
www. phartherst. or. th 

Editorial 

Letter to editor 

• • 
Research articles 

Effect of Barakol on Cytochrome P450, UDP-Glucuronyl-transferase and 
Glutathione S-Transferase in Isolated Rat Hepatocytes 

Effect of (N-hydroxymethyl)-2-propylpentamide on Rat Hepatic 
Cytochrome P450 

Reviews • 
Vegetables, Fruits and Cancer Prevention 

Hypertension Therapy Update 2003 

New drug 

Levetiracetam: a new antiepileptic drug 

Short communications 

Serum Cholinesterase Activity in Spontaneously Hypertensive Rats 

Interaction of Mivacurium with Vecuronium or Succinylcholine: 
lsobolographic Analysis 

May-Aug 2003, Vol.25, No.2 ISSN 0125-3832 

• • 



is owed and published every four months by the Pharmacological and Therapeutic Society 
of Thailand. 

Board of Editors 

Editor Supatra Srichairat 

Associate Editors Pravit Akarasereenont 
Suwat Wimolwattanapan 

Laddawal Phivthong-ngam 
Somjai Nakomchai 

Editorial Board 

Adisak Wohgkajomsilp 
Amnuay Thithapandha 
Borpit Klangkalya 
Bunkerd Kongyingyoes 
Chaichan Sangdee 
Chandhanee Itthipanichpong 
Chongkol Thiengda 
Kamjana Ketsa-ard 
Krongtong Y oovathawom 
Monthira Tankeyoon 
N ongluk Sookvanichsilp 

Nisamanee Satayapan 
Pompen Pramyothin 
Prasan Dhumma-Upakom 
Prasert Songkittiguna 
Sopit Thamaree 
Sumana Chompootaweep 
Supeecha Wittayalertpanya 
Srichan Phomchirasilp 
Wacharee Limpanasitthikul 
Wittaya Tonsuwonnont 
Yupin Sanvarinda 

Manager Supeecha Wittayalertpanya 

Office 

Notice 

Department of Pharmacology 
Faculty of Medicine, Chulalongkom University, 
Chulalongkom Hospital, Rama 4 Road, Bangkok 10330, 
Thailand. Tel/Fax 2511965 

The opinions expressed here in are those of the authors and do not 
necessarily reflect the views of the editors or the publisher. 

Printed at Ruen Kaew Press, 947 Arun-Amarin Road,Bangkok 10700. Tel: 02-4126552 

11'.il'fl>lllff'lil'l'Wl (Thai Journal of Pharmacology) ifrl'luil'llff'Vlef'\10,!'llll~J.J!llff'lil'l'WlUli'1h~n1111vw 'hi 

B'41JJ11'1ttt'tl11hu t'11i1u11il,'\10,rnnmrnll'uif "li.Jri1m0nm; Nft\1111~0fl1rvfJ111~0tl1"li.JHfr~ei.Jn1v'lfu'V11' 
m; fl 11 '1 vi.J; wrn1 nn n llu va1J1 i'lu ;;i ivan'IJ Ill' an'IJ > 111nu >; rn 11i m; 



Thai Journal of Pharmacology 

Vol. 25, No. 2, May-Aug 2003 

Contents 

121 EDITORIAL 

123 LETTER TO EDITOR 

RESEARCH ARTICLES 

125 Effect of Barakol on Cytochrome P450, UDP-Glncuronyl-transferase and 
Glutathione S-Transferase in Isolated Rat Hepatocytes 
Hemvala Chirdchupunsare, Pornpen Pramyothin, Chaiyo Chaichantipyuth 

135 Effect of (N-hydroxymethyl)-2-propylpentamide on Rat Hepatic 
Cytochrome P450 
Nareerat Ruksuntorn, Somsong Lawanprasert, Nuansri Niwattisaiwong, 
Mayuree H Tantisira, Chamnan Patarllpanich, and Pornpimol Kijsanayotin 

REVIEWS 

145 Vegetables, Fruits and Cancer Prevention 
Wannee R. Kusamran, Nopsarun Tanthasri, Nuntana Meesiripan, Anong Tepsuwan 

165 Hypertension Therapy Update 2003 
Pramote Teerapong 

NEW DRUG 

179 Levetiracetam: a new antiepileptic drug 
Chaichan Sangdee 

SHORT COMMUNICATIONS 

189 Serum Cholinesterase Activity in Spontaneonsly Hypertensive Rats 
Jason Law, Iqbal Ramzan 

191 Interaction ofMivacurinm with Vecnroninm or Snccinylcholine: 
Isobolographic Analysis 
Sirichai Krabesri, Iqbal Ramzan, Barbara Brandom 

