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Editorial 

This issue should not certainly be published on time. I have no excuse for being late. As 

usual, every 2 years, change in the society executive committee had been set. The list of 

the new committee is customarily on the inside of the back cover. In the next 2 years, the 

Thai Journal of Pharmacology is still in our responsibility. Despite of a lot of duty, my 

energetic staffs are still very supportive and devoted their time for the journal. To be a 

media of our society's members and readers who are interesting in pharmacology. 

Although, the mission is so hard, your appreciation encourage us so much. That make us 

have to continue our task. We are keeping in creation of such new thing. Until now, you 

will see that our website (www phartherst or th) looks more attractive. We would like to 

appreciate Col. Nisamanee Satyapan who has been the major role of this appearance. Much 

more attractive should be in the future. Any suggestion for extended service to our readers, 

whatever in the journal, website, and newsletter shall be valuable. Our main purpose is to 

be a marketplace of idea and research findings of our readers that are particular important. 

Thanks for all questionaire that you sent back. Although not so many, with your 

compliment make us so happy. Many readers like the new drugs series. Conflicts of the 

likelihood of bias to the products were also mentioned. I wish to make it clear that these 

features were not be written without cited references. Such information is for professional 

only. Consideration, thinking and decision were their own business. Dmg is not such a kind 

of normal consumer product. We want to see that drug presentation should be in academic 

manner and more details of them should be obtained. Dmg monograph are written and cited 

from many research articles or clinical studies which were previously published. Changes in 

drng knowledge can be also happened all the time, however, it is our great pleasure to be a 

media of such information for you. 

Supatra Srichairat 

Editor 
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LETTER TO EDITORS 

Drug on electronic commercial, a new considerable aspect in pharmacology 

To the editor, 

Due to the advancement of 
information technology in the present day, 
internet takes an important part in all 
vocations, including Pharmacology. Internet 
supports the development of pharmacological 
knowledge in several aspects such as the 
source of electronic journal, questionnaire and 
telecommunication. 

Many interesting Web Sites are 
produced to be the facility for the user. This 
information is valuable for development of 
pharmacological science in the present day. 
For the physicians, they can use the 
information via the internet to improve their 
new knowledge to meet the changing world. 

But like all technology, advantage 
and limitation of the system can be described. 
Many applications of internet technology are 
widely discussed for their side effects. In this 
letter, the electronic commercial (E-commerce) 
is in discussion. 

Electronic commercial is the new 
application of internet teclmology. Based on 
the Web site, consumers and providers can 
easily contact one another. The electronic code 
and password is only requirement for joining 
the system. Bussiness via the E-commerce 
system is the newest and world-wide group 
presently. 

A lot of products are broadcast in the 
Web site for sale. Drug is also a product 
appeared on the Web Sites. This is one 
interesting senario for discussion. How proper 
about it? 

The impact factor for scientific journal 

.. 
impact factor 'lleN11'"rn1"il'l1'31'l11n1"iU'IJ~VI 

~iu1uml~B~1-.:i h m.1~-.:i?JBL~m12.J 

n"i~~1'3~'3~B'hJtl 

Although this method can provide 
much advantage especially for the drug 
manufacturer but the process is still in doubt. 

Some problems can be expected for 
drug on the E-commerce system. Firstly, many 
control drngs such as Viagra can be found for 
sale on the Web Site. Due to the freedom in 
accessing the Web site, conh·ol is very 
difficult. Secondly, the process omits the 
important of the prescription, therefore, 
irrational use of drugs can be expected. 
Fm1hermore, privacy and security of the data 
is another point to be considered. 

Although the drug on E-commerce is 
not widely presented in Thailand but it is 
expected recently due to globalization. 
Therefore, proper strategy to cope with this on 
going technology is necessary. Specific Act for 
control of drugs and other medical supplies on 
E-commerce must be set. 

REFERENCES 

1. Agthong S, Wiwanitkit V. Cyberspace and 
medical information. Chula Med J 1999 
Jan; 43: 5-1 4. 

2. Wiwanitkit V, Agthong S, Mongkolprasit 
N. Side effects of computer in medicine. 
Chula Med J 2000 (in press) 

Viroj Wiwanitkit, MD. 
Depart111ent of Laborato1y 

Faculty of Medicine 
Cl111lalongkorn University 

~I .., 
Impact factor 'lJr.l'311"ia'l"iL u'IJVl1 

. J'd .J ,J 'l :: l ""' 
tN'l1tNfl112.Jfl"t'IUVlfl112.J L 'IJ11"ia'l"i'IJ'IJ Vl"iU 

m"itl1li.Ja1-.:i~-.:ittJllifu 1 ~-.:i tTu Impact 

factor ~-.:i m~~~Li.J~rm1i.Jlvi"lim~~~tl ~lJ 
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arj nu11ihf a1ima~U1Lu11 tla1'3B,UJ10 
'U 'U 

ifom~rN16l 11'H'fl')~ii~l impact factor 
.:J'l" <$ I ~I J..,. "' 

a''3 '1 n'lf l1Ll1'U11Lu'U1l')al')'YllJ~lJlJtHJ 
'U 

I ~I J J "" J . .... J 
81'ULLa~L u'U'YIL'lf8Cl8"10 LLa~'Ylal~(\J'Yl~6l 

<$4 I 1""' 'IJ8'3 impact factor n~e:i 'lf1tl "1~81'U 

ai i.Jl ') o L tl~u u L Yi uu11 ') ai ')~'3l1a1u1 iJ 

al'lni'lf1L~t11n'U1~i1 efo1l1lJLUlJ~iluiJ 
" 

'llu'3miehu1uth!'U 1mnni1n'U 

~ V ,:; ~ VG.IQ.I 

im '1 ue:immuu n~'3v~~mununur.rn 

..:J1u 1 ui'Ylm il wu 5~1>.il~ tl1a'3 &iw iJwiTu 

J "". ~I _. 
L8'3 'lf'3v~i.i impact factor LulJ ·o· (~uu) 

Impact factor ~i1nrumml~au1'3 

h? '1Ja1-H~v11e:iu1'3fl1')~6l Impact factor 

'IJ8'3 New England Journal of Medicine 

a1l1~U'IJ8'3U 1998 vl'3~u 1tlif 

u~ti'YI LLvmiu-:Suan ~in6l 'Ila 

ulJWWI L~tllJ~LLv..:J l li'Yi1lJ'Yl')lU0'3 L~8'3 ~1 
• v 

LGJ 8'Jnl') l'lf Prepulsid ( cisapride) LL a~ 
" amum')ru1 ual1~~miJ~m vi''3il 

1) n1 ".i;j1tl6l fl1".iL-l Cisapride 

(Prepulsid) L1Hl'Yl~~ma.J~fl1 vlfl 

Am1111ay Thithapanda 

Example: New England Journal of 

Medicine 

ei1..:Ja'3llJU 1998 'lleNu'YlmliJ~a'3&iwiJw1u 
:: ti 1997 = 9850 m'3 

ti 1996 = 

ti 1997 = 

:: 
12648 ~')'3 

ti 1996 = 406 
.... :: 

61'3lJlJ Impact factor (1998) 

= .9..8.5.0 ± 1 2648 

= 

= 

379 ± 406 

22AJIB 

785 

28.66 

• 4 Go' ' ff.wurnrw O:J1Wuti 

111r1?'lf1wff'v?~w1 
"' .. 

ri ru:n nm m '1 Wi 
um?nmavuii0a 

"" FDA Talk Paper 23 mn'°m 

2543 

iim')tl')~fl1A1ua'H~~miJ~mi1 m 

Propulsid (~8fl1')~11uth~L'YIA1'Ylt1~a 
~ Q !' 

Prepulsid) 'lflJ6l LlJ6lLLa~tlllJ1LL'lJ1lJgJ~fl UlJ 

J ~I J " I t 1 ~ .. ~ "' 'lf'3LulJtll'YlgJ8'3vltl 6ltl rnHLLV4'Yltl '11l1')U 
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.... ~ tdd " ·rn lfl ~ L \HY 'YI ll en m 'HH'f u 'H 'U 1 t1 fl vi t1 u 
"".J.. .J 1 mn'lVJ'U'YILflVl'l1flm'l'Yltnm·ma::mVI m'l 

ut1uflau~u 1i.J1.u'Hat1V1mm'l -.i::iJI. l1'1'lf 
LV1t1~1ufa'l'lm'l "m'l~1nV1m'lL'li'm'' 

Ll'illilJ m Prepulsid V'liJl.i~t11i.J1.u~tl1t1 
.., v.J 'I " .J 1 '1 " ".'I a 'lf11tf'H'l~~'2f'l L'lftlltl'U lJ mrnLLa::~u1tJll 

I d 1de 
1l11:::'ll'lnltJVl'l'1Vllm'ltl'U 'll'YlnlWIJVI 

~ dd ~" 
'Yl'l 'l 'YI >·ffl11 ll vm1 m lJ 'l tu 'l'l VI L 'H 

Vl11llf vi11m'li'1 L'l L'Um'l~ltltll Prepulsid 

vi1ll rn fltl'l'ln1numuuui;i1aV11 l-111flQ] t1'1 
• \J 

1 uawr~ nv'lwum'l 1'lfm~1ii~flQ]t1'1t1tj 
vi''lifu u~,;'.,, u-.im'lfu vh{m'lf&lm ua::: 

\J 

~ .... .. 
B'lVlnl'ltnm'lLLa:::m'llrMtf'H'j~ 'l'lBBfl 

lllVl'lnl'l~lnVlm'lL'lfm Prepulsid L'U~ 

tl1t1 LV1t1~tl1t1~iianB-.i:::1'lfmnflVllJ -.i::: 
\J • 

" " 'I .J.J ' L' . d VlB'lL'l.11 LVl'l'lnl'l'Yl'lftl11 1m1te access 
~J'd')tl._ ')Y I 

program 'Yl'l'ULWfl LlHflVlnl'l L'lftllBtll'l 

"" J' "" L 'HlJl::ti'lJ LnVl'll'U'l'l'l 

-.i1 fl m 'li.h:::m l'l vi''lflGi111 u awr~ 

.JA .... 
n '11lJ M1irn tu::: fl'l'lll m 'lm 'H1'l LLa:::m, 

uV1mm'Yll'lnl'lLLW'Ylfl, ua:::~tl1t1li'1 Tan-.h 
• \J 

Lda 1'li'mmmh LL u:::tl1 LlJLBfltl'l'ln1num 

Prepulsid tJ'liJV111iJtlaavi.tfoua:::iJtl'l:::an5 

a') .., ".'I .Ja."l "" 
Jll'WVI L lJ Ol'l'ln'lfl Cj u1tl'Yllluty'Hl'Yl1'1 LVllJ 

.J 'l "" ti "" .J1~ Blm'lLVlnB'U 'H1~JVI flVl lllVl'lnl'l'YI 'lfL'IJ 

tf'H~~ tu 'llt1J:::d LlJ'IJlJlVl'lnl'lffi'lfLLfll'll ... 

1i, 15m'i~mn, 

LLVlfl~1'10lJBBfl1tl 
"""Q.I • d Q.I 

1.J'j'l:J'YJ LL~lH'lf'U-'lfLLnfl tJ'lVl'l 

~lL U'Unl'lQlVIVllllnl'l 1'li'm Prepulsid L'U 
.J ' .J 

tl'l:::L'Yll'lB'U 'l n1lafl, LLfll'llLtlammtla'l 
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L llm'li'1m ua::v'l'ltu'l'lV1L livi11iJ.f m1iJ 
\J 

L'li'1hm'l1'lf ma u1'111 flQ] B'lVll mh LL u:::tl1 
\J 

B~'l LVl'i'lm'i 1lim1ll-fm'i1'lfm 
\J 

Bl'JLLVlfl~l'l nu L 'U LL~a:::tl'i::: L'Yll'l L ti fl'l'.11 fl 

Q] B'ltl~u L ti~ tllJ 1 i tl'BVI VI a B'l 01.J'l:::L UtJ'U 

au>!&l'l.I B'la1tl' fl'lllJ VI tu::fl'l'illm'l mm 'l • 
ua:::m m1mLVlfl~l'1Lu~1u'li'au'11'lf 15 

m'i~fl'l:Jl LLm:'ltlLL'U'Unl'lL'lf flUl'lhn 
\J 

L'HlJl:::ti'lJ 

'I ~1.J1 
L'U'lf1'1'l:::tJ:::L1mfl11 12 u'Yl~Jl1J 

m iim'iL'lfm Prepulsid lllflflil 190 

a1u1rni''lm Luflil 90 tl'l:::Lnl'lli'1Lafl 'li'a 
I V 

u'11'lfn11tl~a gastroesophageal reflux n'l 

1u~"lmyua::L~fl, functional dyspepsia, 

gastroparesis, intestinal pseudo-

" obstruction ua::: chronic constipation ~ 

U1tl GI Motility disorder ~l'U1'Ulllfl ifo 
Vl'l~Unl'l~ff\fl~1tl Prepulsid 1~BU1'1 

ti .... ""ti ~ "" d .J 'I " • aBVIJltJLLa::lJ 'l::'1'Ylli~JaVI LlJB L'liVlll.JV!l 

LL u:::tl11 u rnfla1'ln1num 

2) a'lt1~1LGlfl'Ufl1'iLiu1 Prepulsid , 
( cisapride) ~1 fl fl1 'i LLflL '2JL fl fl Gll'i 

0 ... d 
fl1fll.Jtl1 UHl 24 3-Jfl'il~a.J 2543 
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n) 'lla11'1u M' 
., 1 .J " lnll 'U'l1tl'YILLVW1 

l11iiH+nin1m1~fiu~'I cyt. P450 

3A4 fl~1'1LL'l'I 

" 1 ".'I .J ""ti "'"" 'HllJ lJfdu1tl'YllJ 'lt1Vl prolong QT 

l11iilmm~fl~riavviriflun1"Huvi c < 

36 tf'tlmrf) tvimuvnt'lf'N 3 L~fl'U 

o 4 II GJ' 

v) fl1tVlawrn::vam'i'i::·n 

J tl1t1 fl~ m~t1'lq1fl1 tltl r11'lvi'l1~ 
v • 

ECG, a'1'lih~fl 1Vl'l lan LLtltfl1'l'Yi1'11lJ 

·zrn'llvi riflu~~t l'lfm l~fori 

~rt11t1 t 'lrii11 h~iilflmmnvim1tl1'1 
v 

block, Sinus node dysfunction, 

" .. 'I .J ..::4U Q.I""" """ """ CHF, IHD, fdu1tl'YllJ 'lt1Vlt\J1VllflVI 

sudden death 

rJtl1t1 hrilvi11t1 (Lvimuw1tmru on 
v 

dialysis) 

~rtl1t1hritlflV1 lvi"ufl' COPD, 
v 

respiratory failure 

".'I .J _,.,. .: t 'l " ' ~ultl'Yl'll1Vla'iJV1at1mari Vl'l art L'li'U 
v • 

~r~l'lf K. wasting diuretics, insulin 
v 

".'I ., ~ 
user in acute setting, ~u1tl'Ylfl'IL'1tl 
~ ..c:,f J'a1r cl ~I 

'H'l fl fl1 L ~ tl'U L ')fl 'l'I VI flL lJ fl'I Lu lJ na1 

'Ul'U 

fl) tlnn~muianuva.Jmdd1rfry 
t Jcv ~ 

fltiiltll'Yltl\Jtl'I CYP450 3A4 • 
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ABSTRACT 

Cyclooxygenase (COX) which exist as COX-I 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 (PGI2). PGEi and thromboxane (TX) A2. AA is released from cell membrane 
(endogenous AA) by several agonists such as histamine, bradykinins, 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, I, I 0 and 20 µM) . Cells were then incubated at 
37°C under 5 % C02 concentration in the COrincubator for variable periods of times (5, 10, 20, and 30 
minutes). After which time, the release of 6-keto-PGF1a (a stable metabolite of PGii) 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- I and COX-2. The effects of AA on 
cell viability were also investigated using MIT assay. Neither various concentrations (0.1-20 µM) 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-PGF ta (< 3 pg/ml). The incubation of exogenous AA (O. l-
20 µM) in HUVEC can release significantly higher amount of 6-keto-PGF ta which could be referred 
to activity of the COX enzyme. However, the release of 6-keto-PGF ta in AA activated HUVEC did 
not depend on incubation of AA when cells were incubated with AA up to 24 h. In our model study we 
found that the incubation of AA I 0 ~tM for I 0 min is the most appropriate concentration and time to 
determine COX activity in HUVEC. Moreover, AA did not effect on COX-I protein which was 
constitutively expressed in HlNEC while COX-2 protein was undetectable in AA (10 µM) treated 
HUVEC for up to 24 h. Thus the increase release of 6-keto-PGF ta from exogenous AA (I O~tM) was 
presumably due to the increase in COX activity but not from the increase amount of COX-I or the 
induction ofCOX-2. 
Key words: COX, PGs, endothelium, arachidonic acid 
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4115026 
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INTRODUCTION 

Prostaglandins (PGs) have numerous 
cardiovascular and inflanunatory effects1

-
3

. 

They are not stored by cells but are rnpidly 
synthesized prior to release by a variety of 
physiological and pharmacological stimuli4

. 

Prostaglandin H synthase (PGHS) or 
cycloox)'gcnase (COX) is the key enzyme in 
the ~nthesis of PGs from arachic_lonic . acid 
(AA) . It is a membrane-bound, b1funct1onal 
enzyme tlrnt exhibits both cyclooxygenase and 
peroxidase activity6

. AA is released from cell 
membrane (endogenous AA) by several 
agonists such as histamine7

, bradykinins8, 
cytokines9

-
10, and growth factors11

-
12 

•• including 
shear stress13. However, exogenous AA can 
directly activate PG synthesis via COX 
enzyme (COX activity). Recently, two 
isoforms of COX tltat is encoded by different 
genes have been identified14

-
16

. Type I PGHS 
(PGHS-l) or COX-l is constitutively 
expressed in va1ious manunalian cells and 
tissues18, whereas type 2 is ru1 immediate-early 
gene induced by a wide variety of stimuli 
including hormones, grm\1h factors and 
cytokines19-21 . PG!i is tlie major COX 
metabolite released from endothelial cells 
which participating in inflnmmation, 
at11erosclerosis, thrombosis, etc.22

-
23

. Endo­
t11elial cells cru1 be nctivated by AA and its 
metabolites resulting in changed PGI2 
released24

-
25

. PGh inhibits plntelet aggregation 
and tlirombus formation as well as a potent 
vasodilator by causing relaxation in vascular 
smooth muscle cells26

. It was shown that PGI2 
is mainly regulated by the actjvity of 
cyclooxygcnase27

. However, it is not known 
whether AA cru1 regulate t11e isoforms or COX 
and t11eir function in endothelial cells. The 
study of the effect of AA on COX isoform 
expression and function will be tool to study 
the regulation and signaling pathway of COX 
enzyme. This study will show such effect of 
AA on cultured endothelial cell by using 
human umbilical vein endothelial cell 
(HUVEC) 

MATERIALS AND METHODS 

Materials 

Unless otherwise indicated. all 
chemical reagents were obtained from Sigma. 
Human endotJ1elium SFM medium and heat­
aclivated fetal bovine semm (FBS) were 
purchased from GibCo (USA). COX- I (ovine) 
electrophoresis stru1dard, COX-2 (ovine) 
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electrophoresis standard, COX-l polyclonal 
antibody (rabbit antibody raised to purified 
sheep seminal vesicular COX l), COX 2 
(human) monoclonal antibody developed in 
mouse, 6-keto-PGF1" acetylcholinesterase 
tracer, 6-keto-PGF1a rabbit antisenun, 6-keto­
PGF1" standard, pre-coated mouse anH-rabbit 
microtiter plate and Ellman ' s reagent were 
obtained from Cayman Chemical (Australia). 
Phosphatase-label antibody to mouse IgG was 
from Kirkegnard & Perry Laboratories. Bio­
Rad protein nssay reagent, and nitrocellulose 
were purchased from Bio-Rad Laboratories. 

Hu111a11 umbilical vein endothelial cells 
(/JUVE(.') culture 

Human tunbilical vain endothelial 
cells were harvest from umbilical cords 
obtained nt normal vaginal deliveries or 
Caesarian sections. The method originally 

I ?B • I described by Jeffe et a - wit l some 
modifications. Briefly, a sterile technique was 
utilized in all mru1ipulations of the cord. 
Firstly. untrmunatized umbilical cord was 
severed from placenta at least 20 cm length 
presently after birth, placed in a sterile 
container filled with normal saline ru1d kept at 
4°C. Within 24 h nfter storage, the umbilical 
vein was cannulated and perfused with 
phosphnte buffer saline (PBS) ( 138 mM NaCl, 
2.7 mM KCI. 8 mM Na2HP04 and 1.46 mM 
KH2P04) pH 7.4 until all traces of blood was 
removed. The vein was tJ1en filled with 
11)1)sin-EDTA (0.5 % trypsin, 5.3 mM EDTA 
in PBS). After 10 min incubntion at 37 °C, the 
content or the vein were gently flushed out 
with an equal volume of M 199 (Sigma) and 
collected in a 50 ml falcon tube filled with 
FBS (l ml ofFBS for 10 ml oftrypsin-EDTA). 
The tube was centrifuged at 1400 g for IO min 
at 4°C. The supernatant was discarded and tJ1e 
pellet was resuspended in EC medium (Human 
endothelial SFM supplemented with 15 % FBS 
in addition of JOO ~1g I ml streptomycin and 
100 JU of penicillin G). Cells were grown in 
T75 plastic flasks (Sarstedt), fed twice a weak 
and maintained at 37°C in a water-sattuated 
atmosphere at 95 % ajr/5 % C02 until 
confluence. The confluent cells, then, were 
subcultured and grown in EC medimn 
supplemented witJ1 10 % FBS, 100 ~1g/ml 

streptomycin and 100 IU of penicillin G. Cells 
used in the studies were muformly in t11e tlurd 
passage. 
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A1easurement of 6-keto-PGF la released in 
HUVEC 

The second passnge of cells was 
subcultured into 96-well culture plate (Falcon) 
and fed with t11e EC medium supplemented 
with 10 % FBS, 100 ~Lg I ml streptomycin and 
100 IU of penicillin G every 2-3 days until 
confluence. After removal of the growth 
medium, t11e monolayers of intnct confluent 
EC (4 x 104 cells/well) were wnshed once wit11 
PBS, pH 7.4. Each well was then incubated 
with 200 µI of fresh EC medium containing 
0.02 % vehicle (ethnnol) as a control or AA at 
a concentration of 0.1, I, 10 or 20 ~LM. The 
cells were incubated at 37°C in n wnter­
saturated atmosphere 1mder 95 % air/5 % C02 
condition for 5, 10, 20, and 30 min. After 
selected incubation periods, the supernatant in 
96 well were collected to mensurc 6-keto-PGF 
ta (a stable metabolite of PG!" using EIA). 
Firstly, a microtiter plnte pre-coated with 
mouse anti-rabbit 111011oclonnl m1tibody was 
washed once wit11 wnsh buffer (0.0 l M 
phosphate buffer pH 7.4, 0.05% Tween 20). 
Then 100 ~ti of EIA buffer (1.0 M phosphate 
buffer, 13 3 g K2HP04, 3 2.15 g KH2P04 in l 
liter of ultra pure wnter containing 0.1 g % 
NaN3, 23.4 g % NaCl, 0.37 g % tetrasodium 
EDT A and l g % bovine sennn nlbumin) were 
added to non-specific-binding wells (NSB), 
and 50 µI to maximum-binding wells (80). 

