Chapter 4

Findings and Results

4.1 Preparation of LDL in various degrees of oxidabn and oxidative assessment

Human native LDL isolated from healthy volunteeodd and induced
oxidation by using CuSQto be mildly, moderately and fully oxLDL as deserbin
chapter 3. We assessed lipid peroxidation by maddaehyde (MDA) in
thiobarbituric reactive substance (TBAR) assay aodjugated diene formation by
continuously monitored diene kinetic test. Togetwer assessed protein oxidation by
running on 1 % agarose gel electrophoresis andileddd the distance migration of
LDL band compared with bovine serum albumin (BSAdndard and measured
relative electrophoretic mobility (REM). Moreovere determined apolipoprotein B
(apo B) fragmentation during oxidation by running sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS—-PAGE) a%dpolyacrylamide of separate
gel and 4 % polyacrylamide of stacking gel. We utiezl assessment criteria from
various degrees of oxLDL as cited by Anthonsen Kednedy as following shown
data in table 4.1(Anthonsen, Stengel, Hourton, &Ni& Johansen, 2000; Kennedy, et
al., 2003).

Table 4.1

Criteria of various degree oxidation of oxLDL

Degrees of oxLDL | TBARs (nmol/mg) REM * Lag phaseir{in
Native LDL <1.3 0.3 > 90

Minimally oxLDL | 1.3-8 0.56 - 0.7 60— 90

- mildly oxLDL

Moderately oxLDL | 13.1-25 > 0.7 <60

Fully oxLDL > 26 0.9 <45

* REM; measure the distance of oxLDL in cm./staddBEA distance (cm)
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Our data as shown in table 4.2 represented ouDbxireparation and we
obtained three different batches: mildly, modeyageid fully oxLDs.

Table 4.2
Showing the characterization of oxLDL in three éifint degrees of oxidation,

lag phase is determined in the initial step ohdirmation curve.

Degrees of oxLDL | TBARs (hmol/mg) REM* Lag phaseir()
Mildly oxLDL 9-11 0.45-0.48 > 60
Moderately oxLDL | 12 - 24.2 0.48-0.56 32-55
Fully oxLDL > 25 0.8-0.9 <20

* REM; measure the distance of oxLDL in cm./staddBEA distance (cm)

Each of oxidative characterization of LDL is pretsehbelow.

4.1.1. Conjugated diene test

Figure 4.1

Showing the lag phase (min) of mildly degree oxL@bup
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Figure 4.2
Showing the lag phase (min) of moderately degrédbaxgroup
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Showing the lag phase (min) of fully degree oxLDbup
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Conjugated diene test of each various degree oDbxwas presented.
Lag phase indicated oxidative susceptibility and watermined in an initial step of

diene formation curve in minute.

4.1.2. Relative electrophoretic mobility (REM) of aLDL on 1%

agarose gel electrohoresis

Figure 4.4
Relative electrophoretic mobility (REM) of both derately and fully oxLDL was
shown REM was calculated from the distance of oxldahd and BSA band (s/a)

Lane (d) 1, BSA; 2 and 3, moerately oxL.@Land 5, fully oxLDL; 6 and 7
moderately oxLDL; 8, BSA
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4.1.3 Apolipoprotein B — 100 (apo-B) of oxidized DL
Lipid peroxidation of oxLDL causes aldekydompound that is
readily forms Schiff bases with the lysine grougsapo B (Haberland, Olch, &
Folgelman, 1984; Steinbrecher, 1987). Running dfldx on SDS-PAGE showed
apo B fragmentation. Molecular weight of apo B pp@ximately 550,000 Da. Figure

4.5 showed Apo B fragmentation.

Figure 4.5
SDS-PAGE of apo B fragmentation
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4.2 Various degrees of oxLDL influence LOX-1 expreson in cultured human

umbilical artery

Several lines of evidence indicate that oxLDL fdust atherosclerotic
lesion and in plasma which played a crucial role pathophysiology of
atherosclerosis. We hypothesized that various dsgref oxLDL as mildly,
moderately and fully oxidation as described in ¢ba@ influence the expression of
LOX-1 receptor. An increased uptake of oxLDL haserbereported and also
upregulated LOX-1 expression in endothelium cell & Mehta, 2000). We used a
powerful cultured human umbilical artery that regmets to complete structure of
endothelium cell, smooth muscle cell, extracellmeatrix and adventitia fibroblast to
be definite model study. Moreover, we used thrdfemint degrees of oxidation as
mildly, moderately and fully oxLDL represent to #® oxLDL entrapped in the

vascular wall that seen in early, intermediate latel steps of atherosclerosis.
Result

Various degrees of oxLDL as mildly, moderately dnitly oxidation
in dose of 4Qqug/ml increase the percentage of LOX-1 expressioR6as, 51.8, 40.3
(p value < 0.05), respectively. Significant diffece of moderately and fully oxidation
was found when compared with control. In additi@®®, ug/ml oxLDL resulted
gradually increased percentage of LOX-1 expressiamildly, moderately and fully
oxidation at 40.3, 61.3 and 76.4, respectivelynBicant level was also shown when
compared with control. An increased LOX-1 expresdirough mildly, moderately
and fully oxLDL in 80ug/ml was significantly differed when compared amaongse

groups but no significant difference in gg/ml.

