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Background: Polyvinyl alcohol (PVA) is one of the well-known polymers, which has been used in numerous biomedical applications 
because of its good biocompatibility.
Objectives: Due to problems made by the therapeutics already used for leishmaniasis, the aim of this study was to evaluate the effect of 
PVA containing artemether in treating cutaneous leishmaniasis in BALB/c mice.
Materials and Methods: Aqueous solution of PVA was prepared by mixing with Double Distilled Water. After preparation of PVA, 4.33 mg 
of each drug (main drug artemether and control drug 14% glucantime) was added to 100 g of prepared PVA-honey solution. The solution 
was incubated at 37°C and the release of artemether was evaluated by measuring absorbance at 260 nm wave length. In this study for 
treatment of mice lesion, we used PVA containing artemether and glucantime and this method was compared with ointment treatment.
Results: Mean diameters of lesions in mice treated with artemether were smaller than the control group and the differences were 
significant (P < 0.05). The mean lesion size of mice treated with PVA containing artemether in comparison with the group treated with 
ointment of artemether were smaller and the differences were significant (P < 0.05).
Conclusions: PVA containing artemether is a new method for treatment of cutaneous leishmaniasis and according to the obtained 
results, artemether is an appropriate and effective drug, especially when used with PVA as a lesion dressing; thus we suggest that this 
method can be applied for the treatment of cutaneous leishmaniasis.
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Implication for health policy/practice/research/medical education:
Leishmaniasis is a very important disease and the drug used for its treatment is toxic and with side effects. Artemether is very good drug with low side 
effects but its half-life is short thus for this we used Polyvinyl alcohol (PVA) particles as a delivery system for artemether. Polyvinyl alcohol is a known 
polymer that due its good biocompatibility has been used for numerous biomedical applications.
Copyright ©  2014, Ahvaz Jundishapur University of Medical Sciences; Published by Kowsar Corp. This is an open-access article distributed under the terms of the Cre-
ative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

1. Background
Leishmania is a protozoan parasite which lives either 

as extracellular promastigotes in phlebotominae in-
sects, or as intracellular amastigotes inside macrophages 
of mammalian hosts. Chemical drugs for treatment of 
leishmaniasis include pentavalent antimonate glucan-
time, pentostam, allopurinol and allopurinol riboside, 
amphotericin B, aromatic diamidianes, and paramomy-
cin. Furthermore, physical methods such as curettage, 
surgical removal, ray therapy, heat therapy, and cryother-
apy have been used (1, 2). Using these treatment methods 
lead to problems such as relapse, drug resistance, adverse 
drug reaction, secondary bacterial infection, and high 
costs of treatment (3-5). Therefore, a group of researchers 
have used insect products and medicinal plants, such as 
Peschiera australis, Peschiera vanherokii, Altharea rosa, Al-
tharea officinalis, Leguminosa faliacaea, Alkanna tinctoria, 
Pegamum harmala, and Euphorbia mysinites, as a means of 
treatment. These plants have had inclusively positive re-

sults (4, 6-8).
Artemether as one of the semi-synthetic derivatives of 

artemisinin (artemisinin were discovered from Artemis-
ia plant leaves) has the structural formula of C16H26O5 
and molecular weight of 298.4. Artemisinin is structur-
ally different from other well-known anti-malarial drugs 
and has a different mechanism of action. Scientists be-
lieve that artemisinin’s strong action against parasites 
is due to the presence of Endoperoxide Bridge. The sug-
gested mechanism of action for artemisinin is based on 
the unusual chemical structure of the compound’s core, 
which participates in the formation of peroxide bridge 
and is also essential for its anti-malarial activity. Without 
an oxygen atom, artemisinin is inactive (9). Peroxides are 
well-known sources of reactive oxygen including hydrox-
yl and superoxide free radicals. Hence, it has been sug-
gested that free radicals can play a role in artemisinin’s 
mechanism of action. Role of free radical in biological 



Ebrahimisadr P et al.

Jundishapur J Microbiol. 2014;7(5):e96962

mechanism of action for artemisinin’s derivatives such 
as artemether was confirmed during the late 1980s (10).

