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ABSTRACT 

Artesunate contains lactone ring known to degrade in alkaline medium; a reaction that could serve as a 

novel, simple, precise and rapid spectroscopic tool for quantitative determination in bulk and dosage 

forms. The degradation of artesunate in nucleophilic agents was investigated. Absorption spectra of 
artesunate in ethanol, Britton-Robinson buffer, and ammonium buffer (pH 5-12) were obtained. The 

effects of time and temperature on the stability of the degradation products were also evaluated. Each 

change in pH caused the spectrum of artesunate to change significantly with time up to pH 12, where a 

prominent peak at 225 nm was observed. Artesunate follows linearity in the concentration range of 2-20 
µg/ml with correlation coefficient of 0.999 in the proposed method. At constant temperature, therefore,  

the degradation products of artesunate at pH 12 could be harnessed for qualitative and quantitative 

determination of artesunate in dosage forms and biological fluids. The method was validated for 
specificity, precision and accuracy. 
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INTRODUCTION 

Malaria poses a huge economic burden on 

countries where the disease is endemic. According 

to the World Health Organization (WHO), malaria 

is a significant public health problem in more than 

90 countries inhabited by some 2400 million 

people and causes an estimated 300 million acute 

illness each year with at least a million deaths
1
. 

More than 90 % of these occur in Sub-Saharan 

Africa, and it is estimated that the disease kills an 

African child every 30 seconds
2
. Spread and 

emergence of old and new drug-resistant parasites 

is threatening malaria control programmes in most 

malaria-endemic regions
3
. 

The high morbidity of malaria necessitated the use 

of many antimalaria drugs in therapy, at least to 

control or eradicate the disease
4
. One of such 

drugs is artesunate, a qinghaosu-based compound 

derived from the herb artemisia. It is a fine white 

crystalline powder, slightly soluble in water and 

freely soluble in ethanol. 
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Figre 1: Chemical structure of artesunate. Chemical name: (3R,5aS,6R,8aS,9R,10S,12R,12aR)-

Decahydro-3,6,9-trimethyl-3,12-epoxy-12H-pyrano-(4,3-J)-1,2-benzodioxepin-10-ol hydrogen succinate. 

Molecular formula: C19H28O8. Molecular weight: 384.42 

 

Due to the extensive use of artesunate alone or in 

combination as artemisinin-based combination 

therapy ( ACT) in malaria treatment, various assay 

methods have been developed
5,6,7

. Unfortunately, 

these methods are costly, time consuming and 

non-environmental friendly. The International 

Conference on Harmonisation (ICH) guidelines 

for development of assay methods for drugs 

require the consideration of the regulatory status 

of the developed methods of assay, review of 

literature on stability-indicating assay
8
, assessment 

of the extent to which the developed method meet 

current regulatory requirement, techniques 

employed in development of assay methods and 

development of validated stability-indicating assay 

methods (SIAMs) that are likely to meet 

regulatory requirement
9
. Studies of this nature 

provides a finger-print for spectroscopic detection 

of artesunate indirectly by understanding the 

reaction of the quinghaosu  backbone of 

artesunate. Quinghaosu is unstable in alkaline 

medium and may decompose at room temperature 

to form many degradation products such as octa-

hydro-indene
10

. The cleavages of the lactone ring 

and/or epoxide linkage and succinate moiety of 

artesunate can be harnessed 

spectrophotometrically to identify the drug 

qualitatively and quantitatively in non-interfering 

matrices such as dosage forms and biological 

fluids. 

 

MATERIALS AND METHODS 

The major materials used for the study are 

Artesunate (Swiss Pharma., Nigeria), 

Ultraviolet/Visible Spectrophotometer (Model 

UNICO 2100, China) and pH meter (Eutech, 

Japan). All reagents for this study were used as 

received without further purification. 

(a) Preparation of Buffer Solutions 

0.4 M each of orthophosphoric acid, boric acid, 

acetic acid, sodium hydroxide, ammonium 

hydroxide, ammonium chloride and 2.0 M 

ammonium hydroxide were prepared. Britton-

Robinson (BR) buffer (pH 5-8) and ammonium 

buffer (pH 8-12) were prepared as described
11

. 

(b) Preparation of Standard Solution of 

Artesunate in Ethanol 

A 100 µg/ml artesunate solution was prepared by 

accurately weighing and dissolving 100 mg of 

pure artesunate powder in ethanol. The solution 

was made up to 1 litre with ethanol. From the 

stock solution, 10 µg/ml solution was prepared by 

serial dilution with ethanol and scanned in UV 

spectrophotometer against ethanol blank. 

(c) Method Development 

(i) Degradation Analysis of Artesunate 

A 10 µg/ml solution of artesunate was prepared 

from the standard solution using the BR buffer at 

pH 5 by serial dilution. The absorption spectrum 

was obtained against ethanol-BR solution blank. 

The procedure was repeated using BR buffer at pH 

6-8 and ammonium buffer 8-12. The spectra of the 

drug were shown in Figures 4 and 5. 
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(ii) Effect of Time and Temperature on the 

Stability of Degradants. 

A 10 µg/ml solution of artesunate was prepared 

from the stock solution using ammonium buffer 

(pH 8) and the absorbances were taken after 30, 

60, 90, 120 and 150 minutes of standing. The 

absorbances of fresh solution were taken after 

heating to 50, 60, 70, 80 and 90 ºC at ʎmax specific 

for each pH. These procedures were repeated for 

ammonium buffer (pH 9-12). Plots of the 

absorbance against time and temperature were 

shown in Figures 2 and 3 respectively. 

