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Objective: To evaluate the anti-inflammatory and antipyretic potentials of artesunate in albino
mice and Wistar rats respectively.
Methods: For the anti-inflammatory activity, artesunate (5 mg/kg) was administered orally
against egg albumin- and xylene-induced inflammation in mice using ibuprofen (50 mg/
kg) as standard drug. To assess antipyretic activity, artesunate (5 mg/kg) was administered
orally against d-amphetamine- and 2, 4-dinitrophenol-induced pyrexia in rats using
ibuprofen (15 mg/kg) as standard drug.
Results: The result showed that artesunate significantly (P < 0.001–0.010) reduced
inflammation induced by egg albumin and xylene in a time-dependent manner. It also
significantly (P < 0.001–0.050) and time-dependently reduced pyrexia induced by
d-amphetamine and 2, 4-dinitrophenol. These reductions were similar to those produced
by the standard drug ibuprofen, and thereby demonstrating that artesunate possesses antiinflammatory and antipyretic activities.
Conclusions: These results further support the rationale for the use of artesunate in the
treatment of malaria, a disease characterized by fever and inflammation and open up
possibilities of its usefulness in other inflammatory and feverish diseases.
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1. Introduction

derivative, is generally well-tolerated and safe, and it has minimal
adverse effects [2]. It is a water-soluble artemisinin derivative

Artesunate is a derivative of artemisinin. It is semi-synthetic and

extracted from the Chinese herb Artemisia annua. It is commonly

used mainly to treat malaria. Malaria is mostly caused by protozoans

used as an effective and safe anti-malarial drug. It has been recently

called Plasmodium falciparum and Plasmodium vivax. It is still

reported that artesunate has a potential as a new and effective anti-

one of the topmost infectious diseases in the world today[1]. The

cancer drug[3]. Artemisinin, a naturally occurring endoperoxide,

World Health Organization has recommended artemisinin-based

has derivatives with anti-malarial properties and forms the basis of

combination therapies for the treatment of malaria. Artesunate, as a

the present global treatment approach for Plasmodium falciparum
malaria. These derivatives include artesunate, artemether and
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dihydroartemisinin, which produce more effective reductions in
parasitaemia and provide more rapid symptom relief than other
anti-malarial drugs. Among these derivatives, artesunate is the
most therapeutically useful artemisinin derivative indicated for
the treatment of mild to severe malaria infection. Because of its
therapeutic efficacy and the need for appropriate dosing, many
researchers have directed their attention towards evaluating
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the pharmacokinetics of artesunate and its active metabolite

injecting 0.1 mL of fresh egg albumin to cause inflammation[7,8].

dihydroartemisinin[4].

The artemisinin derivatives have now become

Group 1 animals were used as control and given 5 mL/kg of normal

pivotal in the treatment of falciparum malaria and artemisinin

saline intraperitoneally. Groups 2 and 3 animals were administered

combination therapies are used in the second and third trimesters of

with 5 mg/kg and 50 mg/kg of artesunate and ibuprofen orally,

pregnancy[5]. Traditional Chinese medicine, with its 5 000 years of

respectively. Artesunate was the test drug while ibuprofen served

practice, occupies a unique position among all traditional medicines.

as the standard drug. The treatments were administered to all the

Recently, artemisinin-type sesquiterpene lactones from Artemisia

animals 30 min after induction of inflammation. Thereafter, the

annua have been found to be active against malaria, cancer cells,

linear circumference of the inflamed right paw was measured using

and schistosomiasis. Moreover, artemisinin and its semi-synthetic

a vernier calipers every thirty minutes for 5 h.

derivative artesunate are effective against certain viruses such as
human cytomegalovirus, herpes simplex virus type 1, Epstein-

2.4. Xylene-induced ear oedema

Barr virus, hepatitis B virus, hepatitis C virus and bovine viral
diarrhea virus[6]. There is little or no scientific report on effect of

Albino mice of either sex were used. They were fasted for 24 h

artesunate on inflammation and pyrexia. This study, therefore, aimed

before the commencement of the experiment and were not given

at assessing whether artesunate possesses anti-inflammatory and

water during the experiment. Thereafter, they were divided into

antipyretic properties.

three groups containing six animals each. Two drops of xylene
were applied at the inner surface of the right ear of mice to induce

2. Materials and methods

inflammation and allowed to react for 15 min. Group 1 animals were
given 5 mL/kg of normal saline intraperitoneally as control. Groups

2.1. Drugs

2 and 3 animals were given 5 mg/kg and 50 mg/kg of artesunate
and ibuprofen orally, respectively. All treatments were given to the

Ibuprofen caplets (Brustan-N by Ranbaxy Pharmaceuticals,

animals 30 min after inducing inflammation. Thereafter, animals

Nigeria) and artesunate tablets (Artesunat by Mekophar Chemical

were sacrificed under anesthesia using chloroform and both ears

Pharmaceutical Joint-Stock Company, Vietnam) were used for the

were cut off. The difference between the weights of the left and right

evaluation.

ear was recorded as oedema induced by xylene[9,10].

2.2. Experimental animals

2.5. Evaluation of antipyretic activities

Albino mice and Wistar rats with weights ranging 22–32 g and

2.5.1. D-amphetamine-induced pyrexia in rats

154–298 g, respectively were obtained and kept in the animal house

Adult albino Wistar rats of either sex were fasted for 24 h but water

of Faculty of Pharmacy, University of Uyo. The animals were kept in

was given ad libitum before the commencement of the experiment.

plastic cages under good light and well ventilated housing condition.

Basal rectal temperatures of the animals were recorded with the

They were fed with standard pellet feed (Grand Cereals Ltd., Plateau

aid of a digital thermometer. Thereafter, d-amphetamine (5 mg/kg)

State, Nigeria) and allowed to access to water except during the

was given to the animals intraperitoneally. Within 30 min following

experiment. All experimental procedures involving animals were

the administration of d-amphetamine, animals with increased

conducted in accordance to Organization for Economic Co-operation

temperature of 1 °C were selected and divided into three groups of

and Development guidelines and approved by Animal Ethics

six animals per group. Group 1 animals were administered with 5

Committee, Faculty of Pharmacy, University of Uyo.

mL/kg of normal saline intraperitoneally as the control. Group 2
animals were given 5 mg/kg of artesunate orally. Group 3 animals

2.3. Determination of anti-inflammatory activity of artesunate
against egg albumin-induced inflammation

received 15 mg/kg of ibuprofen orally which served as the standard
drug. Rectal temperatures were obtained at 0.5 h and thereafter
recorded hourly for 5 h[10,11].

The inflammatory agent used in this model was fresh egg albumin.
Albino mice of either sex used were fasted for 24 h before the

2.5.2. 2, 4-Dinitrophenol (DNP)-induced pyrexia in rats

commencement of the experiment and were not given water during

Adult albino Wistar rats of either sex were fasted for 24 h but

the experiment. The animals were divided into three groups with

water was given ad libitum before the commencement of the

six animals per group. The linear circumference of the subplantar

experiment. The basal rectal temperatures of all animals were taken

surface of the right hind paw of each mouse was measured before

and thereafter 10 mg/kg of DNP was administered intraperitoneally.
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Animals that developed a rise in temperature by 1 °C within 30

dependent. The effect was, however, less pronounced than that

min after DNP administration were divided into three groups of six

observed with ibuprofen (Table 1).

animals per group. Group 1 animals were given normal saline (5 mL/
kg) intraperitoneally as control. Group 2 animals received 15 mg/kg

3.2. Xylene-induced ear oedema

of artesunate orally. Group 3 animals received 15 mg/kg of ibuprofen
orally which served as the standard drug. Rectal temperatures of all

The result showed that artesunate inhibited xylene-induced ear

the animals in each group were then obtained and recorded at an

oedema in mice compared to control. This inhibition was statistically

hourly interval for 5 h[10,11].

significant (P < 0.001). The percentage inhibition of inflammation
caused by artesunate was far less than that obtained with ibuprofen
(Table 2).

