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THE EFFECTS OF EXOGENOUS ARACHIDONIC ACID ON
CYCLOOXYG] [ASE ACTIVITY AND ISOFORMS EXPRESSED IN
CULTURED ENDOTHELIAL CELLS

Duangporn Plasen', Pravit Akarasereenont!, Kitirat Techatrisak’, Athiwat Thaworn!, Sirikul
Chotewuttakorn'

'Department of Pharmac gy and *Department of Obstetric and Gynecology, Faculty of Medicine
Siriraj Hospital, Bangkok 10700, THAILAND

ABSTRACT

Cyclooxygenase (COX) which exist as COX-1 and COX-2 isoform, is the first enzyme in the
pathway in which arachidonic acid (AA) is converted to several prostaglandins (PGs) such as
prostacyclin (PGl;), PGE; and thromboxane (TX) A;. AA is released from cell membrane
{endogenous AA) by several agonists such as histamine, brady iins, angiotensin, cytokines and
growth factors, including shear stress. However, exogenous AA can directly activate PG synthesis via
COX enzyme (COX activity). Here, we have investigated the effects of AA on COX activity and
isoform expression in human umbilical vein endothelial cell (HUVEC). HUVEC was obtained from
babies born to normal pregnancy and grown as standard technique. The cells were grown to confluent
and replaced with fresh medium containing AA (0.1, 1, 10 and 20 uM). Cells were then incubated at
37°C under 5 % COj, concentration in the CO;-incubator for variable periods of times (3, 10, 20, and 30
minutes). After which time, the release of 6-keto-PGF |, (a stable metabolite of PGI;) in supernatant
medium was measured by using enzyme immunoassay {EIA). The remained cells were extracted to
detect COX protein expression using specific antibody to COX-1 and COX-2, The effects of AA on
cell viability were also investigated vsing MTT assay. Neither various concentrations (0.1-20 pM) nor
variable periods of times (5-30 min) of AA had any effects on cell viability. Control HUVEC without
AA released undetectable amount of 6-keto-PGFy, (<3 pg/ml). The incubation of exogenous AA (0.1-
20 uM) in HUVEC can release significantly higher amount of 6-keto-PGF , which could be referred
to activity of the COX enzyme. However, the release of 6-keto-PGF,, in AA activated HUVEC did
not depend on incubation of AA when cells were incubated with AA up to 24 h. In our mode! study we
found that the incubation of AA 10 uM for 10 min  the most appropriate concentration and time to
determine COX activity in HUVEC. Moreover, AA did not effect on COX-1 protein which was
constitutively expressed in HUVEC while COX-2 protein was undetectable in AA (10 pM) treated
HUVEC for up to 24 h, Thus the increase release of 6-keto-PGFy, from exogenous AA (10pM) was
presumably due to the increase in COX activity but not from the increase amount of COX-1 or the
induction of COX-2.

Key words: COX, PGs, endothelium, arachidonic acid

IT. repri : Duangporn Plasen, Department of Pharmacology,
Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok 10700, THAILAND, Tel: 4197569,
4115026
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INTRODUCTION

Prostaglandins (PGs) have nhumerous
cardiovascular and inflammatory effects' ™.
They are not stored by cells but are rapidly
synthesized prior to release by a variely of
physiological and pharmacological slinuli®
Frostaglandin H synthase (PGHS) or
cyclooxygenase (COX) is the key enzyme in
the sg(nthesis of PGs from arachidonic acid
(AA)Y. It is a membrane-bound, bifinctional
enzyme that exhibits both cyclooxygenase and
peroxidase activity®. AA is released from cell
membrane (cndogenous AA) by scveral
agonists such as histamine’, bradykinins®,
cytokines™'°, and growth factors'' ** .including
shear stress'’.  lowever, exogenous AA can
directly activate PG synthesis via COX
enzyme {COX activity). Rccently, two
isoforms of COX that is encoded by diffcrent
genes have been identified'*'*. Type | PGHS
{(PGHS-1) or COX-1 is conslitutively
expressed in various mammalian cclls and
tissues'®, whereas type 2 is an immediale-early
gene induced by a wide variety of stimuli
including hormones, growth factors and
cytokines*™.  PGI, is (he major COX
metabolite released from endothelial cclls
which  participating  in  inflammation,
atherosclerosis, thrombesis, ctc.™.  ndo-
thelial cells can be activated by AA and its
metabolites  resulting in  changed PGI,
released™ . PGI, inhibits platelet aggregation
and (irombus formation as well as a potent
vasodilator by causing relaxation in vascular
smooth muscle cells®®. Tt was shown that PGl
is mainly regulated by the activity of
cyclooxygenase”’. However, it is not known
whether AA can regulate the isoforms of COX
and their function in endothelial cells. The
study of the effect of AA on COX isoform
expression and function will be too!l (o study
the regulation and signaling pathway of COX
enzyme. This study will show such cffect of
AA on cultured endothelial ¢ by using
human umbilical vein  endothelial  cell

(HUVEC)
MAT] IALS AND METHODS

Materials

Unless  othenwvise indicated.  ail
chemical reagents were obtained from Sigma
Human endoth um SFM medium and heat-
activated fetal bovine serum (FBS) were
purchased from GibCo (USA). COX-1 (ovine)
electrophoresis  standard, COX-2 (oving)
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electrophoresis standard, COX-1 polyclonal
antibody (rabbit antibedy raised to purified
sheep seminal vesicular COX 1), COX 2
(human) monoclonal antibedy developed in
mounse, 6-keto-PGF,,  acetylcholinesterase
tracer, 6-keto-PGF,, rabbit antiserum, 6-keto-
PGF;,. standard, pre-coated mouse anti-rabbit
microf” 1" and  Iman’s reagent were
obtained from Cayman Chemical (Australia).
Phosphatase-label antibody to mouse IgG was
from Kirkegaard & Perry Laboratories. Bio-
Rad protein assay reagent, and nitrocellulose
were purchased from Bio-Rad Laboratories.

Human umbilical  vein  endothelial  cells
(TUVEC) culture

Human wnbilical vain endothelial
cells were harvest Trom wumbilical cords
obtained at normal vaginal dcliveries or
Cacsarian sections. The method originally
described by Jeffe et al ** with some
modifications. Briefly, a sterile technique was
ufilized in all manipulations of the cord.
Firstly, wntrawmatized umbilical cord was
severcd from placenta at least 20 cm length
presently after birth, placed in a sterile
container filled with normal saline and kept at
4°C, Within 24 h after storage, the uwmbilical
vein was cannulatled and perfused with
phosphate buffer saline (PBS) (138 mM NaCl,
2.7 mM KCI. 8 mM Na,HPO, and 1.46 mM
KH;PO,) pH 7.4 until ali traces of blood was
removed.  The vein was then filled with
trypsin-EDTA (0.5 % trypsin, 5.3 mM EDTA
in PBS). After 10 min incubation at 37 °C, the
content of the vein were genlly flushed out
with an equal volume of MI199 (Sigma) and
cotlected in a 50 m! falcon tube filled with
FBS (1 ml of FBS for 10 ml of trypsin-EDTA).
The tube was centrifuged a1 1400 g for {0 min
at 4°C. The supernataat was discarded and the
pellet was resuspended in EC medium (Humnan
endothelinl SFM supplemented with 15 % FBS
in addition of 100 pg / m! streptomycin and
100 U of penicillin G). Cells were grown in
T75 plastic flasks (Sarstedt), fed twice a weak
and maintained at 37°C in a water-saturated
atmosphere at 95 % air/5 % CO, until
confluence. The confluent cells, then, were
subcultured and grown in EC mediun
supplemented with 10 % FBS, 100 pg/ml
streptomycin and 100 IU of penicillin G. Cells
used in the studies were uniformly in the third
passage.
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Measurement of G-kefo-PGF , released in
HUVEC

The second passage of cells was
subcultured into 96-well culture plate (Falcon)
and fed with the EC medium supplemented
wi™ 10 % 0y ' Tshamycin and
100 1U of penicillin G every 2-3 days until
confluence.  After removal of the prowth
medium, the monolayers of intact confluent
EC (4 x 10" cells/well) were washcd once with
PBS, pH 7.4. Each well was then incubated
with 200 pl of fresh EC nedium containing
0.02 % vehicle (ethanol) as a control or AA at
a concentration of 0.1, 1, 10 or 20 M. The
cells were incubated at 37°C in a water-
saturated atmosphere under 95 % air/5 % CO,
condition for 5, 10, 20, and 30 min. After
selected incubation periods, the supernatant in
96 well were collected to measure 6-keto-PGF
1« (a stable metabolite of PGI, using EIA).
Firstly, a microtiter plate pre-coated with
mouse anti-rabbit monoclonal antibody was
washed once with wash buffer (0.01 M
phosphate Luffer pH 7.4, 0.05% Tween 20).
Then 100 pl of EIA buffer (1.0 M phosphate
buffer, 133 g K,HPO,, 32.15 g KH-PO, in 1
liter of ultra pure water containing 0.1 g %
NaN,, 23.4 g % NaCl, 0.37 g % tetrasodium
EDTA and 1 g % Lovine serum albumin) were
added to non-specific-binding wells (NSB),
and 50 pl to maximum-binding weils (By).
Afterthat 50 pl of standard or sample were
added to the assigned wells followed the 50 pl
of 6-keto-PGF,, acetyicholinesierase tracer in
all wells except the Llank (B) and the total-
activity (TA). Finally, 50 pul of 6-keto-PGF,,,
rabbit antiserum were added to all wells except
B. TA and NSB. The plate was then incubated
overnight at 4°C.  After which time. the plate
was washed with wash buffer. Then, 200 pl of
Ellinan’s reagent and 5 pf of tracers were
added to all wells and the TA wells,
respectively. The plate was left standing at
rooin feimperature to develop color for 1 h and
the absorbance was read at 415 nm by a
microplate reader (BIO-RAD). The amount of
% Lound was calculated froms OD of cach well
according to the formula: % BOUND = (§ -
aver NSB)(aver B, — aver NSB). S, aver
NSB. aver B, were referred to OD sample or
standard, average of OD in NSB wells,
average of OD in B, wells. respectively. The
stindards of 6-keto-PGF, used were 3.9-500
pe / ml. The amount of 6-keio-PGF,, in
samples was calculated from fixed standard
curve,
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Measurement of the isoform of COX protein
expressed in HUVEC

The third passage of confluent
monolayer HUVEC in 6-well culture plate (1.2
x 10° cells/well) was used in this experiment.
The cells were incubated with 1.5 ml of EC
medium containing 0,02 % ethanol (vehicle) or
10 uM of AA at 37°C in water-saturated, 95 %
air/ 5 % CO, incubation for 10 min, 3, 6, 12,
18 and 24 hrs. After which timie the mediun
was discarded and cells were washed once
with 2 ml of PBS, pH 7.4. Then I pl of
extraction buffer (50mM Tris base; 10 mM
EDTA; % (V/V) TritonX-100; 0.57 mM
phenylmethylsulphonyl fluoride (PMSF); 1.5n
M pepstatin A and 2 pM leupeptin) was added
to each well with gentle shaking. The crude
cell lysate from each well was then pooled and
kept in an Eppendorf tube at -40°C until
further analysis for total protein and COX
protein. The protein concentration in the cell
lysate was measured using Bio-Rad protein
assay reagent. Bovine serum albumin at
concentration of 10-100 pg / ml in distilled
water was used as slandard. Ten pl of
standard, diluted sawple, or distilled water
(blank) were pipetted into 96-well plate. Then,
200 pl of Bradford reagent diluted with
distilled water at 1:4 were added. The plate
was kept at room temperature for 5 min and
measured for OD at 595 nm. All samples or
standards were determined in tripiicate and the
average values were used for calculation, After
protein concentration of cetl were calculated,
immuno blotting for COX protein was done by
some modification of original method”. The
crude cell lysate was boiled for 10 min in a
ratio of 1:1 with gel loading buffer (Tris, 123.9
mM; 8DS 4 % wiv, glycerol 20 % V/V, 2-
mercaptoethanol, 10 % v/v and bromphenol
blue, 0.2 %). Samples were centrifuged at
3,200 g for 1 min before being loaded at equal
amount of total proteins on SDS-PAGE
(scparating gel, 7.5 %; stacking gel, 4 %) and
subjected to electrophoresis (1.5 h at 70 V)
with separating buffer (Tris base, 0.25 M;
glycine, 0.192 M; SDS, 0.1 %). Following
electrophoresis, the separated proteins were
transformed to a nitrocellulose membrane (1 h
a1 408 A) nsing a transfer buffer consisting of
0.025 M Tris base, 0.192 M glycine and 20 %
(V/V) methanol. After transferring to
nitrocelluiose, the blots were washed 6 times
with wash Duffer (10 mM Tris base, 100 mM
NaCl and 0.1 % Tween 20) and blocked in
Llocking solution (5 % low-fat dry milk in
wash buffer) for 1.5 h. After washing wilh the
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wash buffer for 6 times, the blots were primed
(5 h) with a selective antibody raised to
ovine COX-1 developed in rabbits (primary
antibody, dilution 1:1000 in wash bulfer) or
monoclonal antibody raised to COX-2
developed in inouse (primary antibody,
dilution 1:1000 in wash buffer). The
mentbranes were then washed 6 times with
blocking solution and alkaline phosphatase
conjugated  goat  anti-rabbit  antibody
(secondary antibody for COX-t detection;
dilution 1:1000 in blocking solution) or
phosphatase  conjugated goat anti-n  15¢
antibody (secondary antibody for COX-2
detection: dilution 1:5000 in blocking solution)
were added. Afier 1.5h incubalion at room
temperature, the blots were washed 4 times
with the wash buffer. Blots were visualizes
using premixed solution containing 5-bromo-
4-chloro-3 indolyl phosphate (BCIP), .89
mM; nitro blue tetrazolim (NBT), ¢.4 mM;
Tris base, 100 mM; NaCl, 100 mM; and
MgCly, 5 mdM; (pH 9.5). The relative enzyme

inass was estimated by densitlometry using:

Image Master 1D  software (Pharmacia
Biotech) and expressed as densitomctry unit
per equal total loading proteins.