(iii) Calibration Curve of Artesunate at 

Degradation Conditions. 

Aliqouts of stock solution were further diluted 

with ammonium buffer (pH 12) to get working 

solution of 2, 4, 8, 12, 16 and 20 µg/ml. 

Subsequently, the absorbances were taken at ʎmax 

of 225 nm against ethanol-buffer blank. A 

calibration curve of the absorbance against 

concentration was plotted as shown in Figure 6. 

(iv) Assay Procedure for Formulations 

An amount of finely ground tablet powder 

equivalent to 50 mg of artesunate was accurately 

weighed into a 100 ml calibrated flask, 50 ml of 

ethanol added and shaken for 10 minutes. Then, 

the volume was made up to the mark with 

ammonium buffer (pH 12), mixed well, and 

filtered using a Whatman No. 42 filter paper. First 

10 ml portion of the filtrate was discarded and a 

suitable aliquot of the subsequent portion 500 

μg/ml was diluted appropriately to get 

concentrations for analysis by the method. The 

results are shown in Table 3. 

(d) Method Validation 

(i) Precision 

The precision of the developed method was 

determined by measuring the absorbances of six 

separate samples containing known amount of 

drug prepared under degradation condition. The 

method was validated by calculating the slope, 

intercept, correlation coefficient and optical 

characteristics (ICH guidelines 1995) as shown in 

Table 1. 

(ii) Recovery Studies 

Recovery studies were carried by adding 80, 100 

and 120 % of pure artesunate to different samples 

of tablet powder containing equivalent of 50 mg of 

artesunate
12

. From the amount of drug found, 

percentage recovery was calculated. The 

percentage recovery and the % RSD values are 

shown in Table 2.

 

Results 

Table 1: Results of Optical Characteristics of the Proposed Method 

Parameter     Value 

Beer’s law limit, µg/ml   2 – 20 

Molar absorptivity, Lmol
-1

cm
-1

  2156.3 

*Regression equation: slope (a)  0.049 

Intercept (b)     0.000 

Correlation coefficient (r)   0.999 

*Y = ax ± b 
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Table 2: Results of Recovery Studies 

Formulation amount    Amount of standard    % Recovery      SD              % RSD  

present (µg/ml)    drug added (µg/ml)       

 

50.0    40.0        99.5     0.245 0.187  

50.0    50.0        100.5     0.472 0.275 

50.0    60.0        99.8     0.437 0.245 

 

Table 3: Results of Determination of Artesunate in Formulations 

Brand code/strength   Nominal amount (mg)  % Found* 

Art-100    100.0    99.3 ± 0.1 

Art-50     50.0    100.6 ± 0.7 

Art-50     50.0    98.9 ± 0.8 

*Mean ± SD value of three determinations. 

 

DISCUSSION 

The proposed method is based on the degradation 

of the lactone ring of the artesunate in alkaline 

medium and the reaction is followed 

spectrophotometrically for quantization 

purposes
13

. The UV absorption spectra of 

artesunate in ethanol and buffer solution are 

illustrated in Figures 4 and 5 for buffers of pH 5-8 

and pH 8-12 respectively. The peak at 232 nm 

obtained in ethanol could be attributed to succinate 

moiety of artesunate while the peak at 272 nm 

could be due to lactone ring
11

. The minor changes 

in the maximum wavelength of absorption 

observed for pH 5-7 suggest the introduction of 

functional groups in the course of the degradation. 

The bathochromic shift of peak at 272 nm to 280 

at pH 5 may be attributed to the cleavage of 

endoperoxide linkage of artesunate leading to 

addition of C=C bond
5
. The appearance of exactly 

same spectra for pH 8a and 8b shows that buffer 

system has no interference in the degradation of 

artesunate. It was observed that different 

degradation products were formed in all the buffer 

solution used but only the products formed at pH 

12 was stable on standing. Assuming that 

absorbance is  

 

proportional to concentration, as stated in Beer-

Lambert’s law, the the decrease in absorbance as 

temperature increases indicates a decrease in the 

concentration of the product. This signifies that the 

product is not very stable to temperature. At 

constant temperature, therefore, the product can be 

said to be stable as the variation in the absorbance 

was not pronounced as shown in Figures 2 and 3. 

The reliability, accuracy and validity of the 

proposed method were ascertained by carrying out 

recovery studies. The recovery of pure drug added 

was quantitative and revealed that co-formulated 

substances (excipients) did not interfere in the 

determination as shown in Table 2. This further 

stresses the selectivity of the method for analysis 

of artesunate. In order to check the validity of the 

proposed method, analysis of artesunate in some 

commercial formulations was carried out. Table 3 

shows the results of studies in which there is close 

agreement between the result obtained by the 

proposed method and label claims indicating high 

accuracy and precision. 

The proposed method is simple, precise and useful 

in routine determination of artesunate in 

pharmaceutical dosage forms and biological fluids. 

Research is currently in progress to isolate, 

characterize and elucidate the structures of the 
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degradation product(s) of artesunate for more 

accurate on-the-spot detection of the drug. 

 

CONCLUSION 

A method for indirect determination of artesunate 

in bulk and dosage forms has been developed and 

validated in the concentration range of 2-20 µg/ml 

(R
2
 = 0.999) with average percentage recovery of 

99.93 from tablets. The developed method is 

selective, novel, precise, linear, simple accurate 

and suitable for routine determination of 

artesunate without interference from dosage 

matrices. 
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