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A simple, speci�c, precise, and accurate HPTLC method for analysis of pyrimethamine (PYR) and sulphadoxine (SUL) both
in bulk drugs and tablet formulation was developed and validated. e method uses haloperidol as an internal standard (IS).
Chromatography was performed on TLC plates with precoated silica gel 60F254 using chloroform-n-butanol-acetone (6 : 1.5 : 2,
v/v/v) as a mobile phase. Densitometric evaluation was performed at 254 nm. e 𝑅𝑅𝐹𝐹 values were 0.27 for PYR, 0.63 for IS, and
0.75 for SUL. Linear regression analysis data for calibration plots revealed good linearity over the concentration ranges 100–500 ng
per band for PYR and 2000–10000 ng per band for SUL.emethod was validated for linearity, accuracy (from 98.12 to 101.24%),
precision, robustness, and speci�city in accordance with ICH guidelines. e limits of detection and quanti�cation for PYR were
14.15 and 43.07 ng per band; for SUL, 58.37 and 152.26 ng per band, respectively. Statistical analysis showed the method enables
repeatable and selective simultaneous analysis of these drugs in tablet formulation and routine quality control of the bulk drug raw
material.

1. Introduction

Pyrimethamine (PYR: 5-(4-cholorophenyl)-6-ethyl pyrim-
idine 2,4-diamine) sulphadoxine (SUL: 4-amino-N-[5,6-
dimethoxy-4-pyrimidinyl] benzene sulphonamide) (Figure
1) are used as antimalarial drugs [1, 2]. Synergism between
PYR and SUL is explained by inhibition of two steps in
an essential metabolic pathway. e two steps involved are
the utilization of p-amino benzoic acid for the synthesis of
dihydropteroic acid, which is catalysed by dihydropteroate
synthase and inhibited by SUL and the reduction of dihydro-
folate to tetrahydrofolate, which is catalysed by dihydrofolate
reductase and inhibited by PYR [3].

Individual PYR and SUL as well as combination of both
are officially recognized in the Pharmacopoeia. e Phar-
macopoeia describes a titrimetric method for determination
of PYR and SUL in their individual tablet formulation and
high-performance liquid chromatography (HPLC) for tablet
formulation. e other reported methods for quanti�cation

of PYR and SUL individually or in combination with other
drugs fromdosage formor in biological �uids include various
analytical methods such as spectrophotometry [4, 5], HPLC
with UV [6–12], HPLC with MS [13], supercritical �uid
chromatography (SFC) [14], and spectro�uorimetry [15].

Nowadays, HPTLC has become a routine analytical
technique due to its advantages of reliability in quantitation
of analytes in micro and even in nanogram levels and cost
effectiveness (lesser amount of mobile phase).ere has been
no published report of simultaneous HPTLC quanti�cation
of PYR and SUL in bulk drugs or in pharmaceutical dosage
form. A method has therefore been established and validated
in accordance with ICH guidelines [16].

2. Experimental

2.1. Materials, Reagents and Solutions. Working standards
of pharmaceutical grade PYR and SUL were obtained as
generous gi fromMedopharm Pharmaceuticals, Karnataka,
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F 1: e chemical structure of (a) pyrimethamine, (b) sulphadoxine, and (c) haloperidol (IS).

India. Internal standard haloperidol (IS) was obtained from
Intas Pharmaceuticals Ltd., Gujarat, India. All chemicals were
of AR grade from Merck Chemicals, India. Combined tablet
dosage forms were procured from the local market (labeled
to contain PYR 25mg and SUL 500mg per tablet).

Stock solutions (1.0mg/mL) of compounds were pre-
pared by dissolving 25mg each PYR, IS, and SUL standards
individually into a 25mL volumetric �ask using methanol. A
mixture of the drugswas prepared by transferring appropriate
aliquots from standard stock solutions, diluting to volume
with methanol to furnish concentration of 40 𝜇𝜇g/mL PYR,
100 𝜇𝜇g/mL IS, and 800 𝜇𝜇g/mL of SUL.e concentration was
�xed taking into account the proportion in which PYR and
SUL are present together in tablet formulation (1 : 20 ratio).

