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Abstract

The effect of thalassemic membrane iron on artemisinin inactivation

Phantip Vatanaviboon', Noppadol Siritanaratkul’ and Yongyuth Yul.havong’.
1 Faculty of Medical Technology, Mahidol University, 2 Faculty of Medicine, Mahidol University,

3 National Science and Technology Development Agency. Bangkok, Thailand.

OL-Thalassemic erythrocytes both Hb H 11og Hb H/Hb CS were reported 1o cause host-
induced resistance of Plasmodium falciparum against antimalarial drugs, artemisinin and its
derivatives. Binding of the drug to hemoglobin H and drug preactivation to mactive forms were
previous demonstrated. This study showed an additional host factor, membrane heme, that may
account in decreasing antimalarial activity of artemisinin. By studying the antimalarial activity of
dihydroartemisinin, an artemisinm derivative, after incubating with normal and thalassemic (both
Ol- and B-) red cell membranes. The results showed the correlation of relative drug
incffectivencss to heme content in red cell membranes (r' = 0.453) but not to ferrozine reactive
iron or non heme iron content (r: = (.0001). HbH/HbLCS red cell membranes contained heme
(1.024 + 0.601 mg/mg membrane protein) with significantly higher amount than that in HbH, B-
thalassemia/Hb E and normal red cell membranes (0.326 + 0.173, 0.254 + 0.255 and 0.260 +
0.087 mg/mg membrane protein, respectively, p < 0.01, Mann Whimey U-test). Whereas |3-
thatassemia/Hb E red cell membranes contained ferrozine reactive iron (11.12 + 11.73 nmol/mg
membrane protein) non-significantly greater than normal! (2.89 + 1.93 nmol/mg membranc
protein) and Cl-thalassemic red cell membranes (Hb H = 5.639 + 5.130, Hb H/Hb CS = 6.600 +
4.945 nmol/mg membrane protein, respectively, p > 0.025, Mann Whiiney U-test). More
explanation on the effect of membrane heme on antimalarial ineffectivencss, nomal red blood
cells were oxidized with phenylhydrazine (1, 10 and 100 LLM) to mimic thalassemic red blood
cell membrane pathology. By treating nomal red blood cells with phenylhydrazine, the higher
concentration of phenylhydrazine used, the greater was the drug ineffectiveness (p < 0.01, Sign
Rank test) as well as membrane heme and iron content. The increasing ratio of membrane heme
content was higher than that of iron content. Hemoglobin H in Ot-thalassemic red blood cells was
suggested to be morc sensitive 10 oxidation than other hemoglobin types in the cells studied.
Therefore, under oxidiative stress, hemoglobin H was suggested to be denatured and caused
greater membrane hcme content which lead to relative artemisinin ineffectivencss against

Plasmodium falciparum infecting Ol-thalassemic red blood cells.
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9.2 FunouNINTINIATIZY
9.2.1 aamdoann ladtaingwaswurlesiauds Iy Inatiuyilang

indeadifiuluvasa EDTA wesiniuiiaideauarmisideg malafiainerlag
wSeniudinideasalulia Sysmex K-800 (Sysmex, Japan)  uatl¥ideom EDTA IA50%
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3oL ulagItuee Kuross tazame (17) lantudsannuluvasaehiuun

Judi 4°C mn$2 3000 sBUGBUIA U 10 WP iRBLEANAIMI iiaifeaun uazinfafen
Braifiadeaas 2 A3@28 ice-cold phosphate buffer saline (PBS) Tagiludad 4°C aamunia
3,000 SBUABU U 10 U simiusi I FidadeAuAANE Y ice-cold lysis buffer (5 mM
phosphate buffer, 0.5 mM EDTA, pH 8.0, iron free) TUNOAMANUSUNOLA 1 UUMILTURLY ice-
cold lysis buffer 5 ATaN 4°C AT 13,000 SOUABLIT U 15 UIW  Arannusudn 2 asq
A ice-cold washing buffer (5 mM phosphate buffer, pH 7.4, iron free) nﬁmuumsuﬁ -30°C
fiesenisas1vdude'll
9.2.3 misinvsuire Iusau lunmysu