193 PHARMACOLOGICAL DIGEST 



uuuif ,Jl'l;;l, 1 '11'Vi1u·1•rl'il!-itlrnt 'WU tflfl<n1a1Arumm.rn1~'Vi1u 1i.Jm11Jfl,'!J13-1 ~u uumimt 1fl 

tt<1~tU'W'llfl,'lllllJUl'Vli.l w . .i. 2547 ~'il~~~d ttluh1m~uuuwflw1~'Vi1umufl<llJ1A!-l'1'llfl' 
t 11 1'1. l'l1 . .i~,J'uvr:i w1'1i11i'J1;1{J 1iil~'l'i1'il1flm1'111unut~flfl<1111t.lu uu~t lim1.1'1i1 ii • 
t.11~ tmrwoiflam~fl flUl,LL U'Wfl'W LL<1~a,m 1 '11uoi L tiu 1 t vl fl'Vi1u'il~ 11'l'1i.J1 t.ltam~u~flwf fl!-lnu 

ii<f11'il1flfi1'W'W1Ufl<llJ1AlJ'1 LL 'WUlJlWffllJtl'W 1tJ L<IU 11'lLl'l <ll~Uol1fl'llfl l '11'ill'l<I~ 1tJ L<IUAdl 

l'W~ 18-19 ii'WlA!-1 254 7 L11iiUl'ltl'W~Af11~LLW'YIU'11MJ":i lJ'Hl'i'Ylmam?Ju, l'Vii.l fi,l'W 

t.11~'ll!-i'i'll1m1t.11~'111tl'll fl'<llJlA!-1'1 Af,~ 2 6 ~1iilfrnilu1&\'il1flfl1A'im Lil<i"'ll'i'Ylm Atu~ • 
tL w'Ylu.i1aw:i !-i'Hl'i'Ylmam?lu' 1 'Vli.J ·hm llm'ii'1mw,Jl'l,l'W 1 uAf,d LL<l~t tlum1~1!-lu<1fl' 1 u . 
111~A1u1flu 40 U'llfl,!-im'i'Ylmam?lm1'Vli.J uiluflui1 1.i.l'l1. ii'u'll1ru Lta'~ r.Humhn 

u • 

L liut.11~1i1u,Jl'l,1u 1 uAf,d 'il~'Vi" L 'YIWa'L~"~1'11w1flL111iiliifamawut.1~.r,a111'inuLw!-lu' • 
1iilfu A113-1f'il1 flm1a!-l!-l'W1 Af,d flu1~ L~ "~ a1V1fu l\'1'!l fl m1t.11~'ll!-i'i'll1 m1~1iil ~fl "'nu 1 u • • 
L d fl'iil'W nw fl ii1 '11L liu tl'W flu mb l 'W'VIU1U1~'ll1<i"!-1W'W ilm 1t.11~'ll!-i'i'll1fll11 u111m1uuud • • 

~51A'"l'Wfl11U1~'ll!-1Af,d 'il~iim1L~flfl~'N'f,~1LmU,'W1Ufl<l!-ilA!-1'1'Vil'Woifl 1t.i 'Vi1uiia'Ylll "" . . 
W'Wfl~fl<l!-il~fl~'Vil'W 1111' h l 'Wfl11U1~'ll!-1Af,if 'Vl~fl'Vil'W <ll'il'il~L<l'Wfl~fllJlflfl'W l 'Wtflfl<J11~ • 
LL uum 1 uA111diii'1un1iil flu1~!-li1 am Am llu'll fl~'Vi1'W'YlflA'W • 

l 'W uuud i],ii fl11U1~'ll1<i"!-iW'W5~, fa fl1 <l~'il~ ~ mnoi fl l 'W 1~ liiu!-imU ru-M~ Lt<l~q1'1~U UloM~'Yl1' 
til a'll'i'Ylm 111<111 til a'll'i'Ylm t U'W tj'WU fl<l1,fl11 Lt<lflt ti ~umh1 A111 l 'W 'Vltj am~fl 'VIU1U,1'W 

