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ABSTRACT

Background: Androgenetic alopecia (AGA) is a common hair loss disorder affecting individuals across all
demographics. Minoxidil, the most widely used treatment for AGA, has limited efficacy, benefiting only 30-40% of
users. Previous studies have linked minoxidil's effectiveness to the sulfotransferase enzyme (SULT1ALl) in hair
follicles, suggesting that boosting this enzyme's activity may improve treatment outcomes in non-responders.
Methods: This study aimed to evaluate the effect of a SULT1A1 enzyme booster in enhancing minoxidil response
among AGA patients with limited prior improvement. The study enrolled 101 AGA patients who were non-
responders to 5% topical minoxidil. Participants were treated with a combination of SULT1A1 adjuvant solution and
5% topical minoxidil for 90 days. Treatment response was evaluated using clinical assessment and statistical analysis
to determine the impact of gender and age on outcomes.

Results: After 90 days of treatment, 65% of the patients exhibited a positive response to the combination therapy.
Gender analysis showed a significantly higher positive response in females compared to males (p<0.05). However,
age did not significantly influence treatment outcomes.

Conclusion: The combination of SULT1AL enzyme booster and minoxidil demonstrated a promising increase in
response among AGA patients who previously showed limited improvement with minoxidil alone. This study
contributes to the limited literature on minoxidil booster responses in AGA, offering hope for improved treatment
regimens for affected individuals.
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INTRODUCTION

Androgenetic alopecia (AGA) is a prevalent hair loss
disorder influenced by hormones, genetics, and
environmental factors, affecting individuals of all ages,
genders, and races. The occurrence rate of AGA in the
Indian population is 58% among males aged 30-50
years.! It is characterized by the progressive
diminishment of hair follicles leading to the
transformation of terminal hairs to vellus hairs. Its
prevalence is less affected in African Americans, Chinese

and Japanese individuals than Caucasians.? Topical
minoxidil is the most popular and Food and Drug
Administration (FDA)- approved drug for the treatment
of AGA. It promotes hair regrowth through vasodilatation
and reduces hair fall.

Despite its good safety profile, topical minoxidil
effectiveness is limited to 30-40%. Longer treatment
duration is the key obstacle to minoxidil success.?
Furthermore, studies show minoxidil bioactivity is linked
to sulfotransferase enzyme activity in hair follicles,

International Journal of Research in Medical Sciences | November 2024 | Vol 12 | Issue 11  Page 4142



Chandrashekar BS et al. Int J Res Med Sci. 2024 Nov;12(11):4142-4145

predicting minoxidil response in AGA patients.*®
Minoxidil, a pro-drug, is bio-transformed into active
minoxidil sulfate by the sulfotransferase (SULT1A1)
enzyme in the outer root sheet of the hair follicles.
Insufficient sulfotransferase activity can hinder the
effectiveness  of  minoxidil treatment. However,
enhancing SULT1A1 activity through novel formulation
has been linked with improved hair growth in AGA
patients. Intracellular pH-modulating agents like sodium
metabisulphite have been shown to increase the
SULT1A1 enzyme booster activity in hair follicles.'!

Studies suggest adding SULT1A1 enzyme booster into
daily minoxidil treatment can trigger hair regrowth in
AGA patients.*® To further validate these findings a
prospective study is necessary to evaluate the novel
SULT1AL activity booster, which could become a
valuable tool for dermatologists in optimizing AGA
treatments.> In this context, our study aimed to validate
the clinical effect of SULT1Al enzyme booster in
enhancing minoxidil response in individuals who had
shown limited improvement or no response to standard
treatments.

METHODS

Study type

This is a prospective, single-centre study.
Study duration

The study was carried out from July 2023 to January
2024.

Study place

The study was conducted at Cutis hospital, Bangalore,
Karnataka, India.

Inclusion criteria

This involved South Indian patients with AGA over 18
years old who had limited or no response to topical
minoxidil.

Exclusion criteria

Subjects with scalp conditions like seborrheic dermatitis
or drugs like low-dose aspirin or topical tretinoin
interfering with the treatment response were excluded
from the study.

Treatment

Each subject received 90 days of treatment and was
instructed to apply minoxidil booster containing sodium
metabisulphite twice daily, 10 minutes before 5% topical
minoxidil application. Follow-up appointments were
scheduled at 45 and 90 days.

Objective assessment

The physician’s global photography assessment was
conducted to assess hair growth at baseline and 90 days
by an investigator. The treatment response was rated on a
scale as follows-2 (moderately worse), -1 (slightly
worse), 0 (no change), +1 (slightly improved) and +2
(moderately improved).

Statistical analysis

Statistical analysis was conducted using SPSS software.
To check the correlation between gender, age and the
treatment response, Pearson chi-square analysis was
considered. In further, to check the influence of treatment
on age and gender logistic regression analysis was
performed.

RESULTS
Demographic details

Demographic details revealed an average age of 29.5
years (range 18 to 54) with 83 males and 18 females
(Table 1). Physician’s global photography revealed a
positive response in 65% of AGA patients who
previously did not respond well to minoxidil alone while
only 35% were non-responders. Treatment response was
rated on a scale from -2 (moderately worse) to +2
(moderately improved), as shown in Figure 1.

Slight response in 41 subjects and a moderate response in
25 subjects was observed (Figure 2). Among those who
did not respond to the minoxidil booster, AGA worsened
moderately in 2 patients, slightly worsened in 14 patients,
and 19 patients showed no change from baseline to the
treatment endpoint (after 90 days) (Figure 3). No adverse
events were reported.

