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ABSTRACT

Objective: The aims of this study was to investigate the solubility, dissolution rate and antimalarial activity against Plasmodium berghei of 
artesunate (AR)-nicotinamide co-crystal prepared by solvent evaporation (CoSE) and slurry (CoS) method.

Methods: Co-crystals of AR-nicotinamide prepared by solvent evaporation and slurry methods were tested for solubility, dissolution rate and activity 
of antimalarial compared to pure AR and physical mixture (PM) of AR and nicotinamide. Solubility test was conducted in distilled water at 37±0.5°C 
and dissolution test was done in distilled water medium at 37±0.5°C using paddle stirrer. Antimalarial activity test was carried out on female mice 
infected by P. berghei then parasitemia was observed.

Results: The AR solubility of slightly increased from 1236.66±141.42 to 1368.46±49.17 mg/L. Dissolution data at 30 minutes respectively for AR, 
PM, CoS and CoSE (76.51±14.93; 75.45±18.07; 85.14±12.94 and 123.24±7.68%). The results were antimalarial activity test of P. berghei showed that 
percent inhibition 84.98-89.50%. These data showed no significant differences in antimalarial activity between AR, CoS and CoSE.

Conclusions: Co-crystal AR nicotinamide prepared by solvent evaporation and slurry methods could increase the dissolution rate of AR in distilled 
water medium compared to pure AR. Co-crystal AR nicotinamide prepared by solvent evaporation was not significant difference as antimalarial 
activity in P. berghei compared to pure AR.
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INTRODUCTION

Artesunate (AR), derived from artemisin is an antimalarial drug that has 
good bioactivity and low toxicity. AR was drug in biopharmaceuticals 
classification system Class  II, means that AR has a low solubility in 
water and good permeability [1]. Drugs with low water solubility in 
often show low bioavailability, and dissolution rate is the determining 
step in the process of drug absorption [2].

Various methods are developed to improve the solubility and dissolution 
rate of drugs such as the manufacture of solid dispersions, the formation 
of prodrugs, drug inclusion complex with carrier, modified form of the 
compound into salt, solvate and co-crystal formation [2].

Co-crystal using crystal engineering principles to design crystalline 
form of medicine can improve their solubility, bioavailability, stability 
and other important properties without changing the effectiveness 
of the drug [3]. Co-crystal formation needs inert conformer with low 
toxicity such us nicotinamide. Co-crystal had been conducted by several 
methods such as solvent evaporation, rapid cooling, melting, grinding, 
and forming slurry [4].

Nicotinamide has demonstrated the ability to increase the solubility 
of other drugs in the water through chemical or physical modification 
by forming co-crystal [5]. Nicotinamide is inert co former besides 
saccharin and acetic acid [6].

Previous study on preparation and characterization AR - nicotinamide 
co-crystal had been conducted using AR co-crystal formation of 
nicotinamide as co former by solvent evaporation method and slurry 
method. Co-crystal of AR - nicotinamide was successfully formed and 
physicochemical characterization tests had conducted [1].

In this study solubility, dissolution rate and antimalarial activity of co-
crystal AR - nicotinamide equimolar ratio of 1:1 by solvent evaporation 
and slurry methods were examined.

METHODS

Materials
AR was purchased from Ancalima Lifesciences Ltd., India, Batch 
No. AS/M-001/07-08. Nicotinamide was purchased from Western Drug 
Ltd, India, Batch No. 11-12/NMD[P]/B/093. Plasmodium berghei strain 
ANKA from Molecular Biology Department, Eijkman Jakarta, Indonesia, 
female mice of Balb-C strain were obtained from Animal Laboratory, 
Faculty of Pharmacy, Gadjah Mada University, Indonesia.

Methods

Formation of co-crystals by solvent evaporation (CoSE) method
AR and nicotinamide (equimolar) carefully were weighed as much as 
3.15 g and 1.0 g respectively and dissolved in methanol separately. AR 
dissolved in approximately 140 mL of methanol to form a clear solution. 
Nicotinamide was dissolved in approximately 15 mL of methanol. Then 
the two solutions were mixed and stirred while. Equimolar solution of 
the two components evaporated at room temperature for 48 hrs. Solids 
co-crystal was stored in vacuum desiccators and was sieved using 
mesh No. 100.

Formation of co-crystals by slurry (CoS) method
AR and nicotinamide were weighed equimolar (1:1) as 3.15 g and 
1.0 g respectively. Both are mixed homogeneously in a mortar. 15 mL 
of water was added to the mixture and then mixed homogeneously 
for 5 minutes. Co-crystal formed was dried at 40°C for 48 hrs. Solids 
co-crystal was stored in vacuum desiccators, and then sieved using 
mesh No. 100.
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Determination of AR phase solubility
A total of 2.0 g co-crystal powder samples were weighed and put in 
beaker containing 50  mL of distilled water. The sample was placed 
and shaked in water bath at 25±1°C at 100 rpm. After 3 hrs the sample 
solution was taken then filtered with Whatman filter paper and diluted 
appropriately. AR concentration was determined by simultaneous 
spectrophotometric method.

Dissolution test of AR - nicotinamide co-crystal
AR - nicotinamide co-crystal was weighed equivalent to 50 mg of AR. 
Dissolution test was performed using ERWEKA DT 700 LH (Germany) 
with a paddle stirrer at 50 rpm in 900  ml at 37±0.5°C. Samples 
were taken at time interval 5, 10, 15, 20, and 30 minutes and 8.0 mL 
then filtered with Whatman filter paper 0.45  µm and analyzed by 
spectrofotometric.

