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Abstract: Artemisinin drugs were active during the intratargcytic stage of malaria parasite
infection. The activity of artemisinin and syntlietindoperoxides was related to their interactioi wi
heme. The electrophillic intermediate formed frortemisinin in the presence of heme alkylates the
protein portion of hemoglobin preferentially to theme portionProblem statement: Since there
might be an interaction between artemisinin andhmae of the blood, we studied the effects of 5-day
and 7-day oral Dihydroartemisinin (DHA) treatmewith 5 dosage regimens of dihydroartemisinin on
the blood and six vital organs of Wistar albincsrétpproach: The dosages of DHA tested on 5 test
adult Wistar albino rats (weight = 106-140 gramsyevl, 2, 60 or 80 mg Kyrat weight of DHA by
oral intubation for 5 or 7 days. Four rats of sanilveight which served as controls in each expearime
were given distilled water equivalents of the adstared doses of DHA. Another group of 5 test rats
and four control rats (weight 75-90 gms) were gitang kg* rat weight of DHA or distilled water for

5 or 7 days and were allowed to rest for one wétek ahich the treatment was repeatBésults: The
findings of the study showed that Dihydroartemisi(@HA) had erythropoietin-like properties. In the
study DHA produced dose, repetition and time depenhdtatistically significant increases in the
Packed Cell Volume (PCV) (P<0.01-0.03) and thel téthite Blood Cell count (WBC) (P<0.01) of
the DHA-treated rats which was absent in the cdmtrdhe 7-day DHA treatments produced lower
statistically significant increases of the PCV (F34003) and the WBC (P<0.01) than the 5-day DHA
treatmentsConclusion: This result suggested that the administered DH#bited its own stimulated
statistically significant increases in the PCV ahd WBC of the treated rats through an inhibitory
(negative) feed-back effect. The structure and amsitipn of the blood cell types like the presente o
large numbers of reticlocytes and left-shifted napitils in the blood samples of 5-day DHA -treated
rats but not in those of 7-day DHA treated ratsdatkd that new haemopoiesis was actively going on
in the first 5 days of DHA treatment but had slovggEivn by the sixth and seventh day of treatment.
The initial stimulation of haemopoiesis and latehibition of haemopoesis by a negative feed-back
effect on haemopoiesis suggest that DHA has ergtietin-like properties.

Key words: Dihydroartemisinin (DHA), Packed Cell Volume (PCMeed-back effect, left-shifted
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INTRODUCTION intermediate formed from artemisinin in the preseat
heme alkylates the protein portion of hemoglobin
Artemisinin-heme adducts form in drug treatedpreferentially to the heme portionThe artemisinin-
parasites (Meshniclet al., 1996). The electrophillic globin adduct formed in the presence of heme mest b
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of some significance. This study investigated tfiect  treated and control rats. Standard haematological
of Dihydroartemisinin (DHA) on the blood and six procedures were also used to obtain the packed cell

systemic organs of Wistar albino rats. volume, the total white blood cell count and other
relevant haematological indices of the collected
MATERIALSAND METHODS blood samples.
Five adult Wistar albino rats which weighed 106- RESULTS
140 grams were given 1, 2, 60 or 80 mgKmt weight
of DHA by oral intubation for 5 or 7 days. Fourgatf The results of the study showed that DHA

similar weight which served as controls in each

experiment were given distilled water equivaleritthe produped dpse_,_ repgtmon an(_j time dependent
administered doses of DHA statistically significant increases in the Packedll C

Five test rats and four control rats which weighedvelume (PCV) (P<0.01, 0.03) and the total whiteddlo
75-90 gms were given 1 mg Rgat weight of DHA or  Cell count (P<0.01) in both the 5 day and the 7day
distilled water for 5 or 7 days and were alloweddst DHA-treatment rats; which were absent in the cdstro
for one week after which the treatment was repeated The PCV of the 5-day treatment rats was in the easfg

The starting dose of the 1 mg R@HA for both  45-48% and their total WBC count ranged from 10,500
the single dosage regimen treatment and the repeatenm®-13,800 mm.The PCV of the 7-days DHA-treated
dosage regimen treatment was 2 mg_lKg” rats ranged from 35-39% and their total WBC count

The test and control rats were sacrificed 24 hourganged from 7,050-10,950. These figures compared
after the administration of the last dose of eackage against the PCV value of 42% and the total WBC toun

regimen; after the collection of their whole blood
samples for haematological investigations in EDTAOf 4.800-5,200 mrhof the control rats. These results

anti-coagulant containing bottles. The lungs, heartShoW that DHA stimulated new haemopoiesis. The

liver, intestine, spleen and kidney of the test aontrol ~ hemopoeisis  stimulation  effects of DHA  were
rats were collected for histological studied afteey — observable gross anatomically and histologically.
had been examined gross anatomically. The haemopoeitic effects of 5 days oral DHA

Conventional procedures were employed in thereatments and those of 7 days oral DHA treatments
production of photomicrographs of the lungs, heartthe heart, liver, lungs and kidney obtained in shedy
liver, intestine, spleen and kidney of the DHA- are shown in Fig. la-c.