2.2. Chromatography. TLC aluminium plates precoated with
silica gel 60 F254 (10×10 cm, 250 𝜇𝜇mthickness) were obtained
fromMerck chemicals, Mumbai, India. Samples were applied
as bands 10mmwide and 6mm apart, �rst application x-axis
10mm and y-axis 6mm, by use of a Linomat 5 (CAMAG,
Switzerland) sample applicator, equipped with a 100𝜇𝜇L
syringe, and the constant application rate was 150 nL s−1.
Plates were developed to different distances in a 10 × 10 glass
chamber (Twin Trough) previously saturated with mobile
phase vapor for 15min at room temperature (30∘C). Good
separation and well-developed peaks were obtained using
chloroform-n-butanol-acetone (6 : 1.5 : 2, v/v/v) as a mobile
phase. e chromatogram was run over a distance of 80mm.
Aer development, the plates were dried in an oven at 60∘C.
Densitometric scanning was performed with a TLC scanner
equippedwith winCATS 1.4.2 soware (Camag, Switzerland)
in re�ectance absorbance mode. e slit dimensions were
6mm × 0.30mm, and the scanning speed was 20mm s−1.
Plates were scanned at 254 nm which was selected experi-
mentally on the basis of distinctive absorption spectra of the
compounds between 200 and 400 nm.

2.3. Method Validation. e method was validated in accor-
dance with ICH guidelines on the validation of analytical
methods.

2.4. Linearity and Sensitivity. For preparation of calibration
plot, 2.5–12.5𝜇𝜇L of standard solution containing 40𝜇𝜇g/mL of
PYR, 100 𝜇𝜇g/mL of IS, and 800 𝜇𝜇g/mL of SUL were applied
to plate to furnish a concentration of 100–500 ng/band
PYR, 250–1250 ng/band IS, and 2000–10000 ng/band SUL,
respectively. �ach standardwas analyzed in �ve replicates and
peak areas were recorded. Calibration plots were constructed
separately by plotting mean R.R.F (Relative retention factor,
peak area ratio of PYR or SUL to IS) against respective
concentration of PYR and SUL.e data were best �tted by a
linear equation𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑚 𝑚𝑚. e limit of detection (LOD) and
quanti�cation (LOQ) were calculated based on the following
equations:

LOD 𝑚
3.3 × 𝑁𝑁

𝐵𝐵
,

LOQ 𝑚
10 × 𝑁𝑁
𝐵𝐵

,
(1)

where 𝑁𝑁 is the standard deviation of the peak areas of the
drugs (𝑛𝑛 𝑚 5) taken as a measure of noise, and 𝐵𝐵 is the slope
of corresponding calibration curve.

2.5. Precision. e intraday and interday precision was eval-
uated by injecting three different aliquots of mixed standard
solution in triplicate in a day and on three consecutive days
(fresh samples were prepared every day). For each solution,
triplicate analysis was performed by a single analyst at the
same time under same conditions.

2.6. Accuracy. e accuracy of the method was ascertained
by performing recovery studies in triplicate using standard
addition method. Accurately known amounts of samples
were added to a known amount of preanalyzed tablet powder,
and the powder was analyzed.

2.7. Robustness. To access the robustness of themethod, aer
introduction of small changes in the mobile phase com-
position (±0.1mL for each component), the effects on the
results were examined in triplicate. Two different distances,
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F 2: Densitogram obtained from PYR (𝑅𝑅𝐹𝐹 0.27), IS (𝑅𝑅𝐹𝐹 0.63),
and SUL (𝑅𝑅𝐹𝐹 0.75) at 254 nm.

namely 8, and 9 cm were tried. e time from spotting to
chromatography was also varied.

