
LETTER TO THE EDITOR

Sublingual minoxidil for the
treatment of male and female
pattern hair loss: a randomized,
double-blind, placebo-
controlled, phase 1B clinical trial
Dear Editor

Minoxidil is an approved medication for severe hypertension

androgenetic alopecia.1 Oral minoxidil (OM) is a potent

vasodilator used to treat hypertension. It is a pro-drug, activated

by hepatic dehydroepiandrosterone sulfotransferase (SULT2A1)

to minoxidil sulfate.2 OM doses of 2.5 and 5 mg produced peak

plasma concentrations of 16.8 and 37.2 ng/mL within 30 min

post-dose.3 Side-effects include hypertrichosis, lower limb

oedema, postural hypotension and tachycardia. Minoxidil lotion

(ML) is approved for the treatment of hair loss. It is also a pro-

drug converted in hair bulbs by thermostable phenol sulfotrans-

ferase (SULT1A1) to minoxidil sulphate. There is a considerable

inter-subject variability in levels of both hepatic SULT2A1 and

follicular SULT1A1. Low SULT1A1 predicts weak hair regrowth

with both ML and OM.4,5 Weak hair growth due to low follicu-

lar SULT1A1 can be overcome with OM through dose escalation

but cannot be overcome with ML due to low solubility and satu-

ration absorption kinetics.6

As sublingual dosing bypasses hepatic first-pass metabolism,

sublingual minoxidil (SM) would be anticipated to increase fol-

licular minoxidil sulphate bioavailability and consequently hair

growth.7 As hepatic sulphation of minoxidil enhances the

haemodynamic effect, SM would also be anticipated to reduce

haemodynamic side effects and consequently improve safety.

To investigate SM as an alternative to OM, we conducted a

prospective, randomized placebo-controlled, double-blinded dose-

escalation phase 1B clinical trial (HREC approval number 2017-

09-669; ANZCTR number: ACTRN12618000606280). Forty men

with Hamilton Norwood stage III vertex to V or women with Sin-

clair stages 2–5 hair loss, aged 30–65 years, were enrolled and

completed the core study receiving either SM 0.45 mg daily or pla-

cebo for 24 weeks. Twelve participants rolled into a 24-week

open-label extension study and received SM 1.35 or 4.05 mg daily.

Co-primary end-points were macrophotography and terminal hair

count on phototrichogram.

Macro photographs were scored using a 7-point scale. At

24 weeks, nine patients (45%) receiving 0.45-mg SM had

improved frontal hair density, and 11 patients (55%) showed

vertex improvement. One out of six patients (17%) treated with

1.35-mg SM had improved frontal, and 3 out of 6 (50%) had an

improved vertex hair density. Four of six patients (67%) treated

with 4.05-mg dose showed an improvement in both frontal and

vertex hair density (Fig. 1).

Phototrichograms demonstrated a mean increase in terminal

hair count/cm2 of 4 for the frontal and 9 for the vertex scalp with

the 0.45-mg dose. The 1.35-mg dose produced a mean increased

terminal hair count/cm2 of 10 and 26, and 4.05-mg SM pro-

duced a mean increase terminal hair count/cm2 of 38 and 88 for

the frontal and vertex scalp, respectively (Fig. 2). Compared to

placebo, the difference in mean hair count 0 achieved statistical

significance for both the frontal and vertex scalp at all doses

except the 0.45-mg dose over the vertex.

Failure to achieve statistical significance at the 0.45-mg dose

on the vertex scalp is attributed to a solitary patient in the pla-

cebo group, whose vertex scalp hair density unexpectedly

increased by 76 hair per cm2.

Mean peak minoxidil plasma concentration following the ini-

tial sublingual dose was at 1.62 ng/mL (range 0.3–5.3 ng/mL),

30 min post-dose. Minoxidil was undetectable in plasma after

24 h. This is more than an order of magnitude below the plasma

concentration threshold (20 ng/mL) for the development of any

haemodynamic effects.8 No significant change in BP was

detected in the placebo or treatment arms.

In conclusion, SM produced a dose-dependent increase in

mean terminal hair count on the frontal and vertex scalp and an

improvement in hair density. Further studies with larger patient

cohorts are warranted to determine the optimal dose of SM and

comparing the relative efficacy of OM and SM, as well as the

pharmacokinetics of SM.
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minoxidil for promoting hair growth and treatment of hair loss

or excessive hair shedding. Pharmaceutical advisory board Eli

Lily, Pfizer, Leo Pharmaceutical. Speaker bureau Abbvie,

Novartis. Principal investigator in clinical trials for Amgen,
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Bioscience, Janssen, Regeneron, MedImmune, Glaxo Smith

Week 0 Week 24

Figure 1 Representative global photographs of the frontal scalp of patients in each arm at Week 0 and Week 24.