(b)
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Fig 1: lllustration of the haemopoetic effects ofsd 7 days oral DHA treatment on (a) the lungsittib heart; (c)
the liver and the lungs of Wistar albino rats

60% -

normochromic red blood cells and a few of them had
50% left- shifted neutrophills and no reticlocytes. didiy
s | of the erythrocytes of the 7-day DHA treatment rats

= Mean POV valucof Sdays were mildly hypochromic and normocytic.

30% 7 = Mean POV of 7 days reatment The effects of the tested doses of DHA produced
20% | o vofeomtalia dose, repetition and time dependent differencethén
10% | staining of the smooth/cardiac muscles of the heart
N lungs, liver, intestine, spleen and kidney. Sammés

1A

such muscles affected by DHA treatment are shown in
Fig. 1a-c for the heart, liver and the lungs asngas.
These red blood cell staining effects of DHA on the
cardiac muscles of the heart and those on the $moot
muscles of the lungs, liver and kidney, heart, esplend
Fig. 2: The effect of 5days and 7 days oralintestine followed the same pattern of dose, répeti
dihydroartemisinin treatment on the packed Cenand time (5 day or7 day treatment) dependenchms t
volume of Wistar albino rats pattern of the its PCV and WBC count elevation eiffe
of the 5 and 7 days DHA treatment in Fig. 2 and 3.
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60Omgkg ' DHA
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I'mgkg ' repeated
80 mg kg

m 5 days DHA treatment D I g: U SSI O N

m Control Exp. Of 5 days DHA

treatment The results of this study suggest that DHA hak sel
s pRA et regulatory stimulatory effects on haemopoiesis. The
= ContiolExp.of 7 daysDHA inhibitory feedback effect of DHA produced the lowe
= Cotumal PCV value increases and the lower WBC count

increases obtained with 7day DHA-treated rats
incomparism with those obtained with the 5day DHA-
treated rats.

This inhibition of further stimulation of
haemopoiesis showed in the blood picture as the
:The effect of 5 days and 7 days oralabsence of reticlocytes and left-shifted neutraphil
dihydroartemisinin treatment on the total white Which are usually associated with new hemopoiesis.
blood cell count of Wistar albino rats in fim The mild hypochromic normocytic red blood cells

of these 7day DHA-treated rat blood samples also
The red blood cells of the 5-days DHA-treated ratssuggest that mobilization of iron and chromium riemw
were normocytic and normochromic. They were alsaed blood cell production had slowed down by the
characterized by polychromasia and the presence of seventh day of DHA administration.
large  number of reticlocytes and left-shifted Heme catalyses the breakdown of artemisinin and
neutrophils. A smaller proportion of the red blogills  also forms a covalent complex with it which retaihe
of the 7-days DHA-treated rats had normocyticheme iron structure and seems to have lost the
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artemisinin  structure  (Meshnicket al., 1996; fractionated lysate from genetically normal erytiytes
Asawamahaskadet al., 1994a; 1994b). A study found revealed that the protein fraction with moleculaigit
that the artemisinin —heme adduct forms in drugté® greater than 100 kDa was capable of reducing
parasites but is unlikely to be related to the medim  artemisinin effectiveness more than the lower mabac
of action of the drug as in vitro, there was neeeffof  weight fraction (Meshniclet al., 1996). Catalase and
artemisinin treatment on hermozoin synthesis oit®n Hb A but not selenoprotein glutathione peroxidaseew
degradation in parasites in culture even incapable of reducing artemisinin effectiveness [ inem
concentrations which might inhibit hypoxanthine (ferriprotoporphyrin) IX reduced artemisinin
incorporation (Asawamahaskegal., 1994). effectiveness in a concentration and time dependent
The findings of this study suggest that themanner (Meshnicket al., 1991; Benoit-Vicalet al.,
artemisinin-heme adduct was utilized in the foromti 2000). Thus this study found that heme and heme-
of new red blood cells in the artemisinin treatatbrin  containing compounds are largely responsible for
vitro, heme and iron catalyse the conversion ofreducing artemisinin effectiveness. In the lighttbé
artemisinin and its derivatives into free radicashe  present study, “reduction of artemisinin effectiges’
same way they catalyse the decomposition of hydrogeas used in the above cited study, means involveofent

peroxide into free radicals (Asawamahasketaal.,  artemisinin in execution of other actions otherntha
1994). “alkylation of malaria parasite proteins”. The

Since artemisinin alkylates the protein portion ofstimulation of haemopoiesis by dihydroartemisingn i
haemoglobin and not the haem portion (Mesheick.,  one such action of artemisinin.