These findings suggest that LOX-1 are expressediose-degree

dependent effect of oxLDL.
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Figure 4.6

LOX-1 expression activated by 40 and 8JIml oxLDL in various doses and degree
oxidation: mildly, moderately and fully oxidatiomd..5 % gel electrophoresis.
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Figure 4.7

Quantitation of LOX-1 expression in percentagexgression was presented with

significant difference when compared with contflgnd among groups (#)

oxLDL
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4.3 Influence of iron chelator and peroxyl radicalscavenger pretreatments on

LOX-1 expression

4.3.1 Effect of desferoxamine (DFO), a specific fec chelator of

Haber-Weiss reaction, on LOX-1 expression inducedyboxLDL

Since oxLDL in various degrees oxidatiamd adoses activate the

expression of LOX-1, we postulated that upregutatd LOX-1 expression mediates

intracellular reactive oxygen species (ROS). Wedudesferoxamine (DFO) as a

specific ferric (F&) chelator of Haber-Weiss reaction inhibitsQ4 and highly

reactive’OH formation (Steinbrecher, Parthasarathy, LeakdztWn, & Steinberg,
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1984) that driven from ©. As we knownin vivo, highly reactive’OH radical has
very short half-life, approximately f0second, but it has more potentiation than other
radicals (Pastor & Hadengue, 2000). We addedM®FO (Mollnau, et al., 2002) as
pretreatment for 45 min in the culture system ideorto limit or reduce metal
transition elements that will catalyst ROS formatitVe speculated the expression of
LOX-1 might be increased or decreased is dependscular source ROS production
and predictable peroxynitrite (ONOO ) formatiomfr®,"~ and NO in the system.
Result

Overexpression of LOX-1, approximately 10189.6 and 68.5 %
compared with control was presented by mildly, nmatidy and fully oxLDLs in 40
ug/ml of 1QuM DFO pretreatment group, respectively. Moreovegnisicant higher
expression was seen clearly in mildly and modeyade&lLDL in DFO pretreatment
group compared with oxLDL treatment group only (fig 4.9a).

In figure 4.9b, upregulation of LOX-1 expsas was shown in DFO
pretreatment group with 8@g/ml oxLDL in moderately and fully oxidation.
Significant difference between §@®/ml oxLDL group and those with ¥ DFO
pretreatment group in fully oxidation was shown.

This findings suggest that upregulation ofX-0 expression activated
by oxLDL in various degree and doses mediatedaethalar reactive oxygen species
(ROS) which is further increasing expression whesirpatment with 16M DFO.
DFO, a specific ferric chelator, will reduce suhsewqt radical, KO, and highly
reactive’OH. If so, LOX-1 expression should be reduced irDDO#fetreatment group
and might be result from ROS available in the systnd additional peroxynitrite
which generated from combination o$"Oand NO. Rate of dismutation by SOD is
usually slower than rate of ONOG@ormation. Our data indicate major ROS source
generated in vasculature are from activated enagnROS production such as
NADPH oxidase rather than metal-transition drived3Rpath.
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Figure 4.8
Showing LOX-1 expression induced by 1l DFO pretreatment and various

degree oxidation. Doses of oxLDL as indicated icheane.
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Figure 4.9
(a) Percentage of LOX-1 expression ofigfdml oxLDL (b) and 8Qug/ml oxLDL in
10 uM DFO pretreatmentvhen compared with control (*) and among groups (#)
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4.3.2 Effect of ethylenediaminetetraacetic acid (EDA), a ferrous

(Fe*") chelator of Fenton’s reaction, on LOX-1 expressio

We confirmed intracellular ROS formation ihe vascular wall
involved in the activation of oxLDL through LOX-leceptor by using EDTA as
ferrous (F&Y) chelator in Fenton's reaction step. 0.3 mM EDTAetpeatment
provided limitation of metal transition catalysttime system and also inhibited highly
reactive’OH formation driven from bD,. Hence, in the system, there is amount of
H,O, available and cell membrane, lipid peroxidationd asther inflammatory
response (Khouw, Parthasarathy, & Witztum, 1993)e \Whticipated LOX-1
expression activated by oxLDL in EDTA pretreatmgnbup should be reduced if
highly reactive’OH was limited definitety in the system. Anothesgibility was the
effect of ONOO would promote greater LOX-1 expression.