Table 1: Demographic details.

Male 83

Female 18

Age, Average in years (Range) 29.5 (18-54)
Male 28.6 (18-54)
Female 34 (19-50)

Treatment response vs gender

The cross-tabulation of treatment versus gender revealed
that 75.8% of males and 24.2% of females responded to
the booster treatment while 94.3% of males and 5.7% of
females did not respond to the treatment. The chi-square
tests indicate a significant association between treatment
and gender with p value 0.021. Fisher's exact test also
supports this association with a two-sided p-value of
0.027 and a one-sided p value of 0.016. These results
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suggest that treatment response varies significantly
between genders.
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2-(moderately worse), 1-(slightly worse), 0 (no change), +1
(slightly improved), and +2 (moderately improved)

Figure 1: Treatment response to minoxidil booster
after 90 days of application where x-axis is the
treatment response, y-axis is the patient response
in numbers.

Males Females
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Figure 2 (A and B): Minoxidil booster treatment
response seen in both males and females.

A After B

Before

Figure 3 (A and B): Minoxidil booster treatment
non responder.

Treatment response vs age

The cross-tabulation for treatment versus age showed no
significant association. The chi-square test showed a p-

value of 0.84. The result suggests that treatment response
significantly does not differ across the varied age groups.

Treatment response prediction with respect to age and
gender

The logistic regression showed that females were
associated with a significant increase in the odds of
minoxidil booster treatment responders with an odds ratio
of 4.901 than males and a p value of 0.045. Age,
however, is not a significant predictor of treatment
response, with an odds ratio of 1.015 and a p value of
0.577. The constant term is not statistically significant
(p=0.984). These findings indicate that females had
higher odds of a positive treatment response compared to
males.

DISCUSSION

The activity of SULT1A1 in hair follicles has been
identified as a prognostic marker for predicting the
effectiveness of minoxidil treatment in patients with
androgenetic alopecia.#”813 SULT1ALl is a gene that
encodes for the enzyme sulfotransferase which catalyzes
the sulfate conjugation of drugs, xenobiotics,
neurotransmitters and hormones in humans.  This
genetically polymorphic enzyme exhibits inheritance and
leads to variations in enzyme activity among individuals.®

Physiologically, in the hair follicles, sulfation reaction
occurs by the transfer of a sulfonyl group, catalyzed by
sulfotransferase enzyme. This process utilizes the
universal sulfuryl group donor for SULT, 3'-
phosphoadenosine-5'-phosphosulfate (PAPS),
transferring a sulfonyl group to p-nitrophenol (PNP),
under the catalysis of sulfotransferase enzyme.

This reaction yields the sulfated product, p-nitrophenyl
sulfate (PNPS), and releases adenosine-3', 5'-diphosphate
(PAP).1 Sulfotransferase enzyme, with two binding sites
for PAPS and PNP, facilitates sulfation by inducing a
conformational change that aligns the sulfonyl group of
PAPS with the hydroxyl group of PNP, leading to the
formation of PNPS and the release of PAP.!!

PAPS + PNP PAP + PNPS

Sulfotransferase

»

During the differentiation of epithelial keratinocytes,
studies have confirmed that the induction of minoxidil
sulfotransferase enzyme serves as a key bioindicator.'3
The research identifies that supplementing scalp
SULT1A1 with naturally occurring  minoxidil
sulfotransferase enzymes from plants has enhanced
minoxidil response in AGA.°

It has been hypothesized that intracellular pH modulation
upregulates sulfotransferase activity. When
sulfotransferase activity is insufficient, the response to
minoxidil treatment may be hindered.*>” In this study,
sodium metabisulphite, an alkylating agent present in the
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formulation may alter intracellular pH, thereby
effectively activating sulfotransferase enzymes and
promoting efficient sulfation reactions.” As a result,
incorporating a minoxidil booster may improve
sulfotransferase activation in cases where the enzyme
activity is inadequate.

Our study, encompassing both male and female
participants (n=101) showed 65% responders and 35%
non-responders, echoes Dhurat et al.* findings, indicating
the promising effectiveness of the minoxidil booster.
Statistical analysis revealed no significant relationship
between age and treatment (chi-square test p-value 0.84).
However, gender significantly influenced treatment
response (chi-square test p value 0.021), with females
having a higher proportion of positive responses
compared to males (p value 0.045) indicating a need for
gender-specific considerations in treatment.

Variation in response rates to the booster treatment can
be ascribed to the differing activity levels of SULT1AL in
the outer root sheath of hair follicles.” Genetic variations,
such as SNPs and copy number variations, in SULT1A1
across different ethnic or racial groups can impact
minoxidil efficacy in promoting hair growth.*4

The study limitations include its single-center design, a
small sample size, short follow-up period, inclusion of a
diverse population, an unequal sample size of gender,
lack of control group and the inability to compare the
efficacy of the booster to that of 5% minoxidil alone.

CONCLUSION

SULT1A1l adjuvant solution alongside 5% topical
minoxidil demonstrated both slight and moderate
improvement, pointing to its effective intervention for
AGA patients with suboptimal responses to minoxidil.
This study contributes information to the limited
literature on minoxidil boosters and offers hope for better
treatment options for individuals with inadequate
responses to topical minoxidil.
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