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Lipids B-thalassemia/Hb E patients
(emol/mg P) Normal Mild Moderate Severe
TG 0.02+0.03 0.26£0.15%** 0.21+0.09*** 0.31£0.13%>*
TC 0.68+0.12 0.78+0.10 0.69+0.14 0.61+0.08
FC 0.21+0.08 0.33+0.23 0.37+0.13** 0.19+0.14
CA 0.02+0.01 0.02+0.01 0.02+0.01 0.01+£0.005*
CL 0.27+0.10 0.27+0.20 0.25+£0.08 0.14+0.11*
CO 0.11£0.04 0.13+0.09 0.15+0.06 0.08+0.003
Cp 0.06+0.03 0.09+0.04 0.10+0.03 0.07+0.02
PL 0.49+0.08 0.73+£0.09* 0.63+0.15* 0.61x0.16*

Amanaiii Mean+SD

**%p<0.0001, **p<0.01, *p<0.05 Wioousuausna

TG=Total triglyceride, TC=Total cholesterol, FC=Free cholesterol, CA=Cholesteryl arachidonate
(Ch20:4), CL=Cholesteryl linoleate (Chl8:2), CO=Cholesteryl oleate (Chi8:10), CP=Cholesteryl

palmitate (Ch18:0), PL=Phospholipid
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maan 24 amisedeuvivesluiuluszduTuanaveslaInTdsdugiiannumuuniug

(LDL) veanudlsnauasdurusdadiionssauni g uusved 1ananee

B-thalassemia/Hb E patients

Lipid fluidity Normat Mild Moderate Severe
Surface

Order parameter (S) 0.694+0.023 0.645+0.011**  0.636+0.038*** 0.632+0.034***
Anisotropy (TMA-DPH) 0.287+0.005 0.291+0.007 0.271+0.005 0.282+0.010
Core

Motion parameter (T) 20.26x1.69 15.6313.39%** 15.09+2.06%** 16.89+2.66%**
Anisotropy (DPH) 0.225+0.018 0.191£0.015***  0.174x0.011*** 0.178+£0.018***

Amaa Uiy MeantSD

**%0<0.0001, **p<0.01, *p<0.05 avunuauilsna

udl r ﬂ. Q@ o = = ]
M 2.5 mmsadeu Inaved luiuluszduTmoenaveslaTwldsAusdannumuuniugs

(HDL) vesnuilsnanazdihomdadmlonssAunuguus w03 13aqa199

B-thalassemia/Hb E patients

Lipid fluidity Normal Mild Moderate Severe
Surface

Order parameter (S) 0.691+0.016 0.660+0.013* 0.668+0.031* 0.665+0.020*
Anisotropy (TMA-DPH) 0.286+0.004 0.286+0.003 0.266+0.038* 0.285+0.009
Core

Motion parameter (T) 29.51+£2.50 23.36£2.09***  22.09+4.02%** 2220427 ***
Anisotropy (DPH) 0.185+0.0139  0.158+0.007*** 0.148+0.009*** (.162+0.0]13*%**

Anaauily MeantSD

***5<0.0001, **p<0.01, *p<0.05 ietivuiuAuYINA



MRG4680027

: 1 o - ] o w o < 1
M3 2.6 AMIAINUYBMBUARBNTIMUTDUTUI PAF-AH uar PON voanuilsaduazdiie

FIAAWLONIZAVAIMUUITIVDI T3AA19)

B-thalassemia/Hb E patients

Normal Mild Moderate Severe
PAF-AH activity
Plasma (nmol/min/ml) 23.15+4.42 4].51+11.88** 43.79+13.75%*%*%  4935£18.32%**
LDL (nmol/min/mg P) 11.12£3.77 37.34£19.89** 36.69+13.90%**  46.22+]19.22%**
HDL (nmol/min/mg P) 1.78+0.76 4.12+2.03 5.61+£3.02%** 8.2014.04***
PON activity
Plasma (jimol/min/ml) 45.45+£19.69 20.61+£8.49** 22.03+£16.51%**  20.53+£1]1.96*%**
HDL (pmol/min/mg P) 25.45+10.71 12.49+4.29** 14.56+5.80** 13.7144 90**

