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Introduction
     Minoxidil (2,4-pyrimidinediamine, 6-(1-piperidnyl)-, 3-oxide), 
a piperidinopyrimidine derivative, is a potassium channel opener 
developed as a potent vasodilator agent effective for severe hyper-
tension when used orally. As the most frequently reported side 
effect in those taking oral minoxidil was hypertrichosis, it was dis-
covered that topical solutions containing minoxidil also improve 
hair growth in men with androgenetic alopecia (AGA).1,2 
     Topical minoxidil was the first drug approved in the U.S. for 
the treatment of AGA. Marketed scalp solutions containing 2% 
and 5% of minoxidil were approved by the U.S. Food and Drug 
Administration (FDA) in 1988 and 1991, respectively.3 Recent 
studies have demonstrated that an increase in topical minoxi-
dil concentration of up to 15% increased the clinical response, 
without side effects, in patients predicted to be non-responders 
compared to that associated with 5% minoxidil.4,5 Although the 
mechanism of action of minoxidil is unknown, it likely increases 
the blood supply to the scalp allowing more oxygen, blood, and 
nutrients to the follicle, which may lengthen the anagen phase by 
proliferative and anti-apoptotic effects on dermal papilla cells of 
the hair follicles.3

     The external use of minoxidil is generally well tolerated; how-
ever, some users occasionally have pruritus, contact dermatitis, 
squamation, or local intolerance. These side effects can likely 
be attributed to the majority of commercial minoxidil solutions 
containing potential skin irritating ingredients such as propylene 
glycol and high amounts of alcohol. Furthermore, some patients 
report that minoxidil solutions have a tendency to run off the 
scalp quickly, making the hair difficult to style, and leaves the hair 
looking and feeling greasy.6,7 In order to minimize the side effects 
and to improve patient compliance, a propylene glycol-free and 
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Abstract
Topical minoxidil is a common medication prescribed for 
treating hair loss-related problems. Currently a wide range 
of minoxidil concentrations (2% to 15%) have been pre-
scribed for the topical treatment of hair loss, but the major-
ity of minoxidil solutions contain potential skin irritating 
inactive ingredients such as propylene glycol and high 
amounts of alcohol that may cause undesirable side effects. 
In order to minimize these side effects, FOAMIL, a propyl-
ene glycol-free and alcohol-reduced foam vehicle, was 
developed to compound minoxidil solutions of varying 
dosages. Since long-term use of this drug is necessary to 
maintain the clinical results, the objective of this study was 
to conduct a 180-day bracketed validated stability-indicat-
ing study of four compounded minoxidil solutions (2%, 
5.5%, 6%, 15%) in FOAMIL. The samples were prepared by 
mixing the minoxidil with an appropriate amount of 
FOAMIL without any heating or filtration process. The 
obtained preparations were packaged into 100-mL foamer 
bottles before sending out for physicochemical analyses at 
pre-determined time points (days; 0, 30, 60, 90, 120, 150, 
and 180) and antimicrobial effectiveness testing to third-
party independent analytical laboratories. Our results 
showed that the strength of all minoxidil solutions 
remained within the United States Pharmacopeia specifica-
tion (90% to 110%) for 180 days. There were no significant 
changes in pH measurements and physical stability (color, 
odor, precipitation). Antimicrobial effectiveness of the 
preservative system also met the United States Pharmaco-
peia requirements at the end of the 180-day stability study 
for all concentrations. Based on the U.S. Food and Drug 
Administration’s guidance on bracketed study design, the 
findings of this study show that any concentration of min-
oxidil at or between 2% to 5.5% and 6% to 15% in FOAMIL 
can be considered stable for at least 180 days when stored 
at ambient condition.