We also have used polyvinyl alcohol (PVA) as a lesion 
dressing for greater drug delivery efficacy. PVA is a well-
known polymer, which because of its good biocompat-
ibility, has been used in numerous biomedical applica-
tions, for example as implants (11), artificial organs (12), 
contact lenses (13), drug delivery devices (14), and also 
lesion dressings for lesions management (15-17). PVA has 
certain advantages that make it an excellent candidate 
for biomaterials. Some of these advantages include its 
non toxic, non carcinogenic and bio-adhesive character-
istics, as well as its associated ease of processing. PVA has 
an uncomplicated chemical structure and modifications 
are possible by simple chemical reactions. In addition 
PVA gels exhibit a high degree of swelling in water (or bi-
ological fluids) and a rubbery and elastic in nature. Due 
to these properties, PVA is capable of simulating natural 
tissues and can be readily accepted in the body.

2. Objectives
Due to problems made by the therapeutics already used 

for leishmaniasis, the aim of the present study was to 
evaluate the effect of PVA containing artemether in treat-
ing cutaneous leishmaniasis in BALB/c mice.

3. Materials and Methods

3.1. PVA Preparation
In all experiments we used commercial grade PVA with 

a polymerization degree of 1700 and a saponification val-
ue greater than 98%, which was purchased from the Nip-
pon Synthetic Chemical Industry Co., Ltd, Japan. Double 
distilled water (DDW) was used to prepare all aqueous 
solutions.

3.2. Artemether Preparation
Artemether was obtained from Exim Pharm Co. US. 

Stock solutions of artemether were freshly prepared in 
ethanol-water (1:1, w/w). At first 1 mg of artemether was 
dissolved in 0.5 mL of ethanol and then slowly diluted 
with 0.5 mL of water. For better dissolving, we used 100 μL 
of ethanol and 100 μL of water to obtain a volume of 1 mL.

3.3. Optimization and Preparation of PVA Contain-
ing Artemether

We prepared four concentrations of artemether in DDW 
(5, 10, 25 and 50 μg/mL) and the absorbances were mea-
sured at 260 nm wave length. Next, a standard carve was 
plotted. A piece of PVA gel containing artemether (1 mg/
mL) was placed in a container with 100 ml of DDW and 
incubated at 37˚C and the release of artemether was eval-
uated 5, 15 and 24 hours after incubation. The concentra-

tion of released artemether was measured by reading ab-
sorbance at 260 nm wave length. Next, the release curve 
was plotted according to the released artemether at dif-
ferent time points. The results of release assay showed 
that after 24 hours about 48% of artemether was released. 
According to this result, we determined the suitable con-
centration of artemether in PVA gel.

3.3.1. Preparation of Transdermal and Injectable Sys-
tems of PVA

Aqueous solution of PVA was prepared by mixing in 
Double Distilled Water. The solution was mixed slowly 
and heated to 90°C for a period of about 4 hours to 
achieve complete dissolution. Then, honey (The proper-
ties of the honey included: water activity (aw) =0.6; pH 
= 4; acidity =22 meq/kg honey; sucrose = 7.5%; reducing 
sugars =75%; total sugars =82.5 % and humidity = 14%) with 
a 1:1 ratio (w/w) with respect to PVA was added to the so-
lution to attain final PVA-honey viscous solution. Finally, 
the solution was cooled down and 4.33 mg of each drug 
(main drug artemether and control drug glucantime = 
14%) was added to 100 g of prepared PVA-honey solution 
and mixed slowly. About 1.2 g of each sample (containing 
52 of artemether and control drug glucantime) was used 
as a transdermal drug delivery system for each animal 
daily and then the diameter of the lesion was measured 
daily by a caliper for two weeks. About 1.2 g of each sam-
ple (containing 52 of artemether and control drug glu-
cantime) was used as an injectable system, then diameter 
of the lesion was measured weekly by a caliper for three 
weeks.

3.3.2. Preparation of Film and Implantable Systems of 
Gel

PVA-Honey solutions containing artemether as the 
main drug and glucantime as the control drug were pre-
pared according to the method and ratios described in 
section 3.1 In order to prepare the solid PVA-honey hydro-
gel films, the prepared aqueous solutions were poured 
into flat plastic moulds (having thicknesses of 3 mm) 
and placed at -20˚C for 24 hours to induce crystallization 
(freezing step). After the freezing process, hydrogels were 
subsequently allowed to thaw for 24 hours at 23˚C (thaw-
ing step). This cyclic process was repeated three times for 
each solution. A piece of hydrogel (5 × 5 mm) with 1.2 g 
weight containing 52 of artemether and glucantime as 
the control drug was used as an implantable and thin 
film drug delivery system for each animal, then diameter 
of the lesion was measured weekly by a caliper for three 
weeks.

