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Abstract: Background: Chemotherapy-induced alopecia negatively impacts the mental health/fof cameer“patients.
Topical minoxidil, a widely recommended drug for hair regrowth, causes scalp irritation and contaet dermatitis. Oral
minoxidil causes multiple cardiovascular and neurological side effects. Cetirizine hydrochlorid€, an anfihiStamine with a
better safety profile than minoxidil, may stimulate hair follicle activity by modulating prostagldndin/levels. Objectives:
The present study aimed to develop a cetirizine hydrochloride-loaded emulgel and evaluate its)peténtial, in combination
with microneedling, for the treatment of chemotherapy-induced alopecia. Methods:dDifferent emulgel formulations
comprising cetirizine HCI, liquid paraffin, carbopol 940, propylene glye6l,“oleic aeid, [Tween 20, Span 20 and
propylparaben were optimized using central composite design and respdmse surface methodology. Physicochemical
evaluation of the prepared emulgel included physical examination, determmation of pH, viscosity, spreadability, drug
content and stability. Interactions and compatibility among formulation constituents were assessed using In-silico
analysis and Fourier transform infrared spectroscopy. In-vitro drug release, ex-viyo permeation and in-vivo hair growth
studies were carried out to evaluate the performance efficiency of emulgel. Results: The prepared emulgels exhibited
acceptable physicochemical properties and remained stable for 3 ntonths, Constituents were found to be compatible with
each other. The optimized formulation F4 released >95% drugfatypH 5.5 within 360 minutes. During an ex-vivo study,
~94% of the drug permeated across rat skin within 6 hours following application of emulgel on the microneedle-
pretreated skin. In cyclophosphamide-induced alopecia in fatsappli¢ation of emulgel to microneedle-pierced skin for 15
days promoted hair growth. Conclusion: The prepared cetirizing HCl-loaded emulgel and microneedle combination may
be a promising approach to treating chemotherapy-induced alopécia.

Keywords: Chemotherapy-induced algpecia; Cefitizine hydrochloride; Microneedling; Poke and emulgel approach;
Transcutaneous delivery

Submitted on 14-03-2026 — Revised on 25-03<2026 — Accepted on 19-06-2026

INTRODUCTION

Chemotherapy-induced alopgeia, negatively impacts the
mental health and selfresteem “of, cancer patients. The
severity and pattern of ‘¢hemotherapy-induced alopecia
are significantly impacted byjthe type of drug used. For
example, the incidenee of alopecia is >80%, 10-50% and
>60% following chemetherapy using taxanes (e.g.,
paclitaxel),Jgantimetabelites (e.g., 5-fluorouracil) and
alkylating agents“(e.g., cyclophosphamide), respectively
(Kaufmanef al., 2025).

Minoxidil )7is the most widely recommended
pharmacological option for hair regrowth. In case of
topical application, minoxidil is converted to minoxidil
sulphate (active form) by sulfotransferases; however, ~40-
60% of people are reported to lack sufficient levels of
these enzymes in their scalp, in turn, reducing treatment
efficacy. Topical minoxidil causes scalp irritation and
contact dermatitis. Oral minoxidil is metabolized in the
liver (which contains abundant sulfotransferases);

however, it is associated with several cardiovascular and
neurological side effects (Jimenez-Cauhe et al., 2024).
Minoxidil primarily acts by extending the anagen phase of
the hair growth cycle and increasing follicular
vascularization, instead of specifically targeting the
inflammatory and prostaglandin-mediated pathways
implicated in chemotherapy-associated follicular damage.
Cetirizine hydrochloride, a second-generation
antihistamine with anti-inflammatory properties, is
commonly prescribed for allergic rhinitis and urticaria and
may reduce microinflammation of the scalp (a
contributing factor in alopecia) and oxidative stress
associated with chemotherapy, thereby improving
tolerability and patient compliance. It may promote hair
growth by reducing prostaglandin D2 (an inhibitor of hair
growth) and enhancing prostaglandin E2 (which supports
follicular proliferation and anagen maintenance) (Chen et
al., 2022; Jiang et al., 2023; Mostafa et al., 2021; Zaky et
al., 2021). In a study, significantly greater hair growth
was observed in 30 males with alopecia who received a
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topically applied cetirizine solution (1%, 1 ml) compared
with a placebo solution in the control group (Zaky et al.,
2021). An improvement in hair growth and density was
observed in patients suffering from female pattern hair
loss following treatment with cetirizine 1% or minoxidil
2% topical solutions. Minoxidil treatment was
significantly superior to cetirizine in improving hair
density but not in improving hair diameter (Alavi et al.,
2023). Traditional formulations, e.g., ointments, creams
and lotions, are relatively less effective for treating
alopecia due to poor localization of drugs at the target site
(Jillani et al., 2022). Emulgels can improve the
transcutaneous penetration of drugs due to their
composition (containing surfactants, co-solvents, oils,
etc.). In addition, the non-greasy gel base of emulgels
enhances the spreadability and compliance, particularly in
cancer patients who often have sensitive skin (Talat et al.,
2021). An advanced technique, e.g., microneedling, which
involves using a roller with tiny needles (300-1500 um)
on the affected area, can enhance the permeation and, in
turn, the effectiveness of topical formulations.