S P F OS T A B I L I T Y              P E N E T R A T I O N              F O R M U L A T I V E              C L I N I C A L  S T U D Y  O T H E RC
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alcohol-reduced foam vehicle 
would be more appropriate to 
compound minoxidil solutions 
of varying dosages according 
to patient needs.8

     Historically, an extempora-
neously compounded prepara-
tion is intended for immediate 
administration or following 
very short-term storage. This 
short beyond-use date (BUD) 
for minoxidil topical prepara-
tions may be an inconvenience 
for patients since long-term 
use is recommended to 
maintain the desired clini-
cal results.2 The success of 
topical therapy with minoxidil 
relies on long-term use (vis-
ible results after 4 months); 
therefore, a compounded 
formulation with an extended 
BUD could be preferred by 
physicians and patients to 
satisfy the prescribed course 
of therapy.9 
     Based on United States 
Pharmacopeia (USP)10 
Chapter <795>, a water-
containing topical formu-
lation such as a minoxidil 
aqueous solution must have 
a BUD no longer than 30 days 
in the absence of stability 
data. In order to extend this 
BUD to 180 days, a validated 
stability-indicating study was 
performed to investigate the 
possible interaction between 
the vehicle and a specific 
active pharmaceutical ingredi-
ent (API). The objective of this 
study was to conduct a 180-day 
bracketed physical, chemical, 
and microbiological validated 
stability-indicating study of 
four compounded minoxidil 
solutions (2%, 5.5%, 6%, 15%) 
to determine the most appro-
priate BUD for these formula-
tions using a premade foam 
base, FOAMIL. 

Materials and Methods
CHEMICAL REAGENTS
     Minoxidil USP (Lot 621043/B), Lactic 
Acid USP (Lot 615534/B), and FOAMIL 
foam base were provided by MEDISCA 
Pharmaceutique Inc., Canada. Minoxidil 
reference standard was purchased from the 
United States Pharmacopeial Convention, Inc. 
(USP) (Rockville, Maryland). Trifluoroacetic 
acid was purchased from Fisher Scientific 
(Waltham, Massachusetts). Docusate sodium 
was purchased from Spectrum Chemical 
(New Brunswick, New Jersey). Acetonitrile 
and methanol were purchased from Fox 
Scientific (Alvarado, Texas), and deionized 
water was provided by a Millipore (Burlington, 
Massachusetts) Milli-Q Elix water system.

FORCED-DEGRADATION STUDIES FOR 
SPECIFICITY OF THE ASSAY ANALYSIS
     Minoxidil samples were placed under 
stressed conditions (oxidation, basic and acid 
pH, heat, and ultraviolet [UV] light) to facilitate 
forced degradation and to validate the stability-
indicating nature using the selected assay 
method of high-pressure liquid chromatography 
(HPLC). The solutions were made at 50 µg/mL 
and exposed to 1M HCl, 1M NaOH, 30% hydro-
gen peroxide, and 70°C heat. A 365-nm UV 
light exposure was also performed. Exposure 
time was determined by the amount of stress 
required to induce a reduction in the analyte 
peak. Peaks that resulted from the degradations 
were noted and compared to the minoxidil peak.  

EQUIPMENT AND CHROMATOGRAPHIC 
CONDITIONS
     The HPLC analyses were performed on a 
qualified and calibrated Thermo (Waltham, 
Massachusetts) Ultimate 3000 RS HPLC 
system equipped with a quaternary pump, a 
temperature-
controlled 
column 
compart-
ment, an auto 
sampler, and 
a multiple 
wavelength 
detector.   

The instrument was equipped with a 100-µL syringe 
and a 100-µL sample loop. The Chromeleon 7 chroma-
tography data system was used for HPLC operations 
and data collection. The mobile phase was metha-
nol/0.1% trifluoroacetic acid/7 mM docusate sodium at 
a ratio of 60/38/2, v/v, and the flow rate was 1.0 mL/min 
with isocratic conditions. A Phenomenex (Model P/N 
00F-4744-E0; Torrance, California) Kinetex XB-C18 
column with a 3.5-µm particle size and dimensions of 
4.6 × 150 mm provided the chromatographic separa-
tion. Data was collected at 254 nm, and the injection 
volume was 5 µL.  