Figure 2 Representative phototrichograms of frontal and vertex macro photographs of patients on sublingual minoxidil (a) 0.45 mg arm
(b) 1.35 mg arm and (c) 4.05 mg arm at Week 0 and Week 24.

© 2021 European Academy of Dermatology and VenereologyJEADV 2021

2 Letter to the Editor

Anagen LLC Exhibit 1013 | Page 2 of 4



Week 0

Week 24

Week 0

Week 24

Week 0

Week 24

(a)  0.45mg

(b)   1.35mg

(c)   4.05mg

© 2021 European Academy of Dermatology and VenereologyJEADV 2021

Letter to the Editor 3

Anagen LLC Exhibit 1013 | Page 3 of 4



Kline, Samson Clinical, Boehringer Ingelheim, Oncobiologics,

Roche, Ascend, Demira, Astra Zeneca, Akesobio, Reistone, UCB,

Sanofi, Connect, Arena, Sun Pharma, Bristol Myer Squibb, Gal-

derma.

Funding
Nil.

L. Bokhari,1,* L.N. Jones,1 R.D. Sinclair1,2
1Sinclair Dermatology, 2/2 Wellington Parade, East Melbourne, Vic., 3002,

Australia, 2Department of Medicine, University of Melbourne

*Correspondence: Department of Medicine, St Vincent’s Hospital, Clinical

Sciences Building, Level 4 / 29 Regent Street, Fitzroy, VIC 3065, Australia.

E-mail: laita.bokhari@sinclairdermatology.com.au

References
1 Lowenthal DT, Affrime MB. Pharmacology and pharmacokinetics of

minoxidil. J Cardiovasc Pharmacol 1980; 2(Suppl 2): S93–S106.
2 Anderson RJ, Kudlacek PE, Clemens DL. Sulfation of minoxidil by

multiple human cytosolic sulfotransferases. Chem Biol Interact 1998;

109: 53–67.

3 Fleishaker JC, Andreadis NA, Welshman IR, Wright CE. The pharmacoki-

netics of 2.5- to 10-mg oral doses of minoxidil in healthy volunteers. J Clin

Pharmacol 1989; 29: 162–167.
4 Ramos PM, Sinclair R, Miot HA, Goren A. Sulfotransferase activity in

plucked hair follicles predicts response to topical minoxidil treatment in

Brazilian female pattern hair loss patients. Dermatol Ther 2020; 33: e13195.

5 Ramos PM, Gohad P, McCoy J, Wambier C, Goren A. Minoxidil Sulfo-

transferase Enzyme (SULT1A1) genetic variants predicts response to oral

minoxidil treatment for female pattern hair loss. J Eur Acad Dermatol

Venereol 2020; 35: e24–e26.
6 Jimenez-Cauhe J, Saceda-Corralo D, Rodrigues-Barata R et al. Effective-

ness and safety of low-dose oral minoxidil in male androgenetic alopecia. J

Am Acad Dermatol 2019; 81: 648–649.
7 Sinclair R, Trindade de Carvalho L, Ferial Ismail F, Meah N. Treatment of

male and female pattern hair loss with sublingual minoxidil: a retrospec-

tive case-series of 64 patients. J Eur Acad Dermatol Venereol 2020; 34:

e795–e796.
8 Ferry JJ, Turner SW, Albert DG, Dietz AJ, Luderer JR. Hemodynamic

effects of minoxidil following intravenous infusions in untreated hyperten-

sive patients. Clin Pharmacol Ther 1996; 59: 166.

DOI: 10.1111/jdv.17623

© 2021 European Academy of Dermatology and VenereologyJEADV 2021

4 Letter to the Editor

Anagen LLC Exhibit 1013 | Page 4 of 4

https://orcid.org/0000-0003-4522-2611
https://orcid.org/0000-0003-4522-2611
https://orcid.org/0000-0003-4522-2611
https://orcid.org/0000-0002-2089-1897
https://orcid.org/0000-0002-2089-1897
https://orcid.org/0000-0002-2089-1897
https://orcid.org/0000-0001-6751-1428
https://orcid.org/0000-0001-6751-1428
https://orcid.org/0000-0001-6751-1428
mailto:

