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ABSTRACT

Aim: The aim of this study was to screen Artemether 80 for activity against Theileria lestoquardi
(Apicomplexa: Theileridae) using buparvaquone as a standard drug.

Study Design: /n vitro study under laboratories conditions.

Place and Duration of Study: Veterinary Research Institute, between 2006 and 2008.
Methodology: Artemether 80 was screened for the first time to investigate activity against T.
lestoquardi at different concentrations. Blood was collected separately from normal sheep and
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sheep infected naturally with Theileria. Normal lymphocyte cells and lymphocyte cells infected with
Theileria were isolated from heparinized blood with Ficoll-paque. Isolated cells were grown in
Minimum Essential Medium (MEM), supplemented with 20% calf serum and sub cultured. The
parasite was identified with indirect fluorescent antibody test (IFA). A volume of 2.7 ml of
lymphoblast cell suspension at concentration of 5x10* cell/ ml was distributed in tissue culture
plates, and then 0.3 ml of drug at concentrations of 0.1, 1.0, 10 and 100 mg/L was added
separately. A volume of 0.3 ml MEM was added to infected untreated control.

Results: The in vitro antitheilerial activity of Artemether 80 against T. lestoquardi 48 h after
exposure was 0%, 14%, 30% and 45% at concentrations of 0.01, 0.1, 1.0 and 10 mg/L, respectively
as compared with activity of buparvaquone at the same concentrations being 74%, 83%, 92% and
100%, respectively. Both Artemether 80 and buparvaquone caused in vitro partial cytotoxic effect at
the highest concentrations. Activity and/ or partial cytotoxic effect of both drugs caused changes in
the morphology of macroscizonts and host lymphoblast cells, decreased the number of
macroschizonts/cell, mean number of dividing cells, increased the number of cells with extra cellular
macroschizonts.

Conclusion: It was concluded that Artemether 80 is slightly effective in vitro against T. lestoquardi.

Key words: Theileria lestoquardi; artemether 80; buparvaquone; in vitro activity.

1. INTRODUCTION

Theileria lestoquardi [1] is a tick-borne protozoan
parasite of sheep and goats [2] which occurs in
South Eastern Europe, Northern Africa, Western
and Central Asia [3] and in India [4]. T.
lestoquardi was diagnosed in 1915 and thought
to be a significant disease that affects sheep in
Sudan [5-8]. It causes malignant theileriosis in
sheep and goats which may be acute, sub acute
or chronic. The parasite is transmitted by the
ixodid tick Hyalomma anatolicum [9] and causes
great economic losses in sheep in Sudan [10]. T.
lestoquardi and Theileria species (China) are
considered to be highly pathogenic [11,12]. The
other species, such as T. ovis and T. separata
are less pathogenic and have lower economic
importance than T. lestoquardi [3,13].

The most widely method for the control of
theileriosis is control of vectors by chemical
acaricides. However, control has become less
reliable because of acaricides resistance, poor
management of tick control and illegal animal
movement in many countries [14]. Vaccination
using attenuated schizont infected cell lines is
widely used for T. annulata, while the infection
and treatment method using ground up infected
ticks as stabilate and tetracycline treatment is
being implemented in a number of countries in
East and Central Africa for East Coast fever
control [15,16]. Chemotherapy is also widely
used. Parvaquone, halofuginone and
buparvaquone are used to treat T. parva, T.
annulata and T. lestoquardi [17,18].
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In the present investigation, the antimalarial
drug, Artemether 80, was tested for antitheilerial
effect using Buparvaquone as a standard
antitheilerial drug. Artemether 80 is synthetic
antimalarial drug derived from artemisinin.
Artemisinin is derived from the leaves and
flowers of Artemisia annua, also termed A. annua
L., or Artemisia. Artemisia had long been used
for medical purposes in China and was
recommended for chills and fevers (symptoms of
malaria). The active ingredient, artemisinin, was
first isolated by Chinese Scientists in 1972 and
named Qinghaosu, as a part of an antimalarial
drug discovery program established in response
to a request from North Vietnam during the
Vietham War [19-22].