Measurement of cell viability

Cell respiration in mitochondria is
one of indication of cell viability™ ™ To
evaluate viability of cells 200 pl of 0.2 mg/ml
3-(4, 5 dimethylthiazol-2yD)2, 5 diphcnyl
tetrazolium bromide (MT  in EC medium
was added to each well and incubaled at 37°C
for 1 h under water-saturated atmosphere with
95 % air/5 % CO,;. The medium was then
removed and 100 pi of DMSO was added at
each well to solubilize the cells. The exient of
reduction of MTT to formazan in cells was
quantitated by measurement of optical densily
at 595 nm wsing a microplate reader (BIO-
RAD).

Statistical analysis

Triplicate weils were done at cach
experiment and at least three experiments were
perforined in the same manner on consccutive
days. Statistical significance was determined
by ANOVA or unpaired t-test. A p vatve of
less than 0.05 was selected to denote slatistical

significance.
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RESULTS

Effect of exogenous AA on G-kefo-PGF ,,
release from HUVEC

Incubation of H' /EC with EC
meditm up to 30 min produced slight release
of PGI, (<3 pg/ml) which could wot be
precisely detected by EIA technique in this
method, When AA at various concentrations
were exogenous given and incubated at 37 °C
for variable periods of time from 5 min to 30
min, it was found that the lowest concentration
of AA used (0.1 pM) could increase 6-keto-
PGF ,, significantly from the control (Figure
1). However, 0.1 and 1| pM of AA could not
produce significant difference in the release of
6-keto-PGF . (p>0.05; Figure 1). 10 pM AA
could increase the release of 6-keto-PGF |,
significantly from | pM AA (p<0.05; Figure
1), and further increased concentration of AA
to 20 pM could augment the release of  6-
keto-PGF , which was only significantly at
Smin and 30-min incubation period  (p<0.05;
Figure 1A and 1D). Moreover, 10 min or 20
min incubation of AA did not produce
significant difference in 6-keto-PGF ,, level
between the 10 pM AA and 20 pM AA
groups (p>0.1; Figure 1B and 1C).

The incubation times were also
compared with each other at the equal dose of
AA. Tt appears that the incubation periods for
5 min up to 30 min could not produce
significant difference in 6-ket “GF ,, release
at 0.1 and | pM AA (p>0.05; Figure 2A and
2B). At 10 pM AA, 10 and 20 min incubation
period gave higher release of 6-keto-PGF
which were significant difference from 5 min
(p<0.05; Figure 2C). However, when the time
v increased 1o 30 min the release was
significantly decreased (p<0.01; Figure 2C).
At 20 pM AA, 10 min incubation period
increase 6-keto-PGF , not quite significantly
when compare with the 5-min group (p = 0.05;
Figure 2D). Further increase the incubation
time to 20 min or 30 min did not produce
significant difference in 6-keto-PGF ,, level
from L0 min (p>0.05; Figure 2D).

Effect of exogenous AA on isoform of COX
profein expressed in HUVEC

Untreated control HUVEC contained
COX-1 protein but not COX-2 protein (Figure
3 and 4). However, very small amnount of
COX-2 proicin could be detected in some
batch of untreated HUVEC when compared to
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The effects of mcubation fimes (5. 10, 20 or 30 min) of arachidonic acid (AA) on 6-keto-
PGF 4, production in HUVEC after ireaunent with 0.1, 1, 10 or 20 uM AA (panel A, B, C
and D respectively).  A) Incubation of AA 0.1 uM for 5 min up to 30 min could not
preduce significant difference in 6-keto-PGF , release. B) Incubation of AA | pM for 5
min up to 30 min could not produce significant difference in 6-keto-PGF |, release.
) 10 min incubation of AA 10 pM mncrease 6-keto-PGF , significantly from 5 min. 20
nmin incubation of AA 10 puM did not produce significant differcnce in 6-keto-PGF
production from 10 min incubation of AA 10 pM. 30 min incubation of AA 10 uM
significantly decrease 6-kelo-PGF |, production from 20 min incubation of AA 10 uM.
D) 10 min incubation of AA 20 pM increase 6-keto-PGF , which was not quite
significanily from 5 min incubation of AA 20 uM (p=0.05), 20 min or 30 min incubation
of AA 20 uM could not increase G6-keto-PGF |, production from 10 min. Data are

expressed as Mean + SEM of triplicate wells from 3 separate experiments performed on
different days. * p < 0.05 when compared to control untreated cells (C).
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Densitometry unit/
10 mg total loading protein

Figure 3
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The effects of AA (10 pM) on COX-1 profein expressed in HUVEC at 10 min up to 24h
incubation. A) shows representative Western blot from three independent experiments (lanel
to 7). B) shows Mean + SEM of COX-1 protein amount estimated by densitometry from
three separate experiments. Equal amounts of protein (10 pg/lane) were loaded in all lanes.
Untreated control HUVEC (C): lanl expressed COX-1 protein at 23.9 + 3.2 densitometry
unit/10 pg total loading protein. The amounts of COX-1 protein were not change
significantly in 10 pM AA treatment for 10 min, 3, 6, {2, 18 or 24h (lane 2 to 7).
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Densitometry unit/
10 pg loading protein

Figure 4
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70 kDa

StdCOX-2

20 A

10 .

C 10min 3h 6h 12h 18h 24h
AA 10 uM

The effect of AA (10 pM) on COX-2 protein expressed in HUVEC at 10 minupto 24 h
A) shows representative Western blot from three independent experiments (lane 1 to 7).
B) shows Mean £ SEM of COX-2 protein amount estimated by densitometry fromn the
three separate experiments. Equal amounts of protein (10 pg/lane} were loaded in ¢
lanes. Untreated control HUVEC (C); lane 7 contained no COX-2 protein but could be
detected very small amount of COX-2 protein in some batch (lanel) which was very low
when compared to COX  in Figure 7 1,97 £ 0,78 and 23.88 + 3.2 densitometry unit/10
pg total loading protein respectively). Although COX-2 expression trend to increase after
3 I treatment (lane3 and 4) and decline to control level within 24  (lane5 to 7), the
difference between the contr  group and all of the treatment groups as shown were not
significant difference (p > 0.05).
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COX-1 protein (¢4.97 + 0.78 and 23.88 + 3.2
densitoinetry unit/10 pg total loading prc  n).
The expression of COX-2 protein in small
amount of untreated HUVEC was not changed
when compared to the batch of undetectable
COX-2 protein in untreatedd HUVEC. In AA
(10 pM) wreated HUVEC for up 1o 24 h, the
amownt of COX-1 protein was not changed
significantly when compared to untreated
HUVEC (Figure 3). For (he batch of
detectable small amount of COX-2 in
untreated HUVEC, the amount of COX-2
protein was also not changed significantly
when compared to untreated HUVEC (4,97 &
0.78 densitometry unit/10 pg total loading
protein in untreated HUVEC and 4,85 £ 0.15,
945+ 222, 9.15 £ 184, 6.81 £ 047, 565 +
0.88, 4.94 £ 0.91 densitometry unit/10 pg total
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loading protein at times 10 min, 3, 6, 12, 18
and 24 h respectively).

Effect of exogenous AA on cell viability

To assess whether AA was toxic to
cell, cell respiration, which was an indicator of
cell viability, was deter * ed by 1 “"ochondrial
dependent reduction ot 3-(4, 3-dimethyl
thiazol-2yl)-2, 5-diphenyl tetrazolium bromide
(MTT) to formazan™>.  The incubation of
AA in HUVEC up to 20 pM for 30 min and up
to 24h for 10 pM gave the high perceniage of
MTT reduction, which was not statistical
difference from untreated control HUVEC
(Tablel and 2).

Table 1 Cell viability of HUVEC when cells were treated wilh up to 20 pM and 30 min assessed
by the ability of cells o reduce MTT to formazan. Data are expressed as MEAN + SEM
from triplicate wells performed on 3 separate experimental days (n=9)

% reduction

Time Control Arachidonic acid (uM)

{mins) {(medium only)

0.1 L0 10 20

5 100.0x29 97,9146 96.1+3.3 91.4+3.4 934132

10 100.0+2.2 99.7+3.5 96.7 % 2.6 950+ 1.9 973130

20 100.0+2.1 98.712.6 94.7+29 95.1+2.0 98.1+4.6

30 100,0+27 99.6 £33 106.6+ 6.7 054 +4.2 96.0+4.5

Table 2 Cell viability of HUVEC assessed by the ability of cells to reduce MTT to forntazan when
cells were treated with AA 10 M at times 10 mins, 3, 6, 12, 18, and 24 lus. Data are
expressed as MEAN 1 SEM from tripicate wells performed on 3 separate experimental
days (n=9)

Time Control (%) AA treated (%)

10 min 1000+ 1.9 924 £3.0

3 hrs 1001 +£.2.4 920 +206

6 hrs 100.0+ 1.2 107.0+2.5

12 hrs 100.1 £ 1.0 934 £29

18 hrs 999 +1.0 95.8 t1.7

24 hrs 99,9 +£2.0 100.4£2.0
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DISCUSSION

PGl; synthesis in hwman vascular
tissue is mainly regulated Dby  the
cyclooxygenase enzyme®. Here we show that
HUVEC in growth medium expresses COX-1,
which is the constitutive isoform, while COX-
2 protein was undetectable. However, very
small amount of COX-2 can also be detected
in some batches of the control group by lhis
specific anlibody. There is similar to previous
reports which Wohlfeil E.R. and Campbell
W.B.* and Barry O.P. et.al.* also found that
untreated bovine coronary artery endothelial
cells (BCAECs) and HUVEC can express
small amount of COX-2 protein. Alihough
COX-2 expression appeared in some baich of
control HUVEC, the amount of protecin was
very low when compared te the COX-1 protein
(4.97 £ 0.78 vs 23.89 + 3.20 densitometry
unit/10 pg total loading protein). Moreover,
COX activity was not significantly different
between the batch of undetectable and
detectable small amount of COX-2 protein.

