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ABSTRACT
Objectives: This work illustrates a novel method of fabrication of polymeric microneedle (MN) construct using bees wax as mould and development
of coated polymeric MNs for drug delivery.
Materials and Methods: A novel method of MN fabrication using bees wax as mould was established. The porous chitosan MN arrays were
fabricated and coated with polylactic acid (PLA). The optimized MN arrays were coated with bovine serum albumin (BSA). The MNs were subjected
to physiochemical and tensile strength characterization, followed by drug release study. The skin penetration and irritation study were performed
in vivo in Wistar Albino rats.
Results: The constructed MN arrays contain MNs with 0.9 mm length, 600 µm width at the base, 30-60 µm diameter at the tip, and 1.5 mm distance
between 2 needles. These MNs patch was having good mechanical strength (0.72 N/needle) and tensile strength 15.23 Mpa. The MN array patch
had 6.26% swelling index and 98.5% drug release was observed on the 50th hr. Good penetration and no skin irritation was observed for optimized
MN batch.
Conclusion: Polymeric MN arrays were successfully developed using bees wax mould and were successfully coated with PLA to deliver the BSA
through skin epidermis layer.
Key words: Microneedles, transdermal drug delivery, coated microneedles, microneedle mould, bees wax, polylactic acid

ÖZ
Amaç: Bu çalışma, arı balmumunun kalıp olarak kullanıldığı polimerik mikroiğnelerin (MN) üretimine ilişkin yeni bir yöntemi ve ilaç taşınımı için
kaplanmış polimerik MN’lerin geliştirilmesini amaçlamaktadır.
Gereç ve Yöntemler: Kalıp olarak arı balmumu kullanan yeni bir MN üretim yöntemi oluşturulmuştur. Gözenekli kitosan MN dizileri üretilmiş
ve polilaktik asit (PLA) ile kaplanmıştır. Optimize edilmiş MN dizileri, sığır serum albümini (BSA) ile kaplandı. MN’ler, fizyokimyasal ve gerilme
mukavemeti karakterizasyonuna tabi tutulmuş, ardından ilaç salımı çalışması yapılmıştır. Deriye nüfuz etme ve tahriş çalışması, Wistar Albino
sıçanlarında in vivo koşullarda gerçekleştirilmiştir.
Bulgular: Oluşturulan MN dizileri, 0,9 mm uzunluğunda, tabanda 600 µm genişliğinde, uçta 30-60 µm çapında ve 2 iğne arasında 1,5 mm mesafeli
MN’ler içerir. Bu MN yaması, iyi mekanik mukavemete (0,72 N/iğne) ve 15,23 Mpa gerilme mukavemetine sahipti. MN dizisi yaması, 50. saatte %6,26
şişme indeksine sahipti ve %98,5 ilaç salımı gözlendi. Optimize edilmiş MN grubu için iyi penetrasyon elde edilirken ve deri tahrişi gözlenmedi.
Sonuç: Polimerik MN dizileri, arı balmumu kalıbı kullanılarak başarılı bir şekilde geliştirildi ve BSA’yı deri epidermisi katmanından iletmek için
başarıyla PLA ile kaplandı.
Anahtar kelimeler: Mikroiğneler, transdermal ilaç dağıtımı, kaplanmış mikroiğneler, mikroiğneli kalıp, balmumu, polilaktik asit
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INTRODUCTION
Microneedles (MNs) are structures, which are up to 2 mm in
length, with thickness in few microns. MNs pierce the skin
without pain and deliver drugs on the epidermis. MNs allow
delivery of hydrophilic and lipophilic drugs and macro molecular
therapeutics through the micro channels that are physically
formed by the MN, while disrupting the stratum corneum.
MNs do not produce pain because they enter the dermis layer
without stimulating the sensory nerves.1 The first generations
of MNs were prepared from metals, organic polymers, glass,
silicones as they were used to create micropores into the skin
to facilitate drug, vaccine, or protein diffusion in the skin.2 The
first patent on MNs-based drug delivery was filed in US in 1971.
At that time, MNs were referred to as “puncturing projections”.
However, the first successful attempt of MNs development
was in the 1990s, as silicon MNs successfully facilitated the
delivery of calcein through the human skin. MNs have shown
effectiveness in delivering many therapeutic molecules through
biological membranes, including sclera, skin, and mucosal
tissue.3,4 MNs arrays are based on combining advantages of the
non-invasive and invasive systems and the elimination of their
drawbacks.5 Solid MNs show the increase in skin permeability
for the compounds with size ranging from small molecules
to larger molecules, as with proteins to nanoparticles.6-9 The
successful delivery of insulin10 oligonucleotides, desmopressin,
human growth hormone,11-13 and the immune response from
transportation of DNA and protein antigens.14,15 Most MNs
reported were prepared from silicon16,17 or metal.18,19 Silicon is
mostly used as a common microelectronics industry substrate,
but it is costly, fragile, and is an untested biocompatible
material. There are many metals that are cost effective,
possess good strength, and known to be biocompatible,20 which
are the preferred choice for hollow MNs, as it needs good
mechanical strength. Research on polymer MNs is recently
being explored extensively, as they provide inexpensive and
biocompatible materials that offer good strength due to polymer
viscoelasticity.21-23 In addition, earlier MN fabrication methods
were expensive and time consuming because of the clean
room-intensive process.24
As an innovative approach of MN fabrication, this study aimed
to formulate MNs patch using biodegradable polymers and
recyclable mould-based fabrication methods. The polymeric
MNs are cost effective, biologically safe, have novel features
(such as biocompatibility, dissolvable, swellable, and
biodegradable), without cross contamination, and precise in
large scale production; and have therefore gained importance
in recent times. Dissolvable MNs were also reported and they
were well-known to be prepared from many biocompatible
materials, such as the biopolymer hyaluronic acid. Generally,
the popular polymers used in fabrication of MNs are
carboxymethyl cellulose, hydroxy propyl cellulose, polylactic
acid (PLA), polyglycolic acid, poly lactic-co-glycolic acid, and
poly (vinyl) alcohol, poly- vinylpyrrolidone.25-29 In this study,
PLA-coated chitosan MN array patches were prepared using
novel wax-based mould fabrication. The MNs were tested for
their mechanical, physicochemical, release of medicament, and

swelling properties. The wax-based mould provides a unique
advantage of melting and refabricating a mould multiple times
to precisely develop reproducible MN.30,31

MATERIALS AND METHODS
Materials
Chitosan (MW: 190-310 kDa, degree of deacetylation: 85%),
bovine serum albumin (BSA), dichloromethane, acetic acid, and
bees wax (MP 63°C) were purchased from High Media, Dorset,
UK. Phosphate buffer saline (PBS) solution was obtained from
Fischer scientific. PLA (MW: 60 kDA) was procured from
Sigma-Aldrich, Darmstadt, Germany. All chemicals used in this
study were of analytical grade. MN roller was purchased from
ZGTS Derma Roller® (1 mm), Medsorimpex, sewak park, New
Delhi.

Preparation of mould
Wax-based mould is a simple, economic, less time consuming,
and innovative technique to prepare MNs. In this technique, the
MN moulds were developed using a bee’s wax. The bee’s wax
(MP: 63°C) was melted and mixed. The liquid wax preparation
was poured into a Petri plate and allowed to cool and solidify
at room temperature.32 The array was prepared by impressing
the Derma Roller® (1 mm needle length) on the surface of the
solidified wax. The prepared wax mould was placed in a vacuum
oven at (-500 mmHg) for 20 min at (37°C) for removal of dust
particles and wax debris.

Fabrication of MN patch
The 0.5%-3% w/v chitosan dissolved in 1% v/v acetic acid
solution was used for fabrication of MNs. The prepared gel
was rested overnight and spread over the prepared MN wax
mould uniformly. Before the spread, care was taken to avoid
formation of air bubbles. After few minutes, the MN array was
placed in a vacuum oven for 1 day at 37°C and -550 mmHg.
After completion of the 1-day period, the MN array mould was
removed from the oven and the air bubbles generated were
scrapped using a glass rod and dried for another 1 day at room
temperature. After drying, the MNs patches were pulled out of
the wax mould and dried in a hot air oven at 70°C for 5 hrs.
After complete drying of the MNs, the coating was done with
PLA solution prepared by dissolving 500 mg of PLA in 5 mL
of dichloromethane. The MN patch was dipped 20 times in
the PLA solution until complete coating.33 After PLA coating,
whole MN patch was dried at 60°C to completely remove the
traces of dichloromethane. This PLA-coated chitosan MN patch
was again coated with BSA by dipping 20 times in 10 mg/mL
BSA solution (BSA was used as a representative protein for
macromolecules). The MN patches were prepared in several
batches (A to G batches), as shown in (Table 1).

Characterization of optimized MN array patch
Physical examination of MN array by microscope and scanning
electron microscopy (SEM)
MN arrays were observed under compound microscope for
preliminary morphological examination. MN arrays were initially
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mounted on circular disc and morphologically characterized
by SEM (Hitachi S-2460N, Germany) in a high vacuum using
Everhart Thornley detector at 10-5 Torr and 15kV. Each sample
was coated with gold using K550 Emitech Sputter coater (Gatan
Inc., Pleasanton, CA). A computer software (XT Microscope
control, Quanta Oregon, USA) was used to analyze the SEM
images.34
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The tensile strength was determined based on maximum load
at the time of film rupture. Three strips of MN array were cut
(1x5 cm) and used for this test. The thickness and breadth of
strips were checked and noted at three different sites and the
average value was taken for calculation. The study was done in
triplicate (n=3).
The tensile strength was calculated using formula:

Mechanical testing of MNs arrays
Mechanical strength of MNs
Mechanical strength of MN was studied with a displacement
force test station (Model 921A, Tricor Systems Inc., Elgin, IL,
USA). MN array (1x3 cm with 108 MN) was attached to the mount
and an axial force was applied at a rate of 1 mm/s. The MN array
was mounted against a flat, rigid surface perpendicular to the
axis of the mount movement. The test station measured the
compression force needed to move the mount as a function of
distance. The study was done in triplicate (n=3).

(1)

Physicochemical characterization of MNs array
Determination of standard and released BSA from MN array
by SDS-PAGE
SDS-PAGE was used for determination of standard BSA (66
kD) and BSA released from MN array from Franz diffusion
cell, according to the method described by Badhe et al.35
The resolving gel used was 9% and staining was done with
Coomassie brilliant blue stain.

Tensile strength of MN arrays

Determination of chemical integrity of MNs

Tensile strength of MN arrays was determined using a texture
analyzer (TA.XT plus, Stable Micro System, United Kingdom).

Fourier-transform infrared spectroscopy (FTIR) absorption
spectrum of Chitosan, PLA, BSA, and BSA coated on PLA-coated

Table 1. MN batches prepared on the wax mould
Batch

Image

Composition

Observation

(A)

0.5% w/v chitosan 1% v/v
acetic acid solution

Arrays were brittle (*TS - 4.18 Mpa) and needles formed were thread-like with very
less mechanical strength -0.08 N/needle)

(B)

1% w/v chitosan in 1% in
acetic acid solution

(C)

2% w/v chitosan in 1% v/v
acetic acid solution

Microneedles were formed but short length (0.7 mm) and less mechanical strength
(0.15 N/needle)

Microneedles formed with optimum length but with less mechanical strength (0.28
N/needle)

(D)

3% w/v chitosan in 1% v/v
acetic acid solution

Microneedles are formed with proper length and shape but with poor mechanical
strength (0.53 N/needle)

(E)

3% w/v chitosan in 1% v/v
acetic acid MN coated with
PLA

MNs arrays were formed with good length and strength (0.70 N/needle) of needles

(F)

3% w/v chitosan in 1%
acetic acid MN coated with
PLA and BSA

Needles were obtained with good length and mechanical strength (0.72 N/needle)

*TS: Tensile strength, MN: Microneedle, PLA: Polylactic acid, BSA: Bovine serum albumin
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chitosan MN was analyzed using a FTIR spectrophotometer
(8400S Shimadzu, Japan) over the range 4000-600 cm-1. The
baseline correction was performed using dried potassium
bromide. Subsequently, the spectrum of mixture of analyte and
potassium bromide was recorded and the peaks belonging to
major functional groups were recorded.

Thermodynamic evaluation of MNs arrays
Differential scanning calorimetry (DSC) analysis was performed
for Chitosan, PLA, PLA-coated chitosan MN, and BSA coated
on PLA-coated chitosan MN array using DSC7 (PerkinElmer,
Germany). Sample weights were taken in the range of 5-10
mg. All samples were analyzed in scanning mode from 25°C
to 350°C at a heating rate of 10°C/min. Dry nitrogen gas was
purged in during the DSC analysis.

Evaluation of the degree of crystallinity
X-ray diffraction (XRD) spectra for chitosan, PLA, and BSA
coated on PLA-coated chitosan MN arrays were recorded using
Brucker D8 Advanced X-ray diffractometer (PDXL2 software,
Tokyo, Japan) using Cu K 2α rays at a voltage of 40 kV and
current of 25 mA. Samples were scanned at the rate of 2°ө
from 10 to 60°ө.

Determination of viscosity of wax mixture
A Rheometer (RVDV-II, Brookfield, USA) was used to study the
viscosity of wax and chitosan gel. The temperature control was
achieved using heated plate, allowing the gradual increase of
temperature from 20°C to 80°C.

Determination of swelling index of MNs array
A MN patch of 1 cm2 (36 MN) size from the optimized batch
was weighed and placed on a pre-weighed cover slip. It was
placed in a petridish and 10 mL of distilled water was added.
After 10 min, the cover slip was removed and excess water was
wiped off carefully using a tissue paper and weighed. Weight
increase due to absorption of water and swelling of patch was
determined by calculating the difference between initial and
final weight.
The percentage swelling index was calculated using the
following equation (2):
% Swelling index = (Wt - Wo / Wo) ×100

(2)

Where Wt is the final weight of the swollen film after time t, Wo
is the initial weight of the film at zero time. Due to scarcity of
the optimized sample, statistical analysis was not performed.

BSA release study from microneedle array
Standard calibration curve of BSA was prepared by dissolving
10 mg of BSA in 100 mL PBS buffer (pH 7.4) to yield 100 µg/mL
stock solution. From the stock solution, serial dilutions were
made: 2, 4, 6, 8, 10, 20, 30, 40, and 50 µg/mL with PBS (pH 7.4).
From each dilution, 1 mL of the solution was pipetted out and 2
drops of biuret reagent was added, followed by dilution of the
solution up to 3 mL with PBS. The reaction of BSA with biuret
reagent generates a pink or purple coloration, which is observed
and analyzed in a ultraviolet-visible spectrophotometer

(Shimadzu, Japan 1700) against PBS as blank at 540 nm λmax.
The absorbance values obtained were used to prepare the
standard calibration curve of BSA.
The drug release studies of BSA-coated MN arrays were
performed with Franz diffusion cell apparatus using 45 mL
of PBS (pH 7.4) as a dissolution medium at 37°C±0.5°C. The
speed of the magnetic stirrer was adjusted to 100 rpm. The
MN arrays were inserted into the shaved rat skin fixed to the
receiver compartment. From this compartment, 1 mL of the
medium was collected at a specific time interval and analyzed
for BSA content, following the same protocol (biuret test) used
for preparing the BSA standard calibration curve. An equivalent
volume (1 mL) of the fresh PBS was added to Franz diffusion
cell apparatus each time to make up the loss due to sampling.
Due to scarcity of the optimized sample, statistical analysis was
not performed.

Skin irritation study
Skin irritation study of MNs arrays was performed to determine
whether the prepared MN arrays can cause any irritation to the
rat’s skin (Animal Ethical Committee approval no DYPIPSR/
IAEC/Nov./18-19/P-09). MN arrays (1 cm x 3 cm) were applied
using gentle pressure to shaved back skin of Wistar Albino rats
(180-220 gm) and secured for 24 hrs with a medical adhesive
tape. After 24 hrs, MN arrays were removed and the rats were
monitored for any sign of irritation on the rat’s skin or any other
adverse effect. The test site was analyzed for 7 days after
removal of the MN. As the study involves only visual inspection
of any reaction, no statistical evaluation was performed.

RESULTS AND DISCUSSION
Fabrication of wax mould
The bees wax was melted at 63°C and allowed to settle in
petridish for 30 min. The impression of Derma Roller® (1 mm
needle length) was easily done to obtain the MN mould. For
fabrication of MNs, four different concentrations of chitosan
were used. The various batches that were tried are given in
Table 1, Figure 1.

Optimization batches of MN patch
The optimized batch (batch D) was selected as 3% w/v chitosan
prepared in 1% v/v acetic acid solution based on the mechanical
strength and morphology of MNs (Table 1). This optimized batch
was further coated with PLA (batch E), followed by BSA (batch
F).36-39

Physical characterization of MN
Physical examination of MN array using SEM
SEM
The normal and SEM images of plain chitosan MN, PLA-coated
chitosan MN, and BSA coated on PLA-coated MN arrays are
shown in (Figure 2). It can be clearly observed that 0.5%
chitosan MN appear thread-like and has very less mechanical
strength (Figure 2a). However, 3% chitosan MN are formed
nicely, but with a porous structure inside (Figure 2b). When
these 3% chitosan MNs were coated with PLA, the MN became
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stronger with improved mechanical strength (Figure 2c) and
Figure 2d suggests the uniform coating of BSA over PLA
coat.40 Moreover, the SEM images suggest that MNs are 0.9 mm
in height, 600 µm in width at base, and 30-60 µm at the tip
diameter and that the distance between 2 MN was 1.5 mm.41
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Mechanical strength of MNs arrays
Mechanical strength of MN needs must be sufficient to sustain
the force applied during pressing of MN array patch into the
skin.42 This insertion compression force might lead to bending
or breaking of MNs. The reported mechanical strength for

Figure 1. Fabrication of wax-based MN array mould
MN: Microneedle

Figure 2. SEM images of (a, a1, and a2) 0.5_ chitosan MN (b, b1, and b2) 3_ chitosan MN (c, c1, and c2) PLA-coated chitosan MN (d, d1, and d2), and BSA coated
on PLA-coated chitosan MN array

SEM: Scanning electron microscopy, MN: Microneedle, PLA: Polylactic acid, BSA: Bovine serum albumin
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efficient chitosan MNs was 0.50 N/needle.43 and the mechanical
strength of BSA and PLA-coated chitosan MN was 0.72 N/
needle.

Tensile strength of MNs arrays
Tensile strength of MN arrays is an important property, since
it defines the integrity of the patch and capacity of the patch
to survive the physical stress. The previously reported tensile
strength for chitosan film is 11.23 Mpa44 and that of BSA and
PLA-coated MN array patch shows 15.23 Mpa.

Spectral and thermal analysis of MNs arrays
FTIR spectroscopy
The FTIR spectrum of chitosan (Figure 3a) showed
important bands of the characteristics functional groups,
which were recorded in the infrared range (4000-6000 cm1
). The infrared spectra for chitosan showed a stretching
vibration band at 3419.42 cm-1 for OH group and 1064.79
cm-1 for -C-O of CH2OH group. The spectra also showed NH
bend at 1643.41 cm-1 and NH stretch at 3354.15 cm-1 for amine
group. FTIR spectra of PLA (Figure 3b) showed 2839.73
cm-1 and 2910.68 cm-1 for C-H stretch and 1491.02 cm-1 C-H
bending vibrations in CH3. Also, OH stretch at 3464.23 cm-1,
C=O stretch at 1757.84 cm-1, and C-O-C stretching vibration
were observed at 1350.32 cm-1. FTIR spectra of plain BSA
(Figure 3c) showed C=O stretch vibrations of the peptide
linkages at 1667.21 cm-1, N-H bending vibration for amide II
at 1537.91 cm-1, and N-H bending vibration at 3292.60 cm-1.
FTIR spectra of BSA and PLA-coated chitosan MN (Figure
3d) showed all the characteristic peak of chitosan, such as
NH bend (amine) at 1635.41 cm-1 and NH stretch at 3249.20
cm-1, 2930.93 cm-1 for C-H stretch and 1498.74 cm-1 C-H
bending vibrations in CH3 for PLA and BSA, N-H bending

vibration for amide II at 1525.74 cm-1, and C-N stretching/
bending vibration at 1166.97 cm-1/2330.34 cm-1 for BSA. Thus,
all the molecules retained their functional group and no
interaction was observed between them.

Thermal analysis of MN array
DSC thermogram of PLA (Figure 4a) shows endothermic
peaks at 56°C and 105°C, which are related to glass transition
(GT) and moisture loss, as well as broad endothermic
peak at 170°C, followed by broad exothermic peak at 220°C
(melting), followed by degradation of PLA. These values match
closely with previously reported value.45 DSC thermogram
of Chitosan (Figure 4b) shows endothermic peak at 90°C,
which is related to moisture loss, endothermic peak at 240°C,
followed by exothermic peak at 280°C, which corresponds to
the degradation of chitosan. These values match closely with
previously reported values.46 The DSC thermogram of PLAcoated chitosan MN (Figure 4c) shows small endothermic peak
at 60°C for GT of PLA, endothermic peak of water loss at 100°C,
and endothermic peak at 230°C, followed by exothermic peak at
270°C, which represents the degradation of PLA and chitosan,
respectively. The DSC thermogram of BSA and PLA-coated MN
(Figure 4d) shows a short endothermic peak for GT of PLA at
63°C and a short endothermic peak at 100°C, which is related
to water loss and degradation of BSA. It also shows a small
exothermic peak at 215°C corresponding to the degradation of
PLA and a broad endothermic peak at 215°C, followed by 260°C
broad exothermic peak corresponding to chitosan and PLA
degradation.

