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ABSTRACT

A sensitive method for determination of trace levels of minoxidil, based on the oxidation by
cerium(lV) in sulfuric acid media was described. The intensity of fluorescence was followed in
excitation wavelength (255nm) and emission wavelength (348 nm). The chemical parameters
such as cerium (IV) and sulfuric acid concentration, heating time and temperature were
considered. Under the optimum conditions the linea dynamic range is 1-90 ng mi™* with detection
limit and relative standard deviation 0.26 ng m™ and 1.16% respectively. The method was
successfully applied to the determination of minoxidil pharmaceutical formulation.
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INTRODUCTION

Minoxidil (2,4-diamino-6piperidinopyrimidine-3-oxej structure in fig. 1) has proven to be
efficatious in patients with the most severe andgeesistant forms of hypertension [1,2].
Minoxidil increases blood flow to the skin, skelatauscle, gastrointestinal tract and heart more
than the central nervous system [1]. Minoxidil leeen used as a peripheral vasodilator drug
orally administrated, applied in the treatmentedfactory hypertension patients [3].

Excessive oral administration of this drug to patighould cause liquid retention and hirsutism

[4].
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Fig. 1. Molecular formula of minoxidil

Initially described as an antihypertensive drugnawidil have also shown new applications in
dermatology, especially in the treatment of andnagalopecia [4,5]. In this case, this drug has
been topically applied in order to stimulate haowgth by inducing vasodilatation and increasing
the local irrigation and blood flow [5,6].

Commercially available products contain 2% minax{@D mg mL?), in topic use formulations,
containing ethanol and propylene glycol, or theixtore with 2-n-nonyl1-1,3-dixolane as a
vehicle [7,8].

The reference method for minoxidil quantificatiowen by the US Pharmacopeias uses liquid
chromatography [9]; however, other different methbdve been proposed for its determination
in pharmaceutical formulas and in human plasma,clvhinclude high-performance liquid
chromatography (HPLC) with UV detection [10,11],daelectrochemical detection [12,13], a
solid-phase column with UV detection [4], GC [14ddioimmunoassay [15], differential puls
polarography [3], and electrolysis [16].

The suggested spectrofluorimetric method dependplgion the oxidation of minoxidil with
ceric ammonium nitrate(Ce(IV)) in presence f sutfuacid and measuring the fluorescence of
the resulting cerium (Ce(lll)) &ex255 nm and\em 348 Nm.

In the present work we described a simple and Semsinethod for the rapid amperometric
guantification of minoxidil in pharmaceutical pradany sample pretreatment.

MATERIALSAND METHODS

2.1. Apparatus

Spectrofluorimeter: SFM 23/B, kontron, Switzerlaequipped with a recorder ancil cnf
quartz cell; was used for recording the spectracand/ing out fluorescence measurements. The
calibration and linearity of the instrument wereecked at frequent intervals with standard
quinine sulfate (0.0ug mI™). Wavelength calibration was performed by measpkiexcitation
andA emission of the same standard of quinine sulfade,275 nm and\em, 430 nm, although

no variation in the wavelength was observed. Albfescence measurements were recorded at
the lower set sensitivity.
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2.2. Materials and chemical reagents

Analytical grade chemical were used as receivedibBodistilled water was used throughout.
Ceric ammonium nitrate (Sigma Chemie GmbH, Westn@ary): 0.002 M was prepared by
dissolving 109.6 mg and transferred into a 100-alimetric flask, diluted with double distilled
water.

Sulfuric acid: 1 M was prepared by mixing 5.43 rhlconcentrated sulfuric acid (Purity 98%,
Density 1.84 g ci) and transferred into a 100-ml volumetric flaskyted to viume with double
distilled water.

Minoxidil powder was obtained from Merck (Darmsta@ermany). Minoxidil(Loniten) tablets
(patheon inc, Canada), contain 10 mg/tablet. Midibxitopical solution(Pak-Darou
Pharmaceutical co. Iran-Tehran), each ml 2% minbxapical solution contains 20 mg of
minoxidil in 1 ml solution. All drugs were used eeceived and their solutions were prepared
freshly every day to be used as working standards.

2.3. Preparation of samples

2.3.1. Minoxidil(Loniten) tablets

Ten tablets (contain 10 mg/tablet) were weighed &ndly powdered. A weighed portion
equivalent to the weight of one tablet was tramefeto a 100-ml volumetric flask, sonicated for
5 min with about 50 ml double distilled water themas completed to volume with the same
solvent. The mixture was mixed will, allowed anyafuble matter to settle then filtered. A
measured volume of the filtrate was diluted quatitiely with double distilled water. This
solution was diluted a hundred times. 1 ml of dolutwas transferred by pipette into a 25-ml
volumetric flask then completed to volume with dimudistilled water to yield a sample solution
having a concentration assumed to be 40 nafhminoxidil.

2.3.2. minoxidil topical solution

1 g of sample (each ml 2% minoxidil topical solatioontains 20 mg of minoxidil in 1 ml
solution) weighed by syringe and transferred intbO8-ml volumetric flask, sonicated with 50
ml double distilled water for 3-5 min then comptet® volume with the same solvent and
filtered. The procedure was then completed as @ti@e2.3.1 to yield a sample solution having
a concentration assumed to be 80 ng aflminoxidil.