Aaauiiu MeantSD

*+%p<0.0001, **p<0.01, *p<0.05 Wanouiuauilsng

:; Qs ar o ar o FoN o= Q@ o = ’ o
M99 2.7 ANNAUWUTYDITLATIMAN Ia1ud luwatawl nazszdudluTndudessntsznoy

manil maadeou v luszduluanaves lvifuuaznisiauvoneududlu HDL

Correlation r (p-value)

Plasma iron Plasma Q-tocopherol

Hb

Cholesteryl linoleate (CL) -0.490 (0.001) 0.334 (0.041)

Motion parameter (T) -0.522 (0.001) 0.731 (<0.0001)

Anisotropy (DPH) -0.421 (0.006) 0.759 (<0.0001)

PAF-AH activity 0.489 (0.001) -0.534 (0.002)

PON activity -0.326 (0.028) 0.711 (<0.0001)

0.287 (0.055)
0.750 (<0.0001)
0.633 (<0.0001)
-0.617 (<0.0001)

0.479 (0.003)
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Chemical composition/Fluidity
CA/ Anisotropy (DPH)
CL/ Anisotropy (DPH)
CL/ Motion parameter (T)
o-tocopherol/ Anisotropy (DPH)
o-tocopherol/Motion parameter (T)
Enzyme activity/ Chemical composition
PAF-AH/TG
PAF-AH/ a-tocopherol
Enzyme activity/ Fluidity
PAF-AH/ Anisotropy (DPH)

PAF-AH/ Motion parameter (T)

Correlation
r p

0.680 <0.0001
0.789 <0.0001
0.451 0.002

0.693 <0.0001
0.598 <0.0001
0.625 <0.0001
-0.539 <(0.0001
-0.500 <0.0001
-0.498 <0.0001
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Y 3

Tﬂiﬁuuﬁanszﬁuﬂgﬂsm oxidative stress®38 hemin LAY Fe-nitrilotriacetate (Fe-NTA)

¥
4 = ar
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- i o ~ : ar
aung Iiiamsdsuulasvesesdilszneumanll vazmsmdeu ImaluszdvTuanalulan
Tus@au

ﬂy Vv -y © = g A . -~
msnaassildwaraguivinauiling  shunauasUsznoumanie  hemin  M5®  Fe-
i e : & <
nitrilotriacetate (Fe-NTA) (complex 1:2) AnNududu 150 uM walAh 37°C wWuat 12 Falus
» .

vintiuhuuen laTwldsfusta anunumdud (LDL) uagAauvuLniugs (HDL) laeds
sequential density gradient ultracentrifugation (LDL, d = 1.019-1.063 g/ml; HDL, d = 1.063-1.20)
TalnldsRunuonldiundiasizviviosddsenoumanil  1dun 526U total  cholesterol,
triglyceride, free cholesterol, cholesteryl esters, lipid peroxide, oxidized Iipad L8 FEAU al-tocopherol
sazmadeuutasmamdenlmaluseduluanavedluiulasldi® ESR  umy  fluorescence
anisotropy A43 WAZIDUALAAIIUNITNABDIN 2

o as o o s .. . ) n’: o ] = Qs

FMTUNIS AN 1ENTZAY lipid hydroperoxide 11 lalwldsauiudinisnansusumeiiu

= o . « . . :
Tﬂﬂﬂﬁmnﬁﬁﬂizﬂﬂvmﬁﬂhemm #1350 Fe-nitrilotriacetate (Fe-NTA) (complex 1:2) AAnTuTU

