Leukocyte Profile After Repeated Exposure of Artemisinin in Mice That Infected Plasmodium berghei
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Abstract
Background This research is aimed to show that repeated exposure of artemisinin in mice which is infected P. berghei can cause changes in the profile of leukocytes  Methods : The mice is infected intraperiotaneally with 1x105 P.berghei in 0,2 ml  RBC. The dose of Artemisinin which is given to the mice for 3 days is 0.04mg/g weight of mice. That giving is started 2 days after infection (D2, D3, D4). Parasitaemia is counted on the 5th day (D5) after infection. When the parasitaemia is more than 2 % RBC in the one mice, it is used as a donor for passage in the five new mices. The selection is repeated up to 4 times passage in the mice with the same dose ED99 for 3 days on every passage of mice. Parasite development is followed and observed until 10th days. Leukocyte profile is observed on the 2nd, 5th, 8th, and 10th days after infection. The result of leukocytes profile is in the form of percentage of neutrophils, lymphocytes, eosinophils, monocytes and basophils were analyzed by Anova Oneway. Results : P. berghei that has been viable from repeated exposure of artemisinin that is passaged in the mice can cause the changes of leukocyte profile: neutrophils, lymphocytes, monocytes, basophils and eosinophils. That result is conceived on the control mice group which is infected P. berghei and ever exposed with artemisinin for four times (KP) and the treatment mice group which is infected P. berghei and has been exposed with artemisinin for four times. Conclusion : Repeated exposure of artemisinin in the mice which is infected P. berghei can cause the changes of leukocyte profile: neutrophils, lymphocytes, monocytes, basophils and eosinophils.
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Introduction  

Malaria is still be a public health problem in more than 95 countries around the world including Indonesia. In 2015 there were approximately 214 million cases of malaria with 438.000 deaths and that is mostly occur in African children under 5 years old. (1) 

The increasing incidence of morbidity and mortality of malaria which is rapid and widespread due to increased parasite resistance to antimalaria medicine. The new drug for malaria treatment which is used till nowadays are artemisinin and its derivatives. The effect of this drug is working faster than other anti-malarial drugs because they have more complex mechanisms of action. However, there have been indications that the Plasmodium parasite has been resistant to this drug.(2) The clinical result has been showed that there were two patients who were infected with Plasmodium falciparum and they has been resistant to artesunate in Cambodia.(3) The research results showed that there has been decreasing efficacy of falciparum malaria to the combination of artesunate-mefloquine in Cambodia.(4) Currently, the resistance of Plasmodium falciparum on artemisinin has detected occurred in five countries including Cambodia, Lao, Myanmar, Thailand and Viet Nam.(1) 
The results in vitro study  of  Plasmodium falciparum was repeated exposed to artemisinin showed inhibitory concentration 50 %  (IC50)  increased, dormant phenotypic changes, and faster growth after viable Plasmodium from dormant form. Moreover, artemisinin exposure also can cause mutation on pfatpase6 gene.(5) The presence of parasite pressure on the use of medicines with subcurative dose will lead to the development of new parasite that can survive on the medicine. The results of this research is being an emergency because there will be a risk of development of in vivo resistance in humans that will be one of the health problems in the world. Moreover, there is no substitute for a new drug artemisinin. Malaria treatment failure with artemisinin and its derivatives will cause untreatable malaria era. 
Experimental in vivo study using rodent malaria is used to support laboratorium study translation into clinical study, because the spectrum of malaria in human is not known clearly how the mechanism of the pathology so that this study can be used to explain the mechanism of artemisinin resistance in vivo by using mice which is infected with Plasmodium berghei. Resilience in malaria parasite and virulence in antimalaria resistance need to do research to develop effective strategies to control malaria. However, it is really difficult to do research in endemic area because there are many confoding factors, like clone multiple infection from infective mosquito bites is impossible to do in human because of ethic factor. So that this research is using rodent malaria as an in vivo resistance model of human and doing exposure of artemisinin to the Plasmodium berghei. The effective dose of artemisinin that is used is 99% (ED99 : 200mg/Kg weight of mice). Artemisinin is given passage and repeated to the mice.
Leukocytes are part of the blood that is vital to the body's defense against infection,  so that this research is conducted to determine the changes of leukocytes profile to the development of artemisinin resistance in mice which is infected Plasmodium berghei with repeated passages. This exposure model of artemisinin with in vivo repeated passages on the mice which is infected  Plasmodium berghei can be used as a basic to describe immune system against Plasmodium berghei parasite infection which has been ever exposed to repeated artemisinin.
Methods
Research Design 



