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lary cells or hair cells. In the present study, the authors
DOI: https://doi.org/10.46796 /ijpc.v6i1.681 have propo.sed new spect.rophotOITletrlc technllques for the
assay of Minoxidil in topical solution and validated as per

ICH guidelines. Analytical methods such as spectropho-

tometry [2, 3], liquid chromatography and mass spectros-

Introduction copy were developed for the determination of Minoxidil in
Minoxidil, an oral direct-acting peripheral vasodilator, pharmaceutical dosage forms and biological fluids.

lowers high systolic and diastolic blood pressure and is According to the literature survey it was found that few
also applied topically to treat androgenetic alopecia [1]. analytical methods were reported for the estimation of
Minoxidil is a crystalline powder with molecular formula Minoxidil by using UV spectroscopy. The other methods
C9H15N50 (Molecular weight 209.251 g/mol). It is chemi- were also proposed for its determination includes HPLC,
cally 2,4-Diamino-6-piperidinopyrimidine-3-oxide. It acts RP-HPLC, and electrochemical method [4, 5]. The present
by causing vascular smooth muscle cells adenosine investigation is to develop a simple, precise and cost-
triphosphate-sensitive potassium channels to open and effective UV method for method development and valida-
through the activation of extracellular signal-regulated tion of Minoxidil in bulk and pharmaceutical dosage form.

kinase and the prevention of cell death. Minoxidil is be-
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Figure 1: Structure of Minoxidil

Materials and Methods

Minoxidil was obtained as a gift sample from The Madras
Pharmaceuticals, Chennai and marketed formulations of
Minoxidil, Minoxiheart (5 mg) were procured from Steris
Healthcare Private Limited, Mumbai. Minpro (10 mg) were
procured from Jeerima BioCare Private Limited, Mumbai.
All the chemicals use are AR Grade. UV Visible spectropho-
tometer (Systronics 2202) was employed with spectral
bandwidth of 1 nm attach with computer loaded PC soft-
ware (UV probe) version 2.31.

Preparation of standard primary drug stock solutions
Standard drug stock solution of Minoxidil (1mg/ml or
1000 pg/ml) was prepared by dissolving equivalent to
25mg of Minoxidil in 25 ml of volumetric flask containing
25 ml of solvent as Ethanol [6].
Preparation of standard
solution

From the above standard primary drug solution, 1ml of
stock solution was withdrawn and diluted with 100ml of
0.1N Ethanol to produce 100pg/ml concentration.
Preparation of linearity working standard solution
Linearity standard solutions were prepared from secon-
dary standard stock drug solution. Pipette out 2ml, 3ml],
4ml, 5ml, & 6ml, from secondary stock solution and trans-
fer them in to 10 ml volumetric flasks and further dilute it
to 100ml with primary diluent to get a final linearity con-
centration of 20pug/ml to 60pg/ml of Minoxidil [7].
Preparation of standard solution preparation

A working standard solution concentration having 100
pg/ml of Minoxidil was prepared from the above secon-
dary standard stock solution.

Preparation of sample solution

Five tablets of Minoxidil were weighed and finely pow-
dered. An accurately weighed quantity of the tablet pow-
der equivalent to approximately 25 mg of Minoxidil was

secondary drug stock

transferred to a 25 ml standard flask. This was then di-
luted with 25 ml of 0.1 N ethanol to obtain a concentration
of 100 pg/ml. From this 2ml, 3ml ,4ml, 5ml& 6ml of sam-
ple solution was taken and diluted with 10ml of 0.1N
Ethanol to give 20, 30, 40, 50 & 60pg/ml concentration.
The solution was filtered and absorbance value of sample
solutions was recorded at 280 nm.

The working standard stock solution was prepared and
scanned the spectrum by UV spectrophotometer range
between 200-400 nm. After careful observation of spec-
trum, the A max was obtained as 286nm and spectrum
showed at Figure 2.
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UV-Visible Absorbance Spectrum of Minoxidil in Ethanol
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Fig.2: Absorption spectrum of Minoxidil from
200nm-400nm

Results and Discussion
Validation is defined as the establishing evidence which
provide high degree of assurance that a specific process
will consistently produce a product meeting its deter-
mined specification quality characteristics [8]. The follow-
ing parameters used for validation studies are
Linearity
The calibration curve was constructed with concentrations
ranging from 20 to 60 pg/ml. The absorbance of the drug
was considered for plotting the graph. The linearity was
evaluated by linear regression analysis, which was calcu-
lated by the least square regression method. The linearity
data was showed in Figure 2. The correlation coefficients
were found to be 0.9993.