SAMPLE PREPARATION
     Four minoxidil foam solutions (2%, 5.5%, 6%, 
15%) were prepared in triplicate, each by mixing the 
Minoxidil USP powder with the appropriate quan-
tity of FOAMIL to obtain a total final solution of                           
900 mL (plus processing error). Lactic Acid USP       
(36 g) was added to the formulas containing 6% 
and 15% of minoxidil to adjust the final pH between            
3.9 to 4.1 (± 0.2). The solutions were mixed, without 
any heating process, until the minoxidil was fully dis-
solved. The obtained preparations (TA B L E  1 ) were indi-
vidually packed in 100-mL MEDISCA foamer bottles 
(Lot 621597/C; MEDISCA Pharmaceutique Inc.) and 
labeled before sending out for physical, chemical, and 
microbiological analyses to third-party independ-
ent laboratories.

CHEMICAL ANALYSIS
     After preparation, the samples were stored for        
180 days at 25°C ± 2°C, 60% RH ± 5% RH. The samples 
were analyzed by HPLC at pre-determined time 
points (days; 0, 30, 60, 90, 120, 150, and 180) to verify 
the chemical stability of minoxidil in FOAMIL. Assay 
samples were prepared by diluting the minoxidil 
solutions using a diluent of 70/30, v/v methanol/
deionized water. The triplicate samples were injected 
two times at each time point, and concentrations 
were quantified using the validated HPLC method 
(results were given as average ± standard deviation).                                  

T A B L E  1 . 

COMPOSITION OF TOPICAL MINOXIDIL FOAM SOLUTIONS FOR STABILITY STUDIES.

I N G R E D I E N T S

Minoxidil USP

Lactic Acid USP   

FOAMIL Foam Base

M I N O X I D I L  2 %

18.0 g

-

qs to 900 mL

M I N O X I D I L  5 . 5 %

49.5 g

-

qs to 900 mL

M I N O X I D I L  6 %

54.0 g

36 g

qs to 900 mL

M I N O X I D I L  1 5 %

135.0 g

36 g

qs to 900 mL
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T A B L E  2 . 

HIGH-PERFORMANCE LIQUID 
CHROMATOGRAPHY METHOD 
VALIDATION.

P A R A M E T E R S

Peak Tailing

Theoretical Plates

Linearity

Accuracy

Precision (n=15)

Range

Resolution (from closest 
degradant peak)

R E S U L T S

1.34

15564

R2 = 0.9993

99% to 103% Recovery

1.18% RSD

25 µg/mL to 75 µg/mL

Res (USP) = 4.0

RSD = relative standard deviation; USP = United States 
Pharmacopeia.

T A B L E  3 . 

CHEMICAL STABILITY OF MINOXIDIL IN FOAMIL STORED AT ROOM TEMPERATURE FOR 180 
DAYS (n=6).

I N I T I A L
D O S A G E

2%

5.5%

6%

15%

D A Y  0
( % )

100 ± 2.31

100 ± 2.46

100 ± 0.28

100 ± 0.65

D A Y  3 0
( % )

  96.28 ± 2.03

  96.20 ± 4.93

101.37 ± 0.18

100.92 ± 2.01

D A Y  6 0
( % )

  95.14 ± 2.45

  96.25 ± 3.34

  99.75 ± 0.26

101.02 ± 1.80

D A Y  9 0
( % )

  93.04 ± 2.23

  95.63 ± 2.65

  98.41 ± 0.73

103.64 ± 3.57

D A Y  1 2 0
( % )

94.31 ± 1.59

  96.90 ± 2.92

  97.37 ± 0.28

100.30 ± 1.34

D A Y  1 5 0
( % )

  93.01 ± 2.02

  96.67 ± 2.19

  98.31 ± 0.45

101.16 ± 2.15

D A Y  1 8 0
( % )

93.72 ± 2.29

95.83 ± 3.12

97.35 ± 0.20

99.96 ± 2.10

The experimental concentra-
tions were used to determine 
the percentage recovery with 
reference to day 0. 

