 0.22 um syringe filter was
used to remove any remaining nanoparticles. Finally, the sample was diluted
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with DW to the required concentration, and it was determined
spectrophotometrically by measuring the UV absorbance at 215 nm, which
is the employing Amax [11].

Measurement of entrapment efficiency

The entrapment efficiency (EE%), which correlates to the percentage of
ANA encapsulated within the nanoparticles, was indirectly evaluated by
measuring the concentration of free ANA in the dispersion medium. The
amount of free drug was calculated using an ultrafiltration technique [12].
To be more precise, 2 ml of ANA-NPs dispersion were placed in the top
chamber of an Amicon Ultra-4 centrifugal tube fitted with a molecular cut
off (3KDa), and the tube was spun for 40 minutes at 4500 rpm. The
ultrafiltration containing the free drug and the concentration of unentrapped
ANA was then determined using UV-spectrophotometer at 215 nm analysis.
The (EE%) was determined using the equation equationl :

EE% = Mt—-Mf

x 100 (Eq. 1)

Where EE % is the % of entrapment efficiency, Mt is total quantity of ANA
added, and Mf is the free quantity of the ANA that passes through the ultra-
filter of Amicon (unentrapped drug) [13].

In-Vitro ANA release study from polymeric nanoparticles

The dissolution profiles of ANA polymer nanoparticles were investigated. 3
mL of ANA polymeric nanoparticles dispersion, equivalent to 1 mg of
ANA; was placed in an 8-14 kDa molecular weight cutoff dialysis
membrane sac that had been pre-immersed in phosphate buffer pH 7.4
including 0.1 v/v% tween 80 (as dissolution media for 8 hours), and the open
ends of the sac were tied closed to prevent ANA loss. The sac was then
placed in a 50-ml plastic sample test tube with a screw cap containing 45mL
of dissolution medium, which was stirred with a water bath shaker at 100£2
rpm [14]. The temperature of the media was kept constant at 25 + 1 °C.
Throughout the experiment, 2 mL aliquots were taken out of the medium of
release and replaced with new medium to keep the sink at a constant level;
the collected 2 mL was filtered by a 0.22um syringe filter and then
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spectrophotometrically analyzed at 210 nm, which is the confirmed
maximum of ANA. The total amount of drugs released was computed. The
values reported are the average of three replicates [15].

Characterization of polymeric nanoparticle morphology
Transmission electron microscopy (TEM) analysis

Transmission electron microscopy is a technique used to examine the
internal structure of a nanoparticle (size and morphology). The sample was
placed on a carbon-coated copper grid and allowed to stand at room
temperature for 90 seconds to form a thin layer. The samples were examined
and photomicrographs were taken using various appropriate magnifications
after the grid had properly dried in the air [16].

Differential Scanning Calorimetry (DSC)

DSC was used to investigate the thermal behavior of the drug, a physical
mixture of ANA and polymer in a 1:1 ratio, and the specified formula. The
DSC experiment was carried out using thermal analysis instruments (STD Q
600 VV20.9 Build 20, USA). The tests were carried out by inserting (4 mg) of
into standard aluminum pans in an unusual manner. The temperature was
then gradually increased at a rate of 10 °C/min from 25 °C to 350 °C. An
empty pan sealed in the same manner as the sample was used as a control
[17].