Incubation of HUVEC with EC
medium up to 30 min released undetectable
amount of 6-keto-PGFy, (< 3 pg/ml}). From
our resulis shown in Figure | and Figure 2 we

ung that exogenous AA at the concentration
of 10 pd with 10 min incubation time is the
most appropriate to study COX aclivity in
HUVEC because (i) 10 pM AA produced
adequate amount of 6-keto-PGF . which
could be precisely detected Dby this EIA
technique and the increased concentration of
AA to 20 uM did not produce significant
difference in 6-keto-PGF ,, for all periods of
mcubation time except at 30 min (Figure 1).
(ii) At lower level of AA (0.1 and 1 uM),
incubation of AA for 5, 10, 20 or 30 min did
not produce significant differenee in 6-keto-
PGF , release (Figure 2A and Figure 2B)
while incubation of 10 uM AA for 10 min
could significantly increase 6-keto-PGF
production from 5 min. Moreover at ) pM
AA, further increase in time (20 and 30 min)
could not augment 6-keto-PGF ,, production
and appear to decrease at 30 min which was
the reason why 10 puM AA  produced
significant difference in 6-keto-PGF |, level
from 20 pM AA at 30 wmin (Figure 2C). (iii)
At 20 pM AA, 10 min there was significantly
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increased 6-keto-PGF ,, production from 5
min  t further increase in time also produced
significant difference in 6-keto-PGF 1, level
(Figure 2D).

Metabolism of AA in the vascular
wall proceeds mainly by the cyclooxygenase
pathway to PGs which a major product is PGl
{6-keto-PGF |, is a stable hydrolyzed form of
PGly). 1t was shown that activators, e.g. 1L-1,
histawnine, thrombin, calcium ionophore or
phorbol myristic acetate (PMA) can increase
PGl, synthesis in endothelial cells”™.
Histamine, thrombin and calcium ionophore
rapidly initinte PG, production by stimulating
release of AA. whereas, 1L-1 and PMA is
accompanied by eclevated AA concentration
and increased the expression of
cyclooxygenase™ . It is unclear that elevated
AA can contribute to the expression of COX-2
protein in HUVEC. Barry OP. et al * also
found that AA in platelet microparticle can
indnce expression of COX-2 and prostacyclin
production in HUVEC. Therefore, we have
examined whether arachidonic acid (10 pM)
altered COX prolein expression when celis
were incubated for up to 24 h. Figure 3 and 4
show: 1t AA (10 pM) treated HUVEC for up
to 24 h neither changed COX-1 protein nor
induced COX-2Z protein expression. These
suggested that elevated endogenous AA in
some states could not contributed to the
expression of either COX-1 or COX-2 prolein,
Thus, the increase in 6-keto-PGF ,,, production
alter incubation of HUVEC with 10 uM AA
for 10 min was duc to slimulation of COX
activity  (especially  COX-1)  without
upregutation of either COX-1 or COX-2
protein,

The experiment was also evaluated
the effect of AA at various coneentrations and
times of incubation on the viability of
HUVEC. It was shown that AA at
concemdration up (o 20 pM for 30 min and up
o 24 h for 10 pM did not influence on
respiration of cell when compared to the
control, Thus, our study showed that
incubation of HUVEC with AA 10 uM for 10
min was thic mosl appropriate concentration
and time to study COX activity in this celt type
when E1A was used as measurable method.
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EFFECT OF N-(2-PROPYLPENTANOYL) UREA ON RAT HEPATIC DRUG
METABOLIZ! G ENZYMES

Somsong Lawanprasert', Pomnpim  Kijsanayo ', Nuansri Niwattisaiwong?, Teeraporn Kiatkosolkul’,
Mayuree Tantisira', Chamnan Patarapanich®

! Depar of Phe  1cology, ? Department of Pharmaceutical Chemistry, Faculty of Pharmaceutical
Seience ilalongkorn University, Bangkok 10330, THAILA )

ABSTRACT

Effect of N-(2-propylpentanoyljurca (VPU) on rat hepatic drug metab zing enzymes was
investigated. Median effective dose of VPU as well as that of valproic acid (VPA, the prototype of
VPU) were given intraperitoneally to male Wistar rats for 7 days. On the day after, the animals were
sacrificed by cervical dislocation. Hepatic microsomal and cytosolic subfractions were isolated.
Microsomal total ¢y hrome P450 contents, icrosomal cytochrome P450 enzyme-substrate
activities, cytosolic glutathione S-transferase activities and hepatic total glutathione were deterinined.
No effects of VPU and VPA w : observed on total cytochrome P450 contents, ethoxy- and
methoxyresorufin O-dealkylase ac¢ ‘ities (representing CYP 1Al & 1A2 activities), aniline 4-
hydroxylase activities (representing CYP 2EI activities), glutathione S-transferase activities and
hepatic total glutathione. However, pentoxy- and benzyloxyresorufin O-dei  ylase activities
(representing CYP 2B1 & 2B2 activities) were significantly increased by YPU. Correspo = "y, CYP
2B1 & 2B2 proteins detected by Western blotting were slightly increased following VI itment,
Further study on the effect of VPU on other isoforms of CYP, involving in human drug metabolisin,
was suggested.

Key words: N-(2-propylpentanoyl) urea, valproic acid, cytochrome P450, glutathione S-transferase,
total glutathione

: Somsong Lawanprasert, PhD., Department of
Pharmacology, Faculty of Pharmaceutical Sciences, Ch ilongkorn University, Bangkok 330,
THAILAND. Tel : 2188324-5, e-mail: Lsomsong @ chula ac.th
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INTRODUCTION

Valproic acid (VPA) (Figure 1), a
conventional widely used anticonvulsant drug,
has been known for its moderate efficacy as
well as a number of side effects'™.
Hepatotoxicity and teratogenicity are two
major drawbacks of this drug reported in both
experimental  animals  and humans®*,
Therefore, several laboratories have attempted
to develop improved derivatives so as to
reduce these unwanted effects but improve the
efficacy’. N-(2-propylpentanoyl) urea or
valproyl urea (VPU) (Figure 2) is a
monoureide analogue of VPA which was
synthesized in 1992 in the laboratory of the
Department of Pharmaceutical Cheinistry,
Faculty = of  Pharmaceutical  Sciences,
Chulalongkorn University®,

CHs—CH,—CHp_ ]
CH—C—OH
CH3—'CH2"_CH2

Figure 1 Valproic acid (VPA)

Cl—CH,—CH, ]

I
CH—C—NH—C—NI,

CHg_CHg—'CHz

Figure2  N-(2-propylpentanoyl) urea or
valproyl urea (VPU)

VPU possessed a greater
anticonvulsant activity compared with its
parent compound, VPA, in different animal
models tested either in protection against
maximal electroshock seizure or
pentylenetetrazol-induced  convulsion.  In
addition, VPU demonstrated a greater margin
of safety while produced less neurological
impairment than did VPA’. Developmental
toxicity, regarding effects on axial rotation and
embryonic growth, was lower in VPU-freated
animals compared with those of VPA-treated®.
Hepatotoxic effects were observed in vivo and

Somsong Lawanprasert

in vitro only at large dose of VPU
administration’.  Pharmacokinetic  studies
utilizing '“C-VPU and autoradiographic
technique demonstrated a rapid distribution
characteristic of VPU into various organ
tissues. In addition, in vitro studies using
carboxylesterase from human liver and
phenobarbital-treated mice liver showed that
VPU was negligibly hydrolysed into VPA.
Therefore, it was postulated that VPU per se
and/or any metabolites other than VPA was
responsible for the anticon vulsant activity'.

Anticonvulsant drugs are associated
with a wide range of drug interactions,
including hepatic enzyme induction and
inhibition. Phenobabital,  primidone,
phenytoin and carbamazepines are reported to
be hepatic enzyme inducers whereas valproic
acid is an enzyme inhibitor"!, Preliminary
study of the effect of VPU on hepatic drug
metabolizing enzymes demonstrated a prolong
barbiturate sleeping time’.

In addition, in wvifro study using
human liver microsome, VPU demonstrated an
inhibitory effect on CYP 2C9 & CYP 1A2".
Therefore, the aim of this study was to assess
the effect of VPU on phase I metabolizing
enzymes, cytochrome P450 (CYP) including
CYP 1Al, CYP 1A2, CYP 2BI, CYP 2B2 and
CYP 2El. Effect of VPU on glutathione S-
transferase (GST), an important phase Il
metabolizing enzymes, as well as its effect on
hepatic total glutathione (GSH) were also
evaluated.

MATERIALS AND METHODS
Materials

The following chemicals were
obtained from Sigma Chemici Co. (USA): 4-
aminophenol, aniline hydrochloride, bovine
serum albumin, 1-chloro-2, 4-dinitrobenzene,
cupric sulfate, 5,5'-dithiobis-(2-nitrobenzoic
acid), ethylenediamine tetraacetic acid, Folin
& Ciocalteu’s phenol reagent, glucose 6-
phosphate  (G6P), glucose 6-phosphate
dehydrogenase (G6PD), glutathione (reduced
form), nicotinamide adenine dinucleotide
phosphate (NADP), potassium phosphate,
potassium phosphate monobasic anhydrous,
sodium carbonate, sodium citrate, sodiumn
phosphate dibasic anhydrous, Trisma® base,
valproic acid, benzyloxyresorufin,
ethoxyresorufin, methoxyresorufin,
pentoxyresorufin and resorufin.  Magnesium
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chloride, phenol, potassium chloride, sodium
chloride, sodium hydroxide and trichloroacetic
acid were purchased from E. Merck
{Germany). Absolute ethanol and glycerol
were obtained from Carlo Erba (USA).
Methanol (HPLC grade) was obtained from
BDH Laboratory Supplies (England). Sodium
dithionite was purchased from Fluka Chemic
(Japan). Polyethylene glycol (PEG) 400 was
purchased from T. Chemical Ltd. Partnership
(Thailand). VPU was obtained from Dr.
Chamnan Patarapanich. All materials used in
Western  blot analysis were pgenerously
obtained from Prof, Kan Chiba.

Anintals

Adult male Wistar rats, weighing
250-300 gin, were obtained from National
Laboratory =~ Animal  Centre,  Mahidol
University, Salaya, Nakornpathom. The
animals were housed in animal care facilities at
the Faculty of Pharmaceutical Sciences,
Chulalongkorn University and acclimatized for
at least 1 week before the experimentation.

Experimental model

Twenty-four male Wistar albino rats
composed 4 treatment groups: control group 1,
control group 2, VPA freatment group and
VPU treatiment group. Four animals were
studied  simultaneously  during  cach
experimental period (1 animal/each treatment
group). Animals in control group 1 were given
sterile water for injection, ip, for 7 days
whereas PEG 400 was given to animals in
control group 2 in the same manner. Animals
in VPA treatment group received VPA at a
dosage of 250 mg/kg/day, ip, for 7 days. VPU,
suspended in PEG 400, were given to animals
in VPU treatment group at a dosage of 80
mg/kg/day in the same manner.

On the day after the dosing, the
animals  were sacrificed y  cervical
dislocation. Livers were perfused in site with
ice-cold 0.9 % sodium chloride via portal vein.
Simall portion of livers were stored at — 80°C
for total G:  _ assay. Microsomal and cytosolic
subfractions were prepared by homogenizing
the remaining portion of livers in 3 volume of
phosphate buffer, pH 74. After the
homogenate were centrifuged at 4°C for 30
minutes at 10,000 g, the obtained supernatants
were firrther centrifuged at 4°C for 60 minutes
at 100,000 g. The microsomal pellets were
resuspended in 5 ml of phosphate buffer pH
7.4 containing 20% v/v glycerol. Microsomal
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and cytosolic subfractions were stored at-—
80°C. Liver microsomal and cytosolic protein
concentrations were determined by the method
of Lowry et al.’?,

Total CYP content determination

Total CYP contents in microsomal
subfractions were determined
spectrophotometrically by the method of
Omura and Sato”. The quantity of CYP was
calculated from the absorbance difference
(450-490 nm) afler reduced by sodium
dithionite and bubbled with carbon monoxide.
The extinction coefficient of 91 mM™' cm™ was
used for a calculation.

Alkoxyresornfin O-dealkylation assay

The O-dealkylations of ethoxy-,
methoxy, benzyloxy- and pentoxyresorufin by
liver microsomes were determined according
to the method of Burke and Mayer'® and Lubet
et al."* with slight modifications. Each 1 ml of
reaction mixture contained 0.1 M Tris buffer,
pH 74, alkoxyresorufin (5 uM), NADPH
regenerating system [comprising NADP (1
mM), G6P (5mM), and magnesium chloride (3
M)}, and microsomal sample (containing 100
pg of protein), Three tubes of 1 ml of reaction
mixture were prepared for each sample (1 tube
for a blank and the remaining 2 tubes for a
sample). The reaction was started by the
addition of 10 i of G6PD (100 units/mi) in 20
mM potassiuin phosphate buffer, pH 7.4 after a
2 minutes preincubation. Ten microlitre of 20
mM potassium phosphate buffer, pH 7.4 was
used in placed of G6PD in the blank. After 5
minutes of incubation at 37°C, the reaction
was terminated by adding | ml of methanol
(HPLC grade).