This research is an experimental research with post test only control group design. Parasite that is used to infect the mice is Plasmodium berhgei  ANKA strain. Mice that is used is male mice with Swiss Albino strain, its weight is 20 g -30 g, and its ages is 2,5 months. Artemisinin that is used is artemisinin Pro analysis (PA)  from Sigma Chemical Co. 
Research Sample  
This research is using twenty male mices with Swiss Albino strain,  its weight is 20 g - 30 g, and its ages is 2,5 months. That animals are got from mices's cage on Pusvetma Surabaya. 

Research Procedure 
Mice is intraperiotenally infected with RBC that is contained 1x105 P.berghei in 0,2 ml. The infection is known by erythrocytes microscopic examination everyday. The examination is done by thin blood smear taken from the tail vein of the mice and stained with 20% Giemsa. The research is divided into four groups treatment, including mice group which is infected with P.berghei and exposed to artemisinin for 1 time (P1), mice group which is infected with P.berghei and exposed to artemisinin up to 4 times (P4), control group that is consist of  mice group which is infected with P.berghei and didn't exposed to artemisinin (K), and mice group which is infected with P.berghei and has been ever exposed to artemisinin for 4 times (KP).
Mice treatment : Five mices that has been inoculated with RBC containing 1x105 P.berghei in 0.2 ml (D0) and given artemisinin ” 4-day –test’ (4-DT) with ED99 (200mg/kg weight of mice) dose for 3 days which is begun at 48 hours after infection (D2). After that, parasitaemia is monitored and calculated at 120 hours after infection. After parasitemia is more than 2 % RBC which contains parasite is used as donor to be passaged on 5 new mices. Then, 48  hours post infection, the 5 new mices are exposed artemisinin with the same ED99 dose for 3 days and so on up to 4 times of passage. For the control group : Five mices that has been inoculated with RBC containing 1x105 P.berghei in 0.2 ml (D0) don't get any medicine. parasitaemia is monitored and calculated at 48 hours after infection. After parasitaemia is more than 2 % RBC which contains parasite is used as donor to be passaged on 5 new mices then repeated passages are done on the mice up to 4 times. Parasite development is followed till 10th days after infection in all treatments.(6,7) 

Parasitaemia Calculation

Calculation of parasitaemia in mice for each exposure to artemisinin and every passage in mice is conducted after 120 hours post infection (5th day of infection). Thin smear of blood from tail's vein is created, then fixed with methanol, stained with 20% Giemsa for 20 minutes, then washed with water and dried. After that, Plasmodium berghei parasitaemia percentage is calculated by counting the number of erythrocytes which is infected on every 1000 erythrocytes under a light microscope with 1000x magnification. Parasitaemia percentage is calculated with formula of Garcia and Ljungstrom. (8,9)

Leukocyte Type Calculation 
Calculation of leukocytes type is done in 48 hours, 5th, 8th and 10th days post-infection by making preparations of thin smear of blood that taken from mice's tail, fixed by using methanol for 5 minutes and then put in a Giemsa staining for 20 minutes, washed with running water with tilted position, and dried in the air. Leukocytes differentiation is calculated under microscope by using emersi oil with 1000x magnification. Every 100 leukocytes that found are counted and grouped into each type of leukocytes, namely neutrophils, eosinophils, basophils, lymphocytes, and monocytes. Leukocytes calculation is using some of the visual field throughout the smear that is shifted towards the middle then shifted parallel to the edge of the review and move to the edge of the back and forth until it reaches a total leukocyte count of 100. The relative value of leukocytes is written in percent.