Application of Microneedles and EX-Vivo Permeation Research

Polymeric microneedles made of PVA were used to pierce freshly extracted
abdominal rat skin, followed by an ex vivo permeation study through
microneedle treated abdominal rat skin. In an ex vivo setting, the Franz
diffusion cell was used to investigate ANA polymeric nanoparticle
dispersion in rat abdomens removed from the body [18]. To maintain sink
conditions, the receptor chambers were filled with 66.5 mL of phosphate
buffer pH 7.4 (containing 0.1% v/v tween 80). In which the temperature was
kept constant at 37+1 °C, and the medium in the receptor was agitated at 100
rpm with a magnetic stirrer. The donor chamber was partitioned off by
gluing the stratum corneum side of the rat skin to the donor chamber. A
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dispersion of polymeric nanoparticles equivalent to 1 mg of anastrozole was
added to the donor compartment. In order to keep the permeation medium
from drying out, the sample arm and donor chamber were covered with
Parafilm M®; aliquots of 2 mL of sample were removed from the receptor
compartment at 0.5, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 7, and 8 hours and replaced with
the same volume of receptor fluid as quickly as possible [19]. The
withdrawn sample was filtered, and the amount of ANA that permeated the
rat skin at various time intervals was determined using spectrophotometric
analysis at 210nm.The experiment was repeated using abdominal rat skin
without microneedles as a control, and the permeation test was used by
applying 3mL of ANA nanoparticle dispersion in the donor compartment,
which is equivalent to 1 mg of anastrozole, while fixing the same testing
factors; like flux of steady-state and coefficient of permeation were also
determined [20].

Analysis of data using statistical methods

The experimental results are presented as a mean of triplicate models + SD,
and One-way analysis of variance was used to analyze the data (ANOVA) to
see if the applied component changes are statistically significant at (P<0.05)
[21].

Results and Discussion

Effect of Formulation Variables on ANA Nanoparticle Physical
Properties

The nanoprecipitation method was used to create ANA polymeric
nanoparticles because it is simpler, more energy-efficient, and faster than
other methods. This method can benefit ethanol or acetone-soluble
substances [22]. Furthermore, it only requires one step of preparation, which
Is polymer interfacial deposition after rapid diffusion of the miscible solvent
to the external antisolvent. Kollicoat® MAE 100-55 was used to make
polymeric ANA-nanoparticles. Kollicoat MAE polymers dissolve at pH
values greater than 5.5 and have a slightly acidic nature, elucidating pH-
dependent medication release properties and form nanodispersions with a
negative charge [23].
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Table 2 summarizes the results of an extensive investigation into the effects
of varying preparation factors on the particle size, polydispersity index, zeta
potential, and entrapment effectiveness of nanoparticles. The particle size
ranged between 47.41+£10.1and 541.3+23.6. Simultaneously, the
polydispersity index value lies between 0.0045+0.00land 0.322+0.022

which indicated as mono-dispersion properties.

Table 2: Physical Properties of the Prepared ANA-Nanoparticles

Focrorgtejla Par;c(lﬁlri)sue PDI* Zeta Fn(‘)]t%ntlal* EE0*
F1 78+13.1 0.2327+0.012 -3.935+0.023 7315
F2 52.49+7.9 0.1915+0.065 -2.71+0.0012 74.5£5.6
F3 47.41+10.1 0.2759+0.074 -1.962+0.00033 63.2+1.9
F4 95.2+11.2 0.322+0.022 -4.492+0.098 62.3+4.2
F5 72.3249.13 0.21+0.051 -3.936+0.0083 76.3+2.1
F6 541.3+23.6 0.0807+0.004 -7.318+0.0041 73+1.9
F7 170.1+18.18 0.0045+0.001 -11.8+0.0056 37.6745.3

Meanz Standard deviation (n=3)

Figure 1 explains how particle size is affected by polymer concentration,
stabilizer concentration, and stabilizer type.
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Figure 1: Particle size and polydispersity index of the prepared
formulas
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Effect of polymer concentration on particle size of ANA polymeric
nanoparticle. By altering the drug: polymer ratio (1:0.5 in (F4), 1:2 in (F2),
and 1:4 in (F5)), the resultant particle size was investigated. The results
showed that increasing polymer content affected particle size significantly
(p<0.05). F4 has the biggest particles (95 nm) due to a low drug: polymer
ratio (1:0.5), given the polymer's role in creating nanoparticles, the
concentration of polymer utilized was inadequate to start particle formation
and nucleation; hence, the drug and polymer form a wide, uneven
agglomeration. Particle size and polydispersity index reduced when drug:
polymer ratio in formulations (F2) grew to 1:2, suggesting that the polymer
concentration was sufficient to surround the drug molecule and create
homogeneous particles [24]. Increasing the concentration of dissolved
polymer in (F5) with a drug: polymer ratio of (1:4) increased organic phase
viscosity, decreased stirring efficiency, and restricted polymer diffusion into
the external phase, as a result of which particle size increases [25].