3.4. Ointment Preparation
250 µg of artemether was mixed in 1 mL of common 

cream including Glycerin and then 0.1 mL of ointment 
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was rubbed on the lesion. Diameter of the lesion was 
measured daily by a caliper for two weeks.

3.5. Parasite Culture
Leishmania major (MRHO/IR/75/ER) was cultured in RPMI 

1640  (Gibco-BRL, Life Technologies Ltd., Paisley, Scotland) 
with 20% FCS  (Gibco-BRL, Life Technologies Ltd., Paisley, 
Scotland). for preparation of adequate promastigotes.

3.6. BALB/c Contamination Method With L. major
BALB/c mice aged 6-8 weeks were purchased from the 

Razi Institute (Karaj, IR Iran) and were kept in the ani-
mal house under standard conditions of food and water. 
About 2 × 106 promastigotes of L. major (MRHO/IR/75/ER) 
were injected to the base of the tails of mice in stationery 
phase. The same volume of PBS (for control) was injected 
into the left leg and do not observe the reaction. After 
three to five weeks, the wound was observed at the injec-
tion site of the parasite.

Mice were divided in to five categories:
1. Healthy control group, the group for which only PBS 

was injected, and no parasites were observed to have in-
jury (five mice);

2. Infected control group without treatment (five mice);
3. Infected groups treated with PVA containing glucan-

time in local, injected, hydrogel and implant forms (five 
mice in each situation);

4. Infected groups treated with PVA containing arte-
mether in local, injected, hydrogel and implant forms 
(five mice in each situation);

5. Ointment containing artemether (five mice).

3.7. Statistical Analysis
Results of each experiment were summarized with 

mean and standard deviation (SD) values. Mean lesion 
size was compared with Mann Whitney and Anova-one 
way tests (P values of < 0.05 were considered significant) 
by using SPSS version 16.

4. Results

4.1. Results of the Groups Under Study
In the healthy control group, all mice were healthy at 

the end of experiment. According to the results, all mice 
in the infected group, which were left untreated, eventu-
ally died at the end of the experiment. The mean diame-
ter continuously increased thus in some mice metastasis 
resulted.

4.1.1. Groups Treated With Artemether by Ointment Form
According to Figure 1, mean diameter of lesion in the 

infected group treated with artemether was smaller than 
the untreated infected group and from five days after 
treatment the differences were significant between mean 
diameters of lesion in the two groups (P < 0.05).

Artemether

Control

Figure 1. Comparison of Mean Lesion Diameter (cm) Caused by L. major 
in BALB/c Mice Untreated and Treated With Artemether With Ointment for 
14 Days

Figure 2. Comparison With Lesion Diameter (cm) Caused by L. major in 
BALB/c Mice in Treated and Control Groups Infected Group

Control

Glucantime

Artemether

Infected group treated with glucantime and infected group treated with 
artemether by local form for 14 days.

4.1.2. Groups Treated With Glucantime and Artemether 
by Local Form of Gel

According to Figure 2, there were no significant dif-
ferences between mean diameter of lesion in the three 
groups at the first, second and third days after treatment 
(P > 0.05). There was a significant difference between the 
infected group treated with artemether in comparison 
with the untreated infected group, from the fourth day 
after treatment (P < 0.05). There was a significant differ-
ence between the infected group treated with artemether 
in comparison with the group treated with glucantime 
from the fifth day after treatment (P < 0.05).

4.1.3. Groups Treated With Glucantime and Artemether 
by Injection Form of Gel

According to Table 1, in the first and second weeks after 
treatment there were no significant differences between 
mean diameter of lesion in the three groups (P > 0.05). 
On the third week after treatment, there was a signifi-
cant difference between infected groups treated with 
artemether (Table 1) in comparison with the untreated 
infected group (P < 0.05).
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Table 1.  Comparing Changes in Lesion Diameter (cm) Caused by L. major in BALB/c Mice in the Treated and Untreated Infected 
Groups a, b

Week Lesion Diameter, cm

Infected Groups Treated With Artemether Infected Groups Treated With Glucantime Untreated Infected Group

0 1.310 ± 0.118 1.71 ± 0.668 1.37 ± 0.553

1 1.175 ± 0.091 1.68 ± 0.707 1.43 ± 0.579

2 0.855 ± 0.205 1.65 ± 0.721 1.775 ± 0.657

3 0.3 ± 0.084 1.55 ± 0.650 1.93 ± 0.650
a  Data are presented in Mean ± SD.
b  Infected group treated with Glucantime, infected group treated with artemether by injected form of gel for three weeks.