2. MATERIALS AND METHODS

2.1 Paluther® (Artemether 80)

Artemether (80 mg/ml); FAB/MAN Kunming
Pharmaceutical corporation-Yunnan, China Lic.
Cititech-Beijing-China was used. Artemether 80
is available as a solution (80 g/L) of Artemether
in ampoules only for intramuscular
administration.

2.2 Butalex™ (Buparvaquone)
Butalex™ (buparvaquone injection 50 g/L);

Schering-Plough Animal Health, U.K.) was
purchased from a local dealer and used.



2.3 Isolation of Theileria lestoquardi

Separation of lymphocytes from a normal healthy
sheep, and a sheep infected naturally with T.
lestoquardi using gradient method with Ficoll-
paque was carried [23]. Normal and infected
lymphocytes were grown in MEM with glutamine,
antibiotics, antifungal using standard procedure
[24]. The identity of the parasite was verified
using indirect florescent antibody technique (IFA)
as described previously [25]. The isolated normal
cells had limited multiplication and can’t go for
further passages, while infected ones multiplied
continuously, and repeatedly sub- cultured till
passage 8 which was used for the test.

Artemether 80 (80 g/L) and buparvaquone (50
g/L) were dissolved separately in minimum
amount of Dimethyl Sulphoxide (DMSO), diluted
to give a concentration of 100 mg/L. Then, 10
fold dilutions were done from each drug to give
concentrations of 10, 1.0 and 0.1 mg/L,
respectively. The final concentration of DMSO at
the highest concentration of the drug (10 mg/L)
was 0.01%.

2.4 Screening of Artemether 80 and
Buparvaquone for Antitheilerial
Activity

Viable lymphoblast cells were counted according
to the method described in Flow Laboratories
Catalogue (Flow Laboratories Irvine, Scotland,
Ayrshire) using Neubauer haemocytometer (Fein
Optic  Blankburg, G.D.R.). lymphoblasts
suspension (2.7ml) containing 50000 cells/ ml
were distributed into tissue culture plates
(Falcon, Corning Glass works-New York) in
which clean sterile cover slips were placed. MEM
(0.3 ml) was added to the untreated control. In
addition, DMSO (0.3 ml) at highest concentration
was added to negative control. Artemether 80
and buparvaquone, (0.3ml) of each were added
to the respective wells to give a final
concentration of 10, 1.0, 0.1 and 0.01mg/L,
respectively. The plates were examined under an
inverted microscope (Hund Gmbh WiIlheium,
Wetzlar, Wilovert 30, Germany) for observation
of morphology and viability of the lymphoblasts
and incubated at 37°C. The experiment was
repeated twice. After 24 h each plate was
examined visually and microscopically. Forty
eight h later, the plates were examined as
before. The cover slips were air dried and fixed in
absolute methanol for 5 min. Untreated control
lymphoblast cells and treated ones were used for
viable cell counts and preparation of slides.
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2.5 Preparation of Slides

Cell suspension (0.1 ml) was cytocentrifuged to
deposit cells directly onto the slides at 600 rpm
for 5 min (Cytospin, Shandon, Southern Products
Ltd., Astmoor, Run Corn, Cheshire, U.K.). Six
slides were prepared from untreated control and
from each concentration of the treated
lymphoblast cells, air-dried and fixed in absolute
methanol for 5 minutes. The slides and cover
slips were stained with Giemsa's stain.

The cover slips were used for microscopic
description of lymphoblasts and macroschizonts.
The slides were used for determination of mean
number of lymphoblsts with dead macroschizonts
in 50 lymphoblasts, mean number of living and
dead macroschizonts in 10 untreated control and
10 treated lymphoblasts, respectively, mean
number of lymphoblasts with extra cellular
macroschizonts per field, mean number of
dividing cells (binucleated and multinucleated)
per field while mean number of viable
lymphoblast was calculated according to
standard method using haemocytometer to
exclude dead lymphoblasts stained with Trypan
blue. The partial cytotoxic effect was determined
by microscopic examination to observe the
degenerative changes of the lymphoblasts, and
viable cell count.

