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Phenotypic approach artemisinin resistance in malaria rodent as in vivo model

Abstract

Aim: To prove the development of artemisinin resistance phenotypically in malaria rodent as an in vivo resistance
development model in humans.

Materials and Methods: Plasmodium berghei was infected intraperitoneally in mice, then artemisinin was given
with "4-day-test" (4-DT) with EDgg dose for 3 days which begins 48 hours after infection (D2, D3,D4). Parasite
development was followed during 5™ until 10" days of infection. After parasitemia > 2% of RBC which contains
parasites on 1 mice, that mice were used as donor to be passaged on the new 5 mice. After that, parasitemia was
calculated. EDso and EDgo Were examined with Parasite Clearance Time (PCT), Recrudescence Time (RT) and also
morphology development examination of intraerythrocytic cycle of Plamodium berghei with TEM.

Results: Among the control group compare with the treatment group showed significant differences at o 0.05 on 5%
day (D5) until 10" day (D10). The control group of 4" passage (K4) with passage treatment group of 4" passage
(P4) on the 10™ days (D10) post infection showed no significant differences in the a 0:05. Average percentage of
inhibition growth was decreasing which is started from 5™ day to 10" day post-infection in P1, P2, P3 and P4. On
the development of Plasmodium berghei stage, which is given repeated artemisinin and repeated passage, there was
a formation of dormant, and also vacuoles in Plasmodium that exposed to the drug.

Conclusion: Exposure to artemisinin with repeated passages in mice increased the value of EDsy and EDgy,
decreased the PCT and RT and also changes in morphology dormant and vacuole formation.

Key word Resistance, Artemisinin, Plasmodium berghei, phenotypic, Parasite Clearance Time, Recrudescence
Time

Introduction

Malaria is still a public health problem in more than 90 countries. A rapid increasing incidence of
morbidity and mortality of malaria is caused by increasing parasite resistance to anti-malarial drugs. A new drug for
malaria treatment which is used until right now is artemisinin and its derivatives, this drug has the effect of working
faster than other anti malarial drugs because they have more complex mechanisms of action. However, there have
been indicated that the Plasmodium parasite have been resistant to this drug [1]. Clinical results already shown in
two patients infected with Plasmodium falciparum that was resistant to artesunate in Cambodia [2]. Results of
research shows a decrease in efficacy against malaria falciparum to combination of artesunate-mefloquine in

Cambodia [3].

Results of in vitro studies on Plasmodium falciparum which is exposed with repeated artemisinin as
antimalarial drug showed an increase of 50% inhibitory concentration (IC50), phenotypic changes dormant and

faster growth after Plasmodium viable from a dormant form. Besides, the exposure to artemisinin also cause
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mutations in genes pfatpase6 [4]. The presence of parasite pressure on the use of drugs with sub-curative doses will
lead to the development of new parasite that can survive on the drug. The results of this research become an
emergency because it could be developed resistance in human being and lead to be the one of health problems in
the world because there is no substitute for a new drug artemisinin. Malaria treatment failure using antimalarial drug

artemisinin and its derivatives appears to be an era of untreatable malaria.

In vivo experimental studies using rodent malaria used to support the translation of laboratory studies into
clinical studies, because the spectrum of malaria in humans is not yet clearly understood how the mechanism of the
pathogenesis. So that, this study could be used to explain the mechanisms of resistance to artemisinin in vivo by
using mice as an animal model that infected with Plasmodium berghei. Resistance of malaria and developed
resistance to antimalarial drugs need to do research in order to develop an effective control strategies for malaria.
However, this research is really difficult to conduct in endemic areas because of the many confounding factors such
as infection multiple clones of infective mosquito bites that spreading. This research also impossible to do in
humans because of ethical reason [5]. This study use rodent malaria as a model of resistance in vivo in humans by
doing exposure to Plasmodium berghei with artemisinin on effective dose 99% (EDgy : 200mg/kg weight of mice)
through repeated passage in mice. Exposure of artemisinin as antimalarial drug with repeated passage in vivo in
mice can be used as a basic to predict and anticipate the spread of artemisinin antimalarial drug resistance in

practical use in the clinic.

Material and Methods

Ethical approval

This study was conducted after getting approval with certificate number No. 464 KE from Animal Ethics

Committees oh Faculty of Veterinary Medicine Airlangga university Surabaya Indonesia .

Parasites, host and drugs that used in the study

Parasites which is used to infect mice is Plasmodium berghei ANKA strain. Mice which is used are male Albino
Swiss strain, the weight is 20g -30g, and the aged is 2.5 months. Artemisinin which is used is artemisinin Pro

analysis (PA) from Sigma Chemical Co.



59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

Infection Dose of Plasmodium berghei in Mice

Mice is infected with red blood cells containing parasites 1x10° Plasmodium berghei in 0.2 ml intraperitoneally. In
order to determine the infection has occurred in mice, microscopic examination of erythrocytes of mice was done

every day with thin blood smears that taken from tail vein of mice and stained with Giemsa 20% [6].

Selection of artemisinin antimalarial drug resistance in vivo in mice

Exposure to artemisinin anti-malarial drug in the treatment group: After inoculation of red blood cells containing
parasites 1x10° Plasmodium berghei in 0.2 ml on 5 mices (D0) and then given artemisinin anti-malarial drug with
"4-day-test '(4-DT ) with EDgy dose (200 mg/kg weight of mice) was given for 3 days started at 48 hours after
infection (D2). parasitemia was monitored and calculated at 120 hours after infection. After parasitemia > 2% of red
blood cells containing parasites, they are used as donor and was passaged on new 6 mice. After 48 hours post
infection, the mice were exposed to artemisinin anti-malarial drug with the same EDgg dose for 3 consecutive days 4
times passages. Control group: After inoculation of red blood cells containing parasites 1x10° Plasmodium berghei
in 0.2 ml at 6 mice (D0) was given no medication, parasitemia monitored and calculated at 48 hours after infection.
After parasitemia > 2% of red blood cells containing parasites they are used as donor and was passaged on the new
5 mice and the passages were repeated on mice 4 times. The development of parasite was followed until 10" day

of infection in all treatments [7,8].

Parasitemia Calculation

Calculation of parasitemia in mice for each exposure to artemisinin and every passage in mice conducted after 120
hours (D5) post infection. Thin smear of blood vessels from tail vein of mice is made, then fixed with methanol,
stained with Giemsa 20% for 20 minutes, then washed with water and dried. After that, the percentage of
parasitemia of Plasmodium berghei was calculated by counting the number of infected erythrocytes per 1000

erythrocytes under a light microscope with 1000x magnification [9,10].

Measurement of 50 % and 90 % effective dose level (EDso and EDoo)

Measurement of 50% and 90% effective dose level for each exposure to the artemisinin antimalarial drug in mice

was counted every passage 120 hours (D5) post-infection by using the formula (A - B) / A) x 100 where A is the
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average parasitemia in control group and B is parasitemia in treatment group. Determination EDsp and EDgp is

calculated using a linear regression program [11].

Examination of Parasite Clearance Time (PCT) and Recrudescence Time (RT) of Plasmodium berghei

Examination of Parasites Clearance Time (PCT) and Recrudescence Time (RT) Plasmodium berghei was done by
checking the growth of the parasite 48 hours after completion of treatment for 3 days or 120 hours (D5) post
infection which is showed by the absence of parasites in the thin blood smear of mice that taken from a tail vein and
stained with Giemsa 20% for 20 minutes and examined using a light microscope with 1000x magnification and
followed every day in order to see the development until 10" day post-infection until discovered a parasite > 5% that

can grow back (Recrudescence Time (RT)) [12].

Morphological stadium observation of Plasmodium berghei Development

Morphological stage observation of the intra-erythrocytic cycle development of Plasmodium berghei ring,
trophozoites and schizonts in the control group and the treatment of exposure to artemisinin-dose EDgg With repeated
passages in mice was conducted every 48 hours on 5™, 6™, 81, and 10" day post-infection by counting the number of
development dormant, ring, trophozoites and schizonts stage in thin blood smears that stained with 20% Giemsa for

20 minutes and examined using light microscope with 1000x magnification [13,14].

Ultrastructural morphology observation with a Transmission Electron Microscope (TEM)

Red Blood Cell (RBC) washed with sodium cacodylate pH 7.4, 500 mL, and fixed with 5% glutraldehyde
containing cacodylat buffer pH 7.4 and 3% sucrose for 24 hours (stored at a temperature of 4°C). Rinsed with
sodium cacodilate 0.1 M pH 7.4 for 15 minutes and fixation is using osmium tetraoxide 2% and potassium
ferrycyanide KsFe(CN)g in 0.1 M cacodylate buffer, then dehydrated with gradual concentration of ethanol. Then,
tissue is immersed back with a solution of pure Spurr and entered in a vacuum incubator 70°C overnight. This
preparation will result tissue block with hard consistency. Tissue is cut with diamond knife with 40-55 nm thick and
attached to the grid which has been coated with formvar 5% in chloroform and consists of 200 mesh. Results of
pieces were stained with uranyl acetate, followed with triple lead then examined using a JEOL 1010 transmission
electron microscope. Morphology of Plasmodium berghei parasites in erythrocytes that have been exposed to

artemisinin was observed and compared with negative control of Plasmodium berghei (without drug exposure) [15].
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Results

Results of Parasitemia Percentage and Growth Inhibition of Plasmodium berghei in the repeated passage on
the D5-D10 post infection after being given Artemisinin for 3 days in the 2" day post infection

Percentage of parasitemia of Plasmodium berghei which is repeated passage in D5-D10 after being given
Artemisinin for 3 days in D2 post infection showed that among the control group (K1 to K4) and the treatment
group (P1 to P4) on the repeated passage (1°t passage to 4" passage) showed significant differences in the o 0:05 on
day 5 (D5) up to day 10 (D10) post infection except in the 4™ passage control group (K4) with 4™ passage treatment
group (P4) on 10" day (D10) post infection showed no significant differences in the a 0:05. That results is tested
with the average difference test and two tail t test. The results of this study also showed that Plasmodium berghei
infection with repeated passage (P1, P2, P3 and P4) in mice that were given artemisinin repeatedly showed a
decrease of % growth inhibition (Figure 1).

Measurements 50% and 90% effective dose level (ED50 and ED90) Plasmodium berghei that repeated
passages on the D5-D10 after being given Artemisinin for 3 days in D 2 post infection

Linear regression test is known that 50% and 90% EDsp and EDg Plasmodium berghei in P1 EDsp on 9.3" days and
EDgo on 5.7 days with the regression equation. Y = 152.41-10.96 X. On P2 EDs on 8.3"" days and EDgy on 5.6™
with the regression equation Y = 172.41-14.62 X. On P3 EDsp on 7.9" days and EDg on 5.6" days with the
regression equation Y = 187.78-17.37 X. On P4 EDsp on 7.5 days and EDg on 5.4™ days with the regression
equation Y = 192.13-18.8 X.( Figure 2)

Parasite Clearance Time (PCT) and Recrudescence Time (RT) Plasmodium berghei that repeated passages on
the D5-D10 after being given Artemisinin for 3 days in D2 post infection

Artemisinin that given for 3 days in D2 post infection, then after reaching parasitemia 2% was passage to the new
mice and given repeated artemisinin with the same dose up to 4 times passage shows Parasites Clearance Time
(PCT) after 3 days of artemisinin treatment with dose 200mg / kg body weight of mice on D5% parasitemia in P1 is
approximately 0.362, P2 0.120, P3 0.140, and P4 0.140. Recrudescence Time (RT) Plasmodium berghei is counted
after parasitemia reach 5% after treatment for 3 days. The results of Recrudescence Time (RT) on P1 parasitemia
reach 5 % after 7,71 days with the equation of regression is Y = -11.22 + 2.13 X. P2 parasitemia reach 5 % after
6.61 days with the equation of regression is Y =-21.55 + 4.02 X. P3 parasitemia reach 5 % after 6.9 days with the
equation of regression is Y = -18.63 + 3.43 X. P4 parasitemia reach 5 % after 6.5 days with the equation of

regression is Y =-27.56 + 5.03 X (Figure 3).
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Morphology Plasmodium berghei that passage repeatedly after having been given Artemisinin for 3 days in D
2 post infection

Morphology of Plasmodium bergei with Transmission Electron Microscope (TEM) control and treatment groups
(Figure 4).

Morphology of Plasmodium berghei developmental stages that passage repeatedly on D5-D10 after having
been given Artemisinin for 3 days in D2 post infection

The description of developmental stages of Plasmodium berghei which passage repeatedly on D5-D10 after having
been given Artemisinin for 3 days in D2 post infection showed that in the control group which only infected with
Plasmodium berghei did not show any formation dormant in all of the control group that passaged repeatedly, while
in the treatment group that infected with Plasmodium berghei and treated Artemisinin for 3 days in D2 post

infection, there was a formations of dormant ( Figure 5).

Discussion

Results of Parasitemia Percentage and Inhibition Growth of Plasmodium berghei that passaged repeatedly on
D5-D10 post infection after being given Artemisinin for 3 days in D 2 post infection

The percentage of parasitemia in Plasmodium berghei that passages repeatedly on the D5-D10 after having
been given Artemisinin for 3 days in D2 post infection show decreasing percentage of parasitemia when compared
with the control group. According to the statement of Anderson et al., 2010 that artemisinin can decrease the parasite
significantly within 24 to 48 hours after treatment and more potent than other antimalarials drugs, but artemisinin
and its derivatives have t1,» elimination in one hour so that is unable to eliminate the parasite after 3 days of
treatment. Therefore, artemisinin should be combined with other drugs such as amodiaquin, piperaquin etc. to
extend the working time of the medicine (duration of action) so that the recrudescence after administration of

artemisinin can be avoided [16].

Repeated passage of Plasmodium berghei up to 4 times after having been given artemisinin showed an
increased percentage of parasitemia in the treatment group which is showed by significant differences between the
treatment groups that passage 1 times, 2 times, 3 times, and 4 times. This suggests that the parasite is viable after
drug exposure more than once showed development towards resistant by the image of an extension of parasite
clearance time (PCT) and increased of speed recrudescence [17]. This is shown by the results % inhibition growth

that decrease continually and increase the growth rate in the treatment group that passaged repeatedly.
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The results of this research on the 4™ passage of control group 4 (K4) with 4™ passage of treatment group
(P4) on 10™ day (D10) post infection showed no significant difference with the control group which were not given
artemisinin at a 0.05. This suggests that the growth rate of the treatment group which were given repeated
artemisinin up to 4 times with the same dose for each passage is not able to inhibit parasite growth with the same
dose. The results of in vivo studies using mice as a model to be infected with Plasmodium berghei is consistent with
in vitro research that is using Plasmodium falciparum and the result showed an increasing value of 1C 50 for each
repeated exposure to artemisinin which means that inhibit 50% of parasite requires a higher dose than the dose of

artemisinin earlier [18].

Results of measurements 50% and 90% effective dose level (EDso and EDgo) Plasmodium berghei that
passages repeatedly on the D5-D10 after being given Artemisinin for 3 days in D2 post infection

Results of linear regression test is known that efective dose level EDsy and EDgg Plasmodium berghei after
repeated exposure of artemisinin in the repeated passage and given artemisin on the same dose for each passage
showed an increasing of EDso and EDgo Which is in order to inhibit parasite growth in the same time. The results
indicate that the effective dose of artemisinin to inhibit Plasmodium berghei growth is increasing by shortening of
the required time for the parasite to grow back so that the parasites require higher doses to be able to inhibit its

growth in the same time.

The results are consistent with research with the selection of resistant Plasmodium berghei to pyronaridine
by repeated passage 20 times for six months. The results showed EDsy and EDg increased from 40 to 66 time [11].
The results are consistent with research in Plasmodium falciparum F32 Tanzania strain that exposed to artemisinin
for 3 years with low concentrations 0.01 pM and then concentrations is increased up to 10 uM for 100 exposure
times. The results after selection of F32-ART strain, showed that F32-ART with higher artemisinin exposure (35
UM and 70 uM) for 96 hours, only on F32-ART strain that has been selected will able to survive [19]. Other studies
from the results of research in Plasmodium falciparum GC06 and CH3-61 strains before and after selection with
artemisinin with increased concentrations of each of 0 to 20 nM and 0 to 100 nM, after the parasite is viable, its is
showed an increasing ICso values on the strains after selection with artemisinin which is the first GC06 strain has
ICso value from 3.1 £ 0.1 nM changed to 12.5 + 1.6 nM and the first CH3-61 strains have ICsp values from 28.8 +

1.3 nM changed to 58.3 + 4.5nM [16].
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Research conducted by Tucker et al [20] also showed that the parasite that has been resistant required a
greater concentrations of the drug to inhibit parasite growth compared to its stem. ICsq has increased in the resistant
parasite compared with parasitic stem on artemisinin, which is described as follows: stem of W2 strain has a value
of IC50 1.3 £ 071 ng / ml, resistant W2QSH200x2 strain have ICso values 4.2 = 2.2 ng / ml, stem of D6 strain has
ICso value 0.92 + 0.10 ng/ml, resistant D6QSH2400x5 strain have 1Cso value 8.8 £ 1.0 ng/ml and the stem of
TM91c235 strain showed ICsp values 2.2 + 1.8 ng/ml, and resistant TM91c235AL280x2 strain have ICsp value 8.7 +

5.4 ng / ml. This means that resistant parasites have an ability to withstand in higher drug induction.

Increasing the value of 1Cso become 2-5 times also aplly during three parasite strains that has been tolerant to acid
artelinic, changes in the value of 1Csowas also followed with an increasing in the number of copies, the expression

of MRNA and protein expression of pfmdrl genes [21].

Examination of Parasite Clearance Time (PCT) and Recrudescence Time (RT) Plasmodium berghei that
passaged repeatedly on the D5-D10 after being given Artemisinin for 3 days in D2 post infection

The provision of artemisinin for 3 days in D2 post infection, then after reaching parasitemia 2% was passages to the
new mice and given artemisinin repeatedly with the same dose 4 times passage shows Parasites Clearance Time
(PCT) after 3 days of artemisinin treatment dose of 200mg / kg body weight of mice on D5 showed an extention
time of PCT and accelerate recrudescence time. It was shown from the results that the PCT in P1 ranging from
0.362, P2 0.120, P3 0.140 and P4 0.140 with dormant morphology. Recrudescence Time (RT) Plasmodium berghei
is calculated after parasitemia reach 5% after receiving treatment for 3 days. The results of Recrudescence Time
(RT) on P1 after 7,7"" days, P2 after 6.61 days P3 after 6.9 days and P4 after 6.5 days The results are consistent
with research conducted by Teuscher et al [22]. that treatment with dormant form of artesunate from ring stadium is
expected 0.001 - 1313 to grow back. Recovery from dormant parasite is a time to reach 5% parasitemia in the form
of dormant. This is also found in the mice. From the results of research conducted by La Crue et al [12]. shows that
the form of dormant ring began recrudence about 7-9 days. Recrudescence time is consistent with the results of
research which the ranges is 7.7 days post infection and the time that required is shorter after 2", 3" and 4" times of

passage.

The overview morphology of dormant in Plasmodium falciparum which exposed to artemisinin

antimalarial drug is a defense mechanism for the parasite to be able to survive from the exposure to artemisinin anti-
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malarial drug. Parasites will be able to grow normally after the drug pressure is removed. In this dormant period, the
parasite can survive in a few days by slowing down the process of metabolism in order to limit the effects of the

drugs because there is no DNA synthesis in this situation [19].

This results are consistent with research conducted by Tucker et al [20].) on Plasmodium falciparum D6
stem strain with Plasmodium falciparum in strain that has been resistant D6QSH2400x5 showed normal
morphology after exposure to artemisinin anti-malaria, require faster time to grow back to normal and the ratio of
the morphology of normal parasites two times higher in the parasite which has been resistant when compared with
the stem parasitic strains. This shows that the strain of parasite that has been already resistant to artemisinin have an
ability to produce more dormant parasites and has the ability to be faster to get out from dormant period (viable), so
that the parasites are already resistant to artemisinin have the speed of recovery is higher than the stem strain which

are not resistant so it will accelerate its recrudescences.

Result of Observations of Morphology Plasmodium berghei that passage repeatedly after having been given
Artemisinin for 3 days in D 2 post infection

The description of developmental stages of Plasmodium berghei which passage repeatedly on D5-D10 after
having been given Artemisinin for 3 days in D2 post infection showed that in the control group which only infected
with Plasmodium berghei did not show any formation dormant in all of the control group that passaged repeatedly,
while in the treatment group that infected with Plasmodium berghei and given Artemisinin for 3 days in D2 post
infection, there was a formations of dormant. The ability of the parasite in this dormant period as a resistance

mechanism that lead to recrudescences of parasites and extension of parasite clearance times (PCT).

