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COMPOSITIONS AND METHODS OF USE 

FOR MODIFIED RELEASE MINOXIDIL 

CROSS-REFERENCE TO RELATED 

APPLICATIONS 

This application is a continuation under 35 U.S.C. § 
111(a) of International Patent Application No. PCT/US2023/ 

035920 filed on Oct. 25, 2023, which claims priority to U.S. 
Provisional Application No. 63/419,155 filed on Oct. 25, 

2022, and to U.S. Provisional Application No. 63/433,203 
filed on Dec. 16, 2022, which are incorporated herein by 

reference in their entirety. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a fuller understanding of the nature and advantages of 

the present embodiments, reference should be made to the 
following detailed description taken in connection with the 

accompanying drawings, in which: 
FIG. 1 depicts a study design: Between each investiga- 

tional medicinal product (IMP) administration, there will be 

a minimum washout of 7 days and also sufficient time to 
permit the decision process and product manufacture. 

FIG. 2 depicts a mean dissolution profile of a pharma- 
ceutical formulation, prototype A, under single stage disso- 

lution (pH 7.2 phosphate buffer, USP I, 75 rpm (+infinity 
spin)). Prototype A (batch no. 300720-032, n=6) T=0 days 

and T=7 days vs. reference batch (batch no. 300720-017-02, 

n=3). 
FIG. 3 depicts a mean dissolution profile of a pharma- 

ceutical formulation, prototype B, under single stage disso- 
lution (pH 7.2 phosphate buffer, USP I, 75 rpm (+infinity 

spin). Prototype B (batch no. 300720-034, n=6) T=0 days 

and T=7 days vs. reference batch (batch no. 300720-027-01, 
n=3). 

FIG. 4 depicts a mean dissolution profile of a pharma- 
ceutical formulation, prototype C, under single stage disso- 

lution (pH 7.2 phosphate buffer, USP I, 75 rpm (+infinity 
spin)). Prototype C (batch no. 300720-039, n=6) T=0 days 

and T=7 days vs. reference batch (batch no. 300720-028-01, 

n=3). 
FIG. 5 depicts a mean dissolution profile of a pharma- 

ceutical formulation, prototype D, under single stage disso- 
lution (pH 7.2 phosphate buffer, USP I, 75 rpm (+infinity 

spin)). Prototype D (batch no. 300720-041, n=6) at T=0 days 
and T=7 days vs. reference batch (batch no. 300720-029-01, 

n=3). 

FIG. 6 depicts dissolution of prototype batches compris- 
ing 10 mg minoxidil vs. 2.5 mg minoxidil. 

FIG. 7 depicts a two-stage dissolution of prototype 
batches comprising 10 mg minoxidil and 2.5 mg minoxidil. 

SUMMARY 

In some aspects, the techniques described herein relate to 

a pharmaceutical formulation for oral administration, 

including a daily dose of minoxidil or a pharmaceutically 
acceptable salt thereof, wherein the pharmaceutical formu- 

lation is a modified release formulation. 
In some aspects, the techniques described herein relate to 

a pharmaceutical formulation comprising a modified release 
formulation of minoxidil or a pharmaceutically acceptable 

salt thereof, wherein the modified release formulation 

releases about 50% to about 98% of the daily dose of 
minoxidil or a pharmaceutically acceptable salt thereof 

within about 12 hours after oral administration. 
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2 
In some aspects, the techniques described herein relate to 

a pharmaceutical formulation comprising a modified release 

formulation of minoxidil or a pharmaceutically acceptable 

salt thereof, wherein the modified release formulation has a 

Tmax of about 30 to about 360 minutes. 

In some aspects, the techniques described herein relate to 

a pharmaceutical formulation comprising a modified release 

formulation of minoxidil or a pharmaceutically acceptable 

salt thereof, wherein the modified release formulation has a 

Cmax of about 0.25 ng/ml to about 20 ng/ml. 

In some aspects, the techniques described herein relate to 

a method of treating hair loss, including administering to a 

subject in need thereof a daily dose of a composition 

including a modified release formulation of minoxidil or a 

pharmaceutically acceptable salt thereof. 

In some aspects, the techniques described herein relate to 

a method of treating hair loss, comprising administering to 

a subject in need thereof a modified release formulation of 

minoxidil or a pharmaceutically acceptable salt thereof, 

wherein the modified release formulation releases about 

50% to about 98% of the daily dose of minoxidil or a 

pharmaceutically acceptable salt thereof within about 12 

hours after oral administration. 

In some aspects, the techniques described herein relate to 
a method of treating hair loss, comprising administering to 

a subject in need thereof a modified release formulation of 
minoxidil or a pharmaceutically acceptable salt thereof, 

wherein the modified release formulation has a Tmax of 

about 30 to about 360 minutes. 
In some aspects, the techniques described herein relate to 

a method of treating hair loss, comprising administering to 
a subject in need thereof a modified release formulation of 

minoxidil or a pharmaceutically acceptable salt thereof, 

wherein the modified release formulation has a Cmax of 
about 0.25 ng/ml to about 20 ng/ml. 

In some aspects, the techniques described herein relate to 
a kit including, a slow modified release vehicle including 

oral minoxidil or a pharmaceutically acceptable salt thereof. 

DETAILED DESCRIPTION 

This disclosure is not limited to the particular systems, 

devices and methods described, as these may vary. The 
terminology used in the description is for the purpose of 

describing the particular versions or embodiments only, and 
is not intended to limit the scope. Such aspects of the 

disclosure be embodied in many different forms; rather, 
these embodiments are provided so that this disclosure will 

be thorough and complete, and will fully convey its scope to 

those skilled in the art. 
The present disclosure is not to be limited in terms of the 

particular embodiments described in this disclosure, which 
are intended as illustrations of various aspects. Many modi- 

fications and variations can be made without departing from 
its spirit and scope, as will be apparent to those skilled in the 

art. Functionally equivalent methods and apparatuses within 

the scope of the disclosure, in addition to those enumerated 
herein, will be apparent to those skilled in the art from the 

foregoing descriptions. Such modifications and variations 
are intended to fall within the scope of the appended claims. 

The present disclosure is to be limited only by the terms of 
the appended claims, along with the full scope of equivalents 

to which such claims are entitled. It is to be understood that 

this disclosure is not limited to particular methods, reagents, 
compounds, compositions or biological systems, which can, 

of course, vary. It is also to be understood that the termi-
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nology used herein is for the purpose of describing particular 
embodiments only, and is not intended to be limiting. 

As used in this document, the singular forms “a,” “an,” 

and “the” include plural references unless the context clearly 
dictates otherwise. Unless defined otherwise, all technical 

and scientific terms used herein have the same meanings as 
commonly understood by one of ordinary skill in the art. 

Nothing in this disclosure is to be construed as an admission 
that the embodiments described in this disclosure are not 

entitled to antedate such disclosure by virtue of prior inven- 

tion. As used in this document, the term “comprising” means 
“including, but not limited to.” 

While various compositions, methods, and devices are 
described in terms of “comprising” various components or 

steps (interpreted as meaning “including, but not limited 
to’), the compositions, methods, and devices can also “con- 

sist essentially of’ or “consist of’ the various components 

and steps, and such terminology should be interpreted as 
defining essentially closed-member groups. 

With respect to the use of substantially any plural and/or 
singular terms herein, those having skill in the art can 

translate from the plural to the singular and/or from the 
singular to the plural as is appropriate to the context and/or 

disclosure. The various singular/plural permutations may be 

expressly set forth herein for sake of clarity. 
Tt will be understood by those within the art that, in 

general, terms used herein, and especially in the appended 
claims (for example, bodies of the appended claims) are 

generally intended as “open” terms (for example, the term 
“including” should be interpreted as “including but not 

limited to,” the term “having” should be interpreted as 

“having at least,” the term “includes” should be interpreted 
as “includes but is not limited to,” etc.). It will be further 

understood by those within the art that if a specific number 
of an introduced claim recitation is intended, such an intent 

will be explicitly recited in the claim, and in the absence of 

such recitation no such intent is present. For example, as an 
aid to understanding, the following appended claims may 

contain usage of the introductory phrases “at least one” and 
“one or more” to introduce claim recitations. However, the 

use of such phrases should not be construed to imply that the 
introduction of a claim recitation by the indefinite articles 

“a” or “an” limits any particular claim containing such 

introduced claim recitation to embodiments containing only 
one such recitation, even when the same claim includes the 

introductory phrases “one or more” or “at least one” and 
indefinite articles such as “a” or “an” (for example, “a” 

and/or “an” should be interpreted to mean “at least one” or 
“one or more”); the same holds true for the use of definite 

articles used to introduce claim recitations. In addition, even 

if a specific number of an introduced claim recitation is 
explicitly recited, those skilled in the art will recognize that 

such recitation should be interpreted to mean at least the 
recited number (for example, the bare recitation of “two 

recitations,” without other modifiers, means at least two 
recitations, or two or more recitations). Furthermore, in 

those instances where a convention analogous to “at least 

one of A, B, and C, etc.” is used, in general such a 
construction is intended in the sense one having skill in the 

art would understand the convention (for example, “a sys- 
tem having at least one of A, B, and C” would include but 

not be limited to systems that have A alone, B alone, C alone, 
Aand B together, A and C together, B and C together, and/or 

A, B, and C together, etc.). In those instances where a 

convention analogous to “at least one of A, B, or C, etc.” is 
used, in general such a construction is intended in the sense 

one having skill in the art would understand the convention 
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4 
(for example, “a system having at least one of A, B, or C” 
would include but not be limited to systems that have A 

alone, B alone, C alone, A and B together, A and C together, 

B and C together, and/or A, B, and C together, etc.). It will 
be further understood by those within the art that virtually 

any disjunctive word and/or phrase presenting two or more 
alternative terms, whether in the description, claims, or 

drawings, should be understood to contemplate the possi- 
bilities of including one of the terms, either of the terms, or 

both terms. For example, the phrase “A or B” will be 

understood to include the possibilities of “A” or “B” or “A 
and B.” 

In addition, where features or aspects of the disclosure are 
described in terms of Markush groups, those skilled in the 

art will recognize that the disclosure is also thereby 
described in terms of any individual member or subgroup of 

members of the Markush group. 

All percentages, parts and ratios are based upon the total 
weight of the compositions and all measurements made are 

at about 25° C., unless otherwise specified. 
As will be understood by one skilled in the art, for any and 

all purposes, such as in terms of providing a written descrip- 
tion, all ranges disclosed herein also encompass any and all 

possible subranges and combinations of subranges thereof. 

Any listed range can be easily recognized as sufliciently 
describing and enabling the same range being broken down 

into at least equal halves, thirds, quarters, fifths, tenths, etc. 
As a non-limiting example, each range discussed herein can 

be readily broken down into a lower third, middle third and 
upper third, etc. As will also be understood by one skilled in 

the art all language such as “up to,” “at least,” and the like 

include the number recited and refer to ranges which can be 
subsequently broken down into subranges as discussed 

above. Finally, as will be understood by one skilled in the 
art, a range includes each individual member. Thus, for 

example, a group having 1-3 cells refers to groups having 1, 

2, or 3 cells. Similarly, a group having 1-5 cells refers to 
groups having 1, 2, 3, 4, or 5 cells, and so forth. 

Where a range of values is provided, it is intended that 
each intervening value between the upper and lower limit of 

that range and any other stated or intervening value in that 
stated range is encompassed within the disclosure. For 

example, if a range of 1 um to 8 um is stated, it is intended 

that 2 um, 3 wm, 4 um, 5 um, 6 wm, and 7 um are also 
explicitly disclosed, as well as the range of values greater 

than or equal to 1 um and the range of values less than or 
equal to 8 um. 

The term “about,” as used herein, refers to variations in a 
numerical quantity that can occur, for example, through 

measuring or handling procedures in the real world; through 

inadvertent error in these procedures; through differences in 
the manufacture, source, or purity of compositions or 

reagents; and the like. Typically, the term “about” as used 
herein means greater or lesser than the value or range of 

values stated by Yio of the stated values, e.g., 10%. The 
term “about” also refers to variations that would be recog- 

nized by one skilled in the art as being equivalent so long as 

such variations do not encompass known values practiced by 
the prior art. Each value or range of values preceded by the 

term “about” is also intended to encompass the embodiment 
of the stated absolute value or range of values. Whether or 

not modified by the term “about,” quantitative values recited 
in the present disclosure include equivalents to the recited 

values, e.g., variations in the numerical quantity of such 

values that can occur, but would be recognized to be 
equivalents by a person skilled in the art. Where the context 

of the disclosure indicates otherwise, or is inconsistent with
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such an interpretation, the above-stated interpretation may 

be modified as would be readily apparent to a person skilled 

in the art. For example, in a list of numerical values such as 

“about 49, about 50, about 55, “about 50” means a range 

extending to less than half the interval(s) between the 

preceding and subsequent values, e.g., more than 49.5 to less 

than 52.5. Furthermore, the phrases “less than about” a value 

or “greater than about” a value should be understood in view 

of the definition of the term “about” provided herein. 

The terms “administer,” “administering,” and “adminis- 

tration” as used herein refer to either directly administering 

a compound (also referred to as an agent of interest) or 

pharmaceutically acceptable salt of the compound (agent of 

interest) or a composition to a subject. 

The term “adverse effect” as use herein refers to undesired 

harmful effect resulting from the administration of a phar- 

maceutical formulation. An adverse effect can be selected 

from peripheral edema, tachycardia, hypotension, lighthead- 

edness, and hirsutism. An “adverse effect” can also be 

referred to as a side effect. 

The term “animal” as used herein includes, but is not 
limited to, humans and non-human vertebrates such as wild, 

domestic, and farm animals. 

The term “cardiac condition” as used herein refers to any 
condition related to the heart or vascular system. A cardiac 

condition can be selected heart disease, hypotension (includ- 
ing orthostatic hypotension), chronic congestive heart fail- 

ure, cardiomyopathy, tachyarrhythmia (including atrial 
fibrillation, premature ventricular contractions, supraven- 

tricular tachycardia, ventricular fibrillation, etc.), renal dis- 

ease, preexisting pulmonary hypertension, and chronic con- 
gestive heart failure not secondary to hypertension. 

The term “cardiac effect” as used herein refers to any 
effect on the heart or the vascular system as a result of the 

administration of a pharmaceutical formulation. A cardiac 

effect can be a hemodynamic change in blood pressure. A 
cardiac effect can be selected from tachycardia, hypotension, 

premature ventricular contractions, and other tachyarrhyth- 
mias. 

The terms “clinical significance” or “clinically signifi- 
cant” as used herein refer to the practical importance of a 

treatment effect on daily life. 

The term “composition” as used herein refers to a com- 
bination or a mixture of two or more different ingredients, 

components, or substances. 

The term “daily” as used herein refers to administration 

within a single day. 
The term “disorder” as used herein refers to an abnormal 

condition of the human or animal body or of one of its parts 

that impairs normal functioning, is typically manifested by 
distinguishing signs and symptoms, and causes the human or 

animal to have a reduced duration or quality of life. The term 
“disorder” can be used interchangeably with the terms 

“disease,” “condition,” or “illness,” unless otherwise indi- 
cated. 

The term “excipients” as used herein encompasses carri- 

ers and diluents, meaning a material, composition or vehicle, 
such as a liquid or solid filler, diluent, excipient, solvent or 

encapsulating material involved in carrying or transporting 
a pharmaceutical, cosmetic or other agent across a tissue 

layer such as the stratum corneum or stratum spinosum. 
The term “first order release” as used herein, refers to the 

rate of drug release, wherein the drug release rate is pro- 

portional to the concentration of one of the reactants. In a 
first order release, the rate law is: rate=k[A] (or B instead of 

A), with k having the units of sec-1. 
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The term “hair loss” as used herein refers to excessive hair 

loss. Hair loss can be from the scalp. Hair loss can be male 

pattern hair loss, female pattern hair loss, hereditary hair 

loss, telogen effluvium, anagen effluvium, alopecia areata, 
cicatricial alopecia (including central centrifugal cicatricial 

alopecia, lichen planopilaris, frontal fibrosing alopecia, etc.), 
or traction alopecia. 

The term “hair regrowth” as used herein refers to the 
growth of hair to restore hair after hair loss. Hair regrowth 

can be measured with commonly accepted measurements 

including a target area hair count (TAHC) and pattern hair 
loss specific grading systems (e.g. Hamilton Norwood scale, 

Sinclair scale, Ludwig scale, etc.). 
The term “improvement” as used herein refers to a state 

that is better than another state. 
The term “modified release” as used herein refers to 

pharmaceutical compositions that do not otherwise release 

the entirety of the active ingredient immediately. For 
example, it may release the active ingredient at a sustained 

or controlled rate over an extended period of time, or may 
release the active ingredient after a lag time after adminis- 

tration, or may be used optionally in combination with an 
immediate release composition. Modified release includes 

extended release, sustained release, controlled release, and 

delayed release. The term “extended release” or “sustained 
release” as used herein is a dosage form that makes a drug 

available over an extended period of time after administra- 
tion relative to a dose delivered in an entirely immediate 

release form. The term “delayed release” as used herein is a 
dosage form that releases a drug at a time other than 

immediately upon administration. The terms “orally” and 

“oral” and “oral administration” as used herein refer to the 
route of administration where a substance is taken through 

the mouth. 
The term “pharmaceutical formulation” as used herein 

refers to a substance that contains a combination of excipi- 

ents and an active pharmaceutical ingredient to create a 
medicinal product. As used herein, the term “pharmaceutical 

agent” or “compound” refers to a chemical entity or bio- 
logical product, or combination of chemical entities or 

biological products, administered to a person to treat or 
prevent or control a disease or condition. The chemical 

entity or biological product is preferably, but not necessarily 

a low molecular weight compound, but may also be a larger 
compound, for example, an oligomer of nucleic acids, amino 

acids, or carbohydrates including without limitation pro- 
teins, oligonucleotides, ribozymes, DNAzymes, glycopro- 

teins, siRNAs, lipoproteins, aptamers, and modifications and 
combinations thereof. 

The term “pharmacokinetics” as used herein refers to the 

movement of a drug within a body and the elimination of a 
drug from a body. The term “pharmacokinetic profile” as 

used herein refers to the measurements of the pharmacoki- 
netic properties of a drug, a compound, or a formulation. A 

pharmacokinetic profile the following measurements: half- 
life, Cmax, Tmax and area under the plasma concentration- 

time curve (AUC). The term “half-life” as used herein refers 

to the time required for a drug, a compound, or a formulation 
to be reduced to half of the initial amount. The term 

“effective half-life” as used herein refers the rate of accu- 
mulation or elimination of a biochemical or pharmacological 

substance in an organism; it is the analogue of biological 
half-life when the kinetics are governed by multiple inde- 

pendent mechanisms. The term “plasma concentration ver- 

sus time” as used herein refers to the measurement of the 
concentration of the active ingredient in the plasma over 

time. The term “Cmax” as used herein refers to maximum
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serum concentration that a drug, a compound, or a formu- 
lation achieves after administration of a single dose. The 

term “Tmax” as used herein refers to the time it takes for a 

drug, a compound, or a formulation to reach the maximum 
concentration after administration of a single dose. The term 

“AUC” as used herein refers to the total drug exposure in the 
plasma over time. 

The term “pseudo zero order release,” as used herein, 
refers to the rate of drug release, wherein the drug release 

appears to follow zero order kinetics, but is actually a result 

of a first order reaction with a large excess of one of the 
reactants. In a zero order reaction, the rate of the reaction is 

independent of the concentration of the reactants. 
The term “pseudo first order release,” as used herein, 

refers to the rate of drug release, wherein the drug release is 
a second order or bimolecular reaction that is made to 

behave like a first-order reaction. This reaction occurs when 

one reacting material is present in great excess or is main- 
tained at a constant concentration compared with the other 

substance. 
The term “second order release,” as used herein, refers to 

the rate of drug release, wherein the drug release has a rate 
proportional to the concentration of the square of a single 

reactant or the product of the concentration of two reactants. 

In a second order release, the rate law is: rate=k[A]2 (or 
substitute B for A or k multiplied by the concentration of A 

times the concentration of B), with the units of the rate 
constant M-1 sec-1. 

The term “skin” as used herein refers to the thin layer of 
tissue forming the natural outer covering of the body of a 

person or animal. The skin is made of the epidermis and 

dermis. The term “scalp” as used herein refers to the skin on 
a patient’s head. 

The term “steady state” as used here in refers to when the 
quantity of drug eliminated in the unit of time equals the 

quantity of the drug that reaches the systemic circulation in 

the unit of time. The term “steady state blood level” as used 
herein refers to the time when the amount of drug in the 

blood is constant. This occurs when the amount of the drug 
being absorbed is the same amount being cleared from the 

body when a drug is being administered repeatedly. 
The term “subject” and “patient” are interchangeable and 

may be taken to mean any living organism which may be 

treated with compounds of the present invention. As such, 
the terms “patient” and “subject” may include, but is not 

limited to, any non-human mammal, primate or human. In 
some embodiments, the “patient” or “subject” is a mammal, 

such as mice, rats, other rodents, rabbits, dogs, cats, swine, 
cattle, sheep, horses, primates, or humans. In some embodi- 

ments, the patient or subject is an adult, child or infant. In 

some embodiments, the patient or subject is a human. 
The term “subtherapeutic” or “subtherapeutically effec- 

tive amount” of a compound or composition is a dose or 
concentration of a drug that is lower than what is usually 

prescribed to treat a disease effectively. 
As used herein, the term “therapeutic” or “therapeutic 

agent” or “pharmaceutically active agent” or “active agent” 

means an agent utilized to treat, combat, ameliorate, prevent 
or improve an unwanted condition or disease of a patient. 

A “therapeutically effective amount” or “effective 
amount” of a compound or composition is a predetermined 

amount calculated to achieve the desired effect, i.e., to 
inhibit, block, or reverse the activation, migration, or pro- 

liferation of cells. The activity contemplated by the present 

methods includes both medical therapeutic and/or prophy- 
lactic treatment, as appropriate. The specific dose of a 

compound administered according to this invention to 
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obtain therapeutic and/or prophylactic effects will, of course, 
be determined by the particular circumstances surrounding 

the case, including, for example, the compound adminis- 

tered, the route of administration, and the condition being 
treated. The compounds are effective over a wide dosage 

range. However, it will be understood that the effective 
amount administered will be determined by the physician in 

the light of the relevant circumstances including the condi- 
tion to be treated, the choice of compound to be adminis- 

tered, and the chosen route of administration, and therefore 

the above dosage ranges are not intended to limit the scope 
of the invention in any way. A therapeutically effective 

amount of compound of this invention is typically an 
amount such that when it is administered in a physiologi- 

cally tolerable excipient composition, it is sufficient to 
achieve an effective systemic concentration or local concen- 

tration in the tissue. 

The term “treat,” “treated,” or “treating” as used herein 
refers to both therapeutic treatment and prophylactic or 

preventative measures, wherein the object is to reduce the 
frequency of, or delay the onset of, symptoms of a medical 

condition, enhance the texture, appearance, color, sensation, 
or hydration of the intended tissue treatment area of the 

tissue surface in a subject relative to a subject not receiving 

the compound or composition, or to otherwise obtain ben- 
eficial or desired clinical results. For the purposes of this 

invention, beneficial or desired clinical results include, but 
are not limited to, reversal, reduction, or alleviation of 

symptoms of a condition; diminishment of the extent of the 
condition, disorder or disease; stabilization (i.e., not wors- 

ening) of the state of the condition, disorder or disease; delay 

in onset or slowing of the progression of the condition, 
disorder or disease; amelioration of the condition, disorder 

or disease state; and remission (whether partial or total), 
whether detectable or undetectable, or enhancement or 

improvement of the condition, disorder or disease. Treat- 

ment includes eliciting a clinically significant response 
without excessive levels of side effects. Treatment also 

includes prolonging survival as compared to expected sur- 
vival if not receiving treatment. 

The term “zero order release” as used herein, refers to the 
rate of drug release, wherein the drug release is constant and 

independent of the concentration of the reactants. In a zero 

order release, the rate law is: rate=k, with k having the units 
of M/sec. 

In some embodiments, the compounds and methods dis- 
closed herein can be utilized with or on a subject in need of 

such treatment, which can also be referred to as “in need 
thereof.” As used herein, the phrase “in need thereof” means 

that the subject has been identified as having a need for the 

particular method or treatment and that the treatment has 
been given to the subject for that particular purpose. 

By hereby reserving the right to proviso out or exclude 
any individual members of any such group, including any 

sub-ranges or combinations of sub-ranges within the group, 
that can be claimed according to a range or in any similar 

manner, less than the full measure of this disclosure can be 

claimed for any reason. Further, by hereby reserving the 
right to proviso out or exclude any individual substituents, 

structures, or groups thereof, or any members of a claimed 
group, less than the full measure of this disclosure can be 

claimed for any reason. Throughout this disclosure, various 
patents, patent applications and publications are referenced. 

The disclosures of these patents, patent applications and 

publications are incorporated into this disclosure by refer- 
ence in their entireties in order to more fully describe the 

state of the art as known to those skilled therein as of the date
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of this disclosure. This disclosure will govern in the instance 
that there is any inconsistency between the patents, patent 

applications and publications cited and this disclosure. 

Unless defined otherwise, all technical and scientific 
terms used herein have the same meanings as commonly 

understood by one of ordinary skill in the art. Nothing in this 
disclosure is to be construed as an admission that the 

embodiments described in this disclosure are not entitled to 
antedate such disclosure by virtue of prior invention. 

Pharmaceutical Formulation 

Embodiments described herein are directed to a pharma- 
ceutical formulation for oral administration, comprising a 

daily dose of minoxidil or a pharmaceutically acceptable salt 
thereof, wherein the pharmaceutical formulation is a modi- 

fied release formulation. 
In some embodiments, the pharmaceutical formulation 

described herein comprises minoxidil or a pharmaceutically 

acceptable salt thereof, a release modifier, a filler, a glidant, 
a lubricant, and combinations thereof. 

In some embodiments, the pharmaceutical formulation 
described herein comprises minoxidil or a pharmaceutically 

acceptable salt thereof in an amount of about 0.075% to 
about 33% (w/w) of the total formulation. In some embodi- 

ments, the pharmaceutical formulation described herein 

comprises minoxidil or a pharmaceutically acceptable salt 
thereof in an amount of about 0.083% to about 33% (w/w) 

of the total formulation. In some embodiments, the pharma- 
ceutical formulation described herein comprises minoxidil 

or a pharmaceutically acceptable salt thereof in an amount of 
about 0.1% to about 20% (w/w) of the total formulation. In 

some embodiments, the pharmaceutical formulation com- 

prises minoxidil or a pharmaceutically acceptable salt 
thereof or a pharmaceutically acceptable salt thereof in an 

amount of about 1% to about 10% (w/w) of the total 
formulation. In some embodiments, the pharmaceutical for- 

mulation comprises minoxidil or a pharmaceutically accept- 

able salt thereof in an amount of about 1% to about 5% 
(w/w) of the total formulation. In some embodiments, the 

pharmaceutical formulation comprises minoxidil or a phar- 
maceutically acceptable salt thereof in an amount of about 

1% to about 1.5% (w/w) of the total formulation. In some 
embodiment, the pharmaceutical formulation comprises 

minoxidil or a pharmaceutically acceptable salt thereof or a 

pharmaceutically acceptable salt thereof in an amount (w/w) 
of about 0.075%, about 0.1%, about 0.25%, about 0.5%, 

about 0.75%, about 1%, about 1.5%, about 2%, about 2.5%, 
about 3%, about 3.5%, about 4%, about 5%, about 6%, about 

7%, about 8%, about 9%, about 10%, about 12%, about 
14%, about 15%, about 16%, about 18%, about 20%, about 

25%, about 30%, about 33%, or any range within these 

values. 
In some embodiments, the pharmaceutical formulation 

described herein comprises a release modifier in an amount 
of about 20% to about 95% (w/w) of the total formulation. 

In some embodiments, the pharmaceutical formulation com- 
prises a release modifier in an amount of about 50% to about 

80% (w/w) of the total formulation. In some embodiments, 

the pharmaceutical formulation comprises a release modifier 
in an amount (w/w) of about 20%, about 25%, about 30%, 

about 40%, about 45%, about 50%, about 55%, about 60%, 
about 65%, about 70%, about 75%, about 80%, about 85%, 

about 90%, about 95%, or any range within these values. 
In some embodiments, the pharmaceutical formulation 

described herein comprises a glidant in an amount of about 

0.01% to about 2% (w/w) of the total formulation. In some 
embodiments, the pharmaceutical formulation comprises 

glidant in an amount of about 0.1% to about 0.3% (w/w) of 

10 

15 

25 

40 

45 

10 
the total formulation. In some embodiments, the pharma- 
ceutical formulation comprises glidant in an amount (w/w) 

of about 0.01%, about 0.02%, about 0.03%, about 0.04%, 

about 0.05%, about 0.06%, about 0.07%, about 0.08%, 
about 0.09%, about 0.1%, about 0.15%, about 0.2%, about 

0.25%, about 0.35%, or any range within these values. 
In some embodiment, the pharmaceutical formulation 

described herein comprises a lubricant in an amount of about 
0.1% to about 1% (w/w) of the total formulation. In some 

embodiments, the pharmaceutical formulation comprises 

lubricant in an amount of about 0.4% to about 0.6% (w/w) 
of the total formulation. In some embodiments, the pharma- 

ceutical formulation comprises lubricant in an amount (w/w) 
of about 0.1%, about 0.2%, about 0.3%, about 0.4%, about 

0.5%, about 0.6%, about 0.7%, about 0.8%, about 0.9%, 
about 1%, or any range within these values. 

In some embodiments, the release modifier is hydroxy 

propyl methylcellulose (HPMC) or lactose monohydrate. In 
some embodiments, the hydroxypropyl methylcellulose is 

HPMC K4M or HPMC K200M. In some embodiments, the 
HPMC K4M is in an amount of 0 mg to about 45 mg ina 

150 mg formulation. In some embodiments, the HPMC 
K4M is 0% to about 30% (w/w) of the total formulation. In 

some embodiments, the HPMC K200M is in an amount of 

0 mg to about 120 mg in a 150 mg formulation. In some 
embodiments, the HPMC K200M is about 0% to about 80% 

of the total formulation. In some embodiments, the lactose 
monohydrate is in an amount of about 0 mg to about 55 mg 

in a 150 mg formulation. In some embodiments, the lactose 
monohydrate is about 0 to about 40% of the total formula- 

tion. 

In some embodiments, the filler is microcrystalline cel- 
lulose. In some embodiments, the microcrystalline cellulose 

is in an amount of about of about 25 mg to about 55 mg in 
a 150 mg formulation. In some embodiments, the microc- 

rystalline cellulose is about 15% to about 40% (w/w) of the 

total formulation. 
In some embodiments, the glidant is silica (colloidal 

anhydrous), starch, talc, magnesium stearate, calcium stear- 
ate, zinc stearate, dibasic calcium phosphate, magnesium 

carbonate, magnesium oxide, calcium silicate, silicon diox- 
ide, silicon dioxide, colloidal silicon dioxide, talc, sodium 

lauryl sulfate, native starch, or combinations thereof. In 

some embodiments, the glidant is silica. In some embodi- 
ments the silica is colloidal anhydrous. In some embodi- 

ments, the glidant is in an amount of about 0.3 mg to about 
5 mg in a 150 mg formulation. In some embodiments, the 

glidant is about 0.001% to about 0.04% (w/w) of the total 
formulation. 

In some embodiments, the lubricant is magnesium stear- 

ate, calcium stearate, zinc stearate, stearic acid, hydroge- 
nated vegetable oils, sterotex, polyoxyethylene, monostear- 

ate, talc, polyethyleneglycol, sodium benzoate, sodium 
lauryl sulfate, magnesium lauryl sulfate, light mineral oil, or 

combinations thereof. In some embodiments, the lubricant is 
in an amount of about 0.75 mg to about 1.5 mg in a 150 mg 

formulation. In some embodiments, the lubricant is about 

0.005% to about 0.01% (w/w) of the total formulation. 
In some embodiments, the pharmaceutical formulation 

described herein further comprises one or more active agents 
selected from a non-steroid anti-androgen, a 17a-hydroxy- 

progesterone derivative, a 19-norprogesterone derivative, a 
19-nortestosterone derivative, a 17a-spirolactone deriva- 

tive, a 5-alpha reductase inhibitor, an estrogen, a GnRH 

analog, a prostaglandin F2a analog, a prostamide, a pros- 
tanoid receptor agonist, a prostaglandin D2 receptor antago- 

nist, a prostglandin E2 analog, an EP 2 receptor agonist, a
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JAK inhibitor, an alopecia areata medication, a supplement, 
and combinations thereof. In some embodiments, the phar- 

maceutical formulation further comprises medrogestone, 

cetirizine, setipiprant, valproic acid, and combinations 
thereof. 

In any embodiment of the pharmaceutical formulation 
described herein, the non-steroid anti-androgen is selected 

from fiutamide, clascoterone, bicalutamide, pyrilutamide, 
enzualutamide, nilutamide, apalutamide, proxilutamide, 

cimetidine, topalutamide, and combinations thereof. In any 

embodiment, the 17a-hydroxyprogesterone derivative is 
selected from chlormadinone acetate, cyproterone acetate, 

megestrol acetate, osaterone acetate, and combinations 
thereof. In any embodiment, the 19-norprogesterone deriva- 

tive is nomegestrol acetate. In any embodiment, 19-nortes- 
tosterone derivative is selected from dienogest, oxendolone, 

and combinations thereof. In any embodiment, the 17a- 

spirolactone derivative is selected from drospirenone, 
spironolactone, and combinations thereof. In any embodi- 

ment, the 5-alpha reductase inhibitor is selected from alfa- 
tradiol, dutasteride, epristeride, finasteride, saw palmetto 

extract, bexlosteride, izonsteride, epigallocatechin, fluridil, 
and combinations thereof. In any embodiment, the estrogen 

is selected from estradiol, estradiol esters, ethinylestradiol, 

conjugated estrogens, diethylstilbestrol, and combinations 
thereof. In any embodiment, the GnRH analog is a GnRH 

agonist wherein the GnRH agonist is selected from goser- 
elin, buserelin, leuprorelin, and combinations thereof. In any 

embodiment, the GnRH analog is a GnRH antagonist 
wherein the GnRH antagonist is cetrorelix. In any embodi- 

ment, the prostaglandin F2a analog is latanoprost, travo- 

prost, tafluprost, unoprostone, dinoprost, AS604872, 
BOL303259X, PF3187207, carboprost, and combinations 

thereof. In any embodiment, the prostamide is bimatoprost. 
In any embodiment, the prostanoid receptor agonist is flu- 

prostenol, cicaprost, and combinations thereof. In any 

embodiment, the prostaglandin D2 receptor antagonist is 
laropiprant, AM211, and combinations thereof. In any 

embodiment, the prostaglandin E2 analog is sulprostone. In 
any embodiment, the EP2 receptor agonist is butaprost, 

diazoxide, kopexil, pinacidil, ET-02, and combinations 
thereof. In any embodiment, the JAK inhibitor is abrocitinib, 

baricitinib, brepocitinib, decernotinib, delgocitinib, deurux- 

olitinib, deucravacitinib, fedratinib, filgotinib, gusacitinib, 
itacitinib, oclacitinib, pacritinib, peficitinib, ritlecitnib, rux- 

olitinib, tofacitinib, upadacitinib, SHRO302, ATI-2138, jack- 
tinib, and combinations thereof. In any embodiment, the 

alopecia areata medication is selected from etrasimod, fin- 
golimod, ozanimod, siponimod, ponesimod, and combina- 

tions thereof. In any embodiment, the supplement is selected 

from biotin, zinc, selenium, caffeine, sodium chloride, 
marine collagen, and combinations thereof. 

In some embodiments of the pharmaceutical formulation 
described herein, the modified release formulation is 

selected from an extended release formulation, a sustained 
release formulation, a controlled release formulation, or a 

delayed release formulation. In some embodiments, the 

modified release formulation may release the minoxidil or a 
pharmaceutically acceptable salt thereof a pharmaceutically 

acceptable salt thereof at a sustained or controlled rate over 
an extended period of time, or may release it after a lag time 

after administration. For example, it may be released from 
the composition 4 hours after administration, 8 hours after 

administration, 12 hours after administration, 16 hours after 

administration, or 24 hours after administration. Modified 
release formulations include extended release, sustained 

release, a controlled release formulation, and delayed release 
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compositions. In some examples, the modified release com- 
positions may release about 10% in about 2 hours, about 

20% in 2 hours, about 40% in about 2 hours, about 50% in 

about 2 hours, about 10% in about 3 hours, about 20% in 3 
hours, about 40% in about 3 hours, about 50% in about 3 

hours, about 10% in about 4 hours, about 20% in 4 hours, 
about 40% in about 4 hours, about 50% in about 4 hours, 

about 10% in about 6 hours, about 20% in 6 hours, about 
40% in about 6 hours, or about 50% in about 6 hours. 

In some embodiments of the pharmaceutical formulation 

described herein, the extended release formulation releases 
about 50% to about 98% of the daily dose of minoxidil or a 

pharmaceutically acceptable salt thereof within about 12 
hours after the oral administration. In some embodiments of 

the pharmaceutical formulation described herein, the 
extended release formulation releases about 50% to about 

98% of the daily dose of minoxidil or a pharmaceutically 

acceptable salt thereof within about 18 hours after the oral 
administration. In some embodiments described herein, the 

extended release formulation releases about 50%, about 
55%, about 60%, about 65%, about 70%, about 75%, about 

80%, about 85%, about 90%, about 95%, about 98% of the 
daily dose of minoxidil or a pharmaceutically acceptable salt 

thereof within about 12 to about 18 hours after the oral 

administration, or any range within these values. 
In some embodiments of the pharmaceutical formulation 

described herein, the controlled release formulation releases 
about 50% to about 98% of the daily dose of minoxidil or a 

pharmaceutically acceptable salt thereof within about 12 
hours after the oral administration. In some embodiments, 

the controlled-release formulation releases about 50%, about 

55%, about 60%, about 65%, about 70%, about 75%, about 
80%, about 85%, about 90%, about 95%, about 98% of the 

daily dose of minoxidil or a pharmaceutically acceptable salt 
thereof within about 12 hours after the oral administration, 

or any range within these values. 

In some embodiments of the pharmaceutical formulation 
described herein, the delayed release formulation releases 

the daily dose of minoxidil or a pharmaceutically acceptable 
salt thereof within about 6 hours after the oral administra- 

tion. In some embodiments, the delayed release formulation 
releases the daily dose of minoxidil or a pharmaceutically 

acceptable salt thereof in multiple distinct releases each 

within about 18 hours after the oral administration. 
In some embodiments, the pharmaceutical formulation 

described herein, exhibits a dissolution profile wherein 
about 25% of the formulation dissolves in a neutral pH 

solution in less than about 2 hours or less than about 4 hours. 
In some embodiments, about 25% of the formulation dis- 

solves in a neutral pH solution at about 0.5 hours, about 0.75 

hours, about, 1 hour, about 1.5 hours, about 2 hours, about 
2.5 hours, about 3 hours, or about 4 hours. 

In some embodiments, the pharmaceutical formulation 
described herein, exhibits a dissolution profile wherein 

about 50% of the formulation dissolves in a neutral pH 
solution in less than about 2 hours, less than about 6 hours, 

or less than about 12 hours. In some embodiments, about 

50% of the formulation dissolves in a neutral pH solution at 
about 1 hour, about 1.5 hours, about 2 hours, about 3 hours, 

about 4 hours, about 6 hours, about 8 hours, or about 10 
hours. 

In some embodiments, the pharmaceutical formulation 
described herein, exhibits a dissolution profile wherein 

about 75% of the formulation dissolves in a neutral pH 

solution in less than about 4 hours, less than about 8 hours, 
less than about 12 hours, or less than about 18 hours. In some 

embodiments, about 75% of the formulation dissolves in a
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neutral pH solution at about 3 hours, about 3.5 hours, about 

4 hours, about 4.5 hours, about 5 hours, about 6 hours, about 

8 hours, about 10 hours, about 12 hours, about 14 hours, or 

about 16 hours. 

In some embodiments, the pharmaceutical formulation 

described herein, exhibits a dissolution profile wherein 

about 100% of the formulation dissolves in a neutral pH in 

less than about 12 hours, less than about 24 hours, or less 

than about 48 hours. In some embodiments, about 100% of 

the formulation dissolves in a neutral pH at about 10 hours, 

about 12 hours, about 14 hours, about 16 hours, about 18 

hours, about 20 hours, about 22 hours, about 24 hours, about 

26 hours, or about 28 hours. 

In some embodiments, the pharmaceutical formulation 

described herein exhibits a zero order release of minoxidil or 

a pharmaceutically acceptable salt thereof, a pseudo zero 

order release of minoxidil or a pharmaceutically acceptable 

salt thereof, a first order release of minoxidil or a pharma- 

ceutically acceptable salt thereof, a pseudo first order release 

of minoxidil or a pharmaceutically acceptable salt thereof, or 

a second order release of minoxidil or a pharmaceutically 

acceptable salt thereof. 