2.6 Statistical Analysis

The data presented in this study were analyzed
using the computer program SPSS (Statistical
Packages for Social Science) version 10. The
significant difference using (ANOVA) were
considered at P< 0.05.

3. RESULTS

3.1 Antitheilerial Activity of Artemether 80

The antitheilerial activity of Artemether 80 after
48h exposure was less potent than that of
buparvaquone which was used as the standard
drug (Table 1).

3.2 Effect of Artemether 80
Macroschizonts and Lymphoblasts

on

Effect of Artemether 80 on number of
macroschizonts per lymphoblast cell using
buparvaquone as a reference drug is shown in
Table 1. Morphology of dead macroschizonts
due to activity of Artemether 80 revealed dark
coloration and degeneration (Fig. 1b). On the



other hand, buparvaquone caused necrosis
with loss of structure of the dark macroschizonts
(Fig. 1c), compared to untreated control with
normal pink macroschizonts (Fig. 1a).

Artemether 80 effects also caused changes in
the number of dividing cells (binucleated and
multinucleated) at concentrations of 0.1, 1.0 and
10.0 mg/L. Moreover, the number of binucleated
and  multinucleated cells treated  with
buparvaquone were significantly (P<0.05)
decreased at all concentrations, compared with
the control (Table 2). However, the mean number
of lymphoblast cells with extra cellular
macroschizonts at concentrations of 0.01, 0.1
and 1.0 mg/L of Artemether 80 was not affected,
but significantly (P< 0.05) increased at
concentration of 10.0 mg/L. On the other hand,
buparvaquone significantly (P<0.05) increased
the number at all concentrations (Table 2).
Additionally, the mean number of viable cells
before and after 48 h exposure to Artemether 80
and buparvaquone is presented (Table 3).

3.3 Cytotoxic Effect of Artemether 80

Both Artemether 80 and buparvaquone caused
slight cytotoxic effect at the highest
concentration. Cytotoxic effect caused changes
in the morphology of lymphoblast cells and the
number of viable cells. Cytotoxic effect of
Artemether 80 resulted in lymphoblast cell with
vacuolated cytoplasm (Fig. 2a) while that of
Buparvaquone resulted in lymphoblast cells with

a. Untreated control

b. Lymphoblast treated with
artemether
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pyknosis and dark chromatin (Fig. 2b). Also the
number of viable cells 48 h after exposure to
both  Artemether 80 and buparvaguone
significantly (P< 0.05) decreased as compared
with the control.

4. DISCUSSION

Due to the similarity between the life cycle of
Theileria and plasmodium malaria, Artemether
80 was studied to evaluate its activity against T.
lestoquardi.

The antitheilerial activity of Artemether 80
against T. lestoquardi was in agreement with
previous study which indicated that Artemether
absinthium had schizonticidal activity against P.
falciparum [26]. The schizonticidal activity of
Artemether 80 against malaria parasite is due to
the destruction of sexual erythrocytic forms of P.
falciparum and P. vivax. The antimalarial activity
of artemether is characterized by inhibition of the
protein synthesis when trophozoites grow. The
mode of action of Artemether 80 against T.
lestoquardi was unknown. The results of the
present study showed that Artemether 80 was
less potent than buparvaquone. Buparvaquone
(BW720C: Butalex); 2-trans-(4-t-butylcyclohexyl)
methyl-3-hydroxy-1, 4-napthoquinone; is the
most active compound in the series of
hydroxynaphthoquinones which act on the
parasite respiration by interfering with electron
transport system [27].

c. Lymphoblast treated with
buparvaquone

Fig. 1. Theileria lestoquadi lymphoblast with normal pink macroschizonts (a. untreated
control), dark pyknotic macroschizonts (b. treated with artemether 80), dark degenerated
macroschizonts with loss of structure (C. treated with buparvaquone) after 48 h exposure to
drugs at concentration of 1.0 mg/L, Giemsa’s stain, (x1000)
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Table 1. Mean (% SD) In vitro activity of artemether 80 and buparvaquone against Theileria lestoquardi