SaulSu Tlsauvesmusuiieson 1882033009 Lowry nazams (18) Taoldwu-
wsuiwiond 200 Tulasdas naudutie 1 va. FaUszneudau reagent A (20 g Na,CO, in
0.1 N NaOH) 50 @7u fitrcagent B (1% CuSO, + 2% NaK uartrate, 1:1) 1 72U &% 10 wid
UE G Folin 0.1 118, wasiazaaly 30w 3@ 0D 4 750 uTumas s TilsAuves
muiusulandSvunouduaisazaedayiiunias g1u (bovine serum albumin, Sigma, U.S.A.)
9.2.4 msIadsursumndn hunuiusy

’J’ﬂﬂ?mmmﬁﬂﬁ"lﬂa;i“luzﬂﬁu’[ﬂuﬁ ferrozine assay Y93 Kuross Hasawms (17)
ferrozine ;i’Jumsﬁﬁﬂmﬁuﬁﬁ‘lumiﬁ'mnﬁn (iron chelator) ¥UA ferrous iron ‘ﬁ‘lﬁﬂ(ﬂuzﬂan
nsnareullszneudionasa 3 aeafe sample, sample blank, buffer blank WANUTUANT IV
mmn’;’m’;’uwﬂﬂsﬁuué’an:gﬂﬂmuﬁamaﬁ'au 5 mM sodium phosphate, iron free buffer, pH
7.4 Witaawndudu 1 wn/a. nazlfusufinaududud o1 va, lalunase sample LIag
8n 0.1 un. lalunasa sample blank @IUNAOA buffer blank 1d 5 mM sodium phosphate, iron
free buffer, pH 7.4 1311a5 0.1 ua. 1@N 10 % SDS 0.275 ua. 'ﬂﬂu'ﬂﬂﬂﬂﬂﬂ 1@ reagent A (S
ml acetate stock buffer, 3 g. SDS diluted to 50 m! with DW_, iron free) 0.1 10, aﬂunnnﬂaﬂ
ua:xﬁaw%’auﬂx‘?ﬂ OD 1Ay reagent B (30 g ascorbic acid, I g sodium metabisulfite, S0 ml
acetate stock buffer diluted to 500 ml with DW., iron free) 0.725 ua. aslunanasa a oD Tag
lﬂ?EN spectrophotometer (Hitachi 150-20, Japan) Taol¥TYsunsw kinetics 'ﬁﬂ’ﬂﬂﬂﬂﬂﬁ.‘u 562
u1TwnAS interval time 15 3UM total time 2 U upper limit = 1.000 110% lower limit = 0.000
jaf1 OD veanaeade iWsudousningy Taoreuia op 1ify ferrozine reagent (0.4 g
ferrozine, 2.5 g thiourea diluted to 100 ml with DW., iron free) Haoaas 0.1 wa. aslunanen
samplc 18E buffer blank #IUMaDA sample blank IAN 5 mM sodium phosphate 0.1 Ud. Nm.lﬁv‘l

Y Y e " - 1 [
onbhdiiu viimsTiannen sample iy mudiunaen buffer blank 1425957 sample blank
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RBC membrane ferrozine reactive iron = [OD sample-(OD sample blank + OD bufTer blank)] x 465.9

I mg/ml

fhﬁmmtu"lﬁ'n:ﬁnﬁ’mnﬂu nmole Fe/mg protein A1 factor 465.9 “luqmﬁm'mmn
ﬂ1iﬂ1$ﬂﬂﬁﬂfﬂﬂd OD A0 ferrozine extinction coeflicient 27.9 mmol/L llﬂ:ﬁ]mﬁ}‘wi‘h
dilution factor 13