Aftertliat 50 ~ti of standard or sample were 
added to the assigned wells followed the 50 ~ti 
of 6-keto-PGF1u acetylcholinesterase tracer in 
all wells except the blank (B) and the total­
activity (TA). Finally, 50 ~ii of 6-keto-PGF1« 

rabbit antisemm were added to all wells except 
B. TA and NSB. The plate wns then incubnted 
oyernight nt 4°C. After which time. the plnte 
was wnshed with wash buffer. Then. 200 ~ti of 
Ellman's reagent and 5 ~11 of tracers were 
added to all wells and the TA wells. 
respectively. The plate \WIS left standing at 
room temperature to develop color for l h and 
the absorbance was read at 415 nm by a 
microplate reader (BIO-RAD). The amount of 
% bound was calculated from OD of each well 
according to t11e formula: % BOUND = (S -
ayer NSB)/(aver B0 - aver NSB). S. aver 
NSB. aver B0 were referred to OD sample or 
standard. average of OD in NSB wells. 
m·erage of OD in Bo wells. respectively. The 
StiUtdards of 6-keto-PGF1u used were 3. 9-500 
pg I ml. The amount of 6-keto-PGF1« in 
samples was calculated from fixed standard 
curve. 
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Measurement of the isoform of COX protein 
expressed in HUVEC 

The tltird passage of confluent 
monolayer HUVEC in 6-well culture plate (1.2 
x 106 cells/well) was used in tltis experiment. 
The cells were incubated wit11 1.5 ml of EC 
medium contai1ting 0.02 % etlianol (velticle) or 
10 µM of AA at 37°C in water-saturated. 95 % 
air/ 5 % C02 incubation for 10 min, 3, 6, 12, 
18 and 24 hrs. After which time t11e medium 
was discarded and cells were washed once 
with 2 ml of PBS, pH 7.4. Then 100 ~ti of 
extraclion bulfer (50mM Tris base; 10 mM 
EDTA; l % (V/V) TritonX-100; 0.57 mM 
phenylmethylsulphonyl fluoride (PMSF); 1.5µ 
M pepstatin A and 2 ~tM leupeptin) was added 
to each well with gentle shaking. The cmde 
cell lysate from each well was t11en pooled and 
kept in an Eppendorf tube at -40°C until 
furt11er analysis for total protein and COX 
protein. The protein concentration in t11e cell 
lysnte was measured using Bio-Rad protein 
assay reagent Bovine senun albumin al 
concenlralion of 10-100 ~tg I ml in distilled 
water was used as standard. Ten µI of 
standard, diluted sample. or distilled water 
(blank) were pipetted into 96-well plate. Then, 
200 ~ti of Bradford reagent diluted with 
distilled water at 1:4 were added. The plate 
was kept at room temperature for 5 nun and 
measured for OD at 595 mn. All samples or 
st;indards were determined in triplicate and t11e 
average values were used for calculation. After 
protein concentration of cell were calculated, 
inummo blotting for COX protein was done by 
some modification of original met11od29

. The 
cmde cell lysate was boiled for 10 min in a 
ratio of l: I with gel loading buffer (Tris, 123.9 
mM: SDS 4 % w/v, glycerol 20 % VIV; 2-
mercaptoethanol , 10 % v/v and bromphenol 
blue, 0.2 %). Samples were centrifuged at 
3,200 g for l min before being loaded at equal 
amount of total proteins on SOS-PAGE 
(separating gel, 7.5 %; stacking gel, 4 %) and 
subjected to electrophoresis (l.5 h at 70 V) 
with separating buffer (T1is base, 0.25 M; 
glycine, 0.192 M; SDS, 0.1 %). Following 
electrophoresis. t11e separated proteins were 
transformed to a nitrocellulose membrane (1 h 
at 408 A) using a transfer buffer consisting of 
0.025 M Tris base. 0.192 M glycine and 20 % 
(VIV) methanol. After transferring to 
1titrocellulose, the blots were washed 6 times 
with wash buffer (10 mM T1is base, 100 mM 
NaCl and 0.1 % Tween 20) and blocked in 
blocking solution (5 % low-fat dry milk in 
wash buffer) for 1.5 h. After washing wit11 the 
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wash buffer for 6 times, the blots were primed 
( l.5 h) with a selective antibody raised to 
ovine COX-1 developed in rabbits (p1imary 
antibody, dilution 1: 1000 in wash buffer) or 
monoclonal antibody raised to COX-2 
developed in mouse (primal)' antibody, 
dilution I: 1000 in wash . buffer). The 
membranes were then washed 6 times with 
blocking solution and alkaline phosphatase 
cmtjugated goat anti-mbbit antibody 
(secondary antibody for COX-1 detection; 
dilution 1: 1000 in blocking solution) or 
phosphatase conjugated goat anti-mouse 
antibody (secondary antibody for COX-2 
detection: dilution 1 :5000 in blocking solution) 
were added. After l.5h incubation 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), 0.89 
mM; nitro blue tetrnzolium CNBn. 0.4 mM; 
Tris base, 100 mM; NaCl. 100 mM: and 
MgCh, 5 mM; (pH 9.5). The relntive enzyme 
mass was estimated by densitometry using · 
Image Master lD software (Phannacia 
Biotech) and expressed as densitometry unit 
per equal total loading proteins. 

Measurement of cell viabili~}' 

Cell respiration in nlitochondria is 
one of indication of cell viabili1y10

·
31 .To 

evaluate viability of cells 200 ~d of 0.2 mg/ml 
3-(4, 5 dimethylthiazol-2yl)2, 5 diphenyl 
tetrazolium bromide (MTT) in EC medium 
was added to each well and incubated at 37°C 
for 1 h llllcler water-sahuated atmospher~ with 
95 % air/5 % C02• The medium was then 
removed and 100 µI of DMSO was added at 
each well to solubilize tl1e cells. The extent of 
reduction of MIT to fonnazan in cells was 
quantitated by measurement of optical density 
at 595 nm using a microplate reader (BIO­
RAD). 

Statistical analysis 

Triplicate wells were done at each 
experiment and at least tllfee experiments were 
performed in tl1e same mruu1er on consecutive 
days. Statistical sig1lificance was determined 
by ANOVA or tmpaired t-test. A p value of 
less than 0.05 was selected to denote statistical 
significance. 
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RESULTS 

Effect of exogenous M on 6-keto-PGF 1a 

release from HUVEC 

Incubation of HUVEC witJ1 EC 
medium up to 30 min produced slight release 
of PGI2 (<3 pg/ml) which could not be 
precisely detected by EIA teclmique in tllis 
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 µM) could increase 6-keto­
PGF la significantly from t11e control (Figure 
l ). However, 0.1 and 1 µM of AA could not 
produce significant difference in t11e release of 
6-kcto-PGF la (p>0.05; Figure 1). 10 µM AA 
could increase the release of 6-keto-PGF 10 

significantly from 1 ~tM AA (p<0.05; Figure 
l), and further increased concentration of AA 
to 20 ~tM could augment tl1e release of 6-
keto-PGF l a which was only significantly at 
5min rutd 30-min incubation period (p<0.05; 
Figure IA Md ID). Moreover, 10 min or 20 
min incubation of AA did not produce 
significant difference in 6-keto-PGF la level 
between the 10 ~tM AA ru1d 20 µM AA 
groups (p>0.1 ; Figure 18 and 1 C). 

The incubation times were also 
compared with each ot11er at the equal dose of 
AA. It appears tliat t11e incubation periods for 
5 nlin up to 30 min could not produce 
significant difference in 6-keto-PGF l a release 
at 0.1 and I ~1M AA (p>0.05; Figure 2A and 
28). At 10 µM AA, 10 and 20 min incubation 
period gave higher release of 6-keto-PGF la 

which were significant difference from 5 min 
(p<0.05; Figure 2C). However, when the time 
was increased to 30 min t11e release was 
significantly decreased (p<0.01; Figure 2C). 
At 20 ~tM AA, 10 min incubation period 
increase 6-keto-PGF la not quite sigtlificantly 
when compare with t11e 5-min group (p = 0.05: 
Figiue 2D). Further increase the incubation 
time to 20 nlin or 30 min did not produce 
significant difference in 6-keto-PGF la level 
from 10 min (p>0.05: Figure 2D). 

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

Untreated control HUVEC contained 
COX- I protein but not COX-2 protein (Figure 
3 ru1d 4). However, very small amount of 
COX-2 protein could be detected in some 
batch of untreated HUVEC when compared to 
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Dose dependent effects of exogenous arachidonic acid (AA; 0.1, 1, 10, 20 µM) on 6-keto­
PGF la production in HUVEC after 5, 10, 20, or 30 min incubation of AA (panel A, B, C 
and D, respectively). A) The release was significant increase in dose dependent manner 
from 1-20 µM AA . 0.1 and 1 µM AA could not produce significant difference in 6-keto­
PGF la production B) The release was significant increase in dose dependent manner 
from 1-10 µM AA 0.1 and 1 ~tM AA or 10 and 20 µM AA could not produce significant 
difference in 6-keto-PGF 1a . C) The release was significant increase in dose dependent 
manner from 1-10 ~tM AA. 0.1 and 1 µM AA or 10 and 20 µM AA could not_produce 
significant difference in 6-keto-PGF1a production. D) The release was significant 
increase in dose dependent manner from l-20 µM AA . 0.1 and 1 µM AA could not 
produce significant difference in 6-keto-PGF la· 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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produce significant difference in 6-keto-PGF Ju release. B) Incubalion of AA I ~lM for 5 
min up to 30 min could not produce significant difference in 6-keto-PGF la release. 
C) 10 min incubation of AA 10 ~1M mcreasc 6-keto-PGF '"significantly from 5 min. 20 
min incubation of AA 10 ~1M did not produce significant difference in 6-keto-PGF la 
production from I 0 min incubation of AA JO ~1M. 30 min incubation of AA 10 µM 
significantly decrease 6-kclo-PGF '" produclion from 20 min i11cubation of AA 10 µM. 
D) 10 min incubation of AA 20 ~tM increase 6-keto-PGF '" which was not quite 
significantly from 5 min incubation of AA 20 ~1M (p=0.05). 20 min or 30 min incubation 
of AA 20 ~1M could nol increase 6-kelo-PGF i u production from 10 min. Data are 
expressed as Mean ± SEM of triplicate wells from '.l separate experimcnls performed on 
different days. * p < 0.05 when compared to control unlreated cells (C}. 
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The effects of AA (10 ~1M) on COX-I protein expressed in HUVEC at 10 min up to 24h 
incubation. A) shows representative Western blot from three independent experiments (Janel 
to 7). B) shows Mean ± SEM of COX-I protein ammmt estimated by densitometry from 
three separate experiments. Equal amounts of protein (10 µgll ane) were loaded in all lanes. 
Untreated control HUVEC (C); Ian! expressed COX-l protein at 23.9 ± 3.2 densitometry 
unil/10 ~1g total loading protein. The amounts of COX-l protein were not change 
significantly in lO µM AA treatment for 10 min. 3, 6, 12, 18 or 24h (lane 2 to 7). 
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StdCOX-2 

30 
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C 10 min 3h 6h 12h l 8h 24h 

AAIOµM 

The effect of AA (IO µM) on COX-2 protein expressed in HUVEC at 10 min up to 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 from tlte 
tliree separate experiments. Equal amo1mts of protein (IO µg/lane) were loaded in all 
!cutes. 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 (Janel) which was very low 
when compared to COX-1 in Figure 3 (4.97 ± 0.78 and 23.88 ± 3.2 densitometry unit/10 
µg total loading protein respectively). Although COX-2 expression trend to increase after 
3 h treatment (lane3 and 4) and decline to control level within 24 h (lane5 to 7), tlte 
difference between the control group and all of the treatment groups as shown were not 
significrull difference (p > 0.05). 
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COX-I protein (4.97 ± 0.78 and 23 .88 ± 3.2 
densitometry unit/IO µg total loading protein). 
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 tullreated HUVEC. In AA 
(10 µM) treated HUVEC for up to 24 h. the 
ammmt of COX-I protein was not chru1ged 
significantly when compared to untreated 
HUVEC (Figure 3). For the batch of 
detectable small amount of COX-2 in 
untreated HUVEC. the amow1t of COX-2 
protein was also not changed significanlly 
when compared to untreated HUVEC (4.97 ± 
0. 78 densitometry unit/IO ~tg total loading 
protein in untreated HUVEC alld 4.85 ± O. I5, 
9.45 ± 2.22. 9.15 ± l.84, 6.81 ± 0.47. 5.65 ± 
0.88, 4.94 ± 0.91 densitometl)• unit/IO ~1g total 
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loading protein at times 10 min. 3, 6, 12, 18 
ru1d 24 h respectively). 

Effect of exogenous M on cell viability 

To assess whether AA was toxic to 
cell, cell respiration, which was an indicator of 
cell viability, was detennined by mitochondrial 
dependent reduction of 3-(4, 5-dimethyl 
thiazol-2yl)-2, 5-diphenyl tetrazoliwn bromide 
(MTT) to formazan30

-
31

• The incubation of 
AA in HUVEC up to 20 µM for 30 min and up 
to 24h for JO µM gave tl1e high percentage 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 witl1 up to 20 µMand 30 min assessed 
by the ability of cells to reduce MTT to formazrui. Data are expressed as MEAN ± SEM 
from triplicate wells performed. on 3 separate experimental days (n = 9) 

Time 
(mins) 

5 
10 
20 
30 

Tablc2 

Time 

10 min 
3 hrs 
6 hrs 
12 hrs 
18 hrs 
24 hrs 

% reduction 
Control Arachidonic acid (µM) 
(medium only) 

0.1 l.O 10 20 

100.0 ± 2.9 97.9 ± 4.6 96.1 ±3.3 91.4 ± 3.4 93.4 ± 3.2 
100.0 ± 2.2 99.7 ± 3.5 96.7 ± 2.6 95.0 ± l.9 97.3 ± 3.0 
100.0 ± 2. I 98.7 ± 2.6 94 .7 ± 2.9 95.I ± 2.0 98.I±4.6 
100.0 ± 2.7 99.6 ± 3.3 I06.6± 6.7 95.4 :t 4.2 96.0 ±4.5 

Cell viability of HUVEC assessed by the ability of cells to reduce MTT to formazan when 
cells were treated with AA IO ~tM at times JO mins. 3. 6, 12, 18. and 24 hrs. Data are 
expressed as MEAN ± SEM from tripicate wells performed on 3 separate experimental 
days (n=9) 

Control(%) AA treated(%) 

100.0 ± 1.9 92.4 ±3.0 
100.I ±.2.4 92.0 ± 2.6 
100.0 ± 1.2 107.0 ± 2.5 
JOO. I ± 1.0 93.4 ±2.9 
99.9 ± 1.0 95.8 ± 1.7 
99.9 ± 2.0 100.4 ± 2.0 



20 

DISCUSSION 

PGh synthesis in human vascular 
tissue is mainly regulated by the 
cyclooxygenase enzyme32

. Here we show tJiat 
HUVEC in growth medium expresses COX-1. 
which is tl1e constitutive isoform, whHe COX-
2 protein was undetectable. However, very 
small amount of COX-2 can also be detected 
in some batches of the control group by this 
specific antibody. There is similar to previous 
reports which Wohlfeil E.R. and Campbell 
W.B.33 and Barry O.P. et.al.34 also found that 
1mtreated bovine coronary artery endothelial 
cells (BCAECs) and HUVEC can express 
small amotmt of COX-2 protein . Although 
COX-2 expression appeared in some batch of 
control HUVEC, the amotmt of protein was 
very low when compared to the COX-I protein 
(4.97 ± 0.78 vs 23.89 ± 3.20 densitometry 
mtit/10 ~tg total loading protein). Moreover, 
COX acti\'ity was not significantly different 
between tJ1e batch of undetectable and 
detectable small amotmt of COX-2 protein. 

Incubation of HUVEC with EC 
medium up to 30 min released undetectable 
amount of 6-keto-PGF1a (< 3 pg/ml). From 
our results shown in Figme l and Figure 2 we 
found tl1at exogenous AA at the concentration 
of 10 ~tM witl1 10 nun incubation time is the 
most appropriate to study COX activity in 
HUVEC because (i) 10 ~1M AA produced 
adequate :unount of 6-keto-PGF lu wltich 
could be precisely detected by this EIA 
teclmique and tJ1e increased concentration of 
AA to 20 µM did not produce significant 
difference in 6-keto-PGF '" for all periods of 
incubation time except at 30 min (Figure 1). 
(ii) At lower level of AA (0.1 ru1d I ~1M). 
incubation of AA for 5, 10, 20 or 30 nun did 
not produce significant difference in 6-keto­
PGF lu release (Figure 2A ru1d Figme 28) 
while incubation of 10 ~tM AA for 10 min 
could sig11ificru1tJy increase 6-keto-PGF l a 

production from 5 min. Moreover at 10 µM 
AA, farther increase in time (20 and 30 nun) 
could not augment 6-keto-PGF '" production 
wd appear to decrease at 30 min which was 
the reason why l 0 ~tM AA produced 
significant difference in 6-keto-PGF 1" level 
from 20 ~1M AA at 30 min (Figure 2C). (iii) 
At 20 ~tM AA, l 0 min tl1ere was significantly 
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increased 6-keto-PGF l a production from 5 
min but further increase in time also produced 
significant difference in 6-keto-PGF la level 
(Figure 2D). 

Metabolism of AA in the vascular 
wall proceeds mainJy by the cyclooxygenase 
pathway to PGs which a major product is PGI2 
(6-keto-PGF lu is a stable hydrolyzed form of 
PGI2) . It was shown that activators, e.g. IL- l, 
histamine, thrombin, calcium ionophore or 
phorbol myristic acetate (PMA) can increase 
PGl2 synthesis in endotJ1elial cells35

_
38

_ 

Histamine, thrombin and calcium ionophore 
rapidly initiate PG!i production by stimulating 
release of AA. whereas, IL-I and PMA is 
accompanied by elevated AA concentration 
and increased the expression of 
cyclooxygenase35

· 
39

. It is unclear tliat elevated 
AA can co11t1ibute to Ute expression of COX-2 
protein in HUVEC. Barry OP. et al 34 also 
found that AA in platelet microparticle can 
induce expression of COX-2 ru1d prostacyclin 
production in HUVEC. Therefore, we have 
examined whether arachidonic acid (10 µM) 
altered COX protein expression when cells 
were incubated for up to 24 h. Figure 3 ru1d 4 
shows that AA (I 0 ~tM) treated HUVEC for up 
to 24 h neither changed COX-1 protein nor 
induced COX-2 protein expression. These 
suggested that elevated endogenous AA in 
some states could not contributed to the 
expression of either COX-I or COX-2 protein. 
Thus. the increase in 6-keto-PGF la production 
afier incubation of HUVEC with l 0 µM AA 
for I 0 min was due to stimulation of COX 
ac1tv1ty (especially COX-1) without 
upregulation of either COX-I or COX-2 
protein. 

The experiment was also evaluated 
the effect of AA at various concentrations and 
times of incubation on tl1e viability of 
HUVEC. It was shown tl1at AA at 
concentration up to 20 µM for 30 min and up 
to 24 h for 10 ~tM did not influence on 
respiration of cell when compared to tJ1e 
control. Thus, our study showed that 
incubation of HUVEC witJ1 AA 10 ~tM for 10 
min was the most appropriate concentration 
mid time to study COX activity in this cell type 
when EIA was used as measurable metl1od. 
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EFFECT OF N-(2-PROPYLPENTANOYL) UREA ON RAT HEPATIC DRUG 
METABOLIZING ENZYMES 
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ABSTRACT 

Effect of N-(2-propylpentanoyl)urea (VPU) on rat hepatic drug metabolizing 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 aninrnls were 
sacrificed by cervical dislocation. Hepatic microsomal and cytosolic subfractions were isolated. 
Microsomal total cytochrome P450 contents, microsomal cytochrome P450 enzyme-substrate 
activities, cytosolic glutathione S-transferase activities and hepatic total glutathione were determined. 
No effects of VPU and VPA were observed on total cytochrome P450 contents, ethoxy- and 
methoxyresorufm 0-dealkylase activities (representing CYP IAI & 1A2 activities), aniline 4-
hydroxylase activities (representing CYP 2El activities), glutathione S-transferase activities and 
hepatic total glutathione. However, pentoxy- and benzyloxyresorufm 0-dealkylase activities 
(representing CYP 2Bl & 2B2 activities) were significantly increased by VPU. Correspondingly, CYP 
2B I & 2B2 proteins detected by Western blotting were slightly increased following VPU treatment. 
Further study on the effect of VPU on other isoforms of CYP, involving in human drug metabolism, 
was suggested. 
Key words: N-(2-propylpentanoyl) urea, valproic acid, cytochrome P450, glutathione S-transferase, 

total glutathione 
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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 effects1

•
3
• 

Hepatotoxicity and teratogenicity are two 
major drawbacks of this drug repo11ed in both 
experimental animals and humans24

• 

Therefore, several laboratories have attempted 
to develop improved derivatives so as to 
reduce these unwanted effects but improve the 
efficacy5

• 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 Chemistry, 
Faculty of Pharmaceutical Sciences, 
Chulalongkorn University6

• 

Figure 1 

Figure 2 

Valproic acid (VPA) 

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 VPA7

• Developmental 
toxicity, regarding effects on axial rotation and 
embryonic growth, was lower in VPU-treated 
animals compared with those of VPA-treated8

• 

Hepatotoxic effects were observed in vivo and 
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in vitro only at large dose of VPU 
administration9

. Pharmacokinetic studies 
utilizing 14C-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 anticonvulsant activity10

• 

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 inhibitor11

• Preliminary 
study of the effect of VPU on hepatic drng 
metabolizing enzymes demonstrated a prolong 
barbiturate sleeping time7

• 

In addition, in vitro study using 
human liver microsome, VPU demonstrated an 
inhibitory effect on CYP 2C9 & CYP 1A210

• 

Therefore, the aim of this study was to assess 
the effect of VPU on phase I metabolizing 
enzymes, cytochrome P450 (CYP) including 
CYP lAl , CYP IA2, CYP 2Bl, CYP 2B2 and 
CYP 2El. Effect of VPU on glutathione S­
transferase (GST), an important phase 11 
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 Chemical Co. (USA): 4-
aminophenol, aniline hydrochloride, bovine 
serum albumin, l-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, sodium 
phosphate dibasic anhydrous, Trisma® base, 
valproic acid, benzyloxyresorufin, 
ethoxyresorufin, methoxyresorufin, 
pentoxyresorufin and resorutin. 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 generously 
obtained from Prof. Kan Chiba. 

Animals 

Adult male Wistar rats, weighing 
250-300 gm, 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 l , 
control group 2, VPA treatment group and 
VPU treatment group. Four animals were 
studied simultaneously during each 
experimental period (I 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 maimer. Animals 
in VPA treatment group received VPA at a 
dosage of250 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 by cervical 
dislocation. Livers were perfused in situ with 
ice-cold 0.9 % sodium chloride via portal vein. 
Small portion of livers were stored at - 80°C 
for total GSH assay. Microsomal and cytosolic 
subfractions were prepared by homogenizing 
the remaining portion of livers in 3 volume of 
phosphate buffer, pH 7.4. After the 
homogenate were centrifuged at 4°C for 30 
minutes at I 0,000 g, the obtained supernatants 
were further centrifuged at 4°C for 60 minutes 
at I 00,000 g. The microsomal pellets were 
resuspended in 5 ml of phosphate buffer pH 
7.4 containing 20% v/v glycerol. Microsomal 

25 

and cytosolic subfractions were stored at -
80°C. Liver microsomal and cytosolic protein 
concentrations were determined by the method 
of Lowry et al. 12

• 

Total CYP content determination 

Total CYP contents in microsomal 
subfractions were determined 
spectrophotometrically by the method of 
Omura and Sato13

• The quantity of CYP was 
calculated from the absorbance difference 
(450-490 nm) after reduced by sodium 
dithionite and bubbled with carbon monoxide. 
The extinction coefficient of91 mM·1 cm·• was 
used for a calculation. 

Alkoxyresorufin 0-dealkylation assay 

The 0-dealkylations of ethoxy-, 
methoxy, benzyloxy- and pentoxyresorufin by 
liver microsomes were determined according 
to the method of Burke and Mayer14 and Lubet 
et al. 15 with slight modifications. Each I ml of 
reaction mixture contained 0.1 M Tris buffer, 
pH 7.4, alkoxyresorufin (5 ~1M), NADPH 
regenerating system [comprising NADP (1 
mM), G6P (SmM), and magnesium chloride (3 
mM)], and microsomal sample (containing 100 
µg of protein). Three tubes of 1 ml of reaction 
mixture were prepared for each sample (I tube 
for a blank and the remaining 2 tubes for a 
sample). The reaction was started by the 
addition of 10 µI ofG6PD (100 units/ml) in 20 
mM potassium 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 I ml of methanol 
(HPLC grade). 

The 0-dealkylations of 
alkoxyresorufins were determined by 
measuring the amount of resorufin formed by 
fluorescence spectrophotometer (excitation A.= 
556 nm and emission A. = 589 iun) and 
expressed as a function of time and amount of 
protein. 

Aniline 4-hydroxylation assay 

The 4-hydroxylation of aniline by 
liver microsomes was determined according to 
the method of Schenkman et al. 16

, 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 function of time and amount of protein. 