2.6. Statistical analysis
Analysis of data obtained was done using the statistical software

3.3. D-amphetamine-induced pyrexia

GraphPad Instat (version 3.10) and results were expressed as mean
± SEM. One-way ANOVA was used to assess differences between the

In this model, artesunate produced a significant (P < 0.001–0.05)

treated and control groups and followed by Tukey Kramer multiple

and time-dependent reduction in the elevated rectal temperature of

comparison post-test. Statistical significance was taken at P ≤ 0.05.

rats compared to control. This reduction compared favourably
with that produced by ibuprofen (Table 3).

3. Results
3.4. DNP-induced pyrexia
3.1. Egg albumen-induced inflammation
It was observed that artesunate reduced DNP-induced pyrexia
When artesunate was tested against egg albumin-induced paw

and this reduction was significant (P < 0.001–0.01) and time-

oedema in mice, it showed a significant reduction (P < 0.001–0.01)

dependent compared to control. The antipyretic effect was,

in oedema compared to control. This reduction was also time-

however, less than that of ibuprofen (Table 4).

Table 1
Anti-inflammatory activity of artesunate against egg albumin-induced oedema.
Groups

Dose (mg/kg)
0h

0.5 h

1h

2h

3h

4h

5h

Control

5

2.68 ± 0.03

4.01 ± 0.04

4.03 ± 0.04

4.14 ± 0.09

4.01 ± 0.30

3.45 ± 0.37

3.88 ± 0.03

Artesunate

5

2.77 ± 0.09

3.61 ± 0.07**

3.69 ± 0.07*

3.05 ± 0.05**

3.14 ± 0.03**

3.14 ± 0.06*

2.80 ± 0.08**

2.67 ± 0.22

**

**

**

*

2.75 ± 0.02**

Ibuprofen

50

Oedema (mm)

3.45 ± 0.05

**

3.32 ± 0.07

3.37 ± 0.06

3.09 ± 0.01

2.83 ± 0.05

Values are represented as mean ± SEM. *: P < 0.01, **: P < 0.001 compared to control (n = 6).

Table 2
Effects of artesunate on xylene-induced inflammation.
Groups

Dose (mg/kg)

Weight of right ear (g)

Weight of left ear (g)

Increase in weight (g)

Inhibition (%)

Control

5

0.067 ± 0.002

0.037 ± 0.002

0.030 ± 0.000

-

*

Artesunate

5

0.053 ± 0.004

0.036 ± 0.002

0.020 ± 0.000

33.30%

Ibuprofen

50

0.053 ± 0.002

0.043 ± 0.002

0.010 ± 3.790*

66.67%

*

Values are represented as mean ± SEM. : P < 0.001 compared to control (n = 6).
Table 3
Effect of artesunate on d-amphetamine-induced pyrexia.
Groups

Rectal temperature (°C)

Dose (mg/kg)
BT

0h

1h

2h

3h

4h

5h

Control

5

36.80 ± 0.14

39.50 ± 0.21

39.80 ± 0.11

39.40 ± 0.11

39.00 ± 0.32

39.84 ± 0.37

39.73 ± 0.31

Artesunate

5

36.80 ± 0.21

37.60 ± 0.23

38.48 ± 0.29**

38.45 ± 0.30**

37.00 ± 0.26**

36.87 ± 0.04**

36.77 ± 0.08**

Ibuprofen

15

37.20 ± 0.14

38.40 ± 0.12

38.49 ± 0.13**

38.44 ± 0.15**

38.20 ± 0.31**

37.97 ± 0.31*

37.57 ± 0.26**

Values are represented as mean ± SEM. *: P < 0.05, **: P < 0.001 compared to control (n = 6). BT: Basal temperature.
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Table 4
Effect of artesunate on DNP-induced pyrexia.
Rectal temperature (°C)

