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Improved transdermal delivery of valsartan using
combinatorial approach of polymeric transdermal
hydrogels and solid microneedles: an ex vivo proof
of concept investigation

Cindy Kristina Enggi, Mega Tri Satria, Nirmayanti Nirmayanti, Jesscia Theodor
Usman, Julika Fajrika Nur, Rangga Meidianto Asri, Nana Juniarti Natsir Djide and
Andi Dian Permana

Faculty of Pharmacy, Hasanuddin University, Makassar, Indonesia

ABSTRACT
Valsartan (VAL) is used as a first-line agent to treat hypertension.
However, VAL exhibits poor absorption and low bioavailability
when administrated orally. To overcome these issues, VAL trans-
dermal gel was developed in this study, where Carbopol was used
as the gel matrices. Additionally, solid microneedles (DermarollerVR )
with various needle lengths were combined with transdermal gel
to improve its permeation across the stratum corneum as a skin
barrier. Developed formulations were further evaluated for various
parameters, including pH, viscosity, spreadability, extrudability, gel
strength, drug content, ex vivo permeation, in vitro release, occlu-
sivity, and hemolysis. The results showed that all formulations
exhibited desired physical characteristics without any potential to
cause toxicity. Moreover, this approach showed that using micro-
needles could significantly enhance the permeation of VAL up to
3 folds compared to untreated skin. The use of microneedles
1.5mm was found to be the optimum combination to improve
VA permeation without affecting skin integrity. As much as
1.69±0.004mg of VAL permeated after 8 h. Finally, it could be
concluded that this work had successfully developed a new
approach for VALS drug delivery and could potentially show a sig-
nificant impact on the treatment of hypertension. Further in vivo
work should be considered.

ARTICLE HISTORY
Received 13 July 2022
Accepted 2 September 2022

KEYWORDS
Valsartan; polymeric
hydrogel; transdermal
delivery; solid microneedles

1. Introduction

Hypertension is a condition characterized by high blood pressure (BP) in the systemic
arteries, expressed by the ratio of systolic and diastolic BP [1]. Hypertension is
defined as having systolic BP 140mmHg or higher and/or having diastolic BP
90mmHg or higher [2]. It is a major global health problem due to its high preva-
lence. Around 12.8% (7.5 million) of the total of all annual deaths worldwide were
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caused by high BP, and it is predicted to increase to 1.56 billion adults with hyperten-
sion in 2025 [3]. It is also a significant risk factor for cardiovascular disease (CVD)
and chronic kidney disease (CKD) and is the single leading contributor to all-cause
death and disability worldwide [4].

Valsartan (VAL) is an antihypertensive drug which belongs to angiotensin II
receptor blocker (ARB). The use of VAL does not associate with persistent cough/
angioedema due to its ability to not inhibit the breakdown of bradykinin. According
to Nixon et al. [5], among other ARB drugs, VAL is found to be more effective at
lowering BP and shows comparable efficacy in patients. However, when administrated
orally, VAL exhibits low bioavailability (around 10–35%) due to poor absorption in
the gastrointestinal tract. Furthermore, food intake is known to affect the pharmaco-
kinetics of VAL by reducing its Cmax and AUC [6, 7]. Therefore, finding an alterna-
tive route for delivering VAL is needed.

Transdermal drug delivery system (TDDS) is an alternative drug delivery that
offers various advantages. It can increase drugs’ bioavailability, avoid hepatic first-
pass metabolism, provide a non-invasive route for the patient, and reduce dosing
frequency, thus improving patient compliance. In addition, TDDS can be self-
administrated and generally inexpensive [8, 9]. Moreover, because patients with
hypertension need long term treatment, TDDS provide a more convenient and
acceptable route [7]. Gels can provide an advantage in delivering VAL via the trans-
dermal route because gels tend to be softer, non-greasy, offer a cooling effect and
provide a better drug release effect than other semisolid dosage forms [10]. Carbopol
is one of the polymers that can be used as a gel base because it can increase the vis-
cosity of preparations with low concentrations and can be combined with many
active substances. A study by Patel et al. [11] showed that Carbopol-based gel exhibits
better drug release than other gel bases.