Figure 1 depicts an examination of the influence of stabilizer concentration
on particle size, raising the concentration of poloxamer 188 (polo188)
decreased particle size significantly (P<0.05). Polo188 was utilized as a
stabilizer at 0.5%, 1%, and 2% w/v of the aqueous phase in formulations
(F1, F2, and F3), respectively. It is often employed as a stabilizer because of
its capacity to adsorb on nanoparticle surfaces and protects the generated
particles with a thick coating, avoiding coalescence by lowering their
interfacial energy [26]. Viscosity of the external phase increases with
stabilizer concentration, making particle collisions more difficult. Since
0.5% polo188 in (F1) wasn't enough to cover the particles' surfaces, they
clumped together and made big particles [27]. The particle size was reduced
by raising the concentration of polo188 to 1% in (F2) and the stabilizer to
2% in (F3), demonstrating that the stabilizer molecules contained the drug
particle surface. Explained by the fact that when stabilizer concentration
increases, external phase viscosity also increase. The polydispersity index
value falls significantly with decreasing stabilizer concentration at constant
drug concentration (p<0.05). Particle size distribution can be quantified
using the polydispersity index [28].
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Different stabilizer types (Polo188, HPMC ES5, and PVP K30) were tested
on ANA nanoparticles using (F2, F6, and F7), respectively. Chosen a
stabilizer impacted formulation particle size significantly (p<0.05). All
stabilizers produced nanoparticles between 52.49 and 541.3 nm. Stabilizers
inhibit nanoparticle clumping by creating a mechanical and thermodynamic
barrier [29]. Type and ratio of stabilizers are crucial for a stable preparation.
They must form a steric or ionic barrier and wet drug particle surfaces [30].
The hydrophobic PPO group of polo188 prevents crystal formation, while
the hydrophilic PEO chains produce a steric barrier upon aggregation. The
drug molecule and poloxamer188 (F2) bond hydrophobically [31]. HPMC in
(F6) gives steric stability. Due to the solution’s viscosity, drug particles are
absorbed by a thick, wide layer that swells, increasing particle size [32].
PVP-k30 (F7) did not produce nanoparticles with small particle sizes,
possibly because it has only one hydrogen-bonding carbonyl group per
molecule unit [33].

In colloidal systems, the zeta potential measures interparticle repulsion to
gauge system stability. All formulations with anionic pH-sensitive polymers
have an external aqueous pH of 4.5. lonization of its carboxyl group led to a
low negative zeta potential [34].

For system stabilization and to prevent particle agglomeration during
storage, higher zeta potentials are preferred, however the prepared system's
stability at lower zeta potentials can be explained by the applied stabilizer's
steric stabilization rather than electrostatic stabilization. When a stabilizer is
added to a system, the plane of shear moves away from the particle surface,
lowering the zeta potential [35].

Table (2) indicates a wide range of entrapment efficiencies (37.67% to
76.3%). The drug: polymer ratio enhanced EE% of ANA significantly
(p<0.05). The formulation (F5) with the highest EE (76.3%) has a 1:4 drug:
polymer ratio. Increasing organic phase viscosity reduces drug diffusion
from the organic to aqueous phase, entrapping more pharmaceuticals in NPs
[36]. The polo188 stabilizer concentration was increased from 0.5% to 2%
w/v lowered EE at constant drug: polymer ratios (1:2 and 1: 4) Small
particles exhibited low entrapment efficacy, and their size affected the drug's
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%EE. As polo188 increases, polo attachment to nanoparticle polymer shells
may increase, enhancing hydrophilic characteristics. Hydrophilic
nanoparticles may cause medication loss in solution, and this lead to
lowering % EE [37].