11'l~iin'ilm13-1m,'i'll1m1iil1util<i"'ll'i'Ylmtt<1~iim13-1tJ1~a'l'i'il~mi'lm11m1til<i"'ll'i'Ylmd1 '11'111u 

t.11~'l11a3-1wuil 1111Ju~,J'l'll'i11'Vl11'lu 1i.JAl'l!-i<1i'i1 1ua1unu hvi''llfl'm'amA!-1'1~'Vlul'l 1t.i • • 
'51 m11if 'W 'Yl1' fl'J13-1 fl11U~'Vl11<1lJ1 A!-1 '1 l 'WU Aif r'h a' iJtm,m1t.lfut.l1' ttfll 'll l 'VILiil fl aum fu • • 
1'!lam~fl~flAf, t t.l11'l 1 '11ri1'1' hAru~N',J'l'll'i1iil1ui'i~ t 11flmfl1 '11amAmil<i"'ll'i'Ylmtt \1, 

• 
t.11~ t 'Yl'11 'Yiu ii m1" t '!lmL ~~ m fl~,tu 



Thai Journal of Pharmacology 

The Thai Journal of Pharmacology serves as the official journal of the 
Pharmacological and Therapeutic Society of Thailand. The journal is designed to 
contribute to the publication of researches and information exchanges in the field of 
pharmacology and related fields. The manuscripts should not have been published before. 
Original full length scientific research papers, short communication, case report, letter to 
editor, minireviews, pharmacological digest and new drugs profile will be included in 
this journal . 

Manuscripts 

Three copies of manuscripts, diskette(s) and illustration(s) are required. 
Manuscript of research articles should be written in English, the others can be either 
English or Thai. The preparation of the manuscript should be in the form of Microsoft 
Word (front: Times New Roman size 10). Pages should be numbered consecutively, 
including the title page. 

Table and illustration should be numbered with Arabic figures consecutively in 
the order of first citation in the text and supply a brief title for each. Explain in footnotes 
all non-standard abbreviation that are used. Illustrations should be professionally drawn 
and photographed or produced on a laser printer. 

Nomenclature should follow the recommendations of the International Union for 
Pure and Applied Chemistry (!UP AC), and the International Union for Biochemistry 
(IUB). All measurements must be in System International (SI) units. 

Research articles 
The research papers should contain a) title, b) abstract, c) keywords, d) 

introduction, e) material and methods, f) result, g) discussion, h) references. 

The title page: Should contain the title of the article, author(s) name and affiiiation (s) 
laboratory or institute of origin and address. Name ·and complete address of author 
responsible for correspondence about the manuscript should be also placed at the foot of 
the title page. An abstract limited to approximately 250 words should be carried in this 
page. It should be informative and state concisely what was done, results obtained and 
conclusion. Three to ten keywords or short phrases appropriate for subject indexing 
should be typed at the bottom of abstract. 
Introduction: State clearly the purpose of article, the rationale for the study or 
observation. Relevant previous study should be cited and do not review the subject 
extensively. 
Materials and Methods: Describe the sufficient detail of the method, experimental 
subjects ( patients or experimental animals, including controls) clearly. Identify the 
method, apparatus (manufacturer's name and address in parenthesis). Give references to 
established method, study design and statistical method . 



Thai J Pharmacol; Vo/ 25: No 2, May-Aug 2003. 123 

LETTER TO EDITORS 

The use and care of animals in biomedical research 

Dear editor, 

Animals has been used in various 
biomedical research for 100 years and 
advances has been made to benefit human 
life and in many cases the animal 
themselves. For example, achievements 
towards new therapeutic drugs and 
vaccines for the treatment or prevention of 
human diseases. A large number of these 
advances in science has occurred because 
the use of animals in research. Those 
animals that widely utilized are mice, rats 
and rabbits and usually we refer to them as 
laboratory animals. Because of their size, 
requirements, suitability and adaptability 
to the laboratory setting in the biomedical 
facility. These animal serves and scarify 
their life for the benefit of human and 
other animal life. 