The O-dealkylations of
alkoxyresorufins ~ were  determined by
measuring the amount of resorufin formed by
fluorescence spectrophotometer (excitation A =
556 nm and emission A = 589 nm) and
expressed as a function of time and amount of
protein,

Aniline 4-hydroxylation assay

The 4-hydroxylation of anilme by
liver microsomes was determined according to
the method of Schenkman et alL'®, utilizing
aniline hydrochloride as a substrate. The
reaction was determined by measuring the
amount of a metabolite, 4-aminophenol, by
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spectrophotometer at 630 nm and expressed as
a nction of time and amount of protein.

Glutathione S-transferase assay

Liver cytosolic GST activities were
determined spectrophotometrically at 340 a
according to the method of Warholm et al."’,
utilizing 1. loro-2,4-dinitrobenzyene
(CDNB) as a substrate. The extinction
coefficient of 9.6 mM’' cm™ was used for a
calculation of enzyme activities which were
expressed as a function of time and amount of
protein,

Total glutathione determination

Total GSH concenirations were
determined by homogenizing the liver samples
with 0.1 M Tris buffer, pH 74 and
precipitating protein with 10% trichloroacetic
acid. After centrifugation at 5,000 g for 10
minutes, the sup 1atants were then examined
for total GSH according to the method of
Sedlak and Lindsey"™, utilizing 5,5'-dithiobis-
(2-nitrobenzoic acid) (DTNB) as a substrate.
Total GSH was deterinined by measuring
amount of a product, 2-nitro-5-thiobenzoic
acid, by spectrophotometer at 412 nm and
expressed as a function of liver protein or
weight of liver.

WWestern blot analysis

Liver microsomes (15 pg of protein}
were subjected to sodium dodecy! sulfate -
polyacrylamide pel -electrophoresis (SDS-
PAGE) according to the method of Laemmli"

Somsong Lawanprasert

and the proteins were transferred onto a
nitrocellulose membrane according to the
method of owbin et al®® v 1 a minor
modifications**, Rabbit an dy to rat CYP
2Bl & 2B2 was used as ¢ first antibody
whereas goat anti-ral t IgG with rabbit
peroxidase-antiperoxidase com :x was used
as the second antibody. The visualized stain
was dev« ped ad ;afre solution

3,3’ diaminobenzidine and hydrogen peroxide.
The intensities of the immunoblot were
measured with an Epson GT-9600 scanner
equipped with NIH TImage/Gel Analysis
rograrn adapted for Macintosh computers.

Statistics

One-way analysis of variance
(ANOVA) was used to eva te the mean
differences among 4 treatment groups. If the
differences were significant, Student-Newman-
Keuls tests were used for pairwise
comparisons. In all cases, the criteria for
statistical significance were p < 0.05.

RESULTS

Effect of VPU on hepatic microsomal total
CYP content

PEG 400, which was used as a
solvent of VPU, exhibited no effects on total
CYP content. No significant effects of both
VI  and VPA on total CYP content were
found as compared to those in the control
group 1 & 2 (Table 1).

Table 1 Effect of VPU on hepatic microsomal total CYP nten nean t SE)

Treatment group

Total CYP content ® (n =6)

1. Control group 1 0.620 + 0.031
2. Control group 2 0.639 + 0.031
3. VPA freatment group 0.534 £ 0.026
4, VPU treatment group 0.621 £ 0.031

® Unit expressed as nmole/mg protein
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Effect of VPU on hepatic microsomal aniline
4-hydroxylase activity

No effect of PEG 400 was observed
on hepatic microsomal aniline 4-hydrolase
activity, which represented CYP 2El activity.
Likewise, both VPU and VPA exhibited no
effect on this enzyme activity as compared to
those in control group 1 & 2 (Table 3).

Effect of VPU on hepatic cyfosolic GST
aclivifies

Somsong Lawanprasert

No effect of PEG 400 was observed
on hepatic cytosolic GST activities. Likewise,
both VPU and VPA treatments exhibited no
effect on these enzyme activities as compared
to control group 1 & 2 (Table 4).

Effect of VPU on hepatic total GSH
concentration

PEG 400 exhibited no effect on total
GSH concentration. Similarly, both VPU and
VPA treatments demonstrated no effect on
total GSH concentration as compared to those
in control group 1 & 2 (Table 5).

Table 3 Effect of VPU on hepatic microsomal aniline 4-hydroxylase activity (mean + SE)

Treatment group

Aniline 4-hydroxylase activity ® (n =6)

1. Control group 1 0.259 £ 0,017
2. Control group 2 0.295 + 0.029
3. VPA treatment group 0.210+£0.015
4, VPU treatment group 0.272 £ 0.028

®nit expressed as nmole/mg protein/min

Table 4 Effect of VPU on hepatic cytosolic GST activities (mean  SE)

Treatment group

GST activities ™ (n =6)

1. Control group 1
2, Control group 2
3. VPA treatment group

4. VPU ftreatment group

919.08 £ 111.84
996.00 + 97.06
969.20 + 9527
889.24 + 74.89

® Unit expressed as nmole/mg protein/min

Table 5 Effect of VPU on hepatic total GSH concentration (mean + SE)

Treatment group

total GSH concentration

nmole/mg protein

pmole/g liver

(n=6) (n =6)
1. Contro!l group 1 30251202 6.62+043
2. Control group 2 30.17 £ 0.69 6.52 £0.31
3. VPA treatment group 34771145 7.01 £0.20
4, VPU treatment group 3419+ 178 7.14+0.24
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DISCUSSION

Therapy with antiepileptic drugs has
been known to be associated with a wide range
of drug interactions, including hepatic enzyme
induction and inhibition as well as protein-
g displacewent. Phenobarbital,
prumidor  phenytoin and carbama:  1e :
inducers of CYP 2C and CYP 3A whereas
valproic acid is inhibitors of CYP 2C, UDPGT
and epoxide hydroxylase'. Therefore, in the
drug developinent process of a new
antiepileptic drug, preclinical testing involving
effect of that compound on hepatic drug
metabolizing enzymes is recommended®’. In
this study, we followed the protocol of the
Anticonvulsant Screening Project (ASP) + 1
Antiepileptic Drug Development {# J)
program that suggested several hepatic
parameter measurements following 7 days of a
compound dosing. Dosages of both VPU and
VPA used in this study were median effective
doses (EDsp) protected rats against maxiinal
electroshock convulsion which were 80 mg/kg
and 250 mg/kg, respectively’,

In this study, we evaluated e
effect of VPU on the activities of four
alkoxyresorufin  O-dealkylase,  including
EROD and MROD which represented
activities of CYP 1Al & 1A2, as well as
BROD and PROD which represented activities
of CYP 2Bl & 2B2. Besides these major
inducible isoforms of CYP, we examined the
effect of VPU on aniline 4-hydroxylase
activity which represented another important
inducible isoform of CYP, CYP 2EL. No effect
of PEG 400, which used as a solvent of VPU,
was observed on any parameters measured in
the study. VPU and VPA ireatiments did not
affect hepatic microsomal total CYP content.
However, significant increases in BROD and
PROD activities were observed following VPU
treatment. Because the induction of CYP 2B1
& 2B2 activities by VPU was much less than
that by phenobarbital, the corresponding CYP
2B1 & 2B2 profeins detected by Western
blotting were shown slightly increased. This
was probably due to the rapid excretion of
VPU from the body'. Even though the
induction effect of VPU on CYP 2B1 & 2B2
existed, the effect might be too subtle to affect
total CYP content which was detected by the
moderate sensitive method. In vitro study
utilizing rat hepatocyte cell culture, VPA
demonstrated an induction effect on CYP 2B1
& 2827, However, the effect was not shown
in the in vive study when mnultiple dosing of
VPA were administered to the animals®
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possibly due to the short half-life of this drug
in rats (10-20 minutes)™. Similarly, VPA did
not show an induction effect on CYP 2Bl &
2B2 in our in vivo study.

The induction effect of VPU on CYP
2B1 & 2B2 found in this study could not
expiain the prolong barbiturate sleeping tii

r simultaneously single administration of
VPU and pentobarbital reported previously’. In
this regard, VPU might act as an enzyme
inhibitor of CYP 2B1 & 2B2 by competitively
competing with pentobarbital binding to the
same binding site on these isoforms. Dual
effects of VPU on CYP 2B1 & 2B2 might be
possible; an induction effect following
multiple doses but an inhibition effect
following a single dose of this compound.
Further study on the latter effect should be
elucidated.

CYP 1A1 & 1A2, presenting both in
humans and rats at low level, are
toxicologically —important because they
generally convert environmental chemicals
{e.g. aromatic and heterocyclic hydrocarbons)
and natural compounds (e.g. aflatoxin Bj) to
toxic metabolites. Such mietabolic activation is
thus the most frequent mechanism of
transformation of procarcinogen to ultimate
carcinogen or carcinogenic intermediates,
Therefore, these enzymes normally play a key
role in carcinogen activation. Likewise, CYP
2E] also bioactivates a number of compounds
(e.z. acctaminophen), to yield cytotoxic or
carcinogenic  intermediates™?%, Thus the
induction of CYP 1Al & 1A2 and CYP 2El
isoforms generally increase the risk of
toxicological consequences following exposure
to  enviroumental chemicals or other
xenobiotics which are bioactivated by these
enzymes. The present results demonstrated that
both VPU and VPA, at a median effective
dose, did not have any effects on CYP 1Al &
1A2 and CYP 2El activities. This should be an
advantage feature of both VPU and VPA
regarding a potential increase risk of toxicity
of other xenobiotics.

Our results did not show any effects
of VPU on hepatic cytosolic GST activities
and total GSH. Large dose of VPU was
reported to produce a depletion of hepatic total
GSH and hepatotoxic effects’. This indicated
that VPU, administered at a median effective
dose using in this study, was safe regarding the
reactive metabolites as well as hepatotoxicity
(data was not shown).

In summary, median effective dose of
VPU administered to male Wistar rats for 7
days demonstrated no effects on hepatic
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ASCORBIC ACID AND ATHEROSCLEROSIS
Uraiwan Ketsawatsakul, Pravit Akarasereenont
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ABSTRACT

The role of ascorbic acid or vitamin C has been proposed in the prevention of atherosclerosis.
The possibility is discussed that the antioxidant effect of ascorbic acid might be protective against and
possibly propitious to atherosclerosis, Growing evidence suggests that oxidative modification of low-
density lipoprotein (LDL} may be of particular importance in the pathogenesis of atherosclerosis
because oxidized LDL exhibits proatherogenic effects. In addition to oxidative modification of LDL
hypothesis, inflainmatory process potentiated by cytokines also importantly contributes to the
pathogenesis. These complex mechanisins presumably participate in endothelial injury resulting in
impaired releasing factors, such as nitric oxide (NO} and prostanoids, taking part in abnormal vascular
tone. Therefore, vasoactive substances produced from endothelium and their pathways may be
modulated by both cytokines-and oxidized LDL-induced oxidative stress. Recently, antioxidants have
been deterinined that can prevent LDL oxidation beneficial to the inhibition of atherosclerotic process.
There are accumulating experimental, epidemiological, and clinical evidences of an association
between antioxidant vitamin intake and reduced risk of coronary heart ¢ :ase. In animal models,
ascorbic acid has been shown to attenuate the oxidation of LDL and atherosclerotic lesions. Population
studies suggest an inverse relationship between ascorbic intake and the development of atherosclerosis,
although the effect has not yet been proven in clinical trials. A possible mechanism for the anti-
atherogenic effect of ascorbic acid is the prevention of oxidation of LDL. Furthermore, the potential
effects of ascorbic acid on the metabolism of NO and prostanoids as well as in  : defense on
monocyte adherence might particularly improve endothelial function in atherosclerosis. These finding
should be pursued in basic research studies to elucidate its molecular biological mechanisins,
additionally in clinical epidemiological studies of ascorbic supplementation in populations in order to
verify a role of ascorbic acid for the practical use in clinical medicine.
Key words: vitamin, oxidized LDL, oxidative stress, antioxidants, free radicals, endothelial
dysfunction.
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INTRODUCTION

