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(calculated from the eight measurements containing 
3/4th of the amount of upper Beer�s law limits of 
ondansetron) and correlation were calculated for the 
methods and the results are summarized in Table 1.

The methods were applied for the analysis of the 
drugs in the tablet formulation. To evaluate the validity 
and reproducibility of the methods, known amount of 
pure drug was added to the previously analysed by 
proposed methods and mean percent recovery was 
found to be 99.14 respectively. Interference studies 
revealed that the common excipients and other 
additives usually present in the dosage form did not 
interfere in the proposed methods. In conclusion, the 
proposed methods appear to be economical, simple, 
sensitive, reproducible and accurate enough for the 
routine determination of ondansetron in bulk as well 
as in tablet.

TABLE 2: RESULTS OF RECOVERY STUDY OF ONDANSETRON HCL
Labelled amount Amount of drug Amount of drug Percentage recovery2 Standard % CoefÞ cient of
(mg) added (mg) obtained1 (mg) Proposed method deviation variation 
    OfÞ cial method Proposed method   
8 10 7.8 7.7 98.71 0.7390 0.7454
8 20 7.8 7.8 100.00  
8 30 7.9 7.8 98.73  
1Average of three determinations. 2Recovery of amount added to the pharmaceutical formulation (average of three determinations)
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HPTLC Determination of Artesunate as Bulk Drug and in 
Pharmaceutical Formulations
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Agarwal, et al.: HPTLC Analysis of Artesunate

A new, simple, rapid, accurate and precise HPTLC method has been developed for the estimation of artesunate 
in bulk and pharmaceutical formulations. The study employs silica gel F

254
 as stationary phase on aluminium foil 

and mobile phase comprising toluene: ethyl acetate: acetic acid (2:8:0.2). Vanillin (1%) in sulphuric acid (5%) in 
ethanolic solution gave prominent well-resolved pink colour spot for artesunate, which was stable for more than a 
day. The densitometric analysis was carried out in the absorbance mode at 520 nm and symmetrical, well-resolved, 
well-defi ned peaks were obtained. The R

f
 value for artesunate was found to be 0.44. The linear detector response 

for artesunate was observed between 100-600 ng per spot and the calibration plots showed good linear relationship 
with coeffi cient of regression, r= 0.9989 with respect to peak area. The method was validated for precision, recovery 
and robustness. The limits of detection and quantitation were 30 ng/spot and 90 ng/spot, respectively. The recovery 
study was carried out by standard addition method and the recovery was found to be 99.89±1.006. Recovery from 
tablets was 98.88 (±0.55) and from injection, it was 98.83 (±0.60) of the labeled amount.

Key words: Artesunate, HPTLC analysis, Dihydroartemisinin hemi succinate, dosage form analysis
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Artemisinin and its derivatives are promising and 
potent antimalarial drugs, which meet the dual 
challenge, posted by drug resistant parasites and rapid 
progression of malarial illness1,2. It is a sesquiterpene 
with an unusual endoperoxide linkage structurally 
unrelated to other known antimalarials. The use 
of artemisinin as antimalarial agent is hampered 
by its poor solubility in oil and water and its poor 
efÞ cacy on oral administration. Thus, new structural 
modiÞ cations in artemisinin were essential3. A water-
soluble derivative of artemisinin, the sodium salt 
of artesunic acid (succinic acid half-ester derivative 
of dihydroartemisinin) can be administered by i.v. 
injection, a property that makes it especially useful in 
the treatment of advanced and potentially lethal cases 
of P. falciparum infection4. 

Literature survey reveals few analytical methods 
for estimation of artesunate in biological ß uids and 
pharmaceutical formulations, which includes HPLC 
with electrochemical detection5 and with ion pairing6, 
reversed phase HPLC7 and colorimetric method8,9. 
It was felt that a reliable and rapid method for the 
estimation of artesunate was needed. The primary 
goal was to develop and validate a HPTLC method 
for the rapid quantitation of the drug. This paper 
describes a simple, rapid, precise, speciÞ c alternative 
to existing HPLC methods for the determination of 
artesunate in bulk drug as well as in pharmaceutical 
dosage forms. 

Artesunate bulk drug, tablets (50 mg) and injection 
(60 mg) were obtained as a gift sample from Skymax 
Laboratories Pvt. Ltd., Gujarat. Another samples of 
artesunate tablets (50 mg) and combination dosage 
form containing artesunate (100 mg), sulfadoxine 
(500 mg) and pyramethamine (25 mg) was from 
Medicamen Biotech Ltd. All other chemicals 
and reagents used were of AR/HPLC grade. The 
instrument used in the present study was Camag-
HPTLC system (Switzerland) comprising Camag 
Linomat V automatic sample applicator, Camag TLC 
Scanner III with Wincats software. The samples were 
spotted in the form of bands of width 5 mm using 
a Camag microlitre syringe on precoated silica gel 
60 F254 TLC precoated aluminium plates (E.Merck), 
10 cm×10 cm size with 200 µm layer thickness 
using a Camag Linomat V applicator. A constant 
application rate of 150 nl/s was employed and space 
between two bands was 5.5 mm. The slit dimension 
was kept at 4 mm×0.1 mm and 20 mm/s scanning 

speed was employed. The mobile phase consisted 
of toluene: ethyl acetate: acetic acid (2:8:0.2). The 
chromatogram was developed in a Camag twin trough 
glass chamber using a linear ascending technique. 
The chamber saturation time for mobile phase was 
optimised to 30 min at room temperature. The length 
of chromatogram run was 80 mm. Densitometric 
scanning was performed on Camag TLC scanner III 
in the absorbance mode at 520 nm. The source of 
radiation utilized was deuterium or tungsten lamp.