In some embodiments of the pharmaceutical formulation 

described herein, the minoxidil or a pharmaceutically 

acceptable salt thereof is in a therapeutically effective 

amount. In some embodiments, the one or more active 

agents are in a therapeutically effective amount. In some 

embodiments, the pharmaceutical formulation comprises 

minoxidil or a pharmaceutically acceptable salt thereof in a 

subtherapeutic amount. In some embodiments, the pharma- 

ceutical formulation comprises one or more active agents in 

a subtherapeutic amount. In some embodiments, the phar- 

maceutical formulation comprises minoxidil or a pharma- 

ceutically acceptable salt thereof and one or more active 

agents wherein the minoxidil or a pharmaceutically accept- 

able salt thereof and the one or more active agents are each 

in subtherapeutic amounts. 

In some embodiments of the pharmaceutical formulation 

described herein, the daily dose of minoxidil or a pharma- 

ceutically acceptable salt thereof is in an amount of about 

0.25 mg to about 50 mg. In some embodiments, the daily 

dose of minoxidil or a pharmaceutically acceptable salt 
thereof is in an amount of about 0.5 mg to about 2.5 mg. In 

some embodiments, the daily dose of minoxidil or a phar- 
maceutically acceptable salt thereof is in an amount of about 

0.625 mg to about 7.5 mg. In some embodiments, the daily 
dose of minoxidil or a pharmaceutically acceptable salt 

thereof is in an amount of about 0.5 mg to about 10 mg. In 

some embodiments, the daily dose of minoxidil or a phar- 
maceutically acceptable salt thereof is about 0.25 mg to 

about 20 mg. In some embodiments, the daily dose of 
minoxidil or a pharmaceutically acceptable salt thereof is in 

an amount of about 0.125 mg to about 100 mg. In some 
embodiments, the daily dose of minoxidil or a pharmaceu- 

tically acceptable salt thereof is about 2.5 mg. In some 

embodiments, the daily dose of minoxidil or a pharmaceu- 
tically acceptable salt thereof is in an amount of about 0.125 

mg, about 0.25 mg, about 5 mg, about 0.625 mg, about 0.75 
mg, about 1 mg, about 1.25 mg, about 1.5 mg, about 2 mg, 

about 2.5 mg, about 3 mg, about 3.5 mg, about 4 mg, about 
4.5 mg, about 5 mg, about 5.5 mg, about 6 mg, about 6.5 mg, 

about 7 mg, about 7.5 mg, about 8 mg, about 9 mg, about 10 

mg, about 12 mg, about 15 mg, about 18 mg, about 20 mg, 
about 25 mg, about 30 mg, about 35 mg, about 40 mg, about 

45 mg, about 50 mg, about 55 mg, about 60 mg, about 65 
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mg, about 70 mg, about 75 mg, about 80 mg, about 85 mg, 
about 90 mg, about 95 mg, about 100 mg, or any range 

within these values. 

In some embodiments of the pharmaceutical formulation 
described herein, the daily dose of minoxidil or a pharma- 

ceutically acceptable salt thereof is administered to a subject 
in an amount of about 0.000625 mg/kg/day to about 1.25 

mg/kg/day. In some embodiments of the pharmaceutical 
formulation described herein, the daily dose of minoxidil or 

a pharmaceutically acceptable salt thereof is administered to 

a subject in an amount of about 0.00625 mg/kg/day to about 
0.5 mg/kg/day. In some embodiments, the daily dose of the 

minoxidil or a pharmaceutically acceptable salt thereof is 
about 0.00625 mg/kg/day to about 0.375 mg/kg/day. In some 

embodiments, the daily dose of the minoxidil or a pharma- 
ceutically acceptable salt thereof is about 0.000625 mg/kg/ 

day; about 0.00125 mg/kg/day, about 0.0025 mg/kg/day, 

about 0.00375 mg/kg/day, about 0.005 mg/kg/day, about 
0.00625 mg/kg/day, about 0.0125 mg/kg/day, about 0.025 

mg/kg/day, about 0.0375 mg/kg/day, about 0.05 mg/kg/day, 
about 0.0625 mg/kg/day, about 0.075 mg/kg/day, about 

0.0875 mg/kg/day, about 0.1 mg/kg/day, about 0.125 mg/kg/ 
day, about 0.25 mg/kg/day, about 0.5 mg/kg/day, about 0.75 

mg/kg/day, about 1 mg/kg/day, about 1.25 mg/kg/day, or any 

range within these values. 
In some embodiments of the pharmaceutical formulation 

described herein, the pharmaceutical formulation is admin- 
istered only once daily. In some embodiments, the pharma- 

ceutical formulation is administered at least once daily. In 
some embodiments, the pharmaceutical formulation is 

administered four times per day. In some embodiments, the 

pharmaceutical formulation is administered three times per 
day. In some embodiments, the pharmaceutical formulation 

is administered two times per day. 
In some embodiments of the pharmaceutical formulation 

described herein, the oral administration of the daily dose of 

minoxidil or a pharmaceutically acceptable salt thereof 
results in a steady state blood level of the minoxidil or a 

pharmaceutically acceptable salt thereof of about 1 ng/ml to 
about 20 ng/ml. In some embodiments, the steady state 

blood level of the daily dose of minoxidil or a pharmaceu- 
tically acceptable salt thereof is maintained for at least about 

12 hours. In some embodiments, the steady state blood level 

of the daily dose of minoxidil or a pharmaceutically accept- 
able salt thereof is maintained for at least about 6 hours, at 

least about 8 hours, at least about 10 hours, or any range 
within these values. 

In some embodiments of the pharmaceutical formulation 
described herein, the oral administration of the daily dose 

minoxidil or a pharmaceutically acceptable salt thereof 

results in a Cmax of about 0.25 ng/ml to about 20 ng/ml. In 
some embodiments, the oral administration of the daily dose 

minoxidil or a pharmaceutically acceptable salt thereof 
results in a Cmax that is devoid of cardiac effects. 

In some embodiments of the pharmaceutical formulation 
described herein, the oral administration of the daily dose of 

minoxidil or a pharmaceutically acceptable salt thereof 

results in a Tmax of about 30 to about 360 minutes. In some 
embodiments, the oral administration of the daily dose of 

minoxidil or a pharmaceutically acceptable salt thereof 
results in a delayed release that results in a Tmax between 

both 30 to 360 minutes and between 390 minutes and 1080 
minutes. 

In some embodiments of the pharmaceutical formulation 

described herein, the oral administration of the daily dose of 
modified release minoxidil or a pharmaceutically acceptable 

salt thereof results in an AUC that is greater than an
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equivalent dose of an immediate release formulation. In 
some embodiments of the pharmaceutical formulation 

described herein, the oral administration of the daily dose of 

the modified release minoxidil or a pharmaceutically accept- 
able salt thereof results in an AUC that is less than an 

equivalent dose of immediate release formulation. In some 
embodiments of the pharmaceutical formulation described 

herein, the oral administration of the daily dose of the 
modified release minoxidil or a pharmaceutically acceptable 

salt thereof results in an AUC that is equal to an equivalent 

dose of immediate release formulation. 
Embodiments described herein are directed to a pharma- 

ceutical formulation comprising a modified release formu- 
lation of minoxidil or a pharmaceutically acceptable salt 

thereof, wherein the modified release formulation releases 
about 50% to about 98% of the daily dose of minoxidil or a 

pharmaceutically acceptable salt thereof within about 12 

hours after oral administration. 
In some embodiments, the pharmaceutical formulation 

further comprises one or more active agents selected from a 
non-steroid anti-androgen, a 17a-hydroxyprogesterone 

derivative, a 19-norprogesterone derivative, a 19-nortestos- 
terone derivative, a 17a-spirolactone derivative, a 5-alpha 

reductase inhibitor, an estrogen, a GnRH analog, a prosta- 

glandin F2a analog, a prostamide, a prostanoid receptor 
agonist, a prostaglandin D2 receptor antagonist, a prostglan- 

din E2 analog, an EP 2 receptor agonist, a JAK inhibitor, an 
alopecia areata medication, a supplement, and combinations 

thereof. In some embodiments, the pharmaceutical formu- 
lation further comprises medrogestone, cetirizine, setipip- 

rant, valproic acid, and combinations thereof. 

Embodiments described herein are directed to a pharma- 
ceutical formulation comprising a modified release formu- 

lation of minoxidil or a pharmaceutically acceptable salt 
thereof, wherein the modified release formulation has a 

Tmax of about 30 to about 360 minutes. 

In some embodiments, the pharmaceutical formulation 
further comprises one or more active agents selected from a 

non-steroid anti-androgen, a 17a-hydroxyprogesterone 
derivative, a 19-norprogesterone derivative, a 19-nortestos- 

terone derivative, a 17a-spirolactone derivative, a 5-alpha 
reductase inhibitor, an estrogen, a GnRH analog, a prosta- 

glandin F2a analog, a prostamide, a prostanoid receptor 

agonist, a prostaglandin D2 receptor antagonist, a prostglan- 
din E2 analog, an EP 2 receptor agonist, a JAK inhibitor, an 

alopecia areata medication, a supplement, and combinations 
thereof. In some embodiments, the pharmaceutical formu- 

lation further comprises medrogestone, cetirizine, setipip- 
rant, valproic acid, and combinations thereof. 

Embodiments described herein are directed to a pharma- 

ceutical formulation comprising a modified release formu- 
lation of minoxidil or a pharmaceutically acceptable salt 

thereof, wherein the modified release formulation has a 
Cmax of about 0.25 ng/ml to about 20 ng/ml. 

In some embodiments, the pharmaceutical formulation 
further comprises one or more active agents selected from a 

non-steroid anti-androgen, a 17a-hydroxyprogesterone 

derivative, a 19-norprogesterone derivative, a 19-nortestos- 
terone derivative, a 17a-spirolactone derivative, a 5-alpha 

reductase inhibitor, an estrogen, a GnRH analog, a prosta- 
glandin F2a analog, a prostamide, a prostanoid receptor 

agonist, a prostaglandin D2 receptor antagonist, a prostglan- 
din E2 analog, an EP 2 receptor agonist, a JAK inhibitor, an 

alopecia areata medication, a supplement, and combinations 

thereof. In some embodiments, the pharmaceutical formu- 
lation further comprises medrogestone, cetirizine, setipip- 

rant, valproic acid, and combinations thereof. 
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In some embodiments of the pharmaceutical formulation 

described herein, the oral administration results in a half-life 

or effective half-life of the daily dose of minoxidil or a 

pharmaceutically acceptable salt thereof of about 1 hour to 

about 24 hours. In some embodiments, the oral administra- 

tion results in a half-life or effective half-life of the daily 

dose of minoxidil or a pharmaceutically acceptable salt 

thereof of about 1 hour, about 2 hours, about 3 hours, about 

4 hours, about 5 hours, about 6 hours, about 7 hours, about 

8 hours, about 9 hours, about 10 hours, about 12 hours, about 

14 hours, about 16 hours, about 18 hours, about 20 hours, 

about 22 hours, about 24 hours, or any range within these 

values. 

In some embodiments of the pharmaceutical formulation 

described herein, the subject has a minoxidil or a pharma- 

ceutically acceptable salt thereof plasma concentration ver- 

sus time curve with a Tmax of about 30 to about 360 

minutes. 

In some embodiments, the pharmaceutical formulation is 

an inert solid vehicle, or matrix, in which a drug is uniformly 

suspended, including in the form of tablets or small beads. 
In some embodiments, the matrix is a gelling material 

including gelatin, methylcellulose, gum _ tragacanth, 

Veegum, and alginic acid. In some embodiments, the matrix 
is a polymer including polylactic acid copolymer, polyacry- 

late, methacrylate, polyester, ethylene-vinyl acetate copoly- 
mer (EVA), polyglycolide, polylactide, and silicone. In some 

embodiments, the modified release formulation is a slow- 
release pellet, bead, or granule. In some embodiments, the 

modified release formulation is an extended release tablet 

where the solubility of a drug is modified for extended 
release. In some embodiments, the extended release tablet is 

formed by using the nonionized base or acid form of the 
drug. In some embodiments, the extended release tabled is 

formed by granulating the drug with excipients (including 

stearic acid, castor wax, high-molecular-weight polyethyl- 
ene glycol (Carbowax), glyceryl monosterate, white wax, 

spermaceti oil, magnesium stearate and hydrogenated veg- 
etable oil (Sterotex)) to decrease the aqueous solubility of 

the drug. In some embodiments, the modified release for- 
mulation is an ion-exchange preparation whereby an anionic 

or cationic drug is complexed with an oppositely charged 

ionic resin to form an insoluble nonabsorbable resin-drug 
complex. 

In some embodiments of the pharmaceutical formulation 
described herein, the pharmaceutical formulation is a tablet. 

In some embodiments, the tablet is a sustained release or 
controlled release tablet. The sustained release or controlled 

release tablet may be an osmotic pump type controlled 

release tablet, a matrix type controlled release tablet or a 
sustained and controlled release tablet based on sustained 

release pellets. Among them, the osmotic pump type con- 
trolled release tablets include osmotic pump controlled 

release tablets and osmotic pump immediate and sustained 
double-release tablets, and the matrix type controlled release 

tablets include matrix type sustained release tablets, matrix 

type immediate and sustained double-release double layer 
tablets and matrix type immediate and sustained double- 

release coated tablets, etc. The sustained and controlled 
release tablets based on sustained release pellets include 

sustained release tablets based on sustained release pellets, 
and immediate and sustained double-release tablets based on 

sustained release pellets and immediate release pellets. The 

sustained and controlled release tablet described above can 
specifically achieve the drug release behavior of the present 

invention in the following manners: osmotic pump type
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controlled release tablets, matrix type controlled release 
tablets, or sustained release tablets based on sustained 

release pellets. 

The osmotic pump controlled release tablet of the inven- 
tion may be a single layer osmotic pump tablet, a single layer 

osmotic pump immediate and sustained double-release tab- 
let, a double layer osmotic pump controlled release tablet or 

a double layer osmotic pump immediate and sustained 
double release tablet. The double-layer osmotic pump con- 

trolled release tablet of the invention mainly comprises: 1) 

a controlled release drug layer, which is formed by a 
controlled release drug layer composition, located in a rigid 

film shell and adjacent to the drug release pore; 2) a push 
layer (also referred to as a boost layer), which is formed by 

a push layer composition, located in a rigid film shell, and 
away from the side of the drug release pore; 3) an optional 

seal coat layer located between the inner surface of the rigid 

film shell and the core composed of the drug layer and the 
push layer, and prepared from the seal coating composition 

by drying; 4) a rigid film shell having moisture permeability, 
which is obtained by drying a controlled release coating 

solution and has one or more drug release pores at one end 
of the film shell; 5) an optional non-limiting aesthetic outer 

coat; 6) an optional non-limiting immediate release drug 

layer formed by an immediate release drug composition, 
located outside the rigid film shell/or the optional aesthetic 

outer coat. Further description of the controlled release 
formulations can be found in U.S. Publication No. 

20200108008, which is incorporated herein by reference in 
its entirety. 

The matrix type controlled release tablets of the present 

invention can have an immediate and sustained double 
release behavior. The controlled release matrix type tablet of 

the invention mainly consists of a sustained release phase 
and an optional immediate release phase. The double-layer 

tablet composed of the sustained release phase and imme- 

diate release phase is an immediate and sustained double 
release matrix type tablet, and the single-layer tablet com- 

posed only of the sustained release phase is an ordinary 
sustained release matrix type tablet. The sustained release 

phase comprises 100 to 900 parts by weight, preferably 150 
to 700 parts by weight, more preferably 200 to 600 parts by 

weight, of the minoxidil or pharmaceutically acceptable salt 

thereof in an improved dissolution form, 10 to 300 parts by 
weight, preferably 30 to 150 parts by weight of a release rate 

adjusting matrix polymer, 0 to 50 parts by weight of a 
diluent, and 0.2 to 30 parts by weight, preferably 1 to 30 

parts by weight, of other common additives for tablets. The 
sustained release phase was prepared by thoroughly mixing 

the components and pressing through common methods well 

known for those skilled in the art. The release rate adjusting 
matrix polymer may be one or a combination of two or more 

selected from the group consisting of polyoxyethylene, 
hydroxypropyl cellulose, hypromellose, methyl cellulose, 

hydroxyethyl cellulose, ethyl cellulose, sodium alginate, 
povidone, copolyvidone, acrylic resin, carbomer; preferably 

one or a combination of two or more selected from the group 

consisting of hydroxypropylcellulose, sodium alginate, 
hypromellose, and carbomer. 

The sustained release tablets based on sustained release 
pellets of the present invention can be a sustained release 

tablet based on sustained release pellets, or an immediate 
and sustained double release tablet based on an immediate 

release matrix/sustained release pellets. 

In some embodiments of the pharmaceutical formulation 
described herein, the pharmaceutical formulation is a cap- 

sule. In some embodiments, the capsule is a controlled 
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release capsule preparation which is selected from the group 
consisting of a pellet-based sustained and controlled release 

capsule and a tablet-based sustained and controlled release 

capsule. In some embodiments, the capsule is a microtablet 
based controlled release capsule. The pellet-based sustained 

and controlled release capsule of the present invention is a 
controlled release capsule composed of sustained release 

pellets, or an immediate and sustained double release cap- 
sule composed of sustained release pellets and immediate 

release pellets, and may include capsules containing matrix 

type sustained release pellets, capsules containing coated 
sustained release pellets, capsules containing sustained 

release pellets having immediate release coat, immediate 
and sustained double-release capsules containing immediate 

release pellets and matrix type sustained release pellets, and 
immediate and sustained double-release capsules containing 

immediate release pellets and coated sustained release pel- 

lets. 
The microtablet based sustained and controlled release 

capsules of the invention is controlled release capsules 
composed of sustained release microtablets or immediate 

and sustained double release capsules composed of sus- 
tained release microtablets and immediate release microtab- 

lets, and may include capsules containing matrix type sus- 

tained release microtablets, capsules containing matrix type 
sustained release microtablets with immediate release coat, 

and capsules containing immediate release microtablets and 
matrix type sustained release microtablets. In general, for 

the filling of hard capsules, the produced microtablets have 
a small diameter of typically <5 mm. 

In some embodiments of the pharmaceutical formulation 

described herein, the pharmaceutical formulation further 
comprises an enteric coating. One or more coatings can 

comprise an enteric coating, which is a coating on tablets 
that delays digestion of the tablets until they pass from the 

stomach into the intestines. Enterically coated formulations 

bypass the acidic environment of the stomach in order to 
eliminate the effect of acidic pH on the solubility of minoxi- 

dil. Enteric coatings typically comprise pH sensitive poly- 
mers. The polymers can be carboxylate and generally inter- 

act very little with water at low pH. At a high pH, however, 
the polymers ionize, thereby causing dissolving of the 

polymer. Coatings can thus be designed to remain intact in 

the acidic environment of the stomach, but to dissolve in the 
more alkaline environment of the intestine. Examples 

include cellulose acetate phthalate, hydroxypropylmethyl- 
ethylcellulose succinate, hydroxypropylmethylcellulose 

phthalate, polyvinyl acetate phthalate, and methacrylic acid- 
methyl methacrylate copolymer. In one aspect, the first 

surface coating comprises polyvinyl alcohol. In a further 

aspect, the first surface coating comprises methacrylic acid- 
ethyl acrylate copolymer. In a further aspect, the first surface 

coating comprises polyvinyl alcohol and methacrylic acid- 
ethyl acrylate copolymer. In a further aspect, the first surface 

coating is an enteric coating comprising one or more of 
polyvinyl alcohol or methacrylic acid-ethyl acrylate copo- 

lymer. In a further aspect, the first surface coating is an 

enteric coating comprising one or more of CAP, PVAP, 
acrylic polymers, acrylic copolymers, HPMCAS, HPMCP, 

or shellac. Further description of the enteric coating can be 
found in U.S. Publication No. 20170020920, which is incor- 

porated herein by reference in its entirety. 
In some embodiments of the pharmaceutical formulation 

described herein, the pharmaceutical formulation further 

comprises one or more pharmaceutically acceptable excipi- 
ents. Examples of pharmaceutically acceptable excipients 

that may be present in the composition include but are not
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limited to fillers/vehicles, solvents/co-solvents, preserva- 
tives, antioxidants, suspending agents, surfactants, anti- 

foaming agents, buffering agents, chelating agents, sweet- 

eners, flavoring agents, binders, extenders, disintegrants, 
diluents, lubricants, fillers, wetting agents, glidants, and 

combinations thereof. 
In some embodiments of the pharmaceutical formulation 

described herein, the pharmaceutical formulation can further 
comprise one or more exemplary fillers. Examples of exem- 

plary fillers include cellulose and cellulose derivatives such 

as microcrystalline cellulose, powdered cellulose; dextrates; 
starches such as dry starch, hydrolyzed starch, and starch 

derivatives such as corn starch; cyclodextrin; sugars such as 
powdered sugar and sugar alcohols such as lactose, manni- 

tol, sucrose and sorbitol; inorganic fillers such as aluminum 
hydroxide gel, calcium carbonate (granules or powder), 

precipitated calctum carbonate, carbonate, magnesium alu- 

minometasilicate, dibasic calcium phosphate; and sodium 
chloride, silicon dioxide, silicic acid, titanium dioxide, tita- 

nium oxide, dicalcium phosphate dihydrate, calcium sulfate, 
alumina, kaolin, talc, or combinations thereof. Fillers may 

be present in the composition from about 20 wt % to about 
65 wt %, about 20 wt % to about 50 wt %, about 20 wt % 

to about 40 wt %, about 45 wt % to about 65 wt %, about 

50 wt % to about 65 wt %, or about 55 wt % to about 65 wt 
% of the total weight of the composition, or any value 

between these ranges. 
In some embodiments of the pharmaceutical formulation 

described herein, the pharmaceutical formulation further 
comprises one or more disintegrants. Examples of disinte- 

grants include starches, alginic acid, crosslinked polymers 

such as crosslinked polyvinylpyrrolidone, croscarmellose 
sodium, potassium starch glycolate, sodium starch glycolate, 

clays, celluloses, starches, gums, or combinations thereof. 
Disintegrants may be present in the composition from about 

1 wt % to about 10 wt %, about 1 wt % to about 9 wt %, 

about 1 wt % to about 8 wt %, about 1 wt % to about 7 wt 
%, about 1 wt % to about 6 wt %, or about 1 wt % to about 

5 wt % of the total weight of the composition, or any value 
between these ranges. 

In some embodiments of the pharmaceutical formulation 
described herein, the pharmaceutical formulation further 

comprises one or more binders, including but not limited to 

celluloses such as hydroxypropylcellulose, methyl cellulose, 
and hydroxypropylmethylcellulose; starches such as corn 

starch, pregelatinized starch, and hydroxypropyl starch; 
waxes and natural and synthetic gums such as acacia, 

tragacanth, sodium alginate; synthetic polymers such as 
polymethacrylates and polyvinylpyrrolidone; and povidone, 

dextrin, pullulane, agar, gelatin, tragacanth, macrogol, or 

combinations thereof. Binders may be present in the com- 
position from about 0.5 wt % to about 5 wt %, about 0.5 wt 

% to about 4 wt %, about 0.5 wt % to about 3 wt %, about 
0.5 wt % to about 2 wt %, or about 0.5 wt % to about 1 wt 

% of the total weight of the composition, or any value 
between these ranges. 

In some embodiments of the pharmaceutical formulation 

described herein, the pharmaceutical formulation further 
comprises one or more wetting agents, including but not 

limited to oleic acid, glyceryl monostearate, sorbitan mono- 
oleate, sorbitan monolaurate, triethanolamine oleate, poly- 

oxyethylene sorbitan mono-oleate, polyoxyethylene sorbi- 
tan monolaurate, sodium oleate, sodium lauryl sulfate, 

poloxamers, poloxamer 188, polyoxyethylene ethers, poly- 

oxyethylene sorbitan fatty acid esters, polyoxyethylene fatty 
acid esters, polyethylene glycol fatty acid esters, polyoxy- 

ethylene hardened castor oil, polyoxyethylene alkyl ethers, 
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polysorbates, cetyl alcohol, glycerol fatty acid esters (for 

example, triacetin, glycerol monostearate, etc.), polyoxym- 

ethylene stearate, sodium lauryl sulfate, sorbitan fatty acid 

esters, sucrose fatty acid esters, benzalkonium chloride, 

polyethoxylated castor oil, and combinations thereof. Wet- 

ting agents may be present in the composition from about 

0.1 wt % to about 1 wt %, about 0.1 wt % to about 2 wt %, 

about 0.1 wt % to about 3 wt %, about 0.1 wt % to about 4 

wt %, or about 0.1 wt % to about 5 wt % of the total weight 

of the composition, or any value between these ranges. 

In some embodiments of the pharmaceutical formulation 

described herein, the pharmaceutical formulation further 

comprises one or more lubricants, including but not limited 

to stearic acid, magnesium stearate, calcium hydroxide, talc, 

corn starch, sodium stearyl fumarate, alkali-metal and alka- 

line earth metal salts, waxes, boric acid, sodium benzoate, 

sodium acetate, sodium chloride, leucine, polyethylene gly- 

col (PEG), a methoxypolyethylene glycol, propylene glycol, 

sodium oleate, glyceryl behenate, glyceryl palmitostearate, 

glyceryl benzoate, magnesium laury] sulfate, sodium lauryl 

sulfate, and combinations thereof. Lubricants may be pres- 

ent in the composition from about 0.1 wt % to about 5 wt %, 

about 0.1 wt % to about 4 wt %, about 0.1 wt % to about 3 

wt %, about 0.1 wt % to about 2 wt %, or about 0.1 wt % 

to about 1 wt % of the total weight of the composition, or 

any value between these ranges. 

In some embodiments, the glidant is silica (colloidal 

anhydrous), starch, talc, magnesium stearate, calcium stear- 

ate, zinc stearate, dibasic calcium phosphate, magnesium 

carbonate, magnesium oxide, calcium silicate, silicon diox- 

ide, silicon dioxide, colloidal silicon dioxide, talc, sodium 

lauryl sulfate, native starch, and combinations thereof. Gli- 

dants may be present in the composition from about 0.05 wt 

% to about 1 wt %, about 0.05 wt % to about 0.9 wt %, about 

0.05 wt % to about 0.8 wt %, about 0.05 wt % to about 0.5 

wt %, or about 0.05 wt % to about 0.1 wt % of the total 

weight of the composition, or any value between these 

ranges. 

In some embodiments of the pharmaceutical formulation 

described herein, the pharmaceutical formulation is a tablet 

and further comprises a top coat, such as hydroxypropyl- 

methylcellulose coating or polyvinyl alcohol coating, and 
are available under the trade name Opadry, such as Opadry 

White, Opadry II (Opadry is a registered trademark of BPSI 
Holdings LLC, Wilmington, DE, USA). Top coats may be 

present in the composition from about 1 wt % to about 10 wt 
%, about 1 wt % to about 9 wt %, about 1 wt % to about 8 

wt %, about 1 wt % to about 7 wt %, about 1 wt % to about 

6 wt %, or about 1 wt % to about 5 wt % of the total weight 
of the composition, or any value between these ranges. 

In some embodiments of the pharmaceutical formulation 
described herein, the pharmaceutical formulation can further 

comprise one or more preservative agents. Examples of 
preservative agents include sodium benzoate, paraoxyben- 

zoic acid esters, methyl, ethyl, butyl, and propyl parabens, 

chlorobutanol, benzyl alcohol, phenylethylalcohol, dehy- 
droacetic acid, sorbic acid, benzalkonium chloride (BKC), 

benzethonium chloride, phenol, phenylmercuric nitrate, 
thimerosal, or combinations thereof. Preservative agents can 

be included in the liquid dosage form. The preservative 
agents can be in an amount sufficient to extend the shelf-life 

or storage stability, or both, of the liquid dosage form. 

Preservatives may be present in the composition from about 
0.05 wt % to about 1 wt %, about 0.05 wt % to about 0.9 wt 

%, about 0.05 wt % to about 0.8 wt %, about 0.05 wt % to
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about 0.5 wt %, or about 0.05 wt % to about 0.1 wt % of the 
total weight of the composition, or any value between these 

ranges. 

In some embodiments of the pharmaceutical formulation 
described herein, the pharmaceutical formulation can further 

comprise one or more flavoring agents. Examples of flavor- 
ing agents include synthetic flavor oils and flavoring aro- 

matics and/or natural oils, extracts from plants leaves, 
flowers, fruits, and so forth and the like or any combinations 

thereof. Additional examples include cinnamon oil, oil of 

wintergreen, peppermint oils, clove oil, bay oil, anise oil, 
eucalyptus, thyme oil, cedar leaf oil, oil of nutmeg, oil of 

sage, oil of bitter almonds, and cassia oil and the like or any 
combinations thereof. Also useful as flavors are vanilla, 

citrus oil, including lemon, orange, grape, lime and grape- 
fruit, and fruit essences, including apple, banana, pear, 

peach, strawberry, raspberry, cherry, plum, pineapple, apri- 

cot, strawberry flavor, tutti-fruity flavor, mint flavor, or any 
combinations thereof. Flavoring agents may be present in 

the composition from about 0.1 wt % to about 5 wt %, about 
0.1 wt % to about 4 wt %, about 0.1 wt % to about 3 wt %, 

about 0.1 wt % to about 2 wt %, or about 0.1 wt % to about 
1 wt % of the total weight of the composition, or any value 

between these ranges. 

The pharmaceutical formulation can generally be in any 
physical form suitable for use in treating a subject. These 

forms can be referred to as a unit dosage form, such as an 
individual pill or tablet. In some examples, the pharmaceu- 

tical compositions can be formulated as tablets, capsules, 
granules, powders, liquids, suspensions, gels, syrups, slur- 

ries, suppositories, patches, nasal sprays, aerosols, inject- 

ables, implantable sustained-release formulations, or 
mucoadherent films. In some examples, the pharmaceutical 

formulation may be formed as a tablet, a bi-layer tablet, a 
capsule, a multiparticulate, a drug coated sphere, a matrix 

tablet, or a multicore tablet. A physical form can be selected 

according to the desired method of treatment. 
Pharmaceutical formulation can be manufactured by vari- 

ous conventional methods such as conventional mixing, 
dissolving, granulating, dragee-making, levigating, emulsi- 

fying, encapsulating, entrapping, or lyophilizing processes. 
Pharmaceutical formulations can be formulated in a con- 

ventional manner using one or more physiologically accept- 

able carriers, diluents, excipients or auxiliaries that facilitate 
processing of the active agent into preparations that can be 

used pharmaceutically. Proper formulation can be selected 
upon the oral route of administration chosen. 

In some embodiments, the pharmaceutical formulation is 
a core tablet, or a tablet within a tablet, whereby the inner 

core is used for the slow-drug-release component, and the 

outside shell contains a rapid-release dose of drug. In some 
embodiments, pharmaceutical formulation is achieved via 

microencapsulation whereby microscopic drug particles are 
encapsulated with a special coating material, such as ethyl- 

cellulose. In some embodiments, the pharmaceutical formu- 
lation is an osmotic drug delivery system in the form of a 

tablet which contains an outside semipermeable membrane 

and an inner core filled with a mixture of drug and osmotic 
agent (salt solution). In some embodiments, the pharmaceu- 

tical formulation is a gastroretentive system that can remain 
in the gastric region for several hours and prolong the gastric 

residence time of a drug. In some embodiments, the phar- 
maceutical formulation is a combination of any of the 

above-described embodiments. 

For oral administration, the pharmaceutical formulation 
can combine minoxidil or a pharmaceutically acceptable salt 

thereof with another pharmaceutical agent with one or more 
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pharmaceutically acceptable carriers well known in the art. 
Such carriers facilitate formulation as tablets, pills, dragees, 

capsules, liquids, gels, syrups, slurries, suspensions and the 

like, for oral ingestion by a patient to be treated. For oral 
solid formulations such as, for example, powders, capsules 

and tablets, suitable excipients include fillers such as sugars, 
such as lactose, sucrose, mannitol and sorbitol; cellulose 

preparations such as maize starch, wheat starch, rice starch, 
potato starch, gelatin, gum tragacanth, methyl cellulose, 

hydroxypropylmethyl-cellulose, sodium carboxymethylcel- 

lulose, and/or polyvinylpyrrolidone (PVP); granulating 
agents; and binding agents. If desired, disintegrating agents 

may be added, such as the cross-linked polyvinylpyrroli- 
done, agar, or alginic acid or a salt thereof such as sodium 

alginate. If desired, solid dosage forms may be sugar-coated 
or enteric-coated using standard techniques. 

For oral liquid preparations such as, for example, suspen- 

sions, elixirs and solutions, suitable carriers, excipients or 
diluents include water, glycols, oils, alcohols, ete. Addition- 

ally, flavoring agents, preservatives, coloring agents and the 
like can be added. For buccal administration, the composi- 

tions may take the form of tablets, lozenges, etc. formulated 
in conventional manner. 

In some examples, modified release formulations may 

comprise a matrix selected from microcrystalline cellulose, 
sodium carboxymethylcellulose, hydroxyalkylcelluloses 

such as hydroxy propyl methylcellulose and hydroxypropy- 
Icellulose, polyethylene oxide, alkylcelluloses such as meth- 

ylcellulose and ethylcellulose, polyethylene glycol, polyvi- 
nylpyrrolidone, cellulose acetate, cellulose acetate butyrate, 

cellulose acetate phthalate, cellulose acetate trimellitate, 

polyvinyl acetate phthalate, polyalkylmethacrylates, polyvi- 
nyl acetate and mixtures thereof. 

Methods of Treating Hair Loss 
Embodiments described herein are directed to a method of 

treating hair loss, comprising administering to a subject in 

need thereof a daily dose of a composition comprising a 
modified release formulation of minoxidil or a pharmaceu- 

tically acceptable salt thereof. 
In some embodiments of the methods described herein, 

the composition comprises minoxidil or a pharmaceutically 
acceptable salt thereof, a release modifier, a filler, a glidant, 

a lubricant, and combinations thereof. 

In some embodiments, the methods described herein 
comprise minoxidil or a pharmaceutically acceptable salt 

thereof in an amount of about 0.075% to about 33% (w/w) 
of the total formulation. In some embodiments, the methods 

described herein comprise minoxidil or a pharmaceutically 
acceptable salt thereof in an amount of about 0.083% to 

about 33% (w/w) of the total formulation. In some embodi- 

ments of the methods described herein, the composition 
comprises minoxidil or a pharmaceutically acceptable salt 

thereof in an amount of about 0.1% to about 20% (w/w) of 
the total composition. In some embodiments, the composi- 

tion comprises minoxidil or a pharmaceutically acceptable 
salt thereof in an amount of about 1% to about 10% (w/w) 

of the total composition. In some embodiments, the methods 

comprise minoxidil or a pharmaceutically acceptable salt 
thereof in an amount of about 1% to about 5% (w/w) of the 

total formulation. In some embodiments, the methods com- 
prise minoxidil or a pharmaceutically acceptable salt thereof 

in an amount of about 1% to about 1.5% (w/w) of the total 
formulation. In some embodiment, the composition com- 

prises minoxidil or a pharmaceutically acceptable salt 

thereof in an amount (w/w) of about 0.075%, about 0.1%, 
about 0.25%, about 0.5%, about 0.75%, about 1%, about 

1.5%, about 2%, about 2.5%, about 3%, about 3.5%, about
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4%, about 5%, about 6%, about 7%, about 8%, about 9%, 
about 10%, about 12%, about 14%, about 15%, about 16%, 

about 18%, about 20%, about 25%, about 30%, about 33%, 

or any range within these values. 
In some embodiments of the methods described herein, 

the composition comprises a release modifier in an amount 
of about 20% to about 95% (w/w) of the total composition. 

In some embodiments, the composition comprises a release 
modifier in an amount of about 50% to about 80% (w/w) of 

the total composition. In some embodiments, the composi- 

tion comprises a release modifier in an amount (w/w) of 
about 20%, about 25%, about 30%, about 40%, about 45%, 

about 50%, about 55%, about 60%, about 65%, about 70%, 
about 75%, about 80%, about 85%, about 90%, about 95%, 

or any range within these values. 
In some embodiments of the methods described herein, 

the composition comprises glidant in an amount of about 

0.01% to about 2% (w/w) of the total composition. In some 
embodiments, the composition comprises glidant in an 

amount of about 0.1% to about 0.3% (w/w) of the total 
composition. In some embodiments, the composition com- 

prises glidant in an amount (w/w) of about 0.01%, about 
0.02%, about 0.03%, about 0.04%, about 0.05%, about 

0.06%, about 0.07%, about 0.08%, about 0.09%, about 

0.1%, about 0.15%, about 0.2%, about 0.25%, about 0.35%, 
or any range within these values. 

In some embodiments of the methods described herein, 
the composition comprises lubricant in an amount of about 

0.1% to about 1% (w/w) of the total composition. In some 
embodiments, the composition comprises lubricant in an 

amount of about 0.4% to about 0.6% (w/w) of the total 

composition. In some embodiments, the composition com- 
prises lubricant in an amount (w/w) of about 0.1%, about 

0.2%, about 0.3%, about 0.4%, about 0.5%, about 0.6%, 
about 0.7%, about 0.8%, about 0.9%, about 1%, or any range 

within these values. 

In some embodiments of the methods described herein, 
the release modifier is hydroxy propyl methylcellulose 

(HPMC) or lactose monohydrate. In some embodiments, the 
hydroxypropyl methylcellulose is HPMC K4M or HPMC 

K200M. In some embodiments, the HPMC K4M is in an 
amount of 0 mg to about 45 mg in a 150 mg composition. 

In some embodiments, the HPMC K4M is 0% to about 30% 

(w/w) of the total composition. In some embodiments, the 
HPMC K200M is in an amount of 0 mg to about 120 mg in 

a 150 mg composition. In some embodiments, the HPMC 
K200M is about 0% to about 80% (w/w) of the total 

composition. In some embodiments, the lactose monohy- 
drate is in an amount of about 0 mg to about 55 mg in a 150 

mg composition. In some embodiments, the lactose mono- 

hydrate is about 0% to about 40% (w/w) of the total 
composition. 

In some embodiments of the method described herein, the 
filler is microcrystalline cellulose, talc, calcium carbonate 

(e.g., granules or powder), powdered cellulose, dextrates, 
kaolin, mannitol, silicic acid, sorbitol, starch, pre-gelatinized 

starch, and mixtures thereof. In some embodiments, the filler 

is in an amount of about of about 25 mg to about 55 mg in 
a 150 mg composition. In some embodiments, the microc- 

rystalline cellulose is about 15% to about 40% (w/w) of the 
total composition. 

In some embodiments, the glidant is silica (colloidal 
anhydrous), starch, talc, magnesium stearate, calctum stear- 

ate, zinc stearate, dibasic calcium phosphate, magnesium 

carbonate, magnesium oxide, calcium silicate, silicon diox- 
ide, silicon dioxide, colloidal silicon dioxide, talc, sodium 

lauryl sulfate, native starch, or combinations thereof. In 
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some embodiments of the method described herein, the 
glidant is silica. In some embodiments the silica is colloidal 

anhydrous. In some embodiments, the glidant is in an 

amount of about 0.3 mg to about 5 mg in a 150 mg 
composition. In some embodiments, the glidant is about 

0.001% to about 0.04% (w/w) of the total composition. 
In some embodiments of the method described herein, the 

lubricant is magnesium stearate, calcium stearate, zinc stear- 
ate, stearic acid, hydrogenated vegetable oils, sterotex, poly- 

oxyethylene, monostearate, talc, polyethyleneglycol, 

sodium benzoate, sodium lauryl sulfate, magnesium lauryl 
sulfate, light mineral oil, or combinations thereof. In some 

embodiments, the lubricant is in an amount of about 0.75 mg 
to about 1.5 mg in a 150 mg composition. In some embodi- 

ments, the lubricant is about 0.005% to about 0.01% (w/w) 
of the total composition. 