Glutathione S-transferase assay 

Liver cytosolic GST activities were 
detem1ined spectrophotometrically at 340 nm 
according to the method of Warholm et al. 17

, 

utilizing l-chloro-2,4-dinitrobenzyene 
(CDNB) as a substrate. The extinction 
coefficient of 9.6 mM-1 cm·• was used for a 
ca!Culation of enzyme activities which were 
expressed as a function of time and amount of 
protein. 

Total glutathione determination 

Total GSH concentrations were 
determined by homogenizing the liver samples 
with 0.1 M Tris buffer, pH 7.4 and 
precipitating protein with 10% trichloroacetic 
acid. After centrifugation at 5,000 g for 10 
minutes, the supematants were then examined 
for total GSH according to the method of 
Sedlak and Lindsey18

, utilizing 5,5'-dithiobis­
(2-nitrobenzoic acid) (DTNB) as a substrate. 
Total GSH was determined 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. 

Western blot analysis 

Liver microsomes ( 15 µg of protein) 
were subjected to sodium dodecyl sulfate -
polyacrylamide gel electrophoresis (SDS­
PAGE) according to the method of Laemmli19 

Somsong Lawanprasert 

and the proteins were transferred onto a 
nitrocellulose membrane according to the 
method of Towbin et al.20 with a minor 
modifications21

• Rabbit antibody to rat CYP 
2B 1 & 2B2 was used as the first antibody 
whereas goat anti-rabbit IgG with rabbit 
peroxidase-antiperoxidase complex was used 
as the second antibody. The visualized stain 
was developed by adding a fresh solution of 
3,3' diaminobenzidine and hydrogen peroxide. 
The intensities of the immunoblot were 
measured with an Epson GT-9600 scanner 
equipped with NIH Image/Gel Analysis 
Program adapted for Macintosh computers. 

Statistics 

One-way analysis of variance 
(ANOV A) was used to evaluate the mean 
differences among 4 treatment groups. If the 
differences were significant, Student-Newman­
Keuls tests were used for painvise 
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 
VPU and VPA on total CYP content were 
found as compared to those in the control 
group 1 & 2 (Table 1 ). 

Table 1 Effect ofVPU on hepatic microsomal total CYP content (mean± SE) 

Treatment group Total CYP content<•> (n =6) 

1. Control group I 0.620 ± O.o31 

2. Control group 2 0.639 ± 0.031 

3. VPA treatment 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 
alkoxyresorufin 0-dealkylase activities 

No effects of PEG 400 were observed 
on the 0-dealkylation of all alkoxyresorufins 
used in this study. Both ethoxy- and 
methoxyresorufin 0-dealkylase (EROD and 
MROD, respectively) activities which 
represented CYP l Al & l A2 activities, 
demonstrated no change following VPU and 
VPA treatments as compared to those in 
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control group 1 & 2. Benzyloxy- and 
pentoxyresorufin 
0-dealkylase (BROD and PROD, respectively) 
activities, which represented CYP 2B 1 & 2B2 
activities, showed no change after VPA 
treatment. Significant increases of BROD and 
PROD activities were observed following VPU 
treatment as compared to those in control 
group l & 2 (Table 2). Corresponding to the 
activity data, CYP 2B l & 2B2 proteins 
detected by Western blotting were slightly 
increased following VPU treatment (Figure 3). 

Table 2 Effect ofVPU on hepatic microsomal alkoxyresorufin 0-dealkylase activities (mean± SE) 

Treatment group Alkoxyresorufin 0 -dealkylase activities (a) 

EROD 
(n '=6) 

l. Control group l 60.67 ± 8.27 

2. Control group 2 58.33 ± 8.07 

3. VPA treatment group 57.33 ± 10.46 

4. VPU treatment group 70.33 ± 7.14 

(a) Unit expressed as pmole/mg protein/min 
* p < 0.05; VPU vs Control group 1 & 2 

kDa 1 

83 

62 

47.S 

32.5 
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MROD BROD PROD 
(n =6) (n =6) (n =6) 

22.00 ± 3.76 28.67 ± 4.81 5.00 ± 0.86 

14.33 ± 2 .80 27.00 ± 4.73 2.33 ± 1.31 

19.33 ± 3.68 28.67 ± 8.89 3.00 ± 1.44 

20.00 ± 3.58 68.33 ± 10.20* 9.67 ± 0.95* 

-.7 

Figure 3\Vestem immunoblot of liver microsomes isolated from rats treated with PEG400 (lane 2-4), 
VPA (lane 5-7) and VPU (lane 8-10) as described under materials and methods. Protein marker was 
shown in lane l. The arrow indicated CYP 28 l and 282 
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Effect of VPU on hepatic microsomal aniline 
4-hydroxylase activity 

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

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

Effect ofVPU on hepatic total GSH 
concentration 

Effect of VPU on hepatic cytoso/ic GST 
activities 

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). 

Table3 

Table 4 

Table 5 

Effect ofVPU on hepatic microsomal aniline 4-hydroxylase activity (mean± SE) 

Treatment group 

I . Control group 1 

2. Control group 2 

3. VPA treatment group 

4. VPU treatment group 

Aniline 4-hydroxylase activity<•> (n =6) 

0.259 ± 0.017 

0.295 ± 0.029 

0.210 ± O.ot5 

0.272 ± 0.028 

<•>unit expressed as nmole/mg protein/min 

Effect ofVPU on hepatic cytosolic OST activities (mean± SE) 

Treatment group 

1. Control group 1 

2. Control group 2 

3. VPA treatment group 

4. VPU treatment group 

GST activities <•> (n =6) 

919.08 ± 111.84 

996.00 ± 97 .06 

969.20 ± 95.27 

889.24 ± 74.89 

<•>Unit expressed as nmole/mg protein/min 

Effect ofVPU on hepatic total GSH concentration (mean± SE) 

Treatment group total GSH concentration 

nmole/mg protein µmole/g liver 
(n =6) (n =6) 

I. Control group I 30.25 ± 2.02 6.62 ± 0.43 

2. Control group 2 30.17±0.69 6.52 ± 0.31 

3. VP A treatment group 34.77 ± 1.45 7.01 ±0.20 

4. VPU treatment group 34.19 ± 1.78 7.14 ± 0.24 
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DISCUSSION 

Therapy with antiepileptic drugs has 
been known to be associated with a wide range 
of dmg interactions, including hepatic enzyme 
induction and inhibition as well as protein­
binding displacement. Phenobarbital, 
primidone, phenytoin and carbamazepine are 
inducers of CYP 2C and CYP 3A whereas 
valproic acid is inhibitors of CYP 2C, UDPGT 
and epoxide hydroxylase11

• Therefore, in the 
dmg development process of a new 
antiepileptic drug, preclinical testing involving 
effect of that compound on hepatic dmg 
metabolizing enzymes is recommended22

• In 
this study, we followed the protocol of the 
Anticonvulsant Screening Project (ASP) of the 
Antiepileptic Drug Development (ADD) 
program that suggested several hepatic 
parameter measurements following 7 days of a 
compound dosing. Dosages of both VPU and 
VPA used in this study \Vere median effective 
doses (ED50) protected rats against maximal 
electroshock convulsion which were 80 mg/kg 
and 250 mg/kg, respectively7. 

In this study, we evaluated the 
effect of VPU on the activities of four 
alkoxyresorufin 0-dealkylase, including 
EROD and MROD which represented 
activities of CYP JAi & IA2, as well as 
BROD and PROD which represented activities 
of CYP 2B I & 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 ofCYP, 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 treatments 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 2B I 
& 2B2 activities by VPU was much less than 
that by phenobarbital, the corresponding CYP 
2B I & 2B2 proteins detected by Western 
blotting were shown slightly increased. This 
was probably due to the rapid excretion of 
VPU from the body10

• Even though the 
induction effect of VPU on CYP 2B I & 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 2B I 
& 2B223

. However, the effect was not shown 
in the in vivo study when multiple dosing of 
VPA were administered to the animals23 
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possibly due to the short half-life of this drug 
in rats (10-20 minutes)24

• Similarly, VPA did 
not show an induction effect on CYP 2B I & 
2B2 in our in vivo study. 

The induction effect of VPU on CYP 
2B I & 2B2 found in this study could not 
explain the prolong barbiturate sleeping time 
after simultaneously single administration of 
VPU and pentobarbital reported previously7

• In 
this regard, VPU might act as an enzyme 
inhibitor of CYP 2B l & 2B2 by competitively 
competing with pentobarbital binding to the 
same binding site on these isoforms. Dual 
effects of VPU on CYP 2B I & 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 IA! & IA2, 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 B1) to 
toxic metabolites. Such metabolic 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 
2EI also bioactivates a number of compounds 
(e.g. acetaminophen), to yield cytotoxic or 
carcinogenic intermediates25

"
26

. Thus the 
induction of CYP !Al & IA2 and CYP 2El 
isoforms generally increase the risk of 
toxicological consequences following exposure 
to environmental 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 !Al & 
IA2 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 effects9

• 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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microsomal CYP !Al & 1A2, CYP 2El 
activities, hepatic cytosolic GST activities and 
hepatic total GSH CYP 2B l & 2B2 activities 
were significantly increased following VPU 
treatment, correspondingly to a slight increase 
of CYP 2B l & 2B2 proteins detected by 
Western blotting. Effect of VPU on other 
isoforms of CYP, involving in human drug 
metabolisms, was suggested for a further 
study. 
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ASCORBIC ACID AND ATHEROSCLEROSIS 
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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, inflammatory process potentiated by cytokines also importantly contributes to the 
pathogenesis. These complex mechanisms 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 determined 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 disease. 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 the 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 mechanisms, 
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 (PGI2), nitric oxide 
(NO) and endothelin (ET-1). Vascular endothe 
1iU1n, responsive to a variety of pathophysiolo 
gic stimuli, plays a cmcial role in maintaining 
vascular integrity in part by the synthesis and 
release of vasoactive mediators influencing 
vascular relaxation and contraction. Hence, 
dysfunction of endothelial cells is strongly 
pointed to be a pathogenetic role in the initia 
tion of atherosclerotic vascular disease and its 
clinical complications. 1

•
6 

The mechanisms account for initia 
ting atherosclerotic lesion have not been 
completely elucidated, 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 foam 
·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.1·

1° Free radical-mediated 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 mechanisms, 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. 10 Moreover, 
the damaging free radicals may cause either 
direct arterial wall injury or more may accele 
rate secondary processes including depletion 
of antioxidants (such as ascorbic acid or a.­
tocopherol), protein peroxidation, and activa 
tion of phagocyte-platelet-endothelial cell inter 
actions. Ox-LDL and free radicals probably 
both can inactivate N0. 11

•
12 Interestingly, adhe 

sion molecular gene expression and consequent 
mononuclear leukocyte recruitment may be 
induced by oxidative stress as an important 
intracellular signal in the pathogenesis.13 
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The inflammatory process, mediated 
by adhesion molecules, cytokines such as IL­
i p and TNFcx, and eicosanoids, also accounts 
for the observed endothelial damage leading to 
endothelial vasodilator dysfunction in athero 
sclerosis. Therefore, abnormal endothelial func 
lion has been caused by various mechanisms, 
including oxidative stress and cytokine-induced 
the expression of adhesion molecules on the 
endothelial cell surface13

"
15

, 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. 13

"
16 

Ascorbic acid or vitamin C, a water­
soluble antioxidant has been shown as anti 
atherogen that can prevent LDL oxidation and 
help to preserve a.-tocopherol (vitamin E) in 
lipoproteins. This strong reducing agent very 
effectively protects lipids in human plasma 
against peroxidative damage b.f. scavenging 
oxygen-derived free radicals. 12

•
1 

•
19 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 intracellular 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 N0 11

•
12

•
20 and prostanoid actions. 

Hence, in addition to the effect on cytotoxic 
ox-LDL, ascorbic acid presumably have the 
possibility to retard damaged endothelium by 
protecting against inflammatory mediators 
including cytokines, such as IL- Ip, TNFcx, and 
prostanoids.21 

However, previous studies provide 
limited support for the hypothesis that the 
dietary 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.22

•
23 

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. 
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Pathogenesis of atherosclerosis 

At the inner vascular surface in early 
atherosclerotic lesion, the endothelial cells are 
abnormal shape and function. Beneath the 
endothelium lies the fibrous caps composed 
mainly of extracellular collagen, fibrin, elastin, 
and proteoglycans, occasional lipid-laden macro 
phages (foam cells), and modified smooth 
muscle cells. Deeper within the vessel wall and 
beneath the fibrous cap are several layers of 
smooth muscle cells interspersed with macro 
phages and foam cells. Macrophages that 
process and internalize extracellular lipids, the 
LDL, are activated and changed to be foam 
cells, avidly accumulated and then initiating 
the fatty streak, the first atherosclerotic lesions 
and the probable precursor of atherosclerotic 
plaque.4.s,24 

In vitro studies show that native (un 
modified) LDL is unlikely to contribute to the 
development of atherosclerotic lesions. The 
lipoprotein may be transformed into an athero 
genie agent through several mechanisms, inclu 
ding acetylation, nonenzymatic glycation, and 
oxidation. This suggests that the oxidative 
modification of LDL may be of particular 
significance7

•
8 and much more atherogenic 

than native LDL in many ways because it is 
taken up rapidly by macrophages.24·25 

Atheroma, a chronic inflammation 
process, teams with cells including vascular 
wall cells, such as endothelium and smooth 
muscle, as well as infiltrating leukocytes.5

•
34·25 

It contains ceroid pigment, a complex of 
oxidized lipids and protein. Transformation of 
the fatty streak into the mature plaque occurs 
with foam cell necrosis. Necrosis occurs when 
the influx of ox-LDL exceeds the capacity of 
the macrophage scavenger receptor to take up 
LDL. Thus, the ox-LDL concentration in the 
subendothelial space increases rapidly. Ox­
LDL is cytotoxic to macrophages '8, smooth 
muscle cells8

•
34, and endothelial cells2'3' 12

• As it 
poisons foam cells, cell necrosis ~eleases 

intracellular ox-LDL plus lysosomal enzymes 
and free radicals that further injure adjacent 
cells and interstitial components, both directly 

d . d . . fl 3 17·19 an m ucmg an m ammatory response. · 
(Figure I) 

Ox-LDL can cause endothelial damage 
and platelet aggregation, adherence and activa 
tion. Platelet degranulation releases platelet­
derived growth factor (PGRF) and secretory 
products that augment oxidative modification 
of LDL and its subsequent uptake by macro 
phages. 

35 

The abnormal functions of cells 
within atherosclerotic lesions account for the 
impaired endothelial vasodilator dysfunction.20 

The exact mechanisms mediated in the cellular 
regulation remain ill-defined. It has been 
shown the specific adhesion molecules on the 
surface of endothelial cells that may induce the 
adhesive interactions significant to the athero 
sclerotic initiation. Vascular cell adhesion mole 
cule-l (VCAM-1), a mononuclear leukocyte­
selective adhesion molecule cells during early 
atherosclerotic lesion development in ce1tain 
animal models 16, expressed by endothelium 
precedes monocyte recruitment.5·13' 16 Addi 
tionally, cytokines, the protein mediators of 
inflammation and immunity may have parti 
cular relevance in regulation of many aspects 
of vascular pathology in atherosclerosis. Exam 
pies of cytokines known to localise in human 
atheroma are TNF-a5

•
43 and IL-IP5·13·14

• IL-IP 
derived from vascular smooth muscle and 
endothelial cells may initiate local immune and 
inflammatory responses as well as potentiate 
the expression of adhesion molecules and 
chemoattractant cytokines, e.g. IL-8 or IL-I 
itself, that can then recruit the phagocytes.14 

Thus, both ox-LDL and inflammatory media 
tors may evoke the expression by endothelial 
cells of the adhesive proteins that capture 
leukocytes and recruit them to the sites of 
lesion initiation.5 

Moreover, a significant role in the 
atherogenesis is the inflammatory components 
that involve prostanoids, especially PGI2, the 
major product in the endothelial cell, that also 
crucially modulates vascular tone in part by 
acting on endothelial and smooth muscle cells, 
platelet and leukocytes. Since PGii is a potent 
inhibitor of platelet aggregation, leukocyte 
activation and adhesion, vascular smooth 
muscle contraction, migration and growth, and 
cholesterol ester accumulation in vascular 
cells, participating in hypersensitivity and 
suggested to be agonists for pro-thrombotic 
and pro-atherosclerotic process. Consequently, 
COXs which exist as COX-I and COX-2, the 
central enzymes regulating the prostanoid 
synthesis from membrane-derived arachidonic 
acid, are also substantial in the pathogenesis. 
Particularly, COX-2, the inducible enzyme that 
can be rapidly up-regulated by a variety of 
biochemical stimuli, such as LPS2

•
3

, cyto 
kines40, growth factor36·37

, and possibly ox­
LDL.15,16 
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Figure 1 Postulated pathway of atherogenesis 

Hence, changes in the endothelial 
function are particularly important since the 
endothelium regulates vascular tone by 
releasing the major vasoactive mediators 
including PGI2, ET-1 and NO involved in 
relaxation and contraction, in coagulation and 
thrombus formation and in growth inhibition 
and stimulation.2

•
3

•
26 This suggests that the 

damaged endothelial cells and subsequently 
impaired formation of vasoactive mediators 
deteriorate the regulation of vasomotor tone in 
coronary artery disease. 

It is now well-established that free 
radicals, such as superoxide (02°-), peroxyl 
radical (HOO"), lipid oxyl and peroxyl radicals 
derived from polyunsaturated fatty acids 
(PUFAs), hydroxyl radical (HO"), and other 
reactive oxygen species (such as H202) are 
continuously produced in vivo.7

•
27 The term 

reactive oxygen species (ROS) is a collective 
one that includes not only oxygen-centered 
radicals such as 0 2·- and OH" but also some 
nomadical derivatives of oxygen, such as 
hydrogen peroxide (H20 2), singlet oxygen fig, 
and hypochlorous acid (HOCL).24 OH" is a 
very reactive species that can attack all biologi 
cal molecules and membrane proteins, usually 
setting off free-radical chain reaction by 
abstracting hydrogen from adjacent fatty acid 
side chains and so propagating the chain 

Oxidation and atherosclerosis 

Reactive oxygen species: origins and 
consequences 
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reaction of lipid peroxidation. 19
•
28

-
30 Both 0 2·­

and H20 2 are less harmful than OH• because of 
far less reactive but can cause cellular damage 
if they are produced in excess. 

The human body has a multipli city of 
different antioxidant defenses. However, anti 
oxidant defenses are not I 00% effective. 
Consequently, depletion of antioxidant defenses 
and/or 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.30 

The relative impo11ance 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 mechanism it is imposed, for how 
long, and the nature of the system stressed. For 
example, lipid peroxidation appears to be a 
highly significant consequence of oxidative 
stress in injured human ai1erial walls. How 
ever, most cells can tolerate mild oxidative 
stress, which often leads to increased synthesis 
of antioxidant defense systems. 24 

Oxidative modification of /ipoproteins 

The free radical chain reaction of 
LDL oxidation plays an important role in the 
progression of atherosclerosis.29 (Table I) 
Although, the oxidation hypothesis of athero 
sclerosis has not yet been definitely proved, 
evidence that oxidation is critical to athero 

37 

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.30

•
31 

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 c)1ela 
tors. 18 

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.). 10

-
12

•
32 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 PUFA 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 PUF As and producing a 
corresponding quantity of hydro-peroxide. The 
chain reaction does not stop until the chain­
carrying peroxyl meets and combines with 
another reroxyl radical to form inactive 
products. '27 

stage 1. L- H + oH· ~ H20 + L. 
2. L• + 02· ~Loo· 
3. Loo·+ Loo· ~inac:tiveproclucts 

Figure 2 Lipid peroxidation stage. 

It is postulated that ox-LDL can 
inhibit endothelium relaxations and promote 
endothelium 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, leadin~ to enhanced formation of 
eicosanoids. 16

•
29

• 
6 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 lipid hydroperoxides37

-
39

, addition 
ally the increase in COX-2 expression, known 
to occur under pathological conditions2

•
40

, was 
correlated with an increase in free radical 
catalyzed products of arachidonic acid, 8-epi 
prostaglandin F2a

38
·
39

, the isoeicosanoids which 
may be formed by either COX-I or COX-2.39 

Thus, oxidative stress caused by ox-LDL could 
have profound effects on vascular function by 
a variety of mechanisms including the imba 
lance ofprostaglandins.36

-
38 
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/11active Nitric Oxide (NO) 

It is documented that NO is formed in 
endothelial cells, phagocytes and many other 
cell types, from a guanidino nitrogen of L­
arginine by an oxidation reaction which can be 
catalyzed by NO synthase. Since NO has 
ability to relax vascular smooth muscle and 
inhibit aggregation and adhesion ofplatelets1"3, 

therefore it is thought to play a central role in 
vascular homeostasis. Specifically in the role 
of atherogenesis, NO possibly inhibits throm 
bosis, cytokine-induced VCAM-1 expression, 
leukocyte adhesion to endothelium, and 
smooth muscle proliferation and migration. 
The ineffective action of NO has been found 
in atherosclerotic patients.41 

Table 1 The potential atherogenic properties of ox-LDL. 

l . Foam cell formation.33 

2. The exertion of chemotactic and 
cytotoxic activities. 18 

3. The production of damaging free 
radicals.7 

4. The impaired production and 
inactivation of N0.2·3·6 

5. The stimulation of ET- I secretion. 1·26 

The accumulated ox-LDL in macrophages that express 
abundant scavenger receptors for modified LDL results 
in foam cell formation.33 

Ox-LDL stimulates the monocyte to penetrate into the 
subendothelial space of the arterial wall by directly itself 
and by indirectly mediating the expression of the 
VCAM-1 expressed on endothelial cells.s·13 Thus, ox­
LDL-induced the intimal accumulation of monocytes 
and smooth muscle cells as well as itself cytotoxicitS. can 
cause endothelial and smooth muscle cell damage. 3 ·35 

Ox-LDL could involve releasing extracellular 0 2·- and 
H20 2 by endothelial cells, which then interact with 
transition metal ions, to form damaging species such as 
OH•, significantly start ing off lipid peroxidation.2s·27 

Ox-LDL can interfere with the intracellular availability 
of L-arginine and inactivate NO that result in altering the 
endothelium response to NO, thus potentially inhibiting 
arterial relaxation.2

•
35 

ET- I is a potent vasoconstrictor possibly involved in a 
variety of cardiovascular diseases.1'2 The expression of 
ET-I mRNA can be induced by ox-LDL in cultured 
aortic endothelial cells. 1·2•

26 

In endothelial vascular dysfunction, 
inactive NO has been attributed in part to 
vascular oxidative stress since NO is readily 
inactivated by superoxide anion (02·-), mostly 
produced by phagocytes, subsequently genera 
. . . . (ON00-)10.12 42 

production by damaged endothelium or 
increased degradation by oxygen-derived free 
radicals (especially 0/-).20 

Addito11al effects of oxidatio11 
tmg peroxymtnte anion · : 

Additionally, 0 2·- can act as a vaso 
constrictor and ONOO- might not only be 
toxic itself but also it might decompose to give 
OH·. 

Consequently, the decreased bioavai 
!ability of NO may be due to either decreased 

In the previous studies, in addition to 
ox-LDL, cytokines, e.g. IL-Ip and TNFa, 
have been shown to exert oxidative stress, 
probably by inducing the synthesis of oxygen 
radicals in both lymphoid and nonlymphoid 
cells43, consequent leading to oxygen radical 
induced injury of the vascular endothelium. It 
has been established that cytokines-induced 
oxidative stress may modulate intracellular 
regulatory signal by redox-sensitive signal 
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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 
products involved in the inflammatory 
response including COX-2 and iNOS expres 
sion.16,37,43 

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. 23·24·44·45 

Antioxidants can be defined as sub 
stances whose presence in relatively ·tow 
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.44 

Some antioxidants are synthesized in 
the human body including enzymes (such as 
superoxide dismutase, catalase, and glutathi 
one peroxidase) and nc.nenzymatic antioxidant 
free radical scavengers (such as a-tocopherol, 
ascorbic acid, P-carotene). These native tissue 
antioxidants form a synergistic, . multilevel 
defense system against free radical injury.7 

Removal of excess 0 2·- by intracellular super 
oxide dismutase (SOD) enzymes is an im 
portant ph~siological antioxidant defense 
mechanism. 6 In endothelial cells, both catalase 
and glutathione peroxidase enzymes are 
involved in removal of hydrogen peroxide 
(H20 2). Large amounts of H202 are cytotoxic 
to cell types, and endothelial cells are no 
exception because endothelial cells can be 
killed by high concentrations of H202 by 
mechanisms that involve damage to DNA and 
proteins caused by free radicals and an 
increased concentration of intracellular free 
calcium ions.25 However, low concentrations 
of H20 2 are efficiently dealth with by catalase 
and glutathione peroxidase, the enzymes that 
metabolise H20 2 in the endothelium. 