Therefore, handling, caring and use 
of these animal in biomedical research in a 
moral obligation of biomedical scientists 
toward humane treatment of these 
animals. These include proper handling, 

feeding, watering, temperature, light 
ventilation and cagmg. Biomedical 
researcher or any other staff members who 
use animals, must be trained properly 
according to the international laws and 
regulation governing the issues of 
laboratory animals use and care. 
Therefore, researcher must familiarize the 
all aspects of animals use in biomedical 
research procedure. This will demand a 
continual education and search for better 
ways in using animal in research.activities. 
The biomedical facility should be staffed 
with a highly qualify people to assist and 
train faculty, staff, students who use 
animal in research, testing and teaching. 

Ibrahim I Ali, DVM, M.Sc, Ph.D 
Associate Professor of Pharmacology 

Director of the Biomedical Facility, 
Ponce School of Medicine. 

Perto Rico 
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Effect ofBarakol on Cytochrome P450, UDP-Glucuronyl­
transferase and Glutathione S-T:ransferase in Isolated Rat 
Hepatocytes 

Hemvala Chirdchupunsare', Pompen Pramyothin1
, Chaiyo Chaichantipyuth2 

1 Pharmacological Action of Natural Products Research Unit, Department of Pharmacology, 
Faculty of Pharmaceutical Sciences, Chulalongkorn University, Thailand 

2 Department of Pharmacognosy, F acuity of Pharmaceutical Sciences, 
Chulalongkorn University, Thailand 

Abstract 

125 

Effect ofbarakol at various concentrations (0.025, 0.05, 0.075, 0.10 and 0.15 mM) was 
studied directly in isolated rat hepatocytes by determining the activities of phase 1 enzyme, 
aminopyrine N-demethylase (CYP2B, CYP2C), and phase II enzymes including UDP­
glucuronyltransferase and glutathione S-transferase. The release of cellular transaminase 
(ALT,AST), the reduced glutathione (GSH) contents and the extent of lipid peroxidation 
(as indicated by malondialdehyde (MDA) formation) were also measured and regarded as the 
cytotoxic criteria. Results indicated that barakol at all concentrations studied, increased the 
activities of aminopyrine N-demethylase and glutathione S-transferase with the reduction in 
UDP-glucuronyltransferase activity. Increase in the release of ALT, AST and GSH contents 
were found only with high concentrations of barakol (0.10 and 0.15 mM). There was no 
change in MDA formation. In conclusion, cytotoxicity induced by high concentrations of 
barakol may involve the activities of certain phase I and phase II enzymes but not the lipid 
peroxidation. 

Key words : barakol, cytochrome P450, UDP-glucuronyltransferase, 
glutathione S-transferase 

Address correspondence and reprint requests to: Pompen Pramyothin, Department of Pharmacology, 
Faculty of-Pharmaceutical Sciences, Chulalongkom University, Bangkok 10330, Thailand. 
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Introduction 

Barakol is an active constituent 
found in young leaves and flowers of 
Cassia siamea Lamk. (known as Kheelek 
in Thai) (Figure 1 ). This plant has been 
used in traditional medicines treating 
many aliments such as insomnia asthma 
hypertension, diabetes and con~tipation'. 
The biological activity studies of C. 
siamea indicated a wide variety of effects 
on different systems including central 
nervous system, cardiovascular system 
and hepatic drug metabolism 1

·'. Acute 
hepatitis was reported in patients at 
Phramongkutklao and Chulalongkorn 
Memorial Hospitals in 1997 when taking 
1-4 capsules/day of C. siamea (400 m,f 
dried leaves/capsule) for 7-60 days . 
From previous studies, rats feeding with 
5% dietary C. siamea leaves for 14 days 
demonstrated a markedly increase in 
activity of phase II detoxifying enzymes, 
UDP-glucuronyltransferase (UGT) and 
glutathione S-transferase (GST) with a 
decrease in phase I bioactivating enzymes 
such as aniline hydroxylase (ANH) and 
aminopyrine N-demethylase (AMO)'. 
Subchronic toxicity of barakol in rats (30 
mg/kg/day, po, for 90 days) showed a 
decrease in CYP 1 A2 activity in both 
normal and high cholesterol conditions 
and a decrease in CYPlAl activity in high 
cholesterol diet group with no changes in 
CYP2Bl/2B2, CYP2El and GST 
activities'. 