2.�. �pe�i��ity. Speci�city is the ability to unequivocally
identify the analyte of interest among other compounds
expected to be present, for example, impurities, degrada-
tion products, and matrix components. Forced degradation
studies were carried out in accordance with ICH guidelines.
Sample solution was prepared aer exposing tablet powder
equivalent to 25mg PYR and 500 SUL to different conditions
for 24 hours, for example

(i) 50∘C aer addition of 1.0mL 0.1M Hydrochloric
acid,

(ii) 50∘C aer addition of 1.0mL 0.1M Sodium hydrox-
ide,

(iii) 50∘C aer addition of 1.0mL 3.0% Hydrogen perox-
ide,

(iv) 60∘C, and
(v) in a UV cabinet at 265 nm.

2.9. Analysis of Marketed Tablet Dosage Form. e applica-
tion of developed method was evaluated to determine the
amounts of PYR and SUL in their marketed combined tablet
dosage form with label claims of 25mg PYR and 500mg
SUL. Twenty tablets were weighed and the average weight
was calculated. A quantity of tablet powder equivalent to 5mg
PYR and 100mg SULwas weighed and transferred to 100mL
volumetric �ask. e powder was dissolved in methanol and
diluted to volume with same solvent to furnish a solution
containing 50 𝜇𝜇g/mLPYR and 1000 𝜇𝜇g/mL SUL.e solution
was �ltered through �hatman �lter paper �o. 41, then
10mL of solution was transferred to a 25mL volumetric
�ask. To this 2.5mL of standard stock solution (1.0mg/mL)
of IS was added and diluted to 25mL with methanol to
furnish a solution containing 20 𝜇𝜇g/mL PYR, 100 𝜇𝜇g/mL IS
and 400 𝜇𝜇g/mL SUL. e plate was activated and 10𝜇𝜇L of
sample solution was spotted and analyzed. �uanti�cation
was done using relative retention factor (R.R.F) for PYR and
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F 3: Typical overlaid absorption spectra of (a) PYR: pyr-
imethamine, (b) SUL: sulphadoxine, and (c) IS: haloperidol. e
wavelength selected for analysis was 254 nm.

T 1: Results from method validation.

Property Value
PYR SUL

Range (ng per spot) 100–500 2000–10000
Correlation coefficient (𝑟𝑟2) 0.9998 0.9987
Slope 12.128 3.421
Limit of detection (ng per band) 14.15 58.37
Limit of quanti�cation (ng per band) 43.07 152.26
Speci�city Speci�c Speci�c
System suitability, RSD (%) 0.93 1.20
PYR: pyrimethamine; SUL: sulphadoxine.

SUL. e procedure was repeated �ve times for analysis of
homogenous samples.

3. Results and Discussion

3.1. Method Development. e composition of the mobile
phase for the development of chromatographic method was
optimized by testing different solvent mixtures of varying
polarity. Use of chloroform-methanol and saturation time
of 15min gave necklace effect. So, chloroform-n-butanol-
acetone (6 : 1.5 : 2, v/v/v) and toluene-ethyl acetate-methanol
(8 : 2 : 0.3, v/v/v) was tried. ese conditions were found to
be satisfactory. But better resolution were obtained using
chloroform-n-butanol-acetone (6 : 1.5 : 2, v/v/v). It gave sym-
metric, well-resolved spots with 𝑅𝑅𝐹𝐹 values of PYR (0.27), IS
(0.63), and SUL (0.75) as shown in Figure 2. Peak integration
of both drugs was very small when HPTLC plates were
scanned aer drying at room temperature. So, plates were
dried in an oven at 60∘C for different time intervals. From
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T 2: Intraday and interday precision data for PYR and SUL (𝑛𝑛 𝑛 𝑛).