Concentration mg/L Number of lymphoblast cells with dead

macroschizonts

Number of lymphoblast cells with
living macroschizonts

Activity (%)

Artemether 80 Buparavaquone Artemether 80 Buparvaquone Artemether 80 Buparvaquone
0.00 0.00+0.00 0.00+0.00 50.00+0.00 50.00+0.00 0.00+0.00 0.00+0.00
0.01 0.00+0.00 37.00+0.75* 50.00+0.00 13.00+0.89* 0.00+0.00 74.00%£1.79*
0.10 7.00£0.00* 41.83+0.75* 43.00+0.63* 8.17+.73* 14.00%1.27* 83.66+1.57*
1.00 15.17+0.00* 46.00+£0.89* 34.83+0.73* 4.00£0.89* 30.34+1.50* 92.00+1.79*
10.00 22.50+0.33* 50.00+0.00* 27.50+0.55* 0.00+0.00 45.00+1.10* 100.00+0.00*

Results are mean + SD, statistical significance of difference from corresponding control values: *P<0.05

Table 2. Mean effect of artemether 80 and buparvaquone on number of Theileria lestoquardi macroschizonts/celll, number of cells with extra

cellular macroschizonts and number of dividing cells

Concentration

Number of

Number of cells with extra

Number of dividing cells

mg/L macroschizonts/cell cellular macroschizonts Binucleated Multinucleated
Artemether Buparvaquone Artemether Buparvaquone Artemether Buparvaquone Artemether Buparvaquone

0.00 21.2340.16 21.23+0.14 2.5040.55 2.5040.55 34.00+0.63 34.004£0.63 17.50+1.05 17.50+1.05

0.01 21.2340.15 18.65+0.25* 2.5040.55 3.5010.55 34.00+0.89 25.67+0.82* 17.50+0.63 14.17+0.98*

0.10 20.7040.09* 18.08+0.16* 2.5040.55 4.17+0.75* 28.00+0.63* 20.5040.05* 15.00+£0.89*  10.00+1.26*

1.00 20.2040.06* 17.28+0.19* 2.8310.75 5.50+0.55* 20.00+1.10* 15.00+0.89* 10.50+0.55* 7.00+0.89*

10.00 19.73+0.08* 16.57+0.12* 3.67+1.03* 7.50+0.55* 15.00+0.63* 12.00+0.63* 8.50+0.84* 5.00+£1.03*
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The data are expressed as mean + SD. *P<0.05: significantly different from control by ANOVA, n=6
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L

b. Cytotoxic effect of buparvaquone

Fig. 2. Theileria lestoquardi lymphoblast cell with vacuolated cytoplasm (a. cytotoxic effect of
artemether 80); pyknosis and dark chromatin (b. cytotoxic effect of buparvaquone) after 48 h
exposure to drugs at concentration of 10.0 mg/L, Giemsa’s stain, (x1000)

Table 3. Mean in vitro effect of artemether 80 and buparvaquone on number of viable cells

Concentration mg/L

Number of viable cells x10%/ml

48 h before 48h after
Artemether80 Buparvaquone
0.00 (control) 5.00£0.00 6.25+0.35 6.25+0.35
0.01 5.00%0.00 6.25+0.35 5.50+0.00*
0.10 5.00%0.00 6.00+0.00 5.50+0.00*
1.00 5.00%0.00 5.25+0.35* 5.00+0.00*
10.00 5.00%0.00 4.25+0.00* 4.50+0.00*

The data are expressed as mean+ SD.*P<0.05: significantly different from control by ANOVA

There was clear microscopic evidence that
Artemether 80 and buparvaquone killed the

macroschizonts  within ~ the  lymphoblasts.
Accordingly, the rate of lymphoblast cell
multiplication was decreased, because

multiplication of lymphoblast cells is simulated by
the parasite which is located in the Golgi
apparatus of the host cell [28]. As a result, the
number of dividing cells and viable cells
decreased. Our result is in agreement with a
previous study which indicated that the rate of
multiplication of T. annulata infected cells was
markedly reduced as the parasite was eliminated
[29].

The number of viable cells/ml in untreated control
after 48 h incubation at 37°C insignificantly
(P>0.05) increased. However, another author
found that the number of cells/ml in infected
untreated control increased by three folds [29].
This may reflect differences in growth rates due
to inherent genetic and/or environmental
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conditions. Moreover, T. parva infected lymphoid
cells in suspension culture used 20% foetal calf
serum in growth medium considered that the
type and quantity of the serum were critical in
their work [30]. However, the number of cells with
extra cellular macroschizonts increased. This
could be due to the effect of the drugs on the
fragility of cell membrane.

The low toxicity of buparvaquone is due to the
alkyl-substitution with the bigger volume and
strong hydrophobicity [31]. This result may
support our findings.

5. CONCLUSIONS

Artemether is an essential drug used for curative
treatment of severe malaria. In this study, it was
selected for the first time for discovery of its
activity against theileriosis under laboratories
conditions because buparvaquone: the widely
used drug against theileriosis: has a long plasma



half life of at least 7 days and it is not available
all the time.

From this study, it is concluded that Artemether
80 has low in vitro activity against T. lestoquardi.

CONSENT

Not applicable.

ETHICAL APPROVAL

Not applicable.

COMPETING INTERESTS

Authors have declared

that no competing

interests exist.

REFERENCES

1.

Morel PC, Uilenberg G. The nomenclature
of Some Theileria species (Sporozoa,
Babesia) of some domestic ruminants. Rev
Elev Med Vet Pays Trop. 1981;34:139-42.
Dolan TT. Theileriosis: a comprehensive
review. Rev Sci Tech Off Int Epiz.
1989;8:11-36.

Uilenberg G. Theileria species of domestic
live stock. In: Irvin AD, Cunningham
MP,Young AS, editors. Advances in the
Control of Theileriosis: The Hague:
Martinus Nijhof. 1981;4-37.

Sisodia RS. Present status of sheep
Theileriasis in India. A review. Livestock
Advisor. 1981;6:1519.

Mason FE. 1915. Annual report. VET
service, Ministry of agri vet pathol report.
Gov Press, Cairo, Egypt. 1914;44.
Gadelrab NE. A survey of sheep
piroplasmosis in  Khartoum Province
(Sudan). M Sc Thesis. University of
Khartoum. 1986;1-2.

Tageldin MH, Zakia A M, Nagwa EG, El
Sawi SAS. An outbreak of theileriosis in
sheep in Sudan. Trop Anim Hith Prod.
1991;24:15-6.

Latif AA, Abdulla HM, Hassan SM, Zubeir
N, Morzaria SP , Osman AM, UE Mustafa,
1994. Theileriosis of sheep in the Sudan.
Proceedings of the workshop held at
Sudan. Veterinary association residence,
Khartoum, Sudan, 4-5 May, 1994;66-72.
Taha KM, ElI Hussein AM. 2010.
Experimental transmission of Theileria
lestoquardi by developmental stages of

90

Farah et al.; BBJ, 5(2): 84-91, 2015; Article no.BBJ.2015.008

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Hyalomma anatolicum ticks. Parasitol Res.
2010;107;1009-12.

ElGhali A, El Hussein AM. Diseases of
livestock in Ed damer provice, River Nile
State, Sudan: a two years retrospective
study. Sud J Vet Sci Anim Husb. 1995;34:
34-45.

Hooshmand-Rad P, Hawa NY. Malignant
theileriosis in sheep and goats. Trop
Anim Hith Prod.1973;5:97-102.

Jianxung L, Yin H. Theileriosis in sheep
and goats in China. Trop Anim Hith Prod.
1997;29:8-16.

Alani AJ, Herbert IV. Pathogenisis of
infection with Theileria recondita (Wales)
isolated from Haemaphysalis punctata
from North Wales. Vet Parasitol. 1988;4.
293-301.

OIE, 2008. OIE, World Organisation for
Animal Health. Manual of Standards for
Diagnostic Tests and Vaccines.
Theileriosis. 2008;329-36.

Dolan TT. Progress in the chemotherapy of
Theileriosis. In: Irvin AD, Cunningham AD,
Young AS, editors. Advances in the

Control of Theileriosis. The Hague:
Martinus Nijhoff, 1981;186-208.
Radley DF. Infection and treatment

immunization against theileriosis. In: Irvin
AD, Cunningham MP, AS Young AS,
editors. Advances in the Control of
Thieleriosis. The Hague: Martinus Nijhoff
publishers. 1981;227-37.

Norval RAIl, Perry BD, young AS.
Chemotherapy. The Epidemiology of
Theileriosis in Africa. Academic Press,

London. 1992;331-4.

El Hussein AM, El Ghali A, Mohammed
SA. Efficacy of buparvaquone in the
treatment of malignant ovine theileriosis in
Edamer province, Nile state, Sudan: A field
trial. Sud J Vet Res. 1993;12:51-7.
Anonymous. Rediscovering worm wood:
ginghasou for malaria. The Lancet.
1992;339:649-651.

Hein TT, White N J. ‘Qinghaosu’. The
Lancet. 1993;34:603-8.

Klayman DL. “Qinghaosu (Artemisinin): An
antimalarial drug from Chinese”. Sci. 1985;
228:1049-55.

Dalrymple DG. Artemisia, Agriculture and
malaria in Africa: The Interplay of tradition,
Science and Public Policy. Working paper.
2006;1-52.

FAO. Gradient method with Ficoll-Paque.
Tick and Tick-borne Diseases control: A
Practical Field Manual, Vol. Il. Food and



24,

25.

26.

27.

Agriculture Organization of the United
Nations, Rome. 1984;523-5.

Jura WGZO, Brown CGD, Kelly B. Fine
structure and invasive behaviour of the
early developmental stages of T. annulata
in vitro. Vet Parasitol. 1983;12:121-2.

Salih DA, El Hussein AM, Hayat M, Taha
KM. 2003. Survey of Theileria lestoquardi
antibodies among Sudanese sheep. Vet
Parasitol. 2003;111:361-7.

Hernandez H, Mendiola J, Torres D,
Carrido N, Perez N. Effect of aqueous
extracts of Artemisia on the in vitro culture
of Plasmodium falciparum. Fitoterapia.
1990;60(6):540-1.

Available: http://www.globethics.netlibrary.
Hudson AT, Randall AW, Fry M, Ginger
CD, Hill B, Latter VS, et al. Novel anti-
malarial  hydroxynaphthoquinones  with
potent  broad-spectrum  anti-protozoal
activity. Parasitol. 1985;90:45-55.

Farah et al.; BBJ, 5(2): 84-91, 2015; Article no.BBJ.2015.008

28.

20.

30.

31.

Hulliger L. Cultivation of three species of
Theileria in lymphoid cells in vitro.
JProtozool. 1965;12:649-56.

McHardy N. In vitro studies on action of
menoctone and other compounds on
Theileria annulata. Ann Trop Med
Parasitol, 1978;72:501-11.

Moulton JE, Krauss HH, Malmquist WA.
Transformation of reticulum cells to
lymphoblasts in cultures of bovine spleen
infected with Theileria parva. Lab Invest,
1971;24:187-96.

Ding F, Guo J, Li Z, Li LY, Zhang JY,
Zhang JH, etc. Evaluation and structure
activity relationship study of acute toxicity
of naphthoquinones to Photobactrium
phosphoreum, Photobactrium T3B. Bull
Environ Contam Toxicol. 2010;85(2):116-
20. DOI: 10.1007/s00128-010-0064-3.

© 2015 Farah et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history.php ?iid=802&id=11&aid=7433

91