OH 
H,C CH, 

OH 

Fignre 1 Chemical structure of barakol 
(3 cx,4-dihydro-3 ex, 8-dihydroxy-2, 5-
dimethyl-1,4-dioxaphenalene) 
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Since the effect of barakol on 
hepatic drug-metabolizing enzymes was 
studied mostly in vivo. The present 
investigation was aimed to examine the 
direct effect of barakol on phase I enzyme 
(AMO) and phase II enzymes (UGT and 
GST) using isolated rat hepatocytes as the 
in vitro model. The release of cellular 
transaminase (ALT, AST), the reduced 
glutathione (GSH) contents and the extent 
of lipid peroxidation (as indicated by 
MDA formation) were also measured and 
regarded as the cytotoxic criteria. This 
study was ethically approved by the 
Ethical Committee on Animal and Human 
Research Studies, Faculty of Pharma­
ceutical Sciences, Chulalongkorn Univer­
sity. 

Materials and Methods 

Test compound 

A stable salt of barakol, anhydro­
barakol hydrochloride was provided by 
Assoc. Prof. Chaiyo Chaichantipyuth, 
Department of Pharmacognosy, Faculty of 
Pharmaceutical Sciences, Chulalongkorn 
University. Anhydrobarakol hydrochlo­
ride solution was freshly prepared by 
dissolving anhydrobarakol hydrochloride 
in distilled water and wrapped with 
aluminium foil. 

Animals 

Male Wistar rats (200-250 g.) were 
obtained from the National Laboratory 
Animal Center, Mahidol University, 
Salaya, Nakornprathom, Thailand. Rats 
were kept for 3 days under standard 
laboratory conditions in 12 h light/dark 
cycle at 25 ± 2 ° C before the experiment 
for acclimatization with free access to 
rodent pellet and water. 

Preparation of isolated rat hepa­
tocytes 

Isolated rat hepatocytes were 
prepared using the method of collagenase 
perfusion9

'
10

• Liver cell viability greater 
than 90% oftrypan blue exclusion test was 
used throughout the experiment. Aliquot 
of cell suspension was incubated at a 
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density of 3 ml (5-6 x 106 cells/cm3
) in 25 

ml Erlenmeyer flask with the desired 
concentrations of barakol (0.025, 0.05, 
0.075, 0.10 and 0.15 mM) and distilled 
water for control group. The incubation 
was performed at 3 7 ° C for I h on 
metabolic shaker bath and gassed with 
carbogen (02 95%, C02 5%). 

Enzyme assays 

AMD was determined by measuring 
formaldehyde production 11

•
12

. Activity of 
cytosolic GST was measured spectroc 
photometrically according to the method 
of Habig using l-chloro-2,4-dinitro­
benzene (CDNB) as substraten UGT 
activity was assayed fluorometrically by 
method ofBock14

• 1-Naphthol was used as 
substrate and a-naphthyl ~-D-glucu­

ronide as standard. 

Cytotoxicity assays 

ALT and AST activities were 
determined by measuring pyruvate forma­
tion using ALT & AST kits 1

'. GSH 
content was determined by the method of 
Ellman and Jollow16

•
17 

16 

* 
* ,-'l'-

r+-
,--,... 

0 . . 
Conlrol 0.025 0.05 

. 
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Lipid peroxidation in isolated rat 
hepatocytes was monitored by MDA 
formation using the thiobarbituric acid 
assay18 

Statistical analysis 

Data were presented as Mean ± 
SEM. and statistically assessed by one­
way analysis of variance (ANOV A) using 
LSD test. Probability levels of less than 
0.05 were considered significant. 

Results 

Exposure of isolated rat hepatocytes 
to 0.025-0.15 mM of barakol significantly 
increased AMD and GST activities 
(Figures 2 and 3), while UGT activity was 
markedly reduced (Figure 4). 

From cytotoxic studies, barakol at 
0.10 and 0.15 mM significantly increased 
ALT activity (Figure 5) and GSH content 
(Figure 7). AST activity was dramatically 
increased when incubated isolated rat 
hepatocytes with 0.0075, 0.10 and 0.15 
mM of barakol (Figure 6). There was no 
change in MDA formation (Figure 8). 

* 
rt-

* 
* -+-

rl-

. 
0.075 0.10 0.15 

Barakol concentration (mM) 

Figure 2 Effect ofbarakol on aminopyrine N-demethylase activity in isolated rat hepatocytes. 
(N=9, *P<0.05 significant differences from the control) 
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- u "'0 40 
e .e. 

20 
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Figure 3 Effect of barakol on glutathione S-transferase activity in isolated rat hepatocytes. 