Drug Quantity Intraday precision Interday precision
(ng) per band Mean R.R.F ± SD RSD (%) Mean R.R.F ± SD RSD (%)

PYR
100 0.123 ± 0.0012 0.98 0.142 ± 0.0021 1.47
200 0.171 ± 0.0014 0.82 0.194 ± 0.0019 0.98
300 0.241 ± 0.0013 0.54 0.254 ± 0.0023 0.91

SUL
2000 1.152 ± 0.0141 1.22 1.172 ± 0.0214 1.83
3000 1.253 ± 0.0125 0.99 1.260 ± 0.0207 1.64
4000 1.421 ± 0.0135 0.95 1.443 ± 0.0231 1.60

PYR: pyrimethamine; SUL: sulphadoxine.
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F 4: Peakpurity spectra of (a) pyrimethamine, (b) sulphadoxine.

overlain spectra (Figure 3), it was observed that all the
three drugs, PYR, SUL, and IS, exhibited strong absorbance
at 254 nm which was selected as analytical wavelength for
further analysis.

3.2. Validation. Densitogramobtained shows no interference
between peaks or from other constituents originating from
the excipient substances of tablets. It can also be assumed
from peak purity spectra (Figure 4) that the method is
speci�c for these analytes which enables reliable results
to be obtained. e linearity ranges from 100 to 500 ng
per band for PYR and from 2000 to 10000 per band for
SUL. e correlation coefficients (from 0.9998 to 0.9987)
and regression data prove linearity of the method within
the concentration range examined. e LODs were 14.15
and 58.37 ng per band for PYR and SUL, respectively; the
respective LOQswere 43.07 and 152.26 ng per band (Table 1).
e relative standard deviation (%RSD) for the analysis of
three replicates depicts good precision, that is, <2% (Table 2).
e recovery of the drugs was 98.12 to 101.24% (Table 3).e
results indicated that the method enables accurate analysis

of drugs in the tablet dosage form. e results of speci�city
studies showed that PYR and SUL are stable when exposed
to different stress conditions. �o signi�cant deviation of
𝑅𝑅𝐹𝐹 values or variation of assay values were observed. Den-
sitograms obtained from samples stressed under different
conditions are given in Figure 5. Quantitative analysis of
the drugs in the pharmaceutical dosage form (Table 4) was
characterized by satisfactory precision and accuracy, and
the amounts determined did not deviate from the declared
values. e method was shown to be robust (Table 5) to
changes in solvent composition, development distance, and
time of spotting to chromatography.

4. Conclusion

A relatively fast, simple, and accurate method has been
established for analysis of PYR and SUL in pharmaceutical
preparations. Statistical analysis proves that the method is
repeatable and selective for the analysis of PYR and SUL. Its
advantages are low cost of reagents, speed, and simplicity of
sample treatment, satisfactory precision, and accuracy.
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T 3: Accuracy studies of PYR and SUL (𝑛𝑛 𝑛 𝑛).

Drug Initial amount (mg) Forti�ed amount (mg) Total amount (mg) Recovery (%) RSD (%)

PYR 25
25 50 100.73 0.62
50 75 99.32 0.42
100 125 98.12 1.32

SUL 500
25 525 98.62 0.13
50 550 101.24 0.73
100 600 99.71 1.12

PYR: pyrimethamine; SUL: sulphadoxine.
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F 5: Densitograms obtained aer stress testing under different conditions.
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T 4: Results from analysis of pharmaceutical formulation (𝑛𝑛 𝑛
3).

Drug Label claim (mg) Drug content (%) RSD (%)
PYR 25 99.56 0.63
SUL 500 101.87 0.97
PYR: pyrimethamine; SUL: sulphadoxine.

T 5: Results of robustness testing (𝑛𝑛 𝑛 3).

Condition Recovery (%) RSD (%)
PYR SUL PYR SUL

Mobile phase composition
5.9 : 1.6 : 2 98.71 101.31 0.86 0.32
6 : 1.4 : 2.1 99.32 100.86 0.71 0.71
6.1 : 1.5 : 1.9 98.65 99.23 1.13 0.31

Development distance [cm]
8 98.12 99.73 1.32 0.82
9 99.31 100.52 1.51 0.91

Time spotting to chromatography
10min 100.71 101.13 0.47 0.71

PYR: pyrimethamine; SUL: sulphadoxine.
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