In some embodiments of the method described herein, the 

composition further comprises one or more active agents 
selected from a non-steroid anti-androgen, a 17a-hydroxy- 

progesterone derivative, a 19-norprogesterone derivative, a 
19-nortestosterone derivative, a 17a-spirolactone deriva- 

tive, a 5-alpha reductase inhibitor, an estrogen, a GnRH 
analog, a prostaglandin F2a analog, a prostamide, a pros- 

tanoid receptor agonist, a prostaglandin D2 receptor antago- 

nist, a prostglandin E2 analog, an EP 2 receptor agonist, a 
JAK inhibitor, an alopecia areata medication, a supplement, 

and combinations thereof. In some embodiments, the com- 
position further comprises medrogestone, cetirizine, setip- 

iprant, valproic acid, and combinations thereof. 
In any embodiment of the method described herein, the 

non-steroid anti-androgen is selected from flutamide, clas- 

coterone, bicalutamide, pyrilutamide, enzualutamide, nilu- 
tamide, apalutamide, proxilutamide, cimetidine, topaluta- 

mide, and combinations thereof. In any embodiment, the 
17a-hydroxyprogesterone derivative is selected from chlo- 

rmadinone acetate, cyproterone acetate, megestrol acetate, 

osaterone acetate, and combinations thereof. In any embodi- 
ment, the 19-norprogesterone derivative is nomegestrol 

acetate. In any embodiment, 19-nortestosterone derivative is 
selected from dienogest, oxendolone, and combinations 

thereof. In any embodiment, the 17a-spirolactone derivative 
is selected from drospirenone, spironolactone, and combi- 

nations thereof. In any embodiment, the 5-alpha reductase 

inhibitor is selected from alfatradiol, dutasteride, epristeride, 
finasteride, saw palmetto extract, bexlosteride, izonsteride, 

epigallocatechin, fluridil, and combinations thereof. In any 
embodiment, the estrogen is selected from estradiol, estra- 

diol esters, ethinylestradiol, conjugated estrogens, diethyl- 
stilbestrol, and combinations thereof. In any embodiment, 

the GnRH analog is a GnRH agonist wherein the GnRH 

agonist is selected from goserelin, buserelin, leuprorelin, 
and combinations thereof. In any embodiment, the GnRH 

analog is a GnRH antagonist wherein the GnRH antagonist 
is cetrorelix. In any embodiment, the prostaglandin F2a 

analog is latanoprost, travoprost, tafluprost, unoprostone, 
dinoprost, AS604872, BOL303259X, PF3187207, carbo- 

prost, and combinations thereof. In any embodiment, the 

prostamide is bimatoprost. In any embodiment, the pros- 
tanoid receptor agonist is fluprostenol, cicaprost, and com- 

binations thereof. In any embodiment, the prostaglandin D2 
receptor antagonist is laropiprant, AM211, and combinations 

thereof. In any embodiment, the prostaglandin E2 analog is 
sulprostone. In any embodiment, the EP2 receptor agonist is 

butaprost, diazoxide, kopexil, pinacidil, ET-02, and combi- 

nations thereof. In any embodiment, the JAK inhibitor is 
abrocitinib, baricitinib, brepocitinib, decernotinib, delgoci- 

tinib, deuruxolitinib, deucravacitinib, fedratinib, filgotinib,
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gusacitinib, itacitinib, oclacitinib, pacritinib, peficitinib, 

ritlecitnib, ruxolitinib, tofacitinib, upadacitinib, SHR0302, 

ATI-2138, jacktinib, and combinations thereof. In any 

embodiment, the alopecia areata medication is selected from 

etrasimod, fingolimod, ozanimod, siponimod, ponesimod, 

and combinations thereof. In any embodiment, the supple- 

ment is selected from biotin, zinc, selenium, caffeine, 

sodium chloride, marine collagen, and combinations thereof. 

In some embodiments of the method described herein, the 

composition is administered orally. In some embodiments, 

the minoxidil or a pharmaceutically acceptable salt thereof 

is in an orally dissolving tablet. 

In some embodiments of the method described herein, the 

modified release formulation is an extended release formu- 

lation, a controlled release formulation, or a delayed release 

formulation. 

In some embodiments of the method described herein, the 

extended release formulation releases about 50% to about 

98% of the daily dose of minoxidil or a pharmaceutically 

acceptable salt thereof within about 12 hours after the oral 

administration. In some embodiments of the pharmaceutical 

formulation described herein, the extended release formu- 

lation releases about 50% to about 98% of the daily dose of 

minoxidil or a pharmaceutically acceptable salt thereof 

within about 18 hours after the oral administration. In some 

embodiments described herein, the extended release formu- 

lation releases about 50%, about 55%, about 60%, about 

65%, about 70%, about 75%, about 80%, about 85%, about 

90%, about 95%, about 98% of the daily dose of minoxidil 

or a pharmaceutically acceptable salt thereof within about 12 

to about 18 hours after the oral administration, or any range 

within these values. 

In some embodiments of the method described herein, the 

controlled release formulation releases about 50% to about 

98% of the daily dose of minoxidil or a pharmaceutically 

acceptable salt thereof within about 12 hours after the oral 

administration. In some embodiments, the controlled-release 

formulation releases about 50%, about 55%, about 60%, 

about 65%, about 70%, about 75%, about 80%, about 85%, 

about 90%, about 95%, about 98% of the daily dose of 

minoxidil or a pharmaceutically acceptable salt thereof 

within about 12 hours after the oral administration, or any 
range within these values. 

In some embodiments of the method described herein, the 
delayed release formulation releases the daily dose of 

minoxidil or a pharmaceutically acceptable salt thereof 
within about 6 hours after the oral administration. In some 

embodiments, the delayed release formulation releases the 

daily dose of minoxidil or a pharmaceutically acceptable salt 
thereof in multiple distinct releases each within about 18 

hours after the oral administration. 
In some embodiments of the method described herein, 

composition described herein exhibits a dissolution profile 
wherein about 25% of the composition dissolves in a neutral 

pH solution in less than about 2 hours or less than about 4 

hours. In some embodiments, about 25% of the composition 
dissolves in a neutral pH solution at about 0.5 hours, about 

0.75 hours, about, 1 hour, about 1.5 hours, about 2 hours, 
about 2.5 hours, about 3 hours, or about 4 hours. 

In some embodiments of the method described herein, 
composition described herein exhibits a dissolution profile 

wherein about 50% of the composition dissolves in a neutral 

pH solution in less than about 2 hours, less than about 6 
hours, or less than about 12 hours. In some embodiments, 

about 50% of the composition dissolves in a neutral pH 
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solution at about 1 hour, about 1.5 hours, about 2 hours, 

about 3 hours, about 4 hours, about 6 hours, about 8 hours, 

or about 10 hours. 

In some embodiments of the method described herein, 

composition described herein exhibits a dissolution profile 

wherein about 75% of the composition dissolves in a neutral 

pH solution in less than about 4 hours, less than about 8 

hours, less than about 12 hours, or less than about 18 hours. 

In some embodiments, about 75% of the composition dis- 

solves in a neutral pH solution at about 3 hours, about 3.5 

hours, about 4 hours, about 4.5 hours, about 5 hours, about 

6 hours, about 8 hours, about 10 hours, about 12 hours, about 

14 hours, or about 16 hours. 

In some embodiments of the method described herein, 

composition described herein exhibits a dissolution profile 

wherein about 100% of the composition dissolves in a 

neutral pH in less than about 12 hours, less than about 24 

hours, or less than about 48 hours. In some embodiments, 

about 100% of the composition dissolves in a neutral pH at 

about 10 hours, about 12 hours, about 14 hours, about 16 

hours, about 18 hours, about 20 hours, about 22 hours, about 
24 hours, about 26 hours, or about 28 hours. 

In some embodiments of the method described herein, 

composition described herein exhibits a zero order release of 
minoxidil or a pharmaceutically acceptable salt thereof, a 

pseudo zero order release of minoxidil or a pharmaceutically 
acceptable salt thereof, a first order release of minoxidil or 

a pharmaceutically acceptable salt thereof, a pseudo first 
order release of minoxidil or a pharmaceutically acceptable 

salt thereof, or a second order release of minoxidil or a 

pharmaceutically acceptable salt thereof. 
In some embodiments of the method described herein, the 

subject in need thereof is diagnosed with hairloss. In some 
embodiments, the hair loss is selected from male pattern hair 

loss, female pattern hair loss, hereditary hair loss, telogen 

effluvium, alopecia areata, central centrifugal cicatricial 
alopecia, lichen planopilaris, or traction alopecia. 

In some embodiments of the method described herein, the 
administering results in hair regrowth. In some embodi- 

ments, the administering results in hair regrowth within 
about 1 months to about 12 months. In some embodiments, 

the administering results in hair regrowth within about 6 

months. In some embodiments, the administering results in 
hair regrowth within about 4 months. In some embodiments, 

the administering results in hair regrowth within about 3 
months. In some embodiments, the administering results in 

hair regrowth within about 1 month, about 2 months, about 
3 months, about 4 months, about 5 months, about 6 months, 

about 7 months, about 8 months, about 9 months, about 10 

months, about 11 months, about 12 months, or any range 
within these values. In some embodiments, the administer- 

ing results in an increased improvement in hair growth as 
compared to administration of an immediate-release dosage 

form of minoxidil or a pharmaceutically acceptable salt 
thereof. 

Use of the described methods and pharmaceutical formu- 

lations can result in a reduction or elimination of disease, 
symptom, or other undesired property in a subject relative to 

a control population (for example, without treatment by the 
described methods and materials). The reduction can gen- 

erally be reduced by any amount. For example, the reduction 
can be at least about 10%, at least about 20%, at least about 

30%, at least about 40%, at least about 50%, at least about 

60%, at least about 70%, at least about 80%, at least about 
90%, at least about 95%, at least about 96%, at least about 

97%, at least about 98%, at least about 99%, and in an ideal
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situation, about 100% reduction (complete elimination of 

disease, symptom, virus concentration, or other undesired 

property). 
In some embodiments of the method described herein, the 

subject is diagnosed with at least one cardiac condition 

selected from heart disease, chronic congestive heart failure, 

cardiomyopathy, tachyarrhythmia, renal disease, preexisting 

pulmonary hypertension, and chronic congestive heart fail- 

ure not secondary to hypertension. 

In some embodiments of the method described herein, the 

subject is taking at least one of the following for treatment 

of the at least one cardiac condition, an anti-hypertensive, an 

ace-inhibitor, an angiotensin receptor blocker, a direct renin 

inhibitor, a loop diuretic, a thiazide diuretic, a calcium 

channel blocker, a beta blocker, an anti-arrhythmic, and a 

diuretic. 

In some embodiments of the method described herein, the 

pharmaceutical formulation is administered only once daily. 

In some embodiments, the pharmaceutical formulation is 

administered at least once daily. In some embodiments, the 

pharmaceutical formulation is administered four times per 
day. In some embodiments, the pharmaceutical formulation 

is administered three times per day. In some embodiments, 

the pharmaceutical formulation is administered two times 
per day. 

In some embodiments of the method described herein, the 
composition is administered daily for at least about 3 months 

with substantially no adverse effects and substantially no 
cardiac effects. In some embodiments, the composition is 

administered daily for at least 4 months with substantially no 

adverse effects and substantially no cardiac effects. In some 
embodiments, the composition is administered daily for at 

least 6 months with substantially no adverse effects and 
substantially no cardiac effects. In some embodiments, the 

composition is administered daily for at least 1 year with 

substantially no adverse effects and substantially no cardiac 
effects. In some embodiments, the composition is adminis- 

tered daily indefinitely with substantially no adverse effects 
and substantially no cardiac effects. 

In some embodiments of the method described herein, 
administering results in substantially no cardiac effects. In 

some embodiments, the cardiac effects are selected from 

tachycardia, hypotension, premature ventricular contrac- 
tions, and other tachyarrhythmias. 

In some embodiments of the method described herein, 
administering results in hair regrowth with substantially no 

clinically significant hemodynamic changes in blood pres- 
sure. In some embodiments, administering results in hair 

regrowth with substantially no cardiac effects. In some 

embodiments, the daily dose of minoxidil or a pharmaceu- 
tically acceptable salt thereof results in substantially no 

cardiac effects or hemodynamic effects as compared to 
administration of an immediate-release oral minoxidil or a 

pharmaceutically acceptable salt thereof used to treat hyper- 
tension. In some embodiments, the daily dose of minoxidil 

or a pharmaceutically acceptable salt thereof results in 

substantially no cardiac effects as compared to administra- 
tion of an immediate-release oral minoxidil or a pharma- 

ceutically acceptable salt thereof used to treat hypertension. 
In some embodiments of the method described herein, the 

daily dose amount of minoxidil or a pharmaceutically 
acceptable salt thereof results in fewer cardiac effects or 

hemodynamic effects as compared to administration of an 

amount of an immediate-release oral minoxidil or a phar- 
maceutically acceptable salt thereof used to treat hyperten- 

sion. In some embodiments, the cardiac effects are selected 
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from tachycardia, hypotension, premature ventricular con- 
tractions, and other tachyarrhythmias. 

In some embodiments of the method described herein, the 

daily dose of minoxidil or a pharmaceutically acceptable salt 
thereof is about 25% to about 500% of the amount of the 

immediate-release oral minoxidil or a pharmaceutically 
acceptable salt thereof used to treat hypertension. In some 

embodiments, the daily dose of minoxidil or a pharmaceu- 
tically acceptable salt thereof is about 10% to about 90% of 

the amount of the immediate-release oral minoxidil or a 

pharmaceutically acceptable salt thereof used to treat hyper- 
tension. In some embodiments, the daily dose of minoxidil 

or a pharmaceutically acceptable salt thereof is about 10%, 
about 15%, about 20%, about 25%, about 30%, about 35%, 

about 40%, about 45%, about 50%, about 55%, about 60%, 
about 65%, about 70%, about 75%, about 80%, about 85%, 

about 90%, about 95%, about 100%, about 125%, about 

150%, about 175%, about 200%, about 225%, about 250%, 
about 275%, about 300%, about 325%, about 350%, about 

375%, about 400%, about 425%, about 450%, about 475%, 
about 500% of the amount of the immediate-release oral 

minoxidil or a pharmaceutically acceptable salt thereof used 
to treat hypertension, or any range within these values. 

In some embodiments of the method described herein, the 

minoxidil or a pharmaceutically acceptable salt thereof is in 
a therapeutically effective amount. In some embodiments, 

the one or more active agents are in a therapeutically 
effective amount. In some embodiments, the pharmaceutical 

formulation comprises minoxidil or a pharmaceutically 
acceptable salt thereof in a subtherapeutic amount. In some 

embodiments, the pharmaceutical formulation comprises 

one or more active agents in a subtherapeutic amount. In 
some embodiments, the pharmaceutical formulation com- 

prises minoxidil or a pharmaceutically acceptable salt 
thereof and one or more active agents wherein the minoxidil 

or a pharmaceutically acceptable salt thereof and the one or 

more active agents are each in subtherapeutic amounts. 
In some embodiments of the method described herein, the 

daily dose of minoxidil or a pharmaceutically acceptable salt 
thereof is in an amount of about 0.25 mg to about 50 mg. In 

some embodiments, the daily dose of minoxidil or a phar- 
maceutically acceptable salt thereof is in an amount of about 

0.5 mg to about 2.5 mg. In some embodiments, the daily 

dose of minoxidil or a pharmaceutically acceptable salt 
thereof is in an amount of about 0.625 mg to about 7.5 mg. 

In some embodiments, the daily dose of minoxidil or a 
pharmaceutically acceptable salt thereof is in an amount of 

about 0.5 mg to about 10 mg. In some embodiments, the 
daily dose of minoxidil or a pharmaceutically acceptable salt 

thereof is about 0.25 mg to about 20 mg. In some embodi- 

ments, the daily dose of minoxidil or a pharmaceutically 
acceptable salt thereof is in an amount of about 0.125 mg to 

about 100 mg. In some embodiments, the daily dose of 
minoxidil or a pharmaceutically acceptable salt thereof is 

about 2.5 mg. In some embodiments, the daily dose of 
minoxidil or a pharmaceutically acceptable salt thereof is in 

an amount of about 0.125 mg, about 0.25 mg, about 5 mg, 

about 0.625 mg, about 0.75 mg, about 1 mg, about 1.25 mg, 
about 1.5 mg, about 2 mg, about 2.5 mg, about 3 mg, about 

3.5 mg, about 4 mg, about 4.5 mg, about 5 mg, about 5.5 mg, 
about 6 mg, about 6.5 mg, about 7 mg, about 7.5 mg, about 

8 mg, about 9 mg, about 10 mg, about 12 mg, about 15 mg, 
about 18 mg, about 20 mg, about 25 mg, about 30 mg, about 

35 mg, about 40 mg, about 45 mg, about 50 mg, about 55 

mg, about 60 mg, about 65 mg, about 70 mg, about 75 mg, 
about 80 mg, about 85 mg, about 90 mg, about 95 mg, about 

100 mg, or any range within these values.
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In some embodiments of the method described herein, the 

daily dose of minoxidil or a pharmaceutically acceptable salt 

thereof is administered to a subject in an amount of about 

0.000625 mg/kg/day to about 1.25 mg/kg/day. In some 
embodiments of the method described herein, the daily dose 

of minoxidil or a pharmaceutically acceptable salt thereof is 
administered to a subject in an amount of about 0.00625 

mg/kg/day to about 0.5 mg/kg/day. In some embodiments, 
the daily dose of the minoxidil or a pharmaceutically accept- 

able salt thereof is about 0.00625 mg/kg/day to about 0.375 

mg/kg/day. In some embodiments, the daily dose of the 
minoxidil or a pharmaceutically acceptable salt thereof is 

about 0.000625 mg/kg/day; about 0.00125 mg/kg/day, about 
0.0025 mg/kg/day, about 0.00375 mg/kg/day, about 0.005 

mg/kg/day, about 0.00625 mg/kg/day, about 0.0125 mg/kg/ 
day, about 0.025 mg/kg/day, about 0.0375 mg/kg/day, about 

0.05 mg/kg/day, about 0.0625 mg/kg/day, about 0.075 

mg/kg/day, about 0.0875 mg/kg/day, about 0.1 mg/kg/day, 
about 0.125 mg/kg/day, about 0.25 mg/kg/day, about 0.325 

mg/kg/day, about 0.5 mg/kg/day, about 0.625 mg/kg/day, 
about 0.75 mg/kg/day, about 1 mg/kg/day, about 1.25 

mg/kg/day, or any range within these values. 
In some embodiments of the method described herein, the 

minoxidil or a pharmaceutically acceptable salt thereof is in 

an amount of about 0.625 mg four times per day. 
In some embodiments of the method described herein, the 

modified release formulation releases about 50% to about 
98% of the daily dose of minoxidil or a pharmaceutically 

acceptable salt thereof within about 12 hours after the oral 
administration. 

In some embodiments of the method described herein, the 

oral administration of the daily dose minoxidil or a phar- 
maceutically acceptable salt thereof results in a Cmax of 

about 0.25 ng/ml to about 20 ng/ml. In some embodiments, 
the oral administration of the daily dose minoxidil or a 

pharmaceutically acceptable salt thereof results in a Cmax 

that is devoid of cardiac effects. 
In some embodiments of the method described herein, the 

subject has a minoxidil or a pharmaceutically acceptable salt 
thereof plasma concentration versus time curve with a Tmax 

of about 30 to about 360 minutes. In some embodiments, the 
oral administration of the daily dose of minoxidil or a 

pharmaceutically acceptable salt thereof results in a delayed 

release that results in a Tmax between both 30 to 360 
minutes and between 390 minutes and 1080 minutes. 

In some embodiments of the method described herein, the 
oral administration of the daily dose of modified release 

minoxidil or a pharmaceutically acceptable salt thereof 
results in an AUC that is greater than an equivalent dose of 

an immediate release formulation. In some embodiments of 

the method described herein, the oral administration of the 
daily dose of the modified release minoxidil or a pharma- 

ceutically acceptable salt thereof results in an AUC that is 
less than an equivalent dose of immediate release formula- 

tion. In some embodiments of the method described herein, 
the oral administration of the daily dose of the modified 

release minoxidil or a pharmaceutically acceptable salt 

thereof results in an AUC that is equal to an equivalent dose 
of immediate release formulation. 

In some embodiments of the method described herein, the 
oral administration results in a half-life or effective half-life 

of the daily dose of minoxidil or a pharmaceutically accept- 
able salt thereof of about 1 hour to about 24 hours. In some 

embodiments, the oral administration results in a half-life or 

effective half-life of the daily dose of minoxidil or a phar- 
maceutically acceptable salt thereof of about 1 hour, about 

2 hours, about 3 hours, about 4 hours, about 5 hours, about 
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6 hours, about 7 hours, about 8 hours, about 9 hours, about 
10 hours, about 12 hours, about 14 hours, about 16 hours, 

about 18 hours, about 20 hours, about 22 hours, about 24 

hours, or any range within these values. 
Embodiments described herein are directed to a method of 

treating hair loss, comprising administering to a subject in 
need thereof a modified release formulation of minoxidil or 

a pharmaceutically acceptable salt thereof, wherein the 
modified release formulation releases about 50% to about 

98% of the daily dose of minoxidil or a pharmaceutically 

acceptable salt thereof within about 12 hours after oral 
administration. 

In some embodiments of the method described herein, the 
composition further comprises one or more active agents 

selected from a non-steroid anti-androgen, a 17a-hydroxy- 
progesterone derivative, a 19-norprogesterone derivative, a 

19-nortestosterone derivative, a 17a-spirolactone deriva- 

tive, a 5-alpha reductase inhibitor, an estrogen, a GnRH 
analog, a prostaglandin F2a analog, a prostamide, a pros- 

tanoid receptor agonist, a prostaglandin D2 receptor antago- 
nist, a prostglandin E2 analog, an EP 2 receptor agonist, a 

JAK inhibitor, an alopecia areata medication, a supplement, 
and combinations thereof. In some embodiments, the com- 

position further comprises medrogestone, cetirizine, setip- 

iprant, valproic acid, and combinations thereof. 
Embodiments described herein are directed to a method of 

treating hair loss, comprising administering to a subject in 
need thereof a modified release formulation of minoxidil or 

a pharmaceutically acceptable salt thereof, wherein the 
modified release formulation has a Tmax of about 30 to 

about 360 minutes. 

In some embodiments of the method described herein, the 
composition further comprises one or more active agents 

selected from a non-steroid anti-androgen, a 17a-hydroxy- 
progesterone derivative, a 19-norprogesterone derivative, a 

19-nortestosterone derivative, a 17a-spirolactone deriva- 

tive, a 5-alpha reductase inhibitor, an estrogen, a GnRH 
analog, a prostaglandin F2a analog, a prostamide, a pros- 

tanoid receptor agonist, a prostaglandin D2 receptor antago- 
nist, a prostglandin E2 analog, an EP 2 receptor agonist, a 

JAK inhibitor, an alopecia areata medication, a supplement, 
and combinations thereof. In some embodiments, the com- 

position further comprises medrogestone, cetirizine, setip- 

iprant, valproic acid, and combinations thereof. 
Embodiments described herein are directed to a method of 

treating hair loss, comprising administering to a subject in 
need thereof a modified release formulation of minoxidil or 

a pharmaceutically acceptable salt thereof, wherein the 
modified release formulation has a Cmax of about 0.25 

ng/ml to about 20 ng/ml. 

In some embodiments of the method described herein, the 
composition further comprises one or more active agents 

selected from a non-steroid anti-androgen, a 17a-hydroxy- 
progesterone derivative, a 19-norprogesterone derivative, a 

19-nortestosterone derivative, a 17a-spirolactone deriva- 
tive, a 5-alpha reductase inhibitor, an estrogen, a GnRH 

analog, a prostaglandin F2a analog, a prostamide, a pros- 

tanoid receptor agonist, a prostaglandin D2 receptor antago- 
nist, a prostglandin E2 analog, an EP 2 receptor agonist, a 

JAK inhibitor, an alopecia areata medication, a supplement, 
and combinations thereof. In some embodiments, the com- 

position further comprises medrogestone, cetirizine, setip- 
iprant, valproic acid, and combinations thereof. 

In some embodiments of the method described herein, the 

modified release formulation is an inert solid vehicle, or 
matrix, in which a drug is uniformly suspended, including in 

the form of tablets or small beads. In some embodiments, the
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matrix is a gelling material including gelatin, methylcellu- 
lose, gum tragacanth, Veegum, and alginic acid. In some 

embodiments, the matrix is a polymer including polylactic 

acid copolymer, polyacrylate, methacrylate, polyester, eth- 
ylene-vinyl acetate copolymer (EVA), polyglycolide, poly- 

lactide, and silicone. In some embodiments, the modified 
release formulation is a slow-release pellet, bead, or granule. 

In some embodiments, the modified release formulation is 
an extended release tablet where the solubility of a drug is 

modified for extended release. In some embodiments, the 

extended release tablet is formed by using the nonionized 
base or acid form of the drug. In some embodiments, the 

extended release tabled is formed by granulating the drug 
with excipients (including stearic acid, castor wax, high- 

molecular-weight polyethylene glycol (Carbowax), glyceryl 
monosterate, white wax, spermaceti oil, magnesium stearate 

and hydrogenated vegetable oil (Sterotex)) to decrease the 

aqueous solubility of the drug. In some embodiments, the 
modified release formulation is an ion-exchange preparation 

whereby an anionic or cationic drug is complexed with an 
oppositely charged ionic resin to form an insoluble nonab- 

sorbable resin-drug complex. 
In some embodiments of the method described herein, the 

modified release formulation further comprises one or more 

pharmaceutically acceptable excipients. Examples of phar- 
maceutically acceptable excipients that may be present in 

the composition include but are not limited to fillers/ve- 
hicles, solvents/co-solvents, preservatives, antioxidants, 

suspending agents, surfactants, antifoaming agents, buffer- 
ing agents, chelating agents, sweeteners, flavoring agents, 

binders, extenders, disintegrants, diluents, lubricants, fillers, 

wetting agents, glidants, and combinations thereof. 
In some embodiments of the method described herein, the 

modified release formulation can further comprise one or 
more exemplary fillers. Examples of exemplary fillers 

include cellulose and cellulose derivatives such as microc- 

rystalline cellulose, powdered cellulose; dextrates; starches 
such as dry starch, hydrolyzed starch, and starch derivatives 

such as corn starch; cyclodextrin; sugars such as powdered 
sugar and sugar alcohols such as lactose, mannitol, sucrose 

and sorbitol; inorganic fillers such as aluminum hydroxide 
gel, calctum carbonate (granules or powder), precipitated 

calcium carbonate, carbonate, magnesium aluminometasili- 

cate, dibasic calcium phosphate; and sodium chloride, sili- 
con dioxide, silicic acid, titanium dioxide, titanium oxide, 

dicalctum phosphate dihydrate, calcium sulfate, alumina, 
kaolin, tale, or combinations thereof. Fillers may be present 

in the composition from about 20 wt % to about 65 wt %, 
about 20 wt % to about 50 wt %, about 20 wt % to about 40 

wt %, about 45 wt % to about 65 wt %, about 50 wt % to 

about 65 wt %, or about 55 wt % to about 65 wt % of the 
total weight of the composition, or any value between these 

ranges. 
In some embodiments of the method described herein, the 

modified release formulation further comprises one or more 
disintegrants. Examples of disintegrants include starches, 

alginic acid, crosslinked polymers such as crosslinked poly- 

vinylpyrrolidone, croscarmellose sodium, potassium starch 
glycolate, sodium starch glycolate, clays, celluloses, 

starches, gums, or combinations thereof. Disintegrants may 
be present in the composition from about 1 wt % to about 10 

wt %, about 1 wt % to about 9 wt %, about 1 wt % to about 
8 wt %, about 1 wt % to about 7 wt %, about 1 wt % to about 

6 wt %, or about 1 wt % to about 5 wt % of the total weight 

of the composition, or any value between these ranges. 
In some embodiments of the method described herein, the 

modified release formulation further comprises one or more 
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binders, including but not limited to celluloses such as 
hydroxypropylcellulose, methyl cellulose, and hydroxypro- 

pylmethylcellulose; starches such as corn starch, pregelati- 

nized starch, and hydroxypropyl starch; waxes and natural 
and synthetic gums such as acacia, tragacanth, sodium 

alginate; synthetic polymers such as polymethacrylates and 
polyvinylpyrrolidone; and povidone, dextrin, pullulane, 

agar, gelatin, tragacanth, macrogol, or combinations thereof. 
Binders may be present in the composition from about 0.5 

wt % to about 5 wt %, about 0.5 wt % to about 4 wt %, about 

0.5 wt % to about 3 wt %, about 0.5 wt % to about 2 wt %, 
or about 0.5 wt % to about 1 wt % of the total weight of the 

composition, or any value between these ranges. 
In some embodiments of the method described herein, the 

modified release formulation further comprises one or more 
wetting agents, including but not limited to oleic acid, 

glyceryl monostearate, sorbitan mono-oleate, sorbitan 

monolaurate, triethanolamine oleate, polyoxyethylene sor- 
bitan mono-oleate, polyoxyethylene sorbitan monolaurate, 

sodium oleate, sodium lauryl sulfate, poloxamers, polox- 
amer 188, polyoxyethylene ethers, polyoxyethylene sorbitan 

fatty acid esters, polyoxyethylene fatty acid esters, polyeth- 
ylene glycol fatty acid esters, polyoxyethylene hardened 

castor oil, polyoxyethylene alkyl ethers, polysorbates, cetyl 

alcohol, glycerol fatty acid esters (for example, triacetin, 
glycerol monostearate, etc.), polyoxymethylene stearate, 

sodium laury] sulfate, sorbitan fatty acid esters, sucrose fatty 
acid esters, benzalkonium chloride, polyethoxylated castor 

oil, and combinations thereof. Wetting agents may be pres- 
ent in the composition from about 0.1 wt % to about 1 wt %, 

about 0.1 wt % to about 2 wt %, about 0.1 wt % to about 3 

wt %, about 0.1 wt % to about 4 wt %, or about 0.1 wt % 
to about 5 wt % of the total weight of the composition, or 

any value between these ranges. 
In some embodiments of the method described herein, the 

modified release formulation further comprises one or more 

lubricants, including but not limited to stearic acid, magne- 
sium stearate, calctum hydroxide, talc, corn starch, sodium 

stearyl fumarate, alkali-metal and alkaline earth metal salts, 
waxes, boric acid, sodium benzoate, sodium acetate, sodium 

chloride, leucine, polyethylene glycol (PEG), a methoxy- 
polyethylene glycol, propylene glycol, sodium oleate, glyc- 

eryl behenate, glyceryl palmitostearate, glyceryl benzoate, 

magnesium lauryl sulfate, sodium lauryl sulfate, and com- 
binations thereof. Lubricants may be present in the compo- 

sition from about 0.1 wt % to about 5 wt %, about 0.1 wt % 
to about 4 wt %, about 0.1 wt % to about 3 wt %, about 0.1 

wt % to about 2 wt %, or about 0.1 wt % to about 1 wt % 
of the total weight of the composition, or any value between 

these ranges. 

In some embodiments of the method described herein, the 
modified release formulation further comprises one or more 

glidants, including but not limited to silica (colloidal anhy- 
drous), starch, talc, magnesium stearate, calcium stearate, 

zinc stearate, dibasic calcium phosphate, magnesium car- 
bonate, magnesium oxide, calcium silicate, silicon dioxide, 

silicon dioxide, colloidal silicon dioxide, talc, sodium laury] 

sulfate, native starch, or combinations thereof. Glidants may 
be present in the composition from about 0.05 wt % to about 

1 wt %, about 0.05 wt % to about 0.9 wt %, about 0.05 wt 
% to about 0.8 wt %, about 0.05 wt % to about 0.5 wt %, or 

about 0.05 wt % to about 0.1 wt % of the total weight of the 
composition, or any value between these ranges. 

In some embodiments of the method described herein, the 

modified release formulation is a tablet and further com- 
prises a top coat, such as hydroxypropyl-methylcellulose 

coating or polyvinyl alcohol coating, and are available under
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the trade name Opadry, such as Opadry White, Opadry II 
(Opadry is a registered trademark of BPSI Holdings LLC, 

Wilmington, DE, USA). Top coats may be present in the 

composition from about 1 wt % to about 10 wt %, about 1 
wt % to about 9 wt %, about 1 wt % to about 8 wt %, about 

1 wt % to about 7 wt %, about 1 wt % to about 6 wt %, or 
about 1 wt % to about 5 wt % of the total weight of the 

composition, or any value between these ranges. 
In some embodiments of the method described herein, the 

modified release formulation can further comprise one or 

more preservative agents. Examples of preservative agents 
include sodium benzoate, paraoxybenzoic acid esters, 

methyl, ethyl, butyl, and propyl parabens, chlorobutanol, 
benzyl alcohol, phenylethylalcohol, dehydroacetic acid, sor- 

bic acid, benzalkonium chloride (BKC), benzethonium chlo- 
ride, phenol, phenylmercuric nitrate, thimerosal, or combi- 

nations thereof. Preservative agents can be included in the 

liquid dosage form. The preservative agents can be in an 
amount sufficient to extend the shelf-life or storage stability, 

or both, of the liquid dosage form. Preservatives may be 
present in the composition from about 0.05 wt % to about 1 

wt %, about 0.05 wt % to about 0.9 wt %, about 0.05 wt % 
to about 0.8 wt %, about 0.05 wt % to about 0.5 wt %, or 

about 0.05 wt % to about 0.1 wt % of the total weight of the 

composition, or any value between these ranges. 
In some embodiments of the method described herein, the 

modified release formulation can further comprise one or 
more flavoring agents. Examples of flavoring agents include 

synthetic flavor oils and flavoring aromatics and/or natural 
oils, extracts from plants leaves, flowers, fruits, and so forth 

and the like or any combinations thereof. Additional 

examples include cinnamon oil, oil of wintergreen, pepper- 
mint oils, clove oil, bay oil, anise oil, eucalyptus, thyme oil, 

cedar leaf oil, oil of nutmeg, oil of sage, oil of bitter 
almonds, and cassia oil and the like or any combinations 

thereof. Also useful as flavors are vanilla, citrus oil, includ- 

ing lemon, orange, grape, lime and grapefruit, and fruit 
essences, including apple, banana, pear, peach, strawberry, 

raspberry, cherry, plum, pineapple, apricot, strawberry fla- 
vor, tutti-fruity flavor, mint flavor, or any combinations 

thereof. Flavoring agents may be present in the composition 
from about 0.1 wt % to about 5 wt %, about 0.1 wt % to 

about 4 wt %, about 0.1 wt % to about 3 wt %, about 0.1 wt 

% to about 2 wt %, or about 0.1 wt % to about 1 wt % of 
the total weight of the composition, or any value between 

these ranges. 
In some embodiments of the method described herein, the 

modified release formulation can generally be in any physi- 
cal form suitable for use in treating a subject. These forms 

can be referred to as a unit dosage form, such as an 

individual pill or tablet. In some examples, the pharmaceu- 
tical compositions can be formulated as tablets, capsules, 

granules, powders, liquids, suspensions, gels, syrups, slur- 
ries, suppositories, patches, nasal sprays, aerosols, inject- 

ables, implantable sustained-release formulations, or 
mucoadherent films. In some examples, the pharmaceutical 

formulation may be formed as a tablet, a bi-layer tablet, a 

capsule, a multiparticulate, a drug coated sphere, a matrix 
tablet, or a multicore tablet. A physical form can be selected 

according to the desired method of treatment. 
In some embodiments of the method described herein, the 

modified release formulation can be manufactured by vari- 
ous conventional methods such as conventional mixing, 

dissolving, granulating, dragee-making, levigating, emulsi- 

fying, encapsulating, entrapping, or lyophilizing processes. 
Modified release formulations can be formulated in a con- 

ventional manner using one or more physiologically accept- 
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able carriers, diluents, excipients or auxiliaries that facilitate 
processing of the active agent into preparations that can be 

used pharmaceutically. Proper formulation can be selected 

upon the oral route of administration chosen. 
In some embodiments, the modified release formulation is 

a core tablet, or a tablet within a tablet, whereby the inner 
core is used for the slow-drug-release component, and the 

outside shell contains a rapid-release dose of drug. In some 
embodiments, the modified release formulation is achieved 

via microencapsulation whereby microscopic drug particles 

are encapsulated with a special coating material, such as 
ethylcellulose. In some embodiments, the modified release 

formulation is an osmotic drug delivery system in the form 
of a tablet which contains an outside semipermeable mem- 

brane and an inner core filled with a mixture of drug and 
osmotic agent (salt solution). In some embodiments, the 

modified release formulation is a gastroretentive system that 

can remain in the gastric region for several hours and 
prolong the gastric residence time of a drug. In some 

embodiments, the modified release formulation is a combi- 
nation of any of the above-described embodiments. 

In some embodiments of the method described herein, for 
oral administration, the modified release formulation can 

combine minoxidil or a pharmaceutically acceptable salt 

thereof with another pharmaceutical agent with one or more 
pharmaceutically acceptable carriers well known in the art. 

Such carriers facilitate formulation as tablets, pills, dragees, 
capsules, liquids, gels, syrups, slurries, suspensions and the 

like, for oral ingestion by a patient to be treated. For oral 
solid formulations such as, for example, powders, capsules 

and tablets, suitable excipients include fillers such as sugars, 

such as lactose, sucrose, mannitol and sorbitol; cellulose 
preparations such as maize starch, wheat starch, rice starch, 

potato starch, gelatin, gum tragacanth, methyl cellulose, 
hydroxypropylmethyl-cellulose, sodium carboxymethylcel- 

lulose, and/or polyvinylpyrrolidone (PVP); granulating 

agents; and binding agents. If desired, disintegrating agents 
may be added, such as the cross-linked polyvinylpyrroli- 

done, agar, or alginic acid or a salt thereof such as sodium 
alginate. If desired, solid dosage forms may be sugar-coated 

or enteric-coated using standard techniques. 
For oral liquid preparations such as, for example, suspen- 

sions, elixirs and solutions, suitable carriers, excipients or 

diluents include water, glycols, oils, alcohols, ete. Addition- 
ally, flavoring agents, preservatives, coloring agents and the 

like can be added. For buccal administration, the composi- 
tions may take the form of tablets, lozenges, etc. formulated 

in conventional manner. 
In some embodiments of the method described herein, the 

modified release formulations may comprise a matrix 

selected from microcrystalline cellulose, sodium carboxym- 
ethylcellulose, hydroxyalkylcelluloses such as hydroxy pro- 

py! methylcellulose and hydroxypropylcellulose, polyethyl- 
ene oxide, alkylcelluloses such as methylcellulose and 

ethylcellulose, polyethylene glycol, polyvinylpyrrolidone, 
cellulose acetate, cellulose acetate butyrate, cellulose acetate 

phthalate, cellulose acetate trimellitate, polyvinyl acetate 

phthalate, polyalkylmethacrylates, polyvinyl acetate and 
mixtures thereof. 

Kit 
Embodiments described herein are directed to a kit com- 

prising a slow modified release vehicle comprising an oral 
pharmaceutical formulation comprising minoxidil or a phar- 

maceutically acceptable salt thereof and an information 

sheet. 
In some embodiments of the kit described herein, the oral 

pharmaceutical formulation comprises minoxidil or a phar-
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maceutically acceptable salt thereof, a release modifier, a 
filler, a glidant, a lubricant, and combinations thereof. 

In some embodiments, the kit described herein comprises 

minoxidil or a pharmaceutically acceptable salt thereof in an 
amount of about 0.075% to about 33% (w/w) of the total 

formulation. In some embodiments, the kit described herein 
comprises minoxidil or a pharmaceutically acceptable salt 

thereof in an amount of about 0.083% to about 33% (w/w) 
of the total formulation. In some embodiments of the kit 

described herein, the oral pharmaceutical formulation com- 

prises minoxidil or a pharmaceutically acceptable salt 
thereof in an amount of about 0.1% to about 20% (w/w) of 

the total formulation. In some embodiments, the kit com- 
prises an oral pharmaceutical formulation comprising 

minoxidil or a pharmaceutically acceptable salt thereof in an 
amount of about 1% to about 10% (w/w) of the total 

formulation. In some embodiments, the kit comprises 

minoxidil or a pharmaceutically acceptable salt thereof in an 
amount of about 1% to about 5% (w/w) of the total formu- 

lation. In some embodiments, the kit comprises minoxidil or 
a pharmaceutically acceptable salt thereof in an amount of 

about 1% to about 1.5% (w/w) of the total formulation. In 
some embodiment, the kit comprises an oral pharmaceutical 

formulation comprising minoxidil or a pharmaceutically 

acceptable salt thereof in an amount (w/w) of about 0.075%, 
about 0.1%, about 0.25%, about 0.5%, about 0.75%, about 

1%, about 1.5%, about 2%, about 2.5%, about 3%, about 
3.5%, about 4%, about 5%, about 6%, about 7%, about 8%, 

about 9%, about 10%, about 12%, about 14%, about 15%, 
about 16%, about 18%, about 20%, about 25%, about 30%, 

about 33%, or any range within these values. 

In some embodiments of the kit described herein, the oral 
pharmaceutical formulation comprises a release modifier in 

an amount of about 20% to about 95% (w/w) of the total 
formulation. In some embodiments, the kit comprises an oral 

pharmaceutical formulation comprising a release modifier in 

an amount of about 50% to about 80% (w/w) of the total 
formulation. In some embodiments, the kit comprises an oral 

pharmaceutical formulation comprising a release modifier in 
an amount (w/w) of about 20%, about 25%, about 30%, 

about 40%, about 45%, about 50%, about 55%, about 60%, 
about 65%, about 70%, about 75%, about 80%, about 85%, 

about 90%, about 95%, or any range within these values. 

In some embodiments of the kit described herein, the oral 
pharmaceutical formulation comprises a glidant in an 

amount of about 0.01% to about 2% (w/w) of the total 
formulation. In some embodiments, the kit comprises an oral 

pharmaceutical formulation comprising a glidant in an 
amount of about 0.1% to about 0.3% (w/w) of the total 

formulation. In some embodiments, the kit comprises an oral 

pharmaceutical formulation comprising a glidant in an 
amount (w/w) of about 0.01%, about 0.02%, about 0.03%, 

about 0.04%, about 0.05%, about 0.06%, about 0.07%, 
about 0.08%, about 0.09%, about 0.1%, about 0.15%, about 

0.2%, about 0.25%, about 0.35%, or any range within these 
values. 