Atherosclerotic development has been
very likely multifactorial in the pathogenesis
attributed to oxidative stress as well as cellular
hyperadhesiveness, hyperaggregation and im
paired formation of vasoactive substances,
particularly prostacyclin (PGIy), nitric oxide
(NO) and endothelin (ET-1). Vascular endothe
lium, responsive to a variety of pathophysiolo
gic stimuli, plays a crucial role in maintaining
vascular integrity in part by the synthesis and
release of vasoactive mediators influencing
vascular relaxation and contraction. Hence,
dysfunction of endo lial cells is strongly
pointed to be a pathogenetic role in the initia
tion of atherosclerotic vascular disease and its
clinical complications."®

The mechanisms account for inifia

g atherosclerotic lesion have not been
completely clucidated, however the oxidative
modification of LDL hypothesis has been
implicated as a significant cause. Resulting
from the imbalance of subendothelial lipo
proteins and oxidation potential, oxidation
products, especially oxidized LDL (ox-LDL),
set into motion the cascading of oxidative
stress-related vicious cycles initiating foamn
“cell formation and subsequently atherosclerotic
plaque or atheroma formation. The precise
mechanism of oxidative stress, which occurs
when free radical formation exceeds the ability
to protect them, within the vasculature is not
well understood but is probably due to multi
contributors.”'* Free radical-mec ed oxida
tion has been proposed as a mechanism by
which LDL becomes modified in the vascular
wall, leading to increased uptake by macro
phages via the scavenger receptor pathways.
Ox-LDL may promote atherosclerosis by addi
tional mechanisins, including chemoattraction
of monocytes and smooth muscle cells, cyto
toxicity to endothelial and smooth muscle
cells, inhibition of NO, and stimulation of
smooth muscle cell proliferation.'® Moreover,
the damaging free radicals may cause either
direct arterfal wall injury or more may accele
rate secondary processes including depletion
of antioxidants (such as ascorbic acid or o-
tocopherol), protein peroxidation, and activa
tion of phagocyte-platelet-endothelial cell inter
actions. Ox-LDL and free radicals probably
both can inactivate NO."""" Interestingly, adhe
sion mmolecular gene expression and consequent
mononuclear leukocyte recruitment may be
induced by oxidative stress as an imjportant
intracellular signal in the pathogenesis.'

Uraiwan Ketsawatsakul

The inflammatory process, mediated
by adhesion molecules, cytokines such as 1L-
and TNFa, and eicosanoids, also accounts
for the observed endothelial damage leading to
endothelial vasodilator dysfunction in athero
sclerosis. Therefore, abnormal endothelial func
tion has been caused by various mechanisnis,
including oxidative stress and cytokine-induced
the expression of adhesion m¢ cules on the
endothelial cell surface'", adhesion and
migration of monocytes into the subendothelial
space, platelet aggregation, additionally the
impaired formation of NO and prostanoids,
produced via the L-arginine and the cyclooxy
genase (COX) pathway, respectively.” '

Ascorbic acid or vitamin C, a water-
soluble antioxidant has been shown as anti
atherogen that can prevent LDL oxidation and
help to preserve o-tocopherol (vitamin E) in
lipoproteins. This strong reducing agent very
effectively protects lipids in human plasma
against peroxidative damage by scavenging
oxygen-derived free radicals.”>'™"  Also, the
lower production rate of reactive oxygen
species and regulation of intracellular redox
state by ascorbic acid are probably effective
not only in preventing oxidation of LDL but
also by blocking intraceliular redox-sensitive
signal mediating adhesion molecule expression
and presumably COX-2 pathway, additionally
inhibitng free radicals-inactivated NO involved
in atherosclerosis. Thus, ascorbic acid may
improve endothelial vascular function in part
by promoting NO'»'** and prostanoid actions.
Hence, in addition to the effect on cylotoxic
ox-LDL, ascorbic acid presumably have the
possibility to retard damaged endothelium by
protecting against inflammatory mediators
including cytokines, such as IL-1[3, TNFaq, and
prostanoids.?!

However, previous studies provide
limited support for the hypothesis that the
dictary antioxidants vitamin C may slow the
progression of atherosclerosis. Thus, the anti
atherogenic benefits of antioxidant ascorbic
acid in human atherosclerosis remain unproved
by clinical trials, and the long-term effects of
mega-dose ascorbic acid are yet undefined.”?
An important clinical question is the extent to
whether ascorbic acid could prevent or treat
the detrimental effects of atherosclerosis,
Standards of proof should be clarified since
these will definitely provide valuable informa
tion about optimal nutritional intakes as well
as this antioxidant may become an additional
treatment modality against atherosclerosis.









Thai J Pharmacol; Vol 22: No 1, Jan-Apr 2000

reaction of lipid peroxidation.w'n'm Both 05"
and H,0, are less harmful than OH" because of
far less reactive but can cause cellular damage
if they are preduced in excess.

The human body has a multipli city of
different antioxidant defenses. However, anti
oxidant  fer a not 100% -effective,
Consequently, depletion of antioxidant defenses
andfor rises in ROS production can tip the
ROS-antioxidant balance and cause oxidative
stress, which may result in tissue injury,
including damage to DNA, lipids and proteins
in the human body.*

The relative importance of damage to
different molecular targets in producing cell
injury or death by imposing oxidative stress
also depends on what degree of stress occurs,
by what mechanisin it is imposed, for ow
leng, and the nature of the system siressed. For
example, lipid peroxidation appears to be a
highly significant consequence of oxidative
stress in injured human arterial walls. How
ever, most cells can tolerate mild oxidative
stress, which often leads to increased synthesis
of antioxidant defense systems.

Oxidative modification of lipoproteins

The free radical chain reaction of
LDL oxidation plays an important role in the
progression of atherosclerosis.”® (Table 1)
Although, the oxidation hypothesis of athero
sclerosis has not yet been definitely proved,
evidence that oxidation is critical to athero
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sclerosis is substantial. Ox-LDL has been
found in human atherosclerotic lesions, and
increased titers of autoantibodies against ox-
LDL are presented in plasma of patients with
atherosclerosis. Studies using the antioxidants
give further evidence of its support.***!

In vitro studies, LDL can be oxidative
ly modified by incubation with endothelial
cells, smooth muscle cells or monocytes-
macrophages in the presence of trace amounts
of transition metal ions such as copper or iron
as it is completely inhibited by metal chela
tors.”

Lipid peroxidation is a chain reaction
that proceeds in three stages, (Figure 2) Firstly,
in the initiation phase, an oxygen free radical
generated elsewhere (macrophage, polymorpho
nucleocyte, etc.)reacts with a PUFA to produce
a lipid radical (L")."*'>* Secondly, in the pro
pagation phase, the lipid radical reacts rapidly
with molecular oxygen to form a peroxyl
radical (LOO"). a chain reaction that is able to
attack another UFA molecule. Although the
initial peroxyl radical is converted to a
hydroperoxide (LOOH), this process produces
a new carbon-centered peroxyl radical. Lastly,
the propagation process continues and accele
rates, consuming PUFAs and producing a
corresponding quantity of hydro-peroxide. The
chain reaction does not stop until the chain-
carrying peroxyl meets and comnbines with
another _})C[’OXYI radical to form inactive
products, ™’

Stage 1. IL-H + OH® = H;0 + L'
2. L'+ 0" = Loo’
3. L0O0* + LOO® = inadive products
Figure2  Lipid peroxidation stage.

It is postulated that ox-LDIL can
inhibit endothelium relaxations and promote
endotheliumn contractions; the consequences
are alteration in vascular tone leading to
vasospasm and thrombus formation, generally
found in patients with coronary artery disease.

Interestingly, peroxides and oxidized
LDL might accelerate cyclooxygenase {(COX)
and lipoxygenase-catalyzed reactions in endo
thelium, leading to enhanced formation of
eicosanoids.'***¢ Eicosanoids, especially the
cyclooxygenase metabolites of arachidonic
acid, are also thought to play a role in the
pathogenesis of atherosclerosis. The studies
have demonstrated that the expression of

COX-2 mRNA in cultured endothelial cells
could be induced by ox-LDL possibly through
the action of fipid hydroperoxides®™, addition
ally the increase in COX-2 expression, known
to occur under pathological conditions>*, was
correlated with an increase in free radical
catalyzed products of arachidonic acid, 8-epi
prostaglandin Fp,*, the isoeicosanoids which
may be formed by either COX-1 or COX-2.%
Thus, oxidative stress caused by ox-LDL could
have profound effects on vascular function by
a variety of mechanisms including the imba
lance of prostaglandins.****
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transduction pathways involved in athero
sclerosis. Hence, an increase in the endothelial
cell oxidative state may sensitize the vascula
ture to otherwise physiologic signals resulting
in abnormally elevated expression of adhesion
molecules such as VCAM-1 and other gene
pro” s involved in the inflammatory
respore= including COX-2 and iNOS expres
sion, !

The role of antioxidant defense in endothelial
vascular dysfunction

The endogenous oxygen species
produced by the cells present in the arterial
wall may cause oxidative damage to cellular
components altering endothelial cell function
as a crucial role in atherogenesis. Recent
findings have suggested a possibility for
pharmacological and nutritional antioxidants in
the prevention of atherosclerosis, 244

Antioxidants can be defined as sub
stances whose presence in relatively ‘low
concentrations significantly inhibits the rate of
oxidation of that substrate. The available for
therapeutic use can be conveniently divided
into natural (physiological) antioxidants nor
mally present in the body, and synthetic
compounds with antioxidant activity.**

Some antioxidants are synthesized in
the human body including enzymes (such as
superoxide dismutase, catalase, and glutathi
one peroxidase) and nonenzymatic antioxidant
free radical scavengers (such as a-tocopherol,
ascorbic acid, B-carotene). These native tissuc
antioxidants form a synergistic, multilevel
defense system against free radical injury.’
Removal of excess O;'” by intracellular super
oxide dismutase (SOD) enzymes is an im
portant physiological antioxidant defense
mechanism.?’ In endothelial cells oth catalase
and glutathione peroxidase enzymes are
involved in removal of ydrogen peroxide
(H,0;). Large amounts of H,0O, are cylotoxic
to cell types, and endothelial cells are no
exception because endothelial cells can be

illed by high concentrations of H,O, by
mechanisms that involve damage to DNA and
proteins caused by free radicals and an
increased concentration of intracellular free
calcium ions.”* However, low concentrations
of H,O, are efficiently dealth with by catalase
and glutathione peroxidase, the enzyines that
metabolise H;0; in the endothelium.

As a result of superoxide that can be
generated by endothelial and phagocytic cells,
whether endothelial cefls release superoxide all
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the time in vivo, or whether only after an insult
(such as ischemia and reperfusion) is unknown.
Because of the damaging superoxide that
reacts quickly with NO to form ONOOT,
consequently superoxide antagonises the vaso
dilatory action of NO as well as superoxide
dismutase, an intracellular antioxidant enzyme
‘ renges superoxide, prolongs the life of
Nolu,u,io

Morecver, oxidative siress-modulated
intracellular redox sensitive regulatory mecha
nisms in the endothelial ce may play a crucial
role in differentially modulating the expression
of the genes participated in the inflammatory
responses such as VCAM-1, affecting mono
nuclear leukocyte accuinulation, including
COX-2 , the inducible enzyme that produces
prostanoids and iNOS, regulating NO synthe
sis.

Therefore, both generally and locally
in tissue, the balance bentween free radical
production and the multilevel defense system
may be critical. In according to the evidence
that endogenous antioxidants do not coinplete
Iy prevent ROS-induced oxidative stress in the
human body, consequently efficient repair
systems are needed and supplementing natural
antioxidant defenses may retard oxidative
damage. ™

It is hypothesized that dietary antioxi
dants may prevent development and slow
progressiwn of atherosclerosis by several
species. LDL oxidation has been established to
be an important step in the atherogenesis, it
may be beneficial that enhancing the endoge
nous antioxidant defense systems within the
LDL particle might decrease oxidation of LDL
and slow the atherogenic process without
producing undesirable effects.”>** Additional
role of antioxidants has been expanded on the
notion of its effect as a potential intracellular
regulatory signal that modulates the expression
of significant inflammatory genes, such as JL-
1p and TNFa.'®*” In according to a therapeu
tically important feature of antioxidants in
atherosclerosis that may be due to direct
alterations in the metabolism and function of
endothelial, smooth muscle, and inflammatory
cells®, consequently, in particular, the endo
genous defense systems may be improved by
micronutrient supplementation with lipophilic
antioxidants such as a-tocopherol and p-
carotene, or by supplementing the aqueous
phase antioxidant capacity with ascorbic acid.
In several animal species, the dictary admini
stration of various antioxidant compounds
reduces the susceptibility of LDL to oxidation
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and retards the development of atherosclero
sis,**** Epidemiologic data also suggests that
decreased levels of micronuirient antioxidants
are associated with an increased frequency of
cardiovascular disease.

