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ABSTRACT

Introduction: Patients with  androgenetic
alopecia treated with alcohol-based minoxidil
topical solutions often report local irritation,
dryness, and redness of the scalp. We evaluate
the in-use tolerance of 5% minoxidil novel
formulation topical solution—test product
(TP)—compared with 5% minoxidil alcohol-
based topical solutions—reference product 1
(RP1) and reference product 2 (RP2)—in Indian
men with androgenetic alopecia.

Methods: In this randomized double-blind
study, patients aged > 18 years with androge-
netic alopecia were randomized 1:1:1 to apply
TP, RP1, and RP2 twice daily for 30 days. The
safety endpoints included mean hydration,
mean redness, and mean scaling on scalp.
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Results: All screened patients (N = 100) were
enrolled and randomized to TP (n = 33), RP1
(n=33), or RP2 (n = 34). At day 30, the mean
(SD) hydration was significantly increased in
patients treated with TP [9.74 (4.98)] but sig-
nificantly reduced in patients treated with RP1
[3.28 (2.67)] or RP2 [3.03 (1.57)] (p-value 0.001).
The mean (SD) score for redness was signifi-
cantly decreased in the TP group [0.01 (0.04)],
(p-value, 0.009) at day 30 compared with base-
line, while no change was observed in the RP1
[0.08 (0.13)] or RP2 [0.11 (0.17)] group. After
30 days of treatment, no significant difference
was observed in the mean score of scaling in any
of the three groups.

Conclusions: Twice daily application of 5%
minoxidil novel formulation for 30 days signif-
icantly improved hydration and reduced red-
ness of the scalp. Hence, 5% minoxidil novel
formulation could be a safer alternative in
treating men with androgenetic alopecia who
are sensitive to alcoholic formulations.

Trial Registration: Clinical Trial Registry of
India; CTRI/2018/11/016431.
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Key Summary Points

Why carry out this study?

Androgenetic alopecia is the most
common type of dermatological disorder,
affecting 58% of Indian men aged

30-50 years.

Patients with androgenetic alopecia
treated with alcohol-based minoxidil
topical solutions often report local
irritation, dryness, and redness of the
scalp, which are more common in 5%
formulations compared with 2%
formulations, as a higher percentage of
propylene glycol is used in 5% than 2%
formulation to solubilize minoxidil.

This randomized double-blind study
evaluated the in-use tolerance of 5%
minoxidil novel formulation topical
solution [test product (TP); n = 33]
compared with 5% minoxidil alcohol-
based topical solutions [reference product
1 (RP1) Regaine 5% n = 33 and reference
product 2 (RP2) Mintop Forte 5% n = 34]
in Indian men (aged > 18 years) with
androgenetic alopecia.

What was learned from the study?

Twice daily application of 5% minoxidil
novel formulation for 30 days
significantly improved hydration and
reduced redness of the scalp, whereas
alcohol-based formulations increased
dryness and redness of the scalp.

A 5% minoxidil novel formulation could
be a safer and most satisfactory alternative
to alcoholic formulations in treating men
with androgenetic alopecia.

INTRODUCTION

Androgenetic alopecia is the most common
type of dermatological disorder, affecting 58%

of Indian men aged 30-50years [1]. It is a
common cause of hair loss at a young age and
leads to psychological distress/morbidity, low
self-esteem, and in some cases, anxiety and
depression [2, 3]. In about half of the Indian
male population with androgenetic alopecia, its
severity is grade I to III, which could be poten-
tially treated with either oral or topical medi-
cations [1]. The current treatment options for
androgenetic alopecia are limited to minoxidil
(2% and 5%) and finasteride (1 mg/day), which
are the treatments approved by the Food and
Drug Administration for male androgenetic
alopecia [4, 5]. The 2% topical solution of
minoxidil has been reported to be superior to
finasteride in terms of improved mean change
in total hair count from baseline to 12 months
(2% minoxidil, 36.1 hairs/cm?; finasteride, 19.6
hairs/cm?) in the treatment of male androge-
netic alopecia [6].