The mechanism of artemisinin induces the formation of dormant is still unclear. However, it is believed
that the existence of dormant stage is associated with cell cycle regulation such as CDKs x and cyclins. This
dormant overview is also reported by Teuscher et al [23]. and Witkowski et al, [19]. Decreasing in metabolic
activity on the stage of the ring as a prerequisite of the ability of resistant parasite to be a form of dormant on the
artemisinin drug administration, so that the phenomenon can be used to explain the resistance to artemisinin is an
increasing of parasites in the form of dormant (Quiescence) from the ring in exposure to artemisinin anti-malaria
drug. Therefore, killing the resistant parasite required greater concentration of artemisinin anti-malarial drug. If the

concentration of the drug is same, the parasite is still able to survive and breed back with a faster time.
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Ultrastructure by Transmission Electron Microscopy (TEM) on the ring stage that treated for 24 hours with
artemisinin showed a loss of substance of the membrane so that the crystal hemozoin is located in the cytoplasm of
the parasite and there was a formation of vacuoles. At the trophozoites stage which treated for 4 to 8 hours with a
high concentration of artemisinin which showed a loss of integrity of the digestive vacuole which is caused by
artemisinin that able to alcylate protein and lipid components from digestive vacuole membrane. In the schizonts
stage, there was merozoites morphology with abnormal nuclei. This condition has led to decrease Plasmodium

parasitemia due to death or inhibition in the development stage by exposure to artemisinin anti-malarial drug [16].

Conclusion

The results of this study can be concluded that artemisinin exposure with repeated passages in mice caused an
increasing of EDsp and EDg values. Decreasing Parasite Clearance Time (PCT) and Recrudescence Time (RT) and
morphological changes in intraerythrocytic cycle, there was a dormant formation and loss of substance from the
digestive vacuole membrane so that the crystal hemozoin is located in the cytoplasm of the parasite and there was a

formation of vacuoles
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Abstract

Aim: The aim of this study is to prove the development of artemisinin resistance phenotypically

in malaria rodent as an in vivo resistance development model in humans.



Materials and Methods: Plasmodium berghei was infected intraperitoneally in mice, then
artemisinin was given with “4-day-test” with effective dose (ED) 99% dose for 3 days which
begins 48 h after infection (D2, D3, and D4). Parasite development was followed during 5™ until
10" days of infection. After parasitemia >2% of red blood cell which contains parasites on 1
mice, that mice were used as donor to be passaged on the new 5 mice. After that, parasitemia
was calculated. EDso and EDgo were examined with parasite clearance time (PCT), recrudescence
time (RT), and also morphology development examination of intraerythrocytic cycle of P.

berghei with transmission electron microscope.

Results: Among the control group compare with the treatment group showed significant
differences at 0=0.05 on 5" day (D5) until 10" day (D10). The control group of 4™ passage (K4)
with passage treatment group of 4™ passage (P4) on the 10" days (D10) post infection showed no
significant differences in the «=0.05. The average percentage of inhibition growth was
decreasing which is started from 5" to 10" day post infection in P1, P2, P3, and P4. On the
development of P. berghei stage, which is given repeated artemisinin and repeated passage, there

was a formation of dormant and also vacuoles in Plasmodium that exposed to the drug.

Conclusion: Exposure to artemisinin with repeated passages in mice increased the value of EDsp
and EDgo, decreased the PCT and RT and also changes in morphology dormant and vacuole

formation.

Keywords: artemisinin, parasite clearance time, phenotypic, Plasmodium berghei, recrudescence

time, resistance.

<H1>Introduction



Malaria is still a public health problem in more than 90 countries. A rapid increasing incidence
of morbidity and mortality of malaria is caused by increasing parasite resistance to antimalarial
drugs. A new drug for malaria treatment which is used until right now is artemisinin and its
derivatives; this drug has the effect of working faster than other antimalarial drugs because they
have more complex mechanisms of action. However, there have been indicated that the
Plasmodium parasite has been resistant to this drug [1]. Clinical results already shown in two
patients infected with Plasmodium falciparum that was resistant to artesunate in Cambodia [2].
Results of the research show a decrease in efficacy against malaria falciparum to the combination

of artesunate-mefloquine in Cambodia [3].

Results of in vitro studies on P. falciparum which is exposed with repeated artemisinin as
antimalarial drug showed an increase of 50% inhibitory concentration (1Cso), phenotypic changes
dormant, and faster growth after Plasmodium viable from a dormant form. Besides, the exposure
to artemisinin also causes mutations in genes pfatpase6 [4]. The presence of parasite pressure on
the use of drugs with subcurative doses will lead to the development of new parasite that can
survive on the drug. The results of this research become an emergency because it could be
developed resistance in human being and lead to be one of health problems in the world because
there is no substitute for a new drug artemisinin. Malaria treatment failure using antimalarial

drug artemisinin and its derivatives appears to be an era of untreatable malaria.

In vivo experimental studies using rodent malaria used to support the translation of laboratory
studies into clinical studies, because the spectrum of malaria in humans is not yet clearly
understood how the mechanism of the pathogenesis. So that, this study could be used to explain
the mechanisms of resistance to artemisinin in vivo using mice as an animal model that infected

with Plasmodium berghei. Resistance of malaria and developed resistance to antimalarial drugs



need to do research to develop effective control strategies for malaria. However, this research is
really difficult to conduct in endemic areas because of the many confounding factors such as
infection multiple clones of infective mosquito bites that spreading. This research also
impossible to do in humans because of ethical reason [5]. This study used rodent malaria as a
model of resistance in vivo in humans by doing exposure to P. berghei with artemisinin on
effective dose 99% (EDogo: 200 mg/kg weight of mice) through repeated passage in mice.
Exposure of artemisinin as antimalarial drug with repeated passage in vivo in mice can be used as
a basic to predict and anticipate the spread of artemisinin antimalarial drug resistance in practical

use in the clinic.
<H1>Materials and Methods
<H2>Ethical approval

This study was conducted after getting approval with certificate number No. 464 KE from the
Animal Ethics Committees of Faculty of Veterinary Medicine, Airlangga University Surabaya

Indonesia.
<H2>Parasites, host, and drugs that used in the study

A parasite which is used to infect mice is P. berghei ANKA strain. Mice which are used are male
Albino Swiss strain, the weight is 20-30 g, and the aged is 2.5 months. Artemisinin which is used

is artemisinin Pro analysis from Sigma Chemical Co.
<H2>Infection dose of P. berghei in mice

Mice is infected with red blood cells (RBCs) containing parasites 1x10% P. berghei in 0.2 ml

intraperitoneally. To determine the infection has occurred in mice, microscopic examination of
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erythrocytes of mice was done every day with thin blood smears that taken from tail vein of mice

and stained with Giemsa 20% [6].
<H2>Selection of artemisinin antimalarial drug resistance in vivo in mice

Exposure to artemisinin antimalarial drug in the treatment group: After inoculation of RBCs
containing parasites 1x10% P. berghei in 0.2 ml on 5 mices (D0) and then given artemisinin
antimalarial drug with “4-day-test” with EDg9 dose (200 mg/kg weight of mice) was given for 3
days started at 48 h after infection (D2). Parasitemia was monitored and calculated at 120 h after
infection. After parasitemia >2% of RBCs containing parasites, they are used as donor and was
passaged on new 6 mice. After 48 h post infection, the mice were exposed to artemisinin
antimalarial drug with the same EDgg dose for 3 consecutive days 4 times passages. Control
group: After inoculation of RBCs containing parasites 1x10° P. berghei in 0.2 ml at 6 mice (D0)
was given no medication, parasitemia monitored and calculated at 48 h after infection. After
parasitemia >2% of RBCs containing parasites, they are used as donor and was passaged on the
new 5 mice, and the passages were repeated on mice 4 times. The development of parasite was

followed until 10" day of infection in all treatments [7,8].
<H2>Parasitemia calculation

Calculation of parasitemia in mice for each exposure to artemisinin and every passage in mice
conducted after 120 h (D5) post infection. Thin smear of blood vessels from tail vein of mice is
made, then fixed with methanol, stained with Giemsa 20% for 20 min, then washed with water
and dried. After that, the percentage of parasitemia of P. berghei was calculated by counting the
number of infected erythrocytes per 1000 erythrocytes under a light microscope with 1000x

magnification [9,10].



<H2>Measurement of 50% and 90% ED level (EDso and EDgo)

Measurement of EDso and EDgo level for each exposure to the artemisinin antimalarial drug in

mice was counted every passage 120 h (D5) post infection using the formula: (A-B)/A)x100

Where, A is the average parasitemia in control group and B is parasitemia in treatment group.

Determination EDsp and EDgo is calculated using a linear regression program [11].

<H2>Examination of parasite clearance time (PCT) and recrudescence time (RT) of P.

berghei

Examination of PCT and RT P. berghei was done by checking the growth of the parasite 48 h
after completion of treatment for 3 days or 120 h (D5) post infection which is showed by the
absence of parasites in the thin blood smear of mice that taken from a tail vein and stained with
Giemsa 20% for 20 min and examined using a light microscope with 1000x magnification and
followed every day to see the development until 10" day post infection until discovered a

parasite >5% that can grow back (RT) [12].
<H2>Morphological stadium observation of P. berghei development

Morphological stage observation of the intraerythrocytic cycle development of P. berghei ring,
trophozoites and schizonts in the control group and the treatment of exposure to artemisinin-dose
EDgs With repeated passages in mice was conducted every 48 h on 5%, 6", 8", and 10" day post
infection by counting the number of development dormant, ring, trophozoites and schizonts stage
in thin blood smears that stained with 20% Giemsa for 20 min and examined using light

microscope with 1000x magnification [13,14].



<H2>Ultrastructural morphology observation with a transmission electron microscope

(TEM)

RBC washed with sodium cacodylate pH 7.4, 500 mL and fixed with 5% glutaraldehyde
containing cacodylate buffer pH 7.4 and 3% sucrose for 24 h (stored at a temperature of 4°C).
Rinsed with sodium cacodylate 0.1 M pH 7.4 for 15 min and fixation is using osmium tetraoxide
2% and potassium ferricyanide KsFe(CN)s in 0.1 M cacodylate buffer, then dehydrated with
gradual concentration of ethanol. Then, tissue is immersed back with a solution of pure Spurr
and entered in a vacuum incubator 70°C overnight. This preparation will result tissue block with
hard consistency. Tissue is cut with diamond knife with 40-55 nm thick and attached to the grid
which has been coated with formvar 5% in chloroform and consists of 200 mesh. Results of
pieces were stained with uranyl acetate, followed with triple lead then examined using a JEOL
1010 TEM. Morphology of P. berghei parasites in erythrocytes that have been exposed to
artemisinin was observed and compared with negative control of P. berghei (without drug

exposure) [15].

<H2>Statistical analysis

The data on parasitemia percentage and growth inhibition of P. berghei were processed with
two-way ANOVA with the level of significance set at 5% to determine differences in treatment.
The data EDsp and EDgo level, PCT, and RT of P. berghei were analyed with linier regression

using SPSS 17.0 and morphology P. berghei developmental stage was analyzed with description

<H1>Results



<H2>Results of parasitemia percentage and growth inhibition of P. berghei in the repeated
passage on the D5-D10 post infection after being given artemisinin for 3 days in the 2" day

post infection

Percentage of parasitemia of P. berghei ,which is repeated passage in D5-D10 after being given
artemisinin for 3 days in D2 post infection showed that among the control group (K1 to K4) and
the treatment group (P1 to P4) on the repeated passage (1% passage to 4™ passage) showed
significant differences in the a=0.05 on day 5 (D5) up to day 10 (D10) post infection except in
the 4™ passage control group (K4) with 4" passage treatment group (P4) on 10" day (D10) post
infection showed no significant differences in the a=0.05. That results are tested with the average
difference test and two tail t-test. The results of this study also showed that P. berghei infection
with repeated passage (P1, P2, P3, and P4) in mice that were given artemisinin repeatedly

showed a decrease of % growth inhibition (Figure-1).

<H2>Measurements EDso and EDg level P. berghei that repeated passages on the D5-D10

after being given artemisinin for 3 days in D2 post infection

Linear regression test is known that EDso and EDgo P. berghei in P1 EDsp on 9.3" days and EDgo
on 5.7 days with the regression equation. Y=152.41-10.96 X. On P2 EDso on 8.3" days and
EDg on 5.6™ with the regression equation Y=172.41-14.62 X. On P3 EDsp on 7.9" days and
EDgo on 5.6 days with the regression equation Y=187.78-17.37 X. On P4 EDso on 7.5" days

and EDgo on 5.4 days with the regression equation Y=192.13-18.8 X (Figure-2).

<H2>PCT and RT P. berghei that repeated passages on the D5-D10 after being given

artemisinin for 3 days in D2 post infection



Artemisinin that given for 3 days in D2 post infection, then after reaching parasitemia 2% was
passage to the new mice and given repeated artemisinin with the same dose up to 4 times passage
shows PCT after 3 days of artemisinin treatment with dose 200 mg/kg body weight of mice on
D5% parasitemia in P1 is approximately 0.362, P2 0.120, P3 0.140, and P4 0.140. RT P. berghei
is counted after parasitemia reach 5% after treatment for 3 days. The results of RT on P1
parasitemia reach 5% after 7.7 days with the equation of regression is Y=-11.22+2.13 X. P2
parasitemia reach 5% after 6.61 days with the equation of regression is Y=-21.55+4.02 X. P3
parasitemia reach 5% after 6.9 days with the equation of regression is Y=-18.63+3.43 X. P4
parasitemia reach 5% after 6.5 days with the equation of regression is Y=—27.56+5.03 X (Figure-

3).

<H2>Morphology P. berghei that passage repeatedly after having been given artemisinin
for 3 days in D2 post infection

Morphology of P. berghei with TEM control and treatment groups (Figure-4).
<H2>Morphology of P. berghei developmental stages that passage repeatedly on D5-D10

after having been given artemisinin for 3 days in D2 post infection

The description of developmental stages of P. berghei which passage repeatedly on D5-D10 after
having been given artemisinin for 3 days in D2 post infection showed that in the control group
which only infected with P. berghei did not show any formation dormant in all of the control
group that passaged repeatedly while in the treatment group that infected with P. berghei and

treated artemisinin for 3 days in D2 post infection, there was a formation of dormant (Figure-5).

<H1>Discussion



<H2>Results of parasitemia percentage and inhibition growth of P. berghei that passaged
repeatedly on D5-D10 post infection after being given artemisinin for 3 days in D 2 post

infection

The percentage of parasitemia in P. berghei that passages repeatedly on the D5-D10 after having
been given artemisinin for 3 days in D2 post infection show decreasing percentage of parasitemia
when compared with the control group. According to the statement of Anderson et al., 2010 that
artemisinin can decrease the parasite significantly within 24-48 h after treatment and more potent
than other antimalarials drugs, but artemisinin and its derivatives have t, elimination in 1 h so
that is unable to eliminate the parasite after 3 days of treatment. Therefore, artemisinin should be
combined with other drugs such as amodiaquin, piperaquin, etc., to extend the working time of
the medicine (duration of action) so that the recrudescence after administration of artemisinin

can be avoided [16].

Repeated passage of P. berghei up to 4 times after have been given artemisinin showed an
increased percentage of parasitemia in the treatment group which is showed by significant
differences between the treatment groups that passage 1 times, 2 times, 3 times, and 4 times. This
suggests that the parasite is viable after drug exposure more than once showed development
toward resistant by the image of an extension of PCT and increased of speed recrudescence [17].
This is shown by the results % inhibition growth that decreases continually and increases the

growth rate in the treatment group that passaged repeatedly.

The results of this research on the 4™ passage of control group 4 (K4) with 4™ passage of
treatment group (P4) on 10" day (D10) post infection showed no significant difference with the

control group which were not given artemisinin at 0=0.05. This suggests that the growth rate of



the treatment group which was given repeated artemisinin up to 4 times with the same dose for
each passage is not able to inhibit parasite growth with the same dose. The results of in vivo
studies using mice as a model to be infected with P. berghei is consistent with in vitro research
that is using P. falciparum, and the result showed an increasing value of 1Cso for each repeated
exposure to artemisinin which means that inhibit 50% of parasite requires a higher dose than the

dose of artemisinin earlier [18].

<H2>Results of measurements EDso and EDg level P. berghei that passages repeatedly on

the D5-D10 after being given artemisinin for 3 days in D2 post infection

Results of linear regression test are known that ED level EDso and EDgo P. berghei after repeated
exposure of artemisinin in the repeated passage and given artemisin on the same dose for each
passage showed an increasing of EDso and EDgo Which is to inhibit parasite growth in the same
time. The results indicate that the ED of artemisinin to inhibit P. berghei growth is increasing by
shortening of the required time for the parasite to grow back so that the parasites require higher

doses to be able to inhibit its growth in the same time.

The results are consistent with research with the selection of resistant P. berghei to pyronaridine
by repeated passage 20 times for 6 months. The results showed EDso and EDgo increased from 40
to 66 time [11]. The results are consistent with research in P. falciparum F32 Tanzania strain that
exposed to artemisinin for 3 years with low concentrations 0.01 uM, and then, concentrations are
increased up to 10 uM for 100 exposure times. The results after selection of F32-ART strain
showed that F32-ART with higher artemisinin exposure (35 and 70 uM) for 96 h, only on F32-
ART strain that has been selected will able to survive [19]. Other studies from the results of

research in P. falciparum GCO06 and CH3-61 strains before and after selection with artemisinin



with increased concentrations of each of 0-20 and 0-100 nM, after the parasite is viable, its is
showed an increasing ICso values on the strains after selection with artemisinin which is the first
GCO06 strain has ICso value from 3.1+0.1 changed to 12.5+1.6 nM and the first CH3-61 strains

have 1Cso values from 28.8+1.3 changed to 58.3+4.5 nM [16].

Research conducted by Tucker et al. [20] also showed that the parasite that has been resistant
required greater concentrations of the drug to inhibit parasite growth compared to its stem. 1Cso
has increased in the resistant parasite compared with parasitic stem on artemisinin, which is
described as follows: stem of W2 strain has a value of ICsp 1.3:071 ng/ml, resistant
W2QSH200x2 strain have 1Csq values 4.2+2.2 ng/ml, stem of D6 strain has 1Cso value 0.92+0.10
ng/ml, resistant D6QSH2400x5 strain have 1Csp value 8.8+1.0 ng/ml and the stem of TM91c235
strain showed 1Cso values 2.2+1.8 ng/ml, and resistant TM91c235AL280x2 strain have ICso
value 8.7+5.4 ng/ml. This means that resistant parasites have an ability to withstand in higher

drug induction.

Increasing the value of 1Cso become 2-5 times also apply during three parasite strains that have
been tolerant to acid artelinic, changes in the value of 1Csowere also followed with an increasing

in the number of copies, the expression of MRNA, and protein expression of pfmdrl genes [21].

<H2>Examination of PCT and RT P. berghei that passaged repeatedly on the D5-D10 after

being given artemisinin for 3 days in D2 post infection

The provision of artemisinin for 3 days in D2 post infection, then after reaching parasitemia 2%
was passages to the new mice and given artemisinin repeatedly with the same dose 4 times
passage shows PCT after 3 days of artemisinin treatment dose of 200 mg/kg body weight of mice

on D5 showed an extension time of PCT and accelerate RT. It was shown from the results that



the PCT in P1 ranging from 0.362, P2 0.120, P3 0.140, and P4 0.140 with dormant morphology.
RT P. berghei is calculated after parasitemia reach 5% after receiving treatment for 3 days. The
results of RT on P1 after 7.7 days, P2 after 6.61 days, P3 after 6.9 days, and P4 after 6.5 days;
the results are consistent with research conducted by Teuscher et al. [22] that treatment with
dormant form of artesunate from ring stadium is expected 0.001-1313 to grow back. Recovery
from dormant parasite is a time to reach 5% parasitemia in the form of dormant. This is also
found in the mice. From the results of research conducted by La Crue et al. [12] shows that the
form of dormant ring began recrudescence about 7-9 days. RT is consistent with the results of
research which the ranges are 7.7 days post infection and the time that required is shorter after

2" 39 and 4™ times of passage.

The overview morphology of dormant in P. falciparum which exposed to artemisinin
antimalarial drug is a defence mechanism for the parasite to be able to survive from the exposure
to artemisinin antimalarial drug. Parasites will be able to grow normally after the drug pressure is
removed. In this dormant period, the parasite can survive in a few days by slowing down the
process of metabolism to limit the effects of the drugs because there is no DNA synthesis in this

situation [19].