Ascorbic acid (vitamin ¢) as antioxidant
defense

Ascorbic acid is the main water-
soluble chain-breaking antioxidant in human
plasma, reacts with superoxide, hydroxyl radi
cals, and singlet oxygen, additionally sparing
other endogenous antioxidants (especially -

copherol) from comsumption.*® It is the only
endogenous antioxidant in plasma capable of
completely inhibiting oxidative modification
of LDL by aqueous peroxyl radicals. Indeed, it
has been shown that the antioxidant capacity
of the LDL particle can be accounted for by «-
tocophercl. There is, however, a synergistic
interaction between ascorbic acid and a-toco
pherol, and o-tocopherc can be regenerated
from the corresponding radical (T") by ascor
bic acid.”":

T* + ascorbate — TH + ascorbate’

The ascorbate free radical, semi
dehydro-ascorbate, is a rather stable and
almost unreactive metabolic intermediate
between ascorbic and dehydroascorbic acid.
Two molecules of ascorbate free radical can be
converted by disproportion inte ascorbate and
dehydroascorbate. Thus, propagation of free
radical reaction is stopped without any toxic
free radic: remainder.”” In the previous
studies, ascorbic acid can compensate for
reduced level of lipophilicantioxidants. **1"*

The current evidence suggests that
ascorbic acid more effectively prevents lipid
peroxidation than any other endogenous
antioxidant in plasma and LDL, including o-
tocopherol, the major lipid-soluble antioxidant
in humans.'®?° The effect of ascorbic acid may
be due to interference with either LDL oxida
tion or a process that is induced by ox-LDL.

It is possible that low levels of ascor
bic acid in the arterial wall may predispose
LDL to oxidation, which could promote athero
sclerosis. Also, the results of several epidemio
logic studies support a role for low plasma
ascorbic acid levels in atherosclerosis. A
significant inverse relationship was found
between plasma ascorbic acid and coronary
artery disease mortality’ as well as human
subjects with low ascorbic levels have een
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reported to have higher amounts of lipid
peroxides in plasma than do subjects with high
ascorbic acid levels. Moreover, previous
studies have suggested that ascorbic acid could
be improve endothelial vasomotor dysfunction
in hypercholesterolemic patients.”

Interestii human endothelial
ce''~ stimulated to generate radicals, ascorbic
acwa recently has been shown to inhibit
vascular cell adiesion molecule-1 (VCAM-1)
induction. VCAM-1, which can be stimulated
by ox-LDL and inflammatory mediators
including IL-1p, lipopolysaccharide (LPS),
and TNFo>'**7, can enhance monocyte
adhesiveness to endothelium and subsequently
induces inflammatory responses in the vessel
wall involved in atherosclerosis.

Furthermore, one crucial pathogenesis
responsible for atheroscleresis is the inducible
COX-2 exerting abnormal prostanoid produc
tion.'“**¢ [t has been documented that the
antioxidant scavenger may modulate in the
signaling pathway, induced by IL-1p and
TNFa, that influences, either directly or
indirectly, on some eukaryotic initiation
factors regulating COX-2 and iNOS expres
sion in rat mesangial cells.*” This also has been
supported by our recently work showing that
ascorbic acid could inhibit 1L-1f-induced
COX-2 expression in cultured human umbili
cal vein endothelial cell (HUVEC)?. nere
fore, the endothelial vascular dysfunction
mediated by the itnbalance prostanoids would
be ameliorated by ascorbic acid. It is possible
that ascorbic acid may be a novel approach for
intervention in cytokine-induced inflam:natory
processes in atherosclerosis.'®’’

How ascorbic acid might impact on athero-
sclerosis.

LD idati

Ascorbic acid has an inhibitory effect
on LDL oxidation by either scavenging peroxy
radicals directly or acting synergistically with
the a-tocophero! endogenous to the particle,
additionally by regenerating the reduced forin
of o-tocopherol back to the active tocopherol
form. The LDL protected by ascorbic acid was
not taken up and degraded by macrophages via
the scavenger receptor mechanism.'®

Ascorbic acid freatment has been
found to increase LDL resistance to oxidation
in vitro in rats that have an iron overload
because ascorbic acid has a significant
inhibitory effect on LDL oxidation mediated
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by metal ion, such as coppper jon 5118

Ascorbic acid also preserved the endogenous

pophilic antioxidants within the LDL
particles («- and y-tocopherol, and B-carotene)
during oxidation with copper.’

I_en jum-deri i I

NO)}

Ascorbic acid has been shown to be
an efficient scavenger of 0;'", including
HOCL and ONOO™.'"'2 This ability
provides one possible explanation for the
beneficial effects of ascorbic acid on endothe
lial function since superoxide anion has ability
to react rapidly with NO and limit the biologi
¢ ictivity of NO. 122023

Ascorbic acid may also improve
endothelial function by the role in the regula
tion of intraceliular redox state, by sparing
intracellular glutathione from oxidative
degradation. Glutathione is an important
source of infracellular reduced thiols and can
be degraded by oxidation to glutathione
disulfide. Under conditions of increased
oxidative stress, depletion of reduced thiol
leads to decreased synthesis of NO in cultured
endothelial cells. Thus, prevention of
glutathione oxidation and therefore increase of
the availability of reduced thiol by intraci ilar
ascorbic acid could improve NO action.”™'

On additional actions:

In according to a s~ ificant initiating
mechanism in atherosclerosis is the increased
interaction of monocytes with endothelial cells
activated to synthesize adhesion molecules,
interestingly, ascorbic acid may have ability to
i ibit VCAM-I induction and monocyte
adhesion in damaged human endothelium in
the inechanism by which ascorbic acid
interferes with P-selectin translocation to the
endothelial ¢ surface in response to
radicals.’® Addition -, it has been established
in the activated endothelial cell that VCAM-1
gene expression by cytokine and noncytokine
inducers is regulated by a redox-sensitive
signal transduction pathway sensitive to
inhibition by antioxidant, potentially regula
ting intracellular redox state®, possibly as
ascorbic acid.

Furthermore, COX pathway evidently
is also a source of free radical O,", which can
potentiate endothelium-dependent contractions
cither by inactivating NO or by direct effects
on vascular smooth muscle’. Additionally, the
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effect of free radicals initiating lipid hydropero
xide on membrane-derived arachinodic acid is
relevant to impaired prostanoid synthesis. In
another important evidence, reactive oxidative
intermediates (ROI)-mediated intracellular
redox state has also influenced COX-2 expres
© ¥ T es st that vascular oxidative
siress can modulate COI  pathway. Since
ROI produced by the mitochondrion, a site
where excessive production of radicals
apparently occur during oxidative stress, may
mediate TNF and IL-1 signaling and up-
regulate the proinflammatory genes of COX-2
and iNOS, therefore the scavenging antioxi
dants may involve in redox-sensitive inhibition
of cytokine-induced COX-2 and iNOS expres
sion.”” In according to the beneficial effects of
ascorbic acid to detoxify reactive oxygen
species and to regulate endothelium
intracellular redox state, hence ascorbic acid
may interfere COX-2 pathway by inhibiting
ox-LDL-induced lipid hydroperoxide and by
interfering with ROI-modulated intracellular
redox state resulting in COX-2 expression.**’

Considering oxidative stress, elicited
by ROI releasing from damaged endothelium,
that can be induced by cytokine and ox-LDL,
therefore ascorbic acid may be prospective to
atherosclerosis not only in the role of ox-LDL-
induced but also in cytokines-stimulated endo
thelial injury. Thus, it has been postulated that
a potential molecular linkage between the
redox state-modulated signaling pathways of
the vascular endothelial cell and abnormal
expression of the genes responsible for inflam
matory process, e.g. VCAM-1, COX-2 and
iNOS™, is possibly notable for oxidation as a
significant intracellular regulatory signal
observed in damaged endothelium early in the
pathogenesis of atherosclerosis. In particular,
ascorbic acid would be specific regulatory
factors that tranduce metabolic signals (i.e.,
oxidation) into nuclear regulatory signals (i.e.,
expression of adhesion molecule genes) that
may have significant therapeutic implications
in atherosclerosis.”

Recommended intakes of ascorbic acid

Worldwide recommended intakes for
ascorbic acid are 30-100 mg/day™®™, which
can achieve plasma ascorbic acid levels
approximately 30-150 pmol/L™*, based on
maintenance of adequate body reserves that
preclude classical scorbutic symptoms.™®** In
smokers receiving up to 1.5 g/day of supple
mental ascorbic acid, serum lipids were
protected from oxidation.” Several epidemio
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logic studies concluded that plasma concentra
tions of ascorbic acid approximately 50 p
mol/L are associated with decreased risk of
cardiovascular disease.'®'™* At such concen
trations, easily achievable by diet alone, can
strongly inhibit L.DL modification.'® Similar to
the other antioxidants, There is little evidence

toxicity for even multigram daily doses of
ascorbic acid.'™® However, large doses of 1-5
g/day may cause diarrhea, nausea and vomiting.
Large doses tnay also result in precipitation of
oxalate, cysteine, or urate renal stones if the
urine becomes acidic during therapy. Oxalate
also accumulates in patients with chronic renal
failure and those receiving long-term hemodia
lysis,and these individuals should be cautioned
against taking large doses of ascorbic acid.®
Ascorbic acid can be prooxidant in vitro rather
than antioxidant in the presence of transition
metal ions, mixing ascorbic acid with iron ions
can ~2use OH’ generation and lipid peroxida
tion. "' Thus, ascorbic acid is contra
indicated in patients with hemochromatosis
and other conditions characterized by iron
overload.”

Although higher ascorbic acid intakes
may be recommended for certain groups such as
smokers and those under a variety of stresses,
the present data suggests that antioxidant
protection is best served by the variety of
antioxidant substances found primarily in fruit
and vegetables™, additionally dietary guide
lines are beiter for a public health strategy
than recommendation of specific nutrients
intakes. 2%

CONCLUSION

Since various mechanisms evidently
contribute to atherogenesis, in studying isolated
human plaque, one has access only to a single
time peint in what is a complicated disease
process with ongoing, stage-dependent events.
It has been establishd that endothelium, a
crucial vascular structure, produces mediators
and vasoactive substances regulating vascular
tone apparently impaired in atherosclerotic
patients, consequently endothelial damage is
strongly thought to initiate atherosclerotic
lesion."* Oxidative modification of LDL hypo
thesis as well as cytokines-modulated inflam
matory process account for endothelial injury
in the pathogenesis.”"* The reactions involving
free radicals, particularly the oxidation of LDL
in vessel walls, seem to be an important early
step in atherogenesis because ox-LDL promotes
the development of foam celis and endothelial

Uraiwan Ketsawatsakul

injury before the establishment of organized
arterial plaque.*®***” The several mechanisms

we been shown that ox-LDL and inflamima
tory mediators, such as IL- . and TNFa, are
major contributors to the adherence of mono
cytes to endothelium.®™'® Moreover, both
n ¢ and macrophages within the vessel
wall can generate superoxide and hydrogen
peroxide. Peroxynitrite is formed by the
interaction of superoxide and NO resulting in
inactive NO and consequent endothelial
vasodilator dysfunction.'"?*""%2  Also, the
imbalance prostanoids, regulated by COX-2,
crucially participating in vascular tone
dysfunction, can be induced by inflanmatory
mediators. Apparently, in addition to
cytokines, ox-LDL-stimulated oxidative stress
presumably mediates COX-2 pathway leading
to abnormal prostancid synthesis detected in
atherosclerotic patients.'***" Thus, it is very
difficult to discern the possible sequence of
factors contributing to oxidative stress,
inflammatory processes and endothelial
damage. However, if oxidative LDL hypothe
sis is true, antioxidant substances are likely to
exert their effects at the earliest stages of the
atherogenic process. Theoretically, the role of
antioxidants should be evaluated with benefit
to the development of preclinical disease.”2 2%’
A large body of experimer  and epidemio
logical data indicates that antioxidant vitamins
may be able to reduce atherosclerosis.”’** For
the most part, three antioxidants have been
studied: ascorbic acid, o-tocopherol, and [3-
carotene. All three have been shown to
diminish the susceptibility of LDL to oxidation
in vitro. However, the role of dietary
antioxidants in human atherosclerotic disease
remains inconclusive, additionally epidemio
logical data concerning the role that these
substances may play in atherosclerotic disease
are in-consistent with re%ard to both plasma
levels and dietary intake.”