Minoxidil topical solutions, 2% and 5%, are
the widely used treatment option for male
androgenetic alopecia. The vehicles used in
minoxidil topical solutions are water, alcohol,
and propylene glycol [4]. Propylene-glycol-
containing preparations are known to cause
symptoms such as scalp sensitivity, itching,
burning, and local irritation, and it has been
evidenced in literature that patients sensitive to
propylene glycol are most likely susceptible to
contact dermatitis [7]. Evidence suggests that
patients with androgenetic alopecia treated
with alcohol-based minoxidil topical solutions
often report local irritation of scalp (pruritus,
itching, and burning), dryness, and redness [8].
It is also reported that the occurrence of these
adverse events (AEs) is more common with 5%
formulations compared with 2% formulations,
as a higher percentage of propylene glycol is
used in 5% than 2% formulation to solubilize
minoxidil [9]. Note that the effect of minoxidil
treatment can be expected in 6-8 weeks, and to
maintain the effects, the treatment must be
applied continuously for 6-12 months [4, S].
The AEs reported due to vehicle often impact
negatively the patient’s compliance with the
treatment for longer time periods [10]. Hence,
to provide treatment options for patients sen-
sitive to alcoholic formulations and to improve
the cosmetic properties ensuring compliance
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and acceptability, minoxidil topical solutions
free from propylene glycol could be a better
alternative option. In a recent double-blind
study in men with androgenetic alopecia,
treatment with propylene-glycol-free minoxidil
foam demonstrated lesser incidence of pruritus
(1%) compared with men treated with minoxi-
dil alcoholic formulations (4%) [4].

In this study, we evaluate the in-use toler-
ance of 5% minoxidil novel formulation topical
solution [test product (TP)] compared with
alcohol-based topical solutions [reference pro-
duct 1 (RP1) Regaine 5% and reference product
2 (RP2) Mintop Forte 5%] in Indian men with
androgenetic alopecia.

METHODS

Study Design and Patients

This randomized double-blind three-arm study
of 5% minoxidil novel test formulation (TP
containing 2% v/v ethanol, manufactured by
Dr. Reddy’s Laboratories Ltd) and 5% minoxidil
alcohol-based reference formulations (RP1 con-
taining 30% v/v ethanol and RP2 containing
40% v/v ethanol; manufactured by Johnson &
Johnson Ltd and Dr. Reddy’s Laboratories Ltd,
respectively) was conducted to compare in-use
tolerance of TP, RP1, and RP2 in Indian men
with androgenetic alopecia. The study consisted
of a screening phase and a 30-day treatment
phase.

The study protocol and informed consent
form were reviewed and approved by the Inde-
pendent Ethics Committee and Institutional
Review Board (registration no. ECR/98/Inst/
MH/2013/RR-16; Yash Society’s Sujata Birla
Hospital Ethics Committee, Nashik Road). The
study was in compliance with the ethical prin-
ciples of the Declaration of Helsinki and was
conducted in accordance with the International
Council for Harmonization, Good Clinical
Practice guidelines, and schedule Y. This study
is registered prospectively at Clinical Trial Reg-
istry of India (CTRI/2018/11/016431).

Men aged > 18 years with presence of
androgenetic alopecia as measured by Norwood
Hamilton Scale grade > 3 were included in this

study. Men who had scarring of the scalp, dis-
ease of the scalp/hair, cardiac abnormalities, or
abnormal blood pressure were excluded. Addi-
tionally, patients who had known sensitivity to
minoxidil or had hypersensitivity to any cos-
metic products were also excluded from the
study. Other exclusion criteria were systemic or
cutaneous disease and use of systemic or topical
medication, which may interfere with the study
treatment.

Study Assessments

The primary safety endpoints were mean
hydration, mean redness, and mean scaling on
scalp at baseline visit, day 15, and day 30. For all
the assessments, the bald area was divided into
four areas and the average values are reported.
The hydration of the scalp (stratum corneum)
was assessed by using a MoistureMeter SC to
measure the electrical properties of the skin.
The measured capacitance of the scalp was
directly proportional to the water content in
the scalp. A score < 20 indicates dry skin, 20-40
indicates normal skin, and > 40 indicates a
well-hydrated skin. The redness and scaling on
the scalp were measured using a five-point scale
(0: none, 1: very slight, 2: slight, 3: moderate, 4:
severe).