This results are consistent with research conducted by Tucker et al. [20] on P. falciparum D6
stem strain with P. falciparum in strain that has been resistant D6QSH2400x5 showed normal
morphology after exposure to artemisinin antimalaria, require faster time to grow back to normal
and the ratio of the morphology of normal parasites two times higher in the parasite which has
been resistant when compared with the stem parasitic strains. This shows that the strain of
parasite that has been already resistant to artemisinin have an ability to produce more dormant

parasites and can be faster to get out from dormant period (viable) so that the parasites are



already resistant to artemisinin have the speed of recovery is higher than the stem strain which

are not resistant so it will accelerate its recrudescences.

<H2>Result of observations of morphology P. berghei that passage repeatedly after having
been given artemisinin for 3 days in D 2 post infection

The description of developmental stages of P. berghei which passage repeatedly on D5-D10 after
having been given artemisinin for 3 days in D2 post infection showed that in the control group,
which only infected with P. berghei did not show any formation dormant in all of the control
group that passaged repeatedly while in the treatment group that infected with P. berghei and
given artemisinin for 3 days in D2 post infection, there were formations of dormant. The ability
of the parasite in this dormant period as a resistance mechanism that leads to recrudescences of

parasites and extension of PCTs.

The mechanism of artemisinin induces the formation of dormant is still unclear. However, it is
believed that the existence of dormant stage is associated with cell cycle regulation such as
cyclin-dependent kinase X and cyclins. This dormant overview is also reported by Teuscher et al.
[23] and Witkowski et al. [19]. Decreasing in metabolic activity on the stage of the ring as a
prerequisite of the ability of resistant parasite to be a form of dormant on the artemisinin drug
administration, so that the phenomenon can be used to explain the resistance to artemisinin is an
increasing of parasites in the form of dormant (quiescence) from the ring in exposure to
artemisinin antimalaria drug. Therefore, Killing the resistant parasite required greater
concentration of artemisinin antimalarial drug. If the concentration of the drug is same, the

parasite is still able to survive and breed back with a faster time.

Commented [Tulyasys3]: Kindly check the term. You can not
use the abbreviation if it is used only once in the manuscript (CDKs)

Commented [L4R3]: Ok agree del X



Ultrastructure by TEM on the ring stage that treated for 24 h with artemisinin showed a loss of
substance of the membrane so that the crystal hemozoin is located in the cytoplasm of the
parasite, and there was a formation of vacuoles. At the trophozoites stage which treated for 4-8 h
with a high concentration of artemisinin which showed a loss of integrity of the digestive
vacuole which is caused by artemisinin that able to alkylate protein and lipid components from
digestive vacuole membrane. In the schizonts stage, there was merozoites morphology with
abnormal nuclei. This condition has led to decrease Plasmodium parasitemia due to death or

inhibition in the development stage by exposure to artemisinin antimalarial drug [16].

<H1>Conclusion

The results of this study can be concluded that artemisinin exposure with repeated passages in
mice caused an increasing of EDso and EDoo values. Decreasing PCT and RT and morphological
changes in intraerythrocytic cycle, there was a dormant formation and loss of substance from the
digestive vacuole membrane so that the crystal hemozoin is located in the cytoplasm of the
parasite and there was a formation of vacuoles.
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Figure-1: Graphic of Plasmodium berghei parasitemia percentage which is repeated passage on
D5- D10 after treated artemisinin for 3 days in D2 post infection. K1: Control once passage
untreated, K2: Control twice passage untreated, K3: Control 3 times passage untreated, K4:
Control 4 times passage untreated P1: Once treated and once passage, P2: Twice treated and

twice passage, P3: 3 times treated and 3 times passage, P4: 4 times treated and 4 times passage.



100,00

110,00
90,00 100,00
_5 S 90,00
5 80,00 E 80,00
= <
£ 70,00 £70.00
g E 60,00
2 60,00 £50,00
20 )
X X40,00
50,00
30,00 3
40,00 20,00
5 6 7 8 9 10 5 6 7 8 9 10
Days post infection days post infection
P1 P2
100,00 100,00
S 80,00 S 80,00
] 3 '
£ 60,00 £ 60,00
£ s
g 4000 £ 4000
oo =
o oo
= 2000 £ 20,00
5 6 7 8 9 10 5 6 7 8 9 10
days post infection dayspost infection
P3 P4

Figure-2: Graphic of linear regression of 50% and 90% effective dose level Plasmodium berghei

that repeated passages on the D5-D10 after treated artemisinin for 3 days in D2 post infection.



P1: Once treated and once passage, P2: Twice treated and twice passage, P3: 3 times treated and

3 times passage, P4: 4 times treated and 4 times passage.
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Figure-3: Parasite clearance time and recrudescence time Plasmodium berghei that repeated

passages on the D5-D10 after treated artemisinin for 3 days in D2 post infection. P1: Once



treated and once passage, P2: Twice treated and twice passage, P3: 3 times treated and 3 times

passage, P4: 4 times treated and 4 times passage.
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Figure-4: Morphology of Plasmodium bergei with transmission electron microscope on control
and treatment artemisinin groups. N: Nucleus, V: Vacuole, DV: Digestive vacuole. (a) Control
untreated, (b) once treated and once passage, (c) twice treated and twice passage, (d) 3 times

treated and three times passage, (e) 4 times treated and 4 times passage.
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Figure-5: Morphology of Plasmodium berghei developmental stages which repeated passage on
D5-D10 after treated artemisinin for 3 days in D2 post infection. K1: Control once passage
untreated, K2: Control twice passage untreated, K3: Control 3 times passage untreated, K4:
Control 4 times passage untreated P1: Once treated and once passage, P2: Twice treated and

twice passage, P3: 3 times treated and 3 times passage, P4: 4 times treated and 4 times passage.
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Phenotypic approach artemisinin resistance in malaria rodent as in vivo model

Abstract

Aim: To prove the development of artemisinin resistance phenotypically in malaria rodent as an in vivo resistance
development model in humans.

Materials and Methods: Plasmodium berghei was infected intraperitoneally in mice, then artemisinin was given
with "4-day-test" (4-DT) with EDgg dose for 3 days which begins 48 hours after infection (D2, D3,D4). Parasite
development was followed during 5" until 10" days of infection. After parasitemia > 2% of RBC which contains
parasites on 1 mice, that mice were used as donor to be passaged on the new 5 mice. After that, parasitemia was
calculated. EDsq and EDgy Were examined with Parasite Clearance Time (PCT), Recrudescence Time (RT) and also
morphology development examination of intraerythrocytic cycle of Plamodium berghei with TEM.

Results: Among the control group compare with the treatment group showed significant differences at o 0.05 on 5t
day (D5) until 10" day (D10). The control group of 4" passage (K4) with passage treatment group of 4" passage
(P4) on the 10™ days (D10) post infection showed no significant differences in the o 0.05. Average percentage of
inhibition growth was decreasing which is started from 5" day to 10" day post-infection in P1, P2, P3 and P4. On
the development of Plasmodium berghei stage, which is given repeated artemisinin and repeated passage, there was
a formation of dormant, and also vacuoles in Plasmodium that exposed to the drug.

Conclusion: Exposure to artemisinin with repeated passages in mice increased the value of EDsy and EDgy,
decreased the PCT and RT and also changes in morphology dormant and vacuole formation.

Key word Resistance, Artemisinin, Plasmodium berghei, phenotypic, Parasite Clearance Time, Recrudescence
Time

Introduction

Malaria is still a public health problem in more than 90 countries. A rapid increasing incidence of
morbidity and mortality of malaria is caused by increasing parasite resistance to anti-malarial drugs. A new drug for
malaria treatment which is used until right now is artemisinin and its derivatives, this drug has the effect of working
faster than other anti malarial drugs because they have more complex mechanisms of action. However, there have
been indicated that the Plasmodium parasite have been resistant to this drug [1]. Clinical results already shown in
two patients infected with Plasmodium falciparum that was resistant to artesunate in Cambodia [2]. Results of
research shows a decrease in efficacy against malaria falciparum to combination of artesunate-mefloquine in

Cambodia [3].

Results of in vitro studies on Plasmodium falciparum which is exposed with repeated artemisinin as
antimalarial drug showed an increase of 50% inhibitory concentration (IC50), phenotypic changes dormant and

faster growth after Plasmodium viable from a dormant form. Besides, the exposure to artemisinin also cause
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mutations in genes pfatpase6 [4]. The presence of parasite pressure on the use of drugs with sub-curative doses will
lead to the development of new parasite that can survive on the drug. The results of this research become an
emergency because it could be developed resistance in human being and lead to be the one of health problems in
the world because there is no substitute for a new drug artemisinin. Malaria treatment failure using antimalarial drug

artemisinin and its derivatives appears to be an era of untreatable malaria.

In vivo experimental studies using rodent malaria used to support the translation of laboratory studies into
clinical studies, because the spectrum of malaria in humans is not yet clearly understood how the mechanism of the
pathogenesis. So that, this study could be used to explain the mechanisms of resistance to artemisinin in vivo by
using mice as an animal model that infected with Plasmodium berghei. Resistance of malaria and developed
resistance to antimalarial drugs need to do research in order to develop an effective control strategies for malaria.
However, this research is really difficult to conduct in endemic areas because of the many confounding factors such
as infection multiple clones of infective mosquito bites that spreading. This research also impossible to do in
humans because of ethical reason [5]. This study use rodent malaria as a model of resistance in vivo in humans by
doing exposure to Plasmodium berghei with artemisinin on effective dose 99% (EDgg : 200mg/kg weight of mice)
through repeated passage in mice. Exposure of artemisinin as antimalarial drug with repeated passage in vivo in
mice can be used as a basic to predict and anticipate the spread of artemisinin antimalarial drug resistance in

practical use in the clinic.

Material and Methods

Ethical approval

This study was conducted after getting approval with certificate number No. 464 KE from Animal Ethics

Committees oh Faculty of Veterinary Medicine Airlangga university Surabaya Indonesia .

Parasites, host and drugs that used in the study

Parasites which is used to infect mice is Plasmodium berghei ANKA strain. Mice which is used are male Albino
Swiss strain, the weight is 20g -30g, and the aged is 2.5 months. Artemisinin which is used is artemisinin Pro

analysis (PA) from Sigma Chemical Co.
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Infection Dose of Plasmodium berghei in Mice

Mice is infected with red blood cells containing parasites 1x10° Plasmodium berghei in 0.2 ml intraperitoneally. In
order to determine the infection has occurred in mice, microscopic examination of erythrocytes of mice was done

every day with thin blood smears that taken from tail vein of mice and stained with Giemsa 20% [6].
Selection of artemisinin antimalarial drug resistance in vivo in mice

Exposure to artemisinin anti-malarial drug in the treatment group: After inoculation of red blood cells containing
parasites 1x10° Plasmodium berghei in 0.2 ml on 5 mices (D0) and then given artemisinin anti-malarial drug with
"4-day-test '(4-DT ) with EDgy dose (200 mg/kg weight of mice) was given for 3 days started at 48 hours after
infection (D2). parasitemia was monitored and calculated at 120 hours after infection. After parasitemia > 2% of red
blood cells containing parasites, they are used as donor and was passaged on new 6 mice. After 48 hours post
infection, the mice were exposed to artemisinin anti-malarial drug with the same EDgg dose for 3 consecutive days 4
times passages. Control group: After inoculation of red blood cells containing parasites 1x10° Plasmodium berghei
in 0.2 ml at 6 mice (D0) was given no medication, parasitemia monitored and calculated at 48 hours after infection.
After parasitemia > 2% of red blood cells containing parasites they are used as donor and was passaged on the new
5 mice and the passages were repeated on mice 4 times. The development of parasite was followed until 10" day

of infection in all treatments [7,8].
Parasitemia Calculation

Calculation of parasitemia in mice for each exposure to artemisinin and every passage in mice conducted after 120
hours (D5) post infection. Thin smear of blood vessels from tail vein of mice is made, then fixed with methanol,
stained with Giemsa 20% for 20 minutes, then washed with water and dried. After that, the percentage of
parasitemia of Plasmodium berghei was calculated by counting the number of infected erythrocytes per 1000

erythrocytes under a light microscope with 1000x magnification [9,10].
Measurement of 50 % and 90 % effective dose level (EDs, and EDg)

Measurement of 50% and 90% effective dose level for each exposure to the artemisinin antimalarial drug in mice

was counted every passage 120 hours (D5) post-infection by using the formula (A - B) / A) x 100 where A is the
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average parasitemia in control group and B is parasitemia in treatment group. Determination EDsy and EDgp is

calculated using a linear regression program [11].

Examination of Parasite Clearance Time (PCT) and Recrudescence Time (RT) of Plasmodium berghei

Examination of Parasites Clearance Time (PCT) and Recrudescence Time (RT) Plasmodium berghei was done by
checking the growth of the parasite 48 hours after completion of treatment for 3 days or 120 hours (D5) post
infection which is showed by the absence of parasites in the thin blood smear of mice that taken from a tail vein and
stained with Giemsa 20% for 20 minutes and examined using a light microscope with 1000x magnification and
followed every day in order to see the development until 10" day post-infection until discovered a parasite > 5% that

can grow back (Recrudescence Time (RT)) [12].
Morphological stadium observation of Plasmodium berghei Development

Morphological stage observation of the intra-erythrocytic cycle development of Plasmodium berghei ring,
trophozoites and schizonts in the control group and the treatment of exposure to artemisinin-dose EDgy With repeated
passages in mice was conducted every 48 hours on 5", 6™, 8", and 10" day post-infection by counting the number of
development dormant, ring, trophozoites and schizonts stage in thin blood smears that stained with 20% Giemsa for

20 minutes and examined using light microscope with 1000x magnification [13,14].
Ultrastructural morphology observation with a Transmission Electron Microscope (TEM)

Red Blood Cell (RBC) washed with sodium cacodylate pH 7.4, 500 mL, and fixed with 5% glutraldehyde
containing cacodylat buffer pH 7.4 and 3% sucrose for 24 hours (stored at a temperature of 4°C). Rinsed with
sodium cacodilate 0.1 M pH 7.4 for 15 minutes and fixation is using osmium tetraoxide 2% and potassium
ferrycyanide KsFe(CN)g in 0.1 M cacodylate buffer, then dehydrated with gradual concentration of ethanol. Then,
tissue is immersed back with a solution of pure Spurr and entered in a vacuum incubator 70°C overnight. This
preparation will result tissue block with hard consistency. Tissue is cut with diamond knife with 40-55 nm thick and
attached to the grid which has been coated with formvar 5% in chloroform and consists of 200 mesh. Results of
pieces were stained with uranyl acetate, followed with triple lead then examined using a JEOL 1010 transmission
electron microscope. Morphology of Plasmodium berghei parasites in erythrocytes that have been exposed to

artemisinin was observed and compared with negative control of Plasmodium berghei (without drug exposure) [15].
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Statistical Analysis

The data on parasitemia percentage and growth inhibition of Plasmodium berghei was processed with Two Way
Anova with the level of significance set at 5% to determine differences in treatmen. The data 50 % and 90 %
efective dose level (EDsy and EDg), Parasite Clearance Time (PCT) and Recrudescence Time (RT) of Plasmodium
berghei were analyed with Linier Regression using SPPS 17.0 and morphology Plasmodium berghei developmental

stage was analyzed with description

Results

Results of Parasitemia Percentage and Growth Inhibition of Plasmodium berghei in the repeated passage on
the D5-D10 post infection after being given Artemisinin for 3 days in the 2" day post infection

Percentage of parasitemia of Plasmodium berghei which is repeated passage in D5-D10 after being given
Artemisinin for 3 days in D2 post infection showed that among the control group (K1 to K4) and the treatment
group (P1 to P4) on the repeated passage (1% passage to 4™ passage) showed significant differences in the a 0:05 on
day 5 (D5) up to day 10 (D10) post infection except in the 4™ passage control group (K4) with 4" passage treatment
group (P4) on 10" day (D10) post infection showed no significant differences in the a 0:05. That results is tested
with the average difference test and two tail t test. The results of this study also showed that Plasmodium berghei
infection with repeated passage (P1, P2, P3 and P4) in mice that were given artemisinin repeatedly showed a
decrease of % growth inhibition (Figure 1).

Measurements 50% and 90% effective dose level (ED50 and ED90) Plasmodium berghei that repeated
passages on the D5-D10 after being given Artemisinin for 3 days in D 2 post infection

Linear regression test is known that 50% and 90% EDs, and EDgy Plasmodium berghei in P1 EDsg 0n 9.3" days and
EDqgo on 5.7™ days with the regression equation. Y = 152.41-10.96 X. On P2 EDs, on 8.3" days and EDg, on 5.6"
with the regression equation Y = 172.41-14.62 X. On P3 EDsy 0On 7.9 days and EDgy on 5.6" days with the
regression equation Y = 187.78-17.37 X. On P4 EDs, on 7.5" days and EDg, on 5.4™ days with the regression
equation Y = 192.13-18.8 X.( Figure 2)

Parasite Clearance Time (PCT) and Recrudescence Time (RT) Plasmodium berghei that repeated passages on
the D5-D10 after being given Artemisinin for 3 days in D2 post infection

Artemisinin that given for 3 days in D2 post infection, then after reaching parasitemia 2% was passage to the new

mice and given repeated artemisinin with the same dose up to 4 times passage shows Parasites Clearance Time
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(PCT) after 3 days of artemisinin treatment with dose 200mg / kg body weight of mice on D5% parasitemia in P1 is
approximately 0.362, P2 0.120, P3 0.140, and P4 0.140. Recrudescence Time (RT) Plasmodium berghei is counted
after parasitemia reach 5% after treatment for 3 days. The results of Recrudescence Time (RT) on P1 parasitemia
reach 5 % after 7,7" days with the equation of regression is Y = -11.22 + 2.13 X. P2 parasitemia reach 5 % after
6.61 days with the equation of regression is Y =-21.55 + 4.02 X. P3 parasitemia reach 5 % after 6.9 days with the
equation of regression is Y = -18.63 + 3.43 X. P4 parasitemia reach 5 % after 6.5 days with the equation of
regression is Y =-27.56 + 5.03 X (Figure 3).

Morphology Plasmodium berghei that passage repeatedly after having been given Artemisinin for 3 days in D
2 post infection

Morphology of Plasmodium bergei with Transmission Electron Microscope (TEM) control and treatment groups

(Figure 4).

Morphology of Plasmodium berghei developmental stages that passage repeatedly on D5-D10 after having
been given Artemisinin for 3 days in D2 post infection

The description of developmental stages of Plasmodium berghei which passage repeatedly on D5-D10 after having
been given Artemisinin for 3 days in D2 post infection showed that in the control group which only infected with
Plasmodium berghei did not show any formation dormant in all of the control group that passaged repeatedly, while
in the treatment group that infected with Plasmodium berghei and treated Artemisinin for 3 days in D2 post

infection, there was a formations of dormant ( Figure 5).

Discussion

Results of Parasitemia Percentage and Inhibition Growth of Plasmodium berghei that passaged repeatedly on
D5-D10 post infection after being given Artemisinin for 3 days in D 2 post infection

The percentage of parasitemia in Plasmodium berghei that passages repeatedly on the D5-D10 after having
been given Artemisinin for 3 days in D2 post infection show decreasing percentage of parasitemia when compared
with the control group. According to the statement of Anderson et al., 2010 that artemisinin can decrease the parasite
significantly within 24 to 48 hours after treatment and more potent than other antimalarials drugs, but artemisinin
and its derivatives have t; ,, elimination in one hour so that is unable to eliminate the parasite after 3 days of
treatment. Therefore, artemisinin should be combined with other drugs such as amodiaquin, piperaquin etc. to
extend the working time of the medicine (duration of action) so that the recrudescence after administration of

artemisinin can be avoided [16].
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Repeated passage of Plasmodium berghei up to 4 times after having been given artemisinin showed an
increased percentage of parasitemia in the treatment group which is showed by significant differences between the
treatment groups that passage 1 times, 2 times, 3 times, and 4 times. This suggests that the parasite is viable after
drug exposure more than once showed development towards resistant by the image of an extension of parasite
clearance time (PCT) and increased of speed recrudescence [17]. This is shown by the results % inhibition growth

that decrease continually and increase the growth rate in the treatment group that passaged repeatedly.

The results of this research on the 4™ passage of control group 4 (K4) with 4" passage of treatment group
(P4) on 10" day (D10) post infection showed no significant difference with the control group which were not given
artemisinin at a 0.05. This suggests that the growth rate of the treatment group which were given repeated
artemisinin up to 4 times with the same dose for each passage is not able to inhibit parasite growth with the same
dose. The results of in vivo studies using mice as a model to be infected with Plasmodium berghei is consistent with
in vitro research that is using Plasmodium falciparum and the result showed an increasing value of 1C 50 for each
repeated exposure to artemisinin which means that inhibit 50% of parasite requires a higher dose than the dose of
artemisinin earlier [18].