A stock solution of artesunate (100 μg/ml) was 
prepared in methanol. Different volumes of stock 
solution were spotted in duplicate on TLC plate with 
the help of automatic sample applicator, to obtain 
amounts of 100, 200, 300, 400, 500 and 600 ng/spot 
of artesunate, respectively. The plates were developed 
in the presaturated twin trough chamber, dried and 
densitometrically scanned at 520 nm. The data of peak 
height/area versus drug concentration were treated by 
linear least-square regression analysis.

Repeatability of sample application and measurement 
of peak area were performed by the proposed method 
using six replicates of the same spot (500 ng/spot 
of the drug). The intra- and inter-day variation for 
the determination of artesunate was carried out at 
three different concentration levels of 200, 600 and 
3000 ng/spot. This test was performed to justify the 
suitability of the proposed method.

By altering various experimental conditions like 
mobile phase composition, amount of mobile phase, 
plate treatment, time from spotting to chromatography 
and time from chromatography to scanning, the effects 
on the results were examined. This was carried out at 
three different concentration levels of 200, 600 and 
3000 ng/spot, in triplicate.

In order to estimate the LOD and LOQ, blank 
methanol was spotted six times on HPTLC plate and 
then developed, sprayed and scanned in a similar way 
as that for calibration curve and then signal-noise ratio 
was determined. The detection limit (DL) may be 
expressed as, DL= 3.3 σ/S,  where, σ is the standard 
deviation of the response and S is the slope of the 
calibration curve. The quantitation limit (QL) may be 
expressed as, QL= 10 σ /S. 

Stock solution of marketed preparation having 
concentration of 500 μg/ml of artesunate was prepared. 
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This solution was first analyzed by the proposed 
method. In the analyzed sample, an extra 80%, 100%, 
120% of standard drug was added and then mixture 
was analyzed. The experiment was conducted in 
triplicate. It was done to Þ nd out the recovery of drug 
at different levels in the formulation.

To determine the content of artesunate in injection 
(Skymax laboratories, labeled claim: 60 mg/ml), the 
contents of the vial were pooled and mixed with 
methanol. The solution was sonicated for 30 min 
and volume was made up to 100 ml with methanol. 
The resulting solution was filtered twice. Final 
concentration of 600 ng/μl was obtained and 1 μl 
of this solution was spotted on plate, developed and 
scanned.

To determine the content of artesunate in tablets 
(labeled claim: 50 mg), twenty tablets of artesunate 
were accurately weighed and Þ nely powdered. Powder 
equivalent to 50 mg of artesunate was weighed 
accurately and extracted with 30 ml of ethanol. 
Solution was sonicated for 30 min and volume was 
made upto 100 ml with ethanol. Resulting solution 
was Þ ltered twice. Final concentration of 500 ng/μl 
was obtained and 1μl of the solution was spotted on 
the plate and developed, sprayed and scanned. The 
experiment was repeated six times.   

The Rf
 value for artesunate was found to be 0.44 

(Þ g.1). The linear regression data for the calibration 
curves (n=3) showed good linear relationship over the 
concentration range 100-600 ng per spot with respect 
to peak area with r= 0.9989. The developed HPTLC 
method was validated as per ICH guidelines. The 
precision of the method was evaluated by repeatability 

of sample application and measurement of peak area 
using six replicates of the same spot (500 ng/spot of 
the drug) with %RSD of 0.88. The intra- and inter-
day variation for the determination of artesunate was 
carried out at three different concentration levels of 
200, 600 and 3000 ng/spot with %RSD of 0.81 (Table 
1). The robustness of the method was evaluated by 
altering the various experimental conditions. This was 
carried out at three different concentration levels of 
200, 600 and 3000 ng/spot, in triplicate with %RSD 
value of 0.43 (Table 2). The limit of detection and 
limit of quantitation for artesunate was calculated 
to be 30 ng/spot and 90 ng/spot, respectively. The 
accuracy of the method was evaluated by percentage 
recovery (by standard addition) of the drug. The 
average recovery was found to be 99.89±1.006. The 
developed HPTLC method was also applied to the 
analysis of artesunate in their pharmaceutical dosage 
forms. The drug content and % RSD was found to be 
98.88%, 0.55 for artesunate tablets and 98.83%, 0.60 