Other safety endpoints included the pro-
portion of patients with prickling, itching, and
burning sensation and overall satisfaction in
terms of skin tolerance and fragrance at days 15
and 30. A self-evaluation questionnaire was
used to capture in-use skin tolerance (prickling,
itching, and burning sensation). A score of 1, 2,
and 3 indicated slight, moderate, and severe
symptoms, respectively.

Treatment, Randomization, and Blinding

Patients were randomized (1:1:1) to TP, RP1, or
RP2 and were asked to apply 1 mL of the solu-
tion twice daily (morning and night) for 30 days
evenly on the areas where the hair was thin/
bald. To randomize the study patients, a ran-
domization sheet was generated using an MS
Office 365 excel sheet (function: RAND), by QA
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Department. The investigator and the patients
were blinded to the treatment.

Statistical Analysis

No sample size calculation was carried out, as
this is an in-use tolerance study. According to
the IS 4011:2018 recommendations for cos-
metics, the in-use test was performed on 15
patients for 15 days. The safety parameters were
compared between the groups using Student’s t-
test and y* test. The safety assessments were
analyzed in safety population. Statistical soft-
ware SPSS version 10.0 [SPSS Inc. (1999), Chi-
cago, IL] was used for statistical evaluation.

RESULTS

Patient Disposition and Baseline
Characteristics

The study was conducted at Yash Society’s
Sujata Birla Hospital, Nashik, India between
December 2018 and February 2019. A total of
100 patients were screened, and all were enrol-
led and randomized to RP1 (n=33), RP2
(n=34), or TP (n = 33). Of these, 94 patients
completed the study (RP1: n = 30; RP2: n = 33;
and TP: n = 31) while 6 patients discontinued
the study. The reason for study discontinuation
was loss to follow-up. The mean age of the
patients was 39.52 years (RP1: 38.93 years; RP2:
39.79 years; TP: 39.84 years). The baseline
characteristics were uniformly distributed
among the groups (Table 1).

Safety

Hydration on Scalp

At baseline, the mean (SD) moisture content of
the scalp was 4.76 (3.45), 4.25 (2.98), and 4.91
(4.16) in patients treated with RP1, RP2, and TP,
respectively. At day 15, a decrease in the mean
(SD) moisture content of the scalp was observed
in patients treated with RP1 [3.75 (2.78); p-
value, 0.001] and RP2 [3.90 (3.80; p-value,
0.341)]. A significant increase (p-value, 0.001) in
the moisture content of 81.7% was observed in

Table 1 Patient demographics and baseline characteristics

Characteristic RP1 RP2 TP
(n = 30) (n = 33) (n = 31)
Age, years, 38.93 39.79 39.84
mean
Skin type
Normal 5(1667) 7 (2121) 9 (29.03)
Dry 20 (66.67) 17 (51.51) 13 (41.93)
Oily 5 (16.67) 9 (27.27) 9 (29.03)
Scalp dandruff
Yes 13 (4333) 7 (2121) 8 (25.81)
Lice
Yes 0 0 0
White hair
Yes 13 (43.33) 13 (39.39) 13 (41.93)
Use of hair dye
Yes 5 (16.67) 3 (9.09) 5 (16.13)
Hair fall
Normal 2 (6.67) 1(3.03) 1(3.03)
Moderate 28 (93.33)  31(93.94) 28 (90.32)
Severe 0 1 (3.03) 2 (6.45)
Androgenetic alopecia grade
Il 12 (40.0) 15 (4545) 12 (38.71)
v 7(2333) 6(18.18) 9 (29.03)
v 2 (6.67) 2 (6.06) 3 (9.68)
VI 9 (30) 10 (30.30) 6 (19.35)
VII 0 0 1(323)

All values presented as 7 (%) unless specified
RPI 5% Regaine, RP2 5% Mintop Forte, TP test minox-
idil 5% novel formulation

patients treated with TP [8.92 (4.32)]. At day 30,
a significant decrease (p-value, 0.001) in the
mean (SD) moisture content of the scalp was
observed in patients treated with RP1 [3.28
(2.67)] and RP2 [3.03 (1.57)]. A significant
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Baseline 476 +£3.45 425+2.98 491 +4.16
Day 15 3.75+2.78 3.90 +3.80 8.92+4.32
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Day 15, (p value) *.1.01 £ 1.47 -0.35+2.08 *4.01 £4.29
(0.001) (0.341) NS (0.001)
Day 30, (p value) *.1.47+£2.01 *.1.22 +£2.31 *4.83+5.14
(0.001) (0.004) (0.001)

NS, not significant; * significant.