How the ratio of drug to polymer effects on ANA release behavior from
nanoparticles was examined using (F2) and (F5) with a drug: polymer ratio
of (1:2) and (1:4), respectively. The amount of ANA released from
nanoparticles dropped (p>0.05) in a non-significant manner as the polymer
ratio grew. Formula F5, generated with the highest drug:polymer ratio of
(1:4) released around 85% of its payload after 4 hours, in contrast to
Formula F2's total release at that time [38]. As shown in figure (2). These
results could be attributed to pH, temperature, and polymer nature; all
important drug release factors. Kollicoat MAE copolymers are soluble in
solutions with a pH greater than 5.5. Phosphate buffer pH 7.4 as
(dissolution media including 0.1% tween 80) causes the coated layer to swell
and dissolve proportionally to pH above 5.5 [39].

100
90
80
70
60
50

40
30 . =—4=F1(0.5 % polo138)

20 | ==F2(1% polo188)
10 F3(2% polo188)

100
90
80 -
70
60
50
40
30
20 -
10

0

—+—F2 [1: 2)(polo138)
~#-~F6 [HPMC ES)

F7 [PVP k30)
——F5 [1: 4)(polo188)

Cumulative % of drug release
Cumulative % of drug release

0
0 60 120 180 240 300 360 420

0 60 120 180 240 300 360 420
Time (minute) Time ( minute)

Figure 2: The Influence of preparation parameters on cumulative % of
drug release

Since in-vitro drug release studies showed that the amount of drug released
decreased significantly (p<0.05) as the stabilizer ratio was increased at a
constant drug:polymer ratio of (1:2) [40]. This was studied using three
different preparations (F1, F2, and F3) with stabilizer concentrations of
(0.5%, 1%, and 2%w/v polol188), respectively. Instead of homogenous
nanoparticles, AN-4 is composed of clusters of polymer and stabilizer, and
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their release is quick. When pH increases it causes polymer swelling and
erosion [41]. The polymer rapidly disintegrated due to poor particle stability,
resulting in full drug release after 1.5 hours. The proper stability of
nanoparticles allowed F2 to releases medication for 4 hours and F3 to
releases just 78% after 4 hours. Polo188 reduces drug-to-dissolution medium
contact area, which may explain this action. Poloxamer's gelling effect at
high concentrations may be to blame [40].

As shown in Figure 2, the release profiles of F2, F6, and F7 stabilized with
Polo188, HPMC E5, and PVP K30, respectively, were used to study the
effect of stabilizer type on drug release from ANA nanoparticles. The results
show difference in drug release (P<0.05) between stabilizer types. The faster
release of F7 stabilized by PVP K30 may be related to the pore-former in the
coating-layer, which enhances the polymeric matrix's exposure to the release
medium and its erosion and drug solubility [42]. Despite the pH-sensitive
polymer, F6 stabilized with HPMC E5 showed longer release than F2
stabilized by polo188. The larger particle size of F6 explains this. By
expanding into a gel when wet, HPMC slows drug release from the matrix
[43]. Due to its tiny particle size, good entrapment efficiency, and capacity
to completely release drug loading in a continuous pattern within 4 hours, F2
was chosen as the optimum formula and subjected to additional testing.

Characterization of Polymeric Nanoparticles' Morphology

The morphology of the chosen nanoparticles (formula F2) was observed at
various scales. The images shown in figure 30 (A&B) show that the
nanoparticles have a regular spherical shape that is well stabilized by the
added stabilizer adsorbed at their surfaces; the particles under study are nano
size. As shown in figure 3.