JouTinanmandiegluzUvesdulasiiues Kuross tozams (19) 10001554 wtal heme
wron (ie, hemoglobin, hemichrome, free heme) ﬁ OD 39% W Twimas uasnazatemusuly
formic acid W3guouny hemoglobin standard (Biosystem, Spain) Taoiauimwluniie mg
heme/mg membranc protein
9.2.5 mmwﬁ’uﬁ'uﬁ'szm'mﬁmmmé‘ﬂTuwutusu:ﬁmﬁaﬂumﬁ’unwﬁqunﬁzn

TaotinunusuiimIon'1du1 200 1uTASATY incubate AUMITATA10D1 'C-dihydroarte-
misinin 109U 1 TulasTuars | va. ‘ﬁ 37°C 19, (12.1 nCi/ml, specific activity 12.1 mCi/mmol
Rescarch Triangle Institute, U.S.A.) sntuiuusnemsazasoidiuunldSanuntuue
TavTaoindsmwsaues c riauth‘Mvmmuqnilmﬁm'ﬁ bioassay UDd Desjardins 1D
Az (20) Tavdoanmiidesnisnaneuiinnudutuaing Taasluudnznquue sterile 96-
well plae Auifiadoauasiegludidomz@ouradiiaudutuveudadoauas 1.5 %
nariidenaraTu@oniladihin 12 % aslurindasvan incubate 24 ¥u.H 37°C 11 candle jar
mmfulﬁu 3H-hypoxanlhinc vauaz 0.5 "luiﬂiﬂc‘zj (specific activity 10-30 Cvmmol, Amersham,
UK) incubate #08n 18-24 4307 37°C 1 candle jar mmfmﬁuvﬁatimwia:nqﬂﬂuqﬂﬁmdw
H1U glass filter paper (Whatman, UK) é”wlﬂ?m cell harvester (Nunc, Denmark) 14 glass hlter
paper ﬂy1 udnihldiadsuusefives’ Srantasmia 50 % inhibitory concentration (IC,)
21n3 W 111 IC, YU incubate FummUsHAIuINALEIHR 1 1] incubate funmmsU
(control) lﬁ.‘ﬂ'ﬂ1 drug effectiveness index @ 10AUN1S

Drug effcctiveness index = IC, of control

1C,, of test
=% o -ﬂ’
9.3 Anwnalnnismiaagnim
- L4 - L. . 1
Tawviuxsann@du oxidize A 210015 phenylhydrazine AH MUY 1, 10, 100 T3 Tas T
o P At Y ar - - a o
a3 e lEluTanduameduasiulSnamanlugddufiusuiiafeanas¥nde

o - o o [ | [V -
ﬂ'U‘WUTE'(’Tﬂ'lW'UENI‘b’ﬁﬂlllﬂlﬁBﬂllﬂiﬁ1?1‘(1‘11’!;]0 'Jﬂﬂ?lﬂﬂl'[ﬂ'iau I‘Hﬁﬂ llﬂ:ﬁﬂﬂ1ﬂ1iﬁ1ﬂ1u
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(The effects of antimalarial drug on hemoglobin oxygen affinity)
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1. wansnsromelatining1veideg 1den
nanisasramelaiiainevesdiedrndeasinaulnd 13 au  Fiaosaisiaadile

BUA OL-thalassemial/Ol-thalassemia? (HbH) 10 AU ¥UA OL-thalasscmial/ hemoglobin Constant

Spring (HbH/HbCS) 12 AU llﬂ$ﬂ1ﬂa§'ﬂ]Ulﬂﬂ1ﬁ1ﬁ’ﬁ°‘§lﬂﬂ‘ﬂﬁﬂ B-lhalasscmia/HbE (ISIE) 'ﬁl]ll

1daariin 11 aulduaas 13 uarsen 1

TABLE 1 : Hematologic data of sample studied

Cell Mcan + standard deviation (S.D.) Hb
type " W139C RB)C Hb Het MCV | MCH | MCHC qul typiny:
X104, | X107, g/dl %% 1 pe e/dl X10 /1,
- ]