ORGANOLEPTIC AND PH 
ASSESSMENTS
     At each time point, minoxidil 
samples were monitored for 
physicochemical stability by 
evaluating odor, clarity, and 
pH. Clarity was assessed by 
visual analysis against black 
and white backgrounds for 
cloudiness, particulates, and 
color/appearance change. The 
pH was also measured with a 
pH-meter (Seven Excellence; 
Mettler-Toledo, Columbus, 
Ohio) following the method 
outlined in USP Chapter <791>.  

ANTIMICROBIAL 
EFFECTIVENESS TESTING
     At the end of the 180-day 
stability study for all concentra-
tions, the antimicrobial effec-
tiveness of the preservative 
system used in the formulations 
was evaluated using a validated 
method based on USP Chapter 
<51>. Samples were taken at 
the 180-day pull point and 
separated into 5 sterile capped 
containers each. These con-
tainers were then inoculated 
with a standardized suspension 
of the test microorganisms 
(Candida albicans, Aspergillus 
brasilienses, Escherichia coli, 
Pseudomonas aeruginosa, and 
Staphylococcus aureus) to 
obtain a final concentration of 
105 to 106 cfu/mL of the prepa-
ration. The volume of the inocu-
lum did not exceed 1% of the 
volume of the samples. Aliquots 
from each container were 
sampled at 0 hours (T0) and at 
appropriate intervals of 14 days 
(T14) and 28 days (T28) to deter-

mine the number of viable microorganisms 
by plate count. The results were calculated 
as the change in log10 reduction in the num-
ber of viable microorganisms at 14 days and 
28 days against the concentration obtained 
for the inoculum at the start of the test. The 
acceptance criteria for the tested minoxidil 
foams was ≥2 log10 reduction in bacterial 
count from the initial level (T0) in 14 days, 
with no further increase in bacterial colony 
thereafter at 28 days. For yeast and mold, no 
increase from the initial inoculum level (T0) 
was permitted at all sampling intervals (14 
days and 28 days).

Results
     The HPLC method validation results 
showed a 10% to 15% decrease in the analyte 
peak for all conditions in the forced-deg-
radation study except for oxidation, which 
almost showed complete degradation. All 
peaks resulting from degradation events 

were well resolved from the main analyte peak, with the 
closest peak having a resolution of 4.0. Additional vali-
dation results of the method are shown in TA B L E  2 .
     The results of the chemical-stability testing showed 
that all samples (2%, 5.5%, 6%, and 15%) of minoxidil 
topical foams were chemically stable when stored over 
time at 25oC ± 2oC, 60% RH ± 5% RH for at least 180 
days. To be considered stable in this study, the relative 
recovery percent of all evaluated samples should be 
within 90% to 110% of initial according to the USP.10 
The results were expressed as the average of relative 
percent of recovery (initial sampling time, day 0 = 100%) 
± standard deviation, n=6 (TA B L E  3 ).
     The organoleptic analysis results showed that all 
strengths of minoxidil foams, when stored at room tem-
perature, were stable in terms of odor, color change, and 
precipitation. Although the samples showed a slight 
change in color (from light amber to amber), it did not 
affect the chemical stability of the samples, keeping the 
results within the specification of the test. There was no 
significant change in pH measurements over the 180-day 
study period.
     Antimicrobial effectiveness testing results showed 
that the total of viable microorganisms met the USP 
Chapter <51> requirements for category-2 products 
(topical products in aqueous base), even when tested 
at the 180-day pull point. More than 2 log10 reduction 
from initial bacterial count at day 14 were observed, and 
no increase relative to day-14 counts at day-28 testing. 
Furthermore, no increase from the initial inoculum 
level was observed at all sampling intervals for yeasts 
and molds. 
     The results for organoleptic, pH measurement, and 
microbiological testing of the minoxidil samples are pro-
vided in TA B L E S  4  and 5 .

Discussion
     The stability of extemporaneous compounded 
medicines is a critical parameter to consider, as many 
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T A B L E  4 . 