2.4. General procedure

An accurate volume of minoxidil solution (for comteation ranges of: 1-90 ng Ml was
transferred by a pipette into a 25-ml volumetrasK. A volume of 2.5 ml of ammonium ceric
nitrate (0.002 M) was added and 5 ml of sulfuricda@ M) was transferred into flask. The
solution was mixed well. Measured spectrofluorincadiy(F;) at Aex 255 nm andhey, NmM 348.
The solution was heated in a thermostatic watdr BaB80°C for 90 min. the solution was then
cooled (room temperature) and measured & the same wavelengths, th&hk (F, — R) was
calculated against a blank experiment treated ariyil
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RESULTSAND DISCUSSION

Cerium(lV) has been used as an oxidizing agenttlier determination of certain drugs as
phenothiazines by monitoring the fluorescence dirttsulfoxides or the Ce(lll) formed.
However, Ce(lll) is more than four times fluoresces the phenthiazines sulfoxides and
therefore, measurement of its fluorescence candeel @s a very sensitive method for the
determination of these drugs [17]. In the preseotkwminoxidil was oxidized by Ce(IV) and
relative fluorescence intensities of the inducedliQavas monitored ahex 255 nm and\., 348
nm. To avoid interference due to the presence QR ehe fluorescence intensities of Ce(lV)
were measured to obtain appropriate blank cornectio

3.1. Optimization of reaction conditions:

A series of experiments were conducted to estalishoptimum analytical conditions for the
oxidation of minoxidil by Ce(IV). The parameterstiopzed were performed on all the studied
minoxidil samples by altering each variable in twinle keeping the others constant.

3.1.1. Effect of Ce(IV) concentration

The effect of Ce(IV) concentrations was investigatsing an accurate volume of different
concentration of the reagent in the range ®.0r'- 6x10* M employing concentration 50 ng ml
! of the minoxidil solutions. MaximumF was obtained with a Ce(lV) concentration efl@*

M, above which it remained constant r slightly éased (fig. 2).
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Fig. 2. Effect of Ce(lV) concentration on the AF dueto Oxidation of 50 ng ml™ minoxidil
solution.

3.1.2. Effect of acid concentration

Different acids as HN¢) HCI, H,SO, were tested t determine the most suitable for aptim
reaction development. Either hydrochloric or sutfuacid could be used as the fluorescence of
Ce(lll) is high, however sulfuric acid was selecteecause blank reading was less than in
hydrochloric acid medium [18]. The effect of sultuacid concentration on the sensitively of the
method was studied\F increase when using 0.10-0.20 M sulfuric aciéntldecreased upon
using higher concentrations. Therefore, 0.20 Mwsidfacid was adopted for this method.
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3.1.3. Effect of heating temperature and time

The influence of different heating temperature andubation time were studied using a
thermostatic water bath. Accordingly, best tempaetvas found to be S (fig. 3). however
complete oxidation was attained a period of 60.min
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Fig. 3. Effect of heating temperature on the AF due to Oxidation of 50 ng ml™* minoxidil
solution in a period of 60 min.

3.1.4. Effect of other oxidants

It is well known that same oxidized drugs show &tmn and emission maximum in the same
spectral region where Ce(lll) fluorescence as tpraeine. In such cases an additional
enhancement of the fluorescence readings is achigvg. Therefore oxidation of the studied

minoxidil samples by other oxidizing agent as hg@no peroxide, periodate, have been
performed and the oxidation products were found fhadrescent. This confirms that the

fluorescence induced after oxidation of minoxidfl Ge(IV) is not attributed to their oxidation

products but it is mainly due to the formationGs(lll).

3.2. Validation of the proposed method

3.2.1. Linearity and detection limit

Using the optimal reaction conditions, Beer’s la@swobeyed. Linear range equation using the
least square method listed in table 1 and regnes8i®998. The detection limit (LOD) was
calculated as follows: DLk S.Dg/b wherek = 3, S.D,is the standard deviation of intercept and
b is the slope. Results shown in table 1.

Tablel Statistical parametersfor the proposed method of analysis of minoxidil

Liner range Least square equation (y = a+bc)? SD.° LOD®
(ngm™?) (ng mi™)
1-90 Y=8.2964C+ 44.632 0.73 0.26

2y = AF, C = concentrationin ng ml™
® Average of three determination
° Ref. [19].
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3.2.2. Repeatability

The mean of theAF(mean = 30.10) of seven separate samples solatiothe minoxidil
(concentration 30 ng M) of the same batch number gave a relative standaewiation of
1.16%. This level of precision is suitable for thmeutine quality control analysis of
pharmaceutical dosage forms.

3.2.3. Recovery

Applying the suggested spectrofluorimetric procedor the analysis of commercially available
dosage forms validated the accuracy of the propossttiod. Table 2 present the results obtained
for content of minoxidil in two different commertigpharmaceutical samples, in this case
standard deviations 2.56 and 2.38% and recovefig80%nd 106.25% were observed in the
determination of spiked samples of Loniten tabétd minoxidil topical solution, respectively.

Table2 Assay of minoxidil in phar maceutical dosage for ms by the proposed and reported

method
Samplée® Nominal value | Expermental | Relative Sandard Recovery’
(mg) conc.” deviation® (%)
(ngmi™) (%)

Loniten

tablets 10/tablet 36.40 2.56 91.00
minoxidil

topical 20/solution 85.00 2.38 106.25
solution

& See experimental part for suppliers and preparations.
b Average of five determinations.

CONCLUSION

The proposed method consumes less reagent andhtimehe others, described in literature can
be an alternative to determine minoxidil in comnersamples in a fast, low expensive, easy
and generating low residue amounts.
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