(N=9 , * P<0.05 significant differences from the control) 

90 

..-T-
* * r-+-

r+- * 
+ * 

..-T-
* 

' rf-
. 

. 

' 

. . ' 
Control 0.025 0.05 0.075 0.10 0.15 

Barakol concentration (mM) 

Figure 4 Effect ofbarakol on UDP-glucuronyltransferase activity in isolated rat hepatocytes. 
(N=9, * P<0.05 significant differences from the control) 
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i 
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120 

* 100 

80 * 

60 

40 

20 

Control 0.025 0.05 0.075 0.10 0.15 

Barakol concentration (mM) 

Figure 5 Effect ofbarakol on alanine aminotransferase activity in isolated rat 
hepatocytes. (N=9 , • P<0.05 significant differences from the control) 
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Discussion and conclusion 

In vitro experimental system, 
isolated rat hepatocytes have been used to 
investigate the direct effects of various 
concentrations of barakol on the activities 
of phase I and phase II enzymes. 
Moreover cytotoxic effect were observed. 

From the result, all concentrations 
ofbarakol induced both AMD (as markers 
of CYP2B , CYP2C) and GST activities 
while UGT activity was reduced. 
Suggesting that barakol may be 
metabolized by CYP2B and CYP2C 
isoforms. The classical inducer of CYP2B 
and CYP2C is phenobarbital19 which is 
known to accelerate its own biotrans­
formation. So it is possible that barakol 
may be a substrate of CYP2B and 
CYP2C. 

UGT activity was measured using 
1-naphthol as substrate of UGTIA6 and 
UGTlA 7 isoforms. In rats, these iso­
zymes are induced by 3-methylcho­
lanthrene which is also an inducer of 
CYPlA. Moreover, glucuronidation is 
substrate specific reaction and its rate is 
substrate-dependent 20

• From this point of 
view, 1-naphthol may not be a specific 
substrate of UGT isozymes which meta­
bolized barakol. 

All GST activities were s1gm­
ficantly increased. Conversely, GSH, the 
conjugating agent of glutathione conjuga­
tion was increased at high concentrations 
of barakol. This result suggested that 
barakol may not be a substrate of GST. 
The induction of GST activity by barakol 
needs further clarification. 

In cytotoxicity study, the release of 
ALT and AST, and GSH contents were 
increased only with high concentrations of 
barakol. Meanwhile there was no change 
in MDA formation. This indicated that 
cytotoxicity induced by barakol is dose­
dependent and may not involve the lipid 
peroxidation reaction. 

In conclusion, cytotoxicity induced 
by high concentrations of barakol may 
involve the activities of certain phase I and 
phase II enzymes but not the lipid 
peroxidation reaction. 
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Abstract 

The effect of (N-hydroxymethyl)-2-propylpentamide (HPP), a novel valproic acid 
(VPA) derivatives possessing anticonvulsant activity, on rat hepatic cytochrome P450 was 
studied in ex vivo and in vitro system. In ex vivo study, HPP at doses of 100 and 200 
mg/kg/day or VPA at 250 mg/kg/day were given intraperitoneally to male Wistar rats once 
daily for 7 days. On the day after, rat liver microsomes were prepared and determined for 
total CYP contents as well as CYP activities (ethoxyresorufin 0-dealkylation for CYPlAl, 
methoxyresorufin 0-dealkylation for CYP1A2, benzyloxy- & pentoxyresorufin 0-dealkyl­
ation for CYP2Bl/2B2 and aniline 4-hydroxylation for CYP2El). In in vitro study, inhibitory 
effects of HPP at final concentrations of 0.1, 1, 10, 100 and 1000 µMon f3-napthoflavone­
induced CYP1Al/1A2, phenobarbital-induced CYP2Bl/2B2 and ethanol-induced CYP2El 
activities were studied. The results showed that VPA at the dose studied did not have any 
effect on total CYP contents and all CYP activities. However, HPP at 100 and 200 mg/kg/day 
significantly induced CYP!Al and CYP2Bl/2B2 activities. In addition, HPP at 100 and 1000 
µM significantly inhibited CYP2B l/2B2 activities in vitro with IC50 of about 752 µM. These 
results suggested that the inhibitory effect of HPP on CYP2B 1/2B2 activities may be, in part, 
responsible for the prolongation of barbiturate sleeping time after single dose administration 
ofHPP. The induction effect ofHPP, but not VPA, on CYPlAl and CYP2Bl/2B2 activities 
after being administered for 7 days may be resulted from the direct effect of HPP or its 
metabolites. Further studies are needed to clarify the metabolic pathways of HPP and the 
CYPs involved as well as the effect of HPP on human CYPs. In vivo studies to verify the 
potential of drug interaction and carcinogenic risk are also needed. 