Oleic acid, a lipophilic sebum-compatible fatty acid, was
used for follicular targeting and promoting localized
delivery of the active ingredient into the pilosebaceous
units (Atef et al., 2022). Propylparaben is commonly used
as an antimicrobial preservative (Assaf Vandecasteele @t
al., 2021). Propylene glycol, a co-solvent and humectant,
improves drug solubility in the aqueous phase and drug
penetration by softening the stratum corneum (Mistry and
Notman, 2024). Liquid paraffin serves as an emollienpand
occlusive (Nailwal et al., 2019). Carbopol 940f a gellihg
agent, imparts suitable viscosity to theMormuldtion and
enhances spreadability (Arshad et al, 2023a). ‘Span 20
and Tween 20 act as emulsifiers (Rayichandsan et al.,
2018).

The present study aimed gto deweldop a cetirizine
hydrochloride-containing , émulgel formulation and
evaluate its potential, in’¢embinatioi with microneedling,
for treating chemother@py-nduced alopecia. The literature
on combining emmlgel-based delivery of -cetirizine
hydrochloride with mieroneedling is scarce. Addressing
this gapgean provide valuable insights into improving the
therapeutic effi€acy,”0of the cetirizine hydrochloride-
microneedlip€ combination in treating alopecia. In the
present study, microneedles of size 500 um were used
because they’ are capable of penetrating the stratum
corneum (in a minimally invasive manner) and creating
channels that can enhance drug diffusion (Gong et al.,
2026; Zafar et al., 2023).

MATERIALS AND METHODS

Materials

Cetirizine hydrochloride was kindly donated by Tagma
Pharma Private Limited, Lahore, Pakistan. Propylene
glycol, oleic acid, Carbopol 940, Span 20, Tween 20,

liquid paraffin, propylparaben and triethanolamine were
obtained from Merck, Darmstadt, Germany. Double-
distilled water was obtained from an in-house facility
(Department of Pharmaceutics, Faculty of Pharmacy,
Bahauddin Zakariya University, Multan, Pakistan).

Preparation of cetirizine hydrochloride loaded emulgel
Different cetirizine hydrochloride (1% wi/v) loaded
emulgel formulations comprising varying concentration
of propylene glycol (25-30% w/v), oleic acid (3:4% w/v),
Carbopol 940 (2% wi/v), Span 20 (0.95% wiv), Taween 20
(0.7% wi/v), liquid paraffin (7.5% wi/v) and propylparaben
(0.01% wiv) were prepared following/screeningwy CCD-
RSM (Central composite designsResponse surface
methodology) approach (Table 1)

Table 1: List of formulationsias per central composite
design.

Formulatiod code X1 X2
F1 X1 X2
F2 0 0
F3 -1 +1
F4 0 +1
F5 +1 0
E6 +1 +1
F7 -1 -1
F8 1 -1
F9 0 -1
F10 -1 0
F11 0 0
F12 0 0
F13 0 0

X1 = Oleic acid (-1, 0 and +1 indicates 3 g, 3.5 gand 4 g,
respectively), X2 = Propylene glycol (-1, 0 and +1
indicates 25 g, 27.5 g and 30 g, respectively).