RP1, 5% Regaine; RP2, 5% Mintop Forte; TP, test minoxidil 5% novel formulation.

Fig. 1 Mean change from baseline in moisture content of scalp after treatment with minoxidil

increase in the moisture content of 98.4% was
observed in the patients treated with TP [9.74
(4.98)] (Fig. 1).

Redness on Scalp

At baseline, the mean (SD) redness of the scalp
was 0.09 (0.22), 0.10 (0.22), and 0.13 (0.24) in
patients treated with RP1, RP2, and TP, respec-
tively. At day 15, no change in mean (SD) score
for redness was observed in RP1 [0.08 (0.15)] or
RP2[0.13 (0.21)] group compared with baseline.
A significant decrease (p-value, 0.005) in the
mean (SD) score for redness was observed in the
TP group (0) compared with baseline. Similar to
day 15, no change in the mean score for redness
was observed in the RP1 [0.08 (0.13)] or RP2

[0.11 (0.17)] groups at day 30 compared with
baseline. A significant decrease (p-value, 0.009)
in the mean (SD) score for redness was observed
in the TP group [0.01 (0.04)] at day 30 compared
with baseline (Fig.2). The proportion of
patients with minimal redness increased from
baseline to day 30 in the RP1 (16.7-26.7%) and
RP2 (21.2-33.3%) groups, while a decrease was
observed in the TP (29.0-3.2%) group (Fig. 2).

Dryness/Scaling on Scalp

At baseline, the mean (SD) redness of the scalp
was 0.09 (0.26), 0.05 (0.18), and 0.01 (0.04) in
patients treated with RP1, RP2, and TP, respec-
tively. After 15 days of treatment, there was a
significant decrease (p value, 0.049) in the mean
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Baseline Day 15 Day 30
ERP1 mRP2 mTP
RP1 (n=30) RP2 (n=33) TP (n=31)
Mean (SD) redness content on the scalp
Baseline 0.09 £ 0.22 0.10+£0.22 0.13+0.24
Day 15 0.08 £0.15 0.13+£0.21 0.00 + 0.00
Day 30 0.08 +0.13 0.11 +£0.17 0.01 +£0.04
Mean (SD) change from baseline
Day 15, (p value) -0.02+0.15 0.03 £0.20 *.0.13+0.24
(0.471) NS (0.395) NS (0.005)
Day 30, (p value) -0.02+0.23 0.01 +0.24 *.0.12+0.24
(0.637) NS (0.812) NS (0.009)
Redness score, n (%)
Baseline
0 24 (80) 25(75.7) 21 (67.7)
>0-<1 56.7) 7(21.2) 9 (29.0)
1 1(3.3) 1 1(3.2)
Day 15
0 23 (76.7) 22 (66.7) 31 (100)
>0-<1 7(23.3) 11 (33.3) 0
=1 0(3.0) 0 0
Day 30
0 22 (73.3) 22 (66.7) 30 (96.8)
>0 -<1 8(26.7) 11 (33.3) 1(3.2)
1 0 0 0

NS, not significant; * significant.
RP1, 5% Regaine; RP2, 5% Mintop Forte; TP, test minoxidil 5% novel formulation
0, no redness, >0 - <1, minimal redness, 1, very slight redness.

Fig. 2 Mean change from baseline in redness on scalp (table with redness score included below figure)

(SD) score of scaling in the RP1 [0.07 (0.20)] scaling in the RP2 [0.04 (0.18)] or TP [0 (0)]
group compared with baseline. No significant group compared with baseline. After 30 days of
difference was observed in the mean score of treatment, no significant difference was
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Day 15, (p value) *.0.03 £0.08 -0.02 £ 0.06 -0.01 £0.04
(0.049) (0.064) NS (0.174) NS
Day 30, (p value) -0.04 £ 0.12 -0.04+0.14 -0.01 £0.04
(0.078) NS (0.110) NS (0.174) NS
Dryness score, n (%)
Baseline
0 25(83.3) 29 (87.9) 30 (96.8)
>0-<1 3 (10.0) 309.1) 1(3.2)
1 2 (6.7) 1(3.0) 0
Day 15
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>0 -<1 4 (13.3) 1(3.0) 0
=1 0 1(3.0) 0
Day 30
0 27 (90.0) 31(93.9) 31 (100)
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NS, not significant; * significant.
RP1, 5% Regaine; RP2, 5% Mintop Forte; TP, test minoxidil 5% novel formulation
0, no scaling, >0 - <1, minimal scaling, 1, very slight scaling.