As a result of superoxide that can be 
generated by endothelial and phagocytic cells, 
whether endothelial cells release superoxide all 

39 

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 ONoo-, 
consequently superoxide antagonises the vaso 
dilatory action of NO as well as superoxide 
dismutase, an intracellular antioxidant enzyme 
that scavenges superoxide, prolongs the life of 
NO. 11,12,20 

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

Therefore, both generally and locally 
in tissue, the balance between free radical 
production and the multilevel defense system 
may be critical. In according to the evidence 
that endogenous antioxidants do not complete 
ly prevent ROS-induced oxidative stress in the 
human body, consequently efficient repair 
systems are needed and supplementing natural 
antioxidant defenses may retard oxidative 
damage.27·30 

It is hypothesized that dietary antioxi 
dants may prevent development and slow 
progressi 1n of atherosclerosis by several 
species. i,DL 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.22'23 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 IL­
i p and TN Fa. 16'37 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 
cells43, consequently, in particular, the en do 
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 dietary admini 
stration of various antioxidant compounds 
reduces the susceptibility of LDL to oxidation 
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and retards the development of atherosclero 
sis.45

""
8 Epidemiologic data also suggests that 

decreased levels of micronutrient antioxidants 
are associated with an increased frequency of 
cardiovascular disease: 

Ascorbic acid (vitamin c) 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 spari~g 
other endogenous antioxidants (especially a­
tocopherol) from comsumption.48 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 a­
tocopherol. There is, however, a synergistic. 
interaction between ascorbic acid and a-toco 
pherol, and a-tocopherol can be regenerated 
from the corresponding radical (T') by ascor 
bic acid.27

•
30

: 

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 into ascorbate and 
dehydroascorbate. Thus, propagation of free 
radical reaction is stopped without any toxic 
free radical remainder. 17 In the previous 
studies, ascorbic acid can compensate for 
reduced level of lipophilic antioxidants. 10

•
11

•
17

•
35 

The current evidence suggests that 
ascorbic acid more effectively prevents lipid 
peroxidation than any other endogenous 
antioxidant in plasma and LDL, including a­
tocopherol, the major lipid-soluble antioxidant 
in humans. iMo 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 mortality3 as well as human 
subjects with low ascorbic levels have been 
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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.27 

Interestingly, in human endothelial 
cells stimulated to generate radicals, ascorbic 
acid recently has been shown to inhibit 
vascular cell adhesion molecule- I (VCAM-1) 
induction. VCAM-1, which can be stimulated 
by ox-LDL and inflammatory mediators 
including IL- Ip, lipopolysaccharide (LPS), 
and TNFa5

•
14

•
37

, can enhance monocyte 
adhesiveness to endothelium and subsequently 
induces inflammatory responses in the vessel 
wall involved in atherosclerosis. 

Furthermore, one crucial pathogenesis 
responsible for atherosclerosis is the inducible 
COX-2 exerting abnormal prostanoid produc 
tion. 16

•
21

•
36 It has been documented that the 

antioxidant scavenger may modulate in the 
signaling pathway, induced by IL- IP and 
TNFa, that influences, either directly or 
indirectly, on some eukaryotic initiation 
factors regulating COX-2 and iNOS expres 
sion in rat mesangial cells.37 This also has been 
supported by our recently work showing that 
ascorbic acid could inhibit IL- IP-induced 
COX-2 expression in cultured human umbili 
cal vein endothelial cell (HUVEC)21

. There 
fore, the endothelial vascular dysfunction 
mediated by the imbalance prostanoids would 
be ameliorated by ascorbic acid. It is possible 
that ascorbic acid may be a novel approach for 
intervention in cytokine-induced inflammatory 
processes in atherosclerosis. 16

.3
7 

How ascorbic acid might impact 011 athero­
sclerosis. 

On LDL oxidation: 

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

I . 18 
the scavenger receptor mec lamsm. 

Ascorbic acid treatment 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 ion.9·11 ·18 

Ascorbic acid also preserved the endogenous 
lipophilic antioxidants within the LDL 
particles (a- and y-totopherol, and P-carotene) 
during oxidation with copper.2 

On endothelium-derived relaxing factor (or 
NO) action: 

Ascorbic acid has been shown to be 
an efficient scavenger of 0 2 · - , including 
HOCL and ON00-. 17·19·22

•
24 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 
cal activity ofN0. 11·12·20·25 

Ascorbic acid may also improve 
endothelial function by the role in the regula 
tion of intracellular redox state, by sparing 
intracellular glutathione from oxidative 
degradation. Glutathione is an important 
source of intracellular 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 intracellular 
ascorbic acid could improve NO action.27·41 

On additional actions: 

In according to a significant 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 
inhibit VCAM-1 induction and monocyte 
adhesion in damaged human endothelium in 
the mechanism by which ascorbic acid 
interferes with P-selectin translocation to the 
endothelial cell surface in response to 
radicals.35 Additionally, 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 state43

, possibly as 
ascorbic acid. 

Furthermore, COX pathway evidently 
is also a source of free radical 0 2·-, which can 
potentiate endothelium-dependent contractions 
either by inactivating NO or by direct effects 
on vascular smooth muscle3. 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 
sion.35 These suggest that vascular oxidative 
stress can modulate COX-2 pathway. Since 
ROI produced by the mitochondrion, a site 
where excessive production of radicals 
apparently occur during oxidative stress, may 
mediate TNF and IL- I 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.37 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.35·37 

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 vascula1 endothelial cell and abnormal 
expression of the genes responsible for in flam 
matorli process, e.g. VCAM-1, COX-2 and 
iNOS 5

, 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.43 

Recommended intakes of ascorbic acid 

Worldwide recommended intakes for 
ascorbic acid are 30-100 mg/day7·8·24, which 
can achieve plasma ascorbic acid levels 
approximately 30-150 ~unol/L28·45 , based on 
maintenance of adequate body reserves that 
preclude classical scorbutic symptoms.7·8•

24 In 
smokers receiving up to I .5 g/day of supple 
mental ascorbic acid, serum lipids were 
protected from oxidation.7 Several epidemio 
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logic studies concluded that plasma concentra 
tions of ascorbic acid approximately 50 ~l 

moVL are associated with decreased risk of 
cardiovascular disease. 10

•
19

•
46 At such concen 

!rations, easily achievable by diet alone, can 
strongly inhibit LDL modification. 10 Similar to 
the other antioxidants, There is little evidence 
of toxicity for even multigram daily doses of 
ascorbic acid. 19•

29 However, large doses of 1-5 
glday may cause diarrhea, nausea and vomiting. 
Large doses may 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.8 

Ascorbic acid can be prooxidant in vitro rather 
than antioxidant in the presence of transition 
metal ions, mixing ascorbic acid with iron ions 
can cause OH• generation and lipid peroxida 
tion. 18

•
30

•
31 Thus, ascorbic acid is contra 

indicated in patients with hemochromatosis 
and other conditions characterized by iron 
overload.8 

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 vegetables24

, additionally dietary guide 
lines are better for a public health strategy 
than recommendation of specific nutrients 
intakes. 22

•
48 

CONCLUSION 

Since various mechanisms evidently 
contribute to atherogenesis, in studying isolated 
human plaque, one has access only to a single 
time point 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. 1

•
3 Oxidative modification of LDL hypo 

thesis as well as cytokines-modulated intlam 
matory process account for endothelial injury 
in the pathogenesis.1

·
12 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 cells and endothelial 
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injury before the establishment of organized 
arterial plaque.4"

8
•
46.47 The several mechanisms 

have been shown that ox-LDL and intlamma 
tory mediators, such as IL- Ip and TN Fa, are 
major contributors to the adherence of mono 
cytes to endothelium.6·

13
-
16 Moreover, both 

monocytes 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. 11

•
20

•
41

•
42 Also, the 

imbalance prostanoids, regulated by COX-2, 
crucially participating in vascular tone 
dysfunction, can be induced by inflammatory 
mediators. Apparently, in addition to 
cytokines, ox-LDL-stimulated oxidative stress 
presumably mediates COX-2 pathway leading 
to abnormal prostanoid s~nthesis detected in 
atherosclerotic patients. 16

' 
6

"
39 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.22

-
24

•
27 

A large body of experimental and epidemio 
logical data indicates that antioxidant vitamins 
may be able to reduce atherosclerosis.45

-
48 For 

the most part, three antioxidants have been 
studied: ascorbic acid, a-tocopherol, and P­
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.7

• 

Ascorbic acid, an outstanding antioxi 
dant in human plasma, effectively protects 
against oxidative stress, caused by ox-LDL 
and possibly cytokines, e.g. IL- Ip. 11

·
20 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.20

•
28 Furthermore, it may also inhibit 

ox-LDL and cytokines-stimulated monocyte 
adhesion.35

•
41 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 expression16
•
37

, supported 
by the evidence of decreased COX-2 expres 
sion inhibited by ascorbic acid in IL- IP-treated 
HUVEC.21 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 not 
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RETURN OF THE SPIRONOLACTONE 

Oranee Tangphao 

Division of Clinical Pharmacology, Department of Medicine, Stanford University Medical Center, 
Palo Alto, CA 94305-5130, USA 

ABSTRACT 

Spironolactone 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 
aldosterone escape in patients with heart failure after treatment with angiotensin converting enzyme 
inhibitors. This partial escape of renin angiotensin aldosterone blockade leads to the additional 
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 infarction. 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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V 1 V ti A ...... d QI .( 

'lJ e:i ~a u l1 t1'3 {)U gi m 'l L n u1 nu q YI il'll t1'3 

' ~ .- ~ 
aldosterone m1Y1'3 L'lfaaul1at1V1lat1VI Lrn~ • 

.. ., J'.,1 .J .. 
L'2Hrnna1>.JL'\Jill11 'l Lrn~ fll'lYI L'lfaau • 

... . .. " J' .,156 
l1ailV1Lat1V1 Lla~L'lfaana1>.JL\Jill11 'l • 

" 1 " :: 1 .,., al>.Jl'ltH'f'll-3 aldosterone Vl\J'\J Vl'ltJml>.J 

au 1 'l L tJ u au m n Lrn~iii v >.Ja ai!u auul1a n 
\I • 

QI I J' .,j ::1 I .( 

:illJV1'3na11>.JlO'lJUL'lilU 1 Yl'3 ULL'3t'JYlil'llil'3 
.J • 

aldosterone Lil-3 Lrn~fll'lYI aldosterone Yl1 

1 li' angiotensin II ii~rnoiil'l~Uu\11 hLrn~ 

mrnV1LavV1mn~u 7 
Naa'ltltV1u'l1>.J luLL~ • .( l ' tJ .... t'JYlil'lJtl'3 aldosterone m \JNaV1gJt1'l~tJ'll 

l11 hLrn~l1at1V1Lat1V1lmimvn:1 ur.7tl1EJ\1'1 
" 

1 :: QI I QI 

'J11fl '\Jilfl'llfl'UUU'3WU11 'l:VltJ 
d Cl.I Q.I .-Q.I 

aldosterone J.J~11>.Ja>.JW\JilOU left ventri-
' d CV II df 

cular mass L'lJ'ULVIU101.Jl1lJ1YI LVIU'l1>.J'lltl'3 

angiotensin conve11ing enzyme 
8 1 um'l 

An'l:nill~Ani:nluma1aiJ~'ltl'ln&l~'3~ii 
Lia: liiiim1>.J~u fa\1gia'3 

" 
1 im~ 'lJ il'3n1'litf1'3 aldosterone 

U'J~UlJWUil angiotensin L tlm WU'3l1~'31 u 

-"' ., ti .J " u 'J'lUl1alu "j:fll"jYli'fl>.Jl'lt"lO'l:~ Unl'l 

.:, 1" il.,.,j 1"' mN aldosterone VI 'J'JUilU 1 ~lLLn 

endothelin, 

cathecholamine, histamine, acetylcholine 
. !fr " 9,10 :: 

Lla~ prostaglandm LuUgJU UilO'JlnlJ'U 

., ..,._"{ ., ti .J .J " ., 
U-3 )Ju 'J'J U\Jl-3 "): n1 "jfl Ln U1'll tM nu 01') 

5tJB'3tn'la{1'3LLa:m'll1~'3 aldosterone 1~ 
LLO heparin, atrial natriuretic peptide 

(ANP) d~lu~u9 • 10 U'J~uoi1'31Lmi1il 
n1'31U ~1>.JOU 1 u fll'l~O'l:lli'f>.JVlati°'lltN'l:~tJ • 
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Aldosterone escape phenomenon 

:: ·~1 1 " g)'3LLg)u 1981 Staessen et al. VI 

GiV1gJl>.JAfflil'l:~tJ'lJil'3 angiotensin II, 

renin ua: aldosterone 1uwmam'llil'3r.7 
" .'I ., 'i ... .Jl .,., ., " 

u1fl~11>.JVl'\J Lal1g)i'f'3YI Vl'l1.Jfll"j"jfl'l:llVl1U 
" 

angiotensin converting enzyme inhibitor 

(ACE!) LlJUL1allJllJ~'3 1 i'.J11 
WtJil 

1:~u angiotensin II aV1a'3l1a'3'l1nl~~u 

1 d <V ~ J' I 

U1 ACEI 'U'l.IN:Yl'l~VIU renin LWJ.J'lJ'U LLgJ 

~'3~Li1 u~u'1a'3Lngi ~ti 'l:~u'lle:i-3 
aldosterone 1 ma ilVI avia'3 ilUl-3.a'VI L'llJ 1 iJ 

'l:U:LL 'lnLLoi narnh~~Utl'lOOll11t1a'3 nil 
" \I 

tl'ln&llunmoiv>.Jl tl'llfl{)nl'lcU rebound 
J' et. J' Q.I 1 VQ.I V I ~ 
ULOVl'lJ'\Jl1a'3 Vl'lU ACEI LLJ.J11'J:LWJ.J'lJlJ1VI 

J' <:$ I 1 "'°' g '°' ACEI 'lJ'\JflgJl>.J gJfl>.Jl VIJ.Jfll'l\'1fl'l:llt1n 

l1a1u~~'3 l un~ J.J~LLginoi1'3n'U 1 ti wui1 • 
ti .. J' ... J' ... 1 "·'' d'l ., .... 'llfl{)fll'lN'ULOVl'll'\J'l'l-3 U~u1UYI Vl'l\J 

... ti .. ACEI 'l:U: L1allJlULLa:L'lUn 'llfl{)fll 'l t"lJ 

J', 11 ti .. .: 
U11 aldosterone escape 'llfl{)fll'lt"lJlJ 

wu~'3 lurJ'tl1u\1'1l'l11u
12

-
14 

rJ'tl1EJna1>.J 
\I \I 

J' ., 1 "' ., 16 ".'I .J " 
L'\Jtll11 'JgJlUL\lfJUWa'U Lla:Nu1UY1na1>.J 

" 
L ;I e:i\1'1 l'lnl'3l'\J hltl'ln&l (left ventricular 

dysfunction) 
16 

dl V A V I 

g)l)JYI VI tliltJlfJJ.J1Lla111 aldo -

sterone 1ii1VIL i Na~~oj mJU1U h~\11 l'l 
\I 

"' .(.J !1 
ua:l1at1V1Lat1vi ua:'l1nqY1BY1Luu 

.J "'i .... 
arrhythmogenic tll'JLOfJ1'l.ltl'3 LVIUg)'J'30U 

t)gi'l1m'ltl1mLa~gi1u'lJv'3r.7thu h~\11 l'l 
" 



50 

.,, "' " aldosterone antagonist L VHl'llVl'lJ11'1ql'lti 

t .fd 
'lliM aldosterone VIU~'H lHlO'OJ10ql'ltil'l 

f)'j~~ u1 l.f m'j L~umMi1 l'OJNmhn6lLLa1 

.., d " .., " a !do sterone U'3 L n U1'll a·rnu 01') ({") 1'3 

collagen LLa~Ol')LnVI remodeling 'llil'3i1 l'OJ 

anvi'1u
11

•
15 ~'1nhhh'OJ~Lllur.rn~u~tJ1u 

\111'0J11Ul1~il r.Tthu~Sj01')\'i1'31'\J'lla'3\11 h 
" 

hhhn6launau 
" 

na 1nm')LnVI aldosterone escape 

.. "' ti d "' )J(f)J)J~~1'\Jl1a1U ')~01')l'lVW1U1)JatiU1U .. 
..I "' ~ .r .. .., ..I 

Ol')'YI aldosterone narnvrn'll'Uanl1a'3'0J10l'l 

.,, 'l ""' "' .,, aV1a'IL)Ja Vl')U ACEI ill'OJLOVIL'Ua'l'OJ1f)f)1'j 

a{1'1 aldosterone flnm~vl'U fauiJ'OJ~Ul1a1U " . 
ih ~ 01 ") 1iLLn' adrenocorticotropic 

hormone, hyperkalemia, hyper­

magnesemia, angiotensin II, LLa~ 

endothelin 

.,, "·'' clearance 'lleM aldosterone aV1a'3LlJa~u1u 

'1 "' 1 .J • 1 ..... "" 1tl .J' au u1111~'1-11 'OJ11U'lf'1l'l1 l-1).JLaaVI rnu'I 
" 

~~uaV1a'l11,19,20 

~1fl1)J~am~NLU'Ul1 LLil'tl'j10!) 

.. .J' "' .J' "' .., "' .,, "· '' f)l'jfll'\J'OJ~LnVl'll'IJ'OJ'j'3 Lla~)Jf)Lf)VIL)Jac.Ju1U 
" 

1vi'1'um 1tlLLa1')~u~,.,~'3 U1'3')1u'31una11 

11 ai'OJLnVl~u,.,a'l1vi'1'um1tlLLa1L~u'1 12 

atlm-H 

~.J'J$ .,, d 
aldosterone L V4)J'll'IJL U'Uc.Jama'3'0J1001')l'l 

'j~~u t ti LL~m:Su)J 1 uLa r.:im:1V1a'3\'i1 l l.f~1'3 
n1u~auaur.:i'3LVIU01')0')~~'U1'U 

~ .r "" <$ 
aldosterone "1a'3"10'll'U l'l')ilLU'IJtl')10!) 

n 1')ru .. ~u11 ).11

a1)J1 ')fl n VI re n in-

1 '1 I .. 

angiotensin- aldosterone VI afll'J({)J\l'jfll 

. 1 ..... 1 LLUU'Yl1 li)J aldosterone ar.:inm 'IJ'j~fl~ 

Oranee Tangphao 

lia'ILrn~" c.Jaoi am'jLnV1,.,~am'j~1 L ilu t 'j~ 
1'1J'j~fl~olam 

m~ 1')~fl\Jl'lU1fl'l\13J'lJv~ spironolactone? 

'OJ1n01'j~ntfl 1 u'j~u~,.,a-'lauua~u 

11 aldosterone SjuYIU1l'lL'\J01')~1U~lJ({)J 
f"i' .. ~1 ti "' "' Viau L'lfLVIUlJ'tN 'Ull11~ 'jf)~LLa~01')L0Vl • 

h~i1 l'OJ11u LV1mi'1 l tl01'j1'mfln)JV1atf • 
!' t.t:i ::" QJ 'lla'3'\J 1LLa~ 'lfLVIU)J'IJ'IJ~ a'3a1~U')~UU 

neurohormonal "1a1U')~UU~1)Jn'IJ 

')~UU angiotensin II LLa~ aldosterone ~n 

f)'j~~'U L i'.J \J'j~fl~ L1al'U1\J 81'0J)jff1\J\'i1 L lf • 
na1m ila\111'0J\'i1'31'\Ja)J L "1a11Vl

09
'
16

'
20

'
21 

" 'OJ10q'Ylti'lla'3 aldosterone LV'ILLa~ 
Cl.I AA .J Cl.I I 

~aaV1'0J'Ul1an~1un1'1~aunnauua~u11 

01')~ij aldosterone a'! LVIULUV41~ lur.TtJ1u~ 
" " 

Sj\11 h11U au Gf 1utf u L~U1'iJ a'I nU~11 lJ'j'\J " . 
LL 'j'3'lJr.l'3 h~Lla~L U'\JL ,.,~ 1 l.fijfi~'j1~1U(f'3t'U . " 
~'3\'i11 l.fij LL 'U1Yl1'31 'Un1')1'0lflll11~\111'0J 

11 U~ Ln Vlt 'U LVI ti LUV41~1 u n ") ru~1i~u 
ACEI 1tl'j~fJ~l1~'3LLa1m01')0aULa1a'I 
l1~a hj&itu LVIU01')U1 spironolactone ).11 

1i~1" 1 t1nu01'j~n~1~1,.; aunaunm'OJ L tlu 
" 

...$ ., "·'' ..i .. 'Yl1'1ar.ln'11"1')Uc.Ju1U'YliJ aldosterone ({'J 
" " 

I ti "' _J , "" d 011 ')0~ 'ZM sp1ronolactone li')afJl'Ylaan 
.{., ' Q,I Q,I 

q'Ylti'l.IVl'l.111'1 aldosterone 'OJ~'lf1fJ')0~1')~VIU 

t tlu~aL:SU)JLLa~LLiJOUL :SuiJ 'llfll~L&iu1nu 

'OJ~2i1u aV101'jm~ol'u 1 l.f LnVI m'j L~utlV1tln6l • 
'l1a'3\111'0J LLa~tl1'0J~ijqn~ cardioprotective 

I " .,, YI .... 
effect ')1)JVl1tl L'Ua'3'0J10al"1')flua'3n'U 

d. I f'b . 1 " 2,3,1s .t myocar ia 1 ros1s VI ql'lti'llr.l'I 
.J Q.I ~ A 

spironolactone 'YIUUtl'IOl')LOVI myocardial 
22 23 ~ ..I ... .., ..I 

fibrosis . 1.J'UflHLOU1'llfl'30U01'jl') 

"' .!: " spironolactone UUU'lql'lti'llr.l'I aldosterone 
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d'l· I " 1 " "' . YI un')::OllJ ~Ln~ upregulatton 'lHl-.3 

. . II b .J.,1 7 
ang10tensm receptor su type 1 'Yl~1 '1 

fl1')~flH1'Yl1'l~aun'1lJU'lU"J'1UlJ , 
h~~1h11ti Li'.lutfcy~1~a1~cy 

Yll'l~ailn~~h1i~thtih~~11vLLa~mrn~ 
u 

renin angiotensin aldosterone system iiuYI 

Ul'YlflU1'3mn 1um'lLi1~~11'111ti LLa::fi'lii 
.J ..J ., ., " .. 

r.JaLntl1L'UtMOUnl'l'lOH1~1tJm~altJ'lf'U~ 

1~ti1 'UU '1'lU'UL iJ 'U~tl fl)J-runiJ~11 tli1 • 
Ft .JA ., .J 1 ., 

ACE! LU'UtllYl'11~qjYI~~ 'Unl')')fllfl 

L ~ fl'3'11mnm')oa~ LrndJ fl'3tl'U~1 hi fl-.3 

~1'l'li1ti 1vi
2

• 'll1ti1 ,..;~11'1~h'l1uiit1')~a'Y15 
.. .r ., 11 

111w~?Jmrn~a~')::ti~na1m')')fllfl 'U 'l-.3 

vw1u1a LLa~~a1~ru~a~~m~"leimam'l 
u • 

'lfl~?fiVl'llfl-.3 ~U1ti (CONSENSUS )
24

-
26 

u 

1~ti~11tlm')1'lfm?Jutfmn1~ 1u~t11tih~ 
u 

~1h11m7n1'lfL'Un')ru~~t11tiiimm')u1" 
u 

il1~1"~1ti flu1'31 ')n~wu11m?Jui1am1:: 
" v::m~Ol'U'l::uu renin angiotensin system 

!11 1 " . . . ~ .J' 19 Lumm ~ remn LLa:: ang10tensm LW)J'lllJ 

l'i11 lf m1 fl~ La fl ~&iuv11 ( vasoconstriction) 
.cil ~ :'d1.c::: .cilQI 

LLa~)Jnl')~'3?J fl'3'Ul'lf'3 "L i'.lu i:rn~num1:: 

~l'3 'l~"ri1llfLn~~1h11ti L~tl~11U~'lhi 
1im?Juilam1~LWtJ'3vl1L~ti1LL~'1~1 lf m?Ju 