Antimalarial activity test

%growth=
P(d1-d0)+ P(d2-d1)+ P(d3-d2)+....+ P(d6-d5)

6

Antimalarial activity test was carried out on P. berghei infected 
female mice. Four treatment groups were CoSE, CoS, AR and CMC Na 
as a control. Parasitemia was observed after orally administration of 
samples. Infected mice were divided into 4 groups where 6 animals/
group. From the calculated percent blood smear parasitemia. Percent 
parasitemia calculated by the number of infected erythrocyte cell per 
5000 erythrocytes. Percent of parasitemia growth was calculated by 
following equation:

Where:

P(dx-dx−1) = % parasitemia day (x) subtracted % parasitemia day (X−1)

RESULTS AND DISCUSSION

Solubility of AR
Solubility of AR, physical mixture (PM) of artesunat-nicotinamide, AR 
-nicotinamide CoS method and AR -  nicotinamide CoSE method was 
determined in distilled water at 37±0.5°C at the saturated solubility of 
AR. The result of saturated solubility test of AR showed in Fig. 1.

From one-way ANOVA statistical analysis, it was known that saturated 
solubility of AR of significance value more than 0.05. There is no 
significant difference from the 30; 60; 120; 180 minutes.

From solubility test, it was known that the solubility of AR in a PM 
slightly increased affected by solubility of nicotinamide is so that 
AR easier wetted. Solubility of AR in co-crystal enhanced due to the 
hydrogen bonding between AR and nicotinamide and co-former 
solubility properties [7]. Solubility profiles of samples are shown in 

Fig.  2. Nicotinamide is soluble in water so when AR  -  nicotinamide 
bonds, solubility of AR will also increased. Increasing solubility of 
AR can also be seen from the decreasing of melting point co-crystal. 
Thermal analysis by differential thermal analysis, melting point of AR 
is 142.2°C, nicotinamide is 133.3°C and melting point of co-crystal 
is 98.4°C. Decreasing of melting point indicated decrease in the energy 
of the crystal lattice, resulting more soluble co-crystal [8].

Statistical analysis of solubility one-way ANOVA showed significance 
difference more than 0.05 that otherwise there is no significant 
difference of each group.

Dissolution test
The results of the dissolution test of AR, PM, CoS and CoSE can be seen 
in Fig. 3.

Fig. 3 can be seen that co-crystal of AR - nicotinamide prepared by both 
methods had higher dissolution rate than pure AR and the PM. CoSE 
gave fastest dissolution rate.

From efficiency dissolution (ED30), it was known that the dissolution 
rate AR from CoSE, CoS were increased compared to pure AR (Table 1). 
Dissolution rate increased due to the increased solubility of AR. The 
result can be explained by Noyes and Whitney equation. Concentration 
of a saturated solution of the compound at the temperature of the 
experiment is proportional to the rate of dissolution [9].

Fig. 1: Saturated solubility of artesunate in distilled water 
medium at 37±0.5°C

Fig. 2: Solubility of artesunate, physical mixture, co-crystal slurry 
and solvent evaporation methods

Fig. 3: Dissolution profile of artesunate, physical mixture, 
co-crystal slurry and co-crystal solvent evaporation in distilled 

water medium at 37±0.5°C
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Fig. 4: Curve growth parasitemia of mice infected with 
Plasmodium berghei

Table 1: ED of AR in 30 minutes

Replicate AR PM CoS CoSE

1 42.71 29.75 39.52 75.26
2 33.84 36.30 44.72 78.93
3 25.71 19.88 45.63 73.74
Average of ED30 (%) 34.09 28.65 43.29 75.98
SD 8.51 8.27 3.30 2.66
AR: Artesunate, PM: Physical mixture, CoS: Co‑crystal slurry, CoSE: Co‑crystal 
solvent evaporation, SD: Standard deviation, ED: Efficiency dissolution

Table 2: Results of HSD test of ED30 with α=0.05

AR PM CoS CoSE

AR ‑ + ‑
PM ‑ + ‑
CoS + + +
CoSE ‑ ‑ +
+: Significant difference, ‑: No significant difference, ED: Efficiency dissolution, 
AR: Artesunate, PM: Physical mixture, CoS: Co‑crystal slurry, CoSE: Co‑crystal 
solvent evaporation, HSD: Honestly significant difference

From statistical analysis one-way ANOVA, ED30 of AR, PM, CoS and 
CoSE significant difference for each treatment group at least one group. 
Furthermore honestly significant difference (HSD) test to determine 
which treatment group at these differences. The results of HSD 
test of ED30 with α=0.05 is shown in Table 2.

Antimalarial activity test
Tests carried out on female mice infected. The results of antimalarial 
activity test showed that percent of P. berghei inhibition ranged between 
84.98% and 89.50%. These data showed no significant differences in 
antimalarial activity test between AR, CoS and CoSE as shown in Fig. 4. 
This is due to the amount of soluble AR were not significantly different, 
although the dissolution co-crystal AR (CoS and CoSE) faster than 
pure AR.

CONCLUSIONS

Co-crystal AR nicotinamide prepared by solvent evaporation and 
slurry methods showed increased of dissolution rate in distilled water 
medium compared by pure AR. Co-crystal AR nicotinamide prepared by 
solvent evaporation no significant difference as antimalarial activity in 
P. berghei compared with pure AR.
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