Fig. 3 Mean change from baseline in dryness on scalp (table with dryness score included below figure)

observed in the mean score of scaling in any of
the three groups. All the patients treated with

(Fig. 3).

TP were without scaling at days 15 and 30
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In-Use Skin Tolerance (Itching, Burning,

and Prickling)

The proportion of patients who reported no
itching at days 15 and 30 was significantly
higher in the TP group (p-value < 0.05) com-
pared with the RP1 and RP2 groups (RP1 versus
RP2 versus TP; day 15: 80%, 72.7%, and 96.8%;
day 30: 86.7%, 84.8%, and 100%). The propor-
tion of patients who reported no burning at
days 15 and 30 was higher in the TP group
compared with the RP1 and RP2 groups (RP1
versus RP2 versus TP; day 15: 93.3%, 97%, and
100%; day 30: 96.7%, 93.3%, and 100%). At day
15, 86.7%, 81.8%, and 90.3% patients reported
no prickling sensation in the RP1, RP2, and TP
groups, respectively. At day 30, 93.9%, 81.8%,
and 90.3% patients reported no prickling sen-
sation in the RP1, RP2, and TP groups, respec-
tively (Table 2).

Three patients in the RP1 group and five
patients in the RP2 group were not satisfied
with the product in terms of tolerability; how-
ever, all the patients in the TP group were sat-
isfied. No adverse events or deaths were
reported in this study. Overall, 46.7% of the
patients using RP1, 75.8% of patients using RP2,
and 100% of patients using TP reported that the
fragrance was pleasant to good (Table 3).

DISCUSSION

This comparative study aimed to evaluate the
in-use tolerance of a minoxidil 5% topical
solution (TP) novel formulation versus cur-
rently marketed alcohol-based 5% minoxidil
topical solutions (RP1 and RP2) in Indian men
with androgenetic alopecia. The 30-day trial
clearly demonstrated that, compared with
alcohol-based 5% minoxidil solution, the 5%
minoxidil novel formulation was safer, showed
better in-use tolerability, and was more accept-
able in patients with androgenetic alopecia.
This study was conducted in Nashik (Maha-
rashtra, India) during the winter season (De-
cember 2018 to February 2019), with
temperature ranging from 32 °C/19 °C to 30 °C/
16 °C and relative humidity (RH) ranging from
40% to 70%. Studies where skin moisture is
measured should be avoided during the summer

Table 2 Proportion of patients with itching, burning, and
prickling sensation following minoxidil treatment

Scoring, RP1 RP2 TP
n (%) (n = 30) (n = 33) (n = 31)
Itching
Day 15
None 24 (80) 24 (72.7) 30 (96.8)*
Mild 6 (20) 9 (27.3) 1(32)
Moderate 0 0 0
Severe 0 0 0
Day 30
None 26 (86.7) 28 (84.8) 31 (100)*
Mild 3 (10) 5 (15.2) 0
Moderate 1 (3.3) 0 0
Severe 0 0 0
Burning
Day 15
None 28 (93.3) 32 (97.0) 31 (100)*
Mild 2 (6.7) 1 (3.0) 0
Moderate 0 0 0
Severe 0 0 0
Day 30
None 29 (96.7) 31 (93.9) 31 (100)*
Mild 1(3.3) 2 (6.1) 0
Moderate 0 0 0
Severe 0 0 0
Prickling
Day 15
None 26 (86.7) 27 (81.8) 28 (90.3)"
Mild 4 (13.3) 6 (18.2) 3(9.7)
Moderate 0 0 0
Severe 0 0 0
Day 30
None 28 (93.3) 27 (81.8) 28 (90.3)*
Mild 2 (6.7) 6 (18.2) 3(9.7)
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Table 2 continued