Key words : (N-hydroxymethyl)-2-propylpentamide, rat hepatic cytochrome P450 
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Introduction 

(N-hydroxymethy I )-2-propy 1-
pentamide (HPP) is one of valproic acid 
(VPA) derivatives'. Chemical structures of 
HPP and VP A are shown in figure I and 
2, respectively. Study in mice has shown 
that HPP possessed a higher anti­
convulsant activity and relative safety 
margin, comparing to its parent 
compound, VPA2

. Furthermore, a single 
dose of HPP (75 mg/kg body weight) 
given intraperitoneally to mice signi­
ficantly prolonged barbiturate sleeping 
time2

. This probably resulted from the 
direct depressant effect on CNS or indirect 
inhibition effect on CYP2B which is 
responsible for barbiturate clearance in 
rodents. The serious adverse effects of 
VP A, hepatotoxicity and teratogenicity, 
might result from VP A itself or its CYP2B 
metabolite, 2-n-propyl-4-pentanoic acid 
(4-ene-VPA)3

'
4

. Additionally, it has shown 
that VP A is a potent inducer of rat 
CYP2B l/2B2'. In line with these finding, 
n-(2-propylpentanoyl) urea (VPU), one of 
VP A derivatives has demonstrated an 
inhibitory effect on human CYP2C9 and 
CYPIAl/IA2 in vitro6 and an induction 
effect on rat CYP2B l/2B2 7• Since HPP is 
a derivative of VP A whose many 
significant adverse effects resulted from 
induction or inhibition effects on CYPs 
involving in its own metabolism, it is 
interesting to investigate the effect of HPP 
on rat CYPs, especially CYP2B which 
involves in VPA metabolism as well as 

0 
CH,-CH,-CH, " 11 

CH-C-NH-CH,-OH 
CH,-CH3-CH, / 

Figure 1 Chemical structure of HPP 

0 

CH,-CH,-CH2 
"- CH-~-OH 

CH,-CH,-CH, / 

Figure 2 Chemical structure of VP A 
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other CYPs involving in bioactivation of 
procarcinogens and promutagens, 
including CYPs IA!, IA2, 2Bl, 2B2 and 
2El 8

• 

Materials and Methods 

Adult male Wistar rats (250-300 g) 
obtained from National Laboratory 
Animal Center, Nakompathom were used. 
The animals were housetl in animal care 
facility for about 1, week before the 
experimentation. 

Experimental Chemical 

4-Aminophenol, aniline hydrochlo­
ride, benzyloxyresorufin (BR), bovine 
serum albumin (BSA), dimethylsulfoxide 
(DMSO), ethoxyresorufin (ER), glucose-
6-phosphate (G6P), glucose-6-phosphate 
dehydrogenase (G6PD), methoxyresorufin 
(MR), J3-naphthoflavone (J3-NF), nico­
tinamide adenine dinucleotide phosphate 
(NADP), pentoxyresorufin (PR), 
resorufin, Trisma base, and VPA were 
purchased from Sigma, USA. Acetonitrile 
was purchased from J.T. Backer, USA. 
Ethanol absolute and glycerol were 
purchased from Carlo Erba, USA. 
Phenobarbital (PB) was purchased from 
May&Backer, England. Polyethylene­
glycol 400 (PEG400) was purchased from 
T. Chemical Ltd. Partnership, Thailand. 
HPP was synthesized by the method of C. 
Patarapanich 1• 

Experimental Methods 

1. An ex vivo study 

Rats were randomly assigned into 4 
groups of 6 rats each. Control group, rats 
were given PEG400 (the diluent of VPA 
and HPP) intraperitoneally, once daily for 
7 days. VPA group: rats were given VPA 
(250 mg/kg/d), HPP group I: rats were 
given HPP (100 mg/kg/d) and HPP group 
2: rats were given HPP (200 mg/kg/d) in 
the same manner. On the day after 7 days 
of compound administration, rats were 
sacrificed for preparation of liver 
microsomes by differential centrifugation 
and kept at -80 °C until assay. Hepatic 
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microsomal protein concentration was 
determined according to the method of 
Lowry et al9

• 

Total CYP content determination 

Total CYP contents in microsomal 
subfractions were determined spectro­
photometrically by the method of Omura 
and Sato10

• 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 of 91 
mM·' cm·' was used for a calculation. 