."1 '1tl ., ..J " umn1::~ nu ACEI LWfla~m')m::viu 
u . • 

'llfl-.3 renin angiotensin system flUl'l hn~ 

ACEI nhial)Jl'ltl'1::Uu~'3nl')fl'l::~'U'llfl'3 
'l " l: .J•t " renin angiotensin ~Yl-.3~).J~Oll)J'YI ~ 

flGUltJ 11lu~1'lifl aldosterone escape 

-.i1nm')~m:n1 ur.f thti~1 h11ti~ 
u 
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... " lNLL)J 

'li fl)Jaa1umn~ii1uil-.i-.iuu'1~1~m-.i1mr 
u • u 

. 'I .J1 .,., I " ..J 
u1tl'YI ~')U ACEI fltl~1tJL'Ufl'l'1ln ACEI 

u 

L iJ u m').;'nu1mV1')~1u1 u ~ tl1ti~1 h11ti 
'1 QI ~ QI J J .. l I 4 

?J fl>Ja')~ti~~a-.3 1 L '))Ja'Uuattu CJ'YlliYI )JW-.3 

\J')~a'3vl'll fl-.3 aldosterone 1 u ~th ti~11-.i11 ti 
u 

LLiJ-.i~ h.i1~.;'um').;'ntfl~1ti ACEI nm" 
., l: .( 1 ".'I t fll')tJUtl'3C)'Ylli'llcM aldosterone \Jt:Ju1tl ")~ 

u 

~11-.iLrn::~afl~ La fl~~-.3 fll"J L i'.lur.rn~hi11 

1um&~1~-ru ACEI ~1"~1ti~~fl hlnvi1" 

1 .... ".'I ., 1 .J .. 
'U'Yll'3~a'Unr.Ju1ti~1 '11ltJ'Yl)J aldosterone 

u 

mnn11tl'ln&h7niimm')LLa~'3~~flr.rnm'l 

VI ')1'l'Yll'3,..; fl'lU~U~nl')~U'3?1L tJ ~'lq'YIB?J fl-.3 

aldosterone 1~LLn nl'l~ ii1 'l1L~ ti mrn::il1 ~'l 
1 u?Jru~~iiLL)JflULYftimLa ~ L tJ LLVlal :zlti)J~l 

I 1•1"' dd ')1i.J uOUnl')Yli.J myocardial hypertrophy 

~~fl fibrosi s ii~afl~Lafl~&iuv111~ti~ 
QI ~ 20 

baroreflex tlfltJUtl'l 
u 

"" " .J., d 1" )J?J fllJaY1auuattut:Ja~?Jfl'3nl') ~ 

spironolactonr 1 ucJu1ti~1 lv11ti~ fl 

Berdellou et al 1~"rilnl')~ff\flt:Jam').;'m:n 

~tl1ti~1ti spironolactone L tl~tiUL fitiunu 

. .J !11 .J1 ""' !S captopnl 'lMLulJ ACEI YI ~')Ufll')v1nm 

auuui11'lft~t:Ja nl')~fllfl 1'U\J')::LYl~r.J~'3 
. 1 "·. .J"" ., 1 . L~Hf'Yll 'Ur.Ju1timrn11~~1 v1ltJ'lllJ1lJ 

u 

676 ~'U27 LLa~Li'.J'Unl')~fllflLLUUa~ 

amu'U (multicenter trial) ~iinl')~)JLL~ 
!11 .J"" 1 Lu'U open study 'YI).) parallel group ~ti 

L tJ~tJUL fitiUnl') 1 i spironolactone 7 5 

)Jfl.!i''U OU captopril 67.5 )Jfl.li''U WU 

I 1 "•'1 ., 1 d d ti ... 11 lJr.Ju1tJ~1 '11ltJYl)J~1liJ')'ULL'l'3lJflmH 
u • 

tJ1unai'3 Lrlfl 1~-rum-rf-.3 2 ?J'Ulu1iJ')~ti:: 
N1rnam'l.;'nu1 hlii~11t1LLV1n~1'3nu ~'3Wfl 
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a11..fl~i1 spironolactone 1 lf mm1'i-rnm 

nu t.Ytl1u-H1h11u1 u'i::u::~uhl~ au ltJni1 
\J 

captopril uanv1mfum'i1'll' spirono-

lactone tJ'32J'lla~ni1 captopril 1uu~~l1l>J 

~ufa-Hvi L~fl'3v1n captopril lii1l1m1JJ~lJ 
1a-Hviavii;Nvu mv L ll u auvi'i1u 1 u~tl1u-H1 

\J 

1 1 ., .J ., Q J\l I 1 ".'( v11U VI '2Mfl1n1'i'll1'3 LAU'3U JJWU UNu1U 
\J 

~1~-Su spironolactone m'ii~t11u'i::u::oi'lJ 
1\' 1 JI ., 

~:: 'li spironolactone lJ'lllJ1VlYWlflU'lll'3U'3 

1viumn~:: ati1u'i::'Hil'3 100-120 >Jn.1 
\J 

iu ati1'3hn~l una1Qi am 1~21m'itJ-ru 

'lllJ1Vl~LL u::tl11 'HL'lil u~ tl1u-H1 h11U'llfl'3 
\J 

"" .... spironolactone a'3maa 25 J.Jn.nu Vll>J 

Na'3lUn1'iAni:11i~U'llfl'3 RALES
28 uan 

'11rnfut1'3LLlJ::tl11'H'li' ACE! ~1>.Jnu 
. J 1 ., .... ,,,.r 'i 

sp1ronolactone LWfl 'HN'1nl'i'in'\:t1Vl'lJU LVIU 

21 a1 n1 'ii1'3 L~ u'3 tl' au a-32 9
-

3 0 ni'il i 
spironolactone lJ a n~1nv::i1 ~rn~oi am1:: 

-H1 l~11rma15'321 Na~1 mL~ m'iLolU'llu'3-H'1 

h vmi1l1rn~JJ~1~-ru spironolactone 21 

premature ventricular contraction avia'3 
~· _'1 ,,,J ·1""' ua ::nuH::LuuNaV1Y1'l::Y11 'H avi'i1vi1u 

avial'
30 

1 """'A .., J,,, .., 
um 'i1v ll '11 'H'ium1::Y1 "A11 >JVllJ 

1a-Hviu'3wui1 spironolactone al>Jl'iOaVI 

Ynl>J~U La'HVll~LLoiolu'31'lf'll'lJ1Vlef'3 ( 100-
" 

.... 'i J 1 ""' "" 31 150 J.Jn. nu) LVlf.ILUW1::L2Jfl 'liVl1LVlfl1 

u a n'l1n~::avim1JJ~u fai'.1GJLLa1 spirono-
Q.I d dd 1 I • 

lactone U'3>JNaviau 1 'lJLL'3'llfl'3nl'iYl1'31U 

'llu'3-H'1 h ua::m'iLnvi-H11'> LVl'H~a fibrosis 

a1'H-ru 1 iJmru~~i'.hu21-H11'llia'3a1'3n1'31u 
\J 

~vitJ'in&l'h.lLLa1nwui1 m'illi spirono­

lactone a12Jl'imu1l'll1111::~'3na11 lvi'1u~ 

tl 1 u A11 >J ~ u la i'.1 VI a'31 lJ 'i:: u:: LL 'i n
22

' 
29

'
30 

\J 

Oranee Tangphao 

LVIU spironolactone 'J::'li1u~'31 ULL~ m'i 

li1'31U'lJ fl'3li1 loJlf fl'3al'3, aV1n1'iLflV1-H'1 loJ 
., ... .... ~· J .... LVllJ NVlv'3'H1:: ( L uU~JaL Ufl'3'1lnnl'i'in'lil 

~ dd . QI 

aJJviau'llf!'3LLJJnuLWUJJ'i1>Jnuavin1'i • 
m::~uv1n cathecholamine) Lrn::u'3'li1uavi 

., J ... . 
fl1 nl'iLL Yl'inW fllJYI LnVl'lln myocardial 

fibrosis
2 2 

uan'l1mf um'i~nlfl 1 uaGJ1 

Y1V1af!'3tJ'3WUilm'i 1 lf spironolactone 1u 

'HU~iJ A11>J~U Lai'.1Vlef'3 tJ'3'lf1UU fl-3 nu nl'i 
\J \J 

LnVI aortic fibrosis 1~8n~1u23 
LLa::i:.Jam'i 

ila'3nud~ni1m'lll1 ACEI Lwu'3ati1'3 

"" LVlfl1 

~rnm'i~mfl~ L llu~ rll-3~'3>.Jln1 u 
J .... "'1 L 'ifl'3'lJfl'3 spironolactone nU.tn1::'H1 'l11U 

OA-3~:: hjvf u LA'i'3m'ii~t1~L~uml a 1i1 

RALES 'H~fl The Randomized Aldactone 

. 27 g .J' ~· Evaluation Study fil'iv1mflmuum'i 

~n l:ll cardioprotecti ve effect 'lJ fl-3 

spironolactone 1 u~tl1u-H1 h11mhu1u 
\J 

1,663 'i1U 1viu1l1m1u'llinvi~1'31nu 
.c: V ..J CV I Q./ Q.I 

L'iJJVllJYI 12.5 J.Jn.nu 'i1J.Jnum'i'inm 

Vll>J\J'ln~ Nathln!JilqYJ~'lJfl'3 spirono-

1., Q n Ji J I 

lactone 'H~JaVILL>J lJ'lllJlVIYIVllYICfVI flfl1'3 • 
1 'ln~m'lAm:fl o'3aGJ'i1onu1 u'i::u::m11'll'm 

'lllJlVI 25 J.Jn.1iu Lthrnan 
I Q 

v.u11 mrn 

~~ a-H1 l'l LV1U2J cardioprotective effect 
"" ., "" ., 32 LLa::JJ m m'i'll1'3 LA U'31J a umn 

'llmvi~lida1JJ1'io 1l1·b"1 tJnu ACEI l~ 

\J'ln~ ~rnm'iavia01'l1Vllt1'llfl'3~u1£J-H'1 h 
\J 

.J' ... .... .... 
11UlJLCf'i2JnUNan1'iaV1f!Vl'ilVl1U'lJfl'3 

ACEI 
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ABSTRACT 
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Obesity is increasingly being recognized as a chronic disease associated with significant 
morbidity and mortality worldwide. Orlistat, the first lipase inhibitor, was recently introduced to the 
Thai market as well as other international markets. This phannacological breakthrough compound may 
lead to a very promising future for obesity treatment in both initial and maintenance therapy. 
Fundamentally, orlistat acts as a reversible inhibitor of lipase by forming a covalent bond with lipase. 
Oral orlistat acts specifically on gastro-intestinal lipase to prevent dietary fat from being digested and 
diminishes fat absorption. The reduction of fat absorption leads to calorie deficits (compared to the 
same environment without orlistat) and may have a positive effect on weight management as well as 
serum cholesterol level and other risk factors including hypertension. Pre-clinical data of orlistat are 
ve1y encouraging. Several clinical trials have been conducted to prove both the efficacy and toxicity of 
the compound. Efficacy on potentiating weight reduction was demonstrated on several occasions. The 
most common side effects noticed were gastro-intestinal symptoms. As other new and chemically 
breakthrough compounds, long-term side effects and efficacy need to be monitored. In conclusion, 
orlistat has a unique mechanism of action and can be used as an effective adjunctive therapy in obesity 
management. 

Address conespondence and reprint requests to: Oranee Tangphao, MD. Division of Clinical 
Pharmacology, Department of Medicine, Stanford University Medical Center, Palo Alto, CA 94305-
5130, USA 
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1hwfl10JLrn :: u..:iflu1u,::"Hi1..:im,~nmiuri-l'1 
u 

1..ijm tJ1Ja11Jmn 

11JLL~f11'iVl1UVli.Jflll11') LLa::avi'i 
• u 

.J 1 :' ... !11 .J 
Bll1l'i'YIL 'Hm::ai.i 'Uf11'iaVl\J1l11Jf1 L u'U'YI 

ufli.i{ui1m'lavitl~mruwa..:i..:i1uOJ1nml11'i~ 
l~{rn tlu~hVlflU 1 u m'iavitl1l1un Lviumw1:: 

ti"' ... .J•t ...... "'1 ., 'ii.J1tUWi:l..:J..:J11J'YI Vl'iUB10Jflflf1fj'Yli'i Vl'Half.I 

o I l" I .J t Vl1LLl11J..:J VILLn Ul'Ylf1VIVl11i.Jflmnmm'i VIU 

flflf1fj'Yl~~ai.Jfl..:J (appetite suppressant) ~..:i 
l!ni1q'Yl~LlJU CNS stimulant 1uai.ifl..:ia1u 
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O .J I 'ltl.r QI .J 
Vll..:J "]l1LLVlf1Vl1..:J 'l.11Jf1U neurotransmittor .,, 
.J ti .J I J' .(.J 

Lf1U1'l.lfl..:J L\Jfl..:JOJlnmnqi.iuflflf1fjYl5'YI CNS 

~..:imOJi1r.Ja'l11..:iLflU..:Jl11..:J CNS 1~uflmLa:: l!n 

hia1m'io1'lfm1vi1u'i::u::m1 ~..:in11lir.Ja 
f11'iaVll1 ~fl mu~i.itl1l1i1nLtl1J1tl1u'i::u::L1ai 
Hu 'l LL a:: ~i'thu m0Ji1tl1l1U f1L ~i.i:lu an"Ha..:i 

u 

OJ1f1l1~Vlm (rebound) rl'1 hJ1~i1f11'lLU~U1J 
LLtJa..:iwqQlm'ii.i~1i.i 1tJ~nu5 

A ., 1 1 .J • 1 
~1l1'iU 1JLL..:JB1l111'YILL'U:: 1J1 'U 

' !' Q.I .c::rl .c::rl Q.I 

'i::l111..:i V11u Vli.J1J1l11J ni.i f11'itl n Ltl i:N mJ m n • 
LL~a1i.J1')tlLLU..:Jflflf1Lll1J 2 ~1w1nlmy 'l~fl 

.J . ... .J . 6 
W1f1'YI anttcarbohydrate f1UW1f1'YI ant1fat 

n 1 'i u ~ t n VI fl 1 l11 'i .:f ..:i a fl ..:i LL u u if 21 'li' fl i.i a 
u 

CfUUCf1JU~LLVlf1~1..:Jtl1JltJ f11'i;;i1nV1Bll11') • 
~1W1f1 carbohydrate flEl1..:ii.i1nOJ::LU'Ua1mV1 • 
1l1~1..:immnvi ketosis Lrn::n11,.fl>.iflmn 

mm'i LL~f11'iLnvi ketosis mOJLtJuauVl'ilf.I 

f1uu 'i..:inua'l.ln1w 1vi1viumw1~1 un'lru~i1 • 
t tl 

o., I ltl 6 .J 
'iVI 'i::OJ1Vl1'i1i.JflUV11U m1i.iwmmi.inOJ:: 

u 

1'lfmm'i~1"1wa..:i..:i11J~1LLa :: "1mTu~1~..:iLtl1J 
~LL u ::tl1i.i1 nn11 l u1..:im'i LL wnu1viuli'11 tl

2 

Lviu~V1,::l1i1n~i1 m,~1nviLL~1'lll1mwu..:i 
flUl..:iL&iui 1i.i1'lim'lLLnL'l.IUtym.:f..:il1i.ivi LL~ 
L tJ lJ f11'iaV1tJ~m tlJW a..:J..:J11J~1~-rU'Yl1..:Jl1i1..:i 
L ~ fl..:JOJ1n l'lll!m tlua1'iml11,~llfwa..:i..:i1ua..:i 

u 

"' .J "' I ~I 1· I" ... l1'ifl'YIL'iUf111 LuUi.J uVl1UWa..:J..:Jl1J (energy 

dense) flu1..:i 1,fi~1'lll1unu..:ii1V111i.i~1 L tJu 

~fl~1..:imu 1u,::~ul1i1..:i lvimuw1::flu1..:i~..:i 1u 

LL..:i° 'l.I fl..:JiV11nu l1a1Uol1~~1LiJ1Jol fl~l..:J f11 u 

a::aiu 1vi'1u 1'llJJ1J rl'1l>.i1~-ru1'lll11Jl1~fl l~iu 

hi L WU..:J Wfl fl fllOJn 11 lf 'l.11 VliVl1iJ1JL l1a1if 
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1~ 7
-

8 1inn'lm'lLLwnu~'lJJntJviJ-ru1~um: 

ih~h:h "Low fat diet" 1iJ1i "No fat did' 

ni'la~tl1l1ii'n faum'lA1UAiJil1l11'l 1 ~ti vu • 
l'llJJUL WtJ'l vti1'1 L~u1iJna~J1..,,Jn l~LWtJ'l 
1-3 nfan-r)J 7 

m'ltJ'l:::LijutJ'l:::aY1ihnwnv'lu1~tl1 
in 1?JL 'U 01'Hl~'H~ilA1UAiJtll'HUOl'11'1Aailn • 
m'lihrn'l:tru:::~'l~il ltJd' ~fa iltJ'l:::an5mw 

1 !' "'1""" ::1 ll un1'la~u1"Hun ~;,)'l'll'l'l U'l:::u:::aum:i::: 

'l:::v:::m1 (> 1 ti) 7
-

8 olil'lilA11iJUav~J1u~ 
v il iJ-ru l~ua:::il'li' m.iam'lm'li~u~ai!ua'l!u 

"' A ., 1 ll ""'., L wu'lvrn '11'H'lUr.Ja U'l:::v:::m1uumiJl1an 
" l1'lJauua'l!ui1 mm;,)1na1m'ltrn~tl1..,irn 

1~ i) U1'1 iltJ'l::: an5111w LLi10U'la1)J1'ltla~ 
"" 'i .J!11 .J ... !' ... l1'l ilU'l'l L l'll L 'lAl'l Lu 'U r.J a;,)1 On1'll'l)J'U1'H'U n 

Lnmiu Lm"H11u 1m!u1u Lai10la'l ..,~il 
\I 

A11)J~lJ fal101a'l l~n;,)::: L uu'li' v Lviu'llv'lmo1'1 
\I 

:; A ., U ~ "" 1 " J'v "' 'UlJ 1 '11l1'lU 'l:::'1'Y151l1W 'U'llil'UOlil'lLl'ltJU 

nun~ )J~1ijl~-j'UtJ1 LLvil~-rum'l~ LLa ~'U 1 
" t d CV 61 '1 d 

L?11JL~tJ10'U 'Uilfl;,)1nlJ'ULLa1tJ1A1'liJA11)J 

tJae:i ~Ji' v1 ULL~ m'l1'li''l:::u:::m1 L~v hrnqnt 

Law&l~Lrn:::1ihh1~Ln~ rebound weight gain 

.J " 1 d 5 L)Jil'HtJ~mmtJalL'HOl ~OOll)J • • 

Orlistat ~ml~ h 
A ., 1 ,.J • 1 .., J' U '11'H'lUtJl 'HiJ'YILLU:::u1 mmuu L u 

.,j °' I tJll'J;,)ml chemical ua::: pharmacological 
... 

breakthrough ;,)1nl1an~1un'11u~v'ltJ~u&l 

m'lLLa:::'liviJam..:iAailnai!uauui1 l'lli!u 1 u " . 
!11 -~ ., .JA ., tJ .J .J .J 

tll 'Hl'lL u \Ju ;,);,)tJl'l '11 Aty 'l::: n1'll1\Nl'l LOtJ1 

'II v'l 1~v01'l'l num'lLm r.Ja1tywa'l'll'U'llrH~1'1 

" muua:::tl1l1uno1'1 
.t., ll 

t)'Yll>tJUtJ'l lipase 

Oranee Tangphao 

Orlistat L llum~viln 
ni1..,1?JiJu1uv1l11'l~-ru 

tJ'l:::muL'li'1 lt11>.it1ntivmrn::: lilaiiJ1'lmrn~~ 
\I \I \I 

WiJ 1tlh1~ ~'1Li'.JuaiL"HOll~~1'1mu 1il1~-ru • 
OI 1 OI I ll wa'l'll'U;,)10 'lliJm "Hmuu 

Orlistat il~Ol'll'11'1LAilLlJ'U C29H53N06 

... 'i 'i !11 'i .J .J ... iJiJ1a LiJLa~a 495 L~muu Lma~m~mniJ 

an'l:ttU:::LlJ'U diastereomeric LLa:::il chiral 

center vti 4 u~nru Orlistat a:::a1v l~mu 
\I 

LLvanmrna lih~:::a1v1utl1 

"' .. uu'f 'lf;,) au "11 a Ol 'l 
.J ., ti .t.J LiJil'lU 'l:::mu orlistat ;,):::ililflt)l'll>l'l 

1 um'lL~umm'l qnt'llv'lm~'l lilLflu1'liv'l 

num'l~~'SiJmL'li14H1'1mv 1uaori'n~ail'l 
" \I 

wui1Lrlv1~ 
(150-1000 

orlistat 1u'llU1~~e:iu'li1'1a'l 
" 

mg/kg/day )1 UWIJLLa:::'!U'll 

1 "" " ... ai )Jl'lt1 Ol'l1;,)WU Ell 'U n'l:::LLarnil~LL)J ;,):::)J 

bioavailability il~1ui1'1~~il'U'li1'1~1 (UilEJ 

ni1 1- 2 % ) 1um'li~EJ1uiJ'Ul:fV L~v • 
n~av'11 ~ radio labelled orlistat 1u'll'U1~ 

360 mg wui1a1)J1'lt10l'l1;,)avutl~iJ1ru 

orlistat 1~L~ntl'e:iv1mi'iil~ L~tJ;,):::il'l:::~um 

a'la~ lmav~tl'l:::iJ1ru s -i11"'1l1a'l-ru " . 
tJ'l:::mu vti1'1 hn~'llu1~'llv'lm~wu1uLi'iv~ 
vtj1 U'l:::~u~1 iJ1 n~'l hhh;.>:::rJ vnqnt1 u~1'1 
mEJ 1um'l-rnl:f1~tl1vm'l'l1vna1m'ltl 

\I 

., 1 ~~:: 
Ol'l1;.)WU'l:::~UtJ1 'U'lJU1~ 011 Lu 'U A'l'lA'l11 

ua~'lo'li1maim'lt1tln~~:s"L'li1a~1'1mv 1~ 
" \I \I 
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liHbu?Jti'3m~L'li1rl~1-m1u mllv:: 
" 

~unu 1th~u1 ud~tivi lvfLLn albumin, 

lipoprotein LU'\JtPh.nru~'31JlOffll 99 % 

v1o'limrnlua~r1'Y1viati'3 mllv::omhaiu 
" " 

rl1ul'r1aj~mr~m'3L~umm' lumrmhm 
I .c:4 I II A ~ J' .d 

11 lJ metabolite tlf.11-.llJtltl 2 'li'\JVILOVl'IJ'\Jl'I 

l'l1'3L~umm' 1viu~ metabolite .,f'3ati'3'iflJVI 

if~ tiu'li1'3 inactive ua::vi,1vvm lvf u1'3 l '\J 

L~tivi mrl1ulJ10 (th::mru 97%) oo'l1'u 
" 

ti ti om-.l tivv1':: .,f--l~hfo o vi vi:Sima::u'3ti tl 
, \J \J ~ 

• I .J .J 
1iJ,t1LLuuiihhtlammtla'3 (83 %)LLa::Y100 

" " 
VIVIYflJU1'3rl1uv::oo metabolize LLm~?1'utrno 
" " 
m'3tl1~ moo'l1'uaaom'3 lvitl'tiuoi1 2 % 

" 
'l"' • .J.1 ~'l 1' LVIUlJ half life tlUl'Ju"jtlJlCU 1-2 'li1 L1N ti 

" 
YI u11 ij Ai1 mLvi o ~1--l'IJ ti'301,n1a1um1 u 

0 a lJU 'jt?J1O'j~ijtl1t-n!otlo&lnuoa1JU"jt'lf1 • • 
o'~"ihmTmiiu tirl1'3 l 'n~u'3 lilij'lim.ia~ 
QI o QI ti 1 I .J fl <$ I 'lfVILvmll'r1"jU "j::'lflm '\JOalJl'ILu'\JLVIO OalJ • • 
\I _,, 1 "·'' .J ""'f .,j I ti 'f c.Ja''3tllU ',1"jfl lJc.Ju1Ul'l1JL"jAfl'\J'11JVl1tl LVltl 
\J\J • \J 

mw1::arl1'3~'3hA~rnrn::1 'A lvi 

tll) o1m '1m~u ci'num~u 
1 uu~tlDo~maJJwutfnum~iJ Y1u11 

ijtJDo~maJJwuli1vfu1'3numrn'3~1~a::aiu 
1vrmu l?J,Ju c ,,lJ.,r'3imiJu) ~'3-;31Luu~ti'3 
'l tl<>I !:'f "' .,j 1 ti I "' J' I 1 A Vl')\JOl"jLr·fl"jt1'3LlJtl 'r1'11JO\Jf.ll'\J tlU1'3 ')0 

~hiY1ui1mllijtlDo~maiJwutf num~u~ 
a1 ~fl!l'll'3 A ail O~ tltll'r1alU'iflJVl~JJO l'lf-rotfl 
'l .J.J tJ 1" I L"jAl'JLOU1'1Jfl'3 VILLO digoxin, phenytoin, 

oral contraceptive pill, nifedipine, 

glyburide, furosemide, captopril, atenolol 
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LLa:: lilvmi1ijtlDii~mnu alcohol a1,,.,-ru 

1 q • I J' ~ 
umru'llfl-.3 pravastatm YIU11Ul'\JvtL YllJOl"j 
~ ~ . 