Scoring, RP1 RP2 TP

n (%) (n = 30) (n = 33) (» = 31)
Moderate 0 0 0
Severe 0 0 0

RPI 5% Regaine, RP2 5% Mintop Forte, TP test minox-
idil 5% novel formulation
*» < 0.05, significant, #p > 0.05, not significant

Table 3 Proportion of patients with satisfied tolerability
following minoxidil treatment

7 (%) RP1 RP2 TP
(n = 30) (n = 33) (n = 31)

Satisfied tolerability

Satisfied 27 (90) 28 (85) 31 (100)
Not satisfied 3 (100) 5 (15) 0
Fragrance acceptability

Terrible 0 0 0

Bad 0 0 0
Unpleasant 2 (6.7) 0 0
Acceptable 14 (467) 8 (242) 0
Pleasant 14 (467) 19 (57.6)  8(25.8)
Good 0 6 (18.2) 23 (74.2)
(Pleasant— 14 (467) 25 (75.8) 31 (100)

good)

RPI 5% Regaine, RP2 5% Mintop Forte, TP test minox-
idil 5% novel formulation

season due to large climatic variations [11]. Skin
is driest in winter, and these conditions are
suitable to magnify any intolerances such as
dryness, itching, and redness [12].
Alcohol-containing topical solutions includ-
ing minoxidil are known to cause dryness of the
skin/scalp [7, 8]. Dryness of the scalp is caused
due to loss of moisture from stratum corneum,
leading to low skin hydration. MoistureMeter
SC readings indicated that the alcohol-based

minoxidil solutions RP1 and RP2 significantly
decreased (p-value, 0.001) the moisture content
of the scalp, which led to the drying of the
scalp, whereas minoxidil novel formulation
solution (TP) significantly (p-value, 0.001)
improved the hydration of the scalp. There was
no significant difference in the scalp dryness
when assessed visually. This may be due to the
fact that visual assessment is a semiobjective
method of evaluation and may not capture
minute changes as detected by a MoistureMeter
SC reading. The MoistureMeter apparatus is
suitable for quantitative evaluation of short-
and long-term hydration effects on the skin
(13, 14].

Loss of moisture usually leads to itching of
the scalp [15]. The proportion of patients who
reported no itching on day 30 was significantly
greater in the TP group as compared with the
RP1 and RP2 groups. This correlates well with
the MoistureMeter SC readings that suggested
an improvement in scalp hydration in patients
treated with TP for 30 days, which resulted in
decreased itching. The 5% minoxidil solutions
RP1 and RP2 showed a decrease in scalp hydra-
tion, which was reflected in the increased pro-
portion of patients with itching.

Owing to the itching due to dry skin,
patients using alcohol-based formulations usu-
ally report redness of the scalp [7, 8]. In this
study, patients treated with 5% minoxidil novel
formulation showed a significant decrease in
redness after 30 days of treatment, while the
alcohol-based formulations showed no differ-
ence in the mean redness of the scalp. This
could be due to the less itching and increased
scalp hydration in the minoxidil novel formu-
lation solution group. No significant differences
were observed between the three groups in
terms of the proportion of patients reporting
prickling and burning sensation after 30 days of
treatment.

The local irritation caused by the alcohol-
based topical solutions affects patients’ self-tol-
erability and impacts patients’ compatibility
and adherence to the treatment in the long
term [10]. In this study, all the patients treated
with 5% minoxidil novel formulation reported
satisfactory tolerability, treatment satisfaction,
and fragrance acceptability, which would
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improve patients’ adherence to the treatment in
the long term. No other safety findings were
reported in this study in any of the three treat-
ment groups. The efficacy of the novel minox-
idil formulation was not evaluated, which is a
limitation of this study. Also, the efficacy and
safety of the novel minoxidil formulation with
low alcohol content was not compared with
other minoxidil preparations containing higher
alcohol content as formulation vehicle.

CONCLUSIONS

The minoxidil novel formulation showed a
significant improvement in hydration and
reduced the dryness, redness, and itching of the
scalp, whereas alcohol-based formulations
increased the dryness and redness of the scalp
after 15 and 30 days of treatment in men with
androgenetic alopecia. This study also demon-
strated that the novel minoxidil formulation
was better tolerated compared with alcoholic
formulations. Hence, the novel minoxidil for-
mulation could be a safer and most satisfactory
alternative to alcoholic formulations in treating
men with androgenetic alopecia.
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