Results of measurements 50% and 90% effective dose level (EDsy and EDgy) Plasmodium berghei that
passages repeatedly on the D5-D10 after being given Artemisinin for 3 days in D2 post infection

Results of linear regression test is known that efective dose level EDsq and EDgy Plasmodium berghei after
repeated exposure of artemisinin in the repeated passage and given artemisin on the same dose for each passage
showed an increasing of EDsy and EDgg Which is in order to inhibit parasite growth in the same time. The results
indicate that the effective dose of artemisinin to inhibit Plasmodium berghei growth is increasing by shortening of
the required time for the parasite to grow back so that the parasites require higher doses to be able to inhibit its

growth in the same time.

The results are consistent with research with the selection of resistant Plasmodium berghei to pyronaridine
by repeated passage 20 times for six months. The results showed EDs, and EDg, increased from 40 to 66 time [11].
The results are consistent with research in Plasmodium falciparum F32 Tanzania strain that exposed to artemisinin
for 3 years with low concentrations 0.01 pM and then concentrations is increased up to 10 uM for 100 exposure

times. The results after selection of F32-ART strain, showed that F32-ART with higher artemisinin exposure (35
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uM and 70 uM) for 96 hours, only on F32-ART strain that has been selected will able to survive [19]. Other studies
from the results of research in Plasmodium falciparum GCO06 and CH3-61 strains before and after selection with
artemisinin with increased concentrations of each of 0 to 20 nM and 0 to 100 nM, after the parasite is viable, its is
showed an increasing ICs, values on the strains after selection with artemisinin which is the first GC06 strain has
ICso value from 3.1 £ 0.1 nM changed to 12.5 + 1.6 nM and the first CH3-61 strains have ICsy values from 28.8 +

1.3 nM changed to 58.3 + 4.5nM [16].

Research conducted by Tucker et al [20] also showed that the parasite that has been resistant required a
greater concentrations of the drug to inhibit parasite growth compared to its stem. 1Csq has increased in the resistant
parasite compared with parasitic stem on artemisinin, which is described as follows: stem of W2 strain has a value
of IC50 1.3 £ 071 ng / ml, resistant W2QSH200x2 strain have 1Csq values 4.2 £ 2.2 ng / ml, stem of D6 strain has
ICso value 0.92 + 0.10 ng/ml, resistant D6QSH2400x5 strain have ICsy value 8.8 £ 1.0 ng/ml and the stem of
TM91c235 strain showed I1Cs; values 2.2 + 1.8 ng/ml, and resistant TM91c235AL280x2 strain have 1Cs; value 8.7 +

5.4 ng / ml. This means that resistant parasites have an ability to withstand in higher drug induction.

Increasing the value of 1Cs, become 2-5 times also aplly during three parasite strains that has been tolerant to acid
artelinic, changes in the value of 1Csqwas also followed with an increasing in the number of copies, the expression
of mRNA and protein expression of pfmdrl genes [21].

Examination of Parasite Clearance Time (PCT) and Recrudescence Time (RT) Plasmodium berghei that
passaged repeatedly on the D5-D10 after being given Artemisinin for 3 days in D2 post infection

The provision of artemisinin for 3 days in D2 post infection, then after reaching parasitemia 2% was passages to the
new mice and given artemisinin repeatedly with the same dose 4 times passage shows Parasites Clearance Time
(PCT) after 3 days of artemisinin treatment dose of 200mg / kg body weight of mice on D5 showed an extention
time of PCT and accelerate recrudescence time. It was shown from the results that the PCT in P1 ranging from
0.362, P2 0.120, P3 0.140 and P4 0.140 with dormant morphology. Recrudescence Time (RT) Plasmodium berghei
is calculated after parasitemia reach 5% after receiving treatment for 3 days. The results of Recrudescence Time
(RT) on P1 after 7,7" days, P2 after 6.61 days P3 after 6.9 days and P4 after 6.5 days The results are consistent
with research conducted by Teuscher et al [22]. that treatment with dormant form of artesunate from ring stadium is

expected 0.001 - 1313 to grow back. Recovery from dormant parasite is a time to reach 5% parasitemia in the form
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of dormant. This is also found in the mice. From the results of research conducted by La Crue et al [12]. shows that
the form of dormant ring began recrudence about 7-9 days. Recrudescence time is consistent with the results of
research which the ranges is 7.7 days post infection and the time that required is shorter after 2", 3" and 4™ times of

passage.

The overview morphology of dormant in Plasmodium falciparum which exposed to artemisinin
antimalarial drug is a defense mechanism for the parasite to be able to survive from the exposure to artemisinin anti-
malarial drug. Parasites will be able to grow normally after the drug pressure is removed. In this dormant period, the
parasite can survive in a few days by slowing down the process of metabolism in order to limit the effects of the

drugs because there is no DNA synthesis in this situation [19].

This results are consistent with research conducted by Tucker et al [20].) on Plasmodium falciparum D6
stem strain with Plasmodium falciparum in strain that has been resistant D6QSH2400x5 showed normal
morphology after exposure to artemisinin anti-malaria, require faster time to grow back to normal and the ratio of
the morphology of normal parasites two times higher in the parasite which has been resistant when compared with
the stem parasitic strains. This shows that the strain of parasite that has been already resistant to artemisinin have an
ability to produce more dormant parasites and has the ability to be faster to get out from dormant period (viable), so
that the parasites are already resistant to artemisinin have the speed of recovery is higher than the stem strain which

are not resistant so it will accelerate its recrudescences.

Result of Observations of Morphology Plasmodium berghei that passage repeatedly after having been given
Artemisinin for 3 days in D 2 post infection

The description of developmental stages of Plasmodium berghei which passage repeatedly on D5-D10 after
having been given Artemisinin for 3 days in D2 post infection showed that in the control group which only infected
with Plasmodium berghei did not show any formation dormant in all of the control group that passaged repeatedly,
while in the treatment group that infected with Plasmodium berghei and given Artemisinin for 3 days in D2 post
infection, there was a formations of dormant. The ability of the parasite in this dormant period as a resistance

mechanism that lead to recrudescences of parasites and extension of parasite clearance times (PCT).
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The mechanism of artemisinin induces the formation of dormant is still unclear. However, it is believed
that the existence of dormant stage is associated with cell cycle regulation such as CDKs x and cyclins. This
dormant overview is also reported by Teuscher et al [23]. and Witkowski et al, [19]. Decreasing in metabolic
activity on the stage of the ring as a prerequisite of the ability of resistant parasite to be a form of dormant on the
artemisinin drug administration, so that the phenomenon can be used to explain the resistance to artemisinin is an
increasing of parasites in the form of dormant (Quiescence) from the ring in exposure to artemisinin anti-malaria
drug. Therefore, killing the resistant parasite required greater concentration of artemisinin anti-malarial drug. If the

concentration of the drug is same, the parasite is still able to survive and breed back with a faster time.

Ultrastructure by Transmission Electron Microscopy (TEM) on the ring stage that treated for 24 hours with
artemisinin showed a loss of substance of the membrane so that the crystal hemozoin is located in the cytoplasm of
the parasite and there was a formation of vacuoles. At the trophozoites stage which treated for 4 to 8 hours with a
high concentration of artemisinin which showed a loss of integrity of the digestive vacuole which is caused by
artemisinin that able to alcylate protein and lipid components from digestive vacuole membrane. In the schizonts
stage, there was merozoites morphology with abnormal nuclei. This condition has led to decrease Plasmodium

parasitemia due to death or inhibition in the development stage by exposure to artemisinin anti-malarial drug [16].

Conclusion

The results of this study can be concluded that artemisinin exposure with repeated passages in mice caused an
increasing of EDsy and EDg, values. Decreasing Parasite Clearance Time (PCT) and Recrudescence Time (RT) and
morphological changes in intraerythrocytic cycle, there was a dormant formation and loss of substance from the
digestive vacuole membrane so that the crystal hemozoin is located in the cytoplasm of the parasite and there was a
formation of vacuoles
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Abstract

Aim: The aim of this study is to prove the development of artemisinin resistance phenotypically

in malaria rodent as an in vivo resistance development model in humans.



Materials and Methods: Plasmodium berghei was infected intraperitoneally in mice, then
artemisinin was given with “4-day-test” with effective dose (ED) 99% dose for 3 days which
begins 48 h after infection (D2, D3, and D4). Parasite development was followed during 5 until
10" days of infection. After parasitemia >2% of red blood cell which contains parasites on 1
mice, that mice were used as donor to be passaged on the new 5 mice. After that, parasitemia
was calculated. EDso and EDgo were examined with parasite clearance time (PCT), recrudescence
time (RT), and also morphology development examination of intraerythrocytic cycle of P.

berghei with transmission electron microscope.

Results: Among the control group compare with the treatment group showed significant
differences at 0=0.05 on 5" day (D5) until 10" day (D10). The control group of 4" passage (K4)
with passage treatment group of 4™ passage (P4) on the 10" days (D10) post infection showed no
significant differences in the «=0.05. The average percentage of inhibition growth was
decreasing which is started from 5 to 10" day post infection in P1, P2, P3, and P4. On the
development of P. berghei stage, which is given repeated artemisinin and repeated passage, there

was a formation of dormant and also vacuoles in Plasmodium that exposed to the drug.

Conclusion: Exposure to artemisinin with repeated passages in mice increased the value of EDso
and EDgo, decreased the PCT and RT and also changes in morphology dormant and vacuole

formation.

Keywords: artemisinin, parasite clearance time, phenotypic, Plasmodium berghei, recrudescence

time, resistance.

<H1>Introduction



Malaria is still a public health problem in more than 90 countries. A rapid increasing incidence
of morbidity and mortality of malaria is caused by increasing parasite resistance to antimalarial
drugs. A new drug for malaria treatment which is used until right now is artemisinin and its
derivatives; this drug has the effect of working faster than other antimalarial drugs because they
have more complex mechanisms of action. However, there have been indicated that the
Plasmodium parasite has been resistant to this drug [1]. Clinical results already shown in two
patients infected with Plasmodium falciparum that was resistant to artesunate in Cambodia [2].
Results of the research show a decrease in efficacy against malaria falciparum to the combination

of artesunate-mefloquine in Cambodia [3].

Results of in vitro studies on P. falciparum which is exposed with repeated artemisinin as
antimalarial drug showed an increase of 50% inhibitory concentration (ICsp), phenotypic changes
dormant, and faster growth after Plasmodium viable from a dormant form. Besides, the exposure
to artemisinin also causes mutations in genes pfatpase6 [4]. The presence of parasite pressure on
the use of drugs with subcurative doses will lead to the development of new parasite that can
survive on the drug. The results of this research become an emergency because it could be
developed resistance in human being and lead to be one of health problems in the world because
there is no substitute for a new drug artemisinin. Malaria treatment failure using antimalarial

drug artemisinin and its derivatives appears to be an era of untreatable malaria.

In vivo experimental studies using rodent malaria used to support the translation of laboratory
studies into clinical studies, because the spectrum of malaria in humans is not yet clearly
understood how the mechanism of the pathogenesis. So that, this study could be used to explain
the mechanisms of resistance to artemisinin in vivo using mice as an animal model that infected

with Plasmodium berghei. Resistance of malaria and developed resistance to antimalarial drugs



need to do research to develop effective control strategies for malaria. However, this research is
really difficult to conduct in endemic areas because of the many confounding factors such as
infection multiple clones of infective mosquito bites that spreading. This research also
impossible to do in humans because of ethical reason [5]. This study used rodent malaria as a
model of resistance in vivo in humans by doing exposure to P. berghei with artemisinin on
effective dose 99% (EDgo: 200 mg/kg weight of mice) through repeated passage in mice.
Exposure of artemisinin as antimalarial drug with repeated passage in vivo in mice can be used as
a basic to predict and anticipate the spread of artemisinin antimalarial drug resistance in practical

use in the clinic.
<H1>Materials and Methods
<H2>Ethical approval

This study was conducted after getting approval with certificate number No. 464 KE from the
Animal Ethics Committees of Faculty of Veterinary Medicine, Airlangga University Surabaya

Indonesia.
<H2>Parasites, host, and drugs that used in the study

A parasite which is used to infect mice is P. berghei ANKA strain. Mice which are used are male
Albino Swiss strain, the weight is 20-30 g, and the aged is 2.5 months. Artemisinin which is used

is artemisinin Pro analysis from Sigma Chemical Co.jie1j2)
<H2>Infection dose of P. berghei in mice

Mice is infected with red blood cells (RBCs) containing parasites 1x10° P. berghei in 0.2 ml

intraperitoneally. To determine the infection has occurred in mice, microscopic examination of



erythrocytes of mice was done every day with thin blood smears that taken from tail vein of mice

and stained with Giemsa 20% [6].
<H2>Selection of artemisinin antimalarial drug resistance in vivo in mice

Exposure to artemisinin antimalarial drug in the treatment group: After inoculation of RBCs
containing parasites 1x10° P. berghei in 0.2 ml on 5 mices (DO) and then given artemisinin
antimalarial drug with “4-day-test” with EDgo dose (200 mg/kg weight of mice) was given for 3
days started at 48 h after infection (D2). Parasitemia was monitored and calculated at 120 h after
infection. After parasitemia >2% of RBCs containing parasites, they are used as donor and was
passaged on new 6 mice. After 48 h post infection, the mice were exposed to artemisinin
antimalarial drug with the same EDgy dose for 3 consecutive days 4 times passages. Control
group: After inoculation of RBCs containing parasites 1x10° P. berghei in 0.2 ml at 6 mice (DO)
was given no medication, parasitemia monitored and calculated at 48 h after infection. After
parasitemia >2% of RBCs containing parasites, they are used as donor and was passaged on the
new 5 mice, and the passages were repeated on mice 4 times. The development of parasite was

followed until 101 day of infection in all treatments [7,8].
<H2>Parasitemia calculation

Calculation of parasitemia in mice for each exposure to artemisinin and every passage in mice
conducted after 120 h (D5) post infection. Thin smear of blood vessels from tail vein of mice is
made, then fixed with methanol, stained with Giemsa 20% for 20 min, then washed with water
and dried. After that, the percentage of parasitemia of P. berghei was calculated by counting the
number of infected erythrocytes per 1000 erythrocytes under a light microscope with 1000x

magnification [9,10].



<H2>Measurement of 50% and 90% ED level (EDso and EDgo)

Measurement of EDso and EDgo level for each exposure to the artemisinin antimalarial drug in

mice was counted every passage 120 h (D5) post infection using the formula: (A—B)/A)x100

Where, A is the average parasitemia in control group and B is parasitemia in treatment group.

Determination EDso and EDgp is calculated using a linear regression program [11].

<H2>Examination of parasite clearance time (PCT) and recrudescence time (RT) of P.

berghei

Examination of PCT and RT P. berghei was done by checking the growth of the parasite 48 h
after completion of treatment for 3 days or 120 h (D5) post infection which is showed by the
absence of parasites in the thin blood smear of mice that taken from a tail vein and stained with
Giemsa 20% for 20 min and examined using a light microscope with 1000x magnification and
followed every day to see the development until 10" day post infection until discovered a

parasite >5% that can grow back (RT) [12].
<H2>Morphological stadium observation of P. berghei development

Morphological stage observation of the intraerythrocytic cycle development of P. berghei ring,
trophozoites and schizonts in the control group and the treatment of exposure to artemisinin-dose
EDgo with repeated passages in mice was conducted every 48 h on 5™, 6™, 8" and 10" day post
infection by counting the number of development dormant, ring, trophozoites and schizonts stage
in thin blood smears that stained with 20% Giemsa for 20 min and examined using light

microscope with 1000x magnification [13,14].



<H2>Ultrastructural morphology observation with a transmission electron microscope

(TEM)

RBC washed with sodium cacodylate pH 7.4, 500 mL and fixed with 5% glutaraldehyde
containing cacodylate buffer pH 7.4 and 3% sucrose for 24 h (stored at a temperature of 4°C).
Rinsed with sodium cacodylate 0.1 M pH 7.4 for 15 min and fixation is using osmium tetraoxide
2% and potassium ferricyanide KsFe(CN)e in 0.1 M cacodylate buffer, then dehydrated with
gradual concentration of ethanol. Then, tissue is immersed back with a solution of pure Spurr
and entered in a vacuum incubator 70°C overnight. This preparation will result tissue block with
hard consistency. Tissue is cut with diamond knife with 40-55 nm thick and attached to the grid
which has been coated with formvar 5% in chloroform and consists of 200 mesh. Results of
pieces were stained with uranyl acetate, followed with triple lead then examined using a JEOL
1010 TEM. Morphology of P. berghei parasites in erythrocytes that have been exposed to
artemisinin was observed and compared with negative control of P. berghei (without drug

exposure) [15].

<H2>Statistical analysis

The data on parasitemia percentage and growth inhibition of P. berghei were processed with
two-way ANOVA with the level of significance set at 5% to determine differences in treatment.
The data EDso and EDgo level, PCT, and RT of P. berghei were analyed with linier regression

using SPSS 17.0 and morphology P. berghei developmental stage was analyzed with description

<H1>Results



<H2>Results of parasitemia percentage and growth inhibition of P. berghei in the repeated
passage on the D5-D10 post infection after being given artemisinin for 3 days in the 2" day

post infection

Percentage of parasitemia of P. berghei ,which is repeated passage in D5-D10 after being given
artemisinin for 3 days in D2 post infection showed that among the control group (K1 to K4) and
the treatment group (P1 to P4) on the repeated passage (1% passage to 4" passage) showed
significant differences in the 0=0.05 on day 5 (D5) up to day 10 (D10) post infection except in
the 4" passage control group (K4) with 4" passage treatment group (P4) on 10" day (D10) post
infection showed no significant differences in the 0=0.05. That results are tested with the average
difference test and two tail t-test. The results of this study also showed that P. berghei infection
with repeated passage (P1, P2, P3, and P4) in mice that were given artemisinin repeatedly

showed a decrease of % growth inhibition (Figure-1).

<H2>Measurements EDso and EDg level P. berghei that repeated passages on the D5-D10

after being given artemisinin for 3 days in D2 post infection

Linear regression test is known that EDso and EDgo P. berghei in P1 EDso on 9.3" days and EDgo
on 5.7 days with the regression equation. Y=152.41-10.96 X. On P2 EDso on 8.3" days and
EDgo on 5.6™ with the regression equation Y=172.41-14.62 X. On P3 EDsp on 7.9" days and
EDgo on 5.6™ days with the regression equation Y=187.78—17.37 X. On P4 EDs on 7.5" days

and EDgo on 5.4™ days with the regression equation Y=192.13-18.8 X (Figure-2).

<H2>PCT and RT P. berghei that repeated passages on the D5-D10 after being given

artemisinin for 3 days in D2 post infection



Artemisinin that given for 3 days in D2 post infection, then after reaching parasitemia 2% was
passage to the new mice and given repeated artemisinin with the same dose up to 4 times passage
shows PCT after 3 days of artemisinin treatment with dose 200 mg/kg body weight of mice on
D5% parasitemia in P1 is approximately 0.362, P2 0.120, P3 0.140, and P4 0.140. RT P. berghei
is counted after parasitemia reach 5% after treatment for 3 days. The results of RT on P1
parasitemia reach 5% after 7.7 days with the equation of regression is Y=-11.22+2.13 X. P2
parasitemia reach 5% after 6.61 days with the equation of regression is Y=-21.55+4.02 X. P3
parasitemia reach 5% after 6.9 days with the equation of regression is Y=-18.63+3.43 X. P4
parasitemia reach 5% after 6.5 days with the equation of regression is Y=—27.56+5.03 X (Figure-

3).

<H2>Morphology P. berghei that passage repeatedly after having been given artemisinin
for 3 days in D2 post infection

Morphology of P. berghei with TEM control and treatment groups (Figure-4).
<H2>Morphology of P. berghei developmental stages that passage repeatedly on D5-D10

after having been given artemisinin for 3 days in D2 post infection

The description of developmental stages of P. berghei which passage repeatedly on D5-D10 after
having been given artemisinin for 3 days in D2 post infection showed that in the control group
which only infected with P. berghei did not show any formation dormant in all of the control
group that passaged repeatedly while in the treatment group that infected with P. berghei and

treated artemisinin for 3 days in D2 post infection, there was a formation of dormant (Figure-5).