Oleic acid, Span 20 and liquid paraffin were mixed by
stirring at 200 rpm and 754+5°C for 10 minutes (oil phase)
using a hotplate (UC152, Stuart, Staffordshire, United
Kingdom). A solution comprising propylene glycol,
propylparaben, Tween 20 and cetirizine hydrochloride
was prepared in double-distilled water with continuous
stirring at 200 rpm and 75+£5°C for 10 minutes (aqueous
phase). The oil phase was mixed with the aqueous phase
while stirring constantly at room temperature (25+2°C) to
prepare the emulsion. The prepared emulsion was added
to the gel phase (prepared by dissolving Carbopol 940 in
double-distilled water) while stirring continuously. The
pH of the emulgels was adjusted to 5-6 using
triethanolamine (Khan et al., 2021).

Physicochemical evaluation

Physicochemical evaluation of emulgels included
determination of particle size, pH, viscosity, spreadability
and stability. A Metasizer 3000 with a Hydro EV unit
(Malvern Panalytical Limited, Malvern, United Kingdom)
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was used to measure the particle size of the oil phase. The
sample was inserted into the instrument; laser obscuration
was adjusted to 9.5-10.5% and particle size was assessed
at 2400 rpm. The pH of the emulgels was measured at
room temperature using a digital pH meter. Emulgels
were placed in a beaker and their viscosity was
determined by a viscometer (ou7110,
AMETEK Brookfield, Massachusetts, United States of
America) at 25+£1°C and 2.5 rpm. Spreadability was
assessed by measuring the change in emulgel diameter
under applied weight. The formulation was placed on a
marked circular area of a glass slide and covered with
another slide. Weight (100 g) was applied and the circle
diameter was determined after 5 minutes by using Eq. 1.

_mxl

$ =" x 100 Eq. 1

Where S, m, 1 and t indicated spreadability, weight of the
upper plate with weight applied on the plate, diameter of
emulgel after applying weight, and time, respectively.
Stability was assessed by storing the emulgels for 3
months at 40+2°C and 75+5% relative humidity.
Emulgels were then evaluated for physicochemical
features.

Interactions and compatibility studies

Interactions and compatibility among formulation
constituents were evaluated using [n-silico and Fourier
transform infrared spectroscopy (FTIR) analyses. For in-
silico analysis, 3D (three-dimensional) structures of
molecules were developed using Chem3D and/Sybyl;X
1.3, and their energies were minimized By the Trip0s force
field and Gasteiger-Hiickel charges. FlexibleWdocking
simulations were performed to study interaetions using
the Surflex-Dock module of SYBY##X 1.3. 10" Surflex-
Dock, default settings were used tofcreate alprotomol with
a binding site (threshold: 0,50, (bloat:#0 Angstroms)
(Arshad et al., 2023a). FTIR spectra were recorded at
2542 °C, over a wavehuimber rahge of 650-4000 cm'
using a spectrophotometer (Alpha/Bruker, Massachusetts,
United States of America).

In-vitrodrug release study

Emulgels“(18ggeach) were placed in a dialysis membrane
(14 kDa ‘eutoff) and attached to the paddle of the Type II
dissolutionfapparatus (UDT-818-12, Logan Instruments,
New Jersey, , United States of America). Dissolution
medium comprised phosphate buffer (pH 5.5) maintained
at 32+0.5 °C and 50 rpm. Aliquots were obtained at
different time intervals, i.e., 30, 60, 90, 120, 150, 180,
240, 300, 360 minutes. An equal volume of blank medium
was added at each sampling time to maintain sink
conditions. Aliquots were filtered, their absorbances were
measured by a UV-Vis spectrophotometer (U-1800,
Hitachi, Tokyo, Japan) at 244 nm, and % drug release was
calculated by using a calibration curve. Release profiles
were analyzed by applying different models, e.g., zero-
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order, first-order, Korsmeyer-Peppas
(Siepmann and Siepmann, 2013).

and Higuchi

Ex-vivo permeation study

Animal studies complied with ‘ARRIVE (Animal
Research: Reporting of In-vivo Experiments) guidelines’
and were conducted in accordance with ‘Public Health
Service Policy on Humane Care and Use of Laboratory
Animals’. Wistar rats of either sex, with an average
weight of 200-250 grams, were kept unden, ambient
temperature (25+2 °C) and given free access tofeed and
water at least 48 hours before the experiments:"Rats (N=6)
were sacrificed, dorsal hair was remioved, sKin” tissues
were cut using a sterile blade and presérved in formalin
till further use.