Groups

Dose (mg/kg)
BT

0h

1h

2h

3h

4h

5h

Control

5

36.90 ± 0.16

39.00 ± 0.44

38.80 ± 0.20

39.90 ± 0.14

39.48 ± 0.17

38.85 ± 0.12

39.74 ± 0.11

15

37.00 ± 0.13

39.43 ± 0.14

39.47 ± 0.06*

38.92 ± 0.18**

38.66 ± 0.24**

38.61 ± 0.25**

37.54 ± 0.25**

**

**

**

37.97 ± 0.20**

Artesunate
Ibuprofen

15

37.20 ± 0.08

39.60 ± 0.16

38.73 ± 0.15

**

38.38 ± 0.11

38.20 ± 0.17

38.09 ± 0.19

Values are represented as mean ± SEM. *: P < 0.01, **: P < 0.001 compared to control (n = 6). BT: Basal temperature.

4. Discussion

Xylene can promote the activity of phospholipase A enzyme[17].
It is therefore useful in evaluating the role of this enzyme in the

Artesunate is an artemisinin derivative used primarily for the

pathogenesis of inflammation. Substance P is also partially involved

treatment of plasmodium infection. Its mechanism of action is

in the mediation of xylene-induced ear oedema[18]. Its release from

majorly attributed to the presence of endoperoxides. Artemisinin

the sensory neurons results in vasodilatation and plasma extravasation,

also possesses anti-leishmanial, anti-schistosomal and anti-viral

which suggests its involvement in neurogenic inflammation, thus

effects[12]. In this research work, the drug artesunate was evaluated

resulting in the ear oedema in mice. Other mediators that are

for anti-inflammatory and antipyretic activities in mice and rats,

involved in xylene-induced ear oedema are histamine, kinin and

respectively using various experimental models.

fibrinolysin. These mediators can promote vasodilation and increase

Inflammation is regarded as a mechanism of innate immunity that

vascular permeability[19]. The effect of artesunate on this model

is the immediate first line defense to illness or pathogen[13]. It is the

of inflammation can thus be attributed to its ability to inhibit the

body’s protective response as it fights to rid itself of both the cause

activities of these mediators and phospholipase A.

of injury as well as the effect[14]. On the other hand, pyrexia is a

Dinitrophenol acts as a proton ionophore which causes

clinical sign of inflammation. It functions in retarding the growth

increased level of intracellular calcium, muscle contraction and

of temperature-sensitive microorganism, increasing metabolism of

hyperthermia[20]. The result shown in Table 3 demonstrated that

body cells while stimulating the immune reaction and the process

artesunate possesses antipyretic activity. This effect could be due to

of phagocytosis. Both inflammation and pyrexia are seen as

its ability to decrease the permeability of calcium ion.

cellular responses to infectious agents involving similar mediators.

Amphetamine is one of the sympathomimetic drugs which triggers

Pyrexia induced by DNP showed a higher and stable temperature

increase in release of serotonin that in turn activates the synthesis of

compared to that induced by d-amphetamine. Anti-inflammatory,

prostaglandins from arachidonic acid in the hypothalamus to cause

analgesics and antipyretics have similar fundamental mechanism

fever[21,22]. Artesunate showed a reduction in the elevated rectal

of action, and their difference lies in the spectrum of activity. The

temperature of rats. In the model of amphethamine-induced pyrexia,

corticosteroids are known to be very potent anti-inflammatory drugs

this effect may be mediated through the inhibition of serotonin

but lack antipyretic and analgesic properties. Paracetamol has both

release or the same mechanism as ibuprofen.

analgesic and antipyretic activities with little anti-inflammatory

In general, NSAID s produce their anti-inflammatory and

activity, whereas the nonsteroidal anti-inflammatory drugs (NSAIDs)

antipyretic effects through inhibition of prostaglandin synthesis[23].

are known to have anti-inflammatory, antipyretic and analgesic

The antipyretic action is possibly due to a decrease in the brain

effects[15]. NSAIDs are indicated in the treatment of inflammatory

concentration of prostaglandin E2 especially in the hypothalamus.

disorders, pyrexia and pain. There are various classes of NSAIDs.