2y ya 2 : - a ¢

150 uM MI1AR 4%¢ Wumat 24 ¥1Tue vdPaiunenlalnlUsAunazBnsievsedu lipid

hydroperoxide A4510az1BvaLaAI lUNISNAARIN 2

3.1.2 manfAsunlasnsauveseudud platelet activating factor acetylhydrolase (PAF-AH)
18y paraoxonase (PON) °lu'laTwiﬂsﬁmﬁanszé’uﬂﬁﬁ?m oxidative stress 720 hemin
nwﬂﬂamfﬁ%ﬂqﬂssz‘ﬁ'ﬁ‘aﬁnymaﬂum oxidative stress Tiniioni11A0 hemin AN
wavuudasmsiiauvesieusud PAF-AH uaz PON Tu'lainlysau weiiludeyminnesuie
nsanunasmishansasududmari ludiesndadi
nminaasairlaolanlusdusiin anuruiugt (LDL) tagamumuiniugs (HDL)
VUi hemin finamuidiudu 1.6 nM/100 g lipoprotein # 37 °C 1flwrat 10 2 Tuwdns193adm
nsvhaveaoudud  PAF-AH  uar  Paraoxonase (PON)  47a1@1993unaiing1zvims

= o ] 1 ar
wWasuudasesfdszneumaniiang 18un 538U total cholesterol, triglyceride, free cholesterol,
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cholesteryl esters, lipid peroxide, oxidized lipid 8% JLAV o.-tocopherol HazIAITAU oxidative
stress 1AUIATEAY lipid peroxidation (TBARs) wazmsidsuudasmamaounaluszdulumga

vodlvsulunnuueslalnldsdulasld DHP AvswaziBeanarslunisnaasn 2
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1ﬁﬂﬂ§$ﬁ’uﬂ§ﬁ?moxidaﬁve stress A8 hemin 1482 Fe-nitrilotriacetate {(Fe-NTA)
minaassiinSaqUszmadifeanhasssnoumdnsiialatudoave il

mmq’lﬁiﬁﬂmiLﬂﬁuuuﬂm'lu"laiw‘[ﬂsﬁu mwmmﬁyﬂﬁﬁ?mwy’aﬁmz“‘mf'imﬁﬁﬂu

a13U3ENOUIMAN hemin WAy Fe-Nitrilotriacetate (1:2) 1%’1i'f|usmmqﬂaaaﬂﬁﬁ?mauyaﬁas:ﬁm%

= J L o ]
watula Tudilesdadiie

= - @ a A a & as
@1513% 3.1 uaeemsldsundasszduiIniug vaz mandou i luszduluanaves
lusuveslalnTdsAuiuonainwaiaufdy hemin uaz Fe-NTA finududu 150 uM 910
o 1 = ) 1 = 3
a1 uanliiu hemin TUsz@nningandy Fe-NTA aunsanszduldife oxidative stress
4:.;. J Qr = = = L] <1 ar -] or d’.’ s -3 i)
mude Tagszaudaiud  lunaauianasedieliiodidy  wenvndl  hemin  Fuiidiinas
4 P . v a da
wasumilas msindeuInaluszduluanavesluivludiunnuess HDL wazfidives HDL
- } 4 ' »
Tuvuz# Fe-NTA fiwamodiuiives LDL winiu misuldounilasvesnmsaieulvaluszeay
L4
Tuanavesluduluduunueos HDL siufinnuduiuidussdu CA uag CL (=0.837, p<0.05

AL = 0.456,p = 0.07 MUAIAL)

4-'; = o o)

LUDHATIEN oxidized lipids (gﬂ‘n 3.1 linoleate hydroperoxide (retention time=9.9) uay
HOHARYDS oxidized linoleic acid and arachidonic acid (retention time=10.7)) wu'laIwTsdun
HONINWATUINANAIY hemin INANAAYDI oxidized lipid WuidnIfuTiwy ludiosidadiiy

]
[

. . »
(3Un 3.2 waz 3.3) uadmivlaInlds@uiuonninwarauMmandls Fe-NTA wuliawnsonsan

WUHBHAAYDY oxidized lipids

ﬂ'd, o [] ] o o - o =
MINAasliF IHiAuI hemin  Wissdlumgdhagliifanisnldouuaslalnlysd@uly

b » o i
gl idaddio lavmwiznisnldsunlasiu HoL

25



MRG4680027

i e - on A Y s ar
M1 3.1 uaaeszAUITiud uarmsildounlaimsindouInaluszdauTumanaveslviulula