1996), the author elucidate that dihydroartemisinin  When blood is exposed to various drugs or
formed adducts with heme (forms of iron storedhe t oxidizing agents in vitro oin vivo, the ferrous ion
body) including the heme in haemoglobin and(Fée™) in the heme of hemoglobin is converted to ferric
myoglobin and then alkylated globin. These actiofis ion (F€") forming methemoglobih Methemoglobin is
DHA stimulated erythrocyte and leucocyte stem dells dark coloured and when it is present in large dtiast
germinal sites of erythropoietic sites of the DHA-in the circulation it causes a dusky discoloratidrihe
treated rats. The stimulated stem cells grewskin resembling cyanosis (Ganong, 2001). In the
proliferated and matured into the new erythroced  present study Dihydroartemisinin not only interdcte
new white blood cells obtained in this study. with the heme of haemoglobin to form methemoglobin
Heme and artemisinin form covalent adducts withpyt also interacted with the globin of hemoglobin t
molecular weights 856 and 871 when they are mired ijnitially stimulate and later inhibit new haemopsize
solutions (Meshniclet al., 1996). These adducts seem  The findings of this study therefore suggest that
to contain one heme molecule and one artemisinilajihydroartemisinin has erythropoietin-like propesti
molecule (Meshnick et al., 1996). One of the and that it employed these properties in stimugatind
artemisinin-heme adducts probably later initiatee t subsequently, inhibiting new haemopoiesis in theydy

formation of new hemoglobin for incorporation into heart, liver, intestine, spleen and kidney of Wfista
maturing new erythrocyte stem cells. Another glbino rats.
artemisinin-heme adduct probably forms free radical Erythropoietin is a circulating glycoprotein that
per oxidation of parasites, pathogens and evenetanccontains 165 amino acid residues and four
tumor cells as anti-tumor cell activity of oligosaccharide chains which are necessary for its
dihydroartemisinin  and artesunate have beerctivity in vivo (Ganong, 2001). The circulating blood
demonstrated in various studies (Effedhal., 2001; level of erythropoietin is markedly increased ireania
Woerdebaget al., 1993; Lai and Singh,1995; Singh and and decreased when the red cell volume is increased
Lai, 2001;Ponmeest al., 2007). above normal by transfusion (Ganong, 2001).
A study found that artemisinin “loses its Erythropoietin increases the number of erythropoiet
antimalarial activity” on prolonged exposure to sensitive committed stem cells in the bone marroat t
erythrocytes especially a-thalassemic erythrocytes are converted to red blood cell precursors and
(Meshnick et al., 1996). According to the study, the subsequently to mature erythrocytes (Ganong, 2001).
major artemisinin inactivating factor in cytosol of The receptor for erythropoietin is a linear proteith a
normal erythrocytes was found to be heat labile &ut single transmembrane domain that is a member of the
heat stable factor fromu-thalassemic erythrocytes cytokine receptor superfamily (Ganong, 2001). The
which was shown to be released from haemoglobm alserythropoietin receptor has tyrosine kinase agtisitd
played a significant role in reducinging artemisini activates a cascade of serine and threonine kinases
effectivenesS. In the study, investigation of resulting in growth and development of its targelisc
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(Ganong, 2001). It is likely that Dihydroartemisini CONCLUSION

bound to the erythropoietin receptor on target aad

white blood cell stem cells to stimulate the new  Thjs study concludes that dihydroartemisinin has
erythropoiesis obtained in our study erythropoietin-like properties and that it employadse

~In a study, lethally irradiated mice were injected hroperties in stimulating and subsequently, inhilit
with marrow cells obtained from mice that had reedi o\ haemopoiesis in the lungs, heart, liver, iiest

phenylhydrazine plus control IgG or with marrowlsel spleen and kidney of Wistar albino rats.

obtained from mice that had received phenylhydezin

plus ACK2. In parallel experiments, normal murine REFERENCES

marrow cells were treated in vitro with control Ig®

with ACK2 and were injected into lethally irradidte Asawamahaskada, W., I. Ittrat, C.C. Chang, P. MnEIr
mice. The fraction of BFU-E and CFU-GM retrieved  and S.R. Meshnick, 1994a. Effects of antimalarials
from the marrow and spleen of the recipient mice 4  and protease inhibitors on plasmodial hemozoin
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