Artesunate may have inhibited COX -2 expression through its

These include salicylates, propionic acid derivatives, acetic acid

action on COX-3[24] and consequently inhibiting prostaglandin

derivatives, enolic acid derivatives and selective cyclooxygenase 2

E2 biosynthesis so as to reduce its elevated plasma level. Besides

(COX-2) inhibitors. Nonsteroidal anti-inflammatory drugs exhibit

prostaglandin synthesis, there are other mediators underlying the

their effects through the inhibition of COX enzymes, which results

pathogenesis of fever, and inhibition of such mediators may cause

in the blocking of prostaglandins synthesis, thereby hindering the

antipyresis [25]. Artesunate may also enhance the synthesis of

process which mediates inflammation and pyrexia.

endogenous antipyretics like vasopressin and arginine[26] and may

The oedema produced by egg albumin is a biphasic response
which has an early response phase mediated by histamine, serotonin

have caused genetic down-regulation of COX-2 expression in certain
cell types.

and kinins, whereas the late response phase is linked to the release

The result of this study has established that artesunate possesses

of prostaglandins and mediated by bradykinin, polymorphonuclear

anti-inflammatory and antipyretic potentials. These findings further

cells and leukotrienes[15,16]. The result shown in Table 1 revealed

support the usefulness of the drug in the treatment of malaria that

that artesunate produced its effect by acting on the early and late

is associated with these symptoms, and open up possibilities of its

phases of inflammation.

use in other inflammatory diseases. Further investigation should
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be carried out to find out the actual mechanism through which it
exhibits these effects.

(Caesalpiniaceae). Nig Q J Hosp Med 2007; 17: 35-41.

741

[11] E
 ssien AD, Akuodor GC, Edidara AE, Asika EC, Chilaka KC, Nwadum
SK. Evaluation of antipyretic potential of the ethanolic leaf extract of

Conflict of interest statement

Salacia lehmbachii Loes. Asian J Med Sci 2015; 7(2): 22-5.
[12] Tan RX, Zheng WF, Tang HQ. Biologically active substances from the

We declare that we have no conflict of interest.

genus Artemisia. Planta Med 1998; 64: 295-302.
[13] Abbas AK, Lichtman AHH. Innate immunity. In: Abbas AK, Lichtman

Acknowledgments

AHH, editors. Basic immunology: functions and disorders of the immune
system. 3rd ed. New York: Saunders; 2010, p. 120-7.

We acknowledge the technical assistance of Mr. Nsikan Malachy,

[14] M urugesan D, Deviponnuswamy R. Potential anti-inflammatory

Susana Attah and Rosemary Akpan, Department of Pharmacology

medicinal plants-a review. Int J Pharm Pharm Sci 2014; 6(4): 43-9.

and Toxicology, Faculty of Pharmacy, University of Uyo. We are

[15] E
 ttebong EO, Nwafor PA. Anti-inflammatory and analgesic potentials of

also grateful for the support of Education Trust Fund (ETF 057) of
the University of Uyo.

Eleusine indica. J Phytopharmacol 2014; 3(2): 130-8.
[16] d a Silva AO, Damaceno Alves A, Almeida DA, Balogun SO, de
Oliveira RG, Aires Aguiar A, et al. Evaluation of anti-inflammatory and

References

mechanism of action of extract of Macrosiphonia longiflora (Desf.)
Müll. Arg. J Ethnopharmacol 2014; 154: 319-29.

[1] L ee HA, Kim KS, Kim EJ. General pharmacology of artesunate,

[17] Lin LL, Lin AY, Knopf JL. Cytosolic phospholipase A2 is coupled to

a commonly used antimalarial drug: effects on central nervous,

hormonally regulated release of arachidonic acid. Proc Natl Acad Sci U

cardiovascular, and respiratory system. Toxicol Res 2010; 26(3): 223-32.

S A 1992; 89: 6147-51.