MTYUSANIIIWAIANINIAUA I hemin U3 0 Fe-NTA

Parameters Control-plasma Hemin-plasma Fe-NTA-plasma

Plasma

a-tocopherol (nmol/ml) 15.2+6.0 3.61£3.58%* 12.9+6.4
LDL

Order parameter (S) 0.668+0.014 0.800+0.015%* 0.788+0.009**

Anisotropy (TMA-DPH) 0.286+0.003 0.295+0.004 0.295+0.003

Motion parameter (T) 19.45+1.74 21.10+£0.54 21.96+0.39

Anisotropy (DPH) 0.220+0.008 0.222+0.016 0.200x0.009
HDL

Order parameter (S) 0.684+0.015 0.682+0.009 0.657+0.023

Anisotropy (TMA-DPH) 0.289+0.004 0.294+0.006 0.286+0.004

Motion parameter (T) 29.88x1.18 31.95+1.002 27.96+3.95

Anisotropy (DPH) 0.188+0.003 0.191+0.008

0.217x0.006***

MeanzSD (n=3-6) ** p<0.01, ***p<0.001 OMUUAUNGUAIINY
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ESR STUDIES OF HEMIN INDUCED FREE RADICAL REACTION IN
LIPOPROTEINS

Noppawan Phumala Morales, Ph.D.
Department of Pharmacology, Faculty of Science, Mahidol University,
Bangkok, Thailand.

INTRODUCTION

Atherosclerosis-related vascular complications such as pulmonary thromboembaolism,
cerebral thrombosis and chronie leg ulcer are common in 3-thalassemiahemoglotin B (s
thal'Hb E) pauents, which 15 a most prevalent type of thalassermia in Thailand. Oxidatien of
lipoproteins 1s constdered to play a major role in development of atherosclerosis The
relationstinp between oxidatvely medified low densiny hipoprotern (LDL) and atherogenuesis
risk has been reported in P-thalassemia ' Qur previous studies have demonstrated the
evidences that abnormal lipoproteins in B-thal Hb E retated to iron induced oxrdatin o stross
1y agh ron content with high levels of oxndative stress muarkers were present in LI and
HDL trom the patients, (2) long term treatment of 1ren chelator (L) the patients g concu
quality of lipoproteins, especially HDL.

We have proposed that hemin may responsible for hpopretein omidation i the
patients - By low temperature electron spin resonance 'ESR) spectroscopy has revealed the
nigh conventration of henun (ron (H)-protoporphyrin 1, i serum of the patients. Hoennn
was present with the tevel ranging from S0-280 LML Lis concentration was showed u goud
correlation wath pro-oxadant acuvity an serum of the osvents The resalts suggested tha
soram hennn readiy catalvzed tree radical reaction and s responsible tor atherageness
1 ethal HBE putients. Another research of our group” supported this by pothesis, i recemly
reported that the hpad onidutive products found 1 HDL trom the patients and from honn
mduced ovidation in virre were the same

In this studv. we attempt to apply ESR spin label tevhmgue 1o identty site of hersin
widuced tree radical reacuion in hipoproteins. Paramuagnetie fatty acid 5- and J6-doay ! steanic
actd (5-und 16-DS) were used w label phosphohpids layer near polar head group und decper
hyvdrophobie region of hpoproteins, respectively. This techmigque may useful for study g tree
radical reaction in complex bio-molecules such as hipoproteins.

MATERIALS AND METHODS
Chemicals
Hemin (from bovine) was obtained from Sigma Chemical (St Lows, MOy Stocs
een o temin was reshly preparcd in 008 N ONGOHR and diluted o 2omN D Tund T PBS

seabion et ol
N : | it . . o < N S Il
Cuonventration of henun stock solution was checked Dy reading adsordanve Jdt 222 uhu
m

7

M

H
=

mol 7 em’.
Paramagnetic oty acid 5- or Te-doxai steanic add 1 5- and 16-Dawere wsed s spin

[oF 4

Preses Ing stock ot spin ;‘F\‘L\Cb LU e Ml e Sissanued L DN SRRSO S I $2 i Dt

[

i the stock sotution was dried under nutrogen gas in cron-frec Ciean tabes

Sample preparation and lipoprotein separation

Blood samples wore obtuined from single temale »olunteer The tDTA plasie s o
moabated waith hemun o final concentration SO, 100 and 180 UM at 3 °C tor 24 hes At
meubation penod, plasma hpoproteins  were separated Dy osequental donsity grediond
<Hraceninfugation methods using TL-100 ultracentnifuge LDL and HDL rracuon werc
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obtained from the density between 1.019-1 063 g/ml and 1.063-1.024 g/mi, respectively
Lipoproteins were dialyzed against 10 mM PBS pH 7.4 for 24 hrs to remove salts and EDTA
before using.

Site of hemin induced free radical reaction

The ESR spectrum of S-doxyl stearic acid provide the information near the polar head
group of phospholipid layer while that of 16-doxyl stcaric acid provide the information at the
deeper hydrocarbon position of phospholipids layer

The 120 ug lipoprotein was incubated with dried spin probe at room temperature for 3
min with gentle mixing and then transferred to plastuic tube Free radical reaction was imuiated
by addition of 0.5 mM reri-buthyl hydroperoxide, the reaction consisted of labeled
hpoprotein 50 ug in 10 mM PBS pH 7.4 and 0.5 mM rerr-buthyl hydroperoxide. After
addwtion of rerr-buthyl hydroperoxide, ESR spectra were recorded versus ume. Decrcasing of
the middle ficld signal height represented the rate of tree radical production.

ESR setting

Spectroscopy was perfermed using X-band ESR (JEOL RX-2) spectrometer equipped
with TEUGLL cavity The microwave frequency was 94 Gilz and the power was 10 mT The
amphtade ot the 100 kHe ficld modulation were 0 250 mT and 0 125 mT for 5-DS and 16-DS,

respectively. The external magnetic ficld was swept at scan rate of 5 mT/min and time
constant 0.] sec.

RESULTS AND DISCUSSION

After imtiating free radical reaction with 0 5 mM rers-buthy| hydroperoxide, ESR
stgnal height of the spin probes were markedly decreased in only HDL separated from hemin-
vontatming plasma, indicating that hemin preferenually bound to HDL and catalyzed frec
radical reacuon in the present of hydroperoxide. This result corresponded with our previous
result observed by low temperature ESR that signal of hemun at g=6 was detected only 1n
HDL. but not LDL, separated from hemin-containing plasma
_ Rate of ESR signal decay of 16-DS was higher than that of 5-DS, implying that the
free radscal reachion site should be near hvdrophobic part of phospholipids Tayer of HDL
Morcover, the middle field signal ine width of 16-DS was also decrcased durning the frec
radical reachion, suggesting the physico-chemical change in this pant Hemmun may hbrated
free iron during the reaction because an iron chelator, desfermoxamine was able to inhibit the
ESR signal decay.

This study demonstrated that ESR spin label technique s applicable to study frec
radical - complex bio-molecules such as lipoproteins  We found that hemun bound
preterentally near hydrophobie pant of phospholipids laver of HDL and may result in the
physico-chermical change near this region. Hemin induced phyvsico-chemicai ¢hange n
hydrophobic region of HDL may be a cause of atherogenesis in B-thal/Hb E patients.
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A novel application of ESR spin labeling technique: Studies
of kinetic and site of free radical reaction in lipoproteins

Noppawan Phumala Morales and Udom Chantharaksri

Depariment of Pharmacology, Faculty of Science, Mahidol University, Bangkok 10400, Thailand

Abstract—Oxidative modification of low and high density lipoprotein (LDL and HDIL) is
believed to be crucial for the development of atherosclerotic vascular disease. Free radical
reaction is an important process in the initiation of lipoprotein oxidation. Since lipoproteins arce
complex particles, consisting of hydrophobic lipid core and hydrophilic phospholipids surface,
kinetic and site of free radical reaction in the specific region have not been elucidated.

In attempt to understand the process of free radical reaction in lipoproteins, ESR spin
labeling techni%le was developed andpapplied. Paramagnetic fatty acids, 5- and 16-doxyl stearic
acid (5-and 16-DS), were used to label phospholipids layer near polar head group and the deeper
hydrophobic region of lipoproteins, respectively. Characleristic of the ESR spectra showed that
the spin labels were incorporated into lipoproteins at the desired sites. Hemin (20 pM-200 puM)
and hydrogen(fcroxidc or /eri-buthyl hydroperoxide (0.5 mM-10 mM) was used as a system to
induce [ree radical reaction. Decrecasing of middic field ESR signai height was monitored versus
time and the rate of signal decay was calculated.

~ The results demonstrated that the rate of ESR signal decay could represent the rate of free
radical reaction in the specific site of lipoproteins. The rate of ESR signal decay depended on
concentration of hemin and hvdroperoxides. a-Tocopherol, an antioxidant, inhibited ESR signal
decay, indicating that free radicals involved in signal decay. rerr-Buthyl hydroperoxide was more
potent than hydrogen peroxide in the induction of ESR signal decay, which may be explained by
its lipophilicity. Interestingly, the rate of ESR signal decay of 16-DS was higher than that of 5-
DS in all of the experimentail conditions, suggesting that free radical reaction was rapidly
E)roduced near hydrophobic part of lipoprotein. Moreover, the rate of signal decay of 5-and [6-

S in LDL was about 3-5 folds higher than that in HDL, indicating the higher susceptibility of
LDL to free radical damage.

. In conclusion, ESR spin labeling technique is applicable to study kinetic and site of frec
radical reaction in micro-environment region of complex bio-molecules such as lipoproteins. This

technique may uscful for study kinctic of [ree radical reaction of oxidants and antioxidants in
lipoproteins.

Keywords—Doxyl stearic acid, ESR, Free Radical, Lipoproteins, Spin labeling
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P19 MODIFICATION OF PARAOXONASE AND PLATELET-
ACTIVATING FACTOR ACETYLHYDROLASE ACTIVITIES IN
HEMIN-INDUCED LIPOPROTEIN OXIDATION

Wongroganawong D, Chalermchoung C, Unchem S, Chantharaksri U,
Phumala Morales N.

Department of Pharmacology, Faculty of Science, Mahido! University,
Bangkok 10400.

Paraoxonase (PON) and platelet-activating factor acetylhydrolase (PAF-AH)
are anttoxidant enzymes associated with the HDL particle. Their functions are known
to protect lipoproteins from oxidative modification. PON activity has been showed to
be modified in oxidized HDL and in oxidative related diseases such as
atherosclerosis. Although PAF-AH activity has been also reported to be modified in
several diseases, there was no evidence related to the oxidative stress conditions.
Hemin, a degradative product of hemoglobin, has been reported as a potent oxidative
inducer of lipoproteins in vitro. It has become a prime suspect to be responsible for
lipoprotein oxidation in thalassemic patients because of its high concentration in the
serum of patients. This study was, therefore, aimed to study kinetic of hemin induced
oxidation of lipoproteins on the modification of PON (in HDL) and PAF-AH (in LDL
and HDL) activities. The results clearly demonstrated that PON was more susceptible
to hemin-induced oxidative stress than PAF-AH. In HDL, PON activity was rapidly
decreased within 1 hr after incubation with hemin. The activity of PON was
continuously decreased. Its activity was remained only 30 % after 10 hr of the
incubation. On the other hand, PAF-AH activity was unchanged in HDL but only
slightly reduced in LDL, about 20% after 10 hr of the incubation. Our results
suggested that the loss of PON agtivity in hemin induced HDL oxidation may be
relevant in vivo and could have an impact in thalassemia.
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