<H1>Discussion



<H2>Results of parasitemia percentage and inhibition growth of P. berghei that passaged
repeatedly on D5-D10 post infection after being given artemisinin for 3 days in D 2 post

infection

The percentage of parasitemia in P. berghei that passages repeatedly on the D5-D10 after having
been given artemisinin for 3 days in D2 post infection show decreasing percentage of parasitemia
when compared with the control group. According to the statement of Anderson et al., 2010 that
artemisinin can decrease the parasite significantly within 24-48 h after treatment and more potent
than other antimalarials drugs, but artemisinin and its derivatives have ty, elimination in 1 h so
that is unable to eliminate the parasite after 3 days of treatment. Therefore, artemisinin should be
combined with other drugs such as amodiaquin, piperaquin, etc., to extend the working time of
the medicine (duration of action) so that the recrudescence after administration of artemisinin

can be avoided [16].

Repeated passage of P. berghei up to 4 times after have been given artemisinin showed an
increased percentage of parasitemia in the treatment group which is showed by significant
differences between the treatment groups that passage 1 times, 2 times, 3 times, and 4 times. This
suggests that the parasite is viable after drug exposure more than once showed development
toward resistant by the image of an extension of PCT and increased of speed recrudescence [17].
This is shown by the results % inhibition growth that decreases continually and increases the

growth rate in the treatment group that passaged repeatedly.

The results of this research on the 4" passage of control group 4 (K4) with 4" passage of
treatment group (P4) on 10" day (D10) post infection showed no significant difference with the

control group which were not given artemisinin at a=0.05. This suggests that the growth rate of



the treatment group which was given repeated artemisinin up to 4 times with the same dose for
each passage is not able to inhibit parasite growth with the same dose. The results of in vivo
studies using mice as a model to be infected with P. berghei is consistent with in vitro research
that is using P. falciparum, and the result showed an increasing value of ICso for each repeated
exposure to artemisinin which means that inhibit 50% of parasite requires a higher dose than the

dose of artemisinin earlier [18].

<H2>Results of measurements EDso and EDgo level P. berghei that passages repeatedly on

the D5-D10 after being given artemisinin for 3 days in D2 post infection

Results of linear regression test are known that ED level EDsg and EDgo P. berghei after repeated
exposure of artemisinin in the repeated passage and given artemisin on the same dose for each
passage showed an increasing of EDsp and EDgo which is to inhibit parasite growth in the same
time. The results indicate that the ED of artemisinin to inhibit P. berghei growth is increasing by
shortening of the required time for the parasite to grow back so that the parasites require higher

doses to be able to inhibit its growth in the same time.

The results are consistent with research with the selection of resistant P. berghei to pyronaridine
by repeated passage 20 times for 6 months. The results showed EDso and EDgo increased from 40
to 66 time [11]. The results are consistent with research in P. falciparum F32 Tanzania strain that
exposed to artemisinin for 3 years with low concentrations 0.01 uM, and then, concentrations are
increased up to 10 uM for 100 exposure times. The results after selection of F32-ART strain
showed that F32-ART with higher artemisinin exposure (35 and 70 uM) for 96 h, only on F32-
ART strain that has been selected will able to survive [19]. Other studies from the results of

research in P. falciparum GCO06 and CH3-61 strains before and after selection with artemisinin



with increased concentrations of each of 0-20 and 0-100 nM, after the parasite is viable, its is
showed an increasing ICsp values on the strains after selection with artemisinin which is the first
GCO06 strain has ICsp value from 3.1+0.1 changed to 12.5+1.6 nM and the first CH3-61 strains

have 1Cso values from 28.8+1.3 changed to 58.3+4.5 nM [16].

Research conducted by Tucker et al. [20] also showed that the parasite that has been resistant
required greater concentrations of the drug to inhibit parasite growth compared to its stem. ICso
has increased in the resistant parasite compared with parasitic stem on artemisinin, which is
described as follows: stem of W2 strain has a value of ICso 1.3+071 ng/ml, resistant
W2QSH200x2 strain have ICso values 4.2+2.2 ng/ml, stem of D6 strain has ICso value 0.92+0.10
ng/ml, resistant D6QSH2400x5 strain have ICso value 8.8+1.0 ng/ml and the stem of TM91c235
strain showed ICso values 2.2+1.8 ng/ml, and resistant TM91c235AL280x2 strain have ICso
value 8.7+5.4 ng/ml. This means that resistant parasites have an ability to withstand in higher

drug induction.

Increasing the value of 1Cso become 2-5 times also apply during three parasite strains that have
been tolerant to acid artelinic, changes in the value of ICso were also followed with an increasing

in the number of copies, the expression of MRNA, and protein expression of pfmdrl genes [21].

<H2>Examination of PCT and RT P. berghei that passaged repeatedly on the D5-D10 after

being given artemisinin for 3 days in D2 post infection

The provision of artemisinin for 3 days in D2 post infection, then after reaching parasitemia 2%
was passages to the new mice and given artemisinin repeatedly with the same dose 4 times
passage shows PCT after 3 days of artemisinin treatment dose of 200 mg/kg body weight of mice

on D5 showed an extension time of PCT and accelerate RT. It was shown from the results that



the PCT in P1 ranging from 0.362, P2 0.120, P3 0.140, and P4 0.140 with dormant morphology.
RT P. berghei is calculated after parasitemia reach 5% after receiving treatment for 3 days. The
results of RT on P1 after 7.7 days, P2 after 6.61 days, P3 after 6.9 days, and P4 after 6.5 days;
the results are consistent with research conducted by Teuscher et al. [22] that treatment with
dormant form of artesunate from ring stadium is expected 0.001-1313 to grow back. Recovery
from dormant parasite is a time to reach 5% parasitemia in the form of dormant. This is also
found in the mice. From the results of research conducted by La Crue et al. [12] shows that the
form of dormant ring began recrudescence about 7-9 days. RT is consistent with the results of
research which the ranges are 7.7 days post infection and the time that required is shorter after

2"d 3 and 4™ times of passage.

The overview morphology of dormant in P. falciparum which exposed to artemisinin
antimalarial drug is a defence mechanism for the parasite to be able to survive from the exposure
to artemisinin antimalarial drug. Parasites will be able to grow normally after the drug pressure is
removed. In this dormant period, the parasite can survive in a few days by slowing down the
process of metabolism to limit the effects of the drugs because there is no DNA synthesis in this

situation [19].

This results are consistent with research conducted by Tucker et al. [20] on P. falciparum D6
stem strain with P. falciparum in strain that has been resistant D6QSH2400x5 showed normal
morphology after exposure to artemisinin antimalaria, require faster time to grow back to normal
and the ratio of the morphology of normal parasites two times higher in the parasite which has
been resistant when compared with the stem parasitic strains. This shows that the strain of
parasite that has been already resistant to artemisinin have an ability to produce more dormant

parasites and can be faster to get out from dormant period (viable) so that the parasites are



already resistant to artemisinin have the speed of recovery is higher than the stem strain which

are not resistant so it will accelerate its recrudescences.

<H2>Result of observations of morphology P. berghei that passage repeatedly after having
been given artemisinin for 3 days in D 2 post infection

The description of developmental stages of P. berghei which passage repeatedly on D5-D10 after
having been given artemisinin for 3 days in D2 post infection showed that in the control group,
which only infected with P. berghei did not show any formation dormant in all of the control
group that passaged repeatedly while in the treatment group that infected with P. berghei and
given artemisinin for 3 days in D2 post infection, there were formations of dormant. The ability
of the parasite in this dormant period as a resistance mechanism that leads to recrudescences of

parasites and extension of PCTSs.

The mechanism of artemisinin induces the formation of dormant is still unclear. However, it is
believed that the existence of dormant stage is associated with cell cycle regulation such as
cyclin-dependent kinase b([myasysa]\[w and cyclins. This dormant overview is also reported by
Teuscher et al. [23] and Witkowski et al. [19]. Decreasing in metabolic activity on the stage of
the ring as a prerequisite of the ability of resistant parasite to be a form of dormant on the
artemisinin drug administration, so that the phenomenon can be used to explain the resistance to
artemisinin is an increasing of parasites in the form of dormant (quiescence) from the ring in
exposure to artemisinin antimalaria drug. Therefore, killing the resistant parasite required greater
concentration of artemisinin antimalarial drug. If the concentration of the drug is same, the

parasite is still able to survive and breed back with a faster time.



Ultrastructure by TEM on the ring stage that treated for 24 h with artemisinin showed a loss of
substance of the membrane so that the crystal hemozoin is located in the cytoplasm of the
parasite, and there was a formation of vacuoles. W the trophozoites stage which treated for 4-8 h
with a high concentration of artemisinin which showed a loss of integrity of the digestive
vacuole which is caused by artemisinin that able to alkylate protein and lipid components from
digestive vacuole membrane[[LES]\[Ls]. In the schizonts stage, there was merozoites morphology
with abnormal nuclei. This condition has led to decrease Plasmodium parasitemia due to death or

inhibition in the development stage by exposure to artemisinin antimalarial drug [16].
<H1>Conclusion

The results of this study can be concluded that artemisinin exposure with repeated passages in
mice caused an increasing of EDsp and EDg values. Decreasing PCT and RT and morphological
changes in intraerythrocytic cycle, there was a dormant formation and loss of substance from the
digestive vacuole membrane so that the crystal hemozoin is located in the cytoplasm of the
parasite and there was a formation of vacuoles.
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Figure-1: Graphic of Plasmodium berghei parasitemia percentage which is repeated passage on
D5- D10 after treated artemisinin for 3 days in D2 post infection. K1: Control once passage
untreated, K2: Control twice passage untreated, K3: Control 3 times passage untreated, K4:
Control 4 times passage untreated P1: Once treated and once passage, P2: Twice treated and

twice passage, P3: 3 times treated and 3 times passage, P4: 4 times treated and 4 times passage.
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Figure-2: Graphic of linear regression of 50% and 90% effective dose level Plasmodium berghei

that repeated passages on the D5-D10 after treated artemisinin for 3 days in D2 post infection.



P1: Once treated and once passage, P2: Twice treated and twice passage, P3: 3 times treated and

3 times passage, P4: 4 times treated and 4 times passage.
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Figure-3: Parasite clearance time and recrudescence time Plasmodium berghei that repeated

passages on the D5-D10 after treated artemisinin for 3 days in D2 post infection. P1: Once



treated and once passage, P2: Twice treated and twice passage, P3: 3 times treated and 3 times

passage, P4: 4 times treated and 4 times passage.




Figure-4: Morphology of Plasmodium bergei with transmission electron microscope on control

and treatment artemisinin groups. N: Nucleus, V: Vacuole, DV: Digestive vacuole. (a) Control

untreated, (b) once treated and once passage, (c) twice treated and twice passage, (d) 3 times

treated and three times passage, (e) 4 times treated and 4 times passage.
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Abstract

Aim: The aim of this study is to prove the development of artemisinin resistance phenotypically in malaria rodent as an
in vivo resistance development model in humans.

Materials and Methods: Plasmodium berghei was infected intraperitoneally in mice, then artemisinin was given with
“4-day-test” with effective dose (ED) 99% dose for 3 days which begins 48 h after infection (D2, D3, and D4). Parasite
development was followed during 5% until 10* days of infection. After parasitemia >2% of red blood cell which contains
parasites on 1 mice, that mice were used as donor to be passaged on the new 5 mice. After that, parasitemia was calculated.
ED,, and ED,, were examined with parasite clearance time (PCT), recrudescence time (RT), and also morphology
development examination of intraerythrocytic cycle of P. berghei with transmission electron microscope.

Results: Among the control group compare with the treatment group showed significant differences at a=0.05 on 5" day
(D5) until 10" day (D10). The control group of 4™ passage (K4) with passage treatment group of 4™ passage (P4) on the
10" days (D10) post infection showed no significant differences in the =0.05. The average percentage of inhibition growth
was decreasing which is started from 5™ to 10" day post infection in P1, P2, P3, and P4. On the development of P. berghei
stage, which is given repeated artemisinin and repeated passage, there was a formation of dormant and also vacuoles in

Plasmodium that exposed to the drug.

Conclusion: Exposure to artemisinin with repeated passages in mice increased the value of ED, and ED

4 decreased the

PCT and RT and also changes in morphology dormant and vacuole formation.

Keywords: artemisinin, parasite clearance time, phenotypic, Plasmodium berghei, recrudescence time, resistance.

Introduction

Malaria is still a public health problem in more
than 90 countries. A rapid increasing incidence
of morbidity and mortality of malaria is caused
by increasing parasite resistance to antimalarial
drugs. A new drug for malaria treatment which is
used until right now is artemisinin and its deriv-
atives; this drug has the effect of working faster
than other antimalarial drugs because they have
more complex mechanisms of action. However,
there have been indicated that the Plasmodium par-
asite has been resistant to this drug [1]. Clinical
results already shown in two patients infected with
Plasmodium falciparum that was resistant to artesu-
nate in Cambodia [2]. Results of the research show
a decrease in efficacy against malaria falciparum

Copyright: Maslachah, et al. Open Access. This article is
distributed under the terms of the Creative Commons Attribution
4.0 International License (http://creativecommons.org/licenses/
by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit
to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.
The Creative Commons Public Domain Dedication waiver (http://
creativecommons.org/publicdomain/zero/1.0/) applies to the data
made available in this article, unless otherwise stated.

to the combination of artesunate-mefloquine in
Cambodia [3].

Results of in vitro studies on P. falciparum which
is exposed with repeated artemisinin as antimalarial
drug showed an increase of 50% inhibitory concen-
tration (IC,), phenotypic changes dormant, and faster
growth after Plasmodium viable from a dormant form.
Besides, the exposure to artemisinin also causes muta-
tions in genes pfatpase6 [4]. The presence of parasite
pressure on the use of drugs with subcurative doses
will lead to the development of new parasite that
can survive on the drug. The results of this research
become an emergency because it could be developed
resistance in human being and lead to be one of health
problems in the world because there is no substitute
for a new drug artemisinin. Malaria treatment failure
using antimalarial drug artemisinin and its derivatives
appears to be an era of untreatable malaria.

In vivo experimental studies using rodent
malaria used to support the translation of laboratory
studies into clinical studies, because the spectrum of
malaria in humans is not yet clearly understood how
the mechanism of the pathogenesis. So that, this study
could be used to explain the mechanisms of resistance
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to artemisinin in vivo using mice as an animal model
that infected with Plasmodium berghei. Resistance
of malaria and developed resistance to antimalarial
drugs need to do research to develop effective con-
trol strategies for malaria. However, this research is
really difficult to conduct in endemic areas because of
the many confounding factors such as infection multi-
ple clones of infective mosquito bites that spreading.
This research also impossible to do in humans because
of ethical reason [5]. This study used rodent malaria
as a model of resistance in vivo in humans by doing
exposure to P. berghei with artemisinin on effective
dose 99% (ED,,: 200 mg/kg weight of mice) through
repeated passage in mice. Exposure of artemisinin
as antimalarial drug with repeated passage in vivo in
mice can be used as a basic to predict and anticipate
the spread of artemisinin antimalarial drug resistance
in practical use in the clinic.

Materials and Methods

Ethical approval

This study was conducted after getting approval
with certificate number no. 464 KE from the Animal
Ethics Committees of Faculty of Veterinary Medicine,
Airlangga University Surabaya Indonesia.

Parasites, host, and drugs that used in the study

A parasite which is used to infect mice is
P. berghei ANKA strain. Mice which are used are
male Albino Swiss strain, the weight is 20-30 g, and
the aged is 2.5 months. Artemisinin which is used pro
analysis from Sigma Chemical Co.

Infection dose of P. berghei in mice

Mice is infected with red blood cells (RBCs)
containing parasites 1x10° P. berghei in 0.2 ml intra-
peritoneally. To determine the infection has occurred
in mice, microscopic examination of erythrocytes of
mice was done every day with thin blood smears that
taken from tail vein of mice and stained with Giemsa
20% [6].
Selection of artemisinin antimalarial drug resistance
In vivo In mice

Exposure to artemisinin antimalarial drug in the
treatment group: After inoculation of RBCs contain-
ing parasites 1x10° P. berghei in 0.2 ml on 5 mices
(D0) and then given artemisinin antimalarial drug
with “4-day-test” with ED,, dose (200 mg/kg weight
of mice) was given for 3 days started at 48 h after
infection (D2). Parasitemia was monitored and cal-
culated at 120 h after infection. After parasitemia
>2% of RBCs containing parasites, they are used as
donor and was passaged on new 6 mice. After 48 h
post infection, the mice were exposed to artemisinin
antimalarial drug with the same ED,, dose for 3 con-
secutive days 4 times passages. Control group: After
inoculation of RBCs containing parasites 1x103
P. berghei in 0.2 ml at 6 mice (D0) was given no
medication, parasitemia monitored and calculated at
48 h after infection. After parasitemia >2% of RBCs

containing parasites, they are used as donor and was
passaged on the new 5 mice, and the passages were
repeated on mice 4 times. The development of par-
asite was followed until 10" day of infection in all
treatments [7,8].

Parasitemia calculation

Calculation of parasitemia in mice for each
exposure to artemisinin and every passage in mice
conducted after 120 h (D5) post infection. Thin smear
of blood vessels from tail vein of mice is made, then
fixed with methanol, stained with Giemsa 20% for
20 min, then washed with water and dried. After that,
the percentage of parasitemia of P. berghei was calcu-
lated by counting the number of infected erythrocytes
per 1000 erythrocytes under a light microscope with
1000x magnification [9,10].

Measurementof50% and 90% ED level (ED,,and ED,,)

Measurement of ED,  and ED, level for each
exposure to the artemisinin antimalarial drug in mice
was counted every passage 120 h (D5) post infection
using the formula: (A—B)/A)x100

Where, A is the average parasitemia in con-
trol group and B is parasitemia in treatment group.
Determination ED_ and ED, is calculated using a lin-
ear regression program [11].
Examination of parasite clearance time (PCT) and
recrudescence time (RT) of P. berghei

Examination of PCT and RT P berghei was
done by checking the growth of the parasite 48 h after
completion of treatment for 3 days or 120 h (D5) post
infection which is showed by the absence of parasites
in the thin blood smear of mice that taken from a tail
vein and stained with Giemsa 20% for 20 min and
examined using a light microscope with 1000x mag-
nification and followed every day to see the develop-
ment until 10" day post infection until discovered a
parasite >5% that can grow back (RT) [12].
Morphological stadium observation of P. berghei
development

Morphological stage observation of the
intraerythrocytic cycle development of P berghei
ring, trophozoites and schizonts in the control group
and the treatment of exposure to artemisinin-dose
ED,, with repeated passages in mice was conducted
every 48 h on 5%, 6", 8" and 10™ day post infection
by counting the number of development dormant,
ring, trophozoites and schizonts stage in thin blood
smears that stained with 20% Giemsa for 20 min
and examined using light microscope with 1000x
magnification [13,14].
Ultrastructural morphology observation with a trans-
mission electron microscope (TEM)

RBC washed with sodium cacodylate pH 7.4,
500 mL and fixed with 5% glutaraldehyde contain-
ing cacodylate buffer pH 7.4 and 3% sucrose for 24 h
(stored at a temperature of 4°C). Rinsed with sodium
cacodylate 0.1 M pH 7.4 for 15 min and fixation is
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using osmium tetraoxide 2% and potassium ferricy-
anide K,Fe(CN), in 0.1 M cacodylate buffer, then
dehydrated with gradual concentration of ethanol.
Then, tissue is immersed back with a solution of pure
Spurr and entered in a vacuum incubator 70°C over-
night. This preparation will result tissue block with
hard consistency. Tissue is cut with diamond knife
with 40-55 nm thick and attached to the grid which
has been coated with formvar 5% in chloroform and
consists of 200 mesh. Results of pieces were stained
with uranyl acetate, followed with triple lead then
examined using a JEOL 1010 TEM. Morphology of
P berghei parasites in erythrocytes that have been
exposed to artemisinin was observed and compared
with negative control of P berghei (without drug
exposure) [15].

Statistical analysis

The data on parasitemia percentage and growth
inhibition of P. berghei were processed with two-way
ANOVA with the level of significance set at 5% to
determine differences in treatment. The data ED, and
ED,, level, PCT, and RT of P. berghei were analyed
with linier regression using SPSS 17.0 and morphol-
ogy P. berghei developmental stage was analyzed with

description

Results

Results of parasitemia percentage and growth inhi-
bition of P. berghei in the repeated passage on the
D5-D10 post infection after being given artemisinin
for 3 days in the 2" day post infection

Percentage of parasitemia of P. berghei, which
is repeated passage in D5-D10 after being given arte-
misinin for 3 days in D2 post infection showed that
among the control group (K1 to K4) and the treatment
group (P1 to P4) on the repeated passage (1% passage
to 4™ passage) showed significant differences in the
0=0.05 on day 5 (D5) up to day 10 (D10) post infec-
tion except in the 4" passage control group (K4) with
4™ passage treatment group (P4) on 10™ day (D10)
post infection showed no significant differences in the
0=0.05. That results are tested with the average differ-
ence test and two tail t-test. The results of this study
also showed that P. berghei infection with repeated
passage (P1, P2, P3, and P4) in mice that were given
artemisinin repeatedly showed a decrease of % growth
inhibition (Figure-1).