~Vl·o1JLLa::ql'lli'IJtl'3Ul pravastatm 

... .. 
UHl'lfV4a~1i'fVJ"j 

Orlistat fltiOql'l~UU~'3Lfl'\J 1'lfJJ1a 

LUa'LLUUUfl'UffClu lvf (reversible lipase 

inhibitor) ~~ti'lJ°lil--lLL ')'3 (potent) Lrn:: 

• .J "1-1'1 "' "' vlLVn:: LlJtlL'IJl u L'IJl'll'3LVl'Utll'r1l')UlvtvU 

fl UL tl 'U 1 'lf JJ"l a L tJ a~a{1'31Jlvl 0 0'):: L \111:: 

covalent bond nu serine residue 1u1maoa • 
'IJti-.3 laLUa' nl 1\.i'rnu 1'lfJJ1iJaim"jClflflOql'I~ 
rl tiu l'llJJ'U 1vium' hydrolyze lvf l'llJJ'\J 

.J"' 1 ' I 1 I triglyceride l'IU-.3 JJ~outiuaaiuv:: 1Jal1Jl')fl 

vivi:Sm'li1rl~1'301t1~'3 L tJ~urnajjtiu~1'301u lvf 
" " 
-rutJ ,::mu 't'IJ )JuLL~hnvr-ruw"''3'31uv1o1 ?J 

"' 4 '1 ..J I ti :: <$ fl 
1J'U (l OVIVl'lf1J L'IJlC1"jl'30ltl'\J fJUa-.3\J'U Otll'JL u\J 

" " " 
mvi 1 l-1'~1'301umi''3 cholecystokinin tl'tiua-.3 • 

fl .J I 1 ti :' q q 
cholescystokinin Lu'\Ja'l"jl'J'if1U 'r1Q'3\J1VIUU 

il1 L yj fl'r1~'3tll &) L 'll1 rll'll'3 L~'\J tll'r1l')LLa::u'3 ij 
" 

I q "' 1" .J C.JaVltl0l'')tJUVJ1'1Jfl'30tLVflttll'H1') 01') 'lfUll'I 

UU~'30l')VIVl:SlJ'1JtJ'31'1JJJ'\JL U\JL1al'\Jl\J~'3~tl'3 
" ~I "' ~J'" Lwl')::1'3ql'l Li\JVl1U 

1 u Ol')Y1V1aa'3 l uavii'Y1viaa'3 .,f-.31 u 
"' I • ~ 'r1'\JLrn::au'IJYIU11 orhstat tltiOql'lliLLtJtJ dose " . 

dependent effect LL a:: 1JJY1td1ij~ tJl'll"jO 1 u 
., ~ QJ ., 

A"j'jfl (teratogenicity) ,,.,,fl nmuw1.m 
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( mutagenicity) a1l1-ru 1 irn~l:fu m-sAnl:f1 
.f .J' ... 1 " I • I"" 1 ... .J ... (l°r15'lJtl·U.nirnn 'lfmu-smru 'lJi.JlJYl'lJUflfln 

l11'3t1vv1-s::LlluGi1u'3~ tvir.1~1lumv:: • 
au~'3m'lvivi:zfJJ?Jt1'31mju 1~u-s::JJ1ru 30 % 

" 
11m~'lJtl'3 dose response curve relationship 

wu11 ?Jmvi?Jt1'3m~1~-ru1uLLoia::iuaJJwu5 
nu u~m ru 1 'IJ ,ju~?Ju th u t1 an >JTYll-3 t1vv1-s:: • .J I J' 
(dose dependent) LVl£1l'l'lJ'UlVl'lltl'3£11 LW>J'lllJ 

J, t QI QI ::: 

vun-s::n-3 360-400 mg ~t11u l1a'3v1nuu 

r.Ja?Jt1'3mliil~L~JJ~umm!mufv::L~>J'IJ'U1Vl 
m~u ~-3iTu'llmvi~LL u::ii11 l1'1'lfoit1iu~t1 

'f I 1 II !11 OI :: 360 mg LVltlLLU-3 muinua:: 3 A'S-3 
.J LUtl'3vln systemic plasma 

concentration 'lltl'3tnfl~1mnru'l1~~1 (l!m1 
n11 1 % '1Jtl'3'llu1vi~1~-ru1im1-s-rnm~1 lu) 

md~'31iiihv::)jr.Jaoit1 systemic Iipoprotein 
"' . .J ... 'H'Stl hpase l'l~U 

u"S::anBr.Ja~a'3u1n1'3~aun 

1ur.Ja01 'li~un1'3Aailn1 ui1u m-s 

aviiliminl1~tlmtJAml1m!n orlistat L llum • 
~1fi~1>Jlunum-sviLrniil~i~ua::m-smuA>J " . 
mm'l9

-
12 r.Jam-si~r.J 1u~1uu-s::anBr.Ja 1 u 

" • .J • I"' "" 'i l1alr.J'lltl01\1UVl 'YILu'Sf.IULl'lf.IULVlf.I random-

ized controlled h·ial aiiuauut1V1'3-a'VlLvUll - . 
orlistat 1r1r.Jam'iavitl1l1ii'n1ur.fthf.l~tll 

" 
min LihJ1~&in11na>J~1'lf'ml1aan (placebo) • 
LLGili-rum-svi LLa LL u::ihL~tl'3tll\11'iLLa::wq 01 

" 
1 QI ~ QI 9 - 12 Q, QI m-s>J uanl:fru::Lvimnu ua::r.Jam'l1vf.I 

rl'1~Anm&lvi~1>Jr.rt'hmlluna1inua'3 1-2 
" 

iJ r.f t'ht11 una>J~1~-rumaim'l trnvitl1l1ii'n " . 

Oranee Tangphao 

1u1~a'3 12.4 UtllJ~ 1u 6 L~tllJ ua:: 13.4 

ut1uvi1u 12 L~au Lihniir.Jununa>Jm • 
l1atln~'3avi1~L~f.1'3 6.2 ut1u~Lrn:: 5.8 
. I ~.J "' uflUVll'l 6 ua:: 12 LVlflU irnnvlnr.Jam'i 
OI .J I OI I dl IJOI 'iOl:fll'l LL~ n~1'3nuv1nna >JYI vi -suml1a tln • 
ua1 ~1U1U~thf.l~U'3lll-jum-s&lvim1>Jm'i 
-rnl:f1na'3a'3n-l11 una>J~1~-ruml1aan " . 

1um'lAnl:f1m'3flailn r.ru1mbu 
" 

>J1nnuoit1m 1~&i 10 r.rthr.J~1inu\1~'3trnuGi1 
" 

0.. QI ..J " ..cl v1nm'l1vmut1'3v1nmm'i'll1'3LAf.1'3 (8.8 % 

d ... OI 1 I .J1 IJ L>JtlLl'lf.IUOU 5 % un~>JYI Vlf.11\1ntln) 
u t1nv1n ~rn 1 im1'lavitl1l1umLa1iJ'3)j 

m'iAOl:f1r.Ja'lla'3m1 um-sil t1'3tium'SL~>Jtl1 
min (weight regain)

9 ~'3Llluilcyl11a1~ty 
l1a'3 m'iavitl1l1un LV'lr.J15oi1'3 1 wu11 orlistat 

I • I'°" !' QI ~ .::. J' 1 " al>J1'Stl'lf1f.la Vlu'j)Jl tlllJ1\1U nri L W>J'lJU Vl 

t1V1'3-a'VlLvu 

u anv1nr.Jaoiatl1l1ii'nGi1 far.Jm'l'3LLa1 
... ~ !' OI I 'f .J >Jnl'iv1nl:f1r.Ja'llt1'3m'iaviu1l1unma LWrnu., 

~wu~1>J~1r.J wu11 111r.Jl1a'3v1n 1~-ium 1u 

Lllunai 1 iJ u~>J1ru1flrnm~a-saa1m~'fovi 

~at1vivuA11>J~uta~mavia'3>J1nni1n~>J~ 
1~-ium\1aan 11 - 1 2 

..$ ... 1 . I I .J ""'i ..J '11\1-SU Uu'S::'lf1n-sn~>Jl'l>JL'SAtlU 

~1>J~1f.I 1vimuw1::LU1\111u LUlJ~aiJlvntJ 
..J !' ... ... 'f mm u t1'3v1n m-saviin"'1u n Vlv>J Na LVlf.lm'i'3 

1um-s-rnm hA~'30al1 WUll orlistat )jr.Ja&i 
' ".'I .J !11 "' ".'I .J"" mtlr.Ju1f.ll'lLuULU1"'111U "'1'Stl Nu1f.ll'l>J 

" " 1J I 1J 

abnormal glucose tolerance test LLa::LL>JLL~~ 

tl 1 r.J~ )jtl i "'1ii n Ln u LLm' if '31" a'3.ff u L ii u L u1 

"'111U LVlf.I~ orlistat 'li1f.ILUA1U~>JLUll11llJ 
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vi11).J L~tNol B m·n um u1'H111Ji'.ile:i ma~v~ 
L ll u L u1'H11ut1' m.1a'3v1nm'jAnlfl1 u 'j::EJ:: 

nm 2 i'.J 1
1-1

2 Brl1'3hn~ii''3hii'.it-Jam'ji~fl 

f11'j limtll u'j::fl::mi-)1v::i'.i t-Jaol B a01'.n f11'j 

th fl'H~ B tJ01'j1 f11'j011 m.1 B'3U ')::'lf1 n 'j~tl1'Hir n 

Lnutl)J1nuBmwfl'3 h 

oJB1tJ 

-"1•4tJ ,..,i ""'.f'lv {)'tlli 3H'4'11 'i~fl'l°l~'tlfllvtnVl'lJ\l VI 
V q .J I !11 

fllf11')'l.11'11LVlfN'Yl'V'lUU Bf.IL u \J fllf11') 

'lf1'3L~fl'3'Yl1'3')::UU'Yl1'11L~\Jfll'Hl') 1~LLO lltN 

~VI rl1flBvv1')::i'.i1'll>Ju'H~mfiirutJu ~U1fl 
• v 

q ' ,J' :; 
u1'3 'jlfl)J en f11'jCl1flBvv1'j::u ewmrna::nau • 

1 '1 V V q I J' !11 avvl'):: )J VI fllf11'j'lJ1'3LVlfl'3L'Hmmum'H01 • • 
1-H ~u1fl:511nu'H~'3~V1aulv'HflV1m mm') v • 
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I !?1 I mjjaunu LLClVl'lil RVLM lnv~LulJCl1lJ 

.J 1 ./15 ?Jtl'IClJ.Jtl'IYl rilmenidine tJaaflqYlii 

1 I d ti~ "' q ') 
lJf1'l~O'lltJYl'l'1f1Yl1 fll'lUVl n me-

" 
" lh "" """'"'~1 nidine L'lJ1 4 ventricle l1'lfl l1atlV1Lauv1v1 

v~n1 l l1'LnVl renal sympathoinhibition ~'I 
~a~'lmh1vuB~ lvi'tviu idazoxan l1~a 

" " efaroxan ~-:iijviruaJ.JuG\vuv'ln~ imidazo-• 
line receptors LLa~ a 2 -adrenoceptors, 

idazoxan vuB'li:.ia?Ja~ rilmenidine 1~~ 
n11 2- methoxyidazoxan ~'lij ~avuff ~ 

1 I d 
mvn~ a2-adrenoceptors a1u lJf1'l~Vl1tJY1 

n11i1aau~1umaau m1li1 idazoxan 1u 

u~nru RVLM uuff'l~a renal sympatho-
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inhibition ~LOV!v1f1fl111'1 rilmenidine 

u~nru RVLM 1~ LLO'i idazoxan hla1m1t1 

uuff'l'H~mLm'lJt:.in'lJfl'I a-methyl norepi­

nephrine ~~ L UlJ a 2 - adrenoceptors agonist 

'li'ai.Ja0~~Vl11 rilmenidine aanqYJtaVl 
" 

Vl11J.J~lJ 1ai1GJ lV!Ufl1'lf1'l~~lJ imidazoline 

.J 1 ..J 16 receptor.,, RVLM lJClJ.Jfl'l'11lJf1a1~ 

v1f1fl11Af11fl lVlu1'li' ( 14
C)2-

d. l wui1t11li1 deglucose autora 10grap 1y " 

,., ~ 1" l rilmenidine LLflel011YlV!aa~ fll'l 'l1 g ucose 

?Ja~L'llaaamNlua1uo11~ 1 'l~Lu) thoracic 

spinal cord 'lJfl'I intermediolateral cell 

column, a11J area postrema, ventrolatteral 

medulla, nucleus tractus solitarious LLa~ 

cutaneous nucleus avia·m111'lf vehicle hJ 
iji:.iam~1d r.Ja?Ja~ rilmenidine ifli.J 

"' l: d ~I Cl1"1'HlEJUU'l 1VlLVlEJ BHT9 3 3 'li~ L ulJ a 2 -

" • 17 ti q 

adrenoceptors antagonist ?JviJaU 

CllJUCllJ'lJ'li'aJ.JaL~J..1~~11 rilmenidine flflfl . " 
q.,, t1ua"a'Ia'1ufla1'ItVlufl1 ~ ~" lJ 

imidazoline 

adrenoceptors 

receptors mnfl11 a 2-

LLa~m'l~V1ui1 rilmenidine 

ij affinity O'ia imidazoline receptors J.Jlfl 

flil a 2 -adrenoceptors n11 l1ij ~LCllJail 
.J "''i"''i"' fl1'lY1 rilmenidine nVIVl11J.JVllJ La'HVI LVlEJJ.J 
""' " .{ ~a'lJ1'1LVIEJ'lfl1'1ClJ.Jfl~lJflEJ LVfil~qYlilaVl 

Vl11J.J~lJ 1ai1Vl?Jtl'I rilmenidine LU'lJ~nvlfl 

fll'lfl'l~~lJ imidazoline receptors LLa~ 

rilmenidine li.Jij~aO'ia a 2-adrenoceptors 
d .J'..J CV I 

1 uai.J tl'l'li'I a 2 -adrenoceptors lJ L'lfa fllJ11 
~ .J " 'i l 'd . LUU receptors Yl~flf1'l~~lJLVltl c om me 

LL~1n11i1Lnvi~rn'li'1~L~EJ~m~amM Liu 

ihN'I UlflLLli'I ~iai18 
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... .. 
t.na'if~rnu'°11aGl'l 

rilmenidine CJ n ~~:zl>Jvl nm~ L~'lJ 
" " 

mm·rnrl1~11~L~1 iivh absolute bioavai-
.1 .... 1 ... J' !ability u'lt:>Jlru 1 'l::~um 'lJLaCl~'lJ'lJij~ 

a~ 2 ~1L>J~'Ha~v1nl~ium 19 CJnth~~ . " 
e:ie:inv1n~1~mt1e:irl1~'l1~L~1 iivh total 

body plasma clearance tJ1:::>.11ru 450 >Ja. 

v1e:imii Lta:::ii~1 elimination half-life 

u'l::mru 8 ~1L>J~ ~unuTtJ1Giulmae:i~ 
... "' ., J' ..,j 

UC!tl ( <10%) >JV111>J'lfCIUWCIOUL'lJCILt1Clij~ 

m·hfomtJ~vu1u~1~mt1 ( <95%) CJn?iu 
" " 

ri1vm~ilaai1::: 65% rn~e:ivv11::: 1 % • 
1 • QJ fl 

V11V11~ 1n1~ L11a'lfvaumaV11'lJe:i~ 

rilmenidine v:: hh tJ~mm tJa~ 1 uN'i'.hv 
" 

J' 
trnnv1nuv1nm'l 

!'! 20 ., ... 
v1n'l:fl'lleM Beau Lta:::Vlru::: i;:fuuauu'lJe:i>Ja . " 
~i1m11'lf rilmenidine LiJunal'lJllJhlii 

n1'la::a>.1'lJC1~t111u~1~n1t1 

1tJN'i'.bva~m£J m1~~:n>J'lJC1~ 
" \J • \J 

rilmenidine v:::'l71a~ LLat:~l elimination 
J' :; J' <1 

half- life vt:'lJllJ'lllJ n~umvLU'lJr.rnv1nm'l 

~ii~1 apparent volume of distribution a~ 
1 v.Jl ., "' a~ ( -12%) 'lJ~'YI V1am'Hm>.1m·rn~a~ 

" 
e:irl1~~~Lv'lJ'lJCI~ apparent total clearance 

( -50%) Lta::iiVl11>Ja>J\11'lJB1~£JVl1~ 

1t:'Hil~Vl11>JL~Cl>J'lJCl~Ol'ln1~1'lJ'lJCl~1VI 
1 

. ., .... :; ... 
LLa:::m1>.1a1>.111CJ um1mv~m ~~'lJ'lJVICI~ 

iin11tJiua~'lJlJ1~1lJn11inY1'lJe:i~ 

rilmenidine 1uN'tl1t1V111>J~'lJ Tai1V1a~~ij 
" " 

lviam'Ha1e:irl1~1lm1~ (~1 creatinine • 
... ' ' "' 19 clearance lJCl£Jn11 15 >Ja.vimn'YI ) 

Supeemm Unchern 

r.rn'lJ£M rilmenidine L'1.Hi''lh£J mild ua::: 
"' 

moderate hypertension 

m1~nY1r.rn'lJC1~ rilmenidine 1lJN 
" 

U1£JVl11>J~'lJ fai1vi\j~~~~L U'lJ placebo 

resistance hypertension ( ~1 diastolic 

blood pressure : DBP ~ 95-115 mmHg) 

~1lJ1'lJ 269 Vl'lJ20 1'27 rilmenidine 

monotherapy (n= 150) LU'lJL1'11 1 tJ 
'lJ'lJl~tnm'lf'L'rhnu 1 'H~CI 2 mg Lrle:i l~fu 
mmu 1 tJ ~1 systolic blood pressure 

(SBP) LLa:: ~1 DBP a~a~ 25 LLa::: 1 7 

mmHg 1lJn~>J~ rilmenidine monotherapy 

hll~r.rn iim11'lfm?ruilaai1d1>.1~1t1 
..,j !'I 

(n=90) L>JCIVl'lU 1 u SBP LLa::: DBP a~ 

a~ 26 Lta::: 17 mmHg vnmh~u 1un~>J 
V V ~ ud I CV • 

a~'Yl1£JVICl~L'W>Jt11Vl1'Ylal>J11>JOU nlme-• 
nidine LLa:::m?ruilaai1:: (n=29) ~~ 

ai>.111CJn11rf DBP a~mae:i 90 mmHg 1lJ 

6 L~CllJ (80%) 1u 12 L~Cl'lJ (84%) ~ 

tl1u~l~iu rilmenidine monotherapy Lrn::: 

Vl11>J~'lJ fa;'.;via~a~ L U'lJUfi&ivt:L nlflU 6 6-

60% 'lJCl~NU1£J LLat: 2 1lJ 3 'lJCl~C.JU1tl 
" " 

na>JlTl~iu rilmenidine 1'lJ'lllJ1~ 1 mg
20 

• 
011AO'l:flLL UU double blind multi 

center trial LU~fJULnuu rilmenidine nu 

placebo 1u~U1fJVl11>J~'lJ fai1vi\j~L~ntl'e:iu 

ua:::a~tJ1unm~ ~llJ1lJ 126 Vl'lJ T~ur.r 
" " 

U1U~~'H>J~ l~iu placebo rie:iu 4 atJ~1l1 
I fll ' J '°' ' na>JLL'lmuuna>J'Yl>JVl1 mean blood • • 

pressure (supine) 95- 104 mmHg ~U1fJ 

l~iu rilmenidine 1 mg (n=30), Lrn::: 
.,_, " ' J 

placebo (n=35) 'lJllJ 4 aum'H fl'l>J'YlnCI~ 
!:11 ' .J "' ' L ulJO'l>J'Yl>JVll mean blood pressure 

(supine) 105-115 mmHg ~tJ1ul~iu 
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... ~ 
rilmenidine 1 mg Tim:: 2 A'j-3 (n=30), 

) 
""-1 ~ LLa:: placebo (n=30 'Ul'U 4 aum\-1 W'U 

i1r.Ttha~l~~'U rilmenidine ~'3"1lJ~ 
" 

(n=61) iTuA11ll~u1al;via~a'3l.Jlnff"h 
... I I 

placebo flt) Al SBP<160 ua:: DBP L'Yll 

nu"1'ijutl'ernni1 90 mmHg wulu~tl1a~ 
1.,... 'I 'd' 'I ".'I .J ~'j'U n mem me = 61%, LLa::L'U~u1fJ'Yl 

1 vcv 21 
~'jU placebo =23% 

n1 'jAnu1 L ti~ au di au Na?Ju-3 

rilmenidine nu clonidine t~ai5 double­

blind-clonidine controlled multicenter 

trial t~a~tha l~~u placebo a1'3\-1u1 4 

a\Jml1nuu l~~rnn ~1 DBP ?Ju'3~thm"fh 

nu 9 5-115 mmHg ~mfl~1fl rilmenidine 
a • 0 V I 

1 mg \-1'ju clomdme o .15 mg rn m?Ju-3 

DBP U'3A'3l.Jlnni1 90 mmHg L~L~lJ 
?Jm~?Ju'3mffi'l1'LtJu 2 Ln1 wui1m1l.J~iJ 
fai;vi?Ju-3r.l'thaa~a'3t~mn~'3 2 o11Ln11 

" 
Q,I c!ll ' t nu Au Al SBP a~a-3 19 mmHg ua::A1 

..,J 1 """ DBP a~a-3 12 mmHg Ll.Ju ~'jUfll'Ul'U 6 

ai.J~1l1 LLoi rilmenidine ijNa?i1'3L~fl'3Urrn 

ni1 clonidine 
22 

nl'jAff\fl'Yl1'3AailA 1 urJthflA11lJ 
" 

~'U fol;via-3 L tl~fJ'UL n£JU'j::\-1i1'1 rilmeni-
" ... ..,j I .J ' 

dine nrnnuu 4 nal.J'lf\l'Yll-3 U.S. Jomt • 
National Committee flulJ~'UL"1L'iYLUll 

first-line drug L'Unl'j~nUlA11lJ~'U 1al;vi 

~'3rlu l~LLn rmiui1aai1:: mn~l.J P­
adrenoceptor antagonist mn~lJ calcium 

channel blockers LLa::mn~lJ angiotensin 

converting enzyme inhibitor wui1 
rilmenidine ijtl'j::a"r'lihnwlum'ja~mll.J 

~"fol; via~ ijA11l.Ji.Jau~11a1um'j 1"1 LL a:: 
" " 1~~Unl'jflulJ~'ULn1Ln£Jl.JnUmn~ 4 nall • 
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m1::'4J1nm'jAnu1if vmi1 rilmenidine a~ 
A11l.J~u tal;vi t~aijNa?Jma"1au~Lau~ 

CV ~ ti L 'W'jl::maufJ~'j::Uu 'j::C'fl"r'J sympathetic 
... . .J ... .J' "' " \-1'ju adrenerg1c "r'lmrn~rnu~ Natnn~LLlJ 

1uL1a1~ijm'jL tl~£J'U A11ll~ll tal;vi Lrl u~u 
"1'ijuuunrha~ma A11l.J~u1al;via~a~1u 

60% ?Ju~rJthrJ~l~~rnn rilmenidine (~~ 
" 