Table 2.  Comparing Changes in Lesion Diameter (cm) Caused by L. major in BALB/c Mice in the Untreated Infected Group a, b

Week Lesion Diameter (cm) 

Infected Groups Treated With Artemether Infected Groups Treated With Glucantime Untreated Infected Group 

0 2.287 ± 0.594 2.199 ± 0.438 1.87 ± 0.141

1 2.133 ± 0.564 2.016 ± 0.652 2.21 ± 0.088

2 1.716 ± 0.605 1.866 ± 0.537 2.46 ± 0.270

3 1.62 ± 0.558 1.793 ± 0.472 2.53 ± 0.315
a  Data are presented as Mean ± SD.
b  Infected group treated with glucantime, infected group treated with artemether by implant form of gel for three weeks.

4.1.4. Groups Treated With Glucantime and Artemether 
by Implant Form of Gel 

According to Table 2, there were no significant differ-
ences between mean diameter of lesion in the three 
groups in the first and second weeks after treatment (P 
> 0.05). There was a significant difference between the 
infected group treated with artemether in comparison 
with the untreated infected group on the third week after 
treatment (P < 0.05).

In the infected groups treated with hydrogel form of 
artemether, drug could not penetrate into the lesion due 
to yielded drought; hence this method cannot be used to 
recover the lesion.

4.1.5. Groups Treated With Glucantime and Artemether 
by Hydrogel Form

For this form of PVA, which contains glucantime and 
artemether, we could not show any recovery in lesions 
of cutaneous leishmaniasis. There were no significant 
differences in lesion size of treated groups and control 
group during the entire time of treatment.

5. Discussion
In leishmaniasis, effective treatment can consider-

ably reduce the social and mental consequences of this 
disease and assist for its control and prevention. The 
drugs of choice for treatment of cutaneous leishmani-

asis are glucantime and Pentostam. Both of them have 
toxic side effects. Pharmaceutical research represents a 
major strategy for discovering new drugs with minimal 
toxicity. Adverse effects related to artemisinin derivatives 
are rare (18, 19). Artemether is effective for treatment of 
parasitic diseases including Schistosoma (20), Clonor-
chis (21), Fasciola (22), malaria (23), L. infantum (24) and L. 
major (25, 26). Similar to malaria parasite, the trematodes 
swallow the host’s hemoglobin as their food. Therefore, 
artemether can be activated by heme or other iron com-
pounds through production of toxic compounds or iron 
free radicals (25). 

Artemether is an effective drug but its half life is short 
(three hours). Due to the short half-life of artemether, we 
used PVA for control of drug dosage in oral and injection 
forms. We chose PVA as it could absorb body fluids and act 
as a barrier against bacteria (17). The results show that the 
infected group treated with ointment containing arte-
mether, means of lesion diameter decreased from 1.094 
cm to 0.214 cm and in the infected group treated with 
PVA containing artemether, which was used in the local 
form, means of lesion diameter decreased from 0.986 cm 
to 0.16 cm; therefore in the infected group treated with 
PVA containing artemether recovery through decrease 
in lesion diameter was greater than the infected group 
treated with ointment containing artemether during 
two weeks. 

Comparison of the three groups including the infected 
group without treatment, the infected group treated with 
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PVA containing artemether and glucantime for which im-
plant and injected forms were used, showed that in the 
infected group treated with PVA containing artemether, 
the lesion size was smaller than the other groups during 
three weeks. The infected group treated with PVA con-
taining artemether in hydrogel form, could not obtain 
lesion recovery; this may be related to the kind of lesion 
for cutaneous leishmaniasis caused by L. major that is dry 
in the mouse model, whereas hydrogels need wet lesions 
to release the drug. Among all these methods used in this 
study, the local form of PVA containing artemether due 
to its easy usage, not causing pain and shortening the le-
sion recovery period, was the best option. According to 
the obtained clinical results, it is a very promising drug 
which can be suggested as an effective, suitable, and even 
an alternative method for treatment of leishmaniasis.
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