Normal 13 6.7 4.4 13.1 39.9 89.0 29.2 328 | 2630 | ALA
(1.5) (0.4) (1.0) (3.1) (7.2) (2.5) (0.4) | (47.6)

HbH 10 7.8 4.2 8.5 28.6 69.7 20.% 294 | 3376 | AA
(2.8) (1.3) (2.5) (6.8) | (13.8) | (4.8) (2.2) | (79.0) | Bart’s

H
HbH/ 12 7.3 4.1 8.1 30.8 77.6 2?).0 26.5 | 2493 | CS
HbCS (2.6) (0.7) (1.6) (4.4) (5.7) (1.0) (3.1) | (87.6) | A A

Bart’s

H
B/E 11 7.8 3.6 6.7 20.8 58.0 18.3 31.7 352 AZE_

(2.4) (0.9) (1.7) {4.3) (3.6) (1.0) (2.1) | (156) | FA

Note : n=number of cases, WBC = whitc blood cell count, RBC = red blood cell count,
Hb = hemoglobin, Het = hematocrit, MCV = mean cell volume, MCIH = mean ¢ell hemoglobin,

MCHC mican cell hemoglobin concentration, PIU= platelet count

2. Yimneundnlumnnusuve siodennn sviinn e
a = o o [ =t o o -~ o~ ¥
913 indSinaunany lieglugUtulunanusuveusndiiadeaunssiinmieg Tay
o . w -~ d o o 2 o . . '
A8 ferrozine assay UazdnliummaniieglugdanTesldiw formic acid wudt wnusuves

cf -~ - - Y| o o v [ = ¢ ! 3 o
waifeauaauasdadiislimani ueglugldvazausglannasuinninus uveuiia
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ar a s 3 2 T o 1 1
deanasdarhsdadiiviaziiaiieauaind (@131 2 sUH 1) uddTunamanniieglunn
wsuveuiaideanaiianyhidwdussaiivodwaynata (p > 0.025, Mann Whimey U-

o o - a @ aa Y o pa o A 4 <1
test) JuvnzNiimdoauasdarisdaFiioyia HbH/HLCS NUSuaumaniegluzdaumsau
¢ ’ ar a o4 o - -~ ar o« o -1
sguInnInfiadoauasdan s dadiloria HbH aidsauauuaisidadiionazdimioanns

Und (913199 2 319 2) egniiod Wynada (p < 0.01, Mann Whitney U-test)

TABLE 2 : Membrane iron contents and drug effectiveness index of various red blood cells

Mean + standard deviation ($.D.)
Cell type n | Ferrozine reactive | Total heme iron Drug effectiveness index
iron (nmole/mg (mg/mg protein)
membrane Intact cell
protein)
Normal 5 2.89+193 0.26 + 0.08 1.06 + 0.23 1.29 + 0.36
(n=26)
HbH 10 564 +5.13 0.33+0.17 0.88 +0.39 022 +0.14
(n=4)
HbH/HbCS 12 6.60 + 4.94 1.02 +0.60 0.54 +0.36 0.20 +£0.14
(n=35)
B/E 11 11.12+11.73 0.26 +0.25 1.06 + 0.43 1.10 + 0.48
(2 =6)

3. mahaegninlalalnserifidinlasnmysuveaindeaunssiindiag

nmanageunun e lalalase1siigiuiieglu media 131 incubated ofuiiion
AT UARA T wuiniiadeauasdanisdadiions 2 stiaawisnaadszAnsnme1dun
niudaideauns B/E uondadeauanlng @1s1eh 23U 3) esnihivdwaniada @ <
0.01, Mann Whitney U-test) hdilofnyinisvitaognislasnuusuiadeanairiiaaian
wud s wiliaideauas HbH/HLCS muisoaslsz@ninmaTaoniolfuniiqge s09aq
sidususuvesadimideauns HoH, B/E tazifiadeaualndandmdy @sed 2 31 4)
TagdszAntnmofinaasiinnuuanduedeiiodvynadae wisiienSsumoussuing