A permeation study was) conductéd using a Franz
diffusion cell apparatusgeomprising a donor and recipient
compartment with®a ‘pertheation area of 1 cm?. The
experimentsgwere carried opt at 50 rpm and 32+0.5°C
using 10 mI“phosphate buffer (pH 5.5) as a dissolution
medium. Skin tissSues were divided into two groups (Tgr
and Twmer) and clamped between the donor and recipient
compartments. Group Tgr was applied with the emulgel
(F4)fGteup Twmer was pierced for 30 seconds using metal
mdicroneedles” (ZGTS derma roller; needle size 500 um),
followed by the application of emulgel. Samples (0.5 mL)
were drawn at predetermined time intervals (1, 2, 4 and 6
hours) and the same volume of buffer was added to the
receptor compartment to maintain sink conditions (Tariq
et al., 2025). Absorbance of aliquots was measured at 244
nm with a UV-Vis spectrophotometer, and the % drug
permeated across the skin was estimated from a
calibration curve.

In-vivo hair growth study

Alopecia was induced in albino rats (N=9, average weight
200-250 grams) by administering an aqueous solution of
cyclophosphamide intraperitoneally (125 mg/kg) using a
21-gauge needle (Paus et al., 1994). After developing
alopecia, rats were equally divided into 3 groups: U, Tgr
and Tmer. Group U was not given any treatment.
Cetirizine hydrochloride-loaded emulgel was applied to
the affected area of group Tgr. In the case of group Twmer,
the affected regions were first pre-treated with the derma
roller, followed by the application of the prepared
emulgel. After completion of the study (day 15), skin
tissues were obtained by punch biopsy and sliced (~1-2
pm thick) using a microtome. The samples were stained
with hematoxylin and eosin (HE) and visualized under a
light microscope at 40X magnification.

Statistical analysis

The experiments were performed in triplicate; the mean
and standard deviation were calculated. In addition, the
data were statistically analyzed using Student's t-test in
Microsoft Excel 2016.
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RESULTS

Preparation of cetirizine hydrochloride-loaded emulgel
The RSM evaluated the combined effects of propylene
glycol and oleic acid on drug release at 360 minutes. The
experimental data were modeled using a second-or
polynomial equation (Eq. 3):

¥ = BotPixitBaxatBuixi > +HBaxa +Praxixate Eq.3
where y represents the predicted drug releas 360
minutes.

A combination of propylene glycol ol acid
significantly influenced % drug release. highest
predicted drug release (95.38% within 360 minutes) was

col and oleic
nd 3.5% wi/w,

observed in the region whéte pro

acid were at concentrations 09
respectively (Fig. 1).

ti

omogeneous and smooth-
acceptable physicochemical

o significant differences were observed in
chemical properties of the emulgels over 3
sting their high stability.

Interactions and compatibility studies
The binding between formulation constituents was
assessed by CScores. Cetirizine hydrochloride-oleic acid,

cetirizine hydrochloride-Tween 20, cetirizine
hydrochloride-liquid ~ paraffin,  propylene  glycol-
propylparaben, propylene glycol-Tween 20,

propylparaben-oleic acid, Carbopol 940-tween 20, Span
20-Tween 20 and Tween 20-oleic acid showed the highest

3D Surface Plot of Drug Release at 360 minutes
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different formulat'
2. inctive bands shown by pure

. Emulgels showed peaks of individual constituents
some blue and red shifts indicating compatibility
between ingredients (Fig. 3).

In-vitro drug release study

A calibration curve for cetirizine hydrochloride was
successfully established with an R2 0of 0.9991 (Fig. 4). All
emulgels exhibited a burst release of the drug (25-50%)
within the first 30 minutes. In the next 5.5 hours,
consistent drug release (total >81%) was recorded.
Formulation F4 demonstrated the highest drug release
(~95%) (Fig. 5).

Formulation F4 showed rate constant values of 0.348,
0.011, 5.624, 16.603 and 0.003 for zero-order, first-order,
Higuchi, Korsmeyer-Peppas and Hixson-Crowell models,
respectively. All release profiles showed R? values>0.9
(Table 3).

Based on the results of subsections 3.2 and 3.4, emulgel
formulation F4 (optimized) was used in the next part of
the study.