Table 1. Linearity data for minoxidil

S.No Concentration Absorbance
(ug/ml)
1 20 0.14
2 30 0.27
3 40 0.40
4 50 0.53
5 60 0.66
s ~
Linearity Curve Of Minoxidil In Ethanol
Slope : 0.013
Intercept :-012
’ ’ : C onc::m';\lion <1|.|'g ‘ml) - b "
A\ /

Fig.3. Linearity Curve of Minoxidil in Ethanol

Accuracy

Accuracy method was ascertained by determination of the
recovery of the method at three different concentrations
by standard addition method [9]. It was performed by
adding 80%, 100%, 120% of pure standard drug of
Minoxidil to previously analyzed tablet powder sample
and mixtures were reanalyzed by the proposed method
(Table 2). The results were within the range of 99.57-
100.55 % and were found to be highly accurate.
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Table 2. Recovery studies

Tablet Sample Level of Amount Present Amount Total amount Percentage
Recovery % (mg/tab) Standard (mg) | Recovered (mg) Recovery

5 4 9.10 101.11

80 5 9.35 103.88

5 4 8.99 99.89

5 5 10.30 103.00

T1 100 5 5 11.08 110.80

5 5 9.89 98.90

5 6 11.45 104.09

120 5 6 12.08 109.82
5 6 11.07 100.64

Precision

Precision may be considered at three levels: repeatability, intermediate precision and reproducibility [10]. Intraday and Inter
day precision were evaluated by determining the corresponding responses three times on the same day and on 3 different
days for solution containing 10pg ml of Minoxidil. The precision of the proposed method i.e. the intra and inter-day variations
in the absorbance of the drug solutions was calculated in terms of % RSD and the results are presented in Table 3.

Table 3. Precision Studies

Cot;tlegl;tlrna;l):ion Inter-;\jq?; ﬁbis;)];bance % RSD Intra-lc\l/[zl}; ﬁbis;)];bance %RSD
20 0.055 + 0.0015 1.206 0.055+0.0018 1.886
30 0.085 + 0.0021 1.184 0.085 + 0.0024 1.554
40 0.117£0.0029 0.391 0.117+0.0030 1.270
50 0.139 + 0.0035 0.084 0.139 + 0.0037 1.176
60 0.167 + 0.0043 0.813 0.167 + 0.0045 0.109

Acceptance criteria: %RSD of 5 replicate preparations of assay should be not more than 2%.

Table 4: Statistical validation for precision

Component Mean* S.D C.0.V. SE
Intra-day 99.77 0.00286 0.0028666 0.001279
Inter-day 99.50 0.00308 0.00309547 0.001377

Limit of Detection (LOD)

The parameter LOD was determined on the basis of response and slope of the regression equation. The LOD for this method
was found to be 5.08pg/ml.

Limit of Quantification (LOQ)

The parameter LOQ was determined on the basis of response and slope of the regression equation. The LOQ for this method
was found to be 15.38pug/ml.

Ruggedness

Minoxidil tablet equivalent to 5 mg was weighed and dissolved in a 10 ml volumetric flask containing solvent (5.5 ml), soni-
cated for few mins and the final volume was made with remaining solvent. The samples were tested and the results are re-
corded and, the results of ruggedness were shown in the table 5. The values were between the ranges of 99.75 - 99.94 %.
These values were found to be within the limits.
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Analyst I AnalystII
Sample Label claim (mg)
Amount found Recovery Amount found [Recovery * SD**
(mg) * SD** (%) (mg) (%)
MinoxiHeart 5mg 4.9875 99.75 £ 0.09 4.9895 99.79+ 0.11

Determination of Minoxidil Tablets

UV Spectrophotometric method developed is sensitive and specific for the estimation of Minoxidil [11, 12]. Also the method is
validated for different parameters, hence has been applied for the Limitation of drug in pharmaceutical dosage forms [13].

Tablets (containing were evaluated for the amount of Minoxidil present in the formulation.

Table 6. Assay of Minoxidil Tablets

Tablet Concentration LI Amount % of drug
present (mg/tab) found (mg/tab) found
40 10 39.40 985
b 70 10 68.10 97.28
80 10 80.20 100.25

*Average of six determination Acceptance criteria for % Recovery should be between 90 to 110%. Since the % R.S.D of Percent
recovery was found to be below 2%, the assay parameter was passed.

Conclusion

The UV spectroscopy method developed for the determi-
nation and validation of Minoxidil was found to be accu-
rate, precise, and reliable. The method demonstrated ex-
cellent linearity, sensitivity, and reproducibility within the
selected concentration range. The validation parameters,
including accuracy, precision, specificity, and robustness,
met the required regulatory standards, confirming the
method’s suitability for routine analysis of Minoxidil in
pharmaceutical formulations [14]. This study establishes
UV spectroscopy as a simple and cost-effective technique
for the quantification of Minoxidil, ensuring quality control
and compliance with analytical requirements. In the pre-
sent investigation, simple and sensitive UV spectropho-
tometric methods were developed for the quantitative
estimation of Minoxidil in bulk drug and pharmaceutical
formulations. In addition to positive requirements of these
analytical methods, the striking advantages of all the pres-
ently developed methods were economical. The methods
were validated in terms of linearity, accuracy, precision,
ruggedness and robustness and used for the outline de-
termination of Minoxidil in bulk drug and in pharmaceuti-
cal formulations.
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