Ascorbic acid, an outstanding antioxi
dant in human plasma, effectively protects
against oxidative stress, caused by ox-LDL
and possibly cytokines, e.g. IL-1p.'"*® On
account of its actions in scavenging free
radicals, ascorbic acid can increase LDL
resistance to oxidation, potentially preventing
lipid peroxidation as well as regulate intra
cellular redox state, possibly improving NO
activity,”™®® Furthermore, it may also inhibit
ox-LDL and cytokines-stimulated monocyte
adhesion.”**! In additional interesting effect of
ascorbic acid is that it may modulate in the
signaling pathway induced by cytokines that
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up-regulate COX-2 expression'®”’, supported
by the evidence of decreased COX-2 expres
sion inhibited by ascorbic acid in IL-1p-treated
HUVEC.*" Thus, this suggests that ascorbic
acid not only prevents the oxidation of LDL
but itself alone may maintain the function of
endothelial cells by other mechanisms,
including inhibiting inflammatory process
responsive to cytokines and COX-2, that
should be explored for further advantage.
However, how much is optimal is another
unanswered question. Laboratory findings may
not have relevance to free-living humans.
Observational epidemiologic studies can ot
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RET! N OF THE SPIRC OLACTONE

Oranee Tangphao
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ABSTRACT

Spiron: ictone has been a well-known diuretic of choice in treatment of ascites. It has also
been used in the treatment of edema and hypertension. Recent data supported the evidence of
losterone escape in patients with heart failure after treatment with angiotensin converting enzyme
inhibitors. This partial escape of : 1 angiote n : osterone blockade leads to the ar tional
potential therapeutic effect of spironolactone. As an aldosterone receptor blocker, spironolactone may
exhibit a therapeutic effect in patients with aldosterone escape phenomenon. Several clinical studies
have been conducted to explore this new approach in patients with congestive heart failure and other
cardiovascular diseases/disorders. Preliminary data supported the possible benefit in several groups of
patients including heart failure, hypertension, acute myocardial i rction. At the present time, these
data are limited to certain clinical conditions and may not be able to apply in all general clinical
settings. The available publications are extensively reviewed in this paper. Further clinical efficacy
evaluation should be conducted to support the use of spironolactone for its new indications. In
conclusion, spironolactone, as an aldosterone blocker, is being investigated as an adjunctive drug of
choice in patients with aldosterone escape phenomenon.
Key words: aldosterone, aldosterone escape, spironolactone, heart failure
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complication by 20%. The team combined data
from two multicenter randomized studies
pamidronate versus placebo. The participants
had stage IV breast cancer with osteolytic bone
metastases and were receiving either hormonal
therapy or cytotoxic therapy at study initiation.
Patients in both cohorts were randomized to
¢ g infusions of pamidronate or placebo
every 3 to 4 weeks. Approximately one third of
the 367 women randomized to pamidronate
and one quarter of the 384 patients receiving
placebo completed the 2-year follow-up.
amidronate significantly reduced the skelet

morbidity rate, from 3.7 to 2.4, the
investigators report. The drug also significantly
reduced the number of patients who had
skeletal complications, from 64% to 51%, and
nearly doubled the median time to the first
skeletal complication, from 7 months to 12.7
months. The results in the current report
confirm that skeletal complications and the
proportion  of  patients  with  such
complications...are lower for at least 2 years in
a [broad] population of patients with advanced
breast carcinoma receiving either hormonal or
cytotoxic chemotherapy. Morcover, resulis
from this and other trials sugpest that it is
likety that pamidronate would be effective in
the freatment of osteolytic metastases
associated with a broad range of tumors, While
additional, larger studies are needed to confirm
their results, they conclude that 90-mg
pamidronate infusions can be recommended as
an addition to standard hormonal or
chemotherapy regimens for the treatment of
bone Inetastases in patients with breast
carcinoma,

[Cancer 2000; 88: 1082-1090]

HIV infection accelerates onset of smoking-
induced emphysema

As survival rates of patients with HIV infection
increase with improved therapies, the rate of
emphysema related to smoking in these
patients is also likely to increase. Specifically,
they found that HIV infection accelerates the
onset of smoking-induced emphysema. The
reseacheres conducted a cross-sectional study
with 114 consecutive HIV-seropositive
subjects without AIDS-related pulmonary
complications. These subjects were matched to
44 HIV-seronegative centrols r smoking

istory and age. Along with p1 1onary
function measurements, the subjects underwent
bronchoalveolar lavage and high-resolution
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computer  tomography of the chest.
Emphysema was identified in 17 of 114 HIV-
seropos /e participants” compared with 1 of
44 HIV-seronegative controls. The incidence
of emphysema in participants with a smoking
history of 12 pack-years or preater was 37%
(14 of 38 persons) in the  V-seropositive
group compared with 0% (0 of 14 persons) in
the HIV-seronegative group. When lymphocyte
subtypes of the subjects were evaluated, the
researchers found that HIV-seropositive
persons with emphysema [hac the highest
percentage of lavage lymphocytes bearing the
cytotoxic phenotype. Given the relatively
young age of the patients in the study (the
median age was 33 years), they believes that
the percentage of HIV-seropositive smokers
who developed emphysema is striking. They
therefore  suggest that  smoking-related
respiratory symptoms and impairment nay
assu icreasing importance as part of the
natu story of HIV, particularly in light of
the prevalence of cigarette smoking in this
population. The study findings also support a
role for cytotoxic lymphocytes in the
pathogenesis of emphysema.

[Ann Intern Med 2000: 132: 369-372]
Janssen to pull propulsid from US market

Janssen Pharmaceutica will stop marketing the
prescription  heartburn  drug  Propulsid
(cisapride) in the United States as of July 14,
2000. A Food and Drug Administration (FDA)
statement notes that the drug has been
associated with 341 reports of heart rhythm
abnormalities including 80 reports of deaths.
Most of these adverse events occurred in
patients who were taking other medications or
suffering from underlying conditions known to
increase risk of cardiac arrhythmia associated
with cisapride. The move to withdraw the drug
is voluntary and the effective date is intended
to provide time for patients and physicians to
make treatment decisions. Patients who are
currently prescribed Propulsid are urged to
promptly contact their healthcare providers to
discuss alternatives. The drug is used to treat
severe nighttime heartburn in adult patients
with pastroesophageal reflux disease (GERD})
that does not adequately respond to other
therapies. Its labeling has been revised several
times since it was approved in 1993, to point
out its risks. Despite these risk management
efforts, the firm decided in consultation with
the Food and Drug Administration that
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continued general US prescription access to the
drug poses unacceptable risks. The FDA
advises physicians who are freating patients
with severely debilitating conditions for whom
they beligve the benefits of cisapride outweigh
its risks to contact Janssen. The Titusville,
Ne Jersey company will continue to make the

ug available to patients who meet specific
clinical eligibility criteria for a limited-access
protocol. In light of the decision to withdraw
the drug, the FDA has canceled a public
advisory meeting scheduled for April 12, in
which ways to reduce adverse effects
associated with Propulsid were to be discussed.

[http:/fwww.reutershealth.com/cgi-
bin/ssifframethis? catalog=eline&file=200003
2419.humi}

Gene variation may increase drug potency

About 8% of the Caucasian population in the
US has a gene variation that could increase the
risk of serious complications associated with
certain medications, including the clot-
preventing drug warfarin, Only 2% of African
Americans ave the same gene version, but
they arc morc likely to possess another altered
gene that may also cause problems. It has been
found that 8% of white Americans have a
certain version of the gene for a liver enzyme --
known as cytochrome P450 2C9 -- that
metabolizes certain drugs. The altered gene
causes some people to process particular drugs
more slowly. They need a lower dose. They
have a higher level of the drug with the same
dose (as other people). In cases of people
taking warfarin, an anticoagulant often give o
people to prevent stroke, the gene variation
could increase the risk of excessive  eding.
The gene, known as CYP29C*3, may also
affect the drugs tolbutamide (used by diabetics
to lower blood sugar), and phenytoin (an anti-
seizurc medication). People with the gene
variation who take tolbutamide could end up
with excessively wv blood sugar, and people
with the ered gene taking phenytoin co |
end up with toxic levels of the drug in their
blood. The same gene could cause problems
with the metabolism of other drugs, but these
appear to be the main ones. While searching
for gene variations known to be commen in
certain populations, another altered gene was
found in about 3% of African Americans, but
not present in Caucasians. This new variation
needs to be studied further, but may cause
problems with the same drugs as CYP29C*3.

&7

The test for CYP29C*3 is not widely available
because it is expensive. As yet, there is no
option for patients in a regular practice to get
this test. People concerned about having an
extra sensitivity for these drugs should ask
their doctor about participating in clinical
trials, she sugges .1 p taking warfarin
who experience excessive bleeding should
definitely be tested for the gene variant, she
added.

[hitp:/fwww. reutershealth.com/cgi-
bin/ssifframethis? catalog=elinedfile=200003
2419 htmi]

C-reactive protein levels improve prediction
of cardiovascular risk in women

C-reactive protein (CRP} measurement adds to
the predictive value of other risk factors for
cardiovasc i disease in women. The finding
is reported in the March 23rd issuc of the New
England Journal of Medicine by r. Pa

Ridker and colleagues from Harvard Medical
School in Boston, Massachusetts. They used a
commercial assay to measure hs-CRP (high-
sensitivity CRP} and 11 other serum markers in
122 women (cases) who subsequently
experienced a fatal or nonfatal myocardial
infarction, stroke, or coronary
revascularization procedure and in 244 womnen
(controls) matched for age and smoking status.
Cases had significantly higher baseline levels
of four markers of inflatmnation--hs-CRP,
serum amyloid A, sICAM-1, and interleukin-6
- and higher baseline measures of total and
LDL cholesterol, apolipoprotein  B-100,
homocysteine, and total cholesteroHDL
cholesterol ratio than did controls, the authors
report. Cases also had significantly lower HDL
cholesterol levels than did controls. Of the 12
measures, the level of hs-CRP was the most
powerful predictor of risk in the univariate
analysis (relative risk for women in the highest
quartile as compared with the lowest quartile,
4.4). Apolipoprotein  B-100 and total
cholestero:HDL cholesterol ratio were less
powerful risk predictors (relative risk of 3.4 for
each). In logistic-regression analyses, only -
CRP level and total cholesterol:HDL
cholesterol ratio independently predicted
subsequent  cardiovascular events after
adjustment for other significant risk factors
such as obesity, hypertension, diabetes, and
parer  history of premature coronary artery
disease. [E]ven among women v 1 'safe' levels
of LDI. cholesterc], the adjusted relative risk
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of cardiovascular events increased
approximately 39% with each  creasing
quartile for hs-CRP. Half of strokes and
myocardial infarctions occur in people without
any lipidemia. This study, along with at least
seven others like it, show that cardiovascular
risk can be predict in individuals with and
without elevated lipid levels, Physicians need
to recognize a fundamental issue, that
atherosclerosis is an inflammatory disease.
Whereas high cholesterol might foster the
development of  atherosclerosis, plaque
instability and  adverse  cardiovascular
outcomes result from inflammation. By
identifying these people at risk--through
measuring CRP levels, for example—we can
determine which individuals might benefit
most from statin therapy, which can reduce the
inflanimation beyond the anti-inflammatory
effects provided by aspirin.