ORGANOLEPTIC AND PH STABILITY OF MINOXIDIL IN FOAMIL STORED AT ROOM TEMPERATURE FOR 180 DAYS (n=3).

F O R M U L A T I O N 
C O N C E N T R A T I O N S

2%

5.5%

6%

15%

I N I T I A L  ( D A Y  0 )

Yellow- to amber-colored liquid with a characteristic 
odor that forms white foam when dispensed.

Yellow- to amber-colored liquid with a characteristic 
odor that forms white foam when dispensed.

Yellow- to amber-colored liquid with a characteristic 
odor that forms white foam when dispensed.

Yellow- to amber-colored liquid with a characteristic 
odor that forms white foam when dispensed.

3 0  D A Y S  –  1 8 0  D A Y S

Matches initial description with no separation, 
odor, and color changes.

Matches initial description with no separation, 
odor, and color changes.

Matches initial description with no separation, 
odor, and color changes.

Matches initial description with no separation, 
odor, and color changes.

p H  R A N G E  F R O M  I N I T I A L 
( D A Y  0 )  T O  1 8 0  D A Y S .

3.8 to 3.9

4.1 to 4.2

3.7 to 3.8

4.2 to 4.3

O R G A N O L E P T I C  P R O P E R T I E S

T A B L E  5 . 

ANTIMICROBIAL EFFECTIVENESS TESTING OF MINOXIDIL IN FOAMIL.

M I N O X I D I L 
C O N C E N T R A T I O N S

2%

5.5%

6%

15%

2%

5.5%

6%

15%

B A C T E R I A Y E A S T  A N D  M O L D

T14

3.8

4.1

4.1

4.1

T28

0

0

1.0

1.0

E. coli
(ATCC 8739)

B A C T E R I A L  L O G  R E D U C T I O N

B A C T E R I A L  R E C O V E R Y  ( C F U / M L )

T14

<50

<50

<50

<50

P. aeruginosa 
(ATCC 9027)

S. aureus
(ATCC 6538)

C. albicans 
(ATCC 10231)

A. brasiliensis
(ATCC 16404)

Y E A S T  A N D  M O L D  L O G  R E D U C T I O N

T14

3.4

3.8

4.1

4.1

T28

0

0

1.0

1.0

T14

3.9

4.1

4.0

4.0

T28

0

0

1.0

1.0

T14

3.0

3.0

3.5

3.5

T28

5.0

5.0

5.5

5.5

T14

2.6

2.8

3.1

3.1

T28

4.6

4.8

5.1

5.1

Y E A S T  A N D  M O L D  R E C O V E R Y  ( C F U / M L )

T28

<50

<50

<5

<5

T14

<50

<50

<50

<50

T28

<50

<50

<5

<5

T14

<50

<50

<50

<50

T28

<50

<50

<5

<5

T14

<500

<500

<500

<500

T28

<5

<5

<5

<5

T14

<500

<500

<500

<500

T28

<5

<5

<5

<5

drugs are susceptible to physical and chemical degradation as well 
as microbial contamination. Thorough knowledge of the physical, 
chemical, and microbiological stability of drugs in specific dosage 
forms is critical in the development and establishment of the BUD in 
extemporaneously compounded preparations.
     As a wide range of minoxidil concentrations (2% to 15%) can be 
prescribed for the topical treatment of androgenetic alopecia5 to 
meet patient-specific needs, a bracketed-study design was deemed 
the most appropriate method to establish the BUD of compounded 
minoxidil preparations. A bracketed-study design assumes that the 
stability of intermediary points is well covered by the stability of 
extremes that are point tested.11 Overall, bracketed studies in phar-
maceutical preparations have become a useful tool in minimizing 
the quantities of drug formulations assessed for stability. Although 
this method uses reduced design as opposed to full design, it is 

nevertheless effective in ensuring the stability of the formulations 
tested in a timely and cost-effective manner.12

     In this study, we evaluated the physical, chemical, and microbiologi-
cal stability of four different concentrations of minoxidil solutions 
(2%, 5.5%, 6%, 15%) compounded with a commonly used premade 
foam base, FOAMIL. The analysis of the minoxidil solutions under 
forced-degradation conditions showed that the HPLC method proved 
to be selective, precise, sensitive, and adequate for the simultaneous 
determination of minoxidil, its degradants, and its excipients. There 
was no interference between minoxidil degradant and excipient peaks, 
confirming that the method was specific and stability-indicating. 
     Our results showed that the strength of all minoxidil solutions 
stored at room temperature, remained within the USP specification 
of ±10% variation (90% to 110%) for 180 days. Minoxidil concentra-
tions were above 93% of initial values (day 0), and no degradation was 
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observed in all evaluated samples. Using the bracketed-study design, it can be 
said that all concentrations of minoxidil between the extreme concentrations 
used in this study (2% to 5.5% and 6% to 15%) will not show any degradation or 
chemical instability when compounded with FOAMIL and stored at room tem-
perature for at least 6 months.
     The physical stability evaluation of the samples showed that none of the for-
mulations presented any significant organoleptic variation such as color change, 
turbidity, precipitation, or opacity during the entire storage period. All samples 
exhibited a yellow to amber color with a characteristic odor, and these results 
were within the specifications. The pH measurements were consistent, and 
the ranges for all the studied concentrations did not change significantly (3.7 to 
4.3). This result was also within the specification. Based on the pH rate profile 
of minoxidil in foamable preparations presented by Shatalebi and Rafiei, 2014,13 
minoxidil could be more soluble at a lower pH value, such as after the addition 
of lactic acid, and keeping an acidic pH (close to 4.0) during storage could con-
tribute positively on minoxidil stability. Our results indicate that minoxidil solu-
tions of 2%, 5.5%, 6%, and 15% compounded in FOAMIL are physically stable 
with minimum pH range variation at room temperature for 180 days.
     Major factors that may possibly result in microbial contamination in pharma-
ceutical formulations, include, but are not limited to APIs, excipients, improper 
handling, unhygienic environmental conditions, and an ineffective amount of 
the preservative system.14

     Acceptance criteria for preservative content should be based upon the levels 
of antimicrobial preservative necessary to maintain the microbiological qual-
ity of the product at all stages throughout its proposed usage and shelf life.15 
According to the current USP Chapter <795>, when assigning a BUD, the poten-
tial for microbial proliferation in the preparation should be considered. 
     Using a bracketed-study design, antimicrobial effectiveness testing may be 
performed on a low and a high concentration of an active ingredient to establish 
preservative effectiveness across various strengths of the same formulation. 
The antimicrobial effectiveness testing results in this study shows that the sam-
ples of minoxidil foam were efficient against the inoculated bacteria, yeasts, and 
molds in the formulations, and they were within the USP’s specifications. These 
results demonstrated that the preservative system maintained the microbiologi-
cal quality of the samples throughout the specified BUD of 180 days.
 

Conclusion
     Minoxidil topical solutions are the preferred choice in treating androgenetic 
alopecia; however, the side effects caused by some allergenic excipients, and 
the difficulty in applying the solution on the scalp surface, may limit the use of 
these products. A compounded alternative dosage form such as a topical foam 
would reduce allergic reactions and increase patient compliance of minoxidil 
therapy. All samples studied, 2%, 5.5%, 6%, and 15%, were physically, chemically, 
and microbiologically stable for up to 180 days. Based on the FDA’s guidance 
on bracketed-study design, this study demonstrates that any concentration of 
minoxidil at or between 2% to 5.5% and 6% to 15% in FOAMIL, when stored at 
room temperature, can be considered stable for at least 180 days. These results 
not only meet the USP’s requirements to establish an extended BUD for aque-
ous compounding preparations, but also display that FOAMIL is an ideal foam 
vehicle for compounding minoxidil preparations in a wide range of concentra-
tions with limited allergic reactions and improved patient compliance.  
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