Alkoxyresorufin 0-dealkylation assay 

The 0-dealkylations of ethoxy-, 
methoxy-, benzyloxy- and pentoxy­
resorufin by liver microsomes were 
determined according to the method of 
Burke and Mayer11 and Lu bet et al. 12 with 
slight modifications. Each 1 ml of reaction 
mixture contained 0.1 M Tris buffer, pH 
7.4, alkoxyresorufin (5 µM), NADPH 
regenerating system [comprising NADP (1 
mM), G6P (5mM), and magnesium 
chloride (3 mM)], and microsomal sample 
(containing 100 gM 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 l 0 µl of G6PD (100 units/ml) 
in 20 mM potassium phosphate buffer, pH 
7.4 after a 2 minutes preincubation. Ten 
micro litre of 20 mM potassium phosphate 
buffer, pH 7.4 was used in placed of 
G6PD in the blank. After 5 minutes of 
incubation at 3 7 ° C, the reaction was 
terminated by adding 1 ml of methanol 
(HPLC grade). 

The 0-dealkylations of alkoxy­
resorufins were determined by measuring 
the amount of resorufin formed by 
fluorescence spectrophotometer ( excita­
tion A,= 556 nm and emission A= 589 nm) 
and expressed as a function of time and 
amount of protein. 

Aniline 4-hydroxylation 

The 4-hydroxylation of aniline by 
liver microsomes was determined 
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according to the method of Schenkman et 
al. 14

, utilizing aniline hydrochloride as a 
substrate. The reaction was determined by 
measuring the amount of a metabolite, 4-
aminophenol, by spectrophotometer at 630 
nm and expressed as a function of time 
and amount of protein. 

2. An in vitro study 

Rats were randomly assigned into 3 
groups of 4 rats each. ~-NF group, rats 
were given ~-NF (80 mg/kg/d) intra­
peritoneally, once daily for 2 days. Four 
rats were given corn oil in the same 
manner. PB group, rats were given PB 
sodium (80 mg/kg/d) intraperitoneally, 
once daily for 3 days. Four rats were given 
sterile water in the same manner. Ethanol 
group, short-term heavy ethanol treatment 
was used according to the method of Hu, 
Ingelman-Sundberg and Lindros 15 with 
some modification. Four rats were given 
water in the same manner. The inhibition 
effects of HPP on CYP were investigated 
by performing co-incubation .of HPP with 
marker substrate for each CYP isoform as 
the method described above. HPP 
solutions (0.1, 1, 10, 100 and 1000 µM 
final concentrations) were dissolved in 
each of 0.5 mM substrate solution (ER, 
MR or BR) for studying inhibition effect 
of HPP on CYPlAl, CYP1A2 and 
CYP2B l/2B2 activities. Acetonitrile (I% 
final concentration) was used for 
dissolving HPP (0.1, 1, 10, 100 and 1000 
µM) to study inhibitory effect on 
CYP2El. 

Data Analysis 

All numeric data were presented as 
mean±SD or % of control activity. The 
data were analyzed by one way analysis of 
variance (ANOV A) followed by Student­
Newman-Keuls (S-N-K) test. The 
statistical significant level was p<0.05. 

For estimation of !Cso, the % of 
inhibition was transformed to probit unit 
by using transformation table of Fisher 
and Yates. The linear regression method 
was used to fit a curve between probit unit 
and log dose by using Crikcet graph 
program (Macintosh® computer). 
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Results 

An Ex vivo study 

The results of this study showed 
that neither VPA nor HPP (I 00 and 200 
mg/kg/d) had significant effect on total 
CYP contents. Whereas VP A had no 
significant effect on any CYP catalytic 
activities, HPP showed induction effect on 
some CYP activities. The strongest 
induction effects were seen on the 
CYP2B l/2B2 activities with both 
substrates (BR and PR) used, meanwhile 
the relative weaker effect was seen on 
CYP!Al (or BROD activity). In contrast, 
there were no significