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ABSTRACT 

Objective: This study's goals were to develop a minimally invasive array of biocompatible polymeric solid microneedles and formulate a 
transdermal patch of drug Ɣ-Oryzanol as per poke and patch technology.  

Methods: Scanning electron microscopy was used to analyse the morphology of the solid microneedle arrays, which were created using a 
stereolithography (SLA) printer with high-resolution capabilities (25 and 140 microns for the z and x axes, respectively). Transdermal Patches of Ɣ-
Oryzanol were formulated and evaluated for various characterization parameters. Further, the produced microneedle-transdermal drug delivery 
system of Ɣ-Oryzanol was examined for microneedle insertion skin and permeation of the drug across the porcine skin.  

Results: Solid microneedle arrays were manufactured using biocompatible Class I Dental SG resin having dimensions of 600 µm height and 300 µm 
width with tip diameters of 30 µm and 1.85 mm interspacing (Distance from tip to tip) and they were strong enough to penetrate porcine skin to a 
depth of 381.356 µm crossing the stratum corneum layer without causing any structural changes. Transdermal patches containing Ɣ-Oryzanol were 
formulated using different ratios of HPMC: Eudragit E-100. Good, consistent, and transparent films were formulated when the thickness of the film 
ranges between 0.516±0.25-0.628±0.21 mm, average weights ranged from 168.23±2.61to171.22±1.25(10/cm2), folding endurance ranged in 
between 10 folds to 12 folds for all the formulations with tensile strength lie between the 0.365 kg/mm2 to 0.465 kg/mm2. All the formulations 
showed good drug content between 99.3±0.06%-90.4±1.64% with 100% flat surfaces. Moisture content was found in the range of 2.012±0.013 to 
4.213±0.031. Drug permeation studies reveal that compound Ɣ-Oryzanol transdermal patches didn’t show significant permeation across porcine 
skin (4.802.25 g/cm2) without piercing with microneedles while after poking skin using microneedles (74.502.35 g/cm2) drug showed good 
penetration properties. It was found that the amount of drug delivered increased to 44.251.57 g/cm2 at 2 min, which was 14.502.35 g/cm2 at 1 min 
to 4 min 74.502.35 g/cm2. 

Conclusion: Successful preparation of the Microneedle-Transdermal drug delivery system of Ɣ-Oryzanol and their evaluation indicated that the 
quality and consistency of the formulated preparation were excellent. With advantages in terms of lowered dose frequency, better patient 
compliance, and bioavailability, this may find use in the therapeutic field. 
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INTRODUCTION 

Transdermal drug delivery (TDD) is the practice of administering 
medications to the bloodstream or nearby tissues through the skin [1, 
2]. Transdermal pharmaceutical delivery is useful because it provides 
simple application, rapid dosage form removal, enhanced patient 
compliance (painless administration), and the capacity to adjust the 
rate of drug release [3, 4]. With this mode of delivery, the "hepatic 
first-pass effect" is also avoided because drug absorption is unaffected 
by variables such as pH, drug-food interaction, and enzyme activity [5]. 
The TDD approach does, however, have many serious drawbacks. This 
technique of administration is only appropriate for powerful lipophilic 
drugs since the skin's barrier function prevents the entry of polar 
hydrophilic drug molecules. Age of the skin, the location of application, 
and any pre-existing skin problems all have an impact on drug 
penetration [1]. Transdermal drug delivery has significantly advanced 
recently, making it possible to quickly transport hydrophilic polar 
medicinal substances into the body. One such illustration is the 
Microneedle-based TDDS, which is intended to alter the barrier 
function by rupturing the skin's outer layer and allowing hydrophilic 
molecules to enter the bloodstream [2]. The needles' length should be 
such that they can pass through the dermis without stimulating the 
dermal nerves [6, 7]. Drug-delivery microneedles are made of silicon, 
metal, ceramics, polymers, or other materials. Microneedles are made 
using a variety of methods [8–10]. These include micromolding with 
ceramics, silicon, or polydimethylsiloxane as the template-forming 
materials, lithography at a material's glass light transition, light with a 
twisted spin (metallic microneedles) and the method of blowing air 
with droplets. One of the following procedures is used to deliver 

transdermal drugs using microneedles. Inserting a patch after a blank 
microneedle is applied to the skin, a micro-needled medicated 
polymeric patch, or a metallic needle that has been coated in a 
medication solution. 

This method is appropriate for the systemic administration of 
pharmacological compounds with high molecular weights and high-
water solubilities [11-13]. Oliver, also known as Ɣ-Oryzanol, is derived 
from rice bran and rice bran oil, with the former containing a higher 
percentage of oliver (20–30%) than the latter [14-16]. Alpha-tocopherol, 
ascorbyl palmitate, and Ɣ-Oryzanol are used as antioxidants in quantities 
ranging from 0.2-2.5% [17-19]. Furthermore, Ɣ-Oryzanol blocks UVA 
and UVB radiation. For emulsions and hair care products, oryzanol 
serves as a stabilising, UV-absorbing, and additional antistatic agent [20–
22]. Transdermal drug administration using microneedles may deliver a 
higher dosage without interfering with daily activities. In this research, 
solid microneedle patches containing Ɣ-Oryzanol were created, and the 
impact of microneedles on drug permeability was assessed. Utilizing 
HPMC and Eudragit E-100, patch formulations with or without 
microneedles were created, and porcine skin was used for drug 
penetration tests [23–25].  

MATERIALS AND METHODS 

Materials 

Reagents and chemicals 

Ɣ-Oryzanol was provided by Ricela Health Foods Ltd., Dhuri 
(Punjab)–India. Eudragit RLPO, Eudragit E100 and Eudragit L100, 
HPMC, Sodium carboxymethylcellulose and Carbopol 934 were 
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purchased from Yarrow chem India ltd. All the chemicals used in the 
study were of analytical grade. 

Methods 

Furnishing of the CADD design for fabrication of microneedles 

Initially, the shape and orientation of the microneedle array were 
selected as pyramid and cone and were plotted on a 2D Template 
using the engineering software Solidworks has cross sections that 
are square and round, respectively [3]. All microneedles were 600 
µm in length, with 300 µm for the base cross sections and 30 µm for 
the tip, separated by 1.85 mm (measured from tip-to-tip). The 
Microneedles were constructed with patches of an 11*11 array 
affixed to a solid 15x15x1 mm substrate [30, 31]. Further, this array 
was examined and verified with the given literature and this array 
was drafted in a CAD. stl file using AutoCAD; Autodesk, Cupertino, 
CA, USA. The 3D fig. of the design of Microneedles is shown in fig. 1 

 

 

Fig. 1: 3D microneedles array 

Development of microneedle array 

Form Labs' Dental SG biocompatible Class I resin was chosen as the 
printing material. The stereolithography (SLA) printer, used by 
Adroitec Pvt. Ltd. to manufacture the arrays, offers high-resolution 
capabilities (25 and 140 microns for z and x axes, respectively). 

Formulation of transdermal patches 

Transdermal patches containing Ɣ-Oryzanol were produced utilising 
the solvent casting method in a glass mould built locally. The most 
effective mixtures of polymer, plasticizer, and solvent were tested 
using placebo patches [32]. Using a magnetic stirrer, the best 
polymers, Eudragit E-100 and HPMC, were mixed to weigh 500 mg 
and were then dissolved in 10 ml of an isopropanol-
dichloromethane (60:40) solvent mixture. The drug solution was 
gradually added to the polymer solution and thoroughly mixed to 
produce a homogenous solution. Di-n-butyl phthalate, which made 
up 30% of the weight of the polymer, was utilised as a plasticizer 
[24, 35]. Different polymer ratios were tried to formulate patches as 
mentioned in table 1. Further, the formulated transdermal patches 
were evaluated for various characterization tests. 

Characterization studies 

Investigation of drug-polymer compatibility 

A Perkin Elmer FTIR spectrophotometer (RXIFT-IR system) was 
used to test the Fourier transform infrared spectroscopy (FTIR) of Ɣ-
Oryzanol and blends of drug with Eudragit-E100 and HPMC to assess 
drug-polymer compatibility [34]. After the sample had been exposed 
to potassium bromide, data was collected spanning the spectral 
range of 450 to 4000 cm-1. 

 

Table 1: Formulation variables for transdermal patches 

Code HPMC (mg) Eudragit E-100 (mg) IPA (ml) DCM (ml) Di-n-butyl phthalate (%) Drug (mg) 
ORZ-1 0 50 60 40 30 25 
ORZ-2 5 0 60 40 30 25 
ORZ-3 30 20 60 40 30 25 
ORZ-4 20 30 60 40 30 25 
ORZ-5 40 10 60 40 30 25 
ORZ-6 10 40 60 40 30 25 

 

Scanning electron microscopy (SEM) 

With a low accelerating voltage, SEM (Hitachi SU 8030, Japan) was used 
to examine the morphology of microneedle patches to determine the 
size, shape, and other physical characteristics of the needles (1.0kV) [24, 
25]. To prevent electrical charges on the cross microneedles, a modest 
accelerating voltage was applied [17-19]. Digital photographs of coated 
cross-microneedles were taken at various magnifications from a fixed 
working distance (11.6 mm) (30, 80, 110 or 120 x). 

Thickness and Weight variation folding of formulated 
transdermal patches 

Using a Vernier calliper, prepared microneedle patches and 
transdermal patches were evaluated for thickness uniformity [17, 
18]. Individually weighing patches that were chosen at random 
allowed for the study of weight variance, and micrometer 
measurements of film thickness were made at random locations on 
all batches of the film [26]. 

Drug content determination 

To extract the drug from the transdermal patch, a 1 cm2 transdermal 
patch containing 25 mg of the drug was dissolved in phosphate buffer pH 
8 (60%), isopropyl alcohol (40%) and labrasol (0.5%) and agitated 
continuously for 24 h using a magnetic stirrer. The amount of drug 
present was determined spectrophotometrically at a wavelength of 325 
nm following filtration and dilution using phosphate buffer [26, 27]. 

Flatness 

To ensure that the created transdermal patches have a smooth 
surface and won't contract over time, a flatness study was carried 

out. The film was divided into three longitudinal strips, each cut at a 
separate location. Each strip's length was measured, along with the 
variation in length due to non-uniformity in flatness, using a percent 
constriction scale where 0% constriction is equal to 100% flatness. 
The formula for percent constriction was (L1-L2)/l1* 100. Here, each 
strip has a beginning length of L1 and a final length of L2. [26-28]. 

Tensile strength and folding endurance 

The folding endurance rating was determined by how many times 
the film could be folded in the same location without breaking 
[37]. The weight pulley method was used to calculate tensile 
strength [29]. 

Moisture content and uptake 

To determine the percentage of moisture content and uptake, 
produced films were weighed separately and maintained in 
desiccators containing activated calcium chloride or saturated 
potassium chloride solutions for 24 h, respectively [26].  

Skin permeation studies for Ɣ-Oryzanol 

In a nearby abattoir, porcine ears were collected from recently 
slaughtered pigs. Full-thickness, non-dermatomed skin was chosen, 
and the outer layer that was intended to be used for the experiment 
was separated using a skin grafting handle after being washed with 
ice-cold, deionized water [18, 19]. A slice of skin with a uniform 
thickness of 1 mm was put on the Franz diffusion cell as depicted in 
fig. 2. The drug's additional flux and permeability coefficient were 
calculated from the permeation studies. Because pig skin has similar 
permeability qualities to human skin, it was employed in skin 
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permeation investigations. Since it is technically more challenging to 
get undamaged split-thickness skin, the general rule with pig skin in 

dermal absorption, specifically for the research of cosmetic 
components, is whole-thickness skin. 

 

 

Fig. 2: Preparation of porcine skin samples and mounting on modified franz diffusion assembly 

 

Permeation of Ɣ-Oryzanol across porcine ear skin was calculated 
using the Modified Franz diffusion cell apparatus. The volume of the 
donor compartment present in the test apparatus was found to be 
3.319 cm3 and the area was calculated which came to be around 
1.3263 cm2. Phosphate buffer pH 8 (60%), Iso-Propyl alcohol (40%) 
and Labrasol (0.5%) were used as receptor media and the 
temperature of this media was maintained at 37.5 ℃ throughout the 
studies with water circulation and stirring at fixed RMP [31].  

A completely saturated solution of Ɣ-Oryzanol i.e., 100% was 
prepared in the above-said media and it was placed over the skin 
surface in the donor compartment, which was further sealed from 
the atmospheric interference by parafilm. At different time intervals 
of 0 h, 1h, 2h, 3h up to 24 h, 1 ml of aliquots were taken from the 
receptor compartment to access the permeability of the drug across 
the skin. Each withdrawn aliquot was replaced by an equal volume 
of media in the receptor [33]. Subsequently, more of the dilutions of 
Ɣ-Oryzanol were prepared in the range of 10%, 20%, 30%, 40%, 
50%, 60%, 70%, 80%, 90% and all the results were taken in 
triplicate to meet the statistical requirements.  

Skin permeation studies by microneedle treatment 

In a nearby abattoir, porcine ears were harvested from recently 
slaughtered pigs. At first, tap water was used to wash the ears, and 
soft paper was used to dry them. Using an ordinary shaving blade, 
hair was eliminated. To obtain whole-skin samples, ears were 
sectioned using a skin grafting handle. Samples of skin were sliced 
into circles [31-33]. Full-thickness skin samples were laid over 
support made of polystyrene foam, with the stratum corneum on 
top. Manual pressure was used to apply microneedle arrays to the 
centre of skin samples. Before each re-insertion, arrays were rotated 
by around 90 degrees for repeated insertions. 

A portion of skin with a uniform thickness of 1 mm was put on the 
Franz diffusion cell. The drug's additional flux and permeability 
coefficient were calculated from the permeation studies. 

Permeation of Ɣ-Oryzanol across porcine ear skin was calculated 
using the Modified Franz diffusion cell apparatus. The volume of the 
donor compartment present in the test apparatus was found to be 
3.319 cm3 and the area was calculated which came to be around 
1.3263 cm2. Phosphate buffer pH 8 (60%), Iso-Propyl alcohol (40%) 
and Labrasol (0.5%) were used as receptor media and the 
temperature of this media was maintained at 37.5 ℃ throughout the 
studies with water circulation and stirring at fixed RMP [26, 27].  

A completely saturated solution of Ɣ-Oryzanol i.e., 100% was 
prepared in the above-said media and it was placed over the skin 
surface in the donor compartment, which was further sealed from 

the atmospheric interference by parafilm. At different time intervals 
of 0 h, 1h, 2h, 3h up to 24 h, 1 ml of aliquots were taken from the 
receptor compartment to access the permeability of the drug across 
the skin. Each withdrawn aliquot was replaced by an equal volume 
of media in the receptor. Subsequently, more of the dilutions of Ɣ-
Oryzanol were prepared in the range of 10%, 20%, 30%, 40%, 50%, 
60%, 70%, 80%, 90% and all the results were taken in triplicate to 
meet the statistical requirements.  

Penetration of microneedles in porcine skin 

Pig-ear skin that was quickly gathered after pigs were slain at a 
nearby slaughterhouse was used for in vitro skin insertion research. 
Damaged skin was scraped from skin samples after they had been 
cleansed with cold water. The entire skin was meticulously 
separated from the underlying cartilage to generate full-thickness 
skin membranes. The skin was defrosted and sliced into 2*2 cm 
squares before the diffusion tests. Thumbtacks were used to secure 
the skin samples into a firm framework before the microneedle 
arrays adhered to their surface. The skin was physically compressed 
with microneedles for 30 seconds with force comparable to pressing 
an elevator button or a stamp into an envelope; then, the 
compression site was peeled off and exposed to a fluorescent dye for 
1 minute. Skin samples that were treated for histological analysis 
had the remaining dye removed. Skin samples were fixed in 10% 
formalin, dried, and embedded in paraffin to create histology 
specimens [29]. To evaluate penetration depth, skin samples were 
stained with methylene blue dye and examined under an Olympus 
fluorescence microscope as shown in fig. 10. 

RESULTS AND DISCUSSION  

The additive manufacturing process of stereolithography was 
successfully used to create MN arrays with needles in the shapes of 
cones and pyramids. Using computer-aided design (CAD) models as 
a starting point, the SLA builds structures layer by layer using a Class 
I biocompatible resin. One of the few commercially available, FDA-
certified polymers that are both compatible with stereolithography 
printers and a Class I polymer that is compatible with Form 2 
technology Dental SG resin. Fig. 3 depicts the MN patches that SLA 
produced. Due to the low cost of the printing material and the speed 
at which items can be manufactured, SLA is a popular technology for 
MN fabrication. Quantitatively speaking, the commercial SLA 
machines currently available have a restricted print volume, 
although with the present print volume (145*145*175 mm), up to 
49 MN arrays can be produced in 2 h using the suggested 
dimensions and procedure. Printers with higher print volumes must 
be introduced to scale the technique up on an industrial scale. 
Parallel printing in several printers, however, may swiftly and 
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accurately manufacture a huge number of arrays due to the low cost 
of these printers and the speed of fabrication. 
 

 

Fig. 3: Fabricated microneedles 
 

FTIR spectroscopic study analysis 

Ɣ-Oryzanol shows C=O stretching at 1684 cm-1. Further, alkenyl C=C 
stretch, aromatic ring stretch, and primary amine stretch confirms the 
purity and structure of Ɣ-Oryzanol. In Eudragit E-100 ester C = O 
stretching peak was detected at 1722.48 cm−1 while C-H Stretch was at 
2955 cm−1. Hydrocarbon chain vibrations were found at 1385, 1450–
1490 and 2950 cm−1. C-O Stretch was observed at 1150 cm−1. In the IR 
graph of HPMC, the identification of peak at 3465 cm-1 shows the 
presence of-OH groups and the peak at 2901 cm-1 shows the presence of 
C-H stretch. FTIR of Ɣ-Oryzanol and Ɣ-Oryzanol with Eudragit and HPMC 
(fig. 4,5,6) suggested that there was no chemical interaction between the 
drug and excipients used. Peak area changes could arise from simple 
component mixing alone, with no evidence of chemical interaction. 

 

 

Fig. 4: FTIR spectra of Ɣ-Oryzanol 

 

Fig. 5: FTIR spectra of Ɣ-Oryzanol and HPMC 

 

 

Fig. 6: FTIR spectra of Ɣ-Oryzanol and Eudragit E-100 
 

SEM analysis of fabricated microneedles 

Fabricated microneedles were studied under the scanning electron 
microscope. SEM studies confirm that each microneedle has 
dimensions approx. 600 µm height and 300 µm width with tip 
diameter of 30 µm and 1.85 mm interspacing (Distance from tip to 
tip) as shown in fig. 7. Sharp needle tips that are better for 
implantation into the skin were produced as a result of the printer's 
high resolution making it feasible to repeatedly manufacture very 
detailed arrays. 

 

 

Fig. 7: SEM image of prepared microneedles 
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Evaluation of films 

Good, consistent, and transparent films were created by combining 
HPMC and Eudragit E-100. Without plasticizers, they were found to 
be fragile. Then, to create films with good elasticity as reported in 
earlier experiments, dibutyl phthalate was added as a plasticizer to 
reduce the brittleness [24, 36]. 

A micrometer was used to measure the thickness of the films, which 
consistently ranged between 0.516±0.25 for ORZ-3 to 0.628±0.21 
mm for ORZ-5. From these values, it was quite clear that with an 
increase in the concentration of Eudragit E-100 thickness of the 
patch increases. It implies that the use of a suitable polymer is a 
precondition for producing a patch of optimal thickness, failure to 
which may retard the release of medicine from the patch. The 
average weights ranged from 168.23±2.61 to 171.22±1.25 (10/cm2), 
showing that different batches' weights were often comparable. The 
folding endurance was discovered to be greater than 11, so it was 
clear that the prepared patches had both the flexibility and strength 

to sustain mechanical strain. The formulations which comprise 
HPMC were found to have high values of folding endurance. All the 
formulations showed good drug content; however, highest drug 
content was observed with ORZ-4 showing about 99.3±0.06% while 
the lowest was observed in ORZ-2, having a value 90.4±1.64%. All 
the prepared patches were smooth in appearance and there was no 
eruption; hence 100% flatness of the surface was observed. The 
results showed that the method used to make the patches were able 
to produce patches with a consistent drug content and little patch 
variability. The results of tests on tensile strength and folding 
endurance showed that the patches would not fracture and would 
maintain their integrity under typical skin folding. Tensile strength 
was found in the range of 0.332±0.03 to 0.465±0.04 for all the 
formulations, which further confirms the uniformity of transdermal 
patches. Moisture content present between all the patches shows 
variability in the range of 2.012±0.013 to 4.213±0.031 being highest 
in ORZ-4 and lowest in ORZ-1. The results of the physicochemical 
characterization of patches are shown in table 2. 

 

Table 2: Physicochemical characterization of transdermal patches 

Code The ratio of 
E-100: HPMC 

Average weight 
(10/cm2) 

Thickness 
(mm) 

Drug content 
(%) 

Folding 
Endurance 

Flatness 
(%) 

Tensile strength 
(kg/mm2) 

Moisture 
content (%) 

ORZ-1 0:5 169.02±1.05 0.568±0.02 91.3±2.14 12±2.14 100±0 0.365±0.04 2.012±0.013 
ORZ-2 5:0 170.12±2.23 0.611±0.05 90.4±1.64 11±1.14 100±0 0.415±0.01 2.112±0.022 
ORZ-3 3:2 168.23±2.61 0.516±0.25 91.5±0.14 10±2.52 100±0 0.412±0.02 3.021±0.014 
ORZ-4 2:3 169.55±2.05 0.618±0.05 99.3±0.06 12±1.12 100±0 0.332±0.03 4.213±0.031 
ORZ-5 4:1 171.22±1.25 0.628±0.21 97.1±0.24 10±1.13 100±0 0.465±0.04 3.752±0.002 
ORZ-6 1:4 173.09±2.25 0.625±0.05 95.3±1.14 12±0.23 100±0 0.457±0.01 2.523±0.011 

(n=3, mean±SD; experiments were conducted in triplicate) 
 

 

Fig. 8: In vitro permeation profile of Ɣ-Oryzanol through microneedle-treated porcine ear skin (n=3, mean±SD) 

 

Formulation ORZ1 having Eudragit E-100: HPMC ratio of 0:5 showed 
minimum release; however, formulation ORZ 4 with a polymer ratio 
of 2:3 had the maximum release. The increase in the release in the 
formulation ORZ 4 can be attributed to the increased retention time 
and enhanced dissolution. However, there is no significant 
difference in the concentration of polymers in the formulation, but 
the optimum concentration of the HPMC and Eudragit increased the 
drug wetting time and dissolution. 

Penetration of MN in porcine skin  

Using a texture analyser, the fabricated array MNs were implanted 
into samples of pig skin. None of the MN designs failed to penetrate 
the skin; they all succeeded. Throughout the penetration, force 
against displacement data was continuously recorded. The 
microneedles were strong enough to penetrate porcine skin to a 
depth of 381.356 µm crossing the stratum corneum layer without 
fracturing or causing any structural changes. 

In vitro permeation studies using vertical Franz diffusion cells 

Using dermatomed porcine ear skin, the impact of different needle 
lengths, equilibration times, and treatment lengths on Ɣ-Oryzanol 

permeation was assessed in vitro. Control skin was chosen since it 
had neither been equilibrated nor punctured by microneedles. The 
passive diffusion experiments were carried out with the assumption 
that no Ɣ-Oryzanol would permeate the skin. Plotting the amount of 
Ɣ-Oryzanol that spread across the skin after being subjected to 
various treatments as a function of time (n=3) is shown in fig. 8. 

In contrast to whole skin permeation, which was determined to be 
(4.802.25 g/cm2), solid microneedle therapy (74.502.35 g/cm2) 
delivered a substantially higher amount of medication to the 
receptor. The majority of medication molecules entered the body 
through micropores as opposed to the skin covering the channels. 
The highest amount of medication delivered via solid microneedle 
treatment was rationally supported by these characterization 
results. Longer microneedles have the potential to cause more 
discomfort and damage to the small blood capillaries, which could 
lead to bleeding since they are more likely to get to the nerve fibres 
[23]. Additionally, because of the larger surface area of channels, 
bacteria or other foreign materials may be able to enter the skin 
tissues. A study using full-thickness porcine ear skin revealed that 
little Ɣ-Oryzanol was delivered to the receptor chamber and that the 
majority of it remained in the stratum corneum. As a result, the 
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amount of drug that was absorbed through the skin was the same in 
the dermatoming group as it was in the control group (4.802.25 
g/cm2). Plotted in fig. 9 (n=3) is the impact of various solid 
microneedle treatment times (1, 2, and 4 min) on transdermal 
delivery of Ɣ-Oryzanol. It was found that the amount of drug 
delivered increased negligibly when the needle insertion time was 
increased from 1 to 2 min. Although the drug release was found to be 
(44.251.57 g/cm2) at 2 min, there was a considerable improvement in 
drug permeation when the treatment time was increased from 1 min 

(14.502.35 g/cm2) to 4 min (74.502.35 g/cm2). Therefore, among the 
various trials, the 4-min treatment duration delivered the most drug. 
Li et al. explanation's that the skin contracts quickly and 
microchannels close quickly during shorter treatment durations 
resulting in lesser skin permeability [38]. Longer treatment times 
result in reversible plastic deformation, a delay in elasticity recovery, a 
longer channel survival time, and a considerable increase in skin 
permeability in the skin around the channels. 

 

 

Fig. 9: In vitro permeation profile of Ɣ-Oryzanol through microneedle-treated porcine ear skin: Solid-MN 1 min, Solid-MN 2 min, and solid-
MN 4 min (n=3, mean±SD) 

 

 

Fig. 10: Microscopic Image of pierced porcine skin using fabricated microneedles observed at 40X 

 

CONCLUSION 

This study was built using a comparison of the design, strength 
under stress, and material used to create a microneedle that can 
meet the criterion to pierce human skin while preventing harm to 
the skin and the needle itself. 

The results of the current investigation showed that micro 
needling improved the transdermal distribution of Ɣ-Oryzanol 
over dermatomed porcine ear skin. The needle length, micro-
needling, and microneedle treatment period all had an impact on 
the variation in the in vitro drug permeation profile. The geometry 
and size of microneedles were described using scanning electron 
microscopy. The mean cumulative amount of medication that was 
absorbed through the skin at 24 h in the in vitro permeation trials 
using solid microneedles was significantly higher than that of 
untreated whole skin samples. 
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