[N Engl J Med 2000; 342: 836-843]
Vitamin C, E may protect the aging brain

Taking vitamin C and vitamin E supplements
may help protect memory and mental decline
das you age, researchers report. A new study has
found that elderly men who took vitamin E and
C supplements at least once a week over a
number of years were protected from dementia
al = actually showed improvements in
cognitive function — a catch-all term including
memmory, creativity and mental acuity.
Although a protective effect was seen for two
different types of dementia in men who took
both vitamins, the supplements did not appear
to prevent dementia due to Alzheimer’s
disease. In the study, the researcheres looked at
supplement use among 3,385 Japanese-
American men in 1988, and for a subset of the
men, data was collected from 1982 as well.
The amount of each vitamin the men took was
unknow  The men, who ranged in age from 71
to 93 years, were tested 4 years later in 1993,
At that time, most men were not experiencing
any memory problems, although 47 of the men
had Alzheimer's dementia, 35 had vascular
dementia (a dementia associated with artery-
clogging and strok: 50 had mixed/other types
of dementia, and 254 performed pooriy on the
cognitive tests without diagnosed dementia,
Men who took either vitamin C or E alone in
1988 scored better on the 1993 memory tests
than men who took no supplements, the
investigators report. Men who took both
vitamins exhibited only a smail improvement
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over those taking no supplements. However,
that men who took both vitamin E and C
supplements together for many years showed a
substantially greater improvement, suggesting
that long-term use is required to improve
cognitive function in late life. The researchers
believe that v nin C. | E may protect from
brain damage be 1se they ¢ antioxidants
and can mop up brain-damaging free radical
particles.

[Newrology 2000; 54: 1265-1272]
New drug reduces pain of prostate cancer

Prostate cancer patients who are m severe pain
because cancer has spread to their bones mas
be able reduce their need for imorphine-based
painki rs with a new anti-cancer drug called
suramin, which is not yet on the market. In a
study, suramin, also slowed the progression of
the cancer. In the clinical trial, 460 patients
received either suramin pius hydrocortisone or
an inactive placebo plus hydrocortisone. A
the patients had prostate cancer that had spread
to their bones, and required a very strong
painkiller, such as morphine, to control their
pain. The patients who were taking suramin
experienced greater reduction in pain and
morphine intake than patients on placebo, the
researchers report. Forty-three percent of the
suramin group achieved a reduction in pain
that lasted about 240 days compared with only
a 28% of the placebo group who had a
reduction in pain that lasted for 69 days. The
cancer also spread more slowly in the suramin
group and more patients in this group had a
decrease in prostate specific antigen level,
which is a marker that indicates the progression
of prostate cancer. Overall survival was similar
in the two groups, ¢ researchers report. Small
noted that the survival advantage of suramin
might have been reduced in this study because
patients on placebo were allowed to cross over
and begin taking surantin late in the trial.

[Journal of Clinical Oncology 2000; 18: 1440-
1450f

Rezulin to be withdrawn from the market

The US Food and Drug Administration (FDA)
has asked the manufacturer of Rezulin
(troglitazone) a drug used to freat type 2
diabetes mellitus to remove the product from
the market. The drug's manufacturer, Parke-
Davis/Warner-Lambert, has agreed to the
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FDA's request. The FDA took this action after
its review of recent safety data on Rezulin and
2 simitar drugs, rosiglitazone (Avandia) and
pioglitazone (Actos), showed that Rezulin is
more toxic to the liver than the other 2 drugs.
Data o date show that Avandia and Actos,
both approved in the past year, offer the saine
Ty T I ’in without the same risk.
when considered as a whole, the premarketing
clinical data and postmarketing safety data
from Rezulin as compared to similar,
alternative  diabetes drugs indicate that
continued use of Rezulin now poses an
unacceptable risk to patients. Severe liver
toxicity has been known to occur with Rezulin
since 1997. In consultation with the FDA,
Parke-Davis has strengthened the drugs
labeling several times and has recommended
close monitering of liver function in patients
taking Rezulin. In March 99, the FDA’s
Endocrine ar Metabolic Drugs Advisory
Committee reviewed the status of Rezulin and
its risk of liver toxicity and recommended
continued availability of this drug in a select
group of patients ? patients not well-controlled
on ofher diabetes drugs. Since then, the FDA
has coutinued to actively mionitor adverse
events associated with Rezulin, as well as those
associated with Avandia and Actos. After up to
9 months of marketing experience with these 2
newer drugs, it has become clear that these
newer drugs have less risk of severe liver
toxicity than Rezulin. Patients using Rezulin
are urged to contact their physicians for
information about alternative freatments.
Patients should not discontinue taking Rezulin
or other treatments for diabetes without
discussing alternative therapies with  2ir
physicians,

[hitp://ipharmacotherapy.medscape.com/
MedscapeWire/2000/0300/medwire0322.
rezulin.html]

Use of NSAIDs increases the risk of
hospitalization for CHF in elderly

Use of nonsteroidal anti-inflammatory drugs

SAIDs) by elderly patients doubles the risk
of being hospitalized for congestive heart
failure (CIIF), and for those with a history of
heart disease it increases the risk by more than
10 times. Dr. David Henry and Dr. John Page,
both of he University of Newcastle in
Australia, interviewed 365 patients with a
mean age of 76.6 who were admitted to
hospitals with a primary diagnosis of

89

congestive heart f: re. Conirols were 658
age- and sex-matched patients without CHF
admitted to the same hospitals, Apart from the
use of low-dose aspirin, NSAID use during the
week before admission to the dital was
associated with a 2.1 odds rati hospital
ad ssion with CHF, compared with patients
who had not used NSAIDs. Patients with a
history of heart disease who used NSAIDs had
an odds ratio of [10.5 for first admission with
heart failure compared with 1.6 for those
without such a history. The odds ratio for a
first admission to a hospital with CHF rose
with increasing dose of NSAIDs taken the
previous week, the researchers report.
Furthermore, the risk of hospitalization for
CHF was greater for NSAIDs with a long half-
life. Guidelines should discourage the use of
NSAIDs in individuals with a damaged but
compensated left ventricle. These drugs shouid
be used with caution in such individuals, in the
lowest possible dose, and drugs with a long
plasma half-life should be avoided. The
investigators say that it is possible that drugs

at are selective inhibitors of  inducible
cyclo-oxygenase 2 will have a lower rate of
adverse effects on the kidney and
cardiovascular system, but this remains to be
established in  well-designed pharmaco-
epidemiological studies.

[Arch Intern Med 2000; 160: 777-784]

Low folate levels linked to Alzheimer's
disease

Women who have low levels of folate, the by-
product of folic acid found in the blood, appear
to be at greater risk of Alzheimer's disease. In
the study of 30 nuns who participated in a
long-term study of Alzheimer's disease, ha

had brain changes consistent with the memory-
robbing illness  autopsy. The women, aged
78 to 11 when they died, had lived at the
same convent for most of their lives. Those
women with Alzheimer's disease were more
likely to have low blood levels of folate than
women without the iliness. None of the other
nutritional markers analyzed in the blood
samples was related to brain degeneration or
Alzheimer's disease, according to the report in
the April issue of the American Journal of
Clinical Nutrition. The authors note that the
study could not determine whether low levels
of folate actually cause Alzheimer's. And the
findings do not provide any evidence that
taking folic acid supplements can prevent the
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disease or slow it down. It is possible that the
women had low blood levels of folate due to
problems absorbing or metabolizing the
nutrient. The women all ate in the same kitchen
and, presumably, had similar intakes of folic
acid. The researchers call for further research
in this area, noting that there are several
possible explanations for the relationship
between the nutrient and s disease. Folic
acid, a nutrient found in green leafy vegetables,
liver, kidney, whole grains and nuts, is
important in the development of the central
nervous system and in the maintenance of
blood vessels. Lack of this nutrient can cause
birth defects in the developing fetus.

[American Journal of Clinical Nutrition 2000,
71:993-998]

Yaccine recharges chickenpox immunity

The vaccine that protects against chickenpox
appears to reactivate itself and Dboost the
immune system when the body's immunity to
the virus diminishes, new study findings
suggest. While this boost can cause mild
illness, or even a few red spots, it may mean
that the vaccine provides more protection to
people as they age -- rather than less, as has
been feared, researchers report. Chickenpox is
caused by the varicella zoster virus, which also
causes shingles --a painful outbreak of blisters
on the body trunk. Since the Food and Drug
Administration (FDA) approved a chickenpox
vaccine in 1995, more than 10 millien
Americans have been vaccinated against the
virus. It was feared that the protection offered
by the vaccine might wane with age, leaving
adults vulnerable to infection. While
chickenpox tends to be mild in children, it can

.Laddmval Phivthong-ngam

be potentially life threatening in adults who
have never had the disease. In a new study, the
reseacheres of the FDA's Center for Biologics
Evaluation and Research in Bethesda,
Maryland, followed nearly 5,000 children who
had received the chickenpox vaccine. In
children who initially had a strong immune
response to the vaccine, immunity tended to
decline during the 4 years of the study. But in
children whose initial response to the vaccine
was weaker, immunity increased over time.
The investigators discovered that about 500
children experienced substantial increases, or
boosts, in their chickenpox immunity. The
vaccine, which contains a live, but weakened,
form of the chickenpox virus, appears to cause
a latent (or dormant) imfection. Most of the
time, the virus is quiet, but as immunity
declines, the latent virus wakes up. Most likely,
the beost won't make a child sick, but will
strengthen the imunune system, Still, the
authors note that children who have been
vaccinated against the chickenpox should
continue to be monitored to keep track of the
long-term effects of the vaccine. While the
vaccine appears to boost itself in many cases,
some people may need to be revaccinated if
their immunity drops too low. It may seem like
bad news that the latent chickenpox virus
wakes up from time to time, but it really shows
that the wvaccine can provide life-long
protection against the illness. For people who
do get sick during these boosts, antiviral
medication should help. The vaccine was
studied extensively before being approved, but
how long its protection lasts is unknown.

[Nature Medicine 2000; 6: 381-382, 451-454]
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Examples
Articles in journals

(1) Standard journal article (List all authors, but if the number exceeds three, give three foliowed by et al)

You CH, Lee KY, Chen RY, et al. Electrogastrographic study of patients with unexplained nausea,
blotting and vomitting . Gastroenterology 1980; 79:311-314,

(2) Organisation as author

The Royal Marsden Hospital Bone-marrow Transplantation Team. Failure of syngeneic bone-marrow
graft without preconditioning in post-hepatitis marrow aplasia. Lancet 1977;2:742-144,

(3) No author given
Coffee drinking and cancer of the pancreas (editorial). BALJ 1981;283-286.
(4) Volume with supplement

Magni F, Borgli S, Berti F, BN-52021 protects guinca-pig from heart anaphylaxis. Pharmacol Res
Commun 1988,20 suppl 5:75-78.

(5) Books and other inonographs

5.1  Personal author(s)
Colson JH, Armour WI. Sports injuries and their treatment. 2 rev ed. London: St. Paul, 1986.
5.2  Editor(s), ¢ piler as author
Diener HC, Wilkinson M, editors. Drug-induced headachie, New York: Springer-Veriag, 188,
5.3  Chapter in a book
Jaffe TH, Martin WR. Opioid analgesics and antagonists. In: Gilman AG, Goodman LS, Gilinan
A, editors. The Pharmacological Basis of Therapeutics. 6 ed. New York: MacMillan Publishing,
1980:494-543,
5.4  Conference proceedings
Vivian VL, editor. Child abuse and neglect: a medical community response. Proceeding of the
Jirst AMA National Conference on Child Abuse and Neglect, 1984; Mar 30-31; Chicago.
Chicago: American Medical Association, 1985,

(6) Dissertation

Youseff NM. Schoo! adjustment of children with congenital heart disease (dissertation). Pittsburg
(PA): Univ of Pittsburg, 1988,

(7) In press
Lillywhite HB, Donald JA. Pulmonary blood flow regulation in an aguatic snake. Seience. In press.

Reviews

All reviews are usually peer-reviewed. If the manuscript is written in Thai, English title and
abstract are also required.

Short communication

Short communication should contain new and unpublished results in a short form. 1t should not
exceed 2 print pages and may contain one table and one illustration.



93
Manuscript submission

All manuscripts arc to be submitted to editor or associate editors, Thai Journal of Pharmacology.
Department of Pharmacoiogy, Faculty of Medicine, Chulalongkorn University, Chulatongkorn Hospital,
Rama v Road, angkok 10330, Thailand. All papers will be critically reviewed by invited referees.
Reviewers’ comments are usually returne  to the authors. The editorial board will decide upon the time of
publication and retain the right to medify the style of contribution. However, major changes will be
agreed with the authors. Authors will receive 25 reprints free.

Copyright

The Pharmacological and Therapeutic Socicty of Thailand holds ¢ copyright on all material
appearing in the journal.
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