Data Analysis
The data results of leukocytes profile is processed with Oneway ANOVA using SPSS 17.0 with the level of 5% to determine differences in treatment accorded. 

Ethical Clearance 

This research has been approved by ethics committee of Veterinary Medicine Airlangga University on June 3rd 2015 with certificate number No. 464 KE
Results 

Table 1 and Fig. 1A showed the result of neutrophil percentage on P4. This neutrophil percentage is the highest among the other treatment group that begin from 2nd day until 10th day post infection. The picture also showed that the infection in 2nd day on control mice group that is infected P.berghei and ever been exposed artemisinin for four times (KP) and treatment mice group that is infected with P.berghei and has been exposed with artemisinin for four times (P4) showed that theres is significantly different increasing when compared with a control group of mice that infected with P.berghei and had never been exposed with artemisinin (K1) and mice group that is infected P.berghei and exposed with artemisinin for 1 time (P1). On the 5th day of infection, control group of mice that is infected P.berghei and ever been exposed artemisinin for four times (KP) showed  significantly different increasing when compared with the other three groups, namely  control group of mice that infected with P.berghei and had never been exposed with artemisinin (K1), P1 group, and P4 group. On the 8th day of infection, the neutrophil percentage didn't give any significally differences on all the mice groups (K1,KP,P1.P4). On 10th day of infection, neutrophil percentage on P1 group showed significantly different decreasing when compared with the other groups (K1, KP and P4).

Table 1  Mean of  Leukocytes type percentage on control and treatment group which is repeated exposed with artemisinin on the mice which is infected with P.berghei leukocytes profile
	Days infection/

Group
	Neutrophils

( %)
	Monocytes       ( %)
	Lymphocytes       ( %)
	Basophils      %)
	Eosinophils       ( %)

	Day 2
	
	
	
	
	

	K1
	  0.00 ± 0.00a
	0.40 ± 0.89a
	94.00 ± 6.04a
	0.00 ± 0.00a
	5.60±6.34a

	KP
	20.80 ± 3.42b
	2.00 ±1.00b
	75.00 ± 6.20b
	1.00 ± 1.00b
	1.20±1.78a

	P1
	  6.60 ± 8.53a
	0.60 ±1.34a
	90.20 ± 11.69a
	0.00 ± 0.00a
	2.60±3.71a

	P4
	27.40 ± 8.76b
	4.00 ±3.16c
	64.60 ± 4.87c
	0.40 ± 0.84ab
	3.60±2.19a

	Day 5
	
	
	
	
	

	K1
	12.80 ± 13.06a
	3.40 ±1.94a
	78.00 ±7.68a
	0.00 ± 0.00a
	5.60±3.91a

	KP
	25.40 ± 3.71b
	1.80 ±1.30a
	69.40 ± 6.65a
	0.20 ± 0.44a
	3.20±4.54ab

	P1
	13.20 ± 10.82a
	2.80 ±2.77a
	82.00 ±12.18a
	0.00 ± 0.00a
	2.00±3.93ab

	P4
	23.40 ± 4.87a
	6.20 ±5.49a
	67.60 ±7.40a
	2.00 ± 1.41b
	0.60±1.34b

	Day 8
	
	
	
	
	

	K1
	20.60 ± 9.71a
	1.20 ±1.0 a
	78.20 ± 9.73a
	0.00 ± 0.00a
	0.00±0.00a

	KP
	26.40 ± 3.78a
	3.60 ±2.70a
	69.60 ± 4.92a
	0.20 ± 0.44a
	0.20±0.44a

	P1
	25.00 ± 14.69a
	9.20 ±4.20a
	65.40 ± 15.12a
	0.00 ± 0.00a
	0.40±0.89a

	P4
	25.00 ± 8.39a
	4.20 ±1.48a
	69.60 ± 8.96a
	0.60 ± 0.54b
	0.80±0.83a

	Day 10
	
	
	