Measurements ED,, and ED,, level P. berghei that

repeated passages on the D5-D10 after being given
artemisinin for 3 days in D2 post infection

Linearregression testis known that ED, and ED,,
P.bergheiinP1 ED, on9.3"daysand ED  on5.7" days
with the regression equation. Y=152.41-10.96 X.
On P2 ED_ on 8.3" days and ED, on 5.6" with the
regression equation Y=172.41-14.62 X. On P3 ED,
on 7.9" days and ED, on 5.6™ days with the regres-
sion equation Y=187.78-17.37 X. On P4 ED, on
7.5" days and ED, on 5.4™ days with the regression
equation Y=192.13—18.8 X (Figure-2).
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Figure-1: Graphic of Plasmodium berghei parasitemia
percentage which is repeated passage on D5- D10 after
treated artemisinin for 3 days in D2 post infection.
K1: Control once passage untreated, K2: Control twice
passage untreated, K3: Control 3 times passage untreated,
K4: Control 4 times passage untreated P1: Once treated
and once passage, P2: Twice treated and twice passage,
P3: 3 times treated and 3 times passage, P4: 4 times
treated and 4 times passage.

PCT and RT P. berghei that repeated passages on the
D5-D10 after being given artemisinin for 3 days in D2
post infection

Artemisinin that given for 3 days in D2 post
infection, then after reaching parasitemia 2% was
passage to the new mice and given repeated artemis-
inin with the same dose up to 4 times passage shows
PCT after 3 days of artemisinin treatment with dose
200 mg/kg body weight of mice on D5% parasitemia
in P1 is approximately 0.362, P2 0.120, P3 0.140, and
P4 0.140. RT P. berghei is counted after parasitemia
reach 5% after treatment for 3 days. The results of RT
on P1 parasitemia reach 5% after 7.7 days with the
equation of regression is Y=—11.22+2.13 X. P2 par-
asitemia reach 5% after 6.61 days with the equation
of regression is Y=-21.55+4.02 X. P3 parasitemia
reach 5% after 6.9 days with the equation of regres-
sion is Y=—18.63+3.43 X. P4 parasitemia reach
5% after 6.5 days with the equation of regression is
Y=-27.56+5.03 X (Figure-3).

Morphology P. berghei that passage repeatedly after

having been given artemisinin for 3 days in D2 post
infection

Morphology of P. berghei with TEM control and
treatment groups (Figure-4).
Morphology of P. berghei developmental stages that

passage repeatedly on D5-D10 after having been
given artemisinin for 3 days in D2 post infection

The description of developmental stages of
P. berghei which passage repeatedly on D5-D10 after
having been given artemisinin for 3 days in D2 post
infection showed that in the control group which only
infected with P. berghei did not show any formation
dormant in all of the control group that passaged
repeatedly while in the treatment group that infected
with P. berghei and treated artemisinin for 3 days in
D2 post infection, there was a formation of dormant
(Figure-5).
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Figure-2: Graphic of linear regression of 50% and 90% effective dose level Plasmodium berghei that repeated passages
on the D5-D10 after treated artemisinin for 3 days in D2 post infection. P1: Once treated and once passage, P2: Twice
treated and twice passage, P3: 3 times treated and 3 times passage, P4: 4 times treated and 4 times passage.
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Figure-3: Parasite clearance time and recrudescence time Plasmodium berghei that repeated passages on the D5-D10
after treated artemisinin for 3 days in D2 post infection. P1: Once treated and once passage, P2: Twice treated and twice
passage, P3: 3 times treated and 3 times passage, P4: 4 times treated and 4 times passage.
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Figure-4:

Morphology of Plasmodium bergei with
transmission electron microscope on control and treatment
artemisinin groups. N: Nucleus, V: Vacuole, DV: Digestive
vacuole. (a) Control untreated, (b) once treated and once
passage, (c) twice treated and twice passage, (d) 3 times
treated and three times passage, (e) 4 times treated and
4 times passage.

Discussion

Results of parasitemia percentage and inhibition
growth of P. berghei that passaged repeatedly on
D5-D10 post infection after being given artemisinin
for 3 days in D2 post infection

The percentage of parasitemia in P. berghei that
passages repeatedly on the D5-D10 after having been
given artemisinin for 3 days in D2 post infection show
decreasing percentage of parasitemia when compared
with the control group. According to the statement of
Anderson et al., 2010 that artemisinin can decrease
the parasite significantly within 24-48 h after treat-
ment and more potent than other antimalarials drugs,
but artemisinin and its derivatives have t, elimination
in 1 h so that is unable to eliminate the parasite after
3 days of treatment. Therefore, artemisinin should be
combined with other drugs such as amodiaquin, piper-
aquin, etc., to extend the working time of the medicine
(duration of action) so that the recrudescence after
administration of artemisinin can be avoided [16].

Repeated passage of P. berghei up to 4 times after
have been given artemisinin showed an increased per-
centage of parasitemia in the treatment group which is
showed by significant differences between the treat-
ment groups that passage 1 times, 2 times, 3 times,
and 4 times. This suggests that the parasite is viable
after drug exposure more than once showed develop-
ment toward resistant by the image of an extension
of PCT and increased of speed recrudescence [17].
This is shown by the results % inhibition growth that
decreases continually and increases the growth rate in
the treatment group that passaged repeatedly.

The results of this research on the 4" passage
of control group 4 (K4) with 4" passage of treatment
group (P4) on 10" day (D10) post infection showed
no significant difference with the control group which
were not given artemisinin at 0=0.05. This suggests
that the growth rate of the treatment group which was
given repeated artemisinin up to 4 times with the same
dose for each passage is not able to inhibit parasite
growth with the same dose. The results of in vivo stud-
ies using mice as a model to be infected with P. ber-
ghei is consistent with in vitro research that is using
P. falciparum, and the result showed an increasing
value of IC, for each repeated exposure to artemisi-
nin which means that inhibit 50% of parasite requires
a higher dose than the dose of artemisinin earlier [18].

Results of measurements ED,, and ED,, level
P. berghei that passages repeatedly on the D5-D10
after being given artemisinin for 3 days in D2 post
infection

Results of linear regression test are known that
ED level ED,  and ED,, P. berghei after repeated
exposure of artemisinin in the repeated passage and
given artemisin on the same dose for each passage
showed an increasing of ED,, and ED,, which is to
inhibit parasite growth in the same time. The results
indicate that the ED of artemisinin to inhibit P. berghei
growth is increasing by shortening of the required
time for the parasite to grow back so that the parasites
require higher doses to be able to inhibit its growth in
the same time.

The results are consistent with research with
the selection of resistant P. berghei to pyronaridine
by repeated passage 20 times for 6 months. The
results showed ED,  and ED, increased from 40 to
66 time [11]. The results are consistent with research
in P. falciparum F32 Tanzania strain that exposed
to artemisinin for 3 years with low concentrations
0.01 uM, and then, concentrations are increased up
to 10 uM for 100 exposure times. The results after
selection of F32-ART strain showed that F32-ART
with higher artemisinin exposure (35 and 70 pM) for
96 h, only on F32-ART strain that has been selected
will able to survive [19]. Other studies from the
results of research in P. falciparum GC06 and CH3-
61 strains before and after selection with artemisinin
with increased concentrations of each of 0-20 and
0-100 nM, after the parasite is viable, its is showed
an increasing IC values on the strains after selec-
tion with artemisinin which is the first GC06 strain
has IC, value from 3.1+0.1 changed to 12.5+1.6 nM
and the first CH3-61 strains have IC,, values from
28.8+1.3 changed to 58.3+4.5 nM [16].

Research conducted by Tucker et al. [20]
also showed that the parasite that has been resis-
tant required greater concentrations of the drug to
inhibit parasite growth compared to its stem. IC
has increased in the resistant parasite compared with
parasitic stem on artemisinin, which is described
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Figure-5: Morphology of Plasmodium berghei developmental stages which repeated passage on D5-D10 after treated
artemisinin for 3 days in D2 post infection. K1: Control once passage untreated, K2: Control twice passage untreated,
K3: Control 3 times passage untreated, K4: Control 4 times passage untreated P1: Once treated and once passage,
P2: Twice treated and twice passage, P3: 3 times treated and 3 times passage, P4: 4 times treated and 4 times passage.

as follows: Stem of W2 strain has a value of IC,;  value 0.92£0.10 ng/ml, resistant D6QSH2400x5

1.3+071 ng/ml, resistant W2QSH200x2 strain have  strain have IC, value 8.8+1.0 ng/ml and the stem of
IC,, values 4.242.2 ng/ml, stem of D6 strain has IC,; ~ TM91¢235 strain showed IC, values 2.2+1.8 ng/ml,
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and resistant TM91c235AL280x2 strain have IC,
value 8.7+5.4 ng/ml. This means that resistant parasites
have an ability to withstand in higher drug induction.
Increasing the value of IC, become 2-5 times
also apply during three parasite strains that have been
tolerant to acid artelinic, changes in the value of IC,
were also followed with an increasing in the num-
ber of copies, the expression of mRNA, and protein
expression of pfimdrl genes [21].
Examination of PCT and RT P. berghei that passaged
repeatedly on the D5-D10 after being given artemis-
inin for 3 days in D2 post infection

The provision of artemisinin for 3 days in D2
post infection, then after reaching parasitemia 2%
was passages to the new mice and given artemis-
inin repeatedly with the same dose 4 times passage
shows PCT after 3 days of artemisinin treatment dose
of 200 mg/kg body weight of mice on D5 showed
an extension time of PCT and accelerate RT. It was
shown from the results that the PCT in P1 ranging
from 0.362, P2 0.120, P3 0.140, and P4 0.140 with
dormant morphology. RT P. berghei is calculated after
parasitemia reach 5% after receiving treatment for
3 days. The results of RT on P1 after 7.7 days, P2 after
6.61 days, P3 after 6.9 days, and P4 after 6.5 days;
the results are consistent with research conducted by
Teuscher et al. [22] that treatment with dormant form
of artesunate from ring stadium is expected 0.001-
1313 to grow back. Recovery from dormant parasite
is a time to reach 5% parasitemia in the form of dor-
mant. This is also found in the mice. From the results
of research conducted by La Crue ef al. [12] shows
that the form of dormant ring began recrudescence
about 7-9 days. RT is consistent with the results of
research which the ranges are 7.7 days post infection
and the time that required is shorter after 2", 3" and
4™ times of passage.

The overview morphology of dormant in P. falci-
parum which exposed to artemisinin antimalarial drug
is a defence mechanism for the parasite to be able to
survive from the exposure to artemisinin antimalarial
drug. Parasites will be able to grow normally after the
drug pressure is removed. In this dormant period, the
parasite can survive in a few days by slowing down
the process of metabolism to limit the effects of the
drugs because there is no DNA synthesis in this situ-
ation [19].

This results are consistent with research con-
ducted by Tucker et al. [20] on P. falciparum D6 stem
strain with P. falciparum in strain that has been resis-
tant D6QSH2400x5 showed normal morphology after
exposure to artemisinin antimalaria, require faster
time to grow back to normal and the ratio of the mor-
phology of normal parasites two times higher in the
parasite which has been resistant when compared with
the stem parasitic strains. This shows that the strain of
parasite that has been already resistant to artemisinin
have an ability to produce more dormant parasites and
can be faster to get out from dormant period (viable)

so that the parasites are already resistant to artemisi-
nin have the speed of recovery is higher than the stem
strain which are not resistant so it will accelerate its
recrudescences.

Result of observations of morphology P. berghei that

passage repeatedly after having been given artemis-
inin for 3 days in D 2 post infection

The description of developmental stages of
P. berghei which passage repeatedly on D5-D10 after
having been given artemisinin for 3 days in D2 post
infection showed that in the control group, which
only infected with P. berghei did not show any forma-
tion dormant in all of the control group that passaged
repeatedly while in the treatment group that infected
with P. berghei and given artemisinin for 3 days in
D2 post infection, there were formations of dormant.
The ability of the parasite in this dormant period as a
resistance mechanism that leads to recrudescences of
parasites and extension of PCTs.

The mechanism of artemisinin induces the forma-
tion of dormant is still unclear. However, it is believed
that the existence of dormant stage is associated with
cell cycle regulation such as cyclin-dependent kinase
and cyclins. This dormant overview is also reported
by Teuscher et al. [23] and Witkowski et al. [19].
Decreasing in metabolic activity on the stage of the
ring as a prerequisite of the ability of resistant para-
site to be a form of dormant on the artemisinin drug
administration, so that the phenomenon can be used
to explain the resistance to artemisinin is an increas-
ing of parasites in the form of dormant (quiescence)
from the ring in exposure to artemisinin antimalaria
drug. Therefore, killing the resistant parasite required
greater concentration of artemisinin antimalarial drug.
If the concentration of the drug is same, the parasite is
still able to survive and breed back with a faster time.

Ultrastructure by TEM on the ring stage that
treated for 24 h with artemisinin showed a loss of sub-
stance of the membrane so that the crystal hemozoin
is located in the cytoplasm of the parasite, and there
was a formation of vacuoles. The trophozoites stage
which was treated with a high concentration of arte-
misinin for 4 to 8 h, showed loss of digestive vac-
uoles integrity, has an ability to alkylate the protein
and lipid components of digestive vacuole membrane.
In the schizonts stage, there was merozoites morphol-
ogy with abnormal nuclei. This condition has led to
decrease Plasmodium parasitemia due to death or
inhibition in the development stage by exposure to
artemisinin antimalarial drug [16].

Conclusion

The results of this study can be concluded that
artemisinin exposure with repeated passages in
mice caused an increasing of ED,, and ED,, values.
Decreasing PCT and RT and morphological changes
in intraerythrocytic cycle, there was a dormant forma-
tion and loss of substance from the digestive vacuole
membrane so that the crystal hemozoin is located in
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the cytoplasm of the parasite and there was a forma-
tion of vacuoles.
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Abstract



Aim: The aim of this study is to prove the development of artemisinin resistance phenotypically

in malaria rodent as an in vivo resistance development model in humans.

Materials and Methods: Plasmodium berghei was infected intraperitoneally in mice, then
artemisinin was given with “4-day-test” with effective dose (ED) 99% dose for 3 days which
begins 48 h after infection (D2, D3, and D4). Parasite development was followed during 5" until
10" days of infection. After parasitemia >2% of red blood cell which contains parasites on 1
mice, that mice were used as donor to be passaged on the new 5 mice. After that, parasitemia
was calculated. EDsg and EDgo were examined with parasite clearance time (PCT), recrudescence
time (RT), and also morphology development examination of intraerythrocytic cycle of P.

berghei with transmission electron microscope.

Results: Among the control group compare with the treatment group showed significant
differences at a=0.05 on 5" day (D5) until 10" day (D10). The control group of 4" passage (K4)
with passage treatment group of 4™ passage (P4) on the 10" days (D10) post infection showed no
significant differences in the «=0.05. The average percentage of inhibition growth was
decreasing which is started from 5 to 10" day post infection in P1, P2, P3, and P4. On the
development of P. berghei stage, which is given repeated artemisinin and repeated passage, there

was a formation of dormant and also vacuoles in Plasmodium that exposed to the drug.

Conclusion: Exposure to artemisinin with repeated passages in mice increased the value of EDso
and EDgo, decreased the PCT and RT and also changes in morphology dormant and vacuole

formation.

Keywords: artemisinin, parasite clearance time, phenotypic, Plasmodium bergheli, recrudescence

time, resistance.



<H1>Introduction

Malaria is still a public health problem in more than 90 countries. A rapid increasing incidence
of morbidity and mortality of malaria is caused by increasing parasite resistance to antimalarial
drugs. A new drug for malaria treatment which is used until right now is artemisinin and its
derivatives; this drug has the effect of working faster than other antimalarial drugs because they
have more complex mechanisms of action. However, there have been indicated that the
Plasmodium parasite has been resistant to this drug [1]. Clinical results already shown in two
patients infected with Plasmodium falciparum that was resistant to artesunate in Cambodia [2].
Results of the research show a decrease in efficacy against malaria falciparum to the combination

of artesunate-mefloquine in Cambodia [3].

Results of in vitro studies on P. falciparum which is exposed with repeated artemisinin as
antimalarial drug showed an increase of 50% inhibitory concentration (ICso), phenotypic changes
dormant, and faster growth after Plasmodium viable from a dormant form. Besides, the exposure
to artemisinin also causes mutations in genes pfatpase6 [4]. The presence of parasite pressure on
the use of drugs with subcurative doses will lead to the development of new parasite that can
survive on the drug. The results of this research become an emergency because it could be
developed resistance in human being and lead to be one of health problems in the world because
there is no substitute for a new drug artemisinin. Malaria treatment failure using antimalarial

drug artemisinin and its derivatives appears to be an era of untreatable malaria.

In vivo experimental studies using rodent malaria used to support the translation of laboratory
studies into clinical studies, because the spectrum of malaria in humans is not yet clearly

understood how the mechanism of the pathogenesis. So that, this study could be used to explain



the mechanisms of resistance to artemisinin in vivo using mice as an animal model that infected
with Plasmodium berghei. Resistance of malaria and developed resistance to antimalarial drugs
need to do research to develop effective control strategies for malaria. However, this research is
really difficult to conduct in endemic areas because of the many confounding factors such as
infection multiple clones of infective mosquito bites that spreading. This research also
impossible to do in humans because of ethical reason [5]. This study used rodent malaria as a
model of resistance in vivo in humans by doing exposure to P. berghei with artemisinin on
effective dose 99% (EDgo: 200 mg/kg weight of mice) through repeated passage in mice.
Exposure of artemisinin as antimalarial drug with repeated passage in vivo in mice can be used as
a basic to predict and anticipate the spread of artemisinin antimalarial drug resistance in practical

use in the clinic.
<H1>Materials and Methods
<H2>Ethical approval

This study was conducted after getting approval with certificate number No. 464 KE from the
Animal Ethics Committees of Faculty of Veterinary Medicine, Airlangga University Surabaya

Indonesia.
<H2>Parasites, host, and drugs that used in the study

A parasite which is used to infect mice is P. berghei ANKA strain. Mice which are used are male
Albino Swiss strain, the weight is 20-30 g, and the aged is 2.5 months. Artemisinin which is used

pro analysis from Sigma Chemical Co.ie12]13)

<H2>Infection dose of P. berghei in mice



Mice is infected with red blood cells (RBCs) containing parasites 1x10° P. berghei in 0.2 ml
intraperitoneally. To determine the infection has occurred in mice, microscopic examination of
erythrocytes of mice was done every day with thin blood smears that taken from tail vein of mice

and stained with Giemsa 20% [6].
<H2>Selection of artemisinin antimalarial drug resistance in vivo in mice

Exposure to artemisinin antimalarial drug in the treatment group: After inoculation of RBCs
containing parasites 1x10° P. berghei in 0.2 ml on 5 mices (DO) and then given artemisinin
antimalarial drug with “4-day-test” with EDgy dose (200 mg/kg weight of mice) was given for 3
days started at 48 h after infection (D2). Parasitemia was monitored and calculated at 120 h after
infection. After parasitemia >2% of RBCs containing parasites, they are used as donor and was
passaged on new 6 mice. After 48 h post infection, the mice were exposed to artemisinin
antimalarial drug with the same EDgy dose for 3 consecutive days 4 times passages. Control
group: After inoculation of RBCs containing parasites 1x10° P. berghei in 0.2 ml at 6 mice (DO)
was given no medication, parasitemia monitored and calculated at 48 h after infection. After
parasitemia >2% of RBCs containing parasites, they are used as donor and was passaged on the
new 5 mice, and the passages were repeated on mice 4 times. The development of parasite was

followed until 101" day of infection in all treatments [7,8].
<H2>Parasitemia calculation

Calculation of parasitemia in mice for each exposure to artemisinin and every passage in mice
conducted after 120 h (D5) post infection. Thin smear of blood vessels from tail vein of mice is
made, then fixed with methanol, stained with Giemsa 20% for 20 min, then washed with water

and dried. After that, the percentage of parasitemia of P. berghei was calculated by counting the



number of infected erythrocytes per 1000 erythrocytes under a light microscope with 1000x

magnification [9,10].
<H2>Measurement of 50% and 90% ED level (EDso and EDgo)

Measurement of EDso and EDgo level for each exposure to the artemisinin antimalarial drug in

mice was counted every passage 120 h (D5) post infection using the formula: (A—B)/A)x100

Where, A is the average parasitemia in control group and B is parasitemia in treatment group.

Determination EDso and EDgp is calculated using a linear regression program [11].

<H2>Examination of parasite clearance time (PCT) and recrudescence time (RT) of P.

berghei

Examination of PCT and RT P. berghei was done by checking the growth of the parasite 48 h
after completion of treatment for 3 days or 120 h (D5) post infection which is showed by the
absence of parasites in the thin blood smear of mice that taken from a tail vein and stained with
Giemsa 20% for 20 min and examined using a light microscope with 1000x magnification and
followed every day to see the development until 10" day post infection until discovered a

parasite >5% that can grow back (RT) [12].
<H2>Morphological stadium observation of P. berghei development

Morphological stage observation of the intraerythrocytic cycle development of P. berghei ring,
trophozoites and schizonts in the control group and the treatment of exposure to artemisinin-dose
EDgs with repeated passages in mice was conducted every 48 h on 5™, 6™, 8" and 10" day post

infection by counting the number of development dormant, ring, trophozoites and schizonts stage



in thin blood smears that stained with 20% Giemsa for 20 min and examined using light

microscope with 1000x magnification [13,14].

<H2>Ultrastructural morphology observation with a transmission electron microscope

(TEM)

RBC washed with sodium cacodylate pH 7.4, 500 mL and fixed with 5% glutaraldehyde
containing cacodylate buffer pH 7.4 and 3% sucrose for 24 h (stored at a temperature of 4°C).
Rinsed with sodium cacodylate 0.1 M pH 7.4 for 15 min and fixation is using osmium tetraoxide
2% and potassium ferricyanide KsFe(CN)s in 0.1 M cacodylate buffer, then dehydrated with
gradual concentration of ethanol. Then, tissue is immersed back with a solution of pure Spurr
and entered in a vacuum incubator 70°C overnight. This preparation will result tissue block with
hard consistency. Tissue is cut with diamond knife with 40-55 nm thick and attached to the grid
which has been coated with formvar 5% in chloroform and consists of 200 mesh. Results of
pieces were stained with uranyl acetate, followed with triple lead then examined using a JEOL
1010 TEM. Morphology of P. berghei parasites in erythrocytes that have been exposed to
artemisinin was observed and compared with negative control of P. berghei (without drug

exposure) [15].

<H2>Statistical analysis

The data on parasitemia percentage and growth inhibition of P. berghei were processed with
two-way ANOVA with the level of significance set at 5% to determine differences in treatment.
The data EDso and EDgo level, PCT, and RT of P. berghei were analyed with linier regression

using SPSS 17.0 and morphology P. berghei developmental stage was analyzed with description

<H1>Results



<H2>Results of parasitemia percentage and growth inhibition of P. berghei in the repeated
passage on the D5-D10 post infection after being given artemisinin for 3 days in the 2" day

post infection

Percentage of parasitemia of P. berghei ,which is repeated passage in D5-D10 after being given
artemisinin for 3 days in D2 post infection showed that among the control group (K1 to K4) and
the treatment group (P1 to P4) on the repeated passage (1% passage to 4" passage) showed
significant differences in the 0=0.05 on day 5 (D5) up to day 10 (D10) post infection except in
the 4" passage control group (K4) with 4" passage treatment group (P4) on 10" day (D10) post
infection showed no significant differences in the 0=0.05. That results are tested with the average
difference test and two tail t-test. The results of this study also showed that P. berghei infection
with repeated passage (P1, P2, P3, and P4) in mice that were given artemisinin repeatedly

showed a decrease of % growth inhibition (Figure-1).

<H2>Measurements EDso and EDg level P. berghei that repeated passages on the D5-D10

after being given artemisinin for 3 days in D2 post infection

Linear regression test is known that EDso and EDgo P. berghei in P1 EDso on 9.3" days and EDgo
on 5.7 days with the regression equation. Y=152.41-10.96 X. On P2 EDso on 8.3" days and
EDgo on 5.6™ with the regression equation Y=172.41-14.62 X. On P3 EDsp on 7.9" days and
EDgo on 5.6™ days with the regression equation Y=187.78—17.37 X. On P4 EDs on 7.5" days

and EDgo on 5.4™ days with the regression equation Y=192.13-18.8 X (Figure-2).

<H2>PCT and RT P. berghei that repeated passages on the D5-D10 after being given

artemisinin for 3 days in D2 post infection



Artemisinin that given for 3 days in D2 post infection, then after reaching parasitemia 2% was
passage to the new mice and given repeated artemisinin with the same dose up to 4 times passage
shows PCT after 3 days of artemisinin treatment with dose 200 mg/kg body weight of mice on
D5% parasitemia in P1 is approximately 0.362, P2 0.120, P3 0.140, and P4 0.140. RT P. berghei
is counted after parasitemia reach 5% after treatment for 3 days. The results of RT on P1
parasitemia reach 5% after 7.7 days with the equation of regression is Y=-11.22+2.13 X. P2
parasitemia reach 5% after 6.61 days with the equation of regression is Y=-21.55+4.02 X. P3
parasitemia reach 5% after 6.9 days with the equation of regression is Y=-18.63+3.43 X. P4
parasitemia reach 5% after 6.5 days with the equation of regression is Y=—27.56+5.03 X (Figure-

3).

<H2>Morphology P. berghei that passage repeatedly after having been given artemisinin
for 3 days in D2 post infection

Morphology of P. berghei with TEM control and treatment groups (Figure-4).
<H2>Morphology of P. berghei developmental stages that passage repeatedly on D5-D10

after having been given artemisinin for 3 days in D2 post infection

The description of developmental stages of P. berghei which passage repeatedly on D5-D10 after
having been given artemisinin for 3 days in D2 post infection showed that in the control group
which only infected with P. berghei did not show any formation dormant in all of the control
group that passaged repeatedly while in the treatment group that infected with P. berghei and

treated artemisinin for 3 days in D2 post infection, there was a formation of dormant (Figure-5).

<H1>Discussion



<H2>Results of parasitemia percentage and inhibition growth of P. berghei that passaged
repeatedly on D5-D10 post infection after being given artemisinin for 3 days in D 2 post

infection

The percentage of parasitemia in P. berghei that passages repeatedly on the D5-D10 after having
been given artemisinin for 3 days in D2 post infection show decreasing percentage of parasitemia
when compared with the control group. According to the statement of Anderson et al., 2010 that
artemisinin can decrease the parasite significantly within 24-48 h after treatment and more potent
than other antimalarials drugs, but artemisinin and its derivatives have ty, elimination in 1 h so
that is unable to eliminate the parasite after 3 days of treatment. Therefore, artemisinin should be
combined with other drugs such as amodiaquin, piperaquin, etc., to extend the working time of
the medicine (duration of action) so that the recrudescence after administration of artemisinin

can be avoided [16].

Repeated passage of P. berghei up to 4 times after have been given artemisinin showed an
increased percentage of parasitemia in the treatment group which is showed by significant
differences between the treatment groups that passage 1 times, 2 times, 3 times, and 4 times. This
suggests that the parasite is viable after drug exposure more than once showed development
toward resistant by the image of an extension of PCT and increased of speed recrudescence [17].
This is shown by the results % inhibition growth that decreases continually and increases the

growth rate in the treatment group that passaged repeatedly.

The results of this research on the 4" passage of control group 4 (K4) with 4" passage of
treatment group (P4) on 10" day (D10) post infection showed no significant difference with the

control group which were not given artemisinin at a=0.05. This suggests that the growth rate of



the treatment group which was given repeated artemisinin up to 4 times with the same dose for
each passage is not able to inhibit parasite growth with the same dose. The results of in vivo
studies using mice as a model to be infected with P. berghei is consistent with in vitro research
that is using P. falciparum, and the result showed an increasing value of ICso for each repeated
exposure to artemisinin which means that inhibit 50% of parasite requires a higher dose than the

dose of artemisinin earlier [18].

<H2>Results of measurements EDso and EDgo level P. berghei that passages repeatedly on

the D5-D10 after being given artemisinin for 3 days in D2 post infection

Results of linear regression test are known that ED level EDsg and EDgo P. berghei after repeated
exposure of artemisinin in the repeated passage and given artemisin on the same dose for each
passage showed an increasing of EDsp and EDgo which is to inhibit parasite growth in the same
time. The results indicate that the ED of artemisinin to inhibit P. berghei growth is increasing by
shortening of the required time for the parasite to grow back so that the parasites require higher

doses to be able to inhibit its growth in the same time.

The results are consistent with research with the selection of resistant P. berghei to pyronaridine
by repeated passage 20 times for 6 months. The results showed EDso and EDgo increased from 40
to 66 time [11]. The results are consistent with research in P. falciparum F32 Tanzania strain that
exposed to artemisinin for 3 years with low concentrations 0.01 uM, and then, concentrations are
increased up to 10 uM for 100 exposure times. The results after selection of F32-ART strain
showed that F32-ART with higher artemisinin exposure (35 and 70 uM) for 96 h, only on F32-
ART strain that has been selected will able to survive [19]. Other studies from the results of

research in P. falciparum GCO06 and CH3-61 strains before and after selection with artemisinin



with increased concentrations of each of 0-20 and 0-100 nM, after the parasite is viable, its is
showed an increasing ICsp values on the strains after selection with artemisinin which is the first
GCO06 strain has ICsp value from 3.1+0.1 changed to 12.5+1.6 nM and the first CH3-61 strains

have 1Cso values from 28.8+1.3 changed to 58.3+4.5 nM [16].

Research conducted by Tucker et al. [20] also showed that the parasite that has been resistant
required greater concentrations of the drug to inhibit parasite growth compared to its stem. ICso
has increased in the resistant parasite compared with parasitic stem on artemisinin, which is
described as follows: stem of W2 strain has a value of ICso 1.3+071 ng/ml, resistant
W2QSH200x2 strain have ICso values 4.2+2.2 ng/ml, stem of D6 strain has ICso value 0.92+0.10
ng/ml, resistant D6QSH2400x5 strain have ICso value 8.8+1.0 ng/ml and the stem of TM91c235
strain showed ICso values 2.2+1.8 ng/ml, and resistant TM91c235AL280x2 strain have ICso
value 8.7+5.4 ng/ml. This means that resistant parasites have an ability to withstand in higher

drug induction.

Increasing the value of 1Cso become 2-5 times also apply during three parasite strains that have
been tolerant to acid artelinic, changes in the value of ICso were also followed with an increasing

in the number of copies, the expression of MRNA, and protein expression of pfmdrl genes [21].

<H2>Examination of PCT and RT P. berghei that passaged repeatedly on the D5-D10 after

being given artemisinin for 3 days in D2 post infection

The provision of artemisinin for 3 days in D2 post infection, then after reaching parasitemia 2%
was passages to the new mice and given artemisinin repeatedly with the same dose 4 times
passage shows PCT after 3 days of artemisinin treatment dose of 200 mg/kg body weight of mice

on D5 showed an extension time of PCT and accelerate RT. It was shown from the results that



the PCT in P1 ranging from 0.362, P2 0.120, P3 0.140, and P4 0.140 with dormant morphology.
RT P. berghei is calculated after parasitemia reach 5% after receiving treatment for 3 days. The
results of RT on P1 after 7.7 days, P2 after 6.61 days, P3 after 6.9 days, and P4 after 6.5 days;
the results are consistent with research conducted by Teuscher et al. [22] that treatment with
dormant form of artesunate from ring stadium is expected 0.001-1313 to grow back. Recovery
from dormant parasite is a time to reach 5% parasitemia in the form of dormant. This is also
found in the mice. From the results of research conducted by La Crue et al. [12] shows that the
form of dormant ring began recrudescence about 7-9 days. RT is consistent with the results of
research which the ranges are 7.7 days post infection and the time that required is shorter after

2"d 3 and 4™ times of passage.

The overview morphology of dormant in P. falciparum which exposed to artemisinin
antimalarial drug is a defence mechanism for the parasite to be able to survive from the exposure
to artemisinin antimalarial drug. Parasites will be able to grow normally after the drug pressure is
removed. In this dormant period, the parasite can survive in a few days by slowing down the
process of metabolism to limit the effects of the drugs because there is no DNA synthesis in this

situation [19].

This results are consistent with research conducted by Tucker et al. [20] on P. falciparum D6
stem strain with P. falciparum in strain that has been resistant D6QSH2400x5 showed normal
morphology after exposure to artemisinin antimalaria, require faster time to grow back to normal
and the ratio of the morphology of normal parasites two times higher in the parasite which has
been resistant when compared with the stem parasitic strains. This shows that the strain of
parasite that has been already resistant to artemisinin have an ability to produce more dormant

parasites and can be faster to get out from dormant period (viable) so that the parasites are



already resistant to artemisinin have the speed of recovery is higher than the stem strain which

are not resistant so it will accelerate its recrudescences.

<H2>Result of observations of morphology P. berghei that passage repeatedly after having
been given artemisinin for 3 days in D 2 post infection

The description of developmental stages of P. berghei which passage repeatedly on D5-D10 after
having been given artemisinin for 3 days in D2 post infection showed that in the control group,
which only infected with P. berghei did not show any formation dormant in all of the control
group that passaged repeatedly while in the treatment group that infected with P. berghei and
given artemisinin for 3 days in D2 post infection, there were formations of dormant. The ability
of the parasite in this dormant period as a resistance mechanism that leads to recrudescences of

parasites and extension of PCTSs.

The mechanism of artemisinin induces the formation of dormant is still unclear. However, it is
believed that the existence of dormant stage is associated with cell cycle regulation such as
cyclin-dependent kinase and cyclins. This dormant overview is also reported by Teuscher et al.
[23] and Witkowski et al. [19]. Decreasing in metabolic activity on the stage of the ring as a
prerequisite of the ability of resistant parasite to be a form of dormant on the artemisinin drug
administration, so that the phenomenon can be used to explain the resistance to artemisinin is an
increasing of parasites in the form of dormant (quiescence) from the ring in exposure to
artemisinin antimalaria drug. Therefore, Kkilling the resistant parasite required greater
concentration of artemisinin antimalarial drug. If the concentration of the drug is same, the

parasite is still able to survive and breed back with a faster time.



Ultrastructure by TEM on the ring stage that treated for 24 h with artemisinin showed a loss of
substance of the membrane so that the crystal hemozoin is located in the cytoplasm of the
parasite, and there was a formation of vacuoles. The trophozoites stage which was treated with a
high concentration of artemisinin for 4 to 8 h, showed loss of digestive vacuoles integrity, has an
ability to alkylate the protein and lipid components of digestive vacuole membrane. In the
schizonts stage, there was merozoites morphology with abnormal nuclei. This condition has led
to decrease Plasmodium parasitemia due to death or inhibition in the development stage by

exposure to artemisinin antimalarial drug [16].
<H1>Conclusion

The results of this study can be concluded that artemisinin exposure with repeated passages in
mice caused an increasing of EDso and EDgo values. Decreasing PCT and RT and morphological
changes in intraerythrocytic cycle, there was a dormant formation and loss of substance from the
digestive vacuole membrane so that the crystal hemozoin is located in the cytoplasm of the
parasite and there was a formation of vacuoles.
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Figure-1: Graphic of Plasmodium berghei parasitemia percentage which is repeated passage on
D5- D10 after treated artemisinin for 3 days in D2 post infection. K1: Control once passage
untreated, K2: Control twice passage untreated, K3: Control 3 times passage untreated, K4:
Control 4 times passage untreated P1: Once treated and once passage, P2: Twice treated and

twice passage, P3: 3 times treated and 3 times passage, P4: 4 times treated and 4 times passage
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Figure-2: Graphic of linear regression of 50% and 90% effective dose level Plasmodium berghei
that repeated passages on the D5-D10 after treated artemisinin for 3 days in D2 post infection.
P1: Once treated and once passage, P2: Twice treated and twice passage, P3: 3 times treated and

3 times passage, P4: 4 times treated and 4 times passage.
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Figure-3: Parasite clearance time and recrudescence time Plasmodium berghei that repeated
passages on the D5-D10 after treated artemisinin for 3 days in D2 post infection. P1: Once

treated and once passage, P2: Twice treated and twice passage, P3: 3 times treated and 3 times

passage, P4: 4 times treated and 4 times passage.






Figure-4: Morphology of Plasmodium bergei with transmission electron microscope on control

and treatment artemisinin groups. N: Nucleus, V: Vacuole, DV: Digestive vacuole. (a) Control

untreated, (b) once treated and once passage, (c) twice treated and twice passage, (d) 3 times

treated and three times passage, (e) 4 times treated and 4 times passage.
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Figure-5: Morphology of Plasmodium berghei developmental stages which repeated passage on
D5-D10 after treated artemisinin for 3 days in D2 post infection. K1: Control once passage
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Abstract

Aim: The aim of this study is to prove the development of artemisinin resistance phenotypically in malaria rodent as an
in vivo resistance development model in humans.

Materials and Methods: Plasmodium berghei was infected intraperitoneally in mice, then artemisinin was given with
“4-day-test” with effective dose (ED) 99% dose for 3 days which begins 48 h after infection (D2, D3, and D4). Parasite
development was followed during 5% until 10* days of infection. After parasitemia >2% of red blood cell which contains
parasites on 1 mice, that mice were used as donor to be passaged on the new 5 mice. After that, parasitemia was calculated.
ED,, and ED,, were examined with parasite clearance time (PCT), recrudescence time (RT), and also morphology
development examination of intraerythrocytic cycle of P. berghei with transmission electron microscope.

Results: Among the control group compare with the treatment group showed significant differences at a=0.05 on 5" day
(D5) until 10" day (D10). The control group of 4™ passage (K4) with passage treatment group of 4™ passage (P4) on the
10" days (D10) post infection showed no significant differences in the =0.05. The average percentage of inhibition growth
was decreasing which is started from 5™ to 10" day post infection in P1, P2, P3, and P4. On the development of P. berghei
stage, which is given repeated artemisinin and repeated passage, there was a formation of dormant and also vacuoles in

Plasmodium that exposed to the drug.

Conclusion: Exposure to artemisinin with repeated passages in mice increased the value of ED, and ED

4 decreased the

PCT and RT and also changes in morphology dormant and vacuole formation.

Keywords: artemisinin, parasite clearance time, phenotypic, Plasmodium berghei, recrudescence time, resistance.

Introduction

Malaria is still a public health problem in more
than 90 countries. A rapid increasing incidence
of morbidity and mortality of malaria is caused
by increasing parasite resistance to antimalarial
drugs. A new drug for malaria treatment which is
used until right now is artemisinin and its deriv-
atives; this drug has the effect of working faster
than other antimalarial drugs because they have
more complex mechanisms of action. However,
there have been indicated that the Plasmodium par-
asite has been resistant to this drug [1]. Clinical
results already shown in two patients infected with
Plasmodium falciparum that was resistant to artesu-
nate in Cambodia [2]. Results of the research show
a decrease in efficacy against malaria falciparum

Copyright: Maslachah, et al. Open Access. This article is
distributed under the terms of the Creative Commons Attribution
4.0 International License (http://creativecommons.org/licenses/
by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit
to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.
The Creative Commons Public Domain Dedication waiver (http://
creativecommons.org/publicdomain/zero/1.0/) applies to the data
made available in this article, unless otherwise stated.

to the combination of artesunate-mefloquine in
Cambodia [3].

Results of in vitro studies on P. falciparum which
is exposed with repeated artemisinin as antimalarial
drug showed an increase of 50% inhibitory concen-
tration (IC,), phenotypic changes dormant, and faster
growth after Plasmodium viable from a dormant form.
Besides, the exposure to artemisinin also causes muta-
tions in genes pfatpase6 [4]. The presence of parasite
pressure on the use of drugs with subcurative doses
will lead to the development of new parasite that
can survive on the drug. The results of this research
become an emergency because it could be developed
resistance in human being and lead to be one of health
problems in the world because there is no substitute
for a new drug artemisinin. Malaria treatment failure
using antimalarial drug artemisinin and its derivatives
appears to be an era of untreatable malaria.

In vivo experimental studies using rodent
malaria used to support the translation of laboratory
studies into clinical studies, because the spectrum of
malaria in humans is not yet clearly understood how
the mechanism of the pathogenesis. So that, this study
could be used to explain the mechanisms of resistance
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to artemisinin in vivo using mice as an animal model
that infected with Plasmodium berghei. Resistance
of malaria and developed resistance to antimalarial
drugs need to do research to develop effective con-
trol strategies for malaria. However, this research is
really difficult to conduct in endemic areas because of
the many confounding factors such as infection multi-
ple clones of infective mosquito bites that spreading.
This research also impossible to do in humans because
of ethical reason [5]. This study used rodent malaria
as a model of resistance in vivo in humans by doing
exposure to P. berghei with artemisinin on effective
dose 99% (ED,,: 200 mg/kg weight of mice) through
repeated passage in mice. Exposure of artemisinin
as antimalarial drug with repeated passage in vivo in
mice can be used as a basic to predict and anticipate
the spread of artemisinin antimalarial drug resistance
in practical use in the clinic.

Materials and Methods

Ethical approval

This study was conducted after getting approval
with certificate number no. 464 KE from the Animal
Ethics Committees of Faculty of Veterinary Medicine,
Airlangga University Surabaya Indonesia.

Parasites, host, and drugs that used in the study

A parasite which is used to infect mice is
P. berghei ANKA strain. Mice which are used are
male Albino Swiss strain, the weight is 20-30 g, and
the aged is 2.5 months. Artemisinin which is used pro
analysis from Sigma Chemical Co.

Infection dose of P. berghei in mice

Mice is infected with red blood cells (RBCs)
containing parasites 1x10° P. berghei in 0.2 ml intra-
peritoneally. To determine the infection has occurred
in mice, microscopic examination of erythrocytes of
mice was done every day with thin blood smears that
taken from tail vein of mice and stained with Giemsa
20% [6].
Selection of artemisinin antimalarial drug resistance
In vivo In mice

Exposure to artemisinin antimalarial drug in the
treatment group: After inoculation of RBCs contain-
ing parasites 1x10° P. berghei in 0.2 ml on 5 mices
(D0) and then given artemisinin antimalarial drug
with “4-day-test” with ED,, dose (200 mg/kg weight
of mice) was given for 3 days started at 48 h after
infection (D2). Parasitemia was monitored and cal-
culated at 120 h after infection. After parasitemia
>2% of RBCs containing parasites, they are used as
donor and was passaged on new 6 mice. After 48 h
post infection, the mice were exposed to artemisinin
antimalarial drug with the same ED,, dose for 3 con-
secutive days 4 times passages. Control group: After
inoculation of RBCs containing parasites 1x103
P. berghei in 0.2 ml at 6 mice (D0) was given no
medication, parasitemia monitored and calculated at
48 h after infection. After parasitemia >2% of RBCs

containing parasites, they are used as donor and was
passaged on the new 5 mice, and the passages were
repeated on mice 4 times. The development of par-
asite was followed until 10" day of infection in all
treatments [7,8].

Parasitemia calculation

Calculation of parasitemia in mice for each
exposure to artemisinin and every passage in mice
conducted after 120 h (D5) post infection. Thin smear
of blood vessels from tail vein of mice is made, then
fixed with methanol, stained with Giemsa 20% for
20 min, then washed with water and dried. After that,
the percentage of parasitemia of P. berghei was calcu-
lated by counting the number of infected erythrocytes
per 1000 erythrocytes under a light microscope with
1000x magnification [9,10].

Measurementof50% and 90% ED level (ED,,and ED,,)

Measurement of ED,  and ED, level for each
exposure to the artemisinin antimalarial drug in mice
was counted every passage 120 h (D5) post infection
using the formula: (A—B)/A)x100

Where, A is the average parasitemia in con-
trol group and B is parasitemia in treatment group.
Determination ED_ and ED, is calculated using a lin-
ear regression program [11].
Examination of parasite clearance time (PCT) and
recrudescence time (RT) of P. berghei

Examination of PCT and RT P berghei was
done by checking the growth of the parasite 48 h after
completion of treatment for 3 days or 120 h (D5) post
infection which is showed by the absence of parasites
in the thin blood smear of mice that taken from a tail
vein and stained with Giemsa 20% for 20 min and
examined using a light microscope with 1000x mag-
nification and followed every day to see the develop-
ment until 10" day post infection until discovered a
parasite >5% that can grow back (RT) [12].
Morphological stadium observation of P. berghei
development

Morphological stage observation of the
intraerythrocytic cycle development of P berghei
ring, trophozoites and schizonts in the control group
and the treatment of exposure to artemisinin-dose
ED,, with repeated passages in mice was conducted
every 48 h on 5%, 6", 8" and 10™ day post infection
by counting the number of development dormant,
ring, trophozoites and schizonts stage in thin blood
smears that stained with 20% Giemsa for 20 min
and examined using light microscope with 1000x
magnification [13,14].
Ultrastructural morphology observation with a trans-
mission electron microscope (TEM)

RBC washed with sodium cacodylate pH 7.4,
500 mL and fixed with 5% glutaraldehyde contain-
ing cacodylate buffer pH 7.4 and 3% sucrose for 24 h
(stored at a temperature of 4°C). Rinsed with sodium
cacodylate 0.1 M pH 7.4 for 15 min and fixation is
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using osmium tetraoxide 2% and potassium ferricy-
anide K,Fe(CN), in 0.1 M cacodylate buffer, then
dehydrated with gradual concentration of ethanol.
Then, tissue is immersed back with a solution of pure
Spurr and entered in a vacuum incubator 70°C over-
night. This preparation will result tissue block with
hard consistency. Tissue is cut with diamond knife
with 40-55 nm thick and attached to the grid which
has been coated with formvar 5% in chloroform and
consists of 200 mesh. Results of pieces were stained
with uranyl acetate, followed with triple lead then
examined using a JEOL 1010 TEM. Morphology of
P berghei parasites in erythrocytes that have been
exposed to artemisinin was observed and compared
with negative control of P berghei (without drug
exposure) [15].

Statistical analysis

The data on parasitemia percentage and growth
inhibition of P. berghei were processed with two-way
ANOVA with the level of significance set at 5% to
determine differences in treatment. The data ED, and
ED,, level, PCT, and RT of P. berghei were analyed
with linier regression using SPSS 17.0 and morphol-
ogy P. berghei developmental stage was analyzed with

description

Results

Results of parasitemia percentage and growth inhi-
bition of P. berghei in the repeated passage on the
D5-D10 post infection after being given artemisinin
for 3 days in the 2" day post infection

Percentage of parasitemia of P. berghei, which
is repeated passage in D5-D10 after being given arte-
misinin for 3 days in D2 post infection showed that
among the control group (K1 to K4) and the treatment
group (P1 to P4) on the repeated passage (1% passage
to 4™ passage) showed significant differences in the
0=0.05 on day 5 (D5) up to day 10 (D10) post infec-
tion except in the 4" passage control group (K4) with
4™ passage treatment group (P4) on 10™ day (D10)
post infection showed no significant differences in the
0=0.05. That results are tested with the average differ-
ence test and two tail t-test. The results of this study
also showed that P. berghei infection with repeated
passage (P1, P2, P3, and P4) in mice that were given
artemisinin repeatedly showed a decrease of % growth
inhibition (Figure-1).

Measurements ED,, and ED,, level P. berghei that

repeated passages on the D5-D10 after being given
artemisinin for 3 days in D2 post infection

Linearregression testis known that ED, and ED,,
P.bergheiinP1 ED, on9.3"daysand ED  on5.7" days
with the regression equation. Y=152.41-10.96 X.
On P2 ED_ on 8.3" days and ED, on 5.6" with the
regression equation Y=172.41-14.62 X. On P3 ED,
on 7.9" days and ED, on 5.6™ days with the regres-
sion equation Y=187.78-17.37 X. On P4 ED, on
7.5" days and ED, on 5.4™ days with the regression
equation Y=192.13—18.8 X (Figure-2).

. o
—
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Days post infection

% parasitemia

—K1 ——K2 K3 K4 =Pl ———=P2 ==—mP3 ——P4

Figure-1: Graphic of Plasmodium berghei parasitemia
percentage which is repeated passage on D5- D10 after
treated artemisinin for 3 days in D2 post infection.
K1: Control once passage untreated, K2: Control twice
passage untreated, K3: Control 3 times passage untreated,
K4: Control 4 times passage untreated P1: Once treated
and once passage, P2: Twice treated and twice passage,
P3: 3 times treated and 3 times passage, P4: 4 times
treated and 4 times passage.

PCT and RT P. berghei that repeated passages on the
D5-D10 after being given artemisinin for 3 days in D2
post infection

Artemisinin that given for 3 days in D2 post
infection, then after reaching parasitemia 2% was
passage to the new mice and given repeated artemis-
inin with the same dose up to 4 times passage shows
PCT after 3 days of artemisinin treatment with dose
200 mg/kg body weight of mice on D5% parasitemia
in P1 is approximately 0.362, P2 0.120, P3 0.140, and
P4 0.140. RT P. berghei is counted after parasitemia
reach 5% after treatment for 3 days. The results of RT
on P1 parasitemia reach 5% after 7.7 days with the
equation of regression is Y=—11.22+2.13 X. P2 par-
asitemia reach 5% after 6.61 days with the equation
of regression is Y=-21.55+4.02 X. P3 parasitemia
reach 5% after 6.9 days with the equation of regres-
sion is Y=—18.63+3.43 X. P4 parasitemia reach
5% after 6.5 days with the equation of regression is
Y=-27.56+5.03 X (Figure-3).

Morphology P. berghei that passage repeatedly after

having been given artemisinin for 3 days in D2 post
infection

Morphology of P. berghei with TEM control and
treatment groups (Figure-4).
Morphology of P. berghei developmental stages that

passage repeatedly on D5-D10 after having been
given artemisinin for 3 days in D2 post infection

The description of developmental stages of
P. berghei which passage repeatedly on D5-D10 after
having been given artemisinin for 3 days in D2 post
infection showed that in the control group which only
infected with P. berghei did not show any formation
dormant in all of the control group that passaged
repeatedly while in the treatment group that infected
with P. berghei and treated artemisinin for 3 days in
D2 post infection, there was a formation of dormant
(Figure-5).
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Figure-2: Graphic of linear regression of 50% and 90% effective dose level Plasmodium berghei that repeated passages
on the D5-D10 after treated artemisinin for 3 days in D2 post infection. P1: Once treated and once passage, P2: Twice
treated and twice passage, P3: 3 times treated and 3 times passage, P4: 4 times treated and 4 times passage.
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Figure-3: Parasite clearance time and recrudescence time Plasmodium berghei that repeated passages on the D5-D10
after treated artemisinin for 3 days in D2 post infection. P1: Once treated and once passage, P2: Twice treated and twice
passage, P3: 3 times treated and 3 times passage, P4: 4 times treated and 4 times passage.
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Figure-4:

Morphology of Plasmodium bergei with
transmission electron microscope on control and treatment
artemisinin groups. N: Nucleus, V: Vacuole, DV: Digestive
vacuole. (a) Control untreated, (b) once treated and once
passage, (c) twice treated and twice passage, (d) 3 times
treated and three times passage, (e) 4 times treated and
4 times passage.

Discussion

Results of parasitemia percentage and inhibition
growth of P. berghei that passaged repeatedly on
D5-D10 post infection after being given artemisinin
for 3 days in D2 post infection

The percentage of parasitemia in P. berghei that
passages repeatedly on the D5-D10 after having been
given artemisinin for 3 days in D2 post infection show
decreasing percentage of parasitemia when compared
with the control group. According to the statement of
Anderson et al., 2010 that artemisinin can decrease
the parasite significantly within 24-48 h after treat-
ment and more potent than other antimalarials drugs,
but artemisinin and its derivatives have t, elimination
in 1 h so that is unable to eliminate the parasite after
3 days of treatment. Therefore, artemisinin should be
combined with other drugs such as amodiaquin, piper-
aquin, etc., to extend the working time of the medicine
(duration of action) so that the recrudescence after
administration of artemisinin can be avoided [16].

Repeated passage of P. berghei up to 4 times after
have been given artemisinin showed an increased per-
centage of parasitemia in the treatment group which is
showed by significant differences between the treat-
ment groups that passage 1 times, 2 times, 3 times,
and 4 times. This suggests that the parasite is viable
after drug exposure more than once showed develop-
ment toward resistant by the image of an extension
of PCT and increased of speed recrudescence [17].
This is shown by the results % inhibition growth that
decreases continually and increases the growth rate in
the treatment group that passaged repeatedly.

The results of this research on the 4" passage
of control group 4 (K4) with 4" passage of treatment
group (P4) on 10" day (D10) post infection showed
no significant difference with the control group which
were not given artemisinin at 0=0.05. This suggests
that the growth rate of the treatment group which was
given repeated artemisinin up to 4 times with the same
dose for each passage is not able to inhibit parasite
growth with the same dose. The results of in vivo stud-
ies using mice as a model to be infected with P. ber-
ghei is consistent with in vitro research that is using
P. falciparum, and the result showed an increasing
value of IC, for each repeated exposure to artemisi-
nin which means that inhibit 50% of parasite requires
a higher dose than the dose of artemisinin earlier [18].

Results of measurements ED,, and ED,, level
P. berghei that passages repeatedly on the D5-D10
after being given artemisinin for 3 days in D2 post
infection

Results of linear regression test are known that
ED level ED,  and ED,, P. berghei after repeated
exposure of artemisinin in the repeated passage and
given artemisin on the same dose for each passage
showed an increasing of ED,, and ED,, which is to
inhibit parasite growth in the same time. The results
indicate that the ED of artemisinin to inhibit P. berghei
growth is increasing by shortening of the required
time for the parasite to grow back so that the parasites
require higher doses to be able to inhibit its growth in
the same time.

The results are consistent with research with
the selection of resistant P. berghei to pyronaridine
by repeated passage 20 times for 6 months. The
results showed ED,  and ED, increased from 40 to
66 time [11]. The results are consistent with research
in P. falciparum F32 Tanzania strain that exposed
to artemisinin for 3 years with low concentrations
0.01 uM, and then, concentrations are increased up
to 10 uM for 100 exposure times. The results after
selection of F32-ART strain showed that F32-ART
with higher artemisinin exposure (35 and 70 pM) for
96 h, only on F32-ART strain that has been selected
will able to survive [19]. Other studies from the
results of research in P. falciparum GC06 and CH3-
61 strains before and after selection with artemisinin
with increased concentrations of each of 0-20 and
0-100 nM, after the parasite is viable, its is showed
an increasing IC values on the strains after selec-
tion with artemisinin which is the first GC06 strain
has IC, value from 3.1+0.1 changed to 12.5+1.6 nM
and the first CH3-61 strains have IC,, values from
28.8+1.3 changed to 58.3+4.5 nM [16].

Research conducted by Tucker et al. [20]
also showed that the parasite that has been resis-
tant required greater concentrations of the drug to
inhibit parasite growth compared to its stem. IC
has increased in the resistant parasite compared with
parasitic stem on artemisinin, which is described
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Figure-5: Morphology of Plasmodium berghei developmental stages which repeated passage on D5-D10 after treated
artemisinin for 3 days in D2 post infection. K1: Control once passage untreated, K2: Control twice passage untreated,
K3: Control 3 times passage untreated, K4: Control 4 times passage untreated P1: Once treated and once passage,
P2: Twice treated and twice passage, P3: 3 times treated and 3 times passage, P4: 4 times treated and 4 times passage.

as follows: Stem of W2 strain has a value of IC,;  value 0.92£0.10 ng/ml, resistant D6QSH2400x5

1.3+071 ng/ml, resistant W2QSH200x2 strain have  strain have IC, value 8.8+1.0 ng/ml and the stem of
IC,, values 4.242.2 ng/ml, stem of D6 strain has IC,; ~ TM91¢235 strain showed IC, values 2.2+1.8 ng/ml,
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and resistant TM91c235AL280x2 strain have IC,
value 8.7+5.4 ng/ml. This means that resistant parasites
have an ability to withstand in higher drug induction.
Increasing the value of IC, become 2-5 times
also apply during three parasite strains that have been
tolerant to acid artelinic, changes in the value of IC,
were also followed with an increasing in the num-
ber of copies, the expression of mRNA, and protein
expression of pfimdrl genes [21].
Examination of PCT and RT P. berghei that passaged
repeatedly on the D5-D10 after being given artemis-
inin for 3 days in D2 post infection

The provision of artemisinin for 3 days in D2
post infection, then after reaching parasitemia 2%
was passages to the new mice and given artemis-
inin repeatedly with the same dose 4 times passage
shows PCT after 3 days of artemisinin treatment dose
of 200 mg/kg body weight of mice on D5 showed
an extension time of PCT and accelerate RT. It was
shown from the results that the PCT in P1 ranging
from 0.362, P2 0.120, P3 0.140, and P4 0.140 with
dormant morphology. RT P. berghei is calculated after
parasitemia reach 5% after receiving treatment for
3 days. The results of RT on P1 after 7.7 days, P2 after
6.61 days, P3 after 6.9 days, and P4 after 6.5 days;
the results are consistent with research conducted by
Teuscher et al. [22] that treatment with dormant form
of artesunate from ring stadium is expected 0.001-
1313 to grow back. Recovery from dormant parasite
is a time to reach 5% parasitemia in the form of dor-
mant. This is also found in the mice. From the results
of research conducted by La Crue ef al. [12] shows
that the form of dormant ring began recrudescence
about 7-9 days. RT is consistent with the results of
research which the ranges are 7.7 days post infection
and the time that required is shorter after 2", 3" and
4™ times of passage.

The overview morphology of dormant in P. falci-
parum which exposed to artemisinin antimalarial drug
is a defence mechanism for the parasite to be able to
survive from the exposure to artemisinin antimalarial
drug. Parasites will be able to grow normally after the
drug pressure is removed. In this dormant period, the
parasite can survive in a few days by slowing down
the process of metabolism to limit the effects of the
drugs because there is no DNA synthesis in this situ-
ation [19].

This results are consistent with research con-
ducted by Tucker et al. [20] on P. falciparum D6 stem
strain with P. falciparum in strain that has been resis-
tant D6QSH2400x5 showed normal morphology after
exposure to artemisinin antimalaria, require faster
time to grow back to normal and the ratio of the mor-
phology of normal parasites two times higher in the
parasite which has been resistant when compared with
the stem parasitic strains. This shows that the strain of
parasite that has been already resistant to artemisinin
have an ability to produce more dormant parasites and
can be faster to get out from dormant period (viable)

so that the parasites are already resistant to artemisi-
nin have the speed of recovery is higher than the stem
strain which are not resistant so it will accelerate its
recrudescences.

Result of observations of morphology P. berghei that

passage repeatedly after having been given artemis-
inin for 3 days in D 2 post infection

The description of developmental stages of
P. berghei which passage repeatedly on D5-D10 after
having been given artemisinin for 3 days in D2 post
infection showed that in the control group, which
only infected with P. berghei did not show any forma-
tion dormant in all of the control group that passaged
repeatedly while in the treatment group that infected
with P. berghei and given artemisinin for 3 days in
D2 post infection, there were formations of dormant.
The ability of the parasite in this dormant period as a
resistance mechanism that leads to recrudescences of
parasites and extension of PCTs.

The mechanism of artemisinin induces the forma-
tion of dormant is still unclear. However, it is believed
that the existence of dormant stage is associated with
cell cycle regulation such as cyclin-dependent kinase
and cyclins. This dormant overview is also reported
by Teuscher et al. [23] and Witkowski et al. [19].
Decreasing in metabolic activity on the stage of the
ring as a prerequisite of the ability of resistant para-
site to be a form of dormant on the artemisinin drug
administration, so that the phenomenon can be used
to explain the resistance to artemisinin is an increas-
ing of parasites in the form of dormant (quiescence)
from the ring in exposure to artemisinin antimalaria
drug. Therefore, killing the resistant parasite required
greater concentration of artemisinin antimalarial drug.
If the concentration of the drug is same, the parasite is
still able to survive and breed back with a faster time.

Ultrastructure by TEM on the ring stage that
treated for 24 h with artemisinin showed a loss of sub-
stance of the membrane so that the crystal hemozoin
is located in the cytoplasm of the parasite, and there
was a formation of vacuoles. The trophozoites stage
which was treated with a high concentration of arte-
misinin for 4 to 8 h, showed loss of digestive vac-
uoles integrity, has an ability to alkylate the protein
and lipid components of digestive vacuole membrane.
In the schizonts stage, there was merozoites morphol-
ogy with abnormal nuclei. This condition has led to
decrease Plasmodium parasitemia due to death or
inhibition in the development stage by exposure to
artemisinin antimalarial drug [16].

Conclusion

The results of this study can be concluded that
artemisinin exposure with repeated passages in
mice caused an increasing of ED,, and ED,, values.
Decreasing PCT and RT and morphological changes
in intraerythrocytic cycle, there was a dormant forma-
tion and loss of substance from the digestive vacuole
membrane so that the crystal hemozoin is located in
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the cytoplasm of the parasite and there was a forma-
tion of vacuoles.
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