In some embodiments of the kit described herein, the oral 

pharmaceutical formulation comprises a lubricant in an 
amount of about 0.1% to about 1% (w/w) of the total 

formulation. In some embodiments, the kit comprises an oral 
pharmaceutical formulation comprising a lubricant in an 

amount of about 0.4% to about 0.6% (w/w) of the total 
formulation. In some embodiments, the kit comprises an oral 

pharmaceutical formulation comprising a lubricant in an 

amount (w/w) of about 0.1%, about 0.2%, about 0.3%, about 
0.4%, about 0.5%, about 0.6%, about 0.7%, about 0.8%, 

about 0.9%, about 1%, or any range within these values. 
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In some embodiments of the kit described herein, the 

release modifier is hydroxy propyl methylcellulose (HPMC) 

or lactose monohydrate. In some embodiments, the hydroxy- 

propyl methylcellulose is HPMC K4M or HPMC K200M. 
In some embodiments, the HPMC K4M is in an amount of 

0 mg to about 45 mg in a 150 mg formulation. In some 
embodiments, the HPMC K4M is 0% to about 30% (w/w) 

of the total formulation. In some embodiments, the HPMC 
K200M is in an amount of 0 mg to about 120 mg in a 150 

mg formulation. In some embodiments, the HPMC K200M 

is about 0% to about 80% (w/w) of the total formulation. In 
some embodiments, the lactose monohydrate is in an 

amount of about 0 mg to about 55 mg in a 150 mg 
formulation. In some embodiments, the lactose monohy- 

drate is about 0 to about 40% (w/w) of the total formulation. 
In some embodiments of the kit described herein, the filler 

is microcrystalline cellulose, talc, calctum carbonate (e.g., 

granules or powder), powdered cellulose, dextrates, kaolin, 
mannitol, silicic acid, sorbitol, starch, pre-gelatinized starch, 

and mixtures thereof. In some embodiments, the filler is in 
an amount of about of about 25 mg to about 55 mg ina 150 

mg formulation. In some embodiments, the microcrystalline 
cellulose is about 15% to about 40% (w/w) of the total 

formulation. 

In some embodiments, the glidant is silica (colloidal 
anhydrous), starch, talc, magnesium stearate, calcium stear- 

ate, zinc stearate, dibasic calcium phosphate, magnesium 
carbonate, magnesium oxide, calcium silicate, silicon diox- 

ide, silicon dioxide, colloidal silicon dioxide, talc, sodium 
lauryl sulfate, native starch, or combinations thereof. In 

some embodiments of the kit described herein, the glidant is 

silica. In some embodiments the silica is colloidal anhy- 
drous. In some embodiments, the glidant is in an amount of 

about 0.3 mg to about 5 mg in a 150 mg formulation. In 
some embodiments, the glidant is about 0.001% to about 

0.04% (w/w) of the total formulation. 

In some embodiments of the kit described herein, the 
lubricant is magnesium stearate, calcium stearate, zinc stear- 

ate, stearic acid, hydrogenated vegetable oils, sterotex, poly- 
oxyethylene, monostearate, talc, polyethyleneglycol, 

sodium benzoate, sodium lauryl sulfate, magnesium lauryl 
sulfate, light mineral oil, or combinations thereof. In some 

embodiments, the lubricant is in an amount of about 0.75 mg 

to about 1.5 mg in a 150 mg formulation. In some embodi- 
ments, the lubricant is about 0.005% to about 0.01% (w/w) 

of the total formulation. 
In some embodiments of the kit described herein, the slow 

modified release vehicle further comprises one or more 
active agents selected from a non-steroid anti-androgen, a 

17a-hydroxyprogesterone derivative, a 19-norprogesterone 

derivative, a 19-nortestosterone derivative, a 17a-spirolac- 
tone derivative, a 5-alpha reductase inhibitor, an estrogen, a 

GnRH analog, a prostaglandin F2a analog, a prostamide, a 
prostanoid receptor agonist, a prostaglandin D2 receptor 

antagonist, a prostglandin E2 analog, an EP 2 receptor 
agonist, a JAK inhibitor, an alopecia areata medication, a 

supplement, and combinations thereof. In some embodi- 

ments, the slow modified release vehicle further comprises 
medrogestone, cetirizine, setipiprant, valproic acid, and 

combinations thereof. 
In any embodiment of the kit described herein, the non- 

steroid anti-androgen is selected from flutamide, clasco- 
terone, bicalutamide, pyrilutamide, enzualutamide, niluta- 

mide, apalutamide, proxilutamide, cimetidine, topalutamide, 

and combinations thereof. In any embodiment, the 17a- 
hydroxyprogesterone derivative is selected from chlormadi- 

none acetate, cyproterone acetate, megestrol acetate, osater-
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one acetate, and combinations thereof. In any embodiment, 
the 19-norprogesterone derivative is nomegestrol acetate. In 

any embodiment, 19-nortestosterone derivative is selected 

from dienogest, oxendolone, and combinations thereof. In 
any embodiment, the 17a-spirolactone derivative is selected 

from drospirenone, spironolactone, and combinations 
thereof. In any embodiment, the 5-alpha reductase inhibitor 

is selected from alfatradiol, dutasteride, epristeride, finas- 
teride, saw palmetto extract, bexlosteride, izonsteride, epi- 

gallocatechin, fluridil, and combinations thereof. In any 

embodiment, the estrogen is selected from estradiol, estra- 
diol esters, ethinylestradiol, conjugated estrogens, diethyl- 

stilbestrol, and combinations thereof. In any embodiment, 
the GnRH analog is a GnRH agonist wherein the GnRH 

agonist is selected from goserelin, buserelin, leuprorelin, 
and combinations thereof. In any embodiment, the GnRH 

analog is a GnRH antagonist wherein the GnRH antagonist 

is cetrorelix. In any embodiment, the prostaglandin F2a 
analog is latanoprost, travoprost, tafluprost, unoprostone, 

dinoprost, AS604872, BOL303259X, PF3187207, carbo- 
prost, and combinations thereof. In any embodiment, the 

prostamide is bimatoprost. In any embodiment, the pros- 
tanoid receptor agonist is fluprostenol, cicaprost, and com- 

binations thereof. In any embodiment, the prostaglandin D2 

receptor antagonist is laropiprant, AM211, and combinations 
thereof. In any embodiment, the prostaglandin E2 analog is 

sulprostone. In any embodiment, the EP2 receptor agonist is 
butaprost, diazoxide, kopexil, pinacidil, ET-02, and combi- 

nations thereof. 
In any embodiment, the JAK inhibitor is abrocitinib, 

baricitinib, brepocitinib, decernotinib, delgocitinib, deurux- 

olitinib, deucravacitinib, fedratinib, filgotinib, gusacitinib, 
itacitinib, oclacitinib, pacritinib, peficitinib, ritlecitnib, rux- 

olitinib, tofacitinib, upadacitinib, SHRO302, ATI-2138, jack- 
tinib, and combinations thereof. In any embodiment, the 

alopecia areata medication is selected from etrasimod, fin- 

golimod, ozanimod, siponimod, ponesimod, and combina- 
tions thereof. In any embodiment, the supplement is selected 

from biotin, zinc, selenium, caffeine, sodium chloride, 
marine collagen, and combinations thereof. 

In some embodiments of the kit described herein, the kit 
comprises an information sheet. In some embodiments, the 

information sheet comprises instructions for selecting an 

oral dosage form based on a body weight of a patient. In 
some embodiment, the information sheet comprises instruc- 

tions for selecting a daily dose of minoxidil or a pharma- 
ceutically acceptable salt thereof. 

In some embodiments of the kit described herein, the 
information sheet comprises a warning of adverse effects. In 

some embodiments, the adverse effects are selected from 

peripheral edema and hirsutism. 
In some embodiments of the kit described herein, the 

minoxidil or a pharmaceutically acceptable salt thereof is 
administered only once daily. In some embodiments, the 

minoxidil or a pharmaceutically acceptable salt thereof is 
administered at least once daily. In some embodiments, the 

minoxidil or a pharmaceutically acceptable salt thereof is 

administered four times per day. In some embodiments, the 
minoxidil or a pharmaceutically acceptable salt thereof is 

administered three times per day. In some embodiments, the 
minoxidil or a pharmaceutically acceptable salt thereof is 

administered two times per day. 
In some embodiments of the kit described herein, the slow 

modified release vehicle releases about 50% to about 98% of 

the daily dose of minoxidil or a pharmaceutically acceptable 
salt thereof within about 12 hours after the oral administra- 

tion. In some embodiments of the pharmaceutical formula- 
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tion described herein, the extended release formulation 
releases about 50% to about 98% of the daily dose of 

minoxidil or a pharmaceutically acceptable salt thereof 

within about 18 hours after the oral administration. In some 
embodiments described herein, the slow modified release 

vehicle releases about 50%, about 55%, about 60%, about 
65%, about 70%, about 75%, about 80%, about 85%, about 

90%, about 95%, about 98% of the daily dose of minoxidil 
or a pharmaceutically acceptable salt thereof within about 18 

hours after the oral administration, or any range within these 

values. 
In some embodiments of the kit described herein, the oral 

pharmaceutical formulation comprising exhibits a dissolu- 
tion profile wherein about 25% of the formulation dissolves 

in in a neutral pH solution in less than about 2 hours or less 
than about 4 hours. In some embodiments, about 25% of the 

pharmaceutical formulation dissolves in a neutral pH solu- 

tion at about 0.5 hours, about 0.75 hours, about, 1 hour, 
about 1.5 hours, about 2 hours, about 2.5 hours, about 3 

hours, or about 4 hours. 
In some embodiments of the kit described herein, the oral 

pharmaceutical formulation comprising exhibits a dissolu- 
tion profile wherein about 50% of the pharmaceutical for- 

mulation dissolves in a neutral pH solution in less than about 

2 hours, less than about 6 hours, or less than about 12 hours. 
In some embodiments, about 50% of the pharmaceutical 

formulation dissolves in a neutral pH solution at about 1 
hour, about 1.5 hours, about 2 hours, about 3 hours, about 4 

hours, about 6 hours, about 8 hours, or about 10 hours. 
In some embodiments of the kit described herein, the oral 

pharmaceutical formulation exhibits a dissolution profile 

wherein about 75% of the pharmaceutical formulation dis- 
solves in a neutral pH solution in less than about 4 hours, 

less than about 8 hours, less than about 12 hours, or less than 
about 18 hours. In some embodiments, about 75% of the 

pharmaceutical formulation dissolves in a neutral pH solu- 

tion at about 3 hours, about 3.5 hours, about 4 hours, about 
4.5 hours, about 5 hours, about 6 hours, about 8 hours, about 

10 hours, about 12 hours, about 14 hours, or about 16 hours. 
In some embodiments of the kit described herein, the oral 

pharmaceutical formulation exhibits a dissolution profile 
wherein about 100% of the pharmaceutical formulation 

dissolves in a neutral pH in less than about 12 hours, less 

than about 24 hours, or less than about 48 hours. In some 
embodiments, about 100% of the pharmaceutical formula- 

tion dissolves in a neutral pH at about 10 hours, about 12 
hours, about 14 hours, about 16 hours, about 18 hours, about 

20 hours, about 22 hours, about 24 hours, about 26 hours, or 
about 28 hours. 

In some embodiments of the kit described herein, the oral 

pharmaceutical formulation exhibits a zero order release of 
minoxidil or a pharmaceutically acceptable salt thereof, a 

pseudo zero order release of minoxidil or a pharmaceutically 
acceptable salt thereof, a first order release of minoxidil or 

a pharmaceutically acceptable salt thereof, a pseudo first 
order release of minoxidil or a pharmaceutically acceptable 

salt thereof, or a second order release of minoxidil or a 

pharmaceutically acceptable salt thereof. 
In some embodiments of the kit described herein, the 

minoxidil or a pharmaceutically acceptable salt thereof is in 
a therapeutically effective amount. In some embodiments, 

the one or more active agents are in a therapeutically 
effective amount. In some embodiments, the pharmaceutical 

formulation comprises minoxidil or a pharmaceutically 

acceptable salt thereof in a subtherapeutic amount. In some 
embodiments, the pharmaceutical formulation comprises 

one or more active agents in a subtherapeutic amount. In
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some embodiments, the pharmaceutical formulation com- 
prises minoxidil or a pharmaceutically acceptable salt 

thereof and one or more active agents wherein the minoxidil 

or a pharmaceutically acceptable salt thereof and the one or 
more active agents are each in subtherapeutic amounts. 

In some embodiments of the kit described herein, the 
daily dose of minoxidil or a pharmaceutically acceptable salt 

thereof is about 25% to about 500% of the amount of the 
immediate-release oral minoxidil or a pharmaceutically 

acceptable salt thereof used to treat hypertension. In some 

embodiments, the daily dose of minoxidil or a pharmaceu- 
tically acceptable salt thereof is about 10% to about 90% of 

the amount of the immediate-release oral minoxidil or a 
pharmaceutically acceptable salt thereof used to treat hyper- 

tension. In some embodiments, the daily dose of minoxidil 
or a pharmaceutically acceptable salt thereof is about 10%, 

about 15%, about 20%, about 25%, about 30%, about 35%, 

about 40%, about 45%, about 50%, about 55%, about 60%, 
about 65%, about 70%, about 75%, about 80%, about 85%, 

about 90%, about 95%, about 100%, about 125%, about 
150%, about 175%, about 200%, about 225%, about 250%, 

about 275%, about 300%, about 325%, about 350%, about 
375%, about 400%, about 425%, about 450%, about 475%, 

about 500% of the amount of the immediate-release oral 

minoxidil or a pharmaceutically acceptable salt thereof used 
to treat hypertension, or any range within these values. 

In some embodiments of the kit described herein, the 
daily dose of minoxidil or a pharmaceutically acceptable salt 

thereof is in an amount of about 0.25 mg to about 50 mg. In 
some embodiments, the daily dose of minoxidil or a phar- 

maceutically acceptable salt thereof is in an amount of about 

0.5 mg to about 2.5 mg. In some embodiments, the daily 
dose of minoxidil or a pharmaceutically acceptable salt 

thereof is in an amount of about 0.625 mg to about 7.5 mg. 
In some embodiments, the daily dose of minoxidil or a 

pharmaceutically acceptable salt thereof is in an amount of 

about 0.5 mg to about 10 mg. In some embodiments, the 
daily dose of minoxidil or a pharmaceutically acceptable salt 

thereof is about 0.25 mg to about 20 mg. In some embodi- 
ments, the daily dose of minoxidil or a pharmaceutically 

acceptable salt thereof is in an amount of about 0.125 mg to 
about 100 mg. In some embodiments, the daily dose of 

minoxidil or a pharmaceutically acceptable salt thereof is 

about 2.5 mg. In some embodiments, the daily dose of 
minoxidil or a pharmaceutically acceptable salt thereof is in 

an amount of about 0.125 mg, about 0.25 mg, about 5 mg, 
about 0.625 mg, about 0.75 mg, about 1 mg, about 1.25 mg, 

about 1.5 mg, about 2 mg, about 2.5 mg, about 3 mg, about 
3.5 mg, about 4 mg, about 4.5 mg, about 5 mg, about 5.5 mg, 

about 6 mg, about 6.5 mg, about 7 mg, about 7.5 mg, about 

8 mg, about 9 mg, about 10 mg, about 12 mg, about 15 mg, 
about 18 mg, about 20 mg, about 25 mg, about 30 mg, about 

35 mg, about 40 mg, about 45 mg, about 50 mg, about 55 
mg, about 60 mg, about 65 mg, about 70 mg, about 75 mg, 

about 80 mg, about 85 mg, about 90 mg, about 95 mg, about 
100 mg, or any range within these values. 

In some embodiments of the kit described herein, the 

daily dose of minoxidil or a pharmaceutically acceptable salt 
thereof is administered to a subject in an amount of about 

0.000625 mg/kg/day to about 1.25 mg/kg/day. In some 
embodiments of the kit described herein, the daily dose of 

minoxidil or a pharmaceutically acceptable salt thereof is 
administered to a subject in an amount of about 0.00625 

mg/kg/day to about 0.5 mg/kg/day. In some embodiments, 

the daily dose of the minoxidil or a pharmaceutically accept- 
able salt thereof is about 0.00625 mg/kg/day to about 0.375 

mg/kg/day. In some embodiments, the daily dose of the 
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minoxidil or a pharmaceutically acceptable salt thereof is 
about 0.000625 mg/kg/day; about 0.00125 mg/kg/day, about 

0.0025 mg/kg/day, about 0.00375 mg/kg/day, about 0.005 

mg/kg/day, about 0.00625 mg/kg/day, about 0.0125 mg/kg/ 
day, about 0.025 mg/kg/day, about 0.0375 mg/kg/day, about 

0.05 mg/kg/day, about 0.0625 mg/kg/day, about 0.075 
mg/kg/day, about 0.0875 mg/kg/day, about 0.1 mg/kg/day, 

about 0.125 mg/kg/day, about 0.25 mg/kg/day, about 0.5 
mg/kg/day, about 0.625 mg/kg/day, about 0.75 mg/kg/day, 

about 1 mg/kg/day, or any range within these values. 

In some embodiments of the method described herein, the 
daily dose of minoxidil or a pharmaceutically acceptable salt 

thereof is in an amount of about 0.625 mg four times per day. 
In some embodiments of the kit described herein, the oral 

administration of the daily dose minoxidil or a pharmaceu- 
tically acceptable salt thereof results in a Cmax of about 0.25 

ng/ml to about 20 ng/ml. In some embodiments, the oral 

administration of the daily dose minoxidil or a pharmaceu- 
tically acceptable salt thereof results in a Cmax that is 

devoid of cardiac effects. 
In some embodiments of the kit described herein, the oral 

administration results in a half-life or effective half-life of 
the daily dose of minoxidil or a pharmaceutically acceptable 

salt thereof of about 1 hour to about 24 hours. In some 

embodiments, the oral administration results in a half-life or 
effective half-life of the daily dose of minoxidil or a phar- 

maceutically acceptable salt thereof of about 1 hour, about 
2 hours, about 3 hours, about 4 hours, about 5 hours, about 

6 hours, about 7 hours, about 8 hours, about 9 hours, about 
10 hours, about 12 hours, about 14 hours, about 16 hours, 

about 18 hours, about 20 hours, about 22 hours, about 24 

hours, or any range within these values. 
In some embodiments of the kit described herein, the oral 

administration of the daily dose of minoxidil or a pharma- 
ceutically acceptable salt thereof results in a Tmax of about 

30 to about 360 minutes. In some embodiments, the oral 

administration of the daily dose of minoxidil or a pharma- 
ceutically acceptable salt thereof results in a delayed release 

that results in a Tmax between both 30 to 360 minutes and 
between 390 minutes and 1080 minutes. 

In some embodiments of the kit described herein, the oral 
administration of the daily dose of modified release minoxi- 

dil or a pharmaceutically acceptable salt thereof results in an 

AUC that is greater than an equivalent dose of an immediate 
release formulation. In some embodiments of the kit 

described herein, the oral administration of the daily dose of 
the modified release minoxidil or a pharmaceutically accept- 

able salt thereof results in an AUC that is less than an 
equivalent dose of immediate release formulation. In some 

embodiments of the kit described herein, the oral adminis- 

tration of the daily dose of the modified release minoxidil or 
a pharmaceutically acceptable salt thereof results in an AUC 

that is equal to an equivalent dose of immediate release 
formulation. 

In some embodiments of the kit described herein, the slow 
modified release vehicle is an inert solid vehicle, or matrix, 

in which a drug is uniformly suspended, including in the 

form of tablets or small beads. In some embodiments, the 
matrix is a gelling material including gelatin, methylcellu- 

lose, gum tragacanth, Veegum, and alginic acid. In some 
embodiments, the matrix is a polymer including polylactic 

acid copolymer, polyacrylate, methacrylate, polyester, eth- 
ylene-vinyl acetate copolymer (EVA), polyglycolide, poly- 

lactide, and silicone. In some embodiments, the slow modi- 

fied release vehicle is a slow-release pellet, bead, or granule. 
In some embodiments, the modified release formulation is 

an extended release tablet where the solubility of a drug is
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modified for extended release. In some embodiments, the 
extended release tablet is formed by using the nonionized 

base or acid form of the drug. In some embodiments, the 

extended release tabled is formed by granulating the drug 
with excipients (including stearic acid, castor wax, high- 

molecular-weight polyethylene glycol (Carbowax), glyceryl 
monosterate, white wax, spermaceti oil, magnesium stearate 

and hydrogenated vegetable oil (Sterotex)) to decrease the 
aqueous solubility of the drug. In some embodiments, the 

slow modified release vehicle is an ion-exchange prepara- 

tion whereby an anionic or cationic drug is complexed with 
an oppositely charged ionic resin to form an insoluble 

nonabsorbable resin-drug complex. 
In some embodiments of the kit described herein, the slow 

modified release vehicle further comprises one or more 
pharmaceutically acceptable excipients. Examples of phar- 

maceutically acceptable excipients that may be present in 

the composition include but are not limited to fillers/ve- 
hicles, solvents/co-solvents, preservatives, antioxidants, 

suspending agents, surfactants, antifoaming agents, buffer- 
ing agents, chelating agents, sweeteners, flavoring agents, 

binders, extenders, disintegrants, diluents, lubricants, fillers, 
wetting agents, glidants, and combinations thereof. 

In some embodiments of the kit described herein, the slow 

modified release vehicle can further comprise one or more 
exemplary fillers. Examples of exemplary fillers include 

cellulose and cellulose derivatives such as microcrystalline 
cellulose; powdered cellulose; dextrates; starches such as 

dry starch, hydrolyzed starch, and starch derivatives such as 
corn starch; cyclodextrin; sugars such as powdered sugar 

and sugar alcohols such as lactose, mannitol, sucrose and 

sorbitol; inorganic fillers such as aluminum hydroxide gel, 
calcium carbonate (granule or powder), precipitated calcium 

carbonate, carbonate, magnesium aluminometasilicate, 
dibasic calcium phosphate; and sodium chloride, silicon 

dioxide, silicic acid, titanium dioxide, titanium oxide, dical- 

cium phosphate dihydrate, calctum sulfate, alumina, kaolin, 
talc, or combinations thereof. Fillers may be present in the 

composition from about 20 wt % to about 65 wt %, about 20 
wt % to about 50 wt %, about 20 wt % to about 40 wt %, 

about 45 wt % to about 65 wt %, about 50 wt % to about 65 
wt %, or about 55 wt % to about 65 wt % of the total weight 

of the composition, or any value between these ranges. 

In some embodiments of the kit described herein, the slow 
modified release vehicle further comprises one or more 

disintegrants. Examples of disintegrants include starches, 
alginic acid, crosslinked polymers such as crosslinked poly- 

vinylpyrrolidone, croscarmellose sodium, potassium starch 
glycolate, sodium starch glycolate, clays, celluloses, 

starches, gums, or combinations thereof. Disintegrants may 

be present in the composition from about 1 wt % to about 10 
wt %, about 1 wt % to about 9 wt %, about 1 wt % to about 

8 wt %, about 1 wt % to about 7 wt %, about 1 wt % to about 
6 wt %, or about 1 wt % to about 5 wt % of the total weight 

of the composition, or any value between these ranges. 
In some embodiments of the kit described herein, the slow 

modified release vehicle further comprises one or more 

binders, including but not limited to celluloses such as 
hydroxypropylcellulose, methyl cellulose, and hydroxypro- 

pylmethylcellulose; starches such as corn starch, pregelati- 
nized starch, and hydroxypropyl starch; waxes and natural 

and synthetic gums such as acacia, tragacanth, sodium 
alginate; synthetic polymers such as polymethacrylates and 

polyvinylpyrrolidone; and povidone, dextrin, pullulane, 

agar, gelatin, tragacanth, macrogol, or combinations thereof. 
Binders may be present in the composition from about 0.5 

wt % to about 5 wt %, about 0.5 wt % to about 4 wt %, about 
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0.5 wt % to about 3 wt %, about 0.5 wt % to about 2 wt %, 
or about 0.5 wt % to about 1 wt % of the total weight of the 

composition, or any value between these ranges. 

In some embodiments of the kit described herein, slow 
modified release vehicle further comprises one or more 

wetting agents, including but not limited to oleic acid, 
glyceryl monostearate, sorbitan mono-oleate, sorbitan 

monolaurate, triethanolamine oleate, polyoxyethylene sor- 
bitan mono-oleate, polyoxyethylene sorbitan monolaurate, 

sodium oleate, sodium lauryl sulfate, poloxamers, polox- 

amer 188, polyoxyethylene ethers, polyoxyethylene sorbitan 
fatty acid esters, polyoxyethylene fatty acid esters, polyeth- 

ylene glycol fatty acid esters, polyoxyethylene hardened 
castor oil, polyoxyethylene alkyl ethers, polysorbates, cetyl 

alcohol, glycerol fatty acid esters (for example, triacetin, 
glycerol monostearate, etc.), polyoxymethylene stearate, 

sodium laury] sulfate, sorbitan fatty acid esters, sucrose fatty 

acid esters, benzalkonium chloride, polyethoxylated castor 
oil, and combinations thereof. Wetting agents may be pres- 

ent in the composition from about 0.1 wt % to about 1 wt %, 
about 0.1 wt % to about 2 wt %, about 0.1 wt % to about 3 

wt %, about 0.1 wt % to about 4 wt %, or about 0.1 wt % 
to about 5 wt % of the total weight of the composition, or 

any value between these ranges. 

In some embodiments of the kit described herein, the slow 
modified release vehicle further comprises one or more 

lubricants, including but not limited to stearic acid, magne- 
sium stearate, calctum hydroxide, talc, corn starch, sodium 

stearyl fumarate, alkali-metal and alkaline earth metal salts, 
waxes, boric acid, sodium benzoate, sodium acetate, sodium 

chloride, leucine, polyethylene glycol (PEG), a methoxy- 

polyethylene glycol, propylene glycol, sodium oleate, glyc- 
eryl behenate, glyceryl palmitostearate, glyceryl benzoate, 

magnesium lauryl sulfate, sodium lauryl sulfate, and com- 
binations thereof. Lubricants may be present in the compo- 

sition from about 0.1 wt % to about 5 wt %, about 0.1 wt % 

to about 4 wt %, about 0.1 wt % to about 3 wt %, about 0.1 
wt % to about 2 wt %, or about 0.1 wt % to about 1 wt % 

of the total weight of the composition, or any value between 
these ranges. 

In some embodiments of the kit described herein, slow 
modified release vehicle further comprises one or more 

glidants, including but not limited to colloidal silicon diox- 

ide, talc, sodium lauryl sulfate, native starch, and combina- 
tions thereof. Glidants may be present in the composition 

from about 0.05 wt % to about 1 wt %, about 0.05 wt % to 
about 0.9 wt %, about 0.05 wt % to about 0.8 wt %, about 

0.05 wt % to about 0.5 wt %, or about 0.05 wt % to about 
0.1 wt % of the total weight of the composition, or any value 

between these ranges. 

In some embodiments of the kit described herein, the slow 
modified release vehicle is a tablet and further comprises a 

top coat, such as hydroxypropyl-methylcellulose coating or 
polyvinyl alcohol coating, and are available under the trade 

name Opadry, such as Opadry White, Opadry II (Opadry is 
a registered trademark of BPSI Holdings LLC, Wilmington, 

DE, USA). Top coats may be present in the composition 

from about 1 wt % to about 10 wt %, about 1 wt % to about 
9 wt %, about 1 wt % to about 8 wt %, about 1 wt % to about 

7 wt %, about 1 wt % to about 6 wt %, or about 1 wt % to 
about 5 wt % of the total weight of the composition, or any 

value between these ranges. 
In some embodiments of the kit described herein, the slow 

modified release vehicle can further comprise one or more 

preservative agents. Examples of preservative agents 
include sodium benzoate, paraoxybenzoic acid esters, 

methyl, ethyl, butyl, and propyl parabens, chlorobutanol,
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benzyl alcohol, phenylethylalcohol, dehydroacetic acid, sor- 
bic acid, benzalkonium chloride (BKC), benzethonium chlo- 

ride, phenol, phenylmercuric nitrate, thimerosal, or combi- 

nations thereof. Preservative agents can be included in the 
liquid dosage form. The preservative agents can be in an 

amount sufficient to extend the shelf-life or storage stability, 
or both, of the liquid dosage form. Preservatives may be 

present in the composition from about 0.05 wt % to about 1 
wt %, about 0.05 wt % to about 0.9 wt %, about 0.05 wt % 

to about 0.8 wt %, about 0.05 wt % to about 0.5 wt %, or 

about 0.05 wt % to about 0.1 wt % of the total weight of the 
composition, or any value between these ranges. 

In some embodiments of the kit described herein, the slow 
modified release vehicle can further comprise one or more 

flavoring agents. Examples of flavoring agents include syn- 
thetic flavor oils and flavoring aromatics and/or natural oils, 

extracts from plants leaves, flowers, fruits, and so forth and 

the like or any combinations thereof. Additional examples 
include cinnamon oil, oil of wintergreen, peppermint oils, 

clove oil, bay oil, anise oil, eucalyptus, thyme oil, cedar leaf 
oil, oil of nutmeg, oil of sage, oil of bitter almonds, and 

cassia oil and the like or any combinations thereof. Also 
useful as flavors are vanilla, citrus oil, including lemon, 

orange, grape, lime and grapefruit, and fruit essences, 

including apple, banana, pear, peach, strawberry, raspberry, 
cherry, plum, pineapple, apricot, strawberry flavor, tutti- 

fruity flavor, mint flavor, or any combinations thereof. 
Flavoring agents may be present in the composition from 

about 0.1 wt % to about 5 wt %, about 0.1 wt % to about 4 
wt %, about 0.1 wt % to about 3 wt %, about 0.1 wt % to 

about 2 wt %, or about 0.1 wt % to about 1 wt % of the total 

weight of the composition, or any value between these 
ranges. 

In some embodiments of the kit described herein, the slow 
modified release vehicle can generally be in any physical 

form suitable for use in treating a subject. These forms can 

be referred to as a unit dosage form, such as an individual 
pill or tablet. In some examples, the pharmaceutical com- 

positions can be formulated as tablets, capsules, granules, 
powders, liquids, suspensions, gels, syrups, slurries, sup- 

positories, patches, nasal sprays, aerosols, injectables, 
implantable sustained-release formulations, or mucoadher- 

ent films. In some examples, the pharmaceutical formulation 

may be formed as a tablet, a bi-layer tablet, a capsule, a 
multiparticulate, a drug coated sphere, a matrix tablet, or a 

multicore tablet. A physical form can be selected according 
to the desired method of treatment. 

In some embodiments of the kit described herein, the slow 
modified release vehicle can be manufactured by various 

conventional methods such as conventional mixing, dissolv- 

ing, granulating, dragee-making, levigating, emulsifying, 
encapsulating, entrapping, or lyophilizing processes. Slow 

modified release vehicles can be formulated in a conven- 
tional manner using one or more physiologically acceptable 

carriers, diluents, excipients or auxiliaries that facilitate 
processing of the active agent into preparations that can be 

used pharmaceutically. Proper formulation can be selected 

upon the oral route of administration chosen. 
In some embodiments, the slow modified release vehicle 

is a core tablet, or a tablet within a tablet, whereby the inner 
core is used for the slow-drug-release component, and the 

outside shell contains a rapid-release dose of drug. In some 
embodiments, the slow modified release vehicle is achieved 

via microencapsulation whereby microscopic drug particles 

are encapsulated with a special coating material, such as 
ethylcellulose. In some embodiments, the slow modified 

release vehicle is an osmotic drug delivery system in the 
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form of a tablet which contains an outside semipermeable 
membrane and an inner core filled with a mixture of drug 

and osmotic agent (salt solution). In some embodiments, the 

slow modified release vehicle is a gastroretentive system 
that can remain in the gastric region for several hours and 

prolong the gastric residence time of a drug. In some 
embodiments, the slow modified release vehicle is a com- 

bination of any of the above-described embodiments. 
In some embodiments of the pharmaceutical formulation 

described herein, the pharmaceutical formulation is a tablet. 

In some embodiments, the tablet is a sustained release or 
controlled release tablet. The sustained release or controlled 

release tablet may be an osmotic pump type controlled 
release tablet, a matrix type controlled release tablet or a 

sustained and controlled release tablet based on sustained 
release pellets. Among them, the osmotic pump type con- 

trolled release tablets include osmotic pump controlled 

release tablets and osmotic pump immediate and sustained 
double-release tablets, and the matrix type controlled release 

tablets include matrix type sustained release tablets, matrix 
type immediate and sustained double-release double layer 

tablets and matrix type immediate and sustained double- 
release coated tablets, etc. The sustained and controlled 

release tablets based on sustained release pellets include 

sustained release tablets based on sustained release pellets, 
and immediate and sustained double-release tablets based on 

sustained release pellets and immediate release pellets. The 
sustained and controlled release tablet described above can 

specifically achieve the drug release behavior of the present 
invention in the following manners: osmotic pump type 

controlled release tablets, matrix type controlled release 

tablets, or sustained release tablets based on sustained 
release pellets. 

The osmotic pump controlled release tablet of the inven- 
tion may be a single layer osmotic pump tablet, a single layer 

osmotic pump immediate and sustained double-release tab- 

let, a double layer osmotic pump controlled release tablet or 
a double layer osmotic pump immediate and sustained 

double release tablet. The double-layer osmotic pump con- 
trolled release tablet of the invention mainly comprises: 1) 

a controlled release drug layer, which is formed by a 
controlled release drug layer composition, located in a rigid 

film shell and adjacent to the drug release pore; 2) a push 

layer (also referred to as a boost layer), which is formed by 
a push layer composition, located in a rigid film shell, and 

away from the side of the drug release pore; 3) an optional 
seal coat layer located between the inner surface of the rigid 

film shell and the core composed of the drug layer and the 
push layer, and prepared from the seal coating composition 

by drying; 4) a rigid film shell having moisture permeability, 

which is obtained by drying a controlled release coating 
solution and has one or more drug release pores at one end 

of the film shell; 5) an optional non-limiting aesthetic outer 
coat; 6) an optional non-limiting immediate release drug 

layer formed by an immediate release drug composition, 
located outside the rigid film shell/or the optional aesthetic 

outer coat. Further description of the controlled release 

formulations can be found in U.S. Publication No. 
20200108008, which is incorporated herein by reference in 

its entirety. 
The matrix type controlled release tablets of the present 

invention can have an immediate and sustained double 
release behavior. The controlled release matrix type tablet of 

the invention mainly consists of a sustained release phase 

and an optional immediate release phase. The double-layer 
tablet composed of the sustained release phase and imme- 

diate release phase is an immediate and sustained double
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release matrix type tablet, and the single-layer tablet com- 
posed only of the sustained release phase is an ordinary 

sustained release matrix type tablet. The sustained release 

phase comprises 100 to 900 parts by weight, preferably 150 
to 700 parts by weight, more preferably 200 to 600 parts by 

weight, of the minoxidil or pharmaceutically acceptable salt 
thereof in an improved dissolution form, 10 to 300 parts by 

weight, preferably 30 to 150 parts by weight of a release rate 
adjusting matrix polymer, 0 to 50 parts by weight of a 

diluent, and 0.2 to 30 parts by weight, preferably 1 to 30 

parts by weight, of other common additives for tablets. The 
sustained release phase was prepared by thoroughly mixing 

the components and pressing through common methods well 
known for those skilled in the art. The release rate adjusting 

matrix polymer may be one or a combination of two or more 
selected from the group consisting of polyoxyethylene, 

hydroxypropyl cellulose, hypromellose, methyl cellulose, 

hydroxyethyl cellulose, ethyl cellulose, sodium alginate, 
povidone, copolyvidone, acrylic resin, carbomer; preferably 

one or a combination of two or more selected from the group 
consisting of hydroxypropylcellulose, sodium alginate, 

hypromellose, and carbomer. 
The sustained release tablets based on sustained release 

pellets of the present invention can be a sustained release 

tablet based on sustained release pellets, or an immediate 
and sustained double release tablet based on an immediate 

release matrix/sustained release pellets. 
In some embodiments of the pharmaceutical formulation 

described herein, the pharmaceutical formulation is a cap- 
sule. In some embodiments, the capsule is a controlled 

release capsule preparation which is selected from the group 

consisting of a pellet-based sustained and controlled release 
capsule and a tablet-based sustained and controlled release 

capsule. In some embodiments, the capsule is a microtablet 
based controlled release capsule. The pellet-based sustained 

and controlled release capsule of the present invention is a 

controlled release capsule composed of sustained release 
pellets, or an immediate and sustained double release cap- 

sule composed of sustained release pellets and immediate 
release pellets, and may include capsules containing matrix 

type sustained release pellets, capsules containing coated 
sustained release pellets, capsules containing sustained 

release pellets having immediate release coat, immediate 

and sustained double-release capsules containing immediate 
release pellets and matrix type sustained release pellets, and 

immediate and sustained double-release capsules containing 
immediate release pellets and coated sustained release pel- 

lets. 
The microtablet based sustained and controlled release 

capsules of the invention is controlled release capsules 

composed of sustained release microtablets or immediate 
and sustained double release capsules composed of sus- 

tained release microtablets and immediate release microtab- 
lets, and may include capsules containing matrix type sus- 

tained release microtablets, capsules containing matrix type 
sustained release microtablets with immediate release coat, 

and capsules containing immediate release microtablets and 

matrix type sustained release microtablets. In general, for 
the filling of hard capsules, the produced microtablets have 

a small diameter of typically <5 mm. 
In some embodiments of the pharmaceutical formulation 

described herein, the pharmaceutical formulation further 
comprises an enteric coating. One or more coatings can 

comprise an enteric coating, which is a coating on tablets 

that delays digestion of the tablets until they pass from the 
stomach into the intestines. Enterically coated formulations 

bypass the acidic environment of the stomach in order to 
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eliminate the effect of acidic pH on the solubility of minoxi- 
dil. Enteric coatings typically comprise pH sensitive poly- 
mers. The polymers can be carboxylate and generally inter- 
act very little with water at low pH. At a high pH, however, 
the polymers ionize, thereby causing dissolving of the 
polymer. Coatings can thus be designed to remain intact in 
the acidic environment of the stomach, but to dissolve in the 
more alkaline environment of the intestine. Examples 
include cellulose acetate phthalate, hydroxypropylmethyl- 
ethylcellulose succinate, hydroxypropylmethylcellulose 
phthalate, polyvinyl acetate phthalate, and methacrylic acid- 
methyl methacrylate copolymer. In one aspect, the first 
surface coating comprises polyvinyl alcohol. In a further 
aspect, the first surface coating comprises methacrylic acid- 
ethyl acrylate copolymer. In a further aspect, the first surface 
coating comprises polyvinyl alcohol and methacrylic acid- 
ethyl acrylate copolymer. In a further aspect, the first surface 
coating is an enteric coating comprising one or more of 
polyvinyl alcohol or methacrylic acid-ethyl acrylate copo- 
lymer. In a further aspect, the first surface coating is an 

enteric coating comprising one or more of CAP, PVAP, 
acrylic polymers, acrylic copolymers, HPMCAS, HPMCP, 

or shellac. Further description of the enteric coating can be 

found in U.S. Publication No. 20170020920, which is incor- 
porated herein by reference in its entirety. 

In some embodiments of the kit described herein, for oral 
administration, the slow modified release vehicle can com- 

bine minoxidil or a pharmaceutically acceptable salt thereof 
with another pharmaceutical agent with one or more phar- 

maceutically acceptable carriers well known in the art. Such 

carriers facilitate formulation as tablets, pills, dragees, cap- 
sules, liquids, gels, syrups, slurries, suspensions and the like, 

for oral ingestion by a patient to be treated. For oral solid 
formulations such as, for example, powders, capsules and 

tablets, suitable excipients include fillers such as sugars, 

such as lactose, sucrose, mannitol and sorbitol; cellulose 
preparations such as maize starch, wheat starch, rice starch, 

potato starch, gelatin, gum tragacanth, methyl cellulose, 
hydroxypropylmethyl-cellulose, sodium carboxymethylcel- 

lulose, and/or polyvinylpyrrolidone (PVP); granulating 
agents; and binding agents. If desired, disintegrating agents 

may be added, such as the cross-linked polyvinylpyrroli- 

done, agar, or alginic acid or a salt thereof such as sodium 
alginate. If desired, solid dosage forms may be sugar-coated 

or enteric-coated using standard techniques. 
For oral liquid preparations such as, for example, suspen- 

sions, elixirs and solutions, suitable carriers, excipients or 
diluents include water, glycols, oils, alcohols, ete. Addition- 

ally, flavoring agents, preservatives, coloring agents and the 

like can be added. For buccal administration, the composi- 
tions may take the form of tablets, lozenges, etc. formulated 

in conventional manner. 
In some embodiments of the kit described herein, the slow 

modified release vehicles may comprise a matrix selected 
from microcrystalline cellulose, sodium carboxymethylcel- 

lulose, hydroxyalkylcelluloses such as hydroxy propyl 

methylcellulose and hydroxypropylcellulose, polyethylene 
oxide, alkylcelluloses such as methylcellulose and ethylcel- 

lulose, polyethylene glycol, polyvinylpyrrolidone, cellulose 
acetate, cellulose acetate butyrate, cellulose acetate phtha- 

late, cellulose acetate trimellitate, polyvinyl acetate phtha- 
late, polyalkylmethacrylates, polyvinyl acetate and mixtures 

thereof. 