I CV .J 'I ..,j .. I 23 "J::Lmnrnrn"r'lwu L'Umuu 1 un 4 nall) • 
nl'jAnu1 a-3 A11 lJ'1ll~'UB 'j::\-111~ 

?J'Ul~'llu~ rilmenidine ffii~m.rna~mlll 
~utal;via~?Ju~m t~a~nu1lurJtha 60 

" " 
A'U~LU'U mild "1'iju moderate hypertension 

wui1Naa~m1ll~'U fai;vi?Ju\I rilmenidine 
..,jl""" CV ~ .. CV Lllu ~'j'Ufl11\Ja::A'j~ L"r'Jaunu placebo ( 4 

ai.J~1l1) ~'UnU?Jln~?Ju~?Ju~ rilmenidine 

ffi'lY LLoi lu?J'Ul~ 1 mg ma~~nlll~'U 
fal;vi l~~t~aijNa?i1'3L~a-3tl' uani1Lrlu1"1 

mlu?J'Ul~ 2 mg
24 

rilmenidine cardiac 

hypertrophy 

Left ventricular hypertrophy 

(LVH) LU'UNa"J1nm .1Ltl~£JmLtla\I 
.J ~I cv t "' hemodynamic "r'ILu'UNa"JlnA11lJ~'U a\-1VI 

a\I ~~ L i'.luwm5afl1w~vmiJ ual iJrJtha 
" " 
essential hypertension (13.4-50% 'llu\I~ 

U1£J i~ L~fl ecthcardiography) "Jln?i'm,ia 

1 ..,Q{ Q,I def Q,IQJ., I \Ju "J"JU'U"J:: L \-1\J tN A11lJC'fll'W'U5 'j::\-111'3 • 
fl11:: L VH nu rlVl'jl L~fl~ 1 um'jLaa~ivi 
La£Juw'1'u, avi'j1m'jLa£J~ivi"J1n hA\11 l"J, 

avi'j1m'jLa£J~ivi?Ju~rJtl1a, m'jLn~ 
" 

stroke, m'jLn~ t 'jA\-1au~Lau~\111"0J, ua:: 

n1'jLfl~m1::\11 l'OJ~m mn a\ILLJ.i'V-3 hiii?i'u 
iJai1 m 'ja ~mn ~'ll u\1\11 l"OJ a-3 ai lJl'j rm~ 
" 
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cardiovascular risk 1 mru1t1m1lJQ}u lai101 
v 

a..:i1li1'H~a hi u011uil'OJ'"Jumrn'IJa..:im-rmfl 
v • 

Q.I .CV • CV tJ 
A11lJV1maavia..:i01a L VH urn u inter-

v 

mediate end point 1um")-rmflffl1)JQ}lJ 
'I.. .J. "' "' .J 
La 'H 01 a..:i 'Yl a1 A ruu an L mJ a'OJ1 n f11")'Ylf.11 

" v 

al lJ1 ") Cla Vl A11 )JQ}tJ fa\101 LLa1 

f11")~f1H1'Yl1'lAaUA5..:i~a'IJa'l 

rilmenidine 1 ur.Jt'.ht1m1lJQ}u lai101a..:i~..:iij 
" " 

m1~ LVH ~1lJli1'1t1 11 A\J Li'.luna1 1 

u25
'
26 

wui1 rilmenidine avim1lJQ)u lai101 

1u~U1tl'OJ1f1 148± 31102± 1 mmHg 'ltJ 
LUU 131± 2/84± 2 mmHg (p<0.01) 

LLa~m )J1")Cl-rf1H1")~Q)u A11)JQ}lJ lai1011 lf 

tln~01aavina1 1 tJ~1li1-rum 'IJU1V1'1Ja..:il11 

2 
131± 4 g/m body surface area (p<0.05) 

")~Q)rnra{lmJ atrial natriuretic factor 

(ANF) hiLtl~t1\JLLUCl'lLLiri1m1)JQ)lJlai101 
avia..:iLYi1~1tln~ LLGl'OJ~avia..:iLda'IJtJ1V'l'IJa..:i 
l11 l'"Jl1a..:ia1..:ii1t1avia..:i lvitt")~Q)u'IJa..:i ANF 

avi'OJ1n 48.4±6.2 pg/mL Li'.Ju 28.6± 3.4 

!'I "' J' " pg/ml (p<0.05) LLa~A'lel~ L\J'°)~VJU\JLL)J'OJ~ 

'Hf.IVl rilmenidine ln\J 1 L~mJLLa1flOl1lJ • 
1VJ"ij f11 ") ~ f1 H1 L U~f.IU L n f.IU ~a'OJ1 f1 

sympathectomy ~1lJOUm")1czf a 2-

1 ,J,,. "' 
adrenoceptor antagonist U'H'J'YllJA11lJVl'\J 

1al101 a..:i wu1'1 a1lJ1")flil a..:i nu nnLn vi 
" 

1 " " cardiac LLa~ vascular hypertrophy VI m 

1l1 rilmenidine 1u'H\Ja1tl 9 atlvi1lf " . 
allJ1")ClCIVl cardiac hypertrophy, Lrn~?ivi 

'IJ11'l perivascular fibrosis 1u 

" .. intramyocardial vessels LLa~LLf1A11lJ~Vl 

tJ f1~1 iJ 'Ha a Vl La a Vl 1 u U ~ L 1 ClJ ~ ij La '\J 

U")~al'Yl sympathetic 'ltldft1..:ilJ1f11 1li1'L'lflJ 

Supeemm Unchem 

.cf Q.I 27 Q.I :: ' 

LV'lf.11f1U vi..:iuu~a'IJa..:i rilmenidine 01a 

1111~"11 l'"Jlf a..:ia1..:ii1t1101u1'0J~Lllu~a'OJ1n 

n1")~mavi sympathetic activity Liunu 
lum")YJVJaau~a'IJrN rilmenidine 

1u~U1tl mild LLa~moderate hypertension 

~..:iijm1~ LVH 1vimtl~t1rnnt1unrnrn'lla..:i 
nifedipine 1u~U1tl 73 AU LtJU")~f.l~L1a1 

u1u 1 tJ n1")~f1H1Li'.luuuu double blind, 

randomized control trial, ~U1tl 35 AU 1li1' 

-ru rilmenidine 1 mg LLa~al'OJL yj)J'IJU1Vl 1li1' 

O'l 2 mg Glfflu LU~t1ULnt1unu~ll1t1 38 

Au~1li1-ru nifedipine 40 mg Giaiu 1u~ 
" tl1t1n..:iaa..:in~" mLLoia~or1mu~lJA11" 

Q}1J lai101'1Ja'l r.Jll1t11li1' 1vit1 rilmenidine 
" 

group avia..:i'OJ1n 102.7±4.6 L'Haa 88.5 

± 7 .1 mmHg "1'H-ru nifedipine group avi 

a..:i'OJ1n 102.1± 5.1 L'Haa 85.6± 7.9 

rilmenidine ij left ventricular mass index 
2 .J I I 

(LVMI) 176.9±41.3 g/m 'lf'l~'lf111A1 

lun~lJ nifedipine 172.6± 35.1 g/m
2 

,,j 1 ""' 4 I 4 L)Jel VJ")Uf.11U1U 12 LVla'\J m LVMI Lt-rna 
2 

154.8±40.2 g/m avia..:i 22.1± 23.3 

g1m2, (p<0.001) LLa~"1'H-run~lJ 

nifedipine ~1 LVMI maa 145.6± 36.4 

2 2 ( g/m avia..:i 26.9± 29.5 g/m , p 

<0.001) h.iwum1mLGJnoi1..:i")~'Hi1..:i~a 

1 ti I .r 28 
~1f1n1") 'lff.11 2 f1Cl)J'\J • 

ml'Uil'l rilmenidine lur.Jt'.hmu11111u 
" Pt .J "' d I ".'I .J !11 

L UU'YJ'YJ")1Uf1UVl11 ~u1tl'YIL uULU1 

'H11ULOVlA11)JQ)U ta\101~..:i )Jl nni1~1i.i L tJu 

L U1l111U ~'l~'lffl1)JQ)u1ai101a'lLLa~LU1 
" 

'H11uoi1..:i n L yj" A11)J L~t1..:i 1 u f11 ") Ln vi f11") 
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" "'1 .. LL 'Yl''rn'lf tl'U'Yl1\l'i::UUl11 "mt::l1atl~ Lat!~ 

ut1n"1nif A11ii~u fal;onHL ~>J Ttimmn~ 
" 

diabetic microangiophathy ~\ltTtJm'il'lfm 
., t .. J ., "· ~ 

a~ A11>J~'U al1vi'YIL l1m::mrnu ~ u1mu1 

l111tJ'li.lm'iihrn'iUn1'U glucose tolerance 

LL a:: I l1~tl lipid metabolism ·rn., LLa:: 1 u 

'i::t1::m1 mm'i1\1c.rn1um'i1nm~~ 
!3 1 ".'I J"" "1fln1'iv1mn 'Uc.Ju1tlLU1l111lJYl>J 

" ., t .. <S " J... ., 
A11>J~'U al1via\1Lanu t1mrn::'Yl>JA11>J~'U 

" 
fai;V1\f\lth'Uflal\I 29 All ('lfltl 17Vl'U, 

l1cY\I 12 Au) ~\l'i::~utl1malmat1~'llt1\I~ 
ll1t1A1UA>J~1u insulin r.ru1ul~1'u . " .. 
rilmenidine 1 mg l1'itl 2 mg mu 16 

atJ~1lf t11allJl'itla~fl11)J~lJ tal;vi"1n 

165 ± 3/ 97 ± 0.5 mmHg Ll1atl 159 ± 

4/88 ± 1 mmHg mulu 2 atJ~1lf LLa:: 
.. ~1~ Ll1atl 149 ± 3/ 85 ± 1 mmHg L>Jtl ~'jU 

tl1'U1'U 12 atJ~1lf (p<0.01) LLa::~U1tl 

1 7 A'U ( 59%) iim1ii~ufal;vitJnGi (SBP 
. 1 .,J 

<160; DBP <90 mmHg, supme) 'UCj'Yl 

A11>J~tJ fai;vi'liia~a\ll1a\1"1n 1'11' rilme­

nidine nl'H ~iim?JuiJaai1:: 1 l1LLflr.j'tJ1mh 
" 

1 \1m1>J~ufal;vinarntJutJnGilu 90% 

'lltl\lt-Ttl1t1 m'il'lf rilmenidine 'liii'.ic.Ja'jU 
" 

mu'i::~utl1vi1aluLat1~ 'i::~utl1malu 
Lat1~l1a\lt11l11'i LLa::'i::~u glycosylated 

hemoglobin 1rnn"1nif m 'li.Jiic..iaoitl'i::~u 
LDL, HDL, TGs 'llu\l~U1t1 29 

"l ".'I J.,, "' 
t:Ja'lJel\I rihnenidine LUr.Ju1rJ'13JA113Jr.J~ 

" 
tJ fl Gl'lJ tl\I lipid metabolism 

1 ur.rtJ1um1>J~'U fal;via'1~iiA11>J 
" " 

tJ~tJnGi'lltl\I lipid metabolism m~l'lfm'i 
a~A11>J~u fai;vi fau'li.Jiiua'iumu lipid 
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metabolism "inm'iAmn 1 ur.ru1t1A11>J~'U 
" 

fai;Vl\f\I (65.5± 2.0/99.1 ±0.6 mmHg) 

~LtltJ hyperlipidemia type 2a/2b ~1lJ1'U 
51 Vl'U t~mtJ~urniit1u'i::l1i1\I captopril 

., l: 
25-50 mg 1ua:: 2 A'i\I (25mJ) LLa:: 

" " Q.I Q.I 4 Q.I 

rilmenidine 1 mg 1ua::A'i\ll1'itl 2 A'i\I 

(26A'U) ~l'lltl\I DBP a~a'1 'liiLLV1noi1\ltllJ 

LLa::r~aoi u'i::~u LDL cholesterol, HDL 

cholesterol, total cholesterol, triglycerides 

(TGs), apo AI, apo B, Lipoprotein A, 

LLa:: uric acid 1iJLLVIOO"i1\ltllJ a'itJ-)1 • 
rilminidine al>J1'it11'111mflA11>J~'U fal;vi 

\f'1~iim1iitJ~tJnGi?Jt1\I lipid metabolism 

l~~Ln1nu captopril
30 

LLa::1tJm'jAmfl1tJ 

r.rtJ1um1ii~u fal;via\1~1u11J 2, 6 35 r11J 
" " 
(DBP > 90 mmHg) ~\li'.iflVl'ilL~tl\l'lltl\I 
cardiovascular disease l1altl'lfU~ 1~LLtl r! 

" 
\f\ltll~ (>60U), dyslipidemia, LU1l111lJ, 

hA 1vi L{u1''1, m1::tJ1~ L~'U u n, m1::l-111" 

aiima1 faul'lf rilmenidine 1 mg/llJ illtl 

1u 3 L~t1um1ii~u tal;vi?Jt1\lc.Tu1unaua 
" " 

~itJnGi 1u 73-82% 'llu\lt-Jtl1t1~\ll1l.I~ 1u 
" 

n~ii[liJvmnl'iL U~tl'ULL tJa\l'lJtl\I urea, 

creatinine, glucose, potassium, uric acid, 

tJ~mru total clearance
31, rilmenidine liii'.i 

' Q.I !' 1 .. "l .,., .J' 
c.rnvit1'i::~umvi1a mau~ uii ~'iumu 

mu 2 tJ32 
tJun"1nif rilmenidine 'liiii 

c.rnLtJ~t1lJLLUa\l'i::~u'lJu\I uric acid 1u 

vrn1am 'i::~U'lltl\I total cholesterol, 'i::~u 

'lltl\I potassium 1iiL~l.J'i::~U'lltl\I urea LLa:: 

creatinine 1mau~ viau~"u1i.Jiic..imh1\1 
., I tJJ tJ 33 fll'j'lJUt11tl'lltl\I electrolytes L amm a\I 
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f.Hl'llel\I rilrnenidine lur.J\ha h~ 1Gl 
" 

'lh:anru 75-80% mMrStl1uhvi 
v 

1vi.ffuli1u 1 >!niivi11ii~u fa~vin..:i~1iivi'1t1 
v 

~nnm'jAfl'lflr.Ja'lJeM rilmenidine 1iJi:l'tl1t1 
v 

hvi 1wil1nAu6'Yll..:i hviloi 4 "1\JEJ 1ui:l'tl1t1 
v v v 

17 VllJ (DBP=104± 3 mmHg) ii~l crea­

tinine clearance 35± 4 ml/min-11.73m2 

d 'l t.ICV CV :; 4 

LiJtl mu rilmenidine 1 mg 1ua::m'l'H'jtl 

i'ua:: 2 vi~..:iLtlm1m 6 L~mJ i:l'tl1u 12 
v 

VllJ ~l SBP a~rn..:i 12 mmHg, LLa::~h 
30 

DBP avia..:i 8 mmHg 
q II .J I q 

iJ'lJtl)JaYJWU1liJ 
" 

imidazoline 

receptor lim~nru proximal tubule 'llti'l 1vi 

~'l~Ja'lJtl'l rilmenidine 'H~tir.Ja'lJti'lm1iJ 
miii imidazoline ~'lfl'j~vi'u imidazoline • • 
receptor 1uu~nrud iic.muu~..:i Na' 1H' 

antiporter ~ proximal tubule ~..:iii~rn&iAa 
avi sodium retention ~..:iihv::Ltlur.Ja&i'lJti'l 
rilmenidine 1um'jVJ1UV!iJVl11iJ~lJ La~Oln'l . " 
1 u 'j~tJ::t111 34 

" ... tll Ol'l'l.11\IL~H.l\I 

Rilmenidine 1wnmvi 1 mg n11lf 
~ al V q 
iJtJlfll'julnLL'H'l 4.3-6.7%, illN'l 3 .0-

3.7%30-31 lum'jLU~tJULiiuu rilmenidine 

tiu atenolol fll'j 1?1 rilmenidine l,Jwu 

" "' .J d1" .J tllfll'j'lJl'lLV!tJ'lYIWULiltl 'l:ff.11 atenolol 'll''l 

1vi'LLfl asthenia, fatique on effort, 
35 d • I"' "' ., 

acrosyndrome LiJtlLu'jtJULYltJUnu 

clonidine lJl'U 6 auml-1 tll~'lnti'l 1 li~m 

Supeenun Unchem 

avivi11ii~u 1a~viLn1tiu LL~ rilmenidine ii 
" q II I 36 

r.Ja'lll'lLV!tJ'llJtltJn11 clonidine 

Rilmenidine Lllumavim1ii~u 

lai101a..:ioi'11'H,J ~..:iiiviruniiu~Ltlu imida-" . 
I. 1 . .J "'I zo me- receptor agomst Yltltlfl()'YHHVlfl 

fl'j::~iJ imidazoline- 1 receptor 1uniia..:i 

a1una1..:i ii~rnn1111~n1ii~uta~01avia..:i 
d . 

LUt1..:iv1nmavi sympathetic outflow vln 

aiia..:i rilmenidine avivi11ii~u 1al101 lvi'&il 'U 

"·'' ~u1tJ mild LLa~ moderate hypertension 

L ii u u L •,'h f.11 a vi vi11ii~lJ1ai101n..:i1 u n a' ii " . 
~1'11 ~1'li'Ltlu first-line drugs Liu 

captopril, hydrochlorothiazide, nifedipine 

LL a~ propranolol m1~avim1ii~u lal1011vi' 
' ., . . .J .fl'I .J .,( ' 

L'YllnU clomdme 'll''lLuUtllYltltln()YlilOltl 

ai1 v~L'liuL~tJ10'u LLoiij ~a-n'1'1 Lflu'1tl' uuni1 
clonidine mn uanv1n-il rilmenidine 1,Jii 

" r.Ja~ tJ 'j~~rnh011a 1 ma ti VI 'j~~U 1'llJ!U 1 U 

"' ... ' LatlVI 'j::VIU'lltl'l electrolytes 011..:i 1 LLa~ 

v1n'liaiiam..:iviailvi rilmenidine 1'lfavi 
" 

m1ii~u lal1011 urStl1u vi11ii~u la~01a..:i~ii 
" " V t I ~ 

lll1~LLYJ'jfl'lftlUOll'l 1 L'lfU LU1'H11U 'j::VIU 

1?J>!u1iJLaavin..:i 1'jvi101 11~a1ui:l'tl1u~a..:i 
" v " 

1 llq 1 I d ti q .J GI 

mu VIVILLa~ iJiJr.Ja'lll'lLVltJ'lYJ'j\JLL'j'l Vl'l • • 
ifiJ rilmenidine tl1v::LtlU first-line drug 

1 um'j~nm~n1ii~u lal101n..:ianoi'111rl..:i n1 
" 

1 lfij ol1Latln1 lJ fll'j1 'lf tJl~ fll:f1 Vl1lil ~lJ 

Tai101a..:i 1 lf L 'Hm~nuw m5nmw'll a..:i r.rt11u 
" " 

lvi''Halfl'Half.J~U 
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Vitamin K .Li'.lu cofactor ~a1~ty 
lutl{jfi~m y-carboxylation ~'3~~Ltl§t1u 
glutamic acid residues (Glu) lultl")Gl\J 

Ul'l'lfil~ lll'Li'.Ju y-carboxyglutamic acid 

. ( ) "' 1 ti .J 1,2 residues Gia ~'3ml~'3 u~ 'YI 1 

Osteocalcin l1~fl Bone Gia 

Protein (BGP) ~..:iaf1..:i~1n osteoblast Li'.Ju 

'ftl "" ,..$ C>I .J II CV 
L ")01\J'11Vlty'llfl'30")~~0'YIVI fl'3fl1flf.I 

t1nn~m'li1'3~u1um")Ltl§uu1ll'matj1u~tl 
~ii Gla lulimma fat1 Gia lulmamirl'~~ • • 
ii affinity ~..:ilum")~unu calcium LLa~ 

hydroxyapatite ~..:iLi'.lmb1Jtl"j~naua1~ty 
'llfl'3m~~n ~..:i'li1t1lum~u1um")a{1'3 

" 

protein precursors 

O")~~n 1~ ~'3if u vitamin K ~..:iliri11lJ~1 
~I 1 • 11 .J , 

LulJVlfln1")'Yl1l1\J1'Yl'llfl'I osteocalcm L \11")1~ 

'li1t11ll'Ln~ Gla residues ~'3mh1 2
-

6 

Vitamin K ~1~~1nifi")JJ'lf10lli 2 

~tlLLUU ~a vitamin K1 (phylloquinone) 

LLa~ vitamin K2 (menaquinone l1~fl MK) 

ITTVl")'3af1'3~'3ml~'31u~tl~ 2 vitamin K2 
q A ~ J oCio. t CLI .cJ 
JJl1a1f.l'lflJ~ L~f.ILLVI a~'lf1J~ LLVIO(ll 1'30\J'YI 

~1\J1\J prenyl unit 'llfl'3 side chain (ll")'3 
• • .J 

GJ1LLl1\J'3'YI 3 'llfl'3 quinone structure 
, • I A q I 

VItamm K2 LLV!a~'lf\J~fll~L")f.ln11 MK-n 
J ~I • I . LJJfl n Lu\J~1\J1\J preny umt m mena-

tetrenone l1~fl MK-4 Li'.Ju vitamin K2 

completed proteins 

~ 
CH2 
I 

gamma - carboxylation 

glutamic acid residues 
(Glu) 

VitaminK CH-COOH 
I 
COOH 

carboxyglutamic acid residues 

(Gia) 

~t.l~ 1 tlnn~m y-carboxylation ~~a..:imA't1 vitamin K Li'.lu cofactor 
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0 

0 

quinone structure 

.J"" 
lUJ prenyl unit 011-.:i side chain mi 4 unit 

" 
( ~'llEJtttLBtJVl 1 ul11'lla~m:trutm-.:iL~il) 

:: 
Yl-.:J vitamin K1 Llat vitamin K 2 

aim'loi1t11 um'lLnvii.J~n~m y-

carboxylation 1~ LLO'larl1-.:i 1 'l~O'lli.J vmi1 

vitamin K2 (menatetrenone) ilm1mL01n 

0'11-.:i'OJ1n vitamin K1 011-.:i~uan'OJ1n'"Jt'lf1t1 
lun'ltu1um1a{1-.:in1tvin~-.:inri11mliu-.:i 

" "' :: aii.111ot1ut1-.:in1tu1un11aa1t1n1tvinlvi" 
" 

"" " 7- 9 .. .J anvi1t1 'li'UVl'lJu-.:J vitamin K rtthi.11 l'lf 

L {I trn11um1i'nifl11~ O'ltVl OW'l\J lvi°'LLO " . 
vitamin K2 (menatetrenone) 

Menatetrenone (menaquinone-4 

'H~u MK ) """" """" -4 i.J'liuYll-.:JL~i.i~a 2-methyl-

3-tetraprenyl-1,4-naphthoquinone 1vit1il 

u0111~'l-.:iai'1-.:iri1-.:iL~il~-.:iuavi-.:i 1 u'li.J~ 3 
" 

Suwimon Jat11poomdecha 

prenyl unit 

0 

"' ... "' C)tlti'nl~UHl?i'l'nfll 

CH3 

(CH2CH=CCH2)4H 
I 

CH3 

~nMrutdl~C\J'iJU-.:J 1 'l~n1:;vi nw1tJ " . 
(osteoporosis) ~a ilm1avia-.:i'lJu-.:iLifa 

mt~n n11 iin'l:;~m U'l1tU1-.:JLLtitl1'n 1~ 
I .. d 

-.:i1t1 LnviLua-.:i'OJ1nm'lLauai.i~a'lJa-.:in1tu1u 
" ... "" m1a'l1-.:iLrntaa1umtvin~ai.in1tu1um'l 

v 
II II I 

a'l1-.:itJau011m:;u1um1aait1
6

'
10 

m 

menatetrenone aanqri~1vit1'lf1m~-.:im'l 
" "' :: a'l1-.:JO'lt~nLLattJUtl-.:Jn11a'tl1UO'ltVl0 n1 

" 
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1-M'Ln~fl112Hl>J~rn'llu'l~·HHNfi")::U1'\Jn1") • 
~..:imt~..:il'\J"jtl~ 4 

" 

1. 
,,( r II 

f]'ni5L 'j·mT'iff"i'Nn''i::~n (acceleration 

of bone formation) 

- ~lnm")Am:n 1m'1'\J~ono1~-!..:i l'li 
" " 