Result

Inducible LOX-1 expression of 0.3 mM EDTA pretreaimh group
remained greater expression when compared withgél oxLDL group. Those of
moderately and fully degree reached significarfed#ince compared with the control
group. Notably, LOX-1 expression of 0.3 mM EDTA peatment group was reduced
remarkably when compared with 8@/ml oxLDL group in mildly, moderately and
fully degree. Furthermore, gradual increase in LD¥xpression at 30.9 %, 50.1 %
and 61.3 % was seen clearly in 0.3 mM EDTA pretnesit group in degree of
mildly, moderately and fully, respectively (Figu#10, 4.11). It indicated that
enhanced inducible LOX-1 expression involved ROSnima Contrast to DFO
pretreatment group, lowered LOX-1 expression coegbavith those activated by 80
ug/ml oxLDL only might indicate the role of highlyeactive*OH which strongly
potentiated than £ and HO; (Biondi, et al., 2006).



Figure 4.10
Inducible expression of LOX-1 pretreatmented with @M EDTA
and oxLDL in various doses and degrees.
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Figure 4.11
(a) Quantitation of LOX-1 expression of 0.3 mM EDpketreatment group compared
with 40ug/ml oxLDL group. (b) LOX-1 expression activated @yug/ml oxLDL
compared with those of 0.3 mM EDTA pretreatmenugro

200 7
150 7
100 7

50 4

Percentage (%) of LOX-1 expression

" - 4+ - + 03mMEDTA
mildly  moderately  fully 40 ug/ml oxL.DL

—~
QD
=

200 7

150 7

100 7

504

Percentage (%) of LOX-1 expression

-+ - + - + 03mMEDTA
mildly  moderately  fully 80 ug/ml oxL.DL

(b)
Significantly difference of those groups comparethwontrol (*). Data are mean +

SEM. Significantly differed when p < 0.05. Each Basindicated: mil; mildly, mo;

moderately, f; fully



62

4.3.3 Effect of butylated hydroxytoluene (BHT), a proxyl radical

scavenger of oxLDL on LOX-1 expression

We hypothesized that upregulation of LOX-1 expmssnduced by
oxLDL mediated by intracellular ROS and once it wasivated, it might overwhelm
and attack many enzymes, proteins, and lipids angewmooth muscle cell,
extracellular matrix and oxLDL itself. We limitedu@m-oxidation of oxLDL in the
culture system by using 10% FCS that containingoaittant in serum. Meanwhile,
we used BHT for peroxyl radical scavenger brealipgl chain peroxidation of
oxLDL and converted peroxyl radical to hydroper@i@HT acts as antioxidant and
did not affect any step in ROS formation as DFCEQTA did. We expected that
BHT had little effect on LOX-1 expression sincelid not mediate ROS pathway.

Result

Inducible LOX-1 expression was still greatar 100 ug/ml BHT
pretreatment group than those of 40 and @0 /ml oxLDL in various degree.
Increasing LOX-1 expression of BHT pretreatmentugravas significant higher than
those of 40 and 8QAg /ml oxLDL in fully degree when compared with canit Those
LOX-1 expression of BHT pretreatment and oxLDL growmere significant greater.
As we known, BHT acted as antioxidant and proteotddDL to further oxidation if
there was ROS/RNS available in the system and dammsee oxidation of oxLDL.
Inducible LOX-1 expression was gradally increase®HT pretreatment group with
increasing degree and doses of oxLDL might indipateoxidant of BHT as the same
as vitamin E or vitamin C did. Obviously, induciblg®OX-1 expression in BHT
pretreatment group was greater and these oxLDLanmous doses and degree may
support the pro-oxidant of BHT (Figure 4.12, 4.13).
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Figure 4.12
Inducible expression of LOX-1 pretreatmented will® uig/ml BHT and oxLDL in

various doses and degrees.
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Figure 4.13
(a) LOX-1 expression activated by 4@/ml oxLDL and 10Qug/ml BHT
pretreatment. (b) LOX-1 expression activated byi§0nl oxLDL
and 100ug/ml BHT pretreatment.
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4.4 Effect of oxLDL in various doses and degrees iated LOX-1 expression
mediated intracellular ROS and changes in superoxel dismutase (SOD) activity

We determined changes in antioxidant enzymes sugclsugperoxide
dismutase (SOD) activity during perturbation oftarg system with various doses
and degrees of oxLDL in order to look insight tlderof G, one of free radical.
Once Q" is activated and formed, it was scavenged by Saiidly. Thus, changes
in SOD activity will provide the context of O in the system. Interestingly, the rate
for the reaction of @ with NO to produce ONOUGis very high [6.7x 10° (mol/L)*
s'] and exceeds the rate of dismutation by SODx [20° (mol/L)* s%]. Exploring
through both ROS and RNS, we investigated changdwth of SOD activity and
eNOS mRNA expression with real-time NO release uRgsire shown in figure 4.14
- 4.18 and table 4.3

We constructed standard SOD activity curve and esgad in U/ml.
Quantitation of SOD activity from standard curvegented as U/ml/mg protein.

Figure 4.14
Showing the standard curve of SOD activity (U/ml)
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4.4.1 Effect of various doses and degree of oxLDIn&OD activity

SOD activity was declined gradually as aawag higher doses of
moderately oxLDL (10 — 10Qg/ml). SOD activity decreased significantly commhre
with control by approximately 94.6%, 68.3%, 96.9¥nd 96.6% in 20, 40, 80, and
100 pg/ml moderately oxLDL, respectively, meanwhilel@tug/ml it showed no
significant difference. These results indicate adwag decline in @~ as substrate for
SOD which might combine NO to be peroxynitrite. thermore, SOD might be
damaged from ROS/RNS as well.

Figure 4.15
SOD activity in various doses of moderately oxLRUl/mg protein)
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4.4.2 Effect of 10uM DFO pretreatment and various doses of oxLDL

in moderate degree on SOD activity

Result
SOD activity was reduced remarkably with advandingher doses
of moderately oxLDL (40, 8Qug/ml) as shown in figure 4.16. In ,0M DFO
pretreatment group, there were still lowered SOBviag. Compared with control,
those of 10uM DFO pretreatment and 40, 8dy/ml oxLDL were significantly
differed.

Figure 4.16
Showing the SOD activity in 10M DFO pretreatment group
and doses of 40 and &@/ml moderately oxLDL.
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4.4.3 Effect of 0.3 mM EDTA pretreatment and varios doses of
oxLDL in moderate degree on SOD activity

Result

SOD activity was reduced significantly comparedhwitontrol in

doses of 40 and 8@g/ml oxLDL in moderate degree. Interestingly, irasmg SOD
activity was seen clearly in 0.3 mM EDTA pretreatingroup and reached the
significant difference in doses of 40 and @§ml oxLDL. These findings indicate
accumulation of KO, in the system resulting from EDTA effect at Fergaraction.
Higher HO,, perhaps, feedbacks SOD to increase the activiorder to reduce £

and eventually reduces the amount eOF

Figure 4.17
Showing the SOD activity in 0.3 mM EDTA pretreatrhgroup
and doses of 40 and &@/ml moderately oxLDL.
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4.4 AEffect of 100pg BHT pretreatment and various doses of oxLDL

in moderate degree on SOD activity

Result
SOD activity was declined significantly comparedthwcontrol in
doses of 40 and 8(@g/ml oxLDL in moderate degree. At dose of 40 andu8ml
oxLDL with 100 ug BHT pretreatment, increasing SOD activity was vetub
significantly compared with those of the same dose.

Figure 4.18
SOD activity in pretreatment group with 100 BHT
and doses of 40 and &@/ml moderately oxLDL.
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Table 4.3

Summarized data of SOD activity

70

Group of mean_ +SEM (U/ml/mg protein)

moderately OxLDL 10uM DFO | 0.3 mM EDTA| 100pg/ml
oxLDL and oxLDL and oxLDL BHT and

oxLDL

Control 11.960 1.290| 11.960 4.290| 11.960 4.290| 11.960 4.290
10 pg/ml 7.050 +2.050 - - -
20 pug/ml 0.428 +0.060 - - -
40 pg/ml 3.79+1.701 1.362 ©.269 | 15.34-0.912 | 6.323 ©.701
80 ug/mi 0.37+0.072 2.351 0.034 7.04+ 0.216 3.455 9.236

These findings are strongly mention that ROS pcedufrom vascular

oxidant enzymes such as NADPH oxidase etc, invoimedndothelial dysfunction

caused by oxLDL through LOX-1 receptor,’Oand HO, are generated widely in an

initiation of endothelial dysfunction. Meanwhileluétuation of Q" caused by

uncoupling eNOS will be affect the SOD activity anmbreover, SOD might be
damaged from ROS/RNS as well.
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4.5 eNOS expression activated by oxLDL in various ates and degree of

oxidation

We determined the endothelial function in term NS expression and

NO production during the treatment of oxLDL in \ars doses and degree and also
with pretreatment groups. OXLDL binds to LOX-1 rpte on endothelial surface and
enter cell as receptor-mediated endocytosis, theseas activation of many enzymes
such as NAD(P)H oxidase releasing ROS to the sysédiandant ROS will back to
endothelial cell and causes cell damage and infwy this reason, the assessment of
endothelial function through eNOS expression amal-ttme NO measurement is
necessary and being main key to determine endatlusisfunction. Another reason is
the reaction of @ with NO to produce ONOQ one of RNS radical, which in turn

attack cell and tissue as well.