FURTHER EMBODIMENTS 

Provided herein is embodiment A, a pharmaceutical for- 

mulation for oral administration, comprising (preferably a
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daily dose) of minoxidil or a pharmaceutically acceptable 

salt thereof, wherein the pharmaceutical formulation is a 

modified release formulation. 

In an embodiment B, the pharmaceutical formulation of 

embodiment A, wherein the pharmaceutical formulation 

further comprises a release modifier, a filler, a glidant, a 

lubricant, and combinations thereof. 

In an embodiment C, the pharmaceutical formulation of 

embodiments A or B, wherein the pharmaceutical formula- 

tion comprises about 1% to about 1.5% minoxidil or a 

pharmaceutically acceptable salt thereof, about 75% to 

about 85% of a release modifier, about 0.1% to about 0.3% 

of a glidant, and/or about 0.4% to about 0.6% of a lubricant. 

In an embodiment D, the pharmaceutical formulation of 

according to any preceding embodiment, wherein the phar- 

maceutical formulation comprises about 1% to about 1.5% 

minoxidil or a pharmaceutically acceptable salt thereof, 

about 60% to about 70% of a release modifier, about 0.1% 

to about 0.3% of a glidant, and/or about 0.4% to about 0.6% 

of a lubricant. 

In an embodiment E, the pharmaceutical formulation of 
according to any preceding embodiment, wherein the phar- 

maceutical formulation comprises about 6% to about 7% 

minoxidil or a pharmaceutically acceptable salt thereof, 
about 50% to about 60% of a release modifier, about 0.1% 

to about 0.3% of a glidant, and/or about 0.4% to about 0.6% 
of a lubricant. 

In an embodiment F, the pharmaceutical formulation of 
according to any preceding embodiment, wherein the phar- 

maceutical formulation comprises about 6% to about 7% 

minoxidil or a pharmaceutically acceptable salt thereof, 
about 65% to about 75% of a release modifier, about 0.1% 

to about 0.3% of a glidant, and/or about 0.4% to about 0.6% 
of a lubricant. 

In an embodiment G, the pharmaceutical formulation of 

embodiment B, wherein the release modifier is hydroxypro- 
py! methylcellulose K4M; hydroxypropyl methylcellulose 

K200M, lactose monohydrate, and combinations thereof. 
In an embodiment H, the pharmaceutical formulation of 

embodiment B, wherein the filler is microcrystalline cellu- 
lose. talc, calcium carbonate (e.g., granules or powder), 

powdered cellulose, dextrates, kaolin, mannitol, silicic acid, 

sorbitol, starch, pre-gelatinized starch, or combinations 
thereof. 

In an embodiment I, the pharmaceutical formulation of 
embodiment B, wherein the glidant is silica (colloidal anhy- 

drous), starch, talc, magnesium stearate, calcium stearate, 
zinc stearate, dibasic calcium phosphate, magnesium car- 

bonate, magnesium oxide, calcium silicate, silicon dioxide, 

silica aerogels, or combinations thereof. 
In an embodiment J, the pharmaceutical formulation of 

embodiment B, wherein the lubricant is magnesium stearate, 
calcium stearate, zinc stearate, stearic acid, hydrogenated 

vegetable oils, sterotex, polyoxyethylene, monostearate, 
talc, polyethyleneglycol, sodium benzoate, sodium lauryl 

sulfate, magnesium lauryl sulfate, light mineral oil, or com- 

binations thereof. 
In an embodiment K, the pharmaceutical formulation of 

embodiment A, wherein the pharmaceutical formulation 
further comprises one or more active agents selected from a 

non-steroid anti-androgen, a 17a-hydroxyprogesterone 
derivative, a 19-norprogesterone derivative, a 19-nortestos- 

terone derivative, a 17a-spirolactone derivative, a 5-alpha 

reductase inhibitor, an estrogen, a GnRH analog, a prosta- 
glandin F2 analog, a prostamide, a prostanoid receptor 

agonist, a prostaglandin D2 receptor antagonist, a prostglan- 
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din E2 analog, an EP 2 receptor agonist, a JAK inhibitor, an 

alopecia areata medication, a supplement, and combinations 

thereof. 

In an embodiment L, the pharmaceutical formulation of 

embodiment A, wherein the pharmaceutical formulation 

further comprises medrogestone, cetirizine, setipiprant, val- 

proic acid, and combinations thereof. 

In an embodiment M, the pharmaceutical formulation of 

embodiment K, wherein the non-steroid anti-androgen is 

selected from flutamide, clascoterone, bicalutamide, pyrilu- 

tamide, enzualutamide, nilutamide, apalutamide, proxiluta- 

mide, cimetidine, topalutamide, and combinations thereof. 

In an embodiment N, the pharmaceutical formulation of 

embodiment K, wherein the 17a-hydroxyprogesterone 

derivative is selected from chlormadinone acetate, cyproter- 

one acetate, megestrol acetate, osaterone acetate, and com- 

binations thereof. 

In an embodiment O, the pharmaceutical formulation of 

embodiment K, wherein the 19-norprogesterone derivative 

is nomegestrol acetate. 

In an embodiment P, the pharmaceutical formulation of 

embodiment K, wherein the 19-nortestosterone derivative is 

selected from dienogest, oxendolone, and combinations 

thereof. 

In an embodiment Q, the pharmaceutical formulation of 

embodiment K, wherein the 17a-spirolactone derivative is 

selected from drospirenone, spironolactone, and combina- 

tions thereof. 

In an embodiment R, the pharmaceutical formulation of 

embodiment K, wherein the 5-alpha reductase inhibitor is 

selected from alfatradiol, dutasteride, epristeride, finas- 

teride, saw palmetto extract, bexlosteride, izonsteride, epi- 

gallocatechin, fluridil, and combinations thereof. 

In an embodiment S, the pharmaceutical formulation of 

embodiment K, wherein the estrogen is selected from estra- 

diol, estradiol esters, ethinylestradiol, conjugated estrogens, 

diethylstilbestrol, and combinations thereof. 

In an embodiment T, the pharmaceutical formulation of 

embodiment K, wherein the GnRH analog is a GnRH 

agonist. 

In an embodiment U, the pharmaceutical formulation of 

embodiment T, wherein the GnRH agonist is selected from 

goserelin, buserelin, leuprorelin, and combinations thereof. 

In an embodiment V, the pharmaceutical formulation of 

embodiment K, wherein the GnRH analog is a GnRH 

antagonist. 

In an embodiment W, the pharmaceutical formulation of 

embodiment V, wherein the GnRH antagonist is cetrorelix. 

In an embodiment X, the pharmaceutical formulation of 

embodiment K, wherein the prostaglandin F2a analog is 

latanoprost, travoprost, tafluprost, unoprostone, dinoprost, 

AS604872, BOL303259X, PF3187207, carboprost, and 

combinations thereof. 

In an embodiment Y, the pharmaceutical formulation of 

embodiment K, wherein the prostamide is bimatoprost. 

In an embodiment Z, the pharmaceutical formulation of 

embodiment K, wherein the prostanoid receptor agonist is 

fluprostenol, cicaprost, and combinations thereof. 

In an embodiment AA, the pharmaceutical formulation of 

embodiment K, wherein the prostaglandin D2 receptor 

antagonist is laropiprant, AM211, and combinations thereof. 

In an embodiment BB, the pharmaceutical formulation of 
embodiment K, wherein the prostaglandin E2 analog is 

sulprostone.
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In an embodiment CC, the pharmaceutical formulation of 

embodiment K, wherein the EP2 receptor agonist is 

butaprost, diazoxide, kopexil, pinacidil, ET-02, and combi- 

nations thereof. 

In an embodiment DD, the pharmaceutical formulation of 

embodiment K, wherein the JAK inhibitor is abrocitinib, 

baricitinib, brepocitinib, decernotinib, delgocitinib, deurux- 

olitinib, deucravacitinib, fedratinib, filgotinib, gusacitinib, 

itacitinib, oclacitinib, pacritinib, peficitinib, ritlecitnib, rux- 

olitinib, tofacitinib, upadacitinib, SHRO302, ATI-2138, jack- 

tinib, and combinations thereof. 

In an embodiment EE, the pharmaceutical formulation of 

embodiment K, wherein the alopecia areata medication is 

selected from etrasimod, fingolimod, ozanimod, siponimod, 

ponesimod, and combinations thereof. 

In an embodiment FF, the pharmaceutical formulation of 

embodiment K, wherein the supplement is selected from 

biotin, zinc, selenium, caffeine, sodium chloride, marine 

collagen, and combinations thereof. 

In an embodiment GG, the pharmaceutical formulation of 

embodiment A, wherein the modified release formulation is 
selected from an extended release formulation, a sustained 

release formulation, a controlled release formulation, or a 

delayed release formulation. 
In an embodiment HH, the pharmaceutical formulation of 

embodiment A, wherein the daily dose of minoxidil or a 
pharmaceutically acceptable salt thereof is in an amount of 

about 0.25 mg to about 50 mg. 
In an embodiment II, the pharmaceutical formulation of 

embodiment A, wherein the oral administration of the daily 

dose of minoxidil or a pharmaceutically acceptable salt 
thereof results in a steady state blood level of the minoxidil 

or a pharmaceutically acceptable salt thereof of about 1 
ng/ml to about 20 ng/ml. 

In an embodiment JJ, the pharmaceutical formulation of 

embodiment II, wherein the steady state blood level of the 
daily dose of minoxidil or a pharmaceutically acceptable salt 

thereof is maintained for at least about 12 hours. 
In an embodiment KK, the pharmaceutical formulation of 

embodiment A, wherein the oral administration of the daily 
dose of minoxidil or a pharmaceutically acceptable salt 

thereof results in a Cmax of about 0.25 ng/ml to about 20 

ng/ml. 
In an embodiment LL, the pharmaceutical formulation of 

embodiment A, wherein the oral administration of the daily 
dose of minoxidil or a pharmaceutically acceptable salt 

thereof results in a Tmax of about 30 to about 360 minutes. 
In an embodiment MM, the pharmaceutical formulation 

of embodiment A, wherein the daily dose of minoxidil or a 

pharmaceutically acceptable salt thereof is administered to a 
subject in an amount of about 0.000625 mg/kg/day to about 

1.25 mg/kg/day. 
In an embodiment NN, the pharmaceutical formulation of 

embodiment A, wherein oral administration results in a 
half-life or effective half-life of the daily dose of minoxidil 

or a pharmaceutically acceptable salt thereof of about 1 hour 

to about 24 hours. 
In an embodiment OO, the pharmaceutical formulation of 

embodiment GG, wherein the extended release formulation 
releases about 50% to about 98% of the daily dose of 

minoxidil or a pharmaceutically acceptable salt thereof 
within about 12 hours after the oral administration. 

In an embodiment PP, the pharmaceutical formulation of 

embodiment A, wherein about 25% of the formulation 
dissolves in a neutral pH solution in less than about 2 hours 

or less than about 4 hours. 
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In an embodiment QQ, the pharmaceutical formulation of 

embodiment A, wherein about 25% of the formulation 

dissolves in a neutral pH solution at about 0.5 hours, about 

0.75 hours, about, 1 hour, about 1.5 hours, about 2 hours, 
about 2.5 hours, about 3 hours, or about 4 hours. 

In an embodiment RR, the pharmaceutical formulation of 
embodiment A, wherein about 50% of the formulation 

dissolves in a neutral pH solution in less than about 2 hours, 
less than about 6 hours, or less than about 12 hours. 

In an embodiment SS, the pharmaceutical formulation of 

embodiment A, wherein about 50% of the formulation 
dissolves in a neutral pH solution at about 1 hour, about 1.5 

hours, about 2 hours, about 3 hours, about 4 hours, about 6 
hours, about 8 hours, or about 10 hours. 

In an embodiment TT, the pharmaceutical formulation of 
embodiment A, wherein about 75% of the formulation 

dissolves in a neutral pH solution in less than about 4 hours, 

less than about 8 hours, less than about 12 hours, or less than 
about 18 hours. 

In an embodiment UU, the pharmaceutical formulation of 
embodiment A, wherein about 75% of the formulation 

dissolves in a neutral pH solution at about 3 hours, about 3.5 
hours, about 4 hours, about 4.5 hours, about 5 hours, about 

6 hours, about 8 hours, about 10 hours, about 12 hours, about 

14 hours, or about 16 hours. 
In an embodiment VV, the pharmaceutical formulation of 

embodiment A, wherein about 100% of the formulation 
dissolves in a neutral pH in less than about 12 hours, less 

than about 24 hours, or less than about 48 hours. 
In an embodiment WW, the pharmaceutical formulation 

of embodiment A, wherein about 100% of the formulation 

dissolves in a neutral pH at about 10 hours, about 12 hours, 
about 14 hours, about 16 hours, about 18 hours, about 20 

hours, about 22 hours, about 24 hours, about 26 hours, or 
about 28 hours. 

In an embodiment XX, the pharmaceutical formulation of 

embodiment A, wherein the pharmaceutical formulation 
exhibits a zero order release of the minoxidil or a pharma- 

ceutically acceptable salt thereof, a pseudo zero order 
release of the minoxidil or a pharmaceutically acceptable 

salt thereof, a first order release of the minoxidil or a 
pharmaceutically acceptable salt thereof, a pseudo first order 

release of the minoxidil or a pharmaceutically acceptable 

salt thereof, or a second order release of the minoxidil or a 
pharmaceutically acceptable salt thereof. 

In an embodiment YY, the pharmaceutical formulation of 
embodiment A, wherein the pharmaceutical formulation 

comprises an enteric coating. 
In an embodiment ZZ, the pharmaceutical formulation of 

embodiment A, wherein the pharmaceutical formulation is 

administered only once daily. 
In an embodiment AAA, the pharmaceutical formulation 

of embodiment A, wherein the pharmaceutical formulation 
is administered at least once daily. 

In an embodiment BBB, the pharmaceutical formulation 
of embodiment A, wherein the pharmaceutical formulation 

is administered four times per day. 

In an embodiment CCC, the pharmaceutical formulation 
of embodiment A, wherein the pharmaceutical formulation 

is administered three times per day. 
In an embodiment DDD, the pharmaceutical formulation 

of embodiment A, wherein the pharmaceutical formulation 
is administered two times per day. 

Provided herein is embodiment EEF, a pharmaceutical 

formulation comprising a modified release formulation of 
minoxidil or a pharmaceutically acceptable salt thereof, 

wherein the modified release formulation releases about
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50% to about 98% of the daily dose of minoxidil or a 

pharmaceutically acceptable salt thereof within about 12 

hours after oral administration. 

Tn an embodiment FFF, the pharmaceutical formulation of 

embodiment EEE, wherein the pharmaceutical formulation 

further comprises one or more active agents selected from a 

non-steroid anti-androgen, a 17a-hydroxyprogesterone 

derivative, a 19-norprogesterone derivative, a 19-nortestos- 

terone derivative, a 17a-spirolactone derivative, a 5-alpha 

reductase inhibitor, an estrogen, a GnRH analog, a prosta- 

glandin F2a analog, a prostamide, a prostanoid receptor 

agonist, a prostaglandin D2 receptor antagonist, a prostglan- 

din E2 analog, an EP 2 receptor agonist, a JAK inhibitor, an 

alopecia areata medication, a supplement, and combinations 

thereof. 

In an embodiment GGG, the pharmaceutical formulation 

of embodiment EEE, wherein the pharmaceutical formula- 

tion further comprises medrogestone, cetirizine, setipiprant, 

valproic acid, and combinations thereof. 

Provided herein is embodiment HHH, a pharmaceutical 

formulation comprising a modified release formulation of 
minoxidil or a pharmaceutically acceptable salt thereof, 

wherein the modified release formulation has a Tmax of 

about 30 to about 360 minutes. 
In an embodiment II, the pharmaceutical formulation of 

embodiment HHH, wherein the pharmaceutical formulation 
further comprises one or more active agents selected from a 

non-steroid anti-androgen, a 17a-hydroxyprogesterone 
derivative, a 19-norprogesterone derivative, a 19-nortestos- 

terone derivative, a 17a-spirolactone derivative, a 5-alpha 

reductase inhibitor, an estrogen, a GnRH analog, a prosta- 
glandin F2a analog, a prostamide, a prostanoid receptor 

agonist, a prostaglandin D2 receptor antagonist, a prostglan- 
din E2 analog, an EP 2 receptor agonist, a JAK inhibitor, an 

alopecia areata medication, a supplement, and combinations 

thereof. 
In an embodiment JJJ, the pharmaceutical formulation of 

embodiment HHH, wherein the pharmaceutical formulation 
further comprises medrogestone, cetirizine, setipiprant, val- 

proic acid, and combinations thereof. 
Provided herein is embodiment KKK, a pharmaceutical 

formulation comprising a modified release formulation of 

minoxidil or a pharmaceutically acceptable salt thereof, 
wherein the modified release formulation has a Cmax of 

about 0.25 ng/ml to about 20 ng/ml. 
In an embodiment LLL, the pharmaceutical formulation 

of embodiment KKK, wherein the pharmaceutical formula- 
tion further comprises one or more active agents selected 

from a non-steroid anti-androgen, a 17a-hydroxyprogester- 

one derivative, a 19-norprogesterone derivative, a 19-nortes- 
tosterone derivative, a 17a-spirolactone derivative, a 5-al- 

pha reductase inhibitor, an estrogen, a GnRH analog, a 
prostaglandin F2a analog, a prostamide, a prostanoid recep- 

tor agonist, a prostaglandin D2 receptor antagonist, a pros- 
tglandin E2 analog, an EP 2 receptor agonist, a JAK inhibi- 

tor, an alopecia areata medication, a supplement, and 

combinations thereof. 
Tn an embodiment MMM, the pharmaceutical formulation 

of embodiment KKK, wherein the pharmaceutical formula- 
tion further comprises medrogestone, cetirizine, setipiprant, 

valproic acid, and combinations thereof. 
Provided herein is embodiment NNN, a method of treat- 

ing or preventing hair loss, comprising administering to a 

subject in need thereof a daily dose of a composition 
comprising a modified release formulation of minoxidil or a 

pharmaceutically acceptable salt thereof. 
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In an embodiment OOO, the method of embodiment 

NNN, wherein the composition further comprises a release 

modifier, a filler, a glidant, a lubricant, and combinations 

thereof. 
In an embodiment PPP, the method of embodiments NNN 

or OOO, wherein the composition comprises about 1% to 
about 1.5% minoxidil or a pharmaceutically acceptable salt 

thereof, about 75% to about 85% of a release modifier, about 
0.1% to about 0.3% of a glidant, and/or about 0.4% to about 

0.6% of a lubricant. 

In an embodiment QQQ, the method of embodiments 
NNN or 000, wherein the composition comprises about 1% 

to about 1.5% minoxidil or a pharmaceutically acceptable 
salt thereof, about 60% to about 70% of a release modifier, 

about 0.1% to about 0.3% of a glidant, and/or about 0.4% to 
about 0.6% of a lubricant. 

In an embodiment RRR, the method of embodiments 

NNN or OOO, wherein the composition comprises about 
6% to about 7% minoxidil or a pharmaceutically acceptable 

salt thereof, about 50% to about 60% of a release modifier, 
about 0.1% to about 0.3% of a glidant, and/or about 0.4% to 

about 0.6% of a lubricant. 
In an embodiment SSS, the method of embodiments NNN 

or OOO, wherein the composition comprises about 6% to 

about 7% minoxidil or a pharmaceutically acceptable salt 
thereof, about 65% to about 75% of a release modifier, about 

0.1% to about 0.3% of a glidant, and/or about 0.4% to about 
0.6% of a lubricant. 

In an embodiment TTT, the method of embodiment OOO, 
wherein the release modifier is hydroxypropyl methylcellu- 

lose K4M; hydroxypropyl methylcellulose K200M, lactose 

monohydrate, and combinations thereof. 
In an embodiment UUU, the method of embodiment 

OOO, wherein the filler is microcrystalline cellulose, talc, 
calcium carbonate (e.g., granules or powder), powdered 

cellulose, dextrates, kaolin, mannitol, silicic acid, sorbitol, 

starch, pre-gelatinized starch, and mixtures thereof. 
In an embodiment VVV, the method of embodiment 

OOO, wherein the glidant is silica (colloidal anhydrous), 
starch, talc, magnesium stearate, calcium stearate, zinc stear- 

ate, dibasic calcium phosphate, magnesium carbonate, mag- 
nesium oxide, calcium silicate, silicon dioxide, and silica 

aerogels. 

In an embodiment WWW, the method of embodiment 
OOO, wherein the lubricant is magnesium stearate, calcium 

stearate, zine stearate, stearic acid, hydrogenated vegetable 
oils, sterotex, polyoxyethylene, monostearate, talc, polyeth- 

yleneglycol, sodium benzoate, sodium laury] sulfate, mag- 
nesium lauryl sulfate, light mineral oil, or combinations 

thereof. 

In an embodiment XXX, the method of embodiment 
NNN, wherein the pharmaceutical formulation further com- 

prises one or more active agents selected from a non-steroid 
anti-androgen, a 17a-hydroxyprogesterone derivative, a 

19-norprogesterone derivative, a 19-nortestosterone deriva- 
tive, a 17a-spirolactone derivative, a 5-alpha reductase 

inhibitor, an estrogen, a GnRH analog, a prostaglandin F2a 

analog, a prostamide, a prostanoid receptor agonist, a pros- 
taglandin D2 receptor antagonist, a prostglandin E2 analog, 

an EP 2 receptor agonist, a JAK inhibitor, an alopecia areata 
medication, a supplement, and combinations thereof. 

In an embodiment YYY, the method of embodiment 
NNN, wherein the pharmaceutical formulation further com- 

prises medrogestone, cetirizine, setipiprant, valproic acid, 

and combinations thereof. 
In an embodiment 77Z, the method of embodiment XXX, 

wherein the non-steroid anti-androgen is selected from flu-
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tamide, clascoterone, bicalutamide, pyrilutamide, enzualu- 

tamide, nilutamide, apalutamide, proxilutamide, cimetidine, 

topalutamide, and combinations thereof. 

In an embodiment AAAA, the method of embodiment 

XXX, wherein the 17a-hydroxyprogesterone derivative is 

selected from chlormadinone acetate, cyproterone acetate, 

megestrol acetate, osaterone acetate, and combinations 

thereof. 

In an embodiment BBBB, the method of embodiment 

XXX, wherein the 19-norprogesterone derivative is 

nomegestrol acetate. 

In an embodiment CCCC, the method of embodiment 

XXX, wherein the 19-nortestosterone derivative is selected 

from dienogest, oxendolone, and combinations thereof. 

In an embodiment DDDD, the method of embodiment 

XXX, wherein the 17a-spirolactone derivative is selected 

from drospirenone, spironolactone, and combinations 

thereof. 

In an embodiment EEEE, the method of embodiment 

XXX, wherein the 5-alpha reductase inhibitor is selected 

from alfatradiol, dutasteride, epristeride, finasteride, saw 

palmetto extract, bexlosteride, izonsteride, epigallocatechin, 

fluridil, and combinations thereof. 

In an embodiment FFFF, the method of embodiment 

XXX, wherein the estrogen is selected from estradiol, estra- 

diol esters, ethinylestradiol, conjugated estrogens, diethyl- 

stilbestrol, and combinations thereof. 

In an embodiment GGGG, the method of embodiment 

XXX, wherein the GnRH analog is a GnRH agonist. 

In an embodiment HHHH, the method of embodiment 

GGGG, wherein the GnRH agonist is selected from goser- 

elin, buserelin, leuprorelin, and combinations thereof. 

In an embodiment JIII, the method of embodiment XXX, 

wherein the GnRH analog is a GnRH antagonist. 

In an embodiment JJJJ, the method of embodiment IJII, 

wherein the GnRH antagonist is cetrorelix. 

In an embodiment KKKK, the method of embodiment 

XXX, wherein the prostaglandin F2a analog is latanoprost, 

travoprost, tafluprost, unoprostone, dinoprost, AS604872, 

BOL303259X, PF3187207, carboprost, and combinations 

thereof. 

In an embodiment LLLL, the method of claim XXX, 
wherein the prostamide is bimatoprost. 

In an embodiment MMMM, the method of embodiment 
XXX, wherein the prostanoid receptor agonist is fluproste- 

nol, cicaprost, and combinations thereof. 
In an embodiment NNNN, the method of embodiment 

XXX, wherein the prostaglandin D2 receptor antagonist is 

laropiprant, AM211, and combinations thereof. 
In an embodiment OOOO, the method of embodiment 

XXX, wherein the prostaglandin E2 analog is sulprostone. 
In an embodiment PPPP, the method of embodiment 

XXX, wherein the EP2 receptor agonist is butaprost, diaz- 
oxide, kopexil, pinacidil, ET-02, and combinations thereof. 

In an embodiment QQQQ, the method of embodiment 

XXX, wherein the JAK inhibitor is abrocitinib, baricitinib, 
brepocitinib, decernotinib, delgocitinib, deuruxolitinib, deu- 

cravacitinib, fedratinib, filgotinib, gusacitinib, itacitinib, 
oclacitinib, pacritinib, peficitinib, ritlecitnib, ruxolitinib, 

tofacitinib, upadacitinib, SHR0O302, ATI-2138, jacktinib, 
and combinations thereof. 

In an embodiment RRRR, the method of embodiment 

XXX, wherein the alopecia areata medication is selected 
from etrasimod, fingolimod, ozanimod, siponimod, ponesi- 

mod, and combinations thereof. 
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In an embodiment SSSS, the method of embodiment 

XXX, wherein the supplement is selected from biotin, zinc, 

selenium, caffeine, sodium chloride, marine collagen, and 

combinations thereof. 

In an embodiment TTTT, the method of embodiment 

NNN, wherein the composition is administered orally. 

In an embodiment UUUU, the method of embodiment 

TITT, wherein the modified release formulation is an 

extended release formulation, a sustained release formula- 

tion, a controlled release formulation, or a delayed release 

formulation. 

In an embodiment VVVV, the method of embodiment 

TITT, wherein the subject in need thereof is diagnosed with 

hair loss. 

In an embodiment WWWW, the method of embodiment 

VVVV, wherein the subject is diagnosed with at least one 

cardiac condition selected from heart disease, chronic con- 

gestive heart failure, cardiomyopathy, tachyarrhythmia, 

renal disease, preexisting pulmonary hypertension, and 

chronic congestive heart failure not secondary to hyperten- 

sion. 
In an embodiment XXXX, the method of embodiment 

VVVV, wherein the hair loss is selected from male pattern 

hair loss, female pattern hair loss, hereditary hair loss, 
telogen effluvium, alopecia areata, central centrifugal cica- 

tricial alopecia, lichen planopilaris, or traction alopecia. 
In an embodiment YYYY, the method of embodiment 

WWWW, wherein the subject is taking at least one of the 
following for treatment of the at least one cardiac condition, 

an anti-hypertensive, an ace-inhibitor, an angiotensin recep- 

tor blocker, a direct renin inhibitor, a loop diuretic, a thiazide 
diuretic, a calcium channel blocker, a beta blocker, an 

anti-arrhythmic, and a diuretic. 
In an embodiment 7ZZZ, the method of embodiment 

TITT, wherein administering results in hair regrowth. 

In an embodiment AAAAA, the method of embodiment 
TITT, wherein administering results in hair regrowth within 

about 6 months. 
In an embodiment BBBBB, the method of embodiment 

TITT, wherein administering results in an increased 
improvement in hair growth as compared to administration 

of an immediate-release dosage form of minoxidil or a 

pharmaceutically acceptable salt thereof. 
In an embodiment CCCCC, the method of embodiment 

NNN, wherein about 25% of the composition dissolves in a 
neutral pH solution in less than about 2 hours or less than 

about 4 hours. 
In an embodiment DDDDD, the method of embodiment 

NNN, wherein about 25% of the composition dissolves in a 

neutral pH solution at about 0.5 hours, about 0.75 hours, 
about, 1 hour, about 1.5 hours, about 2 hours, about 2.5 

hours, about 3 hours, or about 4 hours. 
In an embodiment EEEEE, the method of embodiment 

NNN, wherein about 50% of the composition in a neutral pH 
solution in less than about 2 hours, less than about 6 hours, 

or less than about 12 hours. 

In an embodiment FFFFF, the method of embodiment 
NNN, wherein about 50% of the composition dissolves in a 

neutral pH solution at about 1 hour, about 1.5 hours, about 
2 hours, about 3 hours, about 4 hours, about 6 hours, about 

8 hours, or about 10 hours. 
In an embodiment GGGGG, the method of embodiment 

NNN, wherein about 75% of the composition dissolves in a 

neutral pH solution in less than about 4 hours, less than 
about 8 hours, less than about 12 hours, or less than about 

18 hours.
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In an embodiment HHHHH, the method of embodiment 

NNN, wherein about 75% of the composition dissolves in a 

neutral pH solution at about 3 hours, about 3.5 hours, about 

4 hours, about 4.5 hours, about 5 hours, about 6 hours, about 
8 hours, about 10 hours, about 12 hours, about 14 hours, or 

about 16 hours. 

In an embodiment IIJII, the method of embodiment NNN, 
wherein about 100% of the composition dissolves in a 

neutral pH in less than about 12 hours, less than about 24 
hours, or less than about 48 hours. 

In an embodiment JJJJJ, the method of embodiment 

NNN, wherein about 100% of the composition dissolves in 
a neutral pH at about 10 hours, about 12 hours, about 14 

hours, about 16 hours, about 18 hours, about 20 hours, about 

22 hours, about 24 hours, about 26 hours, or about 28 hours. 

In an embodiment KKKKK, the method of embodiment 
NNN, wherein the composition exhibits a zero order release 

of the minoxidil or a pharmaceutically acceptable salt 
thereof, a pseudo zero order release of the minoxidil or a 

pharmaceutically acceptable salt thereof, a first order release 
of the minoxidil or a pharmaceutically acceptable salt 

thereof, a pseudo first order release of the minoxidil or a 

pharmaceutically acceptable salt thereof, or a second order 
release of the minoxidil or a pharmaceutically acceptable 

salt thereof. 

In an embodiment LLLLL, the pharmaceutical formula- 
tion of embodiment NNN, wherein the pharmaceutical for- 

mulation comprises an enteric coating. 

In an embodiment MMMM\M, the method of embodiment 
TITT, wherein 

the composition is administered only once daily. 

In an embodiment NNNNN, the method of embodiment 

TITT, wherein the composition is administered at least once 

daily. 

In an embodiment 00000, the method of embodiment 
TITT, wherein the composition is administered four times 

per day. 

In an embodiment PPPPP, the method of embodiment 
TITT, wherein the composition is administered three times 

per day. 

Tn an embodiment QQQQQ, the method of embodiment 
TTT, wherein the composition is administered two times per 

day. 

In an embodiment RRRRR, the method of embodiment 

TITT, wherein the composition is administered daily for at 
least about 3 months with substantially no adverse effects 

and substantially no cardiac effects. 

In an embodiment SSSSS, the method of embodiment 
TITT, wherein the composition is administered daily for at 

least about 4 months with substantially no adverse effects 
and substantially no cardiac effects. 

In an embodiment TTTTT, the method of embodiment 

TITT, wherein the composition is administered daily for at 

least about 6 months with substantially no adverse effects 
and substantially no cardiac effects. 

In an embodiment UUUUU, the method of embodiment 

TITT, wherein the composition is administered daily for at 
least about 1 year with substantially no adverse effects and 

substantially no cardiac effects. 

In an embodiment VVVVV, the method of embodiment 

TITT, wherein the composition is administered daily indefi- 
nitely with substantially no adverse effects and substantially 

no cardiac effects. 
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In an embodiment WWWWYW, the method of embodi- 

ment 98, wherein 

administering results in hair regrowth with substantially 

no clinically significant hemodynamic changes in blood 

pressure. 

In an embodiment XXXXX, the method of embodiment 

TITTY, wherein administering results in substantially no 

cardiac effects. 

In an embodiment YYYYY, the method of embodiment 

XXXXX, wherein the cardiac effects are selected from 

tachycardia, hypotension, premature ventricular contrac- 

tions, and other tachyarrhythmias. 

In an embodiment 7ZZ.ZZ, the method of embodiment 

TITT, wherein administering results in hair regrowth with 

substantially no cardiac effects. 

In an embodiment AAAAAA, the method of embodiment 

TITT, wherein the daily dose of minoxidil or a pharmaceu- 

tically acceptable salt thereof results in fewer cardiac effects 

or hemodynamic effects as compared to administration of 

the same daily dose of immediate-release oral minoxidil or 

a pharmaceutically acceptable salt thereof used to treat 

hypertension. 

In an embodiment BBBBBB, the method of embodiment 

AAAAAA, wherein the cardiac effects are selected from 

tachycardia, hypotension, premature ventricular contrac- 

tions, and other tachyarrhythmias. 

In an embodiment CCCCCC, the method of embodiment 

AAAAAA, wherein the daily dose of minoxidil or a phar- 

maceutically acceptable salt thereof results in substantially 

no cardiac effects or hemodynamic effects as compared to 

administration of an immediate-release oral minoxidil or a 

pharmaceutically acceptable salt thereof used to treat hyper- 

tension. 

In an embodiment DDDDDD, the method of embodiment 

AAAAAA, wherein the daily dose of minoxidil or a phar- 

maceutically acceptable salt thereof is about 25% to about 

500% of the amount of the immediate-release oral minoxidil 

or a pharmaceutically acceptable salt thereof used to treat 

hypertension. 

In an embodiment EEEEFE, the method of embodiment 

AAAAAA, wherein the daily dose of minoxidil or a phar- 

maceutically acceptable salt thereof is about 10% to about 

90% of the amount of the immediate-release oral minoxidil 

or a pharmaceutically acceptable salt thereof used to treat 

hypertension. 

In an embodiment FFFFFF, the method of embodiment 

TTT, wherein the daily dose of the minoxidil or a pharma- 

ceutically acceptable salt thereof is about 0.25 mg to about 

50 mg. 

In an embodiment GGGGGG, the method of embodiment 

TTT, wherein the daily dose of the minoxidil or a pharma- 

ceutically acceptable salt thereof is selected from an amount 

of about 0.625 mg, about 1 mg, about 1.25 mg, about 1.5 mg, 

about 2.5 mg, about 3 mg, about 3.5 mg, about 4 mg, about 

4.5 mg, about 5 mg, about 5.5 mg, about 6 mg, about 6.5 mg, 

about 7.0 mg, about 7.5 mg, about 8 mg, about 8.5 mg, about 

9 mg, about 9.5 mg, or about 10 mg. 

In an embodiment HHHHHH, the method of embodiment 

TTT, wherein the daily dose of the minoxidil or a pharma- 

ceutically acceptable salt thereof is about 0.25 mg to about 

20 mg per day. 

In an embodiment JIT], the method of embodiment TTT, 
wherein the daily dose of the minoxidil or a pharmaceuti- 

cally acceptable salt thereof is about 2.5 mg per day.
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In an embodiment JJJJJJ, the method of embodiment TTT, 

wherein the daily dose of the minoxidil or a pharmaceuti- 

cally acceptable salt thereof is about 0.00625 mg/kg/day to 

about 0.5 mg/kg/day. 
In an embodiment KKKKKK, the method of embodiment 

TTT, wherein the modified release formulation releases 
about 50% to about 98% of the daily dose of minoxidil or a 

pharmaceutically acceptable salt thereof within about 12 
hours after the oral administration. 

In an embodiment LLLLLL, the method of embodiment 

TITT, wherein the subject has a minoxidil or a pharmaceu- 
tically acceptable salt thereof plasma concentration versus 

time curve with a Tmax of about 30 to about 360 minutes. 
In an embodiment MMMMMM, the method of embodi- 

ment TTT, wherein the subject has a minoxidil or a phar- 
maceutically acceptable salt thereof plasma concentration 

versus time curve with a Cmax of about 2.5 ng/ml to about 

20 ng/ml. 
In an embodiment NNNNNN, the method of embodiment 

TTT, wherein the minoxidil or a pharmaceutically accept- 
able salt thereof in the subject has a half-life or effective 

half-life of about 1 hour to about 24 hours. 
In an embodiment OOOOOO, the method of embodiment 

TTT, wherein the minoxidil or a pharmaceutically accept- 

able salt thereof is in an amount of about 0.625 mg four 
times per day. 

In an embodiment PPPPPP, the method of embodiment 
TTT, wherein the minoxidil or a pharmaceutically accept- 

able salt thereof is in an orally dissolving tablet. 
Provided herein is embodiment QQQQQQ, a method of 

treating or preventing hair loss, comprising administering to 

a subject in need thereof a modified release formulation of 
minoxidil or a pharmaceutically acceptable salt thereof, 

wherein the modified release formulation releases about 
50% to about 98% of the daily dose of minoxidil or a 

pharmaceutically acceptable salt thereof within about 12 

hours after oral administration. 
In an embodiment RRRRRR, the method of embodiment 

QQQQQQ, wherein the pharmaceutical formulation further 
comprises one or more active agents selected from a non- 

steroid anti-androgen, a 17a-hydroxyprogesterone deriva- 
tive, a 19-norprogesterone derivative, a 19-nortestosterone 

derivative, a 17a-spirolactone derivative, a 5-alpha 

reductase inhibitor, an estrogen, a GnRH analog, a prosta- 
glandin F2a analog, a prostamide, a prostanoid receptor 

agonist, a prostaglandin D2 receptor antagonist, a prostglan- 
din E2 analog, an EP 2 receptor agonist, a JAK inhibitor, an 

alopecia areata medication, a supplement, and combinations 
thereof. 

In an embodiment SSSSSS, the method of embodiment 

QQQQQQ, wherein the pharmaceutical formulation further 
comprises medrogestone, cetirizine, setipiprant, valproic 

acid, and combinations thereof. 
Provided herein is embodiment TTTTTT, a method of 

treating hair loss, comprising administering to a subject in 
need thereof a modified release formulation of minoxidil or 

a pharmaceutically acceptable salt thereof, wherein the 

modified release formulation has a Tmax of about 30 to 
about 360 minutes. 

In an embodiment UUUUUJU, the method of embodiment 
TITTTT, wherein the pharmaceutical formulation further 

comprises one or more active agents selected from a non- 
steroid anti-androgen, a 17a-hydroxyprogesterone deriva- 

tive, a 19-norprogesterone derivative, a 19-nortestosterone 

derivative, a 17a-spirolactone derivative, a 5-alpha 
reductase inhibitor, an estrogen, a GnRH analog, a prosta- 

glandin F2a analog, a prostamide, a prostanoid receptor 
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agonist, a prostaglandin D2 receptor antagonist, a prostglan- 
din E2 analog, an EP 2 receptor agonist, a JAK inhibitor, an 

alopecia areata medication, a supplement, and combinations 

thereof. 
In an embodiment VVVVVYV, the method of embodiment 

TITTTT, wherein the pharmaceutical formulation further 
comprises medrogestone, cetirizine, setipiprant, valproic 

acid, and combinations thereof. 
Provided herein is embodiment WWWWWW, a method 

of treating hair loss, comprising administering to a subject in 

need thereof a modified release formulation of minoxidil or 
a pharmaceutically acceptable salt thereof, wherein the 

modified release formulation has a Cmax of about 0.25 
ng/ml to about 20 ng/ml. 

In an embodiment XXXX XX, the method of embodiment 
WWWWWW, wherein the pharmaceutical formulation fur- 

ther comprises one or more active agents selected from a 

non-steroid anti-androgen, a 17a-hydroxyprogesterone 
derivative, a 19-norprogesterone derivative, a 19-nortestos- 

terone derivative, a 17a-spirolactone derivative, a 5-alpha 
reductase inhibitor, an estrogen, a GnRH analog, a prosta- 

glandin F2a analog, a prostamide, a prostanoid receptor 
agonist, a prostaglandin D2 receptor antagonist, a prostglan- 

din E2 analog, an EP 2 receptor agonist, a JAK inhibitor, an 

alopecia areata medication, a supplement, and combinations 
thereof. 

In an embodiment YYYYYY, the method of embodiment 
WWWWWW, wherein the pharmaceutical formulation fur- 

ther comprises medrogestone, cetirizine, setipiprant, valp- 
roic acid, and combinations thereof. 

Provided herein is embodiment ZZZZZ7Z, a kit compris- 

ing, a slow modified release vehicle comprising oral minoxi- 
dil or a pharmaceutically acceptable salt thereof. 

In an embodiment AAAAAAA, the kit of embodiment 
227777, wherein the slow modified release vehicle further 

comprises a release modifier, a filler, a glidant, a lubricant, 

and combinations thereof. 
In an embodiment BBBBBBB, the kit of embodiment 

AAAAAAA, wherein the slow modified release vehicle n 
comprises about 1% to about 1.5% minoxidil or a pharma- 

ceutically acceptable salt thereof, about 75% to about 85% 
of a release modifier, about 0.1% to about 0.3% of a glidant, 

about 0.4% to about 0.6% of a lubricant. 

In an embodiment CCCCCCC, the kit of embodiment 
AAAAAAA, wherein the slow modified release vehicle 

comprises about 1% to about 1.5% minoxidil or a pharma- 
ceutically acceptable salt thereof, about 60% to about 70% 

of a release modifier, about 0.1% to about 0.3% of a glidant, 
about 0.4% to about 0.6% of a lubricant. 

In an embodiment DDDDDDD, the kit of embodiment 

AAAAAAA, wherein the slow modified release vehicle 
comprises about 6% to about 7% minoxidil or a pharma- 

ceutically acceptable salt thereof, about 50% to about 60% 
of a release modifier, about 0.1% to about 0.3% of a glidant, 

about 0.4% to about 0.6% of a lubricant. 
In an embodiment EEEEEEFE, the kit of embodiment 

AAAAAAA, wherein the slow modified release vehicle 

comprises about 6% to about 7% minoxidil or a pharma- 
ceutically acceptable salt thereof, about 65% to about 75% 

of a release modifier, about 0.1% to about 0.3% of a glidant, 
about 0.4% to about 0.6% of a lubricant. 

In an embodiment FFFFFFF, the kit of embodiment 
AAAAAAA, wherein the release modifier is hydroxypropyl 

methylcellulose K4M; hydroxypropyl methylcellulose 

K200M, lactose monohydrate, and combinations thereof. 
In an embodiment GGGGGGG, the kit of embodiment 

AAAAAAA, wherein the filler is microcrystalline cellulose,
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talc, calcium carbonate (e.g., granules or powder), powdered 

cellulose, dextrates, kaolin, mannitol, silicic acid, sorbitol, 

starch, pre-gelatinized starch, and mixtures thereof. 

In an embodiment HHHHHHH, the kit of embodiment 

AAAAAAA, wherein the glidant is silica (colloidal anhy- 

drous) starch, talc, magnesium stearate, calcium stearate, 

zinc stearate, dibasic calcium phosphate, magnesium car- 

bonate, magnesium oxide, calcium silicate, silicon dioxide, 

and silica aerogels. 

In an embodiment JIIJIIII, the kit of embodiment 
AAAAAAA, wherein the lubricant is magnesium stearate, 

calcium stearate, zinc stearate, stearic acid, hydrogenated 
vegetable oils, sterotex, polyoxyethylene, monostearate, 

talc, polyethyleneglycol, sodium benzoate, sodium lauryl 
sulfate, magnesium lauryl sulfate, light mineral oil, or com- 

binations thereof. 

In an embodiment JJJJJJJ, the kit of embodiment 

ZZZZ77, wherein the pharmaceutical formulation further 
comprises one or more active agents selected from a non- 

steroid anti-androgen, a 17a-hydroxyprogesterone deriva- 
tive, a 19-norprogesterone derivative, a 19-nortestosterone 

derivative, a 17a-spirolactone derivative, a 5-alpha 

reductase inhibitor, an estrogen, a GnRH analog, a prosta- 
glandin F2a analog, a prostamide, a prostanoid receptor 

agonist, a prostaglandin D2 receptor antagonist, a prostglan- 
din E2 analog, an EP 2 receptor agonist, a JAK inhibitor, an 

alopecia areata medication, a supplement, and combinations 
thereof. 

In an embodiment KKKKKKK, the kit of embodiment 

ZZZZ77, wherein the pharmaceutical formulation further 

comprises medrogestone, cetirizine, setipiprant, valproic 
acid, and combinations thereof. 

In an embodiment LLLLLLL, the kit of embodiment 

JIJIIIJ, wherein the non-steroid anti-androgen is selected 
from fiutamide, clascoterone, bicalutamide, pyrilutamide, 

enzualutamide, nilutamide, apalutamide, proxilutamide, 
cimetidine, topalutamide, and combinations thereof. 

In an embodiment MMMMMMM, the kit of embodiment 
JIIIIIJ, wherein the 17a-hydroxyprogesterone derivative is 

selected from chlormadinone acetate, cyproterone acetate, 
megestrol acetate, osaterone acetate, and combinations 

thereof. 

In an embodiment NNNNNNN, the kit of embodiment 
JIJJIIIJ, wherein the 19-norprogesterone derivative is 

nomegestrol acetate. 

In an embodiment OOOOOOO, the kit of embodiment 

JJJIJIJ, wherein the 19-nortestosterone derivative is selected 
from dienogest, oxendolone, and combinations thereof. 

In an embodiment PPPPPPPP. the kit of embodiment 

JIJIIIJ, wherein the 17a-spirolactone derivative is selected 
from drospirenone, spironolactone, and combinations 

thereof. 

In an embodiment QQQQQQQ, the kit of embodiment 

JIJIIIJ, wherein the 5-alpha reductase inhibitor is selected 
from alfatradiol, dutasteride, epristeride, finasteride, saw 

palmetto extract, bexlosteride, izonsteride, epigallocatechin, 
fluridil, and combinations thereof. 

In an embodiment RRRRRRR, the kit of embodiment 

JJJIIIJ, wherein the estrogen is selected from estradiol, 

estradiol esters, ethinylestradiol, conjugated estrogens, 
diethylstilbestrol, and combinations thereof. 

In an embodiment SSSSSSS, the kit of embodiment 

JJJIIIJ, wherein the GnRH analog is a GnRH agonist. 
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In an embodiment TTTTTTT, the kit of embodiment 

SSSSSSS, wherein the GnRH agonist is selected from 

goserelin, buserelin, leuprorelin, and combinations thereof. 

In an embodiment UUUUUUJU, the kit of embodiment 

JJIJIIIJ, wherein the GnRH analog is a GnRH antagonist. 

In an embodiment VVVVVVYV, the kit of embodiment 

UUUUUUJ, wherein the GnRH antagonist is cetrorelix. 

In an embodiment WWWWWWW, the kit of embodi- 

ment JJJJJJJ, wherein the prostaglandin F2a analog is 

latanoprost, travoprost, tafluprost, unoprostone, dinoprost, 

AS604872, BOL303259X, PF3187207, carboprost, and 

combinations thereof. 

In an embodiment XXXXXXX, the kit of embodiment 

JJJIIIJ, wherein the prostamide is bimatoprost. 

In an embodiment YYYYYYY, the kit of embodiment 

JIIJIIIJ, wherein the prostanoid receptor agonist is flupros- 

tenol, cicaprost, and combinations thereof. 

In an embodiment 7777227, the kit of embodiment 

JIIIIIS, wherein the prostaglandin D2 receptor antagonist is 

laropiprant, AM211, and combinations thereof. 

In an embodiment AAAAAAAA, the kit of embodiment 

JIIIIIJ, wherein the prostaglandin E2 analog is sulprostone. 

In an embodiment BBBBBBBB, the kit of embodiment 

JJJIIIJ, wherein the EP2 receptor agonist is butaprost, 

diazoxide, kopexil, pinacidil, ET-02, and combinations 

thereof. 

In an embodiment CCCCCCCC, the kit of embodiment 

JJJIJIJ, wherein the JAK inhibitor is abrocitinib, baricitinib, 

brepocitinib, decernotinib, delgocitinib, deuruxolitinib, deu- 

cravacitinib, fedratinib, filgotinib, gusacitinib, itacitinib, 

oclacitinib, pacritinib, peficitinib, ritlecitnib, ruxolitinib, 

tofacitinib, upadacitinib, SHR0O302, ATI-2138, jacktinib, 

and combinations thereof. 

In an embodiment DDDDDDDD, the kit of embodiment 

JIJIIIJ, wherein the alopecia areata medication is selected 

from etrasimod, fingolimod, ozanimod, siponimod, ponesi- 

mod, and combinations thereof. 

In an embodiment EEEEEEFEFE, the kit of embodiment 

JIIIIIJ, wherein the supplement is selected from biotin, zinc, 

selenium, caffeine, sodium chloride, marine collagen, and 

combinations thereof. 

In an embodiment FFFFFFFF, the kit of embodiment 

ZZZZ2Z7, wherein the kit comprises an information sheet. 

In an embodiment GGGGGGGG, the kit of embodiment 

FFFFFFFF, wherein the information sheet comprises 

instructions for selecting an oral dosage form based on a 

body weight of a patient. 

In an embodiment HHHHHHHH, the kit of embodiment 

FFFFFFFF, wherein the information sheet comprises a 

warning of adverse effects. 

In an embodiment JIIIIIII, the kit of embodiment 

HHHHHHHH, wherein the adverse effects are selected from 

peripheral edema and hirsutism. 

EXAMPLES 

The following are provided for exemplification purposes 
only and are not intended to limit the scope of the embodi- 

ments described in broad terms above.
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Example 1: Case Study—28-Year Old Male with 

Androgenetic Alopecia 

A 28-year old male with androgenetic alopecia was 

treated with minoxidil 1.25 mg QID. At baseline, the 

patient’s blood pressure was 118/82. His resting heart rate 

was 64. The patient rechecked his blood pressure and heart 

rate 30 minutes after administration of each dose of minoxi- 

dil or a pharmaceutically acceptable salt thereof for 1 week 

and did not observe any change in heart rate, systolic blood 

pressure, or diastolic blood pressure>10% from baseline. 

The patient reported improvement in his androgenetic alo- 

pecia with subjective improvement in hair thickness and hair 

density at the frontal scalp and crown of the scalp. No 

unwanted hair growth or other adverse events, including any 

cardiac effects, were noticed. 

Example 2: Case Study—51-Year Old Male with 

Androgenetic Alopecia and Hypertension 

A 51-year-old male with androgenetic alopecia was 

treated with minoxidil 2.5 mg tablet PO BID and experi- 

enced reductions in blood pressure after each administration. 

The patient administered the minoxidil by mouth each 

morning between 6 am-9 am and each evening between 6 

pm-9 pm. The patient rechecked his blood pressure 30 

minutes after administration of each administration of 

minoxidil for 1 week. The patient noted a consistent 

decrease of systolic blood pressure by approximately 10 
mmHg. Even after decreasing the dose to 2.5 mg per day, the 

patient continued to note a decrease in blood pressure by 

approximately 10 mmHg within thirty minutes after dosing. 
The patient was instructed to take 0.625 mg minoxidil or a 

pharmaceutically acceptable salt thereof four times a day 
and surprisingly did not experience significant reductions in 

blood pressure. The patient also reported improvement in his 
androgenetic alopecia with the subjective improvement in 

hair thickness and hair density at the frontal scalp and crown 

of the scalp. No unwanted hair growth or other adverse 
events were noticed. The patient reported that despite the 

same total daily dose of 2.5 mg, minoxidil at 0.625 mg four 
times a day did not significantly lower blood pressure and 

was associated with improved hair growth. 

Example 3: Case Study—81-Year-Old Male with 
Androgenetic Alopecia and Atrial Fibrillation 

An 81-year-old male with androgenetic alopecia pre- 
sented for evaluation for treatment of his hair loss. The 

patient specifically requested a prescription of minoxidil 
immediate release. The patient disclosed a personal history 

of chronic atrial fibrillation requiring amiodarone therapy. 
On consultation with the patient’s other physician, the 

decision was made to not proceed with minoxidil therapy 

due to risk of worsening his atrial fibrillation. 

Example 4: Case Study—70-Year-Old Male with 
Androgenetic Alopecia and Premature Ventricular 

Contractures 

A 70-year-old male with androgenetic alopecia presented 
for evaluation for treatment of his hair loss. The patient 

specifically requested a prescription of minoxidilimmediate 

release. The patient disclosed a personal history of chronic 
premature ventricular contractions requiring flecainide 

therapy. On consultation with the patient’s other physician, 
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the decision was made to not proceed with minoxidil therapy 

due to risk of worsening his premature ventricular contrac- 

tions. 

Example 5: A Study to Evaluate the 

Pharmacokinetics of Modified Release Tablet 

Formulations of Minoxidil 

A Phase 1, single-part, non-randomized, open-label, six- 

period sequential crossover study designed to evaluate the 

pharmacokinetic (PK) profile of modified release formula- 

tions of minoxidil or a pharmaceutically acceptable salt 

thereof following single dose administration in comparison 

to a reference thereof immediate release formulation of 

minoxidil or a pharmaceutically acceptable salt in healthy 

subjects. 

Primary Objectives: To evaluate the PK profile and deter- 

mine the relative bioavailability of modified release formu- 

lations of minoxidil or a pharmaceutically acceptable salt 

thereof following single oral dosing of modified release 

(MR) prototype tablets vs a reference immediate release (IR) 

formulation in healthy subjects in the fasted state. Primary 

Endpoints: Measurement of PK parameters including but not 

limited to: Tlag, Tmax, Cmax, AUC(0-last), AUC(0-inf), 

and T!4, and Frels (MR vs IR) based on PK parameters 

Cmax, AUC(0-last) and AUC(O-inf), where possible and 

appropriate, for minoxidil or a pharmaceutically acceptable 

salt thereof. 

Secondary Objectives: To provide additional information 

on the safety and tolerability of single oral doses of MR 

prototype tablet formulations of minoxidil or a pharmaceu- 

tically acceptable salt thereof and a reference IR formulation 

in healthy subjects. Secondary Endpoints: Incidence, sever- 

ity and causality of adverse events (AEs); changes from 

baseline in vital signs, electrocardiograms (ECGs), physical 

examinations and clinical laboratory safety tests. 

Exploratory Objectives: To determine the PK profile and 
relative bioavailability of minoxidil or a pharmaceutically 

acceptable salt thereof following single oral administration 

of a selected MR prototype tablet in the fed state compared 
with the fasted state. Exploratory Endpoints: Measurement 

of PK parameters including but not limited to: Tlag, Tmax, 
Cmax, AUC(0-last), AUC(0-inf), and TY, and Frels (fed vs 

fasted) based on PK parameters Cmax, AUC(0-last) and 
AUC(0-inf), where possible and appropriate, for minoxidil 

or a pharmaceutically acceptable salt thereof. 

Methodology: This is a single center, open-label, non- 

randomized, six-period sequential crossover study in healthy 
male and female subjects aged 18 to 55 years, which is 

designed to evaluate the PK and safety of MR prototype 
tablet formulations of minoxidil or a pharmaceutically 

acceptable salt thereof at a range of doses to be determined 

throughout the study, and a reference IR tablet formulation 
of minoxidil or a pharmaceutically acceptable salt thereof. 

Optionally, the effect of food on the PK of a selected MR 
prototype tablet formulation of minoxidil or a pharmaceu- 

tically acceptable salt thereof may be assessed in Regimen 
F by administration following a high-fat breakfast, as 

described in the regimen table. 

It is planned to enroll 16 subjects, who will receive single 

oral doses of investigational medicinal product (IMP) in a 
sequential manner. Each subject will receive the following 

regimens:
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TABLE 1 

Route of 

Period Regimen IMP Dose® Administration 

1 A Modified 2.5 mg Oral, Fasted 

Release Tablet 

Prototype 1 

2 B IR Reference Tablet 2.5 mg Oral, Fasted 

of Minoxidil or a 

pharmaceutically 

acceptable salt 

thereof 

3 Cc Modified TBD mg based on Oral, Fasted 

Release Tablet PK of Prototype 1 

Prototype 2 

4 D Modified TBD mg based on Oral, Fasted 

Release Tablet PK of Prototype 2 

Prototype 3 

5 E Modified TBD mg based on Oral, Fasted 

Release Tablet PK of Prototype 3 

Prototype 4 

6 F Modified TBD mg Oral, Fede 

Release Tablet Or Or 

Prototype 1, 2, 3, or 4 

Or? 

Modified 

Release Tablet 

Prototype 5 

PK of Prototype 4 

TBD mg based on Oral, Fasted 

Modified Release Tablet Prototypes | to 5 of minoxidil or a pharmaceutically acceptable salt thereof will be 
selected from a 2-dimentional design space describing dose strength and release rate (2 mg to 10 mg dose 
strength; 6 h to 18 h release rate). IMPs are free base equivalents. The order in which regimens are dosed 
may be subject to change due to logistical reasons. 

“For all regimens, multiple tablets may be administered to achieve the required dose. 

>The dose and formulation for Regimen F will be decided at the interim decision meeting using all available 
data. No dose selected will be expected to result in a geometric mean Cmax >20 ng/ml or exceed 30 mg based 
on impurity limits. If the selected formulation does not provide the required data, a previously tested 
formulation may be used in a subsequent study period. However, if the dose level met any dose decision or 
study stopping criteria, that dose level must not be repeated. 

“If the fed dosing option is chosen, the dose will be the same as that used in the fasted stated for that 
prototype. 

Study Design: Each period will follow the same study 

design. Subjects will undergo preliminary screening proce- 

dures for the study at the screening visit (Day -28 to Day 

-2). Subjects will be admitted to the clinical unit in the 

evening of Day -1 for all regimens and will remain on site 

until 48 h post-dose (Day 3). For each period, the IMP will 

be administered to subjects on the morning of Day 1 
following an overnight fast of 10 h, or 30+5 min after the 

start of a high-fat breakfast (and following an overnight fast 
of 8 h; optional for Regimen F). Blood samples will be 

collected at regular intervals for PK and safety analysis from 
Day 1 to discharge from the clinical unit at 48 h post-dose. 

A follow-up phone call will take place 3 to 7 days post-final 

dose to ensure the ongoing wellbeing of the subjects. If a 
subject reports any AEs which represent a cause for concern 

they will be required to attend the clinical unit for a 
follow-up assessment. This will be an unscheduled visit. 

Following administration of Regimens B, C, D and EF, 
there will be an interim analysis and review of available PK 

and safety data from previous periods in order to determine 

the dose and prototype composition to be used in the 
following regimen and, where applicable, the prandial state. 

There will be a minimum washout of 7 days between each 
IMP administration; however, there will also be sufficient 

time between each period to permit the decision process and 
product manufacture. 

Number of Subjects Planned: The study is exploratory, 

and no formal sample size calculation has been made. Based 
on experience from previous studies of a similar design, a 

sample size of 16 subjects to obtain 12 evaluable subjects is 
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considered sufficient to meet the objectives of the study. An 

evaluable subject for the MR vs IR relative bioavailability 

primary objective is defined as a subject who has received at 

least one MR tablet prototype and the IR reference tablet 

both in the fasted state and has PK data up to 48 h post-dose 

for both regimens. An evaluable subject for the PK primary 

objective is defined as a subject who has received at least 1 

dose of IMP and has PK data up to 48 h post-dose. An 

evaluable subject for the safety secondary objective is 

defined as a subject who has received at least 1 dose of IMP 

and has safety data up to 48 h post-dose. An evaluable 

subject for the optional food effect relative bioavailability 

exploratory objective is defined as a subject who has 

received the same MR tablet prototype at the same dose in 

both the fed and fasted states and has PK data up to 48 h 

post-dose for both regimens. 

Subjects withdrawn due to an IMP-related AE will not be 

replaced. Subjects who are withdrawn for other reasons may 

be replaced as required by agreement between the investi- 

gator and Applicant to ensure sufficient evaluable subjects. 

Duration of Study: Subjects will receive a single dose 

administration on 6 separate occasions. The estimated time 

from screening until the final follow-up phone call is 

approximately 14 weeks. 

Investigational Medicinal Product, Dose and Mode of 

Administration: The following IMPs will be used in this 

clinical study (Table 2). Oral doses will be administered with 
a total of 240 mL of water. If required, additional water in 

50 mL aliquots may be given with the IMP.
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TABLE 2 

IMP Name Dose* Route of Administration 

Modified Release 

Tablet Prototype of 

minoxidil or a 

pharmaceutically acceptable 

salt thereof 

IR Reference Tablet of 

Minoxidil or a 

pharmaceutically acceptable 

salt thereof 

2 mg to 10 mg Oral, Fasted or 

Fed (Regimen F option) 

2.5 mg Oral, Fasted 

Modified Release Tablet Prototypes 1 to 5 of minoxidil or a pharmaceutically acceptable 
salt thereof will be selected from a 2-dimentional design space describing dose strength 
and release rate (2 mg-10 mg dose strength; 6 h-18 h release rate) 
IMPs are free base equivalent 

“Multiple tablet units may be administered to achieve the required total dose 

Study Assessments: The following blood and urine 

samples will be collected, and assessments performed, at 

specified time points: 1)* Minoxidil or a pharmaceutically 

acceptable salt thereof in plasma for PK analysis; 2)* Safety 

assessments comprising AE monitoring, clinical laboratory 

tests (clinical chemistry, hematology, and urinalysis), physi- 

cal examinations, body weight, single 12-lead ECGs, and 

vital signs. 

Statistical Analysis: PK parameters for minoxidil or a 

pharmaceutically acceptable salt thereof will be calculated 

using standard non-compartmental analysis to obtain at a 
minimum Tlag, Tmax, Cmax, AUC(0-last), AUC(0-inf) and 

TY, where possible and appropriate. Descriptive summaries 
for all safety and PK data by regimen will be provided 

(including changes from baseline as appropriate). In addi- 

tion, formal statistical analysis will be performed on the PK 
parameters Cmax, AUC(0-last) and AUC(0-inf) to assess 

relative bioavailability between test and reference formula- 
tions, and potentially to assess for the effect of food on a 

selected prototype. The PK parameters will undergo a natu- 

ral logarithmic transformation and will be analyzed using a 
mixed effect model with terms for regimen as a fixed effect 

and subject as a random effect. Formal statistical analysis 
may also be performed on the log-transformed PK param- 

eters Cmax, AUC(0-last) and AUC(0-inf) to assess dose 
proportionality. This will be assessed using a mixed effects 

model, including log dose as a fixed effect and subject as a 

random effect. 
5.2 Investigational Medicinal Products: IMPs that will be 

used in this clinical study are presented in Table 2. Only 
subjects enrolled in the study may receive study treatment, 

and only authorized site staff may supply or administer study 
treatment. All study treatments will be stored in a secure, 

environmentally-controlled, and monitored (manual or auto- 

mated) area in accordance with the labelled storage condi- 
tions with access limited to the investigator and authorized 

site staff. 
5.3 Previous Study Findings: Given the well-established 

safety and efficacy profile of minoxidil or a pharmaceuti- 
cally acceptable salt thereof, no non-clinical or clinical 

studies in humans have been conducted with MR oral 

formulations of minoxidil or a pharmaceutically acceptable 
salt thereof to date. However, other marketed products 

containing minoxidil or a pharmaceutically acceptable salt 
thereof have been studied, and such related information is 

presented below. Nonetheless, depending on how drug prod- 
ucts are formulated, as well as their route of administration, 

in-vivo release profile, volume and concentration of admin- 

istration, among other factors, the safety and efficacy profile 
of a drug product can materially change, be it favorably or 

unfavorably. Therefore, the information presented herein for 
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other products containing minoxidil or a pharmaceutically 
acceptable salt thereof is provided as supportive background 

information only. The relevance of these findings to MR oral 

formulations of minoxidil or a pharmaceutically acceptable 
salt thereof remains to be determined. 

5.3.1 Non-clinical Findings: Applicant has not conducted 
any non-clinical studies with MR oral formulations of 

minoxidil or a pharmaceutically acceptable salt thereof. 
Non-clinical information on the active ingredient is avail- 

able from the Summary of Product Characteristics for 

Loniten®, a previously approved oral product containing 
minoxidil or a pharmaceutically acceptable salt thereof. 

Non-clinical Toxicology: Oral median lethal dose (LD50) 
in rats has ranged from 1321 mg/kg to 3492 mg/kg; in mice, 

2456 mg/kg to 2648 mg/kg. Side effects include cardiovas- 
cular effects associated with hypotension such as sudden 

weight gain, rapid heartbeat, faintness or dizziness. 

In dogs, various cardiac lesions have been found follow- 
ing short-term administration of minoxidil or a pharmaceu- 

tically acceptable salt thereof (0.5 mg to 10 mg/kg/day) 
including a grossly visible hemorrhagic lesion of the right 

atrium; necrosis of the papillary muscles and subendocardial 
areas of the left ventricle; and hemorrhagic lesions in the 

epicardium, endocardium, walls of small coronary arteries 

and arterioles, and left atrtum. In addition, long term animal 
studies demonstrated cardiac hypertrophy, cardiac dilation, 

and serosanguineous pericardial fluid. 
Non-clinical Carcinogenicity: Two-year carcinogenicity 

studies of minoxidil or a pharmaceutically acceptable salt 
thereof have been conducted by the dermal and oral routes 

of administration in mice and rats. There were no positive 

findings with oral administration in rats. Dietary adminis- 
tration of minoxidil or a pharmaceutically acceptable salt 

thereof in mice for up to 2 years was associated with an 
increased incidence of malignant lymphomas in females at 

all dose levels (10, 25, and 63 mg/kg/day) and an increased 

incidence of hepatic nodules in males (63 mg/kg/day). There 
was no effect of dietary minoxidil or a pharmaceutically 

acceptable salt thereof on the incidence of malignant liver 
tumors. Changes in incidence of neoplasms found to be 

increased in the oral carcinogenicity studies were typical of 
those expected in rodents treated with other hypotensive 

agents (adrenal pheochromocytomas in rats), or representa- 

tive of normal variations with the range of historical inci- 
dence for rodent neoplasms (malignant lymphomas, liver 

nodules/adenomas in mice). 
Minoxidil or a pharmaceutically acceptable salt thereof 

was not mutagenic in the Salmonella (Ames) test, the 
deoxyribonucleic acid (DNA) damage alkaline elution 

assay, the in vitro rat hepatocyte unscheduled DNA synthesis 

assay, the rat bone marrow micronucleus assay, or the mouse 
bone marrow micronucleus assay. An equivocal result was 

recorded in an in vitro cytogenetic assay using Chinese 
hamster cells at long exposure times, but a similar assay 

using human lymphocytes was negative. 
No evidence of carcinogenicity was observed when 

minoxidil or a pharmaceutically acceptable salt thereof was 

used in rats in doses 15 times the usual human dosage for 22 
months. 

Reproductive Toxicity: Oral minoxidil or a pharmaceuti- 
cally acceptable salt thereof has been associated with 

increased fetal resorption in rabbits when administered at 5 
times the maximum recommended oral antihypertensive 

human dose. This effect was not seen in rats. There was no 

evidence of teratogenic effects in rats and rabbits. 
5.3.2 Clinical Findings: No PK studies in humans have 

been previously conducted with MR oral formulations of
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minoxidil or a pharmaceutically acceptable salt thereof. 

However, other products containing minoxidil or a pharma- 

ceutically acceptable salt thereof have been studied. The 

relevance of these findings to MR oral formulations of 

minoxidil or a pharmaceutically acceptable salt thereof is 

not known, but it is the only supportive information cur- 

rently available. The PK of other oral formulations of 

minoxidil or a pharmaceutically acceptable salt thereof in 

humans has been evaluated. There are 71 clinical studies 

with minoxidil or a pharmaceutically acceptable salt thereof 

currently listed (as of February 2023) in _ the 

clinicaltrials.gov database; 39 studies have been completed 

and 10 studies which are detailed in the IB have results 

posted. Of these, 7 studies are investigating topical minoxi- 

dil or a pharmaceutically acceptable salt thereof in alopecia. 

The majority of these studies (5/7) used minoxidil or a 

pharmaceutically acceptable salt thereof as the active com- 

parator. One study compared minoxidil or a pharmaceuti- 

cally acceptable salt thereof topical foam 5% versus minoxi- 

dil or a pharmaceutically acceptable salt thereof topical 

solution 2% in female pattern hair loss. There was a total of 

322 subjects enrolled in the study. Ten serious adverse 

events (SAEs) were reported, none of which were reported 

more than once (NCT01145625). Another study compared 

minoxidil or a pharmaceutically acceptable salt thereof 

topical foam 5% versus vehicle topical foam. There was a 

total of 404 subjects enrolled in the study. Six SAEs were 

reported in subjects treated with minoxidil or a pharmaceu- 

tically acceptable salt thereof including, cardiovascular dis- 

order, gastritis, dehydration, osteoarthritis, ovarian neo- 

plasm, uterine leiomyoma, renal failure, and hypertensive 

crisis (NCT01226459). Nine studies were listed as “recruit- 

ing”. 

Clinical Pharmacokinetics and Product Metabolism: 

Minoxidil or a pharmaceutically acceptable salt thereof is 

almost completely absorbed (+90%) from the gastrointesti- 

nal tract. Peak plasma levels are reached within 1 h. Minoxi- 

dil or a pharmaceutically acceptable salt thereof is widely 

distributed in the tissues with an apparent volume of distri- 

bution of 2.8 L/kg to 3.3 L/kg. The elimination half-life of 

minoxidil or a pharmaceutically acceptable salt thereof is 

2.77 h to 4.2 h. About 90% of oral minoxidil or a pharma- 
ceutically acceptable salt thereof is metabolized, primarily 

by conjugation with glucuronic acid. The drug and its 
metabolites are largely excreted in the urine. Renal clearance 

is 73.3 mL/min. The absorption and excretion of oral 
minoxidil or a pharmaceutically acceptable salt thereof has 

been studied in 29 healthy volunteers and 7 hypertensive 

patients. 
In the healthy volunteer study, subjects received either 

minoxidil or a pharmaceutically acceptable salt thereof 2.5 
mg, 5 mg, or 10 mg by oral administration. PK and urinary 

excretion data were supportive of dose-independent PK over 
the range of doses studied. Repeated measures analysis of 

variance (ANOVA) revealed borderline significant treatment 

and time effects (p=0.0779 and p=0.0203, respectively) on 
both systolic and diastolic blood pressure. When systolic and 

diastolic blood pressure results were analyzed by ANOVA at 
each sampling time, no significant treatment effects were 

observed. Significant time effects within treatments were 
observed, but the differences were generally less than 10%. 

These observations indicate that minoxidil or a pharmaceu- 

tically acceptable salt thereof has little effect on blood 
pressure in normotensive subjects. The study generated the 

PK data presented in Table 3. 
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TABLE 3 

PK Parameters for Minoxidil or a pharmaceutically acceptable 

salt thereof at Dose Levels 2.5 mg, 5 mg, and 10 mg 

Dose level (mg) 2.5 5 10 

Tmax (h) 0.566 0.389 0.419 
Cmax (ng/ml) 16.8 37.2 TAT 

AUC(last) (ng - h/mL) 25.3 55.1 112 
TY (bh 1.07 1.27 1.34 

In hypertensive patients, the total clearance of minoxidil 

or a pharmaceutically acceptable salt thereof greatly 

exceeded the renal clearance, suggesting a predominate role 

of metabolism in its disposition. A glucuronide conjugate of 

minoxidil or a pharmaceutically acceptable salt thereof was 

the predominant metabolite in the urine during the first 12 h. 

Over 80% of radiolabeled minoxidil or a pharmaceutically 

acceptable salt thereof and its metabolites were recovered 

from urine within 24 h after oral administration. The remain- 

der was accumulated in urine over the next 4 days. In total, 

97% of radioactivity was recovered from urine and only 3% 
was found in feces. 

Clinical Safety: A study assessed the clinical, laboratorial, 

and cardiovascular effects in male adults taking minoxidil or 
a pharmaceutically acceptable salt thereof 5 mg by oral route 

at bedtime for AGA. Thirty-four subjects without cardio- 
vascular disease were assessed through biochemical profile, 

24-h Holter monitoring, and 24-h ambulatory blood pressure 
monitoring before and 24 weeks after treatment. At the 24 

week follow up, 20.6% of subjects reported headache, 2.9% 

reported vertigo, and 2.9% reported edema. No adverse 
cardiovascular outcomes were observed. Nineteen subjects 

(55.9%) reported hypertrichosis. There were no differences 
in laboratory variables between before and after treatment 

values. Although 1 subject developed tachycardia at the 

follow-up visit, no overall change in mean heart rate 
occurred. The mean heart rate values at 24 weeks were 

highly correlated with their before treatment values. The 
occurrence of extrasystoles did not differ pre and post 

treatment. Alterations in ventricular repolarization were not 
remarkable. Overall, 24 weeks of low dose oral minoxidil or 

a pharmaceutically acceptable salt thereof was safe in men 

with AGA, as the subjects presented with no relevant 
alterations in terms of their biochemical profile, 24-h Holter 

monitoring, and ambulatory blood pressure monitoring. 
6. Rationale: Applicant aims to develop a once-daily solid 

oral modified release formulation of minoxidil or a pharma- 
ceutically acceptable salt thereof at a dose which stimulates 

hair growth and limits the potential for unwanted hemody- 

namic and cardiac effects. This study will use a crossover 
design in order to make comparisons between formulations 

administered to the same subjects. As this is a crossover trial 
with 6 periods, in which the subjects receive IMP in a 

sequential manner, the study will be open-label and no 
randomization is required. 

The Clinical Trial Authorization application for this study 

describes a flexible protocol design using the concept of 
formulation design space, whereby a flexible dose range and 

release rate can be explored to allow decision-making in 
response to interim PK observations. The principles of a 

flexible protocol were discussed and agreed with the MHRA 
at a Scientific Advice Meeting between the MHRA and the 

trial site. 

Based upon the concept of formulation design space, 
specific IMPs are not detailed within the Investigational 

Medicinal Product Dossier (IMPD) but rather a defined
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range of formulation inputs and corresponding performance 
outputs are described and justified based on in vitro studies. 

The chosen formulation from within the approved design 

space for the first prototype to be dosed will be documented 
in a decision document and approved by Applicant and the 

investigator ahead of dosing. 
Modified Release Tablet Prototypes 1 to 5 of minoxidil or 

a pharmaceutically acceptable salt thereof will be selected 
from a 2-dimensional design space describing dose strength 

and release rate. 

6.2 Dose Rationale: The dose selected for the immediate 
release formulation will be 2.5 mg as this is a dose that has 

previously been administered to healthy adults and is known 
to be well tolerated. It is also the lowest unit dose strength 

available commercially and is a dose that is below the 
recommended starting dose for the treatment of severe 

hypertension, which is 5 mg per day. 

The proposed starting dose for the modified release for- 
mulation is also set at 2.5 mg to provide adequate safety 

coverage in the instance that the novel modified release 
formulation dose dumps and behaves like an immediate 

release formulation. The maximum dose that may be admin- 
istered in this study will be limited by an exposure cap on the 

maximum plasma concentration (Cmax) which is consid- 

ered to be the most relevant pharmacokinetic parameter that 
will drive the potential cardiovascular AEs. The selected 

Cmax exposure limit of 20 ng/mL is based on a set of 
previous studies exploring the PK and safety of minoxidil or 

a pharmaceutically acceptable salt thereof. In a study explor- 
ing the hemodynamic effects of steady state intravenous 

infusions of minoxidil or a pharmaceutically acceptable salt 

thereof in hypertensive patients, steady state concentrations 
between 4.5 ng/ml and 83.0 ng/mL were assessed for effect 

on systolic blood pressure, diastolic blood pressure and heart 
rate. While no significant effect was observed in the patients 

with regard to systolic blood pressure, effects were observed 

on diastolic blood pressure and heart rate. Steady state 
plasma concentrations above 20 ng/mL were associated with 

significant (>5 beats per minute) changes in heart rate. 
Another study investigated the oral PK profile for minoxidil 

or a pharmaceutically acceptable salt thereof tablets at dose 
levels of 2.5 mg, 5 mg and 10 mg in healthy subjects and 

provided estimates of Cmax of 16.8 ng/ml, 37.2 ng/ml and 

74.7 ng/mL for each dose level respectively. This suggests 
that only the highest two doses would exert significant 

(defined as heart rate increase>5 bpm) hemodynamic effects. 
Moreover, for these doses with the immediate release for- 

mulation, the duration of time that the plasma concentrations 
exceeded the 20 ng/ml threshold was short based on the 

observed half-life of around 1 h. At the 5 mg dose level, 

plasma concentrations were above 20 ng/ml for around 1 h 
and at 10 mg for around 2 h. It is therefore expected that the 

starting dose level will be well tolerated. 
The target pharmacokinetic profile of the modified release 

formulation will be to maintain plasma concentrations 
throughout the planned dosing interval while maintaining 

Cmax below the exposure cap. The AUC will therefore be 

monitored throughout the study but is not required to be 
restricted, as the long-term safety of minoxidil or a phar- 

maceutically acceptable salt thereof is well established and 
Cmax appears to be key when considering acute cardiovas- 

cular AEs. 
It is expected that a modified release formulation dose 

exceeding 2.5 mg will be needed to achieve the target PK 

profile. Following Period 2 there will be an interim analysis 
of the data and subsequent doses will be selected based on 

the observed PK and safety of the initial modified release 
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(MR) formulation tested. The formulation release rate may 
be adjusted if it is apparent the drug is releasing too fast or 

slow within the gastrointestinal tract, or the dose may be 

adjusted if the release rate appears acceptable but the overall 
Cmax, AUC and C24 are too high/low. The highest dose that 

may be given in this study is restricted to a maximum of 30 
mg based on impurity limits for the modified release pro- 

totype formulations. 
For comparison the recommended starting dose for 

Loniten® is 5 mg per day in patients with severe hyperten- 

sion. As required, this dosage can later be increased up to 20 
mg, and then to 40 mg daily (given as a single dose or in two 

divided doses) to deliver the required blood pressure reduc- 
tions. Dose increases are recommended to be made at 

increments of 5 mg to 10 mg minoxidil or a pharmaceuti- 
cally acceptable salt thereof per day at intervals of three or 

more days. If a dose of 50 mg of minoxidil or a pharma- 

ceutically acceptable salt thereof has been reached, the dose 
may be increased by 25 mg minoxidil or a pharmaceutically 

acceptable salt thereof per day to a maximum dose of 100 
mg per day which is above the maximum permitted dose in 

this study of 30 mg per day. 
6.3 Population Rationale: As this is a Phase I study 

assessing PK, relative bioavailability and safety of MR oral 

formulations of minoxidil or a pharmaceutically acceptable 
salt thereof, the most relevant population is healthy volun- 

teers, as recommended by the US FDA and the European 
Medicines Agency (EMA). Subjects who are non-smokers 

without a history of alcohol or drug abuse or regular 
co-medication (except hormonal contraception and hormone 

replacement therapy [HRT]) are proposed to avoid interac- 

tion on drug metabolism and to avoid non-compliance. 
There is limited data from the use of minoxidil or a 

pharmaceutically acceptable salt thereof in pregnant women. 
Studies in animals have shown reproductive toxicity and 

minoxidil or a pharmaceutically acceptable salt thereof is 

not recommended during pregnancy and in women of child- 
bearing potential not using contraception; therefore, women 

of childbearing potential will only be allowed to participate 
in the study as long as they comply with the contraception 

requirements detailed in the study protocol. 
Based on the above considerations and target population, 

healthy non-pregnant and non-lactating female subjects and 

healthy male subjects, aged 18 to 55 years are considered 
suitable for this study. 

6.4 Risks and Benefits Associated with Minoxidil or a 
pharmaceutically acceptable salt thereof. Administration: 

Minoxidil or a pharmaceutically acceptable salt thereof was 
chosen for development as an oral product for the treatment 

of AGA because of its extensive current use as a topical 

product for AGA. Minoxidil or a pharmaceutically accept- 
able salt thereof has a long history (©35 years) of safe and 

effective use for the treatment of varying types of alopecia 
including AGA. To date, no clinical safety and efficacy 

studies have been conducted with MR oral formulations of 
minoxidil or a pharmaceutically acceptable salt thereof. 

However, a number of clinical studies assessing safety and 

efficacy have been completed as part of the development 
program for another approved oral formulation of minoxidil 

or a pharmaceutically acceptable salt thereof, Loniten®, 
which is approved for use. 

When used as monotherapy for severe hypertension as 
chronic therapy, minoxidil or a pharmaceutically acceptable 

salt thereof can cause significant retention of salt and water 

leading to physical signs such as oedema, and to clinical 
deterioration of some patients with heart failure. Diuretic 

treatment alone, or in combination with restricted salt intake
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is, therefore, necessary for all patients taking minoxidil or a 

pharmaceutically acceptable salt thereof. Hemodilution may 

occur leading to temporary decrease in hematocrit, hemo- 

globin, and erythrocyte count (by approximately 7% initially 

which then recovers to pre-treatment levels). Electrolyte 

balance should be monitored for evidence of fluid retention. 

In this study single doses of minoxidil or a pharmaceutically 

acceptable salt thereof followed by a suitable washout 

period are not expected to be associated with any significant 

retention of salt or water. Furthermore, this study will only 

recruit healthy volunteers with normal cardiac and renal 

function and clinical laboratory measurements (clinical 

chemistry and hematology) will take place in each period of 

this study to monitor for any fluid or electrolyte disturbance. 

Although minoxidil or a pharmaceutically acceptable salt 

thereof is a vasodilator and may cause reflex tachycardia 

resulting in angina pectoris in patients at risk, this study will 

recruit young healthy adults who have a normal electrocar- 

diogram (ECG) and no history or risk factors for heart 

disease. The dose selected, dose cap and exposure cap will 

limit the likelihood and the severity of any cardiovascular 

effects and it is considered unlikely that any safety issues 

related to this risk will occur. Close monitoring and sup- 

portive treatment (intravenous fluids, supine or head down 

posture etc.) will be initiated in any subject who develops 

cardiovascular AE’s. 

The effect of minoxidil or a pharmaceutically acceptable 

salt thereof may be additive to concurrent antihypertensive 

agents and other agents with blood pressure lowering effects. 

The interaction of minoxidil or a pharmaceutically accept- 

able salt thereof with sympathetic-blocking agents such as 

guanethidine or betanidine may produce excessive blood 

pressure reduction and/or orthostatic hypotension. Subjects 

who are taking, or have taken, any prescribed or over-the- 

counter drug or herbal remedies (other than up to 4 g of 

paracetamol per day or HRT/hormonal contraception) in the 

14 days before IMP administration will be excluded from 

this study. 

There may be a risk of hypotension, postural hypotension, 

postural instability, pre-syncope and syncope associated 

with maximum plasma concentration and so subjects will be 

restricted to their bed for the first 4 h post-dose and there- 
after encouraged to assume a standing posture in a gradual 

way before mobilizing, such as remaining seated for several 
minutes before standing, and then standing at the bedside for 

several minutes before proceeding to mobilize away from 
the bed area. This will help reduce the risk of sudden loss of 

consciousness and possible injury. 

Soon after starting minoxidil or a pharmaceutically 
acceptable salt thereof therapy approximately 60% of 

patients exhibit ECG alterations in the direction and mag- 
nitude of their T waves. Large changes may encroach on the 

ST segment, unaccompanied by evidence of ischemia. These 
asymptomatic changes usually disappear with continuing 

minoxidil or a pharmaceutically acceptable salt thereof 

treatment. The ECG reverts to the pre-treatment state when 
minoxidil or a pharmaceutically acceptable salt thereof is 

discontinued. Single ECGs will be conducted throughout 
each period of treatment in this study to monitor for car- 

diovascular effects. 
Hemodynamic effects are typically seen above plasma 

concentrations of 20 ng/ml and are less common in normo- 

tensive patients. Therefore, cardiovascular effects are not 
expected with the appropriate use of MR oral formulations 

of minoxidil or a pharmaceutically acceptable salt thereof; 
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however, vital signs including systolic blood pressure, dia- 
stolic blood pressure and heart rate will be monitored 

throughout the study. 

Hypertrichosis occurs in most patients treated with 
minoxidil or a pharmaceutically acceptable salt thereof and 

all patients should be warmed of this possibility before 
starting therapy although this is considered unlikely in this 

single dose pharmacokinetic study. Most patients will expe- 
rience an elongation, thickening and enhanced pigmentation 

of fine body hair. Usually these signs will emerge 3 to 6 

weeks after starting treatment. They initially emerge in the 
face, and they may slightly subside with continued treat- 

ment. However, hypertrichosis was hardly or not at all 
tolerable in less than 10% of patients. Spontaneous reversal 

to the pre-treatment state can be expected 1 to 6 months after 
cessation of therapy. 

Potential reactions for the products in this study therefore 

may include but are not necessarily limited to: temporary 
edema; pericarditis; pericardial effusion and tamponade; 

hypertrichosis; rashes including bullous eruptions, toxic 
epidermal necrolysis, and Stevens-Johnson Syndrome; 

thrombocytopenia and leukopenia; nausea and/or vomiting; 
breast tenderness; ECG changes; hemodilution; increased 

alkaline phosphatase, increased serum creatinine. 

Phototoxicity has not been included as a warning for the 
use of the approved product Loniten®, therefore, there are 

no safety concerns regarding sunlight exposure for this 
study. 

6.4.2 General Risks and Overall Risk-Benefit Assess- 
ment: Collecting a blood sample from a vein may cause 

pain, swelling, bruising, light-headedness, fainting, and very 

rarely, clot formation, nerve damage and/or infection at the 
site of the needle stick. 

During cannulation, more than one attempt may be 
needed to insert the cannula in a vein of a subject and it is 

possible that bruising and/or inflammation may be experi- 

enced at the site of cannulation. 
ECG stickers on the subjects’ chests and limbs may cause 

some local irritation and may be uncomfortable to remove 
but subjects will be closely monitored to ensure any local 

irritation does not persist. 
There is no benefit to the subjects from taking part in this 

study. The development of a product to promote hair growth 

or improve the treatment of AGA will be of benefit to the 
patients with hair loss and/or AGA. 

The overall risk benefit balance is therefore considered to 
be acceptable. 

7. Objectives and Endpoints: 
Primary Objectives: To evaluate the PK profile and deter- 

mine the relative bioavailability of MR oral formulations of 

minoxidil or a pharmaceutically acceptable salt thereof 
following single oral dosing vs. a reference immediate 

release (IR) formulation in healthy subjects in the fasted 
state. Primary Endpoints: Measurement of PK parameters 

for minoxidil or a pharmaceutically acceptable salt thereof 
including but not limited to: Tlag, Tmax, Cmax, AUC(0- 

last), AUC(0-inf), and T'4, and Frels (MR vs IR) based on 

PK parameters Cmax, AUC(0-last) and AUC(0-inf), where 
possible and appropriate. 

Secondary Objectives: To provide additional information 
on the safety and tolerability of single oral doses of MR oral 

formulations of minoxidil or a pharmaceutically acceptable 
salt thereof and a reference IR formulation in healthy 

subjects. Secondary Endpoints: Incidence, severity and cau- 

sality of adverse events (AEs); changes from baseline in 
vital signs, electrocardiograms (ECGs), physical examina- 

tions and clinical laboratory safety tests.
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Exploratory Objectives: To determine the PK profile and 

relative bioavailability of minoxidil or a pharmaceutically 

acceptable salt thereof following single oral administration 

of a selected MR oral formulations of minoxidil or a 

pharmaceutically acceptable salt thereof in the fed state 

compared with the fasted state. Exploratory Endpoints: 

Measurement of PK parameters for minoxidil or a pharma- 

ceutically acceptable salt thereof including but not limited 

to: Tlag, Tmax, Cmax, AUC(0-last), AUC(0-inf), and T!4, 

and Frels (fed vs fasted) based on PK parameters Cmax, 

AUC(0-last) and AUC(0-inf), where possible and appropri- 

ate. 

8 Study Design Details 

8.1 Criteria for In-Study Decisions: In-study decisions 

will be made by the safety advisory committee (SAC), 

which will always comprise the investigator, Applicant’s 

representative medical monitor or Applicant’s medically 

qualified designee who is familiar with the study protocol 

and IB, and a PK expert where appropriate. 

8.1.1 Decision Points: Interim reviews will occur after 

Regimens B, C, D and E. The following in-study decisions 

will be made using data from all previous periods: 1) MR 

formulation and dose for subsequent regimen (from within 

the 2-dimensional design space describing dose strength and 

release rate); 2)* Prandial status (for Regimen F only). 

If the selected formulation does not provide the required 

data, a previously tested formulation may be used in a 

subsequent study period. However, if the dose level met any 

dose decision or study stopping criteria, that dose level must 

not be repeated. 

8.1.2 Criteria for Formulation, Dose and Prandial State 

Selection: Formulation release rate, formulation dose and 

prandial state selection (where applicable) will only be made 

after a complete review of all data collected from the 

previous dose group(s). For formulation, dose and prandial 

state selection to occur, data must be available from approxi- 

mately 12 subjects who have completed the planned PK and 

safety assessments up to 48 h post-dose. If data are not 

available for 12 subjects, the investigator, scientific lead and 

sponsor will make a decision as to whether the data available 

are sufficient to support the formulation selection decision. 

If data in fewer subjects are used in the decision process and 

the formulation prototype is considered to be sub-optimal 

from an exposure perspective, additional subjects will not be 

dosed to increase the number of subjects in the completed 

regimen; however, additional subjects may be enrolled to 

achieve the target number of subjects in subsequent regi- 

mens. 
The following data are required: AEs, vital signs, ECGs, 

safety laboratory tests, plasma concentrations of minoxidil 

or a pharmaceutically acceptable salt thereof, PK parameter 

estimates (Tlag, Tmax, Cmax, AUC (0-last), AUC (0-inf), 

C24, Frel, and T2) where possible and appropriate. 

The decision on formulation, dose and prandial state 

selection (where applicable) will be made by the SAC. The 

decision will be documented and signed by the investigator 

as per current standard operating procedure (SOP). Evidence 

of the decision will be retained in the ISF. 

Rules for dose decisions in this study are as follows: 1) 

Any dose escalations between periods will be <2-fold; 2) No 

dose selected will exceed 30 mg; 3) No dose selected will be 

expected to result in a geometric mean Cmax>20 ng/mL; 4). 
If the trial is halted based on the criteria in the protocol, no 

further dose decisions will be made. 
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8.2 Subject Withdrawal: If a subject wishes to leave the 

study at any time, they will be permitted to do so. Every 

reasonable effort will be made to complete a final assess- 

ment/discharge procedures. 

Early withdrawal is defined as the date of the decision to 

withdraw the subject from the study. Subject completion is 

defined as the date of the last procedure conducted or last 

contact (e.g. phone call or unscheduled visit) for that subject. 

If a subject requests to leave the clinical unit earlier than 

the planned discharge time e.g. due to unforeseen personal 

circumstances, but aims to return to the clinical unit to 

complete the study, this will be documented as a subject 

self-discharge and a protocol deviation. The subject must 

complete the planned assessments/discharge procedures 

before discharge from the clinical unit and may return for the 

next study period/assessments, as planned following agree- 

ment between Applicant and the investigator. 

Subjects will be withdrawn from the study drug(s) for the 

following reasons: 1)* Experiencing a serious or severe AE 

including but not limited to: a) corrected QT interval by 

Fridericia’s formula (QTcF) of >500 msec or increase in 
QTcF interval of >60 msec from baseline (confirmed fol- 

lowing a repeat ECG); and b) alanine aminotransferase 

(ALT) concentration>3x the upper limit of the reference 
range (confirmed following a repeat ALT blood test). 2) 

Pregnancy. 3) Termination of the study. 4) Upon the sub- 
ject’s request (withdrawal of consent). 5) Significant devia- 

tion from the protocol. 6) Concurrent illness that would 
adversely affect subject safety or data integrity or require- 

ment for prohibited medication. 7) At the discretion of the 

investigator. 
For the purpose of withdrawal criteria, baseline will be 

considered as the last available assessment prior to first dose. 
For a subject who withdraws because of an IMP-related AF, 

every effort will be made to ensure that the AE is followed 

up until resolution if possible and that the subject completes 
follow-up procedures. Early withdrawal of consent by the 

subject to participate in any further activities will be distin- 
guished from withdrawal for any of the other above reasons. 

8.3 Subject Replacement: Withdrawn subjects may be 
replaced, at the discretion of the investigator and sponsor, 

with the aim of ensuring that the objectives of the trial can 

be met. Replacement subjects will receive the treatment(s) 
allocated to the subject who is being replaced. The sponsor 

and investigator will decide which treatment periods each 
replacement subject will complete in order to meet the 

required objectives of the study. 
Replacement subjects enrolled will be dosed with the next 

planned regimen of the withdrawn subject, and they will not 

receive any regimens that the withdrawn subject has already 
received with the exception of the need to increase the 

number of subjects to obtain the number of evaluable 
subjects required for interim decisions and to obtain data in 

any other treatment that is required for a valid comparison 
e.g. test vs reference or fed vs fasted. 

Any subject withdrawn due to an IMP-related AE will not 

be replaced. 
Subjects withdrawing for other reasons may be replaced 

as required by agreement between the investigator and 
Applicant to ensure sufficient evaluable subjects. 

8.4 Stopping Criteria: The study will be halted, and the 
risk to other subjects evaluated if any of the following 

criteria are met: 1) A serious adverse reaction (i.e. a SAE 

considered at least possibly related to the IMP administra- 
tion) in one subject. 2) Severe non-serious adverse reactions 

(i.e. severe non-serious AE considered as, at least possibly
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related to the IMP administration) in two subjects in the 
same cohort, independent of within or not within the same 

system organ class. 
Relatedness to IMP will be determined by the investiga- 

tor. If the study is halted, a temporary halt will be submitted 

to the MHRA and ethics committee (EC) in the form of a 
substantial amendment. The study may be resumed or ter- 

minated; however, it will not be resumed until a further 
substantial amendment to resume the study is submitted and 

approved by MHRA and EC. 

8.5 Study Termination: After the start of protocol activi- 
ties but prior to the commencement of dosing, the study may 

be terminated by Applicant and investigator without con- 
sultation with the MHRA and EC. Notification of early 

termination must be provided to the MHRA and EC imme- 
diately and at the latest within 15 days after the study is 

terminated, clearly explaining the reasons. A description of 

follow-up measures taken for safety reasons, if applicable, 
will also be provided. 

If the study is abandoned prior to commencement of any 
protocol activities, the investigator or sponsor must notify 

the EC and MHRA by letter outlining the reasons for 
abandonment of the trial. 

Once exposure to dosing has begun, the study will be 

completed as planned unless the following criteria are 
satisfied that require a temporary halt or early termination of 

the study: 1)* The occurrence of serious or severe AE(s), as 
defined in Section 8.5, if considered to be related to the IMP, 

as defined in Section 14.2. 2)* New information regarding 
the safety of the IMP that indicates a change in the risk/ 

benefit profile for the compound, such that the risk/benefit is 

no longer acceptable for subjects participating in the study. 
3) Significant violation of Good Clinical Practice (GCP) that 

compromises the ability to achieve the primary study objec- 
tives or compromises subject safety. 4) If at the interim 

decision meeting prior to the next cohort the objectives of 

the study are considered to have been met. 
If any of the above occurs, the study will be terminated if 

careful review of the overall risk/benefit analysis described 
in Section 6.4 demonstrates that the assumptions have 

changed and that the overall balance is no longer acceptable. 
In these circumstances termination can only take place with 

the agreement of the investigator and sponsor. The MHRA 

and EC will be informed of study termination. 
If it becomes necessary to consider termination of the 

study after dosing has begun, dosing may be suspended 
pending discussion between the investigator and sponsor. 

Dosing will be stopped immediately on safety grounds. 
The study may be terminated or suspended at the request 

of the MHRA or EC. 

8.6 Lost to Follow-up: A subject will be considered lost to 
follow-up if they fail to return for scheduled visits and 

cannot be contacted by the clinical unit. 
Ifa subject fails to return to the clinical unit for a required 

study visit: 1) The clinical unit must attempt to contact the 
subject and reschedule the missed visit as soon as possible. 

2) Before a subject is deemed lost to follow-up, the inves- 

tigator or designee must make every effort to regain contact 
with the participant (e.g. three telephone calls on three 

separate occasions and, if necessary, an email or letter to the 
participant’s last known email/postal address). These con- 

tact attempts should be documented in the subject’s source. 
3) If the subject cannot be contacted, they will be considered 

lost to follow-up. 

8.7 Treatment Assignment: This is a non-randomized 
study therefore a randomization schedule will not be pro- 

duced. Instructions to dispense and dose will be produced 

10 

20 

25 

30 

40 

45 

50 

76 
prior to dosing with IMP, which will dictate the order in 
which the treatments should be administered to each subject. 

The instructions to dispense and dose will be retained in the 

ISF. 
8.7.1 Subject Numbers: Subject numbers will be allocated 

on the morning of dosing according to the code 001 to 016 
using the lowest number available. Replacement subjects 

will be allocated subject numbers 901 to 916, where the last 
two digits are the same as those of the original subject (e.g. 

if Subject 005 withdraws, the replacement will have the 

Subject Number 905 and will receive any regimens which 
Subject 005 did not receive in addition to any regimens 

which are required to make the required comparison[s] of 
interest). 

8.7.2 Blinding: This is an open-label study and therefore 
blinding is not required. 

9 Selection of Subjects: Subjects will be recruited from an 

existing subject panel or by direct advertising to the public. 
Before subjects are admitted to the clinical unit, The Over 

Volunteering Prevention System will be checked to ensure 
that each subject has not been dosed in a study within 90 

days of the planned first dose date of this study. 
9.1 Informed Consent: Subjects will be provided with a 

written explanation of the study at least the day before the 

screening visit. Additionally, subjects may be provided with 
an information video before the screening visit that intro- 

duces them to the study. In the video and/or during the 
screening visit, a physician or nurse will explain to each 

subject the nature of the study, its purpose, expected duration 
and the benefits and risks involved in study participation. 

Subjects will be informed that, for safety reasons, brief 

details of their involvement in the study may be revealed to 
other units and companies that carry out clinical studies 

nationally. Subjects will then be given the opportunity to ask 
questions and will be informed of their right to withdraw 

from the study without prejudice. After this explanation and 

before entering the study, the subject will voluntarily sign an 
informed consent form (ICF). Until written consent has been 

obtained from the subject no study specific procedure or 
investigation will be performed. If an amendment is made to 

the participant information sheet (PIS), participants will be 
re-consented to the most current version of the ICF(s) where 

appropriate. 

9.2 Inclusion Criteria 
Informed Consent and Compliance: 1) Must provide 

written informed consent. 2) Must be willing and able to 
communicate and participate in the whole study. 

Demographics and Contraception: 3) Aged 18 to 55 years 
inclusive at the time of signing informed consent. 4) Must 

agree to adhere to the contraception requirements defined in 

Section 9.4. 
Baseline Characteristics: 5) Males or non-pregnant, non- 

lactating females. 6) Participants who are healthy as deter- 
mined by medical evaluation including medical history, 

physical examination, vital signs, single 12-lead ECG, clini- 
cal laboratory profiles (haematology, clinical chemistry and 

urinalysis), as deemed by the investigator or designee at 

screening. 7) Body mass index (BMI) of 18.0 to 32.0 kg/m2 
as measured at screening. 8) Weight=50 kg at screening. 

Other: 9) Willing to consume a high-fat breakfast, includ- 
ing pork. 

Inclusion criteria 2 and 4 from the list above will be 
re-assessed at admission/pre-dose of Period 1. 

9.3 Exclusion Criteria: 

Medical/Surgical History and Mental Health: 1) Serious 
adverse reaction or serious hypersensitivity to any drug or 

formulation excipients. 2) Presence or history of clinically
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significant allergy requiring treatment, as judged by the 
investigator. Hay fever is allowed unless it is active. 3) 

History of clinically significant cardiovascular, renal, 

hepatic, dermatological, chronic respiratory or gastrointes- 
tinal disease, neurological or psychiatric disorder, as judged 

by the investigator. 4) Subjects with a history of cholecys- 
tectomy or gall stones. 

Physical Examination: 5) Subjects who do not have 
suitable veins for multiple venipunctures/cannulation as 

assessed by the investigator or delegate at screening. 

Diagnostic Assessments: 6) Clinically significant abnor- 
mal clinical chemistry, hematology or urinalysis as judged 

by the investigator (laboratory parameters are listed in Table 
5). Subjects with Gilbert’s Syndrome are allowed. 7) Posi- 

tive hepatitis B surface antigen (HBsAg), hepatitis C virus 
antibody (HCV Ab) or human immunodeficiency virus 

(HIV) 1 and 2 antibody results. 8) Evidence of renal 

impairment at screening, as indicated by an estimated crea- 
tinine clearance (CLer) of <80 mL/min using the Cockcroft- 

Gault equation. 9) Evidence of orthostatic hypotension, 
defined as a drop in systolic blood pressure>20 mmHg upon 

standing, a drop in diastolic blood pressure>10 mmHg on 
standing or an increase in heart rate>30 bpm on standing. Or 

symptomatic dizziness, pre-syncope or syncope during the 

assessment of orthostatic hypotension. 10) Any clinically 
significant abnormal finding on ECG at screening or pre-first 

dose. 11) Resting supine heart rate>90 bpm. 12) Resting 
supine systolic BP<90 mmHg. 13) Resting supine diastolic 

BP<50 mmHg. 14) Females who are pregnant or lactating 
(all female subjects must have a negative highly sensitive 

urine pregnancy test). 

Prior Study Participation: 15) Subjects who have received 
any IMP in a clinical research study within the 90 days prior 

to Day 1 of Period 1, or less than 5 elimination half-lives 
prior to Day 1 of Period 1, whichever is longer. 16) Donation 

of blood or plasma within the previous 3 months or loss of 

greater than 400 mL of blood. 
Prior and Concomitant Medication: 17) Subjects who are 

taking, or have taken, any prescribed or over-the-counter 
drug or herbal remedies (other than up to 4 g of paracetamol 

per day or HRT/hormonal contraception) in the 14 days 
before first IMP administration (see Section 11.4). COVID- 

19 vaccines are accepted concomitant medications. Excep- 

tions may apply, as determined by the investigator, if each of 
the following criteria are met: medication with a short 

half-life if the washout is such that no PD activity is 
expected by the time of dosing with IMP; and if the use of 

medication does not jeopardize the safety of the trial subject; 
and if the use of medication is not considered to interfere 

with the objectives of the study. 18) Subjects who have had 

a COVID-19 vaccine 3 days before first dose. 
Lifestyle Characteristics: 19) History of any drug or 

alcohol abuse in the past 2 years. 20) Regular alcohol 
consumption in males>21 units per week and in females>14 

units per week (1 unit=!/ pint beer, or a 25 mL shot of 40% 
spirit, 1.5 to 2 units=125 mL glass of wine, depending on 

type). 21) Aconfirmed positive alcohol breath test at screen- 

ing or first admission. 22) Current smokers and those who 
have smoked within the last 12 months. 23) A confirmed 

positive urine cotinine test result at screening or first admis- 
sion. 24) Current users of e-cigarettes and nicotine replace- 

ment products and those who have used these products 
within the last 12 months. 25) A confirmed positive drugs of 

abuse test result at screening or first admission (drugs of 

abuse tests are listed in Table 5). 
Other: 26) Male subjects with pregnant or lactating part- 

ners. 27) Subjects who are, or are immediate family mem- 
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bers of, a study site or sponsor employee. 28) Failure to 
satisfy the investigator of fitness to participate for any other 

reason. 
Exclusion criteria 2, 9, 10, 11, 12, 13, 14, 15, 17, 18, 21, 

23, 25, 26 and 28 from the list above will be re-assessed 

between admission and dose administration of Period 1. 
Healthy subjects who do not meet the inclusion/exclusion 

criteria for the study will not be enrolled. 
9.4 Contraception and Restrictions: 

Male Subjects with Partners of Childbearing Potential. 

Male subjects who are sexually active with a partner of 
childbearing potential must use, with their partner, a condom 

plus an approved method of highly effective contraception 
from before the time of informed consent until 91 days after 

last IMP administration. This has been calculated based on 
90 days (one cycle of spermatogenesis) plus 5 half-lives of 

the IMP. Five half-lives are calculated as approximately 1 

day. 
The following methods are acceptable: 

Partner’s use of combined (estrogen and progestogen- 
containing) hormonal contraception associated with inhibi- 

tion of ovulation: 1) oral (must be in use for at least 1 
complete cycle [e.g. 4 to 8 weeks] prior to first admission); 

2) intravaginal (must be in use for at least 1 week prior to 

first admission); 3) transdermal (must be in use for at least 
1 week prior to first admission). 

Partner’s use of progestogen-only hormonal contracep- 
tion associated with inhibition of ovulation: 1) oral (must be 

in use for at least 1 complete cycle [e.g. 4 to 8 weeks] prior 
to first admission); 2) injectable/implantable (must be in use 

for at least 1 week prior to first admission); 3) intrauterine 

hormone-releasing system (must be in use for at least 1 week 
prior to first admission). 

Partner’s use of intrauterine device (must be in use for at 
least 1 week prior to first admission). 

Vasectomized (must have been at least 6 months prior to 

first admission). 
Partner’s bilateral tubal occlusion (must have been at least 

6 months prior to first admission). 
These contraception requirements are considered to be 

more conservative than the guidance issued by the Heads of 
Medicines Agency: Clinical Trials Facilitation Group. 

Males with Partners of Non-childbearing Potential: There 

is a significant risk of drug exposure through the ejaculate 
(which also applies to vasectomized males) that might be 

harmful to sexual partners. Therefore, even if a male is 
sexually active with a partner of non-childbearing potential 

they will be required to use a condom from first adminis- 
tration of IMP until the follow-up phone call. 

Female Subjects of Childbearing Potential: Female sub- 

jects who are sexually active and of childbearing potential 
must use, with their partner, an approved method of highly 

effective contraception from before the time of informed 
consent until 31 days after last IMP administration. This has 

been calculated based on 30 days (one female menstrual 
cycle) plus 5 half-lives of the IMP. Five half-lives calculated 

as approximately 1 day. 

The following highly effective methods are acceptable: 
Combined (estrogen and progestogen-containing) hor- 

monal contraception associated with inhibition of ovulation: 
1) oral (must be in use for at least 1 complete cycle [e.g. 4 

to 8 weeks] prior to first admission); 2) intravaginal (must be 
in use for at least 1 week prior to first admission); 3) 

transdermal (must be in use for at least 1 week prior to first 

admission). 
Progestogen-only hormonal contraception associated 

with inhibition of ovulation: 1) oral (must be in use for at
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least 1 complete cycle [e.g. 4 to 8 weeks] prior to first 
admission); 2) injectable/implantable (must be in use for at 

least 1 week prior to first admission); 3) intrauterine hor- 

mone-releasing system (must be in use for at least 1 week 
prior to first admission). 

Intrauterine device (must be in use for at least 1 week 
prior to first admission). 

Vasectomised partner (must have been at least 6 months 
prior to first admission). 

Bilateral tubal occlusion (must have been at least 6 

months prior to first admission). 
Female Subjects are not required to use any of the above 

contraceptive methods if their sexual partner is female. 
These contraception requirements are considered to be 

more conservative than the guidance issued by the Heads of 
Medicines Agency: Clinical Trials Facilitation Group. 

All Male Subjects and Female Subjects of Childbearing 

Potential: 
Alternatively, sexual abstinence is considered a highly 

effective method only if defined as refraining from hetero- 
sexual intercourse during the entire period of risk associated 

with the study treatments. The reliability of sexual absti- 
nence needs to be evaluated in relation to the duration of the 

clinical trial and the preferred and usual lifestyle of the 

subject. 
Females of Non-Childbearing Potential: Female subjects 

who are not of childbearing potential do not need to use any 
methods of contraception. A woman is considered of child- 

bearing potential unless post-menopausal or permanently 
sterile. Permanent sterilization methods include hysterec- 

tomy, bilateral salpingectomy and bilateral oophorectomy. A 

post-menopausal state is defined as no menses for 12 months 
without an alternative medical cause and confirmed by a 

follicle stimulating hormone (FSH) result of =40 IU/L. 
9.4.1 Sperm Donation: Male subjects should not donate 

sperm for the duration of the study and for 91 days after last 

IMP administration. 
9.4.2 Egg Donation: Female subjects should not partici- 

pate in egg donation for the duration of the study and for 31 
days after last IMP administration. 

9.5 Pregnancy: Subjects will be instructed that if they/ 
their partner becomes pregnant during the study this should 

be reported to the investigator. The investigator should also 

be notified of pregnancy occurring during the study but 
confirmed after completion of the study. In the event that a 

subject/subject’s partner is subsequently found to be preg- 
nant after the subject is included in the study, then consent 

will be sought from the subject/partner and, if granted, any 
pregnancy will be followed and the status of mother and/or 

child(ren) will be reported to Applicant after delivery. Any 

subject reporting a pregnancy during the study will be 
discontinued from the study treatment and every reasonable 

effort will be made to follow up the pregnancy until delivery. 
A pregnancy notification form and follow-up will be 

completed. 
9.6 Additional Study Restrictions: The following addi- 

tional restrictions will be in place for the duration of the 

study: 
1. Subjects must abstain from alcohol during the 24 h 

prior to screening and the 24 h prior to each admission until 
48 h post-dose. 

2. Subjects must not drink liquids or eat food containing 
cranberry, caffeine or other xanthines from 24h prior to each 

admission until 48 h post-dose. 

3. Subjects should refrain from eating food containing 
poppy seeds for 48 h prior to screening and for 48 h prior to 

each admission until 48 h post-dose. 
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4. Subjects must not take part in any unaccustomed 

strenuous exercise from the 72 h before the screening visit 

and then from 72 h prior to each admission until discharge 

from the study. 

5. Must not donate blood or plasma (outside of this study), 

from screening, throughout the study duration, and for at 

least 90 days following last dose of study medication. 

6. Subjects will be restricted to their bed for the first 4 h 

post-dose and thereafter encouraged to assume a standing 

posture in a gradual way before mobilizing, such as remain- 

ing seated for several minutes before standing, and then 

standing at the bedside for several minutes before proceed- 

ing to mobilize away from the bed area. 

The additional restrictions above are not exclusion crite- 

ria; if non-compliance occurs, a protocol deviation will be 

completed. 

10 Study Procedures: Study procedures will be performed 

as detailed in the study schedule of assessments in Table 6 

and in accordance with SOPs unless otherwise stated in this 

protocol. 

10.1 Screening: Within the 28 days preceding first dose, 
all subjects will be required to undergo a screening visit. 

Screening procedures will be carried out in accordance with 

the schedule of assessments. 
If the start of the study is delayed for any reason so that 

the interval between screening and first dose exceeds 28 
days, all or part of the screening procedures will be repeated 

at the discretion of the investigator. 
Screening safety procedures such as safety bloods, ECGs, 

vital signs, urine cotinine tests, alcohol breath tests and 

urinalysis can be repeated as clinically indicated under the 
discretion of the investigator or sub-investigator if there is a 

concern regarding a subject’s safety or eligibility to partici- 
pate in the trial. 

10.1.1 Subject Re-Screening: This study permits the re- 

screening of a subject who has discontinued the study as a 
pre-treatment failure (i.e. subject has not been treated); the 

reason for failure must be temporary and expected to 
resolve. If re-screened, the subject must be re-consented. 

10.2 Admission and Pre-dose Procedures: The identity of 
the subjects will be confirmed at each admission and pre- 

dose. 

In addition, the ongoing eligibility of subjects will be 
re-assessed at first admission/pre-dose, as described in Sec- 

tions 9.2 and 9.3. 
Admission/pre-dose safety procedures such as safety 

blood draws, ECGs, vital signs, urinalysis and drugs of 
abuse tests can be repeated as clinically indicated under the 

discretion of investigator or sub-investigator if there is a 

concern regarding a subject’s safety or eligibility to partici- 
pate in the clinical trial. 

Reserve subjects for the first dose occasion, in any group, 
will not require admission procedures to be repeated, if 

dosing is within 2 days. 
If dosing is delayed, subjects who have completed admis- 

sion procedures do not need admission procedures to be 

repeated if dosing is within 2 days and the subjects have 
remained resident in the clinical unit. 

The subjects will be admitted to the clinical unit in the 
evening on the day before dosing (Day -1). 

In addition, subjects may be required to visit the clinical 
unit on Day -1 of each treatment period prior to admission 

to the clinical unit for SARS-COV-2 antigen tests af 

required; see Sections 6.4.2.2 and 14.5.8). 
The admission and pre-dose procedures are presented in 

the schedule of assessments.
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10.3 Study Day Procedures 

10.3.1 Blood Volume: The number and timing of samples 

may be amended following any interim PK parameter esti- 

mations. However, in this case, the total blood volume for 
each subject will not exceed 550 mL in a 4-week period. 

The first 0.5 mL of blood withdrawn via cannula will be 
discarded. 

10.3.2 Timing of Procedures: There are times where the 
protocol requires more than one procedure to be completed 

at the same time point. 

As guidance, the preferred order of assessments is: 
ECGs—Vitals~Nominal time PK blood sampling—Other 

assessments e.g. physical examinations. When scheduled at 
the same time point, ECGs should be taken prior to vital 

signs, and both ECGs and vital signs will be performed prior 
to the PK samples. Every effort will be made to take the PK 

sample at the protocol-specified time. Other assessments 

will be performed within the required time windows. All 
safety assessments will be timed and performed relative to 

the start of dosing. 
10.3.3 Discharge from the Clinical Unit: A subject will be 

allowed to leave the premises without additional investigator 
or sub-investigator review, following completion of study- 

specific procedures at 48 h post-dose providing that: 1) No 

AEs have been reported during the study visit; and 2) The 
subject responds in the affirmative when asked if they are 

feeling well. 
If any of these conditions are not met, then the subject will 

only be allowed to leave the clinical unit with the authori- 
zation of the investigator or sub-investigator. 

There will be no continued provision of the study inter- 

vention or treatment for subjects as this study involves 
healthy volunteers only. 

10.3.4 Medical Supervision: A physician will be respon- 
sible for the clinical aspects of the study and will be 

available at all times during the study. In accordance with 

the current Association of the British Pharmaceutical Indus- 
try guidelines, each subject will receive a card stating the 

telephone number of the investigator and the 24/7 contact 
details of the on-call physician. 

10.3.5 Follow-up: A follow-up phone call will take place 
3 to 7 days after the final dose to ensure the ongoing 

wellbeing of the subjects. If a subject reports any AEs which 

can present a cause for concern, they will be required to 
attend the clinical unit for a further follow-up assessment (as 

an unscheduled visit). Completion of the last follow-up 
phone call or unscheduled follow-up visit will be considered 

the end of the study. 
11. Dosing of Subjects: Dosing will be performed at the 

time points detailed in the study schedule of assessments in 

Table 6. 
11.1 Food and Fluid Intake: Subjects will be allowed 

water up to 1 h before the scheduled dosing time on Day 1 
and will be provided with 240 mL of water at 1 h post-dose 

(to ensure adequate hydration) and thereafter, water will be 
allowed ad libitum after 1 h post-dose. Decaffeinated fluids 

will be allowed ad libitum from lunch time on the day of 

dosing. 
If, for technical reasons, dosing is delayed for more than 

2 h beyond the expected dosing time, subjects will receive 
200 mL of an electrolyte drink (e.g. Lucozade Sport) at the 

originally scheduled dosing time, or earlier if possible. 
Fed Dosing (Optional for Regimen F): The calorie/fat 

content of breakfast will be controlled for Regimen F, Day 

1 if fed dosing is selected, adhering to the breakfast content 
detailed in Table 7. Subjects will be provided with a stan- 

dardized menu for all other meals. 
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For the fed regimen, a high-fat breakfast will be given 30 

min before dosing. 

Subjects will be provided with a light evening snack and 

will fast from all food and drink (except water) for at least 
8 h until the following morning, when they will be provided 

with a high-fat breakfast. 
The breakfast should be consumed over a maximum 

period of 25 min, with dosing occurring 30 min (+5 min) 
after the start of breakfast. Subjects should be encouraged to 

eat their meal evenly over the 25 min period. It is acknowl- 

edged that some subjects will take less time to eat, but 
dosing should still occur 30 min (+5 min) after the start of 

breakfast. Subjects must consume at least 90% of the 
pre-dose breakfast in order to be eligible for dosing. The 

start and stop time and percentage of the breakfast consumed 
must be recorded in the source. 

Lunch will be provided at approximately 4 h post-dose, an 

evening meal at approximately 10 h post-dose and an 
evening snack at approximately 14 h post-dose. On subse- 

quent days, meals will be provided at appropriate times. 
Fasted Dosing: The calorie/fat content of meals are not 

required to be controlled. Subjects will be provided with a 
standardized menu. 

On Day -1 of Periods 1 to 5 and on Period 6 if fasted 

dosing is selected, subjects will be provided with a light 
snack and then fast from all food and drink (except water) 

for a minimum of 10 h prior to dosing until approximately 
4 h post-dose at which time lunch will be provided. An 

evening meal will be provided at approximately 10 h post- 
dose and an evening snack at approximately 14 h post-dose. 

On subsequent days, meals will be provided at appropriate 

times. 
11.2 Administration of Test Preparations: Specific details 

of IMP(s) and doses to be administered are provided in 
Section 5.2 and Section 8.1, respectively. Subjects will be 

dosed on the morning of Day 1 of each study period. 

The exact time of dosing will be decided based on 
logistics and will be documented in the source. The order in 

which regimens are dosed may be subject to change due to 
logistical reasons. 

The minimum washout period between regimens may be 
changed, if data collected during the study support the 

change. However, the minimum washout period will not be 

reduced to less than 5 half-lives of the IMP. 
Subjects will receive a total of 5 administrations of MR 

oral formulations of minoxidil or a pharmaceutically accept- 
able salt thereof on 5 separate occasions and 1 administra- 

tion of minoxidil or a pharmaceutically acceptable salt 
thereof tablet (reference) on 1 occasion. 

Oral doses will be administered with a total of 240 mL of 

water. If required, additional water may be given with the 
IMP in 50 mL aliquots and will be recorded in the source but 

will not be classed as a protocol deviation. 
11.3 Dosing Compliance: During all clinical phases of the 

study, subjects will be observed by study staff to assure 
compliance to all study procedures, including dose admin- 

istration. 

Mouth and hand checks will be conducted after dosing to 
ensure the tablet has been swallowed. 

The date and time that each subject is dosed will be 
recorded in the subject’s source data. Any violation of 

compliance will require evaluation by the investigator and 
sponsor to determine if the subject can continue in the study. 

11.4 Prior and Concomitant Medications: No prescribed, 

over-the-counter medication or herbal remedies will be 
permitted from 14 days before first IMP administration until 

the follow-up phone call except up to 4 g of paracetamol per
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day and HRT/hormonal contraception and those deemed 
necessary by the investigator to treat AEs (exceptions may 

apply; see also Section 9.3). Any medications used will be 

recorded in the source. 
COVID-19 vaccines are accepted concomitant medica- 

tions. However, subjects are not to receive the COVID-19 
vaccine within 3 days prior to first administration of IMP 

(see also Section 9.3), so that by the time of dosing any 
effects of the vaccine (e.g. pyrexia, fatigue, pain/stiffness at 

site of injection) are likely to have abated. Thereafter, it is 

preferable for subjects not to receive the vaccine within 72 
h prior to administration of IMP, where possible; however, 

subjects may not be withdrawn on this basis. 
Emergency equipment and drugs will be available within 

the clinical unit as per current standard procedures. In the 
unlikely event that they are required, their use will be 

documented. 

Medication taken within 14 days of screening will be 
recorded in the source. Concomitant medications within 14 

days of dosing will be included in the electronic case report 
form (eCRF). 

12 Assessment of Efficacy: Not applicable for this Phase 
I study. 

13 Assessment of Pharmacokinetics and Pharmacody- 

namics: PK assessments will be performed as detailed in the 
study schedule of assessments in Table 6. 

13.1 Assessment of Pharmacokinetics: Venous blood 
samples will be collected from the subjects by a trained 

member of the clinical team. Consent will be collected from 
the subjects for use of these samples for the purposes of the 

proposed study. Samples will be processed to isolate plasma 

and PK analysis will be carried out on plasma samples. 
Plasma samples will be sent for laboratory testing in 

linked anonymized form (subject number only). This infor- 
mation is able to be linked directly to the volunteer by the 

research team and study monitor, however not by the labo- 

ratory staff or sponsor. 

Venous blood samples will be withdrawn via an indwell- 

ing cannula or by venipuncture at the time points detailed in 
the schedule of assessments. 

All PK windows will be timed relative to the start of 
dosing. 

The acceptable deviations from the nominal blood sam- 

pling times are as follows: 
1) The pre-dose samples will be takens1 h before dosing 

2) 0h to 1 h post-dose samples will be taken within +2 
min of the nominal post-dose sampling time 

3) 1.5 h to 12 h post-dose samples will be taken within 
+10 min of the nominal post-dose sampling time 

4) 18 h to 48 h post-dose samples will be taken within +30 

min of the nominal post-dose sampling time 
The timing and number of the samples may be amended 

following any interim PK parameter estimations, including 
collection over a longer duration. Any changes to blood 

sampling time points would be documented in the interim 
dose decision report and retained in the ISF. 

Samples will be collected into appropriate tubes as speci- 

fied by the bioanalytical laboratory. Details of sample tubes 
and processing will be contained in the Clinical Sample 

Processing Manual (CSPM). 
Samples will be shipped for the analysis of minoxidil or 

a pharmaceutically acceptable salt thereof. 
13.2 Assessment of Pharmacodynamics: Not applicable 

for this Phase I study. 

14 Assessment of Safety: Safety assessments will be 
performed as detailed in the study schedule of assessments 

in Table 6. 
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14.1 Definition and Classification of Adverse Events: An 

AE is any untoward medical occurrence in a subject that 

occurs either before dosing (referred to as a pre-dose AE) or 

once a medicinal product has been administered, including 

occurrences which are not necessarily caused by or related 

to that product. 

An adverse drug reaction is any AE where a causal 

relationship with the IMP is at least a reasonable possibility 

(possibly related or related). 

AEs will be monitored from the time the subject signs the 

ICF until discharge from the study at the follow-up phone 

call or unscheduled follow-up visit/phone call. The severity 

of AEs should be assessed as follows: 

Mild: An AE that is easily tolerated by the subject, causes 

minimal discomfort and does not interfere with everyday 

activities. 

Moderate: An AE that is sufficiently discomforting to 

interfere with normal everyday activities; intervention may 

be needed. 

Severe: An AE that prevents normal everyday activities; 

treatment or other intervention usually needed. 
14.2 Assessment of Causality: Every effort should be 

made by the investigator to try to explain each AE and assess 

its relationship, if any, to the IMP. The temporal relationship 
of the event to IMP administration should be considered in 

the causality assessment (i.e. if the event starts soon after 
IMP administration and resolves when the IMP is stopped). 

Causality should be assessed using the following catego- 
ries: 

Unrelated: Clinical event with an incompatible time rela- 

tionship to IMP administration, and that could be explained 
by underlying disease or other drugs or chemicals or is 

incontrovertibly not related to the IMP. 
Possibly related: Clinical event with a reasonable time 

relationship to IMP administration, and that is unlikely to be 

attributed to concurrent disease or other drugs or chemicals. 
Related: Clinical event with plausible time relationship to 

IMP administration and that cannot be explained by con- 
current disease or other drugs or chemicals. 

The degree of certainty with which an AE is attributed to 
IMP administration (or alternative causes, e.g. natural his- 

tory of the underlying disease, concomitant therapy) will be 

determined by how well the experience can be understood in 
terms of one or more of the following: 

1) Known pharmacology of the IMP 
2) Reactions of a similar nature have been previously 

observed with the IMP or this class of drug 
3) The experience being related by time to IMP admin- 

istration, terminating with IMP withdrawal or recurring 

on re-challenge 
4) Alternative cause 

14.3 Recording Adverse Events: AEs (including SAEs) 
will be recorded from the time of providing written informed 

consent until discharge from the study at the follow-up 
phone call or unscheduled follow-up visit/phone call. Dur- 

ing each study visit the subject will be questioned directly 

regarding the occurrence of any adverse medical event 
according to the schedule in the source. All AEs, whether 

ascribed to study procedures or not, will be documented 
immediately in the subject’s source. This will include the 

date and time of onset, a description of the AE, severity, 
seriousness, duration, actions taken, outcome and an inves- 

tigator’s current opinion on the relationship between the 

study drug and the event. A diagnosis and final opinion on 
the relationship between the study drug and the event will be 

provided at the end of the study by the investigator.
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Any subject who withdraws from the study due to an AE 

will be followed up until the outcome is determined and 

written reports are provided by the investigator. 

14.4 Serious Adverse Events 

14.4.1 Definition of Serious Adverse Events: A SAE is 

defined as any untoward medical occurrence that at any 

dose: 

1) Results in death 

2) Is life-threatening 

3) Requires hospitalization or prolongation of existing 

hospitalization 

4) Results in persistent or significant disability or inca- 

pacity 

5) Consists of a congenital anomaly or birth defect 

6) An important medical event as recognized by the 

investigator 

14.4.2 Definition of Suspected Unexpected Serious 

Adverse Reactions: Suspected unexpected serious adverse 

reactions (SUSARs) are AEs that are believed to be related 

to an IMP and are both unexpected (i.e. the nature or severity 

is not expected from the information provided in the IB) and 
serious. SUSARs are subject to expedited reporting to the 

MHRA (see Section 16.3.2 for details on reporting 

SUSARs). 
14.5 Laboratory Measurements: Venous blood, samples 

will be collected from the subjects by a trained member of 
the clinical team. Consent will be collected from the subjects 

for use of these samples for the purposes of the proposed 
study. 

Blood and urine samples are sent for laboratory testing in 

linked anonymized form (subject number, gender and date 
of birth for analytical reasons). This information is able to be 

linked directly to the volunteer by the research team and 
study monitor; however, not by the laboratory staff or 

sponsor. 
Safety laboratory tests and virology will be carried out on 

blood samples, and drugs of abuse tests and urinalysis will 

be carried out on urine samples. The research will not 
involve analysis or use of human DNA. 

Blood and urine samples results will be reviewed by a 
physician and acted upon before the subject is dosed or 

receives their next dose, or is released from the study, as is 

appropriate. A list of the laboratory parameters measured is 
presented in Table 5. 

14.5.1 Hematology and Clinical Chemistry: Laboratory 
tests will be performed by The Doctors Laboratory at the 

time points detailed in the schedule of assessments. Blood 
samples will be collected and processed as detailed in the 

CSPM. Scheduled blood samples will be taken following an 

8 h fast. 
The acceptable deviations from the nominal blood sam- 

pling time points for laboratory assessments are: 
1) The pre-dose blood sample will be takens2 h before 

dosing 
2) Post-dose blood samples will be taken +1 h from the 

nominal blood sampling time 

CLer will be calculated at screening by The Doctors 
Laboratory (TDL) using the Cockcroft-Gault equation 

and body weight. 
14.5.2 Virology: HBsAg, HCV Ab and HIV 1 and 2 tests 

will be performed from the clinical chemistry sample (see 
Section 14.5.1 for sample collection and processing infor- 

mation). 

14.5.3 Urinalysis: Urinalysis will be performed on-site 
using a dipstick at the time points detailed in the schedule of 

assessments. Urine samples will be collected and processed 
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as detailed in the CSPM. If microscopy is required, a urine 
sample will be sent to The Doctors Laboratory. 

The acceptable deviations from the nominal urine sam- 

pling time points for urinalysis are: 
Post-dose urine samples will be taken +2 h from the 

nominal urine sampling time 14.5.4 Pregnancy Test 
Urine highly sensitive pregnancy tests will be performed 

at the time points detailed in the schedule of assessments. 
The samples will be collected and processed as detailed in 

the CSPM. 
14.5.5 Follicle-Stimulating Hormone Test: Serum FSH 

tests will be performed at the time point detailed in the 

schedule of assessments for female subjects who declare that 
they are post-menopausal. The samples will be collected and 

processed as detailed in the CSPM. 
14.5.6 Cotinine and Drug Screen: A urine cotinine and 

drug screen will be performed on-site using a point of care 

testing method (e.g. Alere Drug Screen Test Cup) at the time 
points detailed in the schedule of assessments. The sample 

will be collected and processed as detailed in the CSPM. 
Subjects will be screened for the drugs of abuse listed in 

Table 5. 
14.5.7 Alcohol Breath Test: An alcohol breath test will be 

performed at the time points detailed in the schedule of 

assessments. A confirmed positive result will exclude the 
subject from dosing during that admission. 

14.5.8 SARS-COV-2 Tests (If Required): Testing for the 
SARS-COV-2 virus may be performed based on current 

infection rates and availability of tests. If required, the 
samples will be collected and processed as detailed in the 

Screening Sample Processing Manual and CSPM, as appli- 

cable. 
Testing time points may be changed, and additional time 

points may be added throughout the study as required. The 
decision on COVID-19 testing and the definition of the 

testing time points are subject to change based on the current 

risk mitigation in place and will be agreed by the study team 
and documented in the ISF via the Clinical Kick-Off Meet- 

ing minutes or in a file note if the study is ongoing. 
14.5.9 Abnormal Laboratory Findings: In cases where 

laboratory findings are outside the normal range and the 
investigator believes that the results may be of clinical 

significance, repeat sampling may be requested as clinically 

indicated. If the abnormal finding is clinically significant, 
appropriate actions will be taken e.g. the subject will not be 

entered into the study or the subject may be withdrawn from 
the study. The subject will be referred to their general 

practitioner or other appropriate provider for further care if 
necessary. The same will apply if the results of the HBsAg, 

HCV Ab or HIV test are positive and in addition the 

investigator will ensure that adequate counselling is avail- 
able if requested. 

Abnormal results at follow-up assessments will also 
require repeat testing if the investigator believes the results 

may be of clinical significance. 
Any clinically significant abnormality, including changes 

from baseline, must be reported as an AE. 

Additional blood and/or urine samples may be taken for 
safety tests. Furthermore, additional assays outside those 

specified in the protocol may be performed for safety 
reasons as requested by the investigator or sub-investigator. 

14.6 Vital Signs Measurements: At screening and Period 
1 pre-dose only, two blood pressure and heart rate measure- 

ments will be measured by an automated recorder; 1 supine 

and 1 standing (orthostatic). The first supine measurement 
will be performed after the subject has rested in a supine 

position for at least 5 min. The subject will then sit for at
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least 1 min, then stand for at least 2 minutes. The second, 
standing BP and HR measurements will be performed after 

the subject has been standing for at least 2 min but no longer 

than 3 min. 
Blood pressure and heart rate will be measured by an 

automated recorder after the subject has been in a supine 
position for a minimum of 5 min, at the timepoints detailed 

in the schedule of assessments. 
Respiratory rate and oxygen saturations (SaO2) will also 

be recorded at each supine vital sign measurement. Oral 

temperature will be recorded at screening and pre-dose. 
The acceptable deviations from the nominal vital signs 

measurement time points are: 
1) The pre-dose vital signs measurements will be takens2 

h before dosing. 
2) Post-dose vital signs measurements will be taken+15 

min from the nominal post-dose time points. 

3) Discharge vital signs measurements will be taken+1 h 
from the nominal time point. 

If a subject shows an abnormal assessment at any stage, 
repeat measurements may be made and the abnormality 

followed to resolution if required. Additional measurements 
may be taken as deemed necessary by the investigator or 

sub-investigator. 

Any new or worsening clinically significant abnormality, 
including changes from baseline, must be reported as an AE. 

14.7 ECG Measurements: Single 12-lead ECGs will be 
measured after the subject has been in the supine position for 

a minimum of 5 min at the time points detailed in the 
schedule of assessments. The acceptable deviations from the 

nominal ECG measurement time points are: 

1) The pre-dose ECG measurements will be takens2 h 
before dosing 

2) Post-dose ECG measurements will be taken+15 min 
from the nominal post-dose time point. 

3) Discharge ECG measurements will be taken+1 h from 

the nominal time point. 
If a subject shows an abnormal assessment at any stage, 

repeat measurements may be made and the abnormality 
followed to resolution if required. Additional measurements 

may be taken as deemed necessary by the investigator or 
sub-investigator. 

Any new or worsening clinically significant abnormality, 

including changes from baseline, will be reported as an AE. 
14.8 Body Weight, Height and BMI: The subject’s body 

weight and height will be measured and their BMI will be 
calculated at screening. Body weight will be reported at the 

time points detailed in the schedule of assessments. 
14.9 Physical Examination: Subjects will undergo a 

physical examination at the time points detailed in the 

schedule of assessments. 
In the targeted (symptom driven) physical examination, a 

physician will assess the subject; if the subject reports 
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feeling unwell or has ongoing ABs, then the physician will 
examine the appropriate body system(s) if required. 

14.10 Additional Safety Procedures: Additional non-in- 

vasive procedures that are already specified in the protocol 
may be performed, if it is believed that an important effect 

of the IMP(s) is occurring or may occur at a time when no 
measurements are scheduled, or if extra procedures are 

needed in the interests of safety. 
Additional blood samples for safety assessments may be 

taken if required by the investigator or sub-investigator at 

any point. 
15 Statistics and Data Analysis 

15.1 Sample Size Justification: The study is exploratory 
and no formal sample size calculation has been made. Based 

on experience from previous studies of a similar design, a 
sample size of 16 subjects to obtain 12 evaluable subjects is 

considered sufficient to meet the objectives of the study. 

15.2 Data Management: Data management will be per- 
formed by the trial site. 

Study data will be managed using a validated eCRF 
database system and subjected to data consistency and 

validation checks. Data queries will be raised within the 
study eCRF database by data management staff and resolved 

with the assistance of clinical staff. 

AEs, medical histories and medications will be coded 
using the Medical Dictionary for Regulatory Activities (ver- 

sion to be specified in the Data Management Plan [DMP]) 
and the World Health Organization, Drug Dictionary Global 

Drug Reference (version to be specified in the DMP), 
respectively. An independent coding review will also be 

performed within the Data Sciences department. 

Clinical chemistry and hematology data (and other safety 
laboratory data) will be collected by a central laboratory 

(The Doctors Laboratory) and stored electronically in their 
clinical pathology system. The data will be transferred 

electronically to the trial site and all demographic details and 

sample dates will be cross-referenced with the correspond- 
ing data on the study database. All queries will be resolved 

with the assistance of laboratory staff, or if necessary, 
clinical staff. 

The database will be closed after all queries have been 
resolved. The database will be locked when all criteria listed 

in the DMP are met. 

Further details are addressed in the DMP. 
15.3 Pharmacokinetic Data Analysis: The plasma concen- 

tration data for minoxidil or a pharmaceutically acceptable 
salt thereof provided by the trial site will be analyzed using 

Phoenix WinNonlin v8.3 or a more recent version (Certara 
USA, Inc., USA). 
PK analysis of the concentration time data obtained will 

be performed using appropriate non-compartmental tech- 
niques to obtain estimates of the PK parameters presented in 

Table 4, where possible and appropriate. 

TABLE 4 

Plasma Pharmacokinetic Parameters 

Parameter Definition 

Tlag 

Tmax 

Cmax 

C24 

AUC (0-last) 

Time prior to the first measurable concentration 

Time of maximum observed concentration 

Maximum observed concentration 

Concentration at 24 h post-dose 

Area under the curve from time 0 to the time of last measurable 

concentration



Anagen LLC Exhibit 1002 | Page 53 of 59

US 12,268,688 B2 

89 

TABLE 4-continued 
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Plasma Pharmacokinetic Parameters 

Parameter Definition 

AUC(0-inf) Area under the curve from time 0 extrapolated to infinity 

AUCextrap Area under the curve from time of the last measurable 

concentration to infinity as a percentage of the area under the 

curve extrapolated to infinity 

TH Terminal elimination half-life 
Lambda-z First order rate constant associated with the terminal (log-linear) 

portion of the curve 

MRT(0-last) Mean residence time from time 0 to time of the last measurable 

concentration 

MRT(0-inf) Mean residence time from time 0 extrapolated to infinity 

Frel Cmax Relative bioavailability based on Cmax 

Frel AUC(0-last) Relative bioavailability based on AUC(0-last) 

Interim PK parameter estimations will be provided for 
dose, formulation and prandial state selection purposes, as 

described in Section 8.2. 
Further details of the PK data analysis will be included in 

the Reporting and Analysis Plan (RAP). 
15.4 Statistical Data Analysis: Statistical analysis and 

production of summary tables, figures and listings for this 

study will be performed by the trial site using the statistical 
package SAS (v9.4 or more recent version). 

In general terms, categorical data (including treatment- 
emergent AEs) will be presented using counts and percent- 

ages, while continuous variables will be presented using the 
mean, median, standard deviation (SD), minimum and maxi- 

mum. Additional statistics will be provided for PK-related 

data including coefficient of variation (CV %), geometric 
mean, geometric SD and geometric CV %. 

Descriptive summaries for all safety data (AEs, vital 
signs, ECGs and safety laboratory assessments) by regimen 

will be provided (including changes from baseline as appro- 

priate). 
Descriptive summaries for all PK data by regimen will be 

provided. 
All safety and PK data will be listed. 

In addition, formal statistical analysis will be performed 
on the PK parameters Cmax, AUC(0-last) and AUC(0-inf) to 

assess relative bioavailability between test and reference 

formulations, and potentially to assess for the effect of food 
on a selected prototype. The PK parameters will undergo a 

natural logarithmic transformation and will be analyzed 
using a mixed effects model, with terms for regimen as a 

fixed effect and subject as a random effect. Adjusted geo- 
metric mean ratios (GMRs) and 90% confidence intervals 

for the adjusted GMRs for the comparisons between each of 

the test formulations and the reference formulation will be 
provided, where the ratios are defined as test/reference. 

The comparisons of interest are planned to be but not 
limited to: 

1) Regimen A vs Regimen B 
2) Regimen C vs Regimen B 

3) Regimen D vs Regimen B 

4) Regimen E vs Regimen B 
5) Regimen F vs Regimen B (if applicable) 

If the fed dosing option is chosen for Regimen F, formal 
statistical analysis will be performed on the PK parameters 

Cmax, AUC(0-last) and AUC(0-inf) to assess for the effects 
of food. The mixed model will be as described above for the 

comparison of fed versus fasted. 

Formal statistical analysis may also be performed on the 
log-transformed PK parameters Cmax, AUC(0-last) and 

AUC(0-inf) to assess dose proportionality. This will be 
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assessed using a mixed effects model, including log dose as 

a fixed effect and subject as a random effect. 

Populations and analysis sets will be determined for 

safety and PK data after database lock using the criteria 

defined in the RAP; the RAP will be signed off prior to 

database lock. All populations and analysis sets will be 

defined after database lock when the relevant data are 

available. 

Further details relating to the statistical analysis will be 

included in the RAP including the following: 

1) Criteria to be used to define each of the population and 

analysis sets 

2) Additional detail covering the analyses and/or descrip- 

tion of primary and secondary analyses and safety data 

3) Handling of missing data, unused or spurious data 

4) Handling of data from withdrawn subjects 

15.5 Interim Analysis: No formal interim analyses are 

planned for this study. Interim data reviews will be per- 

formed as detailed in Section 8.2. 

16 Safety Reporting to Regulatory Authorities and Ethics 

Committees 
16.1 Events Requiring Expedited Reporting: SUSARs (as 

defined in Section 14.4.2) are subject to expedited reporting 
to the appropriate regulatory authority. 

In addition to SUSARs, other safety issues may qualify 

for expedited reporting where they might materially alter the 
current benefit-risk assessment of an IMP or that would be 

sufficient to consider changes in the IMPs’ administration or 
in the overall conduct of the study, for instance: 

1) An increase in the rate of occurrence or a qualitative 
change of an expected serious adverse reaction, which 

is judged to be clinically important 

2) SAEs that occur after the subject has completed the 
clinical study where Applicant considers them to be a 

SUSAR 
3) New events related to the conduct of the study or the 

development of the IMPs and likely to affect the safety 
of the subjects, such as: 

A. An SAE which could be associated with the study 

procedures and which could modify the conduct of the 
study 

B. A major safety finding from a newly completed animal 
study (such as carcinogenicity) 

C. Any anticipated end or temporary halt of a study for 
safety reasons and conducted with the same IMPs in 

another country by the same sponsor 

16.2 Urgent Safety Measures 
If the trial site or any of its staff or contractors becomes 

aware of an actual or potential urgent safety issue, then
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Applicant must be immediately contacted so that appropriate 
urgent safety measures can be agreed. An urgent safety issue 

is defined as: 

1) An immediate hazard to the health or safety of subjects 
participating in a clinical study 

2) A serious risk to human health or potentially a serious 
risk to human health 

An urgent safety issue may include issues with an inves- 
tigational drug or comparators, study procedures, inter- 

current illness (including pandemic infections), concomitant 

medications, concurrent medical conditions or any other 
issues related to the safe conduct of the study or that pose a 

risk to study subjects. 
In exceptional circumstances of imminent hazard and in 

order to safeguard the health or safety of individuals, the 
trial site may take urgent safety measures before informing 

Applicant, but Applicant must be informed immediately 

after the hazard has resolved. 
The sponsor is responsible for informing the appropriate 

regulatory authorities and the EC; the task of reporting 
urgent safety measures will be delegated to the trial site. 

16.3 Reporting 
16.3.1 Reporting Serious Adverse Events: The investiga- 

tor must notify the study sponsor and pharmacovigilance 

provider of any SAE or serious adverse reaction immedi- 
ately, and in all cases within 24 h of becoming aware of the 

event or reaction. A copy of the written report of the event 
should promptly be sent to the study sponsor for information 

purposes, in accordance with International Council for Har- 
monization of Technical Requirements for Pharmaceuticals 

for Human Use (ICH) guidelines for GCP. 

16.3.2 Reporting of Suspected Unexpected Serious 
Adverse Reactions: It is the responsibility of Applicant to 

determine whether a reported SAE fits the classification of 
a SUSAR and to notify the investigator of their decision as 

soon as possible. 

16.3.3 Expedited Reporting of Events: It is the responsi- 
bility of Applicant to determine whether an event requires 

expedited reporting and to notify the investigator of their 
decision as soon as possible. 

Where expedited reporting is required, the following 
procedures should be followed. 

Fatal or life-threatening SUSARs: It is the responsibility 

of Applicant to report fatal or life-threatening SUSARs to 
the MHRA as soon as possible, but no later than 7 calendar 

days after they first became aware of the reaction. Any 
additional relevant information should be sent within 8 days 

of the report. The task of reporting fatal or life-threatening 
SUSARs may be delegated to the pharmacovigilance pro- 

vider. A separate notification to the EC is not required. 

Other SUSARs: It is the responsibility of Applicant to 
report other SUSARs to the MHRA as soon as possible, but 

no later than 15 calendar days after they first became aware 
of the reaction. The task of reporting other SUSARs may be 

delegated to the pharmacovigilance provider. A separate 
notification to the EC is not required. 

16.3.4 Reporting of Urgent Safety Measures: The trial site 

is required to notify the MHRA and the EC of an urgent 
safety measure immediately by telephone and follow-up in 

writing within 3 calendar days from the date the measures 
are taken. 

16.3.5 Reporting of COVID-19 Vaccine-Related Adverse 
Events: AEs considered by the investigator to be related to 

COVID-19 vaccines will be reported to the MHRA via the 

Yellow Card system. 
16.4 Serious Breaches: It is the responsibility of Applicant 

to notify the MHRA of any serious breach, which is likely 
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to affect, to a significant degree, the safety or mental 

integrity of the subjects of the study or the scientific value 

of the study. 

All serious breaches will be notified to the MHRA within 

7 days. The reporting will be performed by the party who 

suspects the serious breach. 

17 Protocol Amendments and Deviations 

17.1 Amendments: After the protocol has been submitted 

to the MHRA and EC, any amendment must be agreed by the 

investigator after discussion with Applicant and will be 

formally documented. 

All substantial amendments will be submitted to the 

MHRA and/or EC for approval and/or an opinion, respec- 

tively, as required by current regulations. 

If the PIS and ICF are updated as a result of the substantial 

amendment, the new approved versions will be used to 

re-consent currently enrolled subjects and must be provided 

to newly enrolled subjects prior to their entry into the study. 

17.2 Protocol Deviations: The study must be conducted in 

accordance with the Clinical Protocol. Should a protocol 

deviation occur, it must be promptly assessed in order to 
decide whether any of these non-compliances should be 

reported to the MHRA as a serious breach of GCP and the 

Clinical Protocol. 
Protocol waivers are not acceptable. 

Deviations from the protocol will be recorded in the 
source as noted by the clinical staff. If necessary, Applicant 

will be informed of the deviation. 
Any protocol deviations assessed as major will be dis- 

cussed with Applicant in order to determine if the with- 

drawal criteria stated in Section 8.3 have been met. 
18 Regulatory 

18.1 Compliance: This study will be conducted in accor- 
dance with the protocol and with the following legislation: 

1) ICH GCP Guidelines approved by the Committee for 

Medicinal Products for Human Use (CHMP) on 17 Jul. 
1996, which came into force on 17 Jan. 1997, updated 

July 2002, Integrated Addendum E6 (R2) dated 9 Nov. 
2016. 

2) ICH E8 (R1) General Considerations for Clinical 
Studies, dated October 2021. 

3) The Medicines for Human Use (Clinical Trials) Regu- 

lations. Statutory Instruments 2004 No. 1031. 
4) The Medicines for Human Use (Clinical Trials) 

Amendment Regulations. Statutory Instruments 2006 
No. 1928. 

5) The Medicines for Human Use (Clinical Trials) 
Amendment (No. 2) Regulations. Statutory Instruments 

2006 No. 2984. 
6) The Medicines for Human Use (Clinical Trials) 
Amendment Regulations. Statutory Instruments 2008 

No. 941. 
7. The Medicines for Human Use (Clinical Trials) 

(Amendment) (EU Exit) Regulations. Statutory Instru- 
ments 2019 No. 744. 

In addition, the study will be performed according to the 

ethical principles outlined in the World Medical Association 
Declaration of Helsinki and its amendments. 

18.2 MHRA and Ethical Approval: Prior to the initiation 
of the study, the clinical trial of an investigational medicinal 

product (CTIMP) application, the protocol and associated 
documentation must be approved by the MHRA and given 

a favorable opinion by an EC. A copy of this written 

approval and any correspondence with the MHRA and EC 
will be available at the clinical site and will be provided to 

Applicant.
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18.3 Source Data: A study-specific source document 

identification list will be finalized with Applicant prior to the 
start of the clinical phase of the study. The document will 
identify what data should be considered source data for this 
study. 

For this study, electronic data capture will be used where 
possible and data will be automatically recorded into an 
eCRF. In instances where paper source documents are used, 
data to be transcribed into the eCRF will be identified using 
a Source Document Identification List, as governed by the 

trial site’s SOPs. 

94 
18.4 Declaration of the End of the Study: The end of the 

study is defined as the last visit of the last subject (e.g. 

follow-up phone call or unscheduled visit/phone call). Any 

changes to this definition will be notified as a substantial 

amendment (see Section 17.1). 

The EC and MHRA should be notified of the conclusion 

of the study within 90 days of the end of the study, or within 

15 days if the study is terminated early, clearly explaining 

the reasons for the termination. 

TABLE 5 

Clinical Laboratory Parameters 

Drugs of 

Hematology Clinical Chemistry Virology Urinalysis Abuse 

Hemoglobin Sodium Hepatitis B surface Bilirubin Amphetamines 

Hematocrit (HCT; Potassium antigen Urobilinogen Barbiturates 

packed cell Chloride Hepatitis C virus Ketones Benzodiazepines 

volume [PCV]) Bicarbonate antibody Glucose Cocaine 

Red blood cell (RBC; Urea HIV 1 & 2 antibodies Protein Cotinine 

erythrocyte) count Creatinine If Required: Blood Marijuana/cannabis 

Mean corpuscular CLer will be SARS-CoV-2 antigen Nitrites Methadone 

volume calculated at pH Methamphetamine/ 

(MCV) screening using the Specific gravity ecstasy 

Mean corpuscular Cockcroft- Leukocytes Morphine/opiates 

hemoglobin (MCH) Gault equation At discretion of Phencyclidine 

Mean corpuscular Bilirubin (total) investigator Tricyclic 

hemoglobin Bilirubin (direct; only if based on urinalysis antidepressants 

concentration total is results 

(MCHC) elevated) Microbiology 

Platelet count Alkaline phosphatase Urine microscopy 

White blood cell Aspartate Urine Pregnancy 

(WBC; aminotransferase Human chorionic 

leukocytes) count (AST) gonadotropin (hCG) 

Neutrophils Alanine (all 

Lymphocytes aminotransferase female subjects) 

Monocytes (ALT) 

Eosinophils Gamma glutamyl 

Basophils transferase 

(GGT) 
Protein (Total) 

Albumin 

Calcium 

Glucose (fasting) 

Glucose 

Follicle stimulating 

hormone 

(FSH; female subjects 

who declare that they are 

post-menopausal) 

TABLE 6 

Schedule of Assessments 

Final 

Periods 1 to 6 Period 

1 2 3. 4to8 
-28 to -2 -1 Pre- Times After Dosing (h) Follow- 

Study Day Screening Admission dose 0.2 05 07 1°15 2 3 4 #6 8 10 12 18 24 30 36 48 up 

General 

Assessments 

Informed x 

Consent 

Medical x Xb 

History 

Weight, x Xe Xe 

Height and 

BMI
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Schedule of Assessments 

Study Day 

Periods 1 to 6 

Final 

Period 

-28 to -2 -1 Pre- 

Screening Admission dose 

Times After Dosing (h) 

2 3. 4to8 

Follow- 

0 02 05 07 1 15 2 3 4 #6 8 10 12 18 24 30 36 48 up 

Vein 

Assessment 

Urine 

Cotinine Test 

Drug Screen 

Alcohol 

Breath Test 

IMP 

Administration? 

Safety 

Assessments 

Physical 

Examination 

Targeted 

(symptom 

driven) 

Physical 

Examination® 

Safety Blood 

Samples’ 

CLer 

Urinalysis 

Urine 

Pregnancy 

Testg 

Single 12- 

Lead ECGs 

Supine and 

Standing 

Vital Signs” 

Vital Signsj 

Adverse 

Events 

Prior and 

Concomitant 

Medication 

PK 

Assessments 

Plasma 

Samples for 

minoxidil or a 

pharmaceutic 

x 

Xk 

Xl xX Xi xX X X X XK KX K K X K X K XK XK 
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TABLE 7 

Breakfast Content (Fed Dosing) 

Total Energy 

Meal Energy from 

Description (keal) Fat (%) Composition 

High-Fat 951 58 1 (40 g) hash brown, 2 (80 g) 

Breakfast Unsmoked Rindless Streaky 

(FDA Bacon, 1 medium (45 g) 

approved)* egg fried in 10 g of butter, 

2 slices (95 g) of white sliced 

bread with 20 g of butter, 

240 mL of full fat milk 

Example 6: Modified Release Minoxidil or a 
Pharmaceutically Acceptable Salt Thereof 

Formulations 

Compositions of MR oral formulations of minoxidil or a 

pharmaceutically acceptable salt thereof are provided in 
Table 8. 

TABLE 8 

10 

15 

98 
characterized by a high/fast dissolution profile. Batches of 

prototype C tested at day 0 and day 7 demonstrate similar 

dissolution profiles. 

Prototype D releases approximately 50% minoxidil or a 

pharmaceutically acceptable salt thereof by about 8 hours in 

a single stage dissolution assay (FIG. 5; pH 7.2 phosphate 

buffer, USP II, 75 rpm (infinity spin)). Prototype D is 

characterized by a high/fast dissolution profile. Batches of 

prototype D tested at day 0 and day 7 demonstrate similar 

dissolution profiles. 

Example 7: Dissolution Profiles for Modified 

Release Formulation 

Dissolution of 10 mg prototype batch (Batch Nos. 

030448-008, n=6, and 030448-001, n=2; 1-stage dissolu- 

tion) is slower than a 2.5 mg prototype batch (Batch No. 

030448-005, n=6) with an f2=40.8%. The 10 mg prototype 
formulation exhibits pseudo zero order kinetics (Table 9 and 

FIG. 6). Dissolution was performed in 900 mL phosphate 
buffer, pH 6.8 (50 rpm). 

MR Oral Formulations of Minoxidil or a Pharmaceutically Acceptable Salt thereof 

Quantity per Tablet (mg) 

Prototype A Prototype B- Prototype C —— Prototype D Reference 

Slow Release, Fast Release, Fast Release, Slow Release, to 

Component Low Dose Low Dose High Dose High Dose Function Standard 

Minoxidil or a 2.000 2.000 10.000 10.000 Active USP 

pharmaceutically 

acceptable salt 

thereof Drug 

Substance! 

HPMC K4M 0.000 45.000 30.000 0.000 Release Ph. Eur., JP, 

Modifier USP 

HPMC K200M 120.000 0.000 0.000 105.000 Release Ph. Eur., JP, 

Modifier USP 

Microcrystalline 26.950 50.975 54.475 33.950 Filler Ph. Eur., JP, 

Cellulose NF 

Lactose 0.000 50.975 54.475 0.000 Release Ph. Eur., JP, 

Monohydrate Modifier NF 

Silica, Colloidal 0.300 0.300 0.300 0.300 Glidant Ph. Eur., JP, 

Anhydrous USP-NF 

Magnesium 0.750 0.750 0.750 0.750 Lubricant Ph. Eur., JP, 

Stearate NF 

Total per Tablet 150.0 150.0 150.0 150.0 —_— —_— 

lTfnecessary, the amount of drug substance may be adjusted to take into account the potency of the drug substance. The total amount 
of filler will be adjusted accordingly to compensate. 

Prototype A releases approximately 50% minoxidil or a 
pharmaceutically acceptable salt thereof by about 6 hours in 
a single stage dissolution assay (FIG. 2; pH 7.2 phosphate 

buffer, USP II, 75 rpm (+infinity spin)). Prototype A is 
characterized by a low/slow dissolution profile. Batches of 

prototype A tested at day 0 and day 7 demonstrate similar 
dissolution profiles. 

Prototype B releases approximately 50% minoxidil or a 

pharmaceutically acceptable salt thereof by about 3 hours in 
a single stage dissolution assay (FIG. 3; pH 7.2 phosphate 

buffer, USP II, 75 rpm (+infinity spin)). Prototype B is 
characterized by a low/fast dissolution profile. Batches of 

prototype B tested at day 0 and day 7 demonstrate similar 
dissolution profiles. 

Prototype C releases approximately 50% minoxidil or a 

pharmaceutically acceptable salt thereof by about 1.5 hours 
in a single stage dissolution assay (FIG. 4; pH 7.2 phosphate 

buffer, USP II, 75 rpm (+infinity spin)). Prototype C is 

50 TABLE 9 

Dissolution of Modified Release Formulations of Minoxidil 

ot a pharmaceutically acceptable salt thereof 

030448-001 030448-008 030448-006 

(10 mg) (10 mg) (2.5 mg) 

Time (h) n=2 n=6 n=6 

0 0 0 0 

2 25 23 32 

4 40 37 51 

6 52 48 64 

8 62 58 75 

10 70 67 82 

12 77 74 88 

14 83 80 93 

16 88 86 96
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TABLE 9-continued 

Dissolution of Modified Release Formulations of Minoxidil 

or a pharmaceutically acceptable salt thereof 

030448-001 030448-008 030448-006 
(10 mg) (10 mg) (2.5 mg) 

Time (h) n=2 n=6 n=6 

18 92 90 98 
20 95 94 100 
24 99 100 103 

% RSD 0.1-6.7 1.5-3.7 1.7-4.2 

2-stage dissolution assays were performed on 10 mg and 

2.5 mg modified release formulations of minoxidil or a 

pharmaceutically acceptable salt thereof. The 2-stage disso- 

lution uses a 0.1 N HCI solution (750 mL) for hours 0-2 and 

a neutralized solution for hours 2-24 (pH 6.8 formed by 

adding 250 mL of a concentrated phosphate buffer into the 

750 mL acid). 2-stage dissolution increased significantly 

compared to 1-stage dissolution (+10% to 15%; FIG. 7). A 

2-stage dissolution results in more of a first-order release 

profile with a large burst due to the acid-stage (Table 10 and 

FIG. 7). Minoxidil or a pharmaceutically acceptable salt 

thereof likely has pH sensitive solubility, with a high solu- 

bility in acid leading to rapid dissolution during the early 

hours. 

TABLE 10 

2-Stage Dissolution of Formulations of Modified Release 

Minoxidil or a pharmaceutically acceptable salt thereof 

030448-008 030448-006 
(10 mg) (2.5 mg) 

Time (h) pH 6.8 2-stage pH 6.8 2-stage 

0 0 0 0 0 
2 23 38 32 36 
4 37 63 51 62 
6 48 72 64 72 
8 58 75 75 78 

10 67 79 82 83 
12 74 82 88 87 
14 80 86 93 91 
16 86 89 96 97 
18 90 93 98 97 
20 94 95 100 99 
24 100 99 103 101 

Minoxidil or a pharmaceutically acceptable salt thereof 

demonstrates pH-dependent solubility (Table 11). Solubility > 

at pH 3.6 and below was theoretically determined from data 

from European Patent No. EP1695708, which is incorpo- 

rated herein in its entirety (indicated with *). 

TABLE 11 

Minoxidil or a pharmaceutically acceptable salt thereof Solubility 

pH Solubility (mg/mL) 

6.0 2.5 
5.0 4.1 
4.6 11.3 
3.6% 22.0 
3.0% 87.6 
2.6% 220.0 
2.0% 876.0 
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What is claimed is: 

1. A method of treating hair loss, comprising orally 

administering to a subject in need thereof a modified release 

pharmaceutical formulation comprising from about 3.5 mg 

to about 20 mg of minoxidil or a pharmaceutically accept- 

able salt thereof; wherein wherein the modified release 

pharmaceutical formulation provides: 

a blood level of the minoxidil or a pharmaceutically 

acceptable salt thereof of about 1 ng/ml to about 20 

ng/ml; 

a Cmax of about 0.25 ng/ml to about 20 ng/ml; and 

a Tmax of about 30 to about 360 minutes. 

2. The method of claim 1, wherein the modified release 

pharmaceutical formulation further comprises a release 

modifier, a filler, a glidant, a lubricant, and combinations 

thereof. 

3. The method of claim 1, wherein the subject in need 

thereof is diagnosed with hair loss. 

4. The method of claim 3, wherein the hair loss is selected 

from male pattern hair loss, female pattern hair loss, heredi- 

tary hair loss, telogen effluvium, alopecia areata, central 
centrifugal cicatricial alopecia, lichen planopilaris, or trac- 

tion alopecia. 

5. The method of claim 1, wherein administering results 
in hair regrowth. 

6. The method of claim 1, wherein the modified release 
pharmaceutical formulation comprises an enteric coating. 

7. The method of claim 1, wherein the modified release 
pharmaceutical formulation is administered at least once 

daily. 

8. The method of claim 1, wherein the oral administration 
of the modified release pharmaceutical formulation results in 

substantially no cardiac effects. 
9. The method of claim 8, wherein the cardiac effects are 

selected from tachycardia, hypotension, premature ventricu- 

lar contractions, and other tachyarrhythmias. 
10. The method of claim 1, wherein the modified release 

pharmaceutical formulation provides a blood level of 
minoxidil or a pharmaceutically acceptable salt thereof that 

is maintained for at least about 12 hours. 
11. The method of claim 1, wherein about 4.5 mg, about 

8.5 mg, about 9 mg, about 17 mg, or about 20 mg of the 

minoxidil is administered per day. 
12. The method of claim 2, wherein the release modifier 

is present in an amount of about 50% to about 80% (w/w) 
of the total formulation. 

13. The method of claim 1, wherein the oral administra- 
tion of the modified release pharmaceutical formulation 

provides an AUC of minoxidil that is less than an AUC of 

minoxidil provided by an immediate release formulation 
containing an equivalent dose of minoxidil. 

14. A method of treating hair loss, comprising orally 
administering to a subject in need thereof a modified release 

pharmaceutical formulation comprising about 4.5 mg of 
minoxidil or a pharmaceutically acceptable salt thereof; 

wherein the modified release pharmaceutical formulation 

provides: 
a blood level of the minoxidil or a pharmaceutically 

acceptable salt thereof of about 1 ng/ml to about 20 
ng/ml; 

a Cmax of about 0.25 ng/ml to about 20 ng/ml; and 
a Tmax of about 30 to about 360 minutes. 

15. The method of claim 14, wherein the modified release 

pharmaceutical formulation further comprises a release 
modifier, a filler, a glidant, a lubricant, and combinations 

thereof.
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16. The method of claim 15, wherein the release modifier 

is present in an amount of about 50% to about 80% (w/w) 
of the total formulation. 

17. The method of claim 14, wherein the oral adminis- 

tration provides an AUC of minoxidil that is less than an 

AUC of minoxidil that is provided by an immediate release 
formulation containing an equivalent dose of minoxidil. 

18. A method of treating hair loss, comprising orally 
administering to a subject in need thereof a modified release 

pharmaceutical formulation comprising about 9 mg of 
minoxidil or a pharmaceutically acceptable salt thereof; 

wherein the modified release pharmaceutical formulation 

provides: 
a blood level of the minoxidil or a pharmaceutically 

acceptable salt thereof of about 1 ng/ml to about 20 
ng/ml; 

a Cmax of about 0.25 ng/ml to about 20 ng/ml; and 
a Tmax of about 30 to about 360 minutes. 

19. The method of claim 18, wherein the modified release 

pharmaceutical formulation provides a blood level of the 
daily dose of minoxidil or a pharmaceutically acceptable salt 

thereof is maintained for at least about 12 hours. 
20. The method of claim 18, wherein the modified release 

pharmaceutical formulation further comprises a release 
modifier, a filler, a glidant, a lubricant, and combinations 

thereof. 

21. The method of claim 20, wherein the release modifier 
is present in an amount of about 50% to about 80% (w/w) 

of the total formulation. 
22. The method of claim 18, wherein the modified release 

formulation provides an AUC of minoxidil that is less than 
an AUC of minoxidil provided by an immediate release 

formulation containing an equivalent dose of minoxidil. 
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23. The method of claim 18, wherein the modified release 

pharmaceutical formulation is administered once per day, 

two times per day, or four times per day. 

24. A method of treating hair loss, comprising orally 

administering to a subject in need thereof a daily dose of 

minoxidil or a pharmaceutically acceptable salt thereof; 

wherein the daily dose is from about 3.5 mg to about 20 mg; 

and the oral administration provides: 

a blood level of the minoxidil or a pharmaceutically 

acceptable salt thereof of about 1 ng/ml to about 20 

ng/ml, and 

a Cmax of about 0.25 ng/ml to about 20 ng/ml; and 
a Tmax of about 30 to about 360 minutes. 

25. The method of claim 24, wherein the oral adminis- 

tration provides a blood level of the daily dose of minoxidil 
or a pharmaceutically acceptable salt thereof that is main- 

tained for at least about 12 hours. 
26. The method of claim 24, wherein the oral adminis- 

tration provides an AUC of minoxidil that is less than an 

AUC of minoxidil provided by an immediate release for- 
mulation containing an equivalent dose of minoxidil. 

27. The method of claim 24, wherein minoxidil is admin- 
istered in a modified release pharmaceutical formulation 

comprising a release modifier, a filler, a glidant, a lubricant, 
and combinations thereof. 

28. The method of claim 27, wherein the release modifier 

is present in an amount of about 50% to about 80% (w/w) 
of the total formulation. 

29. The method of claim 27, wherein the modified release 
pharmaceutical formulation is administered one time per 

day, two times per day, or four times a day. 

* * * * *