	
	

	K1
	35.00 ± 8.68a
	3.00 ±2.54a
	60.80 ± 11.16a
	0.00 ± 0.00a
	1.20±2.16a

	KP
	28.80 ± 5.89a
	1.80 ±0.83ab
	68.60 ± 5.54a
	0.40 ± 0.54a
	0.40±0.54a

	P1
	15.20 ± 8.75b
	7.40 ±7.60b
	77.40 ± 5.81c
	0.00 ± 0.00a
	0.00±0.00a

	P4
	30.60 ± 9.83a
	2.80 ±1.78ac
	66.60 ± 9.53ab
	0.40 ± 0.89a
	0.00±0.00a


Values are means of 5 determinations ± SEM. Values for each day along the same column with different superscript letters are significantly different (P<0.05).

Table 1 and Fig. 1B showed the result of highest monocytes percentage is on P4 group when compared with the other treatment groups. The increasing of monocytes begin in the 2nd - 8th day post infection and then decreasing in the 10th day post infection buat still be higher than the other treatment groups. That results showed that 2nd day of infection in control group of mice that is infected P.berghei and ever been exposed artemisinin for four times (KP) showed significally different increasing when compared with control group (K1), mice group that is infected P.berghei and exposed with artemisinin for 1 time (P1) and control group of mice that is infected P.berghei and ever been exposed artemisinin for four times (KP). On the 5th day of infection and 8th day of infection, monocytes percentage didn't show any significally differences in all the groups (K,KP,P1.P4). On the 10th day of infection, mice group that is infected P.berghei and exposed with artemisinin for 1 time (P1) showed  significantly differences when compared with the other three groups (K1, K4, and P4).

Table 1 and Figure 1C. The result of the highest lymphocytes percentage is on the P4 group when compared with the other group. That highest lymphocytes percentage begin on the 2nd day until 10th day post infection. That result showed that 2nd day of infection in control group of mice that is infected P.berghei and ever been exposed artemisinin for four times (KP) and treatment group of mice that is infected with P.berghei and has been exposed with artemisinin for four times (P4)  showed significantly differences when compared with control group of mice (K1) and mice group that is infected P.berghei and exposed with artemisinin for 1 time (P1). On the 5th, 8th, 10th days of infection, lymphocytes percentage didn't give any significally differences on all groups (K1, KP, P1, P4).
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Fig. 1. Leukocytes type percentage on control and treatment group which is repeated exposed with artemisinin on the mice which is infected with P.berghei .Note : K1 group is a control group of mice that infected with P.berghei and had never been exposed with artemisinin, KP group is control group of mice that is infected P.berghei and ever been exposed artemisinin for four times. P1 group is mice group that is infected P.berghei and exposed with artemisinin for 1 time. P4 group is treatment group of mice that is infected with P.berghei and has been exposed with artemisinin for four times.
Table 1 and Figure 1D The result of the highest basophils percentage is on the P4 group when compared with the other group. That highest basophils percentage begin on the 2nd day until 5th day post infection then on the 8th day post infection, basophils percentage is decreasing. That result showed that on the 2nd day of infection, That result showed that 2nd day of infection in control group of mice that is infected P.berghei and ever been exposed artemisinin for four times (KP) and treatment group of mice that is infected with P.berghei and has been exposed with artemisinin for four times (P4)  showed significantly differences when compared with control group of mice (K1) and mice group that is infected P.berghei and exposed with artemisinin for 1 time (P1). On the 5th day of infection, treatment group of mice that is infected with P.berghei and has been exposed with artemisinin for four times (P4) showed an increasing percentage of basophils which is significantly differences when compared with the other three groups  (K1,KP,P1). On the 8th day of infection,  treatment group of mice that is infected with P.berghei and has been exposed with artemisinin for four times (P4) showed an increasing percentage of basophils which is significantly differences when compared with control group of mice (K1) and mice group that is infected P.berghei and exposed with artemisinin for 1 time (P1) but didn't give any significantly differences with treatment group of mice that is infected with P.berghei and has been exposed with artemisinin for four times (P4). On the 10th day of infection, basophils percentage didn't give any significant differences on all control and treatment group of mices (K,KP,P1.P4). 

Table 1  and Figure 1E The result of eosinophils percentage on the P4 group is higher on the 2nd day post infection. After that, the eosinophils percentage is getting decreased. That figure showed that 2nd day of infection on the control group of mice that is infected P.berghei and ever been exposed artemisinin for four times (KP) showed significant differences when compared with control group of mice that infected with P.berghei and had never been exposed with artemisinin and mice group that is infected P.berghei and exposed with artemisinin for 1 time (P1) and also treatment group of mice that is infected with P.berghei and has been exposed with artemisinin for four times (P4). On the 5th day of infection, treatment group of mice that is infected with P.berghei and has been exposed with artemisinin for four times (P4) showed significant increasing of eosinophils percentage when compared with control group of mice (K1) but didn't give any significant differences with the other groups (KP and P1). On the 8th day of infection,  treatment group of mice that is infected with P.berghei and has been exposed with artemisinin for four times (P4) showed significant increasing of eosinophils percentage when compared with control group of mice (K1) but didn't give any significant differences with the other groups (KP and P1). On the 10th day of infection, eosinophils percentage didn't give any significant differences on all control and treatment group of mices (K,KP,P1.P4). 

Discussion
Increasing if neutrophils percentage on the 2nd day until 5th day post infection P.berghei which is repeated exposed with artemisinin showed that neutrophils is a cell that has function as the first defense of body which can against infection or pathogen that enters the body (to eliminate P.berghei). Neutrophils will perform phagocytosis against pathogens (P.berghei) and will undergo autolysis after phagocytosis is completed. Cytokines and interleukins that released after lysis of neutrophils will stimulate the bone marrow to release neutrophil so that the production of neutrophils is increasing. Malaria infections can induce an immune response both humoral and cellular immunity. In the humoral immune response, antibodies provide protection against malaria infection through a variety of mechanisms. Antibodies can block the invasion of merozoites into erythrocytes and inhibits the growth of parasites in the erythrocytes. While cellular immunity against Plasmodium role in the erythrocytic stage. Cellular immunity is conducted by lymphocytes T helper (Th). Th cells are a subset of T cells that are needed in the induction of immune response against foreign antigens infection. Th lymphocytes by the type cytokines are divided into Th1 that will activate cellular immunity and Th2 which will activate humoral immunity. (10) 
The increasing of neutrophils percentage on the 8th day post infection is not significantly different. On the 10th day post infection,  mice group that is infected P.berghei and exposed with artemisinin for 1 time (P1) showed decreasing when compared with K1, KP and P4 groups.  This is showed that neutrophils function as the first defense to eliminate P.berghei by fagocyt parasites and neutrophils on the first days of infection or when the P.berghei attacks. This suggests that infection that take longer time will increase the percentage of parasitaemia in the body of mice so that the parasite  which is high in the body will suppress the immune system (immunosupression) that causes the immune system is inadequate and unable to respond properly. High parasitaemia will improve the mechanism of parasite invasion and suppress the host's immune system.(11) 
All results of neutrophils profile in the groups showed that P.berghei which ever been exposed with repeated artemisinin showed differences when compared with P.berghei that had never been exposed with artemisinin. This shows that mice respond to an infection that enters the body to fight or neutralize infection is more powerful because of the parasites' ability to develop is faster. This is consistent with in vitro studies that performed by Maslachah 2013 that Plasmodium which already viable from artemisinin repeated exposure will increase parasitaemia and takes a shorter time to be viable again when compared with the treatment group that only get one time artemisinin exposure. (12)
Monocytes are phagocytic cell that would destroy the antigen by swallowing them. Moreover, monocytes may contribute to deliver antigens to the lymphocytes (antigen precenting cells: APC). Increasing the number of monocytes which is quite high in mice that infected P. berghei and exposed repeatedly with artemisinin showed an increase phagocytosis against parasites as the body's defense mechanism against P.berghei. Repeat artemisinin therapy in the treatment group causes the growth of P.berghei is faster growth after viable from medicine exposure so that the number of parasitaemia increases so that the cells that contribute to the elimination of parasites is increasing and that will give affect to the monocyte profile.