XRD spectral analysis
The diffractogram of chitosan shows sharp peak at 22°ө,
26.5°ө, and 33°ө and the broad peak shows chitosan slightly

Figure 3. FTIR spectra of a) chitosan b) PLA c) BSA, and d) BSA coated on
PLA-coated chitosan MN array

Figure 4. DSC thermogram of a) PLA b) chitosan c) PLA-coated chitosan

FTIR: Fourier-transform infrared spectroscopy, PLA: Polylactic acid, MN:
Microneedle, BSA: Bovine serum albumin

DSC: Differential scanning calorimetry, PLA: Polylactic acid, MN: Microneedle,
BSA: Bovine serum albumin

MN d) BSA coated on PLA-coated chitosan MN array
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crystalline in nature (Figure 5a). These observations
match with previous reports.21,46 The diffractogram of PLA
shows a broad peak at 16.55°ө and 30°ө. It suggests that
PLA used in this study is amorphous in nature (Figure 5b)
this observation match with reported value47 and supports
the DSC data, which lacks sharp endothermic peak of GT
temperature at 60°C. The diffractogram of BSA coated on
PLA-coated chitosan MN array batch (Figure 5c) showed
sharp peak at 22°ө, 24°ө, and 32°ө, emerging from a broad
peak corresponding to chitosan and broadness of the overall
diffractogram corresponding to PLA, which suggests that
coating of chitosan MN does not hamper crystallinity to the
MN array. This is an important observation, as it explains the
improved mechanical properties of the MN array.

Drug release profile of optimized batch
The in vitro drug release study was performed in order to
ensure a release of drug in selected dissolution medium.
The drug release profile was determined in PBS (pH 7.4) and
98.5% BSA was released within 50 hours from the rat skin
(Figure 6).48

Determination of viscosity of wax and gel
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In vivo tolerance study
After removal of MN and careful observation for the next 7
days, it was noted that there was no sign of irritation and any
adverse effect due to MN (Figure 8).

CONCLUSION
The successful fabrication of MN was performed using
chitosan polymer and bees wax mould. Selected MN batch
was subjected to coating with PLA and BSA, followed by
morphological, mechanical, and drug release studies. Based
on SEM characterization of MN formulation; the coated MNs
had 0.9 mm length, 600 µm width at the base, 1.5 mm distance
between 2 needles, and 30-60 µm tip diameter. The optimized
MN batch showed the percentage BSA release of 98.5% in
50 hours. It also showed good mechanical strength (0.72 N/
needle), tensile strength (15.23 Mpa) and maximum swelling of
6.79%.
The results obtained from various studies performed for PLAand BSA-coated-layered chitosan MNs possessed desired
mechanical strength, tensile strength, swelling index, and
drug release. SEM, XRD, and DSC studies established the
physicochemical properties of MN.

The change of viscosity with increasing temperature gradient
was performed for bee’s wax and chitosan gel. The viscosity
decreased with increase in temperature. Thus, both gel and
wax come under the Newtonian flow behavior.

Swelling index of MNs arrays
Figure 7 shows the swelling behavior of the BSA and PLAcoated MN array. It was observed that the maximum swelling of
6.79% was observed at 30 minutes. The weight decreased after
30 min might be due to the dissolution of BSA.

Figure 6. Drug release of optimized batch

Figure 5. XRD spectral analysis of a) chitosan b) PLA c) BSA coated on
PLA-coated chitosan MN array

Figure 7. Swelling index of BSA and PLA-coated MN array

XRD: X-ray diffraction, PLA: Polylactic acid, MN: Microneedle, BSA: Bovine
serum albumin

PLA: Polylactic acid, MN: Microneedle, BSA: Bovine serum albumin, SI: Swelling
index
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can be substituted with vaccines or DNA/RNA to achieve the
immediate release. Thus, each layer of MN will provide the
platform for a time-bound drug delivery system.
Conflicts of interest: No conflict of interest was declared by the
authors. The authors alone are responsible for the content and
writing of the paper.
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