VAL is a promising candidate to be successfully delivered by transdermal route by
having a low molecular weight (434.5Da) and melting point below 200 �C
(116–117 �C) [12]. Moreover, there are no reports of skin irritation caused by VAL
[13]. Nevertheless, the log partition coefficient (log P) of VAL is too high (4.5), which
limits its permeation through the skin. High log P could cause the drug to be
retained in the membrane longer, resulting the inhibition of drugs from being
absorbed into the systemic circulation [14]. Besides, the existence of the human skin
barrier (stratum corneum) is also one of the main challenges in developing transder-
mal formulation [15]. The barrier effect of the stratum corneum is most likely caused
by its high density and low hydration [8]. Various strategies have been utilized to
improve TDDSs, one of which is solid microneedles (SMNs).

SMNs are a transdermal permeation enhancement technique that comes from
micrometer-sized needles. These needles are long enough to penetrate the stratum
corneum but too short of stimulating pain receptors that are located in the dermis.
SMNs have been used as a pre-treating step before applying the transdermal dosage
form [16]. It is a potential and painless method to enhance the permeation of drugs
by creating micropores into the skin. Thus, drugs could easily permeate across the
barrier [9, 15]. The resulting micropores would close immediately after the SMNs are
moved to prevent infection by pathogenic microorganisms [17].
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To date, no studies have reported on combining SMN and transdermal gel for
delivering VAL. Hence the present work was carried out to develop Carbopol-based
VAL transdermal gel and SMN to improve its permeation through the skin.

2. Material and methods

2.1. Chemicals

VAL (purity: >98.0% T) (HPLC) was obtained from Tokyo Chemical Industry
(Tokyo, Japan). Carbopol 940 and DMDM Hydantoin were purchased from Sigma-
Aldrich Pte Ltd. (Singapore, Singapore). SMNs (DermarollersVR ) were obtained from
SQYVR (Guangdong, China). Other materials were analytical grade

2.2. Preparation of transdermal gel

Various VAL transdermal gel was prepared using Carbopol as gel base [18]. Four dif-
ferent VAL transdermal gel formulations were prepared using various concentrations
of Carbopol, as shown in Table 1. The gel was made by dispersing Carbopol in dis-
tilled water and then left for 24 h until it was completely hydrated. Triethanolamine
(TEA) was added to the obtained dispersion, followed by homogenization at
1000 rpm for 15min. After that, VAL was dissolved in 95% ethanol. The VAL solu-
tion and DMDM hydantoin were then added to the gel and homogenized at
1000 rpm for 15min until homogenous.

2.3. pH measurement

pH measurement was conducted using a digital pH meter. The glass electrode was
entirely soaked into the gel formulation at room temperature. This measurement was
done in triplicate [19].

2.4. Viscosity study

The viscosity of gel was determined using Brookfield viscometer with suitable spindle
speed and size [19]. In this study, the evaluation was performed at room temperature
at 50 rpm using 50 g of sample, spindle number 7 and a total time of 60 s for one
measurement.

Table 1. Valsartan transdermal gel formulation composition.

Compositions

%Composition (w/w)

F1 F2 F3 F4

Valsartan 1 1 1 1
Ethanol 95% 10 10 10 10
Carbopol 940 0.75 1 1.25 1.5
Triethanolamine 2.25 3 3.75 4.5
DMDM Hydantoin 0.1 0.1 0.1 0.1
Distilled water ad 100 ad 100 ad 100 ad 100
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2.5. Spreadability test

One of the ideal criteria required for the gel is it should possess good spreadability.
The spreadability test of the gel was carried out by placing 0.5 g gel within a pre-
recorded diameter of circle on a glass plate with a diameter of 25 cm. A second glass
plate having the same dimension was placed over it. A weight of 500 g was allowed to
rest on the upper glass plate for 5min. The increase in diameter was measured and
noted as spreadability (in cm) [20].

2.6. Extrudability test

Extrudability is an important parameter for evaluating gel formulation. Extrudability indi-
cates the force that is required to remove the formulation from the tube. This test was
done using the following method: The aluminum tube was filled with a known amount of
formulation, and the tube was sealed by crimping both ends. The tube was placed
between two glass slides. A weight of 500 g was applied to the top of the glass. The cap
was removed, and the amount of the extruded gel was collected and noted. The extrud-
ability of the formulation was calculated using the following equation [21]:

E ¼ W=A

where E is extrudability, W is applied weight to extrude the formulation, and A is
the area.

2.7. Gel strength determination

The gel strength was determined using the following method: a 100ml borosilicate
graduated measuring cylinder (diameter 1.5 in.) was filled with 60 g of the gel. A disc
(diameter ¼ 3 cm; thickness ¼ 3mm) mounted with 30 g of weight was placed above
the gel surface. The time taken (in seconds) by the disc to sink 5 cm into the gel
from the surface was measured as gel strength [22].

2.8. Drug content recovery

The drug content recovery was conducted by weighing 1 g of gel (containing 10mg
of VAL) and putting it in the 25mL volumetric flask. The volume was then adjusted
using ethanol 95%. The absorbance was measured triplicate using a validated UV-Vis
Spectrophotometer at 231.4 nm. The determination of the concentration of VAL was
performed by plotting the absorbance obtained to the calibration curve made from
the standard solution of VAL in the concentration ranging from 0.5 to 32mg/mL.

2.9. In vitro drug release evaluation

The in vitro release profile of VAL gel was measured using the membrane dialysis
method [23, 24] (Figure 1A). Spectra-PorVR , pore size of 12,000–14,000 MWCO dialy-
sis membrane (Spectrum Medical Industries, CA, USA) was prepared and immersed
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in PBS solution for 24 h. One gram of VAL gel was accurately weighed and placed in
the dialysis membrane (25� 50mm) using spatula. The dialysis membrane was sealed
and put into a 100mL Duran bottle filled with PBS pH 7.4 and was placed on a mag-
netic stirrer. The temperature was maintained at 37 ± 1 �C. The rpm was set at
100 rpm during the evaluation. An aliquot of 1ml was sampled at predetermined
time intervals. The sampled solution was analyzed using a UV-Vis spectrophotometer
at a wavelength of 231.4 nm. The result obtained was then calculated to determine
the amount of drug released. The experiment was carried out in triplicates.

2.10. In vitro skin occlusivity evaluation

The occlusion properties of VAL gel were evaluated using the previously described
method [25]. The test was carried out using Whatman filter paper (cut off 2.5mm).
250mg of the gel was applied to the Whatman filter paper and was placed on the top of
a beaker filled with 50mL of distilled water. The temperature was maintained at skin tem-
perature (32 �C). Using a similar method, a beaker filled with 50mL distilled water was
covered with Whatman filter paper without gel working as the negative control. At prede-
termined time intervals (6, 24, 48h), the systems were weighed to measure the water loss.
The occlusivity (F0) of the samples was determined using the following equation:

F0 ¼ W0�W1

W0
� 100%

where W0 is the water loss of the control system and W1 is the water loss of the gel.
No occlusion is indicated by zero value of F0, and maximal occlusion is indicated by
100 values of F0.

2.11. Ex vivo permeation study

The ex vivo permeation study was conducted using vertical Franz cell and abdominal skin
from Wistar rats (Figure 1B). In order to obtain the skin, the rat’s hair was removed using
an electrical shaver and hair removal cream. Following this, the skins were collected after
the rats were sacrificed. The full-thickness skins were collected by removing the fats
attached to the skins. The skin was washed using PBS prior to the experiment. The diam-
eters of the skins were 2.65±0.18mm. The skin collection was ethically permitted by the
Health Ethical Committee at the Faculty of Medicine, Hasanuddin University, Indonesia.
The skin was pre-treated using various lengths of SMNs (DermarollerVR ), namely 0.5, 1.0,
and 1.5mm, creating 100 pores in the skin. The skin with a surface area of 4.9 cm2 was
placed between the donor and receptor compartment to facilitate the VAL permeation.
The receptor compartment was filled with PBS pH 7.4. The temperature during the study
was maintained at 37±1 �C. Afterwards, 1 g of gel formulation (equal to 10mg of VAL)
was applied to the skin. At each predetermined time, an aliquot of 1mL was taken from
the receptor compartment and then replaced by 1mL of the fresh release medium to
maintain the sink condition. All samples were analyzed by using UV-Vis spectrophotom-
etry at a wavelength of 231.4nm. The same method was used to compare abdominal skin
without pre-treatment [26]. Additionally, the integrity of the skin following the application
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of DermarollerVR was evaluated using Fourier transform infrared (FTIR) spectroscopy [27].
At the end of ex vivo permeation study, the skin was washed and analyzed using FTIR.
Untreated skin sample was also analyzed as a control (Figure 1).

2.12. In vitro hemolysis

The safety and biocompatibility of VAL gel were determined from in vitro hemolytic
activity study [28, 29]. This study was carried out using a fresh blood sample
obtained from Wistar rats. Red blood cells (RBC) were separated from the plasma
through centrifugation at 2000 rpm for 20min. The RBC was washed three times
using PBS, followed by vortex and centrifugation at 2000 rpm for 10min. The washed
RBC was resuspended in PBS to obtain a concentration of 10% (v/v). An aliquot of
100 mL of tested samples was added to 900mL RBC and incubated at 37 �C for 1 h,
followed by centrifugation at 7000 rpm for 10min. Finally, the obtained supernatant
was analyzed using UV-Vis Spectrophotometer at 540 nm. As a positive and negative
control, blood samples were added with PBS and water, respectively. Calculation of
the hemolysis percentage was done using the following equation:

Hemolysis %ð Þ ¼ OD test sampleð Þ� OD negative controlð Þ � 100
OD positive controlð Þ � ðOD negative controlÞ

3. Results and discussion

3.1. Preparation of VAL transdermal gel

This study was conducted as a proof of concept to develop a combination approach
of SMNs and transdermal gel for VAL delivery. In this study, VAL was formulated

Figure 1. Schematic procedure of in vitro release study (A) and ex vivo permeation study (B) of
VAL from transdermal gel.
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into the transdermal gel using Carbopol 940 as the polymer. Carbopol 940 is a hydro-
philic polymer used in gel preparation. Carbopol would form acidic dispersion and
undergo hydration when it was mixed with water. The addition of base is needed in
order to obtain the viscous gel. To achieve this, TEA was added to neutralize the
Carbopol dispersion [30]. A total of four VAL transdermal gel formulations were
developed and evaluated to obtain the optimum formulation.

3.2. pH measurement

pH value is one of the important parameters that need to be considered. The pH of
healthy skin is reported to be around 4.1–5.8 [31]. pH value plays an important role
in maintaining skin barrier function. Acidic pH of the skin is responsible for control-
ling the presence of skin microflora [32, 33]. The barrier integrity of the skin was
also affected by the pH value [34]. In this study, we used Carbomer as the main gel-
ling agent. It has been reported by numerous studies that the gel formation prepared
by Carbomer could occur effectively at neutral pH (around 7) [35, 36]. Therefore, the
addition of TEA could neutralize the pH of the gels. The result showed that pH val-
ues of VAL transdermal gel were between 7.41 ± 0.01 and 7.56 ± 0.01 (Table 2).
Although the obtained results were not in the range of the normal skin pH, a study
conducted by Alberti et al. [37] stated that transdermal formulations with pH values
of 4–10 are still well tolerated. In line with this study, a previous study showed that a
pH value of 7 did not result in skin irritation [38]. Accordingly, the developed VAL
transdermal gels were considered safe and could not possibly cause irritation to
the skin.

3.3. Viscosity and spreadability study

The viscosity of VAL transdermal gel was measured and noted. The obtained results
are depicted in Figure 2(A). The higher Carbopol concentration used in the formula-
tion would result in higher viscosity. Dispersion and hydration of Carbopol in water
result in acidic dispersion with low viscosity which a small portion of carboxyl groups
present on the polymer chain dissociate. Neutralization using base would increase vis-
cosity due to further dissociation of carboxyl group on the polymer and internal
repulsion between polymer strands which causes uncoiling and expansion, resulting
in swelling and gel formation [30, 39]. It was found that higher Carbopol concentra-
tion led to statistically different viscosity of the gel (p< 0.05). Additionally, it was
also important to note that the pH of the formulations also increased with the
increase of Carbomer and TEA concentration. As previously explained, the

Table 2. Result of pH, extrudability, gel strength, and drug content recovery test of VAL transder-
mal gel formulations (mean ± SD, n¼ 3).
Formula pH Extrudability (g/cm2) Gel strength (s) Drug content recovery (%)

F1 7.41 ± 0.01 1.49 ± 0.18 36.20 ± 3.93 101.19 ± 0.13
F2 7.42 ± 0.01 1.45 ± 0.20 38.30 ± 4.09 102.67 ± 0.44
F3 7.50 ± 0 1.37 ± 0.17 39.88 ± 3.98 103.04 ± 0.56
F4 7.56 ± 0.01 1.34 ± 0.16 40.31 ± 4.58 103.41 ± 0.13
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neutralization could affect the viscosity of the gels. The pH of F4 was found to be
highest, followed by F3, F2 and F1. This could result in the higher viscosity of the
formulation following the pH values of each formulation. VAL transdermal gels were
then evaluated for their spreadability, as good spreadability is one of the ideal criteria
for good gels. The spreadability of VAL transdermal gel showed in Figure 2(B). The
spreadability could improve patient compliance and helps in the uniform application
of gels. Spreadability value also affects the therapeutic efficacy of gel formulation [13,
20]. Higher spreadability value showed by VAL transdermal gel containing Carbopol
with low concentration. This implies that viscosity and spreadability value were
inversely related.

3.4. Extrudability test

Extrudability is an important parameter for evaluating gel formulation. This test indi-
cates the force required to remove the formulation from the tube. The more gels
extruded, the better extrudability since only lower energy was needed to extrude the
gel from the aluminum tube. Extrudability values of VAL transdermal gel can be seen
in Table 2. F1, which contains 0.75% Carbopol, exhibited the highest extrudability,
while F4, containing 1.5% Carbopol, showed the lowest extrudability. Despite the dif-
ference, the extrudability values among VAL transdermal gels were statistically insig-
nificant (p> 0.05). The result showed that VAL transdermal gel exhibited good
extrudability [21, 40].

3.5. Gel strength determination

The result of gel strength determination is shown in Table 2. It plays a crucial role as
low gel strength could lead to loss of gel integrity and fast gel removal, while high gel
strength indicates very stiff gel. Discomfort when used by patients and difficulties in
spreading the gel, are also caused by high gel strength. Optimal gel strength is charac-
terized by a value of 25–50 s. All developed formulations showed gel strength values

Figure 2. The result of (A) viscosity test and (B) spreadability test of VAL transdermal gel
(mean± SD, n¼ 3).
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that fall within the optimal range indicating VAL transdermal gel exhibits good gel
strength. Furthermore, gel strength values were found to be not related to the
Carbopol concentration used in the formulas as it did not statistically different
(p> 0.05) [41, 42].

3.6. Drug content recovery

Drug content recovery test is carried out to determine the amount of VAL in the
final product. The result in Table 2 showed drug content in the VAL transdermal
gels was between 101.19 and 103.03%, which implies the method used in gel fabrica-
tion produced a homogeneous formulation. Moreover, it confirms that the fabrication
method did not affect the amount of VAL in the formulation. The results obtained
also were fall within the requirement of drug content recovery set by the
International Council for Harmonization (ICH), which was in the range of
95–105%. [43].

3.7. In vitro drug release evaluation

The in vitro drug releases of VAL transdermal gels are depicted in Figure 3(A).
Specifically, the data showed that 10.78 ± 0.46, 9.64 ± 0.35, 9.08 ± 0.43, and
8.44 ± 0.25mg of VAL were released from F1, F2, F3, and F4, respectively, after 8 h.
Specifically, it was found that in the first 2 h, all formulations exhibited burst release,

Figure 3. (A) In vitro release profile, (B) in vitro occlusivity of VALS transdermal gel and in vitro
occlusivity of blank transdermal gel (C) (mean± SD, n¼ 3).
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showing the release percentage of around 80%. Afterwards, the sustained release man-
ner was shown in the following hours. The burst release occurred possibly due to the
presence of VAL on the outer surface of the gel or in the gel surface layers voids.
This phenomenon was also reported previously [44]. Analyzed statistically, the VAL
released from gel formulation were significantly different (p< 0.05), indicating that
Carbopol concentration affected the release of VAL. A higher amount of VAL
released was observed as the concentration of Carbopol decreased in the formulation.
This finding was in line with a previous study [45]. This was because increasing
Carbopol concentration would form high viscosity of the polymeric system, as the
carboxyl groups dissociate, leading to electrostatic repulsion, resulting in the tight
and hard gel. The formed gel would have a more rigid structure. This would hinder
the diffusion of drug from the polymer matrix and decrease the amount of VAL
released [46, 47].

3.8. In vitro skin occlusivity evaluation

This test was performed to evaluate the ability of VAL transdermal gel formulation to
maintain the hydration characteristic of the skin. It indicates the prevention of water
loss by the formulations. The results are presented in Figure 3(B). All formulations
showed high occlusivity. The occlusivity of formulations would affect the amount of
drugs in the skin. Higher occlusivity could increase skin hydration which facilitates
drug penetration. This is due to the reduction of corneocyte gaps [48, 49].
Additionally, it was also observed that there was no significant difference (p> 0.05)
in the occlusivity values between all formulations with the control formulations, as
shown Figure 3(C). Accordingly, the addition of VAL did not alter the occlusivity of
Carbomer-based gels. Several studies have shown the benefits of the occlusivity of
topical preparation in the transdermal delivery system. The occlusivity of the prepara-
tions did not cause damage and irritation to the skin [50–52]. Importantly, the values
obtained in our study were found to be comparable with several previous reports.
Accordingly, it might be hypothesized that the occlusivity properties of the gel did
not possibly cause any damage in the skin.

3.9. Ex vivo permeation study

To evaluate the permeation of VAL from transdermal gel, an ex vivo permeation
study was carried out. This study was performed using abdominal skin from Wistar
rats. The skin was pre-treated using DermarollerVR (SMN) with various needle lengths,
namely 0.5, 1, and 1.5mm. The illustration of the administration of DermarollersVR

and the pores created in the skin are shown in Figure 4. The permeation profile of
VAL transdermal gel is illustrated in Figure 5. All formulations exhibited higher per-
meation when it was pre-treated using DermarollerVR compared to permeation from
non-treated abdominal skin (p< 0.05). The mechanism behind it was “poke and
patch.” Micropores were formed when DermarollerVR was applied to the skin surface
as the microneedle penetrated the skin barrier (stratum corneum). Thus, when the
transdermal gel was applied, the drug could easily pass the barrier and penetrate into
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the skin [15, 53]. Furthermore, the various microneedle lengths also affected the drug
permeation profile in all formulations. It was clearly observed that the longer length
of microneedle exhibits a higher permeation profile of VALS due to deeper penetra-
tion of the drug [54].

Without the use of MNs, the percentages of permeation of VALS were found to be
5.44 ± 0.01%, 498 ± 0.02%, 4.61 ± 0.01%, and 4.49 ± 0.02% of VALS permeated from
F1, F2, F3, and F4, respectively. As shown in Figure 3, pre-treated with DermarollerVR

0.5mm was able to enhance the percentages of permeation to 14.33 ± 0.04% for F1,
13.92 ± 0.07% for F2, 12.05 ± 0.01% for F3, and 10.63 ± 0.09% for F4. Furthermore, the
permeation percentages were significantly improved (p< 0.05) after the use of
DermarollersVR with lengths of 1mm, and 1.5mm, respectively. The results showed
that 15.37 ± 0.08%, 14.96 ± 0.08%, 12.44 ± 0.04%, and 11.06 ± 0.17% of VAL permeated
from transdermal gels F1, F2, F3, and F4, respectively after the administration of
1mm DermarollerVR . Finally, the use of 1.5mm DermarollesVR increased the perme-
ation percentages up to 16.92 ± 0.04% for F1 15.68 ± 0.09% for F2, 14.77 ± 0.02% for
F2 and 12.97 ± 0.15% for F3. Analyzed statistically, there was a significant different
(p< 0.05) on drug permeation against various length of microneedle. In line with
the in vitro release study, the increase of Carbopol concentration could decrease the

Figure 4. The representative images of the administration of DermarollersVR (A) and the pores cre-
ated in the skin followong the administration of DermarollersVR with lenghts of 0.5mm (B), 1mm
(C) and 1.5mm (D).
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permeation of VAL from the formulation due to the high viscosity of the polymeric
system as a result of the carboxyl groups dissociating and electrostatic repulsion, pro-
ducing a tight gel structure [46, 47]. Therefore, F1 was considered as the optimum
formula. Furthermore, the results showed that the permeation coefficient values of
VALS permeated from F1 were observed to be 0.032 ± 0.002 cm/h for untreated skin,
0.047 ± 0.002 cm/h for the application of 0.5mm DermarollerVR , 0.059 ± 0.003 cm/h for
the application of 1mm DermarollerVR and 0.065 ± 0.03 cm/h for the application of
1.5mm DermarollerVR . As the permeation coefficient value increased with the increase
of length needle, F1 combined with DermarollerVR 1.5mm was chosen as the optimum
treatment condition for VAL permeation. Several studies have previously reported
that microneedles with a length of around 1.5mm did not cause any discomfort
when it was used by the patient [55–57].

Following the integrity evaluation using FTIR (Figure 6), it was found that the
untreated skin showed noticeable peaks at 2902 and 2756 cm�1 due to asymmetric
hydrocarbon stretching and symmetric CH2 stretching, respectively. The presence of
a hydrocarbon area indicates the ceramide and the fatty acid contained in the stratum
corneum. Moreover, other peaks were also observed at 1678 and 1518 cm�1 due to
the presence of the amide I and amide II bonds, respectively, in the corneocytes’
keratin [27]. Importantly, all these peaks were also observed in all treated skins with
negligible changes in intensity. Accordingly, the administration of DermarollersVR did
not change the integrity of the skin.

Figure 5. Ex vivo permeation profile of VALS transdermal gel (A)without MNs, (B) with MNs
0.5mm, (C) with MNs 1mm, and (D) with MNs 1.5mm (mean± SD, n¼ 3).
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3.10. In vitro hemolysis

This test was carried out to determine the safety, biocompatibility, and initial toxicity
of the developed formulation against erythrocytes. In this study, we evaluated the
hemolysis ability of VAL from F1 as the optimum formulation. Hemolysis percentage
values were showed in Table 3. All formulations had hemolysis percentage values
between 0.98 and 3.19%. Hemolysis percentage values were previously reported to be
safe when less than 5%. The result clearly indicates that VALS transdermal gel would
be safe to use at the tested concentration [58, 59].

The overall outcomes resulting from this investigation have proven the potential
ability of SMNs to assist the transdermal delivery of VALS from polymeric hydrogel
to avoid the drawbacks of oral delivery. Our study suggested that the permeation of
VALS from conventional transdermal hydrogel was significantly lower when com-
pared to its combination with SMNs with no toxicity possibility. To show the efficacy
of this combination, further in vivo studies should be considered to assess the phar-
macokinetic, pharmacodynamic and skin irritation studies.

4. Conclusion

The present study focused on the development of Carbopol-based VALS transdermal
gel and combination with microneedles. The developed formulations were found to
produce gels with good physical characteristics. Furthermore, a combination with a
microneedle (DermarollerVR ) showed improved permeation of VALS into the skin sig-
nificantly. Microneedles with a length of 1.5mm exhibited the highest permeation
compared to other lengths. Importantly, in vitro hemolysis study showed hemolysis
percentage below 5%, indicating that VAL transdermal gels were considerably safe to
use. This study successfully developed a new approach for VALS drug delivery to
treat hypertension in the future. However, further studies are required to investigate

Figure 6. FTIR spectrum of skin indicating the integrity following the administration of
DermarollerVR .

Table 3. Hemolysis percentage of VALS transdermal gel (mean ± SD, n¼ 3).
Hemolysis (%)

Concentration (mg/mL) F1 F2 F3 F4

500 2.97 ± 0.28 3.05 ± 0.30 3.08 ± 0.32 3.16 ± 0.34
50 2.23 ± 0.30 2.20 ± 0.21 2.03 ± 0.20 2.22 ± 0.28
5 0.98 ± 0.11 1.14 ± 0.12 1.05 ± 0.11 1.17 ± 0.14
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the effectiveness of this approach, including in vivo pharmacokinetics and toxicity
using suitable animal models.
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