[2] Arnold K, Tran TH, Nguyen TC, Nguyen HP, Pham P. A randomized

[18] Kou J, Ni Y, Li N, Wang J, Liu L, Jiang ZH. Analgesic and anti-

comparative study of artemisinine (qinghaosu) suppositories and oral

inflammatory activities of total extract and individual fractions of

quinine in acute falciparum malaria. Trans R Soc Trop Med Hyg 1990;

Chinese medicinal ants Polyrhachis lamellidens. Biol Pharma Bull 2005;

84: 499-502.

28: 176-80.

[3] M ichaelis M, Kleinschmidt MC, Barth S, Rothweiler F, Geiler J,

[19] Li YC, Xian YF, Ip SP, Su ZR, Su JY, He JJ, et al. Anti-inflammatory

Breitling R, et al. Anti-cancer effects of artesunate in a panel of

activity of patchouli alcohol isolated from pogostemonis herba in animal

chemoresistant neuroblastoma cell lines. Biochem Pharmacol 2010; 79:
130-6.
[4] M
 orris CA, Duparc S, Borghini-Fuhrer I, Jung D, Shin CS, Fleckenstein
L. Review of the clinical pharmacokinetics of artesunate and its active
metabolite dihydroartemisinin following intravenous, intramuscular, oral
or rectal administration. Malar J 2011; 10: 263.

models. Fitoterapia 2011; 82: 1295-301.
[20] Leftwich RB, Floro JF, Neal RA, Wood AJ. Dinitrophenol poisoning:
a diagnosis to consider in undiagnosed fever. South Med J 1982; 75(2):
182-4.
[21] Boyer EW, Shsnnon M. The serotonin syndrome. N Engl J Med 2005;
352(11): 1112-20.

[5] M cGready R, Phyo AP, Rijken MJ, Tarning J, Lindegardh N,

[22] Westfall TC, Westfall DP. Adrenergic agonist and antagonists. In:

Hanpithakpon W, et al. Artesunate/dihydroartemisinin pharmacokinetics

Brunton LL, Chabner BA, Knollmann BC, editors. Goodman and

in acute falciparum malaria in pregnancy: absorption, bioavailability,

Gilmans’ the pharmacological basis of therapeutics. 11th ed. New York:

disposition and disease effects. Br J Clin Pharmacol 2012; 73: 467-77.

McGraw-Hill; 2006, p. 237-95.

[6] Efferth T, Romero MR, Wolf DG, Stamminger T, Marin JJ, Marschall

[23] Binny K, Kumar SG, Dennis T. Anti-inflammatory and antipyretic

M. The antiviral activities of artemisinin and artesunate. Clin Infect Dis

properties of the rhizome of Costus speciosus (Keon) SM. J Basic Clin

2008; 47(6): 804-11.

Pharm 2010; 1: 177-81.

[7] Akah PA, Nwambie AI. Evaluation of Nigerian traditional medicines: 1.

[24] B otting R, Ayoub SS. COX-3 and the mechanism of action of

Plants used for rheumatic (inflammatory) disorders. J Ethnopharmacol

paracetamol/acetaminophen. Prostaglandins Leukot Essent Fatty Acids

1994; 42: 179-82.

2005; 72(2): 85-7.

[8] Okpo SO, Fatokun F, Adeyemi OO. Analgesic and anti-inflammatory

[25] Sahu RK, Singh A, Gupta R, Roy A, Dwivedi J. Development and

activity of Crinum glaucum aqueous extract. J Ethnopharmacol 2001;

evaluation of antipyretic and antinociceptive activity of polyherbal

78: 207-11.

formulation containing some indigenous medicinal plants. Int J

[9] Tjølsen A, Berge OG, Hunskaar S, Rosland JH, Hole K. The formalin
test: an evaluation of the method. Pain 1992; 51: 5-17.
[10] Mbagwu HO, Anene RA, Adeyemi OO. Analgesic, antipyretic and
anti-inflammatory properties of Mezoneuron benthamianum Baill

Pharmacol 2012; 8: 271-6.
[26] Okokon JE, Udoh AE, Frank SG, Udo NM. Antiinflammatory and
antipyretic activities of Panicum maximum. Afr J Biomed Res 2011; 14:
125-30.