Ex-vivo permeation study

Drug permeated slowly (~27%) in group Ter within the
first 4 hours. In the next 2 hours, this amount increased to
~46%. In the case of group Twer, a significantly higher
amount (~74%) of drug permeated within the first 4 hours
(Student's t-test, p-value < 0.05). Over the next 2 hours,
this amount reached ~94% (Fig. 6).
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Fig. 2: 3D (three-dimensional) structures of (A, B, C, D, E, F, G, H) ingredients and (I, J, K, L, M, N, O, P, Q, R)
different docked conformations. S represents icture of all ligands, receptors and their binding sites with the
complex.

Table 2: Band frequencies in FTIR spectra‘efijpure ingredients.

y.
Py frequencies/wave number (cm™) Assigned
Propylene Tween  Spa Carbopol Oleic Liquid Cetirizine hydro- band
glycol 20 2 araben 940 acid paraffin chloride
3200- 3200- 400 3400 3500- 3200-3500  3380-3300 O-H stretch,
3600 360 3100 N-H stretch
2800- 2800-,2900- 2950 2957 3000 2700-3000  2920-2850 C-H stretch
3000 3000 000
1700 1750 1702 1700 1750-1700 C=O0 stretch
1600 C=C stretch
1450 1400 1408 1465 C-H bend,
C-C stretch
1200-900 1100 1200 1150-1250  1000- 1250-1000 C-O stretch,
1300 O-H bend,
C-H stretch,
C-N stretch
700- 800-600 C-H bend,
900 C-Cl stretch
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Table 3: Rate constant (k) efficient of determination (R?) values for different dissolution models applied on the
formulagions (details of formulations are given in Table 1).

Formulations First order Higuchi Korsmeyer-Peppas  Hixson-Crowell
R? K R? ky R? kkp R? Kric R?

F1 0.9974 0.005 09717 4.416 09828 5.978 0.9784 0.001  0.9840

F2 0.9884 0.008 0.9008 5.050 0.9593 25.211 0.9190 0.002  0.9218

F3 0.9908 0.007  0.9429 4.874 09763 16.460 0.9558 0.002  0.9573
F4 0.9835 0.011  0.9379 5.624  0.9885 16.603 0.9800 0.003  0.9412
F5 0.9969 0.007  0.9503 4.787  0.9769 10.029 0.9636 0.002  0.9673
F6 0.9800 0.008  0.9809 4.982  0.9963 12.894 0.9939 0.002  0.9847
F7 0.9984 0.005 0.9756 4.128  0.9829 4.720 0.9810 0.001  0.9854
F8 0.9356 0.012  0.9809 5.711 0.9792  18.480 0.9879 0.003  0.9792
F9 . 0.9847 0.007  0.9755 5.031 0.9930 9.258 0.9895 0.002  0.9837
F10 0.303 09726 0.007 09893 4.894 09948 13.210 0.9936 0.002  0.9929
Fl1 0.296 09927 0.008 09297 4.877 0.9695 24.058 0.9322  0.002  0.9503
F12 0300 0.9945 0.008 0.9380 4.927  0.9780 23.735 0.9471 0.002  0.9555
F13 0.298  0.9938 0.008  0.9328 4.901 0.9730  23.356 0.9389  0.002  0.9519
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Fig. 7: Physical images of (A and B) untreated (U), (C and D) emulgel treated (Tgr) and (E and F) microneedle
pretreated emulgel applied (Twmer) rat skin at day 1 (A, C and E) and 15 (B, D and F) (scale bar = 2 cm).

In-vivo hair growth study treated group Ter exhibited hair growth; however, some
On day 1 (alopecia development day), the skin surface  bald regions were also recorded. In group Ter, no bald
was bald. In the untreated group (U), no significant  regions were observed and the hair appeared relatively
recovery or hair growth was observed after 15 days. The  denser than the group Ter counterpart (Fig. 7).
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y Normal hair
- follicles

In the alopecia-affected  skin,
architecture was absent. No significan

regeneration was observed in the ated

Hair follicles with improved follicular Adensity were
recorded in groups Ter an (

DISCUSSION

Chemotherapy-induced alop affects the self-esteem of
cancer patients. T minoxidil is widely recommended
T, it is reported to cause scalp
! matitis. Cetirizine hydrochloride,
an antihi 1 tth anti-inflammatory properties, may
reduce o inflammation of the scalp and oxidative
stress assogiated with chemotherapy, thereby improving
tolerability/” Emulgels can improve the transcutaneous
penetration of drugs due to their composition (surfactants,
co-solvents, oils, etc.) compared with traditional topical
preparations, e.g., creams and lotions. Micro needling, an
advanced technique, can enhance the permeation and, in
turn, the effectiveness of topical preparations.