4.5.1 Effect of various doses and degree oxidatiaf LDL on eNOS

expression and NO release

Result

We induced eNOS expression througl88tand 10Qug/ml oxLDL
in mildly to fully oxidation groups as shown in tige 4.19 Both doses of mildly; 40
ug/ml oxLDL and moderately; 1Qug/ml oxLDL caused upregulation of eNOS
expression about 149 % and 97.3 %, respectivelyvribeguration of eNOS was
found in mildly, 80 and 10@wg/ml oxLDL. In fully, 40-100ug/ml oxLDL resulted
non-detectable band. Suppression of eNOS mRNA sge in dose of 2@g/ml
oxLDL in moderate degree was followed by those gplation at dose of 1Qg/ml
and then recovered at doses 40 andu@0nl indicates the early response effect of
uncoupling eNOS, but eventually reduced subsequemtpregulation of eNOS
expression in dose of 40g/ml mildly oxLDL and 10ug/ml moderately oxLDL
suggestes that the endothelium is capable of pnogudO, indicates the normal

endothelial function. Suppression of eNOS expresa®revealed in a higher dose of
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mildly and moderately oxLDL indicates to endothetdgsfunction and reducing NO

production, which might be caused by ROS overwhdlmerasculature.

Figure 4.19
Showing the expression of eNOS induced by oxLDidrious doses and degree
oxidation on 1.5 % agarose gel electrophoresisdlyndnd fully oxLDL (a);
moderately oxLDL (b)
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Figure 4.20
Significant difference of eNOS expression inducgakLDL in various degree

oxidation and doses are shown.
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4.5.2 Expression of eNOS induced by 1M DFO pretreatment and

oxLDL in various doses and degree oxidation

Result

We induced eNOS expression by @l DFO pretreatment and
oxLDL in various doses and degree oxidation. Weeetgd the expression of eNOS
might be increased or decreased depending on theower rate production of ROS,
0O,"", and predictable ONOOformation that related to eNOS expression and NO
released in the system. Upregulation of eNOS wen gedoses of 4Qg/ml mildly
oxLDL and significantly differed the control. In 10 DFO protreatment group, only
dose of 40ug/ml mildly oxLDL, eNOS expression was increased ashowed
significantly. In moderately and fully oxidation,N®S were downregulated
subsequently. These findings indicate endotheliattion producing NO in mildly
degree but it rather was damaged in moderatelyutly foxidation leading to

dysfunction.

Figure 4.21
Showing the inducible eNOS expression of eachMIMFO treatment group
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Figure 4.22
Significant difference of eNOS expression indubgaxLDL
in 10 uM DFO pretreatment group is shown.
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4.5.3 eNOS expression induced by 0.3 mM EDTA preta¢ment and

oxLDL in various doses and degree oxidation

Result
Upregulation of eNOS expression was clesglgn in 0.3 mM EDTA
pretreatment with 8@ug/ml oxLDL in mildly degrees and showed signifidgnivith
those of the same dose. In 0.3 mM EDTA pretreatroédbses 4@ug/ml mildly and
moderately oxLDL including of dose 8§@/ml moderatelyoxLDL, eNOS expression
was also suppressed and showed significance whapared with those of the same
dose. These finding indicates the endothelial dydfon and uncoupling eNOS

involved.

Figure 4.23

Inducible eNOS expression of each treatment group

DNA ladder
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control + + 0.3 mM EIA
40 80  pg/ml mildly oxLDL



77

Figure 4.24
Significant difference of eNOS expression in 0.3 lEMTA

g
=
7]
&
£ 3001 *
[-F]
2250 -
]
=
200
'-'-El =+
e *
= 1501 |_‘ | 2
¥ 1004 |
[
=
T 50
=
=

l:l- T T T T

C o+ -+ -+ -+ -+ 03mMMEDTA

40 40 40 40 S0 80 80 80 ugml
mildly  moderately mildly moderately oxLDL

Data are percentage of meaSEM. * p value < 0.05

4.5.4 eNOS expression induced by 1Q&y/ml BHTpretreatment and

oxLDL in various doses and degree oxidation

Result
Upregulation of eNOS was presented in doisd0 ug/ml mildly
oxLDL with 100 ug/ml BHT pretreatment group. In newdtely oxLDL group,
downregulation of eNOS was seen. Suppression ofSsEOmoderately degree was
differed significantly from mildly degree group.
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Figure 4.25
Inducible eNOS expression of each treatment grod®0ug/ml BHT
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Figure 4.26
Significant difference of eNOS expression in 1@@ml BHT
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4.6 Nitric oxide production and endothelial dysfuntion mediated by
intracellular ROS and RNS

As previous mentioned, abundant ROS/RNS resultean foxLDL
induced LOX-1 expression may cause endothelial uhgtfon. Real-time NO
measurement by biosensor probe allows us explore

1) endothelium might loss the function

2) peroxynitrite (ONOO) might be produced from the reaction of O

and NO. If it was produced, NO should be reduced.

In this experiment, the standard curve of NO wasstrocted base on

conversion of current (pA) and concentration (nM)

Figure 4.27
Showing the standard curve of NO at 25, 50, 100,dri 200 nM
when 24.928 pA = 1nM

: ; Standard curve of nitric oxide fﬁ- '
524.923:[!.&:1]1:1'[ FE : SIS - <oy £ s P
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4.6.1 NO production induced by doses and degreesidation of LDL
Figure 4.28
NO production induced by various doses of modeyaielDL (b, c) is correspondent

with eNOS expression (a)

elOS mENA expression
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Upregulation of eNOS expression induced by d§/ml oxLDL in
moderately oxidative degree is corresponded withigher production of NO as
shown in figure 4.28. Meanwhile, downregulation edOS expression as seen in
varied doses of 20, 40, 80 and 1,0¢ml oxLDL is also correspondent with lower
levels of NO production and showed differed siguifitty when compared with
control. Interestingly, a higher dose and degreexdfDL reduced eNOS activity
through more generated intracellular ROS especialy will forward “uncoupling
state of eNOS” resulting reduced NO level. Turnrorste of Q° is rapidly when
compares with those of B, production. Hence, £ is driven fastly to the system

and leads to combination with NO promoting ONU@Qrmation.

4.6.2 NO production induced by doses and degrees idation of
oXLDL of10 uM DFO pretreatment group

NO was reduced significantly in 4@/ml oxLDL of both moderately
and fully degrees. In 1uM DFO pretreatment group, slight increase in NO
concentration was presented especially in fullyrdegvhen compared with those of
the same degree of oxLDL. However, level of NO ik pretreatment group

remained low indicates the endothelial dysfunction.
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Figure 4.29

Real-time measurement of NO released and recosledreent in pA of 4Qg/ml in

pAThi

moderately and fully oxidation of LDL with oM DFO pretreatment (a).

Statistically significant difference of each pretraent group (b).
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4.6.3 NO production induced by doses and degreesidation of LDL
and 0.3 mM EDTA pretreatment

Figure 4.30

Real-time measurement of NO release and was ret@sleurrent in pA of various

doses and degree oxLDL with M DFO pretreatment (a).
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Result
Reduction of NO concentration of 0.3 mM EDTA pratraent group
in 40 and 8Qug/ml oxLDL with various degree was shown signifitam figure 4.30
(b) when compared with control. Among degrees oflatxon, moderately oxLDL in
80 ng/ml was slight increased and shown significaralyully oxidation. These result
finding was corresponded with eNOS expression 8f @M EDTA pretreatment

indicating the endothelial dysfunction through RRISS.

4.6.4 NO production induced by doses and degreexidation of
oxLDL and BHT pretreatment

Eventhough BHT is peroxyl radical scavengfeoxLDL and acts as
vitamin E, however, it has a prooxidant as well. W¢ed BHT for pretreatment since
we need mor data of ROS/RNS by it own pathway add Bid not involved any step
in ROS/RNS generation. We expected that endothelisfunction caused by
ROS/RNS generated from activation of oxLDL throughX-1 receptor.

Result

NO concentration levels were declined igicemtly in 50 uM and
100 uM BHT pretreatment group of various degree oxidatiNotably, redued NO
levels were slightly in 100M BHT pretreatment but still lowered significantishen
compared with control. These findings indicateoittn ROS/RNS affect endothelium
and might be involved uncoupling eNOS too.
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Figure 4.31

NO release was detected in BHT pretreatment andusadoses and degree oxidation
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4.7 Influence of oxLDL-mediated LOX-1 expression orp38 mitogen activated
protein kinase (p38MAPK)

Intracellular ROS activated by oxLDL through LOX+®aching the
pathophysiological state is able to trigger thec#jme signaling pathway, redox-
sensitive gene and endothelial dysfunction. It sg@s second messenger to activate
multiple intracellular proteins and enzymes inchgdi p38 MAPK, resulting
proliferation and growth of smooth muscle cell. Wgpothesized that induced
intracellular ROS and subsequent RNS led to iner@8 MAPK level and might be
reduced if we limited ROS/RNS available with DFAQEA and BHT.

Figure 4.32
(a) Immunohistochemistry of anti-p38 MAPK activapd measured mean density by
using image Proplus analysis program, (b) negativerol; 3,3'- Diaminobenzidine

(DAB), (c) negative control; Hematoxylin




88

4.7.1 Oxidized LDL-induced p38 MAPK activity

Figure 4.33
Immunohistochemistry of p38 MAPK which demonstratedontrol group (upper)
and 80ug/ml fully oxidized LDL group (lower)

80 pg/ml fully ox-LDL
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Figure 4.34
Mean density of p38 MAPK activity activated by \ars doses of oxLDL

moderately and fully oxidation.
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Data are presented as density me&EM.

* p value < 0.05 compared with control group

Gradual increase in mean density of p38 MAPK aigtiof doses 10, 20,
40 and 8Qug/ml oxLDL in moderately and fully degrees are destoated. Difference
of 20, 40 and 8@g/ml oxLDL compared with control are significantly.
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4.7.2 OXLDL induced p38 MAPK activity in EDTA pretreatment
group

Figure 4.35
Immunohistochemistry of p38 MAPK of 0.3 mM EDTA peatment group with 40
ug/ml moderately oxidized LDL group (upper) and thegth 40ug/ml fully oxidized
LDL group (lower)

0.3mMEDTA + 40 ng/ml ma-oxLDL

0.3rMEDTA + 40 pg/ml fully -oxLDL
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Figure 4.36
Mean density of p38 MAPK activity of 0.3 mM EDTAeireatment group with
various doses of oxLDL in moderately and fully degoxidation.

Data are mean $EM.
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Result
In mean density of p38 MAPK was gradualigreased as dose-
degree dependent oxLDL. In 0.3 mM EDTA pretreatmgrdup, decreased mean
density was observed in each dose and degree imxid&tDifference of fully, 80

ug/ml oxLDL and those with 0.3 mM EDTA was presemath P < 0.10.
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4.7.30xLDL induced p38 MAPK activity in DFO pretreatment group

Figure 4.37
Immunohistochemistry of p38 MAPK in §@/ml fully oxLDL group (upper)
and 10uM DFO with 80ug/ml fully oxidized LDL group (lower)

80ug/ml fully oxLDL

10uM DFO+80ung/ml fully oxLDL



93

Figure 4.38
Mean density of p38 MAPK activity of M DFO with moderately and fully

doses. Data are meaBEM.
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4.7.40xLDL induced p38 MAPK activity in BHT pretreatment group

Figure 4.39
Immunohistochemistry of p38 MAPK activity of §@/ml fully oxidized LDL group
(upper) and 10Qg/ml BHT with 20ug/ml fully oxidized LDL group (lower)

% 100png BHT+20 pg/ml fully oxLDL
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Figure 4.40
Mean density of p38 MAPK activity of 1Q@/ml BHT pretreatment with oxidized
LDL in various doses and degrees. Data are meaBM.
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100ug/ml BHT+
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Mean density of p38 MAPK was gradually increaseddase-degree
dependent oxLDL. In 10Qg/ml BHT pretreatment group, reduced mean density w
observed especiaaly in fully, 20, 40 andu@@ml oxLDL.

4.8 Morphological changes of cultured human umbilial artery

The morphology changes of control and treated licabiarteries were
demonstrated by frozen and paraffin embedded sectidight microscope. In the
control group, the lining of endothelial cells wargact and cleared dense nuclei.
Clearly, fibroblast and collagen were observed.u@tbsubstance of sub-endothelial
cells was condensed sharply. Vascular smooth mustiewere arranged in normal.

In the treatment groups, loose thickness and dadchamdothelial cells
were noticed. Less ground substance including lilasi and collagen were observed

as well. Invasion of vascular smooth muscle cellsemdemonstrated especially in
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figure 4.42 of 40ug/ml moderately oxLDL. In the pretreatment grougsDd-O,

EDTA and BHT, all were similar to dose of treatmgrdup.

Figure 4.41
Intacted endothelium and normal vasculature of@laycontrol group; 10X (upper)
and 40X (lower)

control
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Figure 4.42
Damaged endothelium, loose ground substance, gddmtiblast and invaded
vascular smooth muscle cell (VSMC) were represemedrious doses
and degree of oxLDL on day 6; 40X

80 ug/ml moderately oxLDL
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Figure 4.43
Morphology of 80ug/ml moderately oxLDL with 1@M DFO compared with 1QM
DFO and 8Qug/ml; 40X

80 ng/ml fully oxLDL
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Figure 4.44
Morphology changes of 0.3 mM EDTA with 4@/ml and 8Qug/ml in moderately
and fully oxidation of oxLDL compared with positieentrol 0.3 mM EDTA
on day 6 of culture; 40X

TA + 80ng/m
Ll b Ve
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Figure 4.45
Morphology changes of 8@g/ml moderately ox LDL with and without 1Q@/ml
BHT compared with positive control 1Q@/ml BHT on day 6 of culture; 40X
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Discussion

Oxidative modification of LDL is hypothesized thakLDL plays a
crucial role during development and plaque ruptofeatherosclerosis. Failure of
vitamin E protection in cardiovascular disease giglatients lead to revisit the
mechanism of oxidative stress induced by oxLDL.ilUmw, it's still uncertain that
how endothelium lost the protective vascular fumctiesulting atherosclerosis.

The exposure of oxLDL at various doses (10, 20248 80ug/ml) of
mildly, moderately and fully oxidation causes graltiu increased LOX-1 mRNA
expression as dose-degree dependent fashion. thteidirst report in vasculature
culture that composes of complete vascular celidothelium, smooth muscle cell,
adventitial fibroblast and extracellular matrix.durcible expression and protein of
LOX-1 was dependent in human endothelial cell atés by fully oxLDL (Mehta &
Li, 1998). Moreover, increased uptake of oxLDL vaéso reported both in endothelial
cell (Mehta & Li, 1998) and in vasculature (Chongeien, 1998). Interestingly,
mildly oxLDL that represents any circulating oxLDh early atherosclerosis is dose-
degree dependent fashion as well. It is notewatttay endothelium is still intact and
functions as demonstrated by upregulation of eNgfession and nitric oxide (NO)
release. Meanwhile, downregulation of eNOS expoessiith reduced NO release is
also seen in moderately (of dose 40 ang@®nl) to fully oxidation of oxLDL. These
finding suggests that endothelium is capable oflpcang NO indicating vascular tone
function, in mildly degree and only low dose of recately degree. Hence, activated
LOX-1 expression of those treatments suggests tlaegiive mechanism of
endothelium. Furthermore, endothelial dysfunct®meéveloped in high dose (40 and
80 ug/ml oxLDL) of moderately degree including in angsés of fully degree as we
have seen the inhibition of NO and eNOS expressionding of morphological
changes by light microscope is supported theserzdsen.

We focus on intracellular ROS/RNS might involveeimdothelial function
because of it's paradox fashion of both physiolagend pathophysiological states.
Surprisely, DFO (ferric chelator) and EDTA (ferroasd copper chelator) promote
the expression of LOX-1. DFO is iron chelator inbdaWeiss reaction of ROS

inhibiting O,"” -H,O, driven, while as EDTA is iron chelator in Fentomtaction
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which inhibits *OH formation driven from kD,. Our findings suggest that,O,
H,O, and*OH are involved in inducible expression of LOX-1daproduced from
vascular enzymatic source such as NAD(P)H oxidaseadothelium rather than from
metal transition catalyst source. Once oxLDL adéda ROS are produced through
LOX-1 receptor and overwhelms the vascular cellthheir (Q", H.O, and*OH)
different diffusible rate and half-life. In a smalbse and degree of oxLDL, ROS
plays a role as physiological regulator for redoxneostasis of endothelium. Contrast
data in a high dose and degree oxidation of LDL,SR@lays a role as
pathophysiological regulator leading to endothedigéfunction. Previous work done
by other studied in cell (Cominacini, et al., 2000iao, 1994; Plane, Kerr,
Bruckdorfer, & Jacobs, 1990) supported our findiags suggested the positive feed
back loop of ROS. We used BHT as antioxidant sulgstgrotecting oxLDL in the
system and is not involve in ROS pathway. Actsitamin E, BHT has pro-oxidant
property as well (Black, 2002). Activated LOX-1 eggsion is also seen in BHT
pretreatment group confirms ROS functions and goooit to our oxLDL preparation
is completely designed and limited further oxidatio the culture system.

During endothelial dysfunction development, undmgpeNOS may be
involved. Several lines of evidence reported thdtl. through ROS is capable of
decreasing Bl cofactors and eNOS-caveolin interaction includingreasing NO
metabolism (Behrendt & Ganz, 2002; Cominacini, Bf 2001; Harrison, 1997,
Peterson, et al., 1999). Our finding of reducingls#teme NO corresponds with
downregulation of eNOS expression is documentedithBo investigation of
uncoupling eNOS should be speculated especiallyngluthe process of intact
endothelial turn to dysfunction.

Remarkably increasing LOX-1 expression as sedll itreatment groups
lead us to focus on RNS pathway and we hypothegtzatdupregulation of LOX-1
should be outcome of ROS and RNS regulation. Oagorereport is dismutation rate
of 0" by SOD which scavenges,'Oto be HO,, stable and less active than"Q
goes slower than transformation rate gf Gand NO to be peroxynitrite (ONOD
Activation of various doses and degree of oxLDL semureducing activity of SOD.

SOD activity remains low in pretreatment group fodicating low level of G.
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According to reduced NO production, perhaps;” Ocombines with NO and
peroxynitrite is generated. Lower SOD activity sldobe from low level of @7, in
the other hand, damaged from ROS/RNS in the system.

Activation of oxLDL via LOX-1 receptor causes R®8IS generated and
subsequently activates redox-sensitive proteins @hdr in cell. We purpose that
activation of oxLDL via LOX-1 receptor may triggROS/RNS signalings through
activation of p38 MAPK. Mean density of p38 MAPKikreased gradually as dose-
degree dependent fashion and then lowered in inefator and BHT pretreatment
groups. These findings indicate the role of ROS BNS signalings activate redox-
sensitive protein / enzymes, in particularly, dgriandothelial dysfunction. Zhao
(Zhao, et al., 2000) reported that activation 08 p8APK is required for foam cell
formation. Moreover, oxLDL induces p38 MAPK in 5 maies and translocate
smooth muscle cell in 15 minutes (Liaudet, Vass&liPacher, 2009). Overview
depicted mechanisms in endothelial dysfunctionheg study is purposed in figure
4.46