nau HbH/HLCS U f3/E (p < 0.01, Mann Whimey U-test)
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<5

v ar o ¥ o o 1 = ¥ @
4. ANUTHNUSITHTIARENdaszvsomanludulwmy suveaiaioauarting13q funs

dafen o m

mamagnielalslnserinnsau
TunisdnyinimduiutszninlsedninmoifarasiulSuaminlummusu

WUt UssAnEnmeriiannands incubated BrfUNIT S AR AUAYTTARISY vz FURUT Y

mandioglugiudisedu © = 0.453 (31 5) nahiduiusFumind liegluzUsu (ferrozine

=1 L)

reactive iron 38 non heme iron, 3U% 6) e nmuvsUwaRoauadaIsIdaTNsTIA
HbH/HbCS HilSnaumanfieglugdduuniiae dednuiniuduiuisznindssdninimen
- Qs oy g4 A v =t o - ¥ = e
foaasdulSunumanfegluslanlunmusuiiaideanas HbHHLCS wudi UszAnEnine
farasdiuiivdTinuminlummusuiieglugddu fisedu ¢ = 0.650 (314 7)

daaan

5. nalnnmisiimagniolalalasersnidtiulamvan sy sy

AIsAnEINa InAITYiaegMEe)

v

IalgTasersnugiuTeaemanhuumusuTaslaad
. 2 o .
nuudnesFadumsadiinfenuandln@ reated AI6@15 phenylhydrazine AdudY 1, 10,
100 Tulasiuats wieI3TuTnatuaarsdiviidifanesan minusuadroduradiia
- - | v a & o J o ar o Qs
@eauassdatiie wull  waduuudiaesanseaadseaniaine lduntuduiuiiy
= o o = a
ANNYNYUYBIATT phenylhydrazine A1F1UNS weated 15aa (15799 3 UM 8) Tawdiil
d1fiun19adad (p < 0.01, Sign Rank test) 1921 M4UTUYBITT phenylhydrazine AA 10 '
2 . o e 44 A
TasTuarseuld  viweadeanu ey nduduvesnis phenylhydrazine Hmayinly
o “ 2 2 4 - r ;
YsuuTeomdsyeandnne 2 uuvulummus wnudu (15199 3 317 9 uaz 10)  uaziile
nSeusudadiuvoananfunuiuluminusuueusadf weated 936815 phenylhydrazine
[ e oS o 1t 3 . v o
ngasa Tt uduiuIradnga 1318 reated A10a15 phenylhydrazine WU 183N treated AU
. a o a 4 & @ = ' g Al o+ s a
@15 phenylhydrazine Umanlusldumviuiudadiuleamdvuinniunini luegluglsy
@51 3)  uazifednyanuduiuisenializaninmefiasasiuUsuumaniiegiu

s

1 Aa' J :: . . @ e
sUFuRAMuIu T wLIT UYe uBadh (reated 30815 phenylhydrazine WU31 n2wduWUT AU

@nlee (- =0.16)
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Table 3 : Drug effectiveness indexs of phenylhydrazine treated red blood cells and iron

contents in membranes of phenylhydrazine treated red blood cells

Parameters Phenylhydrazine concentreation (LLM)
studied 0 1 10 100

Drug effectiveness | (0.716 + 0.112* 0.581 +0.177 0.349 + 0.135 0.276 £ 0.125
indexs, n=8
Ferrozine reactive 6.697 +4.705 6.464 +5.232 0.900 + 4.467 14.677 + 6.421
iron, n=8
(ratio, n=6) (1 (0.940 £ 0.265)* | (1.157 + 0.287) (1.673 + 0.544)
Heme iron, n=8 0.074 + 0.077 0.070 + 0.063 0.085 + 0.090 0.314 £ 0.397
(ratio, n=8) (1 (1.128 +0.489) | (2.035+1.759) | (5.185+3.704)

*mean + standard deviation
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