Control group of mice that is infected P.berghei and ever been exposed artemisinin for four times (KP) and didn't exposed with medicine showed an increasing average percentage of monocytes that higher when compared with the control mice that infected with P. berghei and were not exposed to the medicine. This significant difference is visible in the 2nd days post infection. This can be explained from the research of Maslachah L (2013) that explain Plasmodium which ever exposed to artemisinin that can be viable and grow normally shows the life cycle of intra-erythrocytic development is faster, so that the increase in the average percentage of monocytes is a mechanism for defense against P.berghei.(12)
In the profile figure of monocytes from 2nd to 8th days post infection showed an increasing trend in the treated group of mice that exposed artemisinin but after the 10th day of infection, there is degradation whereas in the group of control mice, the trend is decreasing or stable. It showed that after chronic infection, monocytes will be decreased so that the monocytes has maximum function in the first week of infection.

     Average percentage of lymphocytes in the treated group of mice showed artemisinin exposure look decreasing when compared with control group of mice. This is due to artemisinin exposure for 3 days with a therapeutic dose in mice that infected P.berghei causing Plasmodium growth suppressed so that inhibit the growth of malaria parasites in all treatment groups compared to the untreated control group. Research conducted by Teuscher et al. (2012) in P. falciparum strains of W2 and W2AL80 also showed decreasing parasitaemia to 1% until 8 days after medicine exposure and after 8 days, it began to show increasing parasitaemia that reach more than 10% after 12 days.(13)

       The percentage of lymphocytes on 2nd day of infection in mice control that ever been exposed artemisinin and treatment groups of mice that infected P.berghei and got repeated exposure to artemisinin showed significant differences when compared with control and treatment group of mice that infected P.berghei and only got one time exposure to artemisinin.  This can be explained that the lymphocytes is one of leukocyte cells which have a role in the body's defense mechanism against P.berghei. At the beginning of infection, P.berghei will stimulate the formation of antigen percenting cell (APC). APC cells will stimulate the body's mice to form T lymphocytes that play a role in the immune response to destroy the Plasmodium.(14) However, after 5th, 8th and 10th day of infection, lymphocytes percentage showed no significant differences between all groups of mice. This shows that antigen presenting cells (APC) can affect the response of T lymphocytes during acute infection in the erythrocytic stage.
In this study, basophils and eosinophils do not play a major role in infection by the parasite P. berghei. Basophils have a big role in the allergic process and eosinophils play a major role in the process of infection by a parasitic worm (Fabre, V et al.,2009). The average value of basophils from this study ranged from 0 to 0.4%. These results do not show a significant increasing differences from the physiological value of basophils which is 0 to 0.3%. Then, the percentage of eosinophils is 0 to 5.6%, which did not show a significant increasing from the physiological value of eosinophils which is 0-4%.(16) On the 2nd day post infection, the results of basophils and eosinophils profiles in the control treatment group that infected with P. berghei and ever been exposed to artemisinin for 4 times and groups of treated mice that infected with P. berghei and exposed repeatedly to artemisinin has been able to stimulate the production of cells that play a role the immune system (basophils and eosinophils). This suggests that P.berghei which ever been exposed repeatedly that infects mice can lead to stimulate immune system to work optimally by expressing all types of leukocytes in order to neutralize the infection.

Conclusion 
Repeated exposure of artemisinin on the mice that infected with Plamodium berghei  will cause the changes of leukocytes profile : neutrophils, lymphocytes, monocytes, basophils and eosinophils.
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