I I .J_,. 1" 
WU11 fi(;l>Jfl>Jfil") 'Hf.11 menatetrenone • 
'\Jl'\J 6 L~u'\J )jtl~>J1ru 'llu'l Gia l'\J femur 

a.:Jni1n~>Jf11Ufl>Jmh..:i)jU'mh~fll11 
LLa:: 

" ' • •t:J 

r.rnm")Am:nlm'2f"aLw1::L~t.1'l'llu'l human 

1 .. c1 I 

osteoblasts LLa'~'l l1L'H'\J11 menatetrenone 

a'l>Jl")OL~>Jfil")a'::a'>J'llu'l Gla-osteocalcin 

1~ '\Jun~1nif u..:i'li1m~.:Jfil") mineralization 

1. ·hLtluui'iln1iflfi~ 

Gia residues 

2. Li~n1i mineralization 

3. ni::Pj'u osteoblast 

Osteoporosis 

Bon~tlon -----6 

l 
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I .:: .,J 1" m~::Lw>Jtl~mru osteocalcin fl'lL>Ju 'H 

menatetrenone L~t.111 'H~ull1'~1>.Jnu 
1,25(0H)2D3 1~mwui1 fil"jll-1 

menatetrenone ~1>.Jnu 1,25(0H)2D3 ~:: 

'li1m~'lfi1") mineralization Lrn::L~_>Jtl~mru 
osteocalcin 1~&1niln1")1l1' menatetrenone 

L~t.11 1 12,13 

- ~1n clinical trial phase III WU 

11 ~U1ti~1~-!u menatetrenone )j~1 
" J' I .,...,A., 

serum osteocalcin U'l 'll '\Ju f.ll'l >J'\J tJ '11 fl fY 

1Vc1 I .J' V 

LLa'~'l l'1L'H'\J11 t.11'\Ja'l>Jl")(lfi")::~'\J • 
""- !fl ., " . 1 "H osteoblast 'll''l L u'\J~1a''il'l osteocalcm ~ 

Menatetrenone 
"" ~ I ..,, .. • 

1. tl1HN bone resorption 'tl{lnLWUtl'l'U1 

tf!tl IL-1a,PGE2,1,25(0H)p3,PTH 

~ 
{ \ ~ 2. ifulf~ differentiation 

80'\8 resor~tion 'll'il~ mature osteoclast 
'- ../ 

3. L\.ldmtl1'l.XLiifl 
osteoclast apoptosls 
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J'., lJ 
2. f]'YlfifltJtNnl'jffenfln"i::~n (Inhibition 

of bone resorption) 

- Lrlt1Anm~rn?Jt.N menatetrenone 

1m'Zfa~L'Vfl~L~tl'3 (mice calvaria culture 

) .J.. .. .J ·1""' system l'U.Jn1'HVl>Jal'HWtm1'U1 'HLnVI 

bone resoprtion a-31 tl ~'31~mi 
interleukin- la (IL- la), prostaglandin E2 

(PGE2), l,25(0H)2D3 LLa~ parathyroid 

hormone (PTH) wu11 menatetrenone 
QI:: .J.ct. 

mm·rnt1lJt1'3 bone resorption nLnvi;;i1n 

·m~Lmi1iflvi.,.5 

- trnn;;i1nd ;;i1nnT'iAm:nlm'l1a~ 
J' "" ' ' LWl::Lat1'3tltJ 1 WU11 menatetrenone 'lf1tl 

tJU~'3nT'HflVI bone resorption 1~'11nn1")~ 
., :; 

t11'al>Jl")t'l£.1Ut1'3 differentiation ?HN 

""i'.J"'• 8 mature osteoclast 'Zf'3L tJGl1Yllalt1m::vin 
" 

.. .J • 1""" "a::>Jr.JaL'HtJt11u1 'HLnvin1")Gllt1?Jt1'3 

osteoclast ( osteoclast apoptosis) 
16 

.... .. 
L.na'lf;;imm1aU1'l 

;;i1nnl")1 lf t11a1aiJ~n~?Jmw~-ru 

U")~YlltJUl menatetrenone (15 mg) LLUU 

single dose 'Ha'3tlll11") wu11")~~um~'3 

~viluwa1a>J1 (c",.,) Lvi1nu 253.2 + 
82.4 ng/ml, nai~1\.;'")~~um~'3~Vl1u 

-::1 1 (T ) L...:1nu 4. 72 + 1.52 -i1 wa1~12J max " 

l>J-3 LLa~vi1 area under the plasma 

concentration-time curve (AUC) Lvi1nu 

870.7 + 149.6 ng.hrtmt1
7 

tll'Hl")ii 

r.Jat1tl1'3>J1noit1m")VIVl~>J?Jt1'3m Tvit1wu11 
" 

cmax ?Jt1'3n1")-rutl")~YlltJm lu?Jru~nt1'311'3 

( t1V1t11'Hl")>Jl 1 ~lJ) iivi1LWt1'3 9% ?Jt1'3 

emu '1lnm'j-rutJ")~'Y11tJ£.11'Ha'3t11'Hl") LLa:: 

Suwimon Jatupoomdecha 

AUe0 _12 hr ?Jt1'3m")-rutJ")~'YlltJmlu?Jru~ 

nt1'311'3 (t1V1t11'Hl")>Jl 1 ~u) iivi1LWt1'3 

15% ?Jtl-3 AUC0-12 hr ;;i1n-rutl"j~'YJ1\Jtl1 
.., 18 J'.... ' "" 'Het'3tll'Hl") 1rnn;;i1ntJt1'3WlJ11L>Jt1 

tl"' 1 ., 1 .r • 1 " "j>Jlru ?J>JtJ tJtll'Hl")>Jln?Ju;;i~m 'Hmt'ln 
" 

vivi'S>J 1~>J1ntu~1t119 
iim")Anl.flr.Ja?Jt1'3 

" 
mt1oit1m")vivi:S>J?Jt1'3ml1a'3lt1m 7 i'u&lvi 

' " 
oit1nu tvimm11 lmnaiaiJmi't1mi>Ja11 

I tV 1" :; m Cmu: LLa~ AUC0_12 hr 'HCl'3'1ln 'Hf.11~")'3 

avin1t1;;i~ lnaL~t1'3nu'Ha'3 llfm~~'3LL'ln LLoi 
' 

1 ti I I 

tJ~~'3tllQ WU11 m emu LLa~ AUC0_12 hr 

"'1" :; tJ I ""'1" :; 'Ha-3 'Ht1l~")'3avin1t1a'3n11'Ha'3 'Ht1l~'l'3 
' " 

LL")ntl"j~>J1ru 1.3 ua~ 1.5 Lvi1on>Ja1~u 

~'3tl1'1L~tl'32Jl'11n non-linear pharmaco­

kinetics 1uij~'3t11Q20 

'11n01")An1fll tJ'HtJ'Ha'3'11n 1 lf m 
" 

menatetrenone Tvit1m")-rutl")~'YlllJ wu11 

d 1tl_.j J' "" I 1 Vd I 
£.112Jnl")n")~'11£.I '1LlJtlLtltlGl1'31 VIVI L'lftJ 

" 
~u, "l>J, oit1>J'H>J1n 1GJ ua~ adipose 

tissue ut1n;;i1ndmv'3m~;;i1t1 ltladlt1 
" .J 

m~vinn bone marrow LLa~ calcellous 
" 

tissue ?Jtl~ femur 1~~Tvit1iim1m?i>J?itJ 

?Jt1~ma'3n111 tma1am ua~ml>JL?i>J?iu 
" 
1 J' J' .f,,J .... 

?Jt1'3m mut1m~~nu;;i~~'3?J'UL")t1£.11 'Ha-3 

'11niim")l\.;'mJ1 (repeated adminis­

tration)21 lua1u?Jt1'3nl")fll;Jvim1fuwu11 

"" 1 V • l tl I urn 'H£.11LLUU smg e dose 'Yl1'3 lnLLn'HlJ 

LLa~lVIU~>Jl rum~ t'l n f11;Jvi ti ti n'110~1'3 nltl 
" 

~'3 LLoi L~>J 1\.;'m;;iu0'3itJ~ 7 'H a-31 \.;'m WU 

11 1 .8% t'lnn1;Jvim'3uaa11~ ua~ 
" 

88.2% t'l0rll;j'Vl'Yl1'3t1'1'11")~ ")12J~'3~tJ 
" ' 

.J • .., 22 "" 1 .., 96.0% n~nm;;ivi L>Jt1nviat1'3 uantlru~ 

L~U101J1 tJ au?JWUll'Yl1'3rll;JVlm'Han~ ti 
' 

Tvit1 2.3% t'IO 
" 
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GlTH·~~ 1 Final global improvement LLt1nvi1mnmvihri • 

.. .r .... J' I ., I \I .. J' .. ..J' I ., 

Osteoporosis Vl'lJlHNVl'lJlHltll\l'lfVIL"'U VI tl'U'lJl\IVl'lJ'U tNVl'lJ'U tlf.11\l'if Vl L "'U 
primary 164/316 (51.9%) 267/316 (84.5%) 

secondary 17 /55 (30.9%) 33/55 (60.0%) 

m'lAm:nn1\I Yiiiiln 

- ~Hl'llti\lm'l1"1m menatetrenone 
., I J' 
1ua:: 45 mg vitim'lVl\IG'ftnW'lltl\ILlrn 

m::V1nua::m'laV1mm'lu1V1m::V1n ('niJ 
" " 

LU'U final global improvement) 1u 

primary osteoporosis (~thuhrin'l::~n 
.J,. • I • "" .. 

vqu YliJG'fl L "'Vl"l n m'll1 i-i VI u 'l::"1 LVI au l1'lt1 

L'li1~1£J'lf'l1) ua:: 1u secondary osteopo­

rosis (renal osteodystrophy, alcoholic and 
.d . ) ., .J 10 stero1 osteopema LLG'fVl\IVl\IVITnrn 1 

- 1um'lAffH1l'l1\IVl~iln (phase 

III controlled study) LLUU double blind 

wui11\Jthunai-iffi'li'm menatetrenone " . 
.J .. .1 ., 

LVlm 1 iJtl1n1'lu1V1l1a\laV1a\I 57 .2% 

(871152 'l1u) ri1u1\Jthunai-itl'li'm " . 
menatetrenone ~ii,inumLLnU1V1 ih:nm'l 

iJ1V1l1~\laV1a\I 61.1% (661108 'l1£J)
23 

- r.Ja'lltl\IAff\flLLUU double blind 

L~tlLU1£JuLn£JUU'l::aYJfin1w'llt1\I 
menatetrenone 45 mg!i'lJ nu alfacalcidol 

"' 1 ".'I 'I .Ja 1.0 µgnu lJ~u1£JL'lVln'l::<{]nW1'UYli-J 

a1 L l1V1"1nm'll1i-JVIU'l::~1 L~ mrn~m'li1ri1u . " 
'if'l1 LLG'fV1'11 "1Li~u111u~1lJnl'lU'l'lLY11 

a1 m 'l L ~u iJ1 VI if u £11 ~'I aeN Gl'1 ijiJ 'l::al'l fi 

mw hhLviMh'ln'U LLVILlJ~llJnl'lLLnl?Ju-ru 

U1'1i-l1am::<{]n (bone density improve­

ment) wui1 menatetrenone 1 l1'1\.rn~n11 
I .. ., .... "'"" .J :: 

tltll\li-J'U£JG'f1Vlf1Jl'l1\IG'ftlVI Li-ltl'l1i-J1\JaYl\I 
v " QJ ~I Gltl\IL'll1V11£JnlJLu'U final global improve-

I .. 

ment WU11 menatetrenone " final global 
. .J • . 14 
improvement rate Y1U\ln11 alfacalc1dol 

- Lrlt1Afftflf.Jf;l'lltl\I menatetrenone 

oia metabolism 'lltl\ln'l::Vlmrn:: calcium 
" 

1ur.Jtl1u hrim::VlnW'llJ wui1 menatetre-
" " . 

none Gl1"1'ltl'1VIU~"1tu calcium 1u 

.Qf ..J "' • 1 " .J .f1 uG'fal1::Li-Jt!Ll'1£JUnunt1lJ l1£Jl 'lf\ltll"LulJ 
J' 

r.Ja"1nm'laV1 bone resorption 1rnn"1nu 

U\IWUil menatetrenone ijf.Ja-Yi11"1i.Bmtu 

1 .Qf J' d d ., I 1" Gia uuaai1::Gl\l'lJlJLlJt!Ll'l£JUnunau 1'1£11 
" 

.J 1"~ I 'lf\ILLG'fVl\I l1L'HlJ11 menatetrenone GlllJl'ltl 

n'l::~unTHnVlui}n~m y-carboxylation 

'llt1\l L u'l&iulVl"24 

- wui1 menatetrenone Gll"1'ltl 
., :: 
£JU£J\lm"iaV1a\l'lltl\I bone mineral density 

(BMD) 'llt1\ln'l::<{]mlul1~\l LlJ~l1cY'li't.1 

l'tiJV1th::~1 L~ au l~~ n11n~i,i~lij1Vl"l'lim 
LLoilij~LYhn~i,i~1~-ru hormone replace-

2s 
ment therapy 
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?Ym.fo'li, '2.lu1~ua:::1fili1°·23 
I OI l: .r 
~1uuuu~n11avia'3'llv'3Luan1:::vin 

" 
.,, I • I .... .... ..i 

LLa:::lJ~a~1uavimm1u1vi~a'3vULU8'3"lln 

hvin1:::vinw1u (osteoporosis) " . 
'llu1via1~-rrnJl~qJ 1\1 menatetre-

none iua::: 45 mg 1viuLLt.i'31\1 3 nai~a-3 

mm1 

qn thJw'3th:::a'3~.-i1. 1a, 20, 23, 2• 

~u1u~~aa1a1a"vi1a?Jn1w~a1u " . 
1~ajnu~mn1~~ hiwumm1ti'u hM-3 
· ' .. .J 'I" ... 1. u1:::a'3VIYl1ULL 1'3"l10n11 L~f.Jl B1n118U lJ 
.... I .. .J 1" I .I v ..i 1" W'3u1:::a'3V1l'IWU ~HLn u1Vll18'3 Viau a 

"' v ~ .,,.,j ..J' .,J..,. ., .I mL"lf.J\J l18'3L«f.J lJ~ULLW'lJUYIN1~U'3 u1Vl 

~hu::: Liuu~hu::: ~'3WU 1vi'1ih.iau ri1u~1 
m'3\1a'3ui)u0im1~m"li-lviun0i1~uri m"l 
"" cl. J' iJnl'lLWlJ'lJU'lJtl-3 glutamic oxaloacetic 

transaminase (GOT), glutamic pyruvic 

transaminase (GPT), alkaline phospha­

tase (Al-P), y-glutamyl transferase (y­

GTP), blood urea nitrogen (BUN) 
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High-dose estrogen prevents stroke damage 
in laboratory animals 

Estrogen likely produces its beneficial effects 
by enhancing the blood flow to the brain after 
arterial occlusion and by somehow rescuing 
damaged neurons. The study of the time-line of 
estrogen's effects on brain injury in an 
experimental model of stroke in rats show that 
the volume of the experimentally induced 
ischemic lesions was significantly reduced by 
intravenous administration of a high dose of 
estrogen (100 mcg/kg) as late as 3 hours after 
middle cerebral artery occlusion (MCAO). The 
lesion volume of 20.9% to 21.8% in untreated 
rats was reduced to 6.3%, 10.3%, 11.8%, and 
13.5% when estrogen was given 0.5 hour, I 
hour, 2 hours, and 3 hours, respectively, after 
occlusion. In a separate experiment, cerebral 
blood flow in ovariectomized rats was 
confirmed to be decreased at 5 minutes after 
MCAO. In rats that received estrogen, blood 
flow rebounded within 2 days, and the rate was 
significantly greater than that in rats that did 
not receive estrogen. This study raises the 
possibility that estrogen compounds could be a 
useful therapy in preserving brain tissue, even 
if administered after the ischemic insult. In the 
second report, the investigators show that mice 
bred to lack estrogen receptor-alpha showed 
the same amount of neurologic disability and 
ischemic tissue damage as normal mice after 
experimentally induced stroke. There was no 
difference in blood flow in the brain during and 
after stroke between the two groups of mice. 
The researchers interpret these results to mean 
that estrogen inhibits brain injury by 
mechanisms that do not depend on activation 
of [the estrogen receptor-alpha] subtype. They 
add that the findings argue against targeting 
estrogen receptor agonists with selective 
estrogen receptor-alpha activity in the brain. 
They are just beginning to do the same 
experiments in mice lacking the beta subtype. 
These experiments will be helpful in designing 
estrogens that act at the right receptor in brain. 

{Stroke 2000; 31:738-744, 745-750} 

Genetic info may lead to meningitis vaccine 

Researchers have not only mapped the 
complete genetic code of a bacterium that 
causes some cases of meningitis, but also 
identified several proteins on its surface that 
might lead to a vaccine against the infection. 
There are five types of bacteria that can cause 
meningitis -- a potentially fatal inflammation of 
membranes that surround the brain and spinal 
cord -- and septicemia. There are vaccines that 
protect against two types of meningitis 
bacteria, but there is no vaccine against 
serotype B, the strain that most often causes 
illness in the United States and Europe. The 
reseacheres report on the successful 
identification of all genes found in this strain of 
meningitis bacteria. This process helped the 
researchers identify which genes appear to 
allow the bug to defeat the body's inunune 
system. Using the genetic information and 
cloned proteins found on the surface of 
meningitis bacteria. After testing several 
hundred of these proteins in mice, the 
researchers identified seven proteins that hold 
promise as vaccines against meningitis. The 
hope is that vaccination with one or more of 
these proteins will trigger the immune system 
to produce antibodies, which will protect 
against infection with meningitis bacteria. Even 
though developing vaccines is · a lengthy, 
difficult process, the research shows the 
enormous potential of using genetic 
information to battle infectious diseases. 

[Science 2000; 287: 1767-1768, 1809-1820} 

Pamidronate prevents skeletal 
complications in breast cancer patients 

Pamidronate therapy reduces the risk of 
skeletal fractures in breast cancer patients with 
osteolytic bone metastases for at least 2 years, 
follow-up data from two trials show. In fact, 
the treatment reduces the number of skeletal 
complications in th is population by 35%, and 
the number of patients who experience this 
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complication by 20%. The team combined data 
from two multicenter randomized studies of 
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 
90-mg 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. 
Pamidronate significantly reduced the skeletal 
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. Moreover, results 
from this and other trials suggest that it is 
likely that pamidronate would be effective in 
the treatment 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 reconunended as 
an addition to standard hormonal or 
chemotherapy regimens for the treatment of 
bone metastases 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 controls for smoking 
history and age. Along with pulmonary 
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 1 L4 HIV­
seropositive participants compared with I of 
44 HIV-seronegative controls. The incidence 
of emphysema in participants with a smoking 
history of 12 pack-years or greater was 37% 
(14 of 38 persons) in the HIV-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 [had] 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 may 
assume increasing importance as part of the 
natural history 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. 

{A1111 J11tem Med 2000: 132: 369-372} 

Janssen to pull propulsid from US market 

Janssen Phannaceutica 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 gastroesophageal 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 treating patients 
with severely debilitating conditions for whom 
they believe the benefits of cisapride outweigh 
its risks to contact Janssen. The Titusville, 
New Jersey company will continue to make the 
drug 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://wwlv.reutershealth.com/ cg i-
binlss i/ji·amet his? catalog=eline&jil e= 200003 
2419.html} 

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 have the same gene version, but 
they are more 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 drng with the same 
dose (as other people). In cases of people 
taking warfarin, an anticoagulant often given to 
people to prevent stroke, the gene variation 
could increase the risk of excessive bleeding. 
The gene, known as CYP29C*3, may also 
affect the drugs tolbutamide (used by diabetics 
to lower blood sugar), and phenytoin (an anti­
seizure medication). People with the gene 
variation who take tolbutamide could end up 
with excessively low blood sugar, and people 
with the altered gene taking phenytoin could 
end up with toxic levels of the drng 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 conunon 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. 
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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 suggested. People taking warfarin 
who experience excessive bleeding should 
definitely be tested for the gene variant, she 
added. 

[ h It p: / l www. re ut ers heal I h. com/ cg i­
binlssilfi'amethis?catalog=eline&jile=200003 
2419.html} 

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 
cardiovascular disease in women. The finding 
is reported in the March 23rd issue of the New 
England Journal of Medicine by Dr. Paul 
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 women 
(controls) matched for age and smoking status. 
Cases had significantly higher baseline levels 
of four markers of inflanunation--hs-CRP, 
serum amyloid A, slCAM-1, and interleukin-6 
- and higher baseline measures of total and 
LDL cholesterol, apolipoprotein 8-100, 
homocysteine, and total cholesterol:HDL 
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 8 -100 and total 
cholesterol:HDL cholesterol ratio were Jess 
powerful risk predictors (relative risk of 3.4 for 
each). In logistic-regression analyses, only hs­
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 
parental history of premature coronary artery 
disease. [E]ven among women with 'safe' levels 
of LDL cholesterol, the adjusted relative risk 
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of cardiovascular events increased 
approximately 39% with each increasing 
quaiiile 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 inflanunation. 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 
inflanunation beyond the anti-inflanunatory 
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 
as 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 
and actually showed improvements in 
cognitive function - a catch-all term including 
memory, 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 
unknown. 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 stroke), 50 had mixed/other types 
of dementia, and 254 performed poorly 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 small 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-tem1 use is required to improve 
cognitive function in late life. The researchers 
believe that vitamin C and E may protect from 
brain damage because they are antioxidants 
and can mop up brain-damaging free radical 
particles. 

[Neurology 2000; 54: 1265-1272] 

New drug reduces pain of prostate cancer 

Prostate cancer patients who are in severe pain 
because cancer has spread to their bones m3'1 
be able reduce their need for morphine-based 
painkillers 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 plus hydrocortisone or 
an inact ive placebo plus hydrocortisone. All 
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, the 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 suramin late in the trial. 

[Jo11mal of Clinical Oncology 2000; 18: 1440-
1450} 

Rezulin to be withdrawn from the market 

The US Food and Drug Administration (FDA) 
has asked the manufacturer of Rezulin 
(troglitazone) a drng used to treat type 2 
diabetes mellitus to remove the product from 
the market. The drug's manufacturer, Parke­
Davis/Wamer-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 similar drugs, rosiglitazone (Avandia) and 
pioglitazone (Actos), showed that Rezulin is 
more toxic to the liver than the other 2 drngs. 
Data to date show that A vandia and Actos, 
both approved in the past year, offer the same 
benefits as Rezulin 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 drngs 
labeling several times and has reco1mnended 
close monitoring of liver function in patients 
taking Rezulin. In March 1999, the FDA's 
Endocrine and 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 other diabetes drugs. Since then, the FDA 
has continued to actively monitor adverse 
events associated with Rezulin, as well as those 
associated with A vandia 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 treatments. 
Patients should not discontinue taking Rezulin 
or other treatments for diabetes without 
discussing alternative therapies with their 
physicians. 

[http://pharmacot herapy. medscape. com/ 
MedscapeWire/2000/0300/medwire0322. 
rezu/in.html} 

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

Use of nonsteroidal anti-inflammatory drugs 
(NSAIDs) by elderly patients doubles the risk 
of being hospitalized for congestive heart 
failure (CHF), 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 The 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 failure. Controls 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 hospital was 
associated with a 2.1 odds ratio for hospital 
admission 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 I 0.5 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. 
Furthe1more, 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 should 
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 
that are selective inhibitors of the 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 sh1dies. 

[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 offolic acid found in the blood, appear 
to be at greater risk of Alzheimer's disease. Jn 
the study of 30 nuns who pm1icipated in a 
long-term study of Alzheimer's disease, half 
had brain changes consistent with the memory­
robbing illness at autopsy. The women, aged 
78 to I 01 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 illness. 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 detem1ine whether low levels 
of folate actually cause Alzheimer's. And the 
findings do not provide any evidence that 
taking folic acid supplement~ 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 this 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 Joumal of Clinical Nutrition 2000; 
71: 993-998) 

Vaccine recharges chickenpox immunity 

The vaccine that protects against chickenpox 
appears to reactivate itself and boost the 
inunune system when the body's inununity 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 I 0 million 
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 
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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, inununity 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 inununity. The 
vaccine, which contains a live, but weakened, 
form of the chickenpox vims, appears to cause 
a latent (or dormant) infection. Most of the 
time, the virus is quiet, but as immunity 
declines, the latent virus wakes up. Most likely, 
the boost won't make a child sick, but will 
strengthen the immune 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 vaccine 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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