Fig. 1: Typical chromatogram of artesunate

TABLE 1: INTRA- AND INTER-DAY PRECISION OF HPTLC METHOD FOR ARTESUNATE 
Amount (ng/spot) Intra-day precision Inter-day precision
 Mean area SD %RSDb Mean area SD %RSD
200 1473.35 15.61 1.02 1383.54 14.88 1.08
600 3156.41 29.68 0.94 3054.75 32.10 1.05
3000 7629.21 37.30 0.48 7716.97 0.44 13.92
Each value is result of six separate determinations. bRelative standard deviation

TABLE 2: ROBUSTNESS OF THE METHOD FOR ARTESUNATE 
Parameter %RSD Mean %RSD
 200 ng/μl 600 ng/μl 3000 ng/μl 
When plate was activated for 40 min 0.25 0.54 0.49 0.42
When 15ml of mobile phase was used 0.39 0.29 0.55 0.41
After 15 min of development of plate, scanning was carried out 0.41 0.62 0.26 0.43
After 5 min of spotting, development of plate was carried out 0.28 0.36 0.44 0.36
Mobile phase composition 0.40 0.33 0.63 0.55
Each value is result of three separate determinations
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Patel, et al.: Simultaneous Estimation of Metformin and Repaglinide in Synthetic Mixture

Two simple, rapid, accurate and economical methods have been developed for the simultaneous estimation of 
metformin and repaglinide in the synthetic mixture. The linearity was observed in the concentration range of 4-24 
µg/ml for the both metformin and repaglinide. First method is based on the simultaneous equations, absorbances of 
both the drugs were determined at 240 nm (λ max of metformin) and at 291.5 nm (λ max of repaglinide).  Metformin 
does not show any absorbance at 291.5 nm, hence its absorptivity was taken zero in the calculation. The method was 
validated in terms of accuracy (99.24±0.99, 100.98±0.89) and precision (intra-day variations 0.58-1.21, 2.12-3.12 
and inter-day variations 0.62-1.42, 2.20-3.08). Second method is based on Q-absorbance ratio; absorbances of both 
the drugs were determined at 240 nm (λ max of metformin) and at isoabsorptive point (254.8 nm). Q-absorption 
ratio method was validated in terms of accuracy (98.57±1.05, 98.62±1.2402) and precision (intra-day variations 
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TABLE 3: ANALYSIS OF MARKETED FORMULATIONS 
OF ARTESUNATE BY HPTLC METHOD 
Theoretical Amount of drug % Recovery %RSD
content  recovered (mg) 
50 mg tab 49.44 98.83 0.55
60 mg/ml vial 59.30 98.83 0.60
Each value is result of six separate determinations

for artesunate injection, respectively (Table 3). The 
values of SD or RSD and coefÞ cient of correlation 
were within the prescribed limit of 2% showing high 
precision of the method. This indicated the suitability 
of the method for routine analysis of artesunate in 
commercially available marketed pharmaceutical 
dosage forms. 

ACKNOWLEDGEMENTS

The authors are thankful to Professor S. Ahmad, 
Vice chancellor, Jamia Hamdard and to Skymax 
Laboratories Pvt. Ltd., Gujrat for providing samples 
of pure artesunate. S.P. Agarwal is grateful to All 
India Council for Technical Education for an Emeritus 
Fellowship. We are also thankful to (Ms.) Harrina 
Gonsalves for help in the preparation of manuscript.

REFERENCES

1. Dhingra V, Vishweshwar Rao K, Lakshmi Narasu M. Current status 

of artemisinin and its derivatives as antimalarial drugs. Life Sci 
2000;66:279-300.

2. White NJ. Assessment of the pharmacodynamic properties of 
antimalarial drugs in vivo. Antimicrob Agents Chemother 1997;41:1413-
22.

3. Venugopalan B, Bapat CP, Karnik PJ, Chatterjee  DK, Iyer N, Lepcha 
D. Antimalarial activity of novel ring-contracted artemisinin derivatives. 
J Med Chem 1995;38:1922-7.

4. Lin AJ, Lee M, Klayman DL. Antimalarial activity of water soluble 
dihydroaremisinin derivative: J Med Chem 1989;32:1249-52.

5. Zhou ZM, Anders JC, Chung H, Theoharides AD. Analysis of artesunic 
acid and dihydroqinghaosu in blood by high-performance liquid 
chromatography with reductive electrochemical detection. J Chromatogr 
1987;414:77-90. 

6. Taylor RB, Award MI, Reid RG, Moody RR. Determination of 
sodium artesunate in plasma using ion pairing high performance liquid 
chromatography. J Chromatogr B 2000;744:415-21.

7. Van Agtmael MA, Butter JJ, Portier EJ, Van Boxtel CJ. Validation of 
an improved Reversed phase high performance liquid chromatography 
assay with reductive electrochemical detection for determination of 
artemisinin derivatives in man. Ther Drug Monit 1998;20:109-16.

8. Green MD, Mount DL, Writz RA, White NJ. A colorimetric field 
method to assess the authenticity of drugs sold as the antimalarial 
artesunate.  J Pharm Biomed Anal 2000;24:65-70.

9. Green MD, Mount DL, Writz RA. Authentication of artemether, 
artesunate and dihydroartemisinin antimalarial tablets using a simple 
Colorimetric method. Trop Med Int Health 2001;6:980-2.