In the present study, a cetirizine hydrochloride-containing
emulgel formulation with acceptable physicochemical
properties (e.g., particle size, pH, viscosity, spreadability)
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interactions between the formulation constituents. The
emulgel exhibited a burst release of the drug (~50%)
within the first 30 minutes, likely due to the highly
hydrophilic gel phase and the presence of propylene
glycol (a co-solvent and humectant that increases the
solubility of the drug in the aqueous phase). Optimized
formulation F4 demonstrated ~95% drug release within 6
hours.

A low amount (~27%) of cetirizine hydrochloride
permeated from emulgel across rat skin within 4 hours,
possibly because the free drug present in the aqueous
phase diffused slowly across the stratum corneum. In the
next 2 hours, this amount increased to ~46%, which might
be due to an increased availability of surfactant-bound
drug. Application of emulgel on microneedle-treated rat
skin resulted in the permeation of a significantly higher
amount (~94%) within 6 hours (Student's t-test, p-value <
0.05). A possible reason for this significantly higher
permeation was the movement of the drug through the
channels generated in the skin layers by needles, as
reported in the literature (Arshad et al., 2023b). During
in-vivo study in rats, hair follicles with improved
follicular density were recorded following application of
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cetirizine hydrochloride emulgel on microneedle pre-
treated skin. Emulgel promoted hair growth by inhibiting
the release of prostaglandin D2 (which causes hair to
move into the catagen phase) and stimulating the release
of prostaglandin E2 (responsible for the transition of hair
follicles into the anagen phase) (Chen et al., 2022).

In group Twmer, Synergistic action of the drug and
micropiercing simulated hair growth. Microneedles
enhanced transdermal permeation of the drug. Moreover,
microneedling promoted vascularization, release of
growth factors and stimulated follicular stem cells, in
turn, improving hair regrowth. The literature suggests that
microneedling promotes hair growth by activating the
wingless-related integration site (Wnt)/p-catenin pathway
and VEGF (vascular endothelial growth factor) (Xiao et
al., 2025). The literature also reports significant
improvements in hair density following application of a
topical formulation to microneedle-pretreated skin
compared with the topical formulation alone (English et
al., 2021).

CONCLUSION

Cetirizine hydrochloride-loaded emulgel F4, with
acceptable physicochemical properties, released >95%
drug at pH 5.5 within 6 hours. Almost 94% of the drug
permeated through the emulgel across microneedle-
treated skin within 6 hours. In rats, a 15-day application
of a drug-loaded emulgel to microneedle-treatedmpskin
promoted hair growth. The prepared [cetirizihe
hydrochloride-loaded  emulgel and{), micténeedling
combination showed potential and warpants —further
clinical investigation. Chemotherapy inducedialopecia in
humans involves complex hormonal, y genetic and
inflammatory mechanisnds’ that (hmay ot be fully
reproduced in preclinical gmimal “medels. Therefore,
further investigations Wsidg human scalp models and
clinical studies would bettequired/to establish the safety,
efficacy and translational applicability of the developed
emulgel and microngedling combination system.

Acknowledgments

The authors sacknowledge financial support from the
Higher Eddcation Commission of Pakistan under the
National Research Program for Universities (NRPU), vide
No. 7401/Runjab/NRPU/RandD/HEC/2017.

Author’s contributions

Sana Hassan: Validation, Investigation, formal analysis,
writing—original draft, methodology, data curation; Sadia
Jafar Rana: Writing—review and editing, methodology,
formal analysis, software and investigation; Saman Zafar:
Writing — original draft, methodology, validation, formal
analysis, software and investigation; Tahir Ali Chohan:

Validation, writing, review, editing and formal analysis;
Qalander Khan: Validation, formal analysis, writing,
review and editing and methodology; Khizar Abbas:
Formal analysis, writing, review and editing; Muhammad
Sohail Arshad: Validation, methodology,
conceptualization, writing, review, editing, supervision
and formal analysis. All the authors have reviewed and
approved the final version for publication.

Funding

This research was funded by the Highem Edugation
Commission of Pakistan under the ANationakQRe€search
Program  for  Universities (NRRW)*™ vide No:
7401/Punjab/NRPU/R&D/HEC/2017.

Data availability statement
All data generated orfanalysed during this study are
included in thigfpublished article.

Ethical approval

Experiments involvigg animals (rats) were carried out
after seeking permission from the University Research
Ethigalpy Committee, Bahauddin Zakariya University,
Multan, “Pakistan (vide letter number 33/UREC/2025).
This study was performed in adherence with the ARRIVE

guidelines. See supplementary file for the ARRIVE
checklist.
Conflict of interest

The authors declare no conflict of interest.

REFERENCES

Alavi SMK, Layegh P, Vahabi-Amlashi S, Sabeti V,
Forouzanfar M and Darchini-Maragheh E (2023).
Therapeutic effects of topical cetirizine in the treatment
of female pattern hair loss: A randomized controlled
noninferiority trial. Expert Rev. Clin. Pharmacol.,
16(10): 1009-1015.

Arshad MS, Hamza M, Zafar S, Rana SJ, Khan HM,
Chohan TA, Abbas K, Ahmad T and Ahmad Z
(2023a). Preparation and characterization of ascorbic
acid electrospun micro-material loaded gel for topical
applications. J. Drug Deliv. Sci. Technol., 89: 105104.

Arshad MS, Hussain S, Zafar S, Rana SJ, Ahmad N, Jalil
NA and Ahmad Z (2023b). Improved transdermal
delivery of rabies vaccine using iontophoresis coupled
microneedle approach. Pharm. Res., 40(8): 2039-2049.

Assaf Vandecasteele H, Gautier F, Tourneix F, Vliet EV,
Bury D and Alépée N (2021). Next generation risk
assessment for skin sensitisation: A case study with
propyl paraben. Regul. Toxicol. Pharmacol., 123:
104936.

10

Pak. J. Pharm. Sci., Vol.----, No.0, ---------- 20----, pp.000-00



Atef B, Ishak RAH, Badawy SS and Osman R (2022).
Exploring the potential of oleic acid in
nanotechnology-mediated dermal drug delivery: An
up-to-date review. J. Drug Deliv. Sci. Technol., 67:
103032.

Chen X, Xiang H and Yang M (2022). Topical cetirizine
for treating androgenetic alopecia: A systematic
review. J. Cosmet. Dermatol., 21(11): 5519-5526.

English RS, Ruiz S and DoAmaral P (2021).
Microneedling and its use in hair loss disorders: A
systematic review. Dermatol. Ther., 12(1): 41-60.

Gong M, Jiang Z, Yang Z Chen T, Hu W, Zhou C, Jian J,
Quan G, Wu C, Cai J and Lu C (2026). Microneedle
technology integrated with diverse therapeutic
modalities for hair regrowth in alopecia. Acta Pharm.
Sin. B, 16(6): 3400-3424.

Jiang S, Hao Z, Qi W Wang Z, Zhou M and Guo N
(2023). The efficacy of topical prostaglandin analogs
for hair loss: A systematic review and meta-analysis.
Front. Med., 10: 1130623.

Jillani U, Mudassir J, Arshad MS, Mehta P, Alyassin Y,
Nazari K, Yousef B, Patel M, Zaman A, Sayed E,
Chang MW, Ali A and Ahmad Z (2022). Design and
evaluation of agarose based buccal films containing
zolmitriptan succinate: Application of physical and
chemical enhancement approaches. J. Drug Deliv. Sci.
Technol., 69: 103041.

Jimenez-Cauhe J, Vano-Galvan S, Mehta N Hermosa-
Gelbard A, Ortega-Quijano D, Buendia-Castafio D,
Fernandez-Nieto D, Porrifio-Bustamante M, Saceda-
Corralo D, Pindado-Ortega C and Meteéno-Artenes @M
(2024). Hair follicle sulfotransferaseactivity™ and
effectiveness of oral minoxidilgin andregenetic
alopecia. J. Cosmet. Dermatol., 23(11): 3767-3773.

Kaufman L, Valentic L, Meulton HpRose A and Dulmage
B (2025). Cancer-related alopecia“risk and treatment.
Curr. Treat. Options @ncol., 26(8), 706-715.

Khan Q, Shah SN, ArshadhMS, Usman F, Khalil R, Ul-
Haq Z, Siddiqui £A, Hussaim' T, Yousaf AM, Rizvi SA
and Shahzad Y/(2021). Formulation and optimization
of dimenhydrinate emulgels for topical delivery using
response“stirface_methodology. Pak. J. Pharm. Sci.,
34(1(Supph): 245-255.

Mistry J and Notman R (2024). Mechanisms of the drug
penetratien enhancer propylene glycol interacting with
skin lipid membranes. J. Phys. Chem. B., 128(16):
3885-3897.

Mostafa DH, Samadi A, Niknam S Nasrollahi SA and
Guishard A, Firooz A (2021). Efficacy of cetirizine 1%
versus minoxidil 5% topical solution in the treatment
of male alopecia: A randomized, single-blind
controlled study. J. Pharm. Pharm. Sci., 24: 191-199.

Nailwal D, Chopra H, Shrivastav A and Ahmad Y (2019).

Sana Hassan et al.

Formulation and evaluation of vegetable oil based
emulgel of fluconazole. J. Drug Deliv. Ther., 9(4):
415-418.

Niu S, Zhou Y, Yu H, Lu C and Han K (2017).
Investigation on thermal degradation properties of oleic
acid and its methyl and ethyl esters through TG-FTIR.
Energy Convers. Manag., 149: 495-504.

Paus R, Handjiski B, Eichmiller S and Czarnetzki BM
(1994). Chemotherapy-induced alopecia ,in mice.
Induction by cyclophosphamide, inkibition by
cyclosporine A and modulation by dexamethasone.
Am. J. Pathol., 144(4): 719-734.

Pourfarzad A, Ahmadian Z and Habibi-NajaféMB (2018).
Interactions between polyols andywheat biopolymers in
a bread model system fortified”with inulin: A Fourier
transform infrared studygHeliyon, 4(12): e01017.

Ravichandran V, Kesavan V, Cojean S, Loiseau PM and
Jayakrishnap#A (2018)."Palysorbate surfactants as drug
carriers: Jiween 20-amphotericin B conjugates as anti-
fungal and<anti<leishmanial agents. Curr. Drug Deliv.,
15(7): 1028-103%,

Senthilkumar M and Dash S (2019). Interaction of
methylparaben and propylparaben with P123/F127
mixedy, polymeric  micelles.  Colloids Surf. B
Biointenfaces, 176: 140-149.

Siepmann J and Siepmann FJ (2013). Mathematical
modeling of drug dissolution. Int. J. Pharm., 453(1):
12-24.

Talat M, Zaman M, Khan R, Jamshaid M, Akhtar M and
Mirza AZ (2021). Emulgel: An effective drug delivery
system. Drug Dev. Ind. Pharm., 47(8): 1193-1199.

Tarig M, Zafar S, Rana SJ, Hussain S, Chohan TA,
Aleem A, Ahmad N, Jalil NA, AbuAin T, Alasiri A,
Arshad MS and Zeeshan A (2025). Micropiercing-
iontophoresis mediated transdermal delivery of
celecoxib from ethyl cellulose and polyethylene glycol
based electrospun mats. J. Drug Deliv. Sci. Technol.,
111: 107210.

Xiao L, Zhang F, Chen Y, Tang Y, Usman M and Zhang J
(2025). Microneedle-mediated therapies in hair loss:
Applications, mechanisms and future directions. Plast.
Aesthet. Res., 12: 1-19.

Zafar S, Arshad MS, Rana SJ, Patel M, Yousef B and
Ahmad Z (2023). Engineering of clarithromycin loaded
stimulus responsive dissolving microneedle patches for
the treatment of biofilms. Int. J. Pharm., 640: 123003.

Zaky MS, Khodeir HA, Ahmed HA and Elsaie ML
(2021). Therapeutic implications of topical cetirizine
1% in treatment of male androgenetic alopecia: A case-
controlled study. J. Cosmet. Dermatol., 20(4): 1154-
1159.

Pak. J. Pharm. Sci., Vol.----, No.0, ---------- 20----, pp.000-00

11



	INTRODUCTION
	Materials
	Preparation of cetirizine hydrochloride loaded emulgel
	Physicochemical evaluation
	Interactions and compatibility studies
	In-vitro drug release study
	Ex-vivo permeation study
	In-vivo hair growth study
	Statistical analysis
	Preparation of cetirizine hydrochloride-loaded emulgel
	Physicochemical evaluation (1)
	Interactions and compatibility studies (1)
	In-vitro drug release study (1)
	Ex-vivo permeation study (1)

	DISCUSSION
	Acknowledgments
	Author’s contributions
	Data availability statement
	Conflict of interest

	REFERENCES