Differential Scanning Calorimetry (DSC)

The DSC thermogram shows that ANA has a prominent endothermic peak
(86.52°C) near anastrozole melting point of 81-83 °C, figure (4-A). This
peak shows that the anastrozole utilized is pure. No new peaks were
observed in the thermograms of ANA and the polymer-physical mixture
used to make nanoparticles and dissolving microneedles (koll.100-55 and

304



Kerbala journal of pharmacy and pharmaceutical 25\03\2022 d¥anall aglall 30 < dlase

polo188), showing strong drug-polymer compatibility. Figure (4-C) shows
that the ANA peaks disappeared, indicating that the medication was
entrapped in the polymeric matrix. A new endothermic peak developed at
53.56°C, the plasticizer poloxamer188's melting point [44].
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Figure 3: TEM images of optimize F2 formula
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Powder X-ray diffraction (PXRD)

Figure (5-A) shows strong, high-intensity peaks at diffraction angles 2 of
9.71°, 16.85°, 18.69°, 19.67°, 22.37°, 25.83°, 26.92°, 27.8°, and 29.2°
indicating that ANA is crystalline. The PXRD diffraction pattern of drug-
polymer physical combination figures shows ANA peaks with reduced
intensity (5-B). The physical combination contained crystalline ANA,
indicating no drug polymer interaction. ANA nanoparticles loaded with
ANA did not exhibit any of its characteristic peaks at its specific diffraction
angle, indicating amorphous form (5-C) [45].

i | I | A-Pure AnessSrozole

B-phrysical miocture

L
sl (N
it - LS g 1

C-Amastrozols namnoparticl=

' 1 o |
" -
il '-'-—r."-f"i. 'b--ij\-_'_',‘_‘r
ey ..L-Lw"' e

T
.lr-.’"‘—"-. N

Figure 5: PXRD of A- pure drug, C- physical mixture and anastrozole
nanoparticle

Application of Microneedles and Ex-Vivo Permeation Analysis

This study compared the penetration of anastrozole nanoparticles via
untreated skin to skin treated with polymeric microneedles and evaluated the
efficacy of the microneedles in increasing nanoparticle penetration.
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After 7 hrs, more than 89.7% of the loaded drug with nanoparticles
permeated through the skin previously treated with microneedles. However,
at the end of the 8 hours, the amount permeated through naked skin did not
exceed 17.2%, indicating a significant difference (p<0.05) in the total
amount of drug permeated. In both cases, the steady-state flux was
calculated using the permeation profile depicted in Figure 6. Polymeric
nanoparticles permeated through skin treated with microneedles had a
permeation rate of 30.371+ 2.64 pg/cm?.hr and bare skin had a permeation
rate of 5.6866+ 0.12 pg/cm?.hr, respectively. Furthermore, the permeation
coefficients were found to be 0.0912+ 0.00054 cm/hr and 0.01708+ 0.00014
cm/hr, and a significant increase (p<0.05) in the steady-state flux of
nanoparticles through the skin treated with microneedles was observed [46].
Microneedles can form micro-channels larger than nanoparticles' diameter,
which increases penetration by 5.2 times. The trans-appendageal pathway is
the sole known mechanism for nanoparticle administration through bare skin
[47].
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Figure 6: Permeation profile of ANA nanoparticles through skin treated
with microneedles and bare skin

Conclusion

Anastrozole permeation amounts from polymeric nanoparticle dispersion
(F2) through skin previously treated with polymeric microneedle and
through bare skin (untreated with microneedle) were 89.7% and 17.2%,
respectively. These findings suggest that using a combined strategy of
producing anastrozole as polymeric nanoparticles with improved stability
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and delivering them transdermally via microneedles can form micro-
channels larger than the nanoparticles' diameter, increasing penetration by
5.2 folds. Anastrozole has all of the ideal properties for transdermal
distribution, including a solubility of 0.5 mg/ml, a partition coefficient of
3.5, a molecular weight of 293.3 daltons, and a dose of 1 mg. Anastrozole
polymeric nanoparticles for transdermal delivery via microneedles as an
alternative to oral administration to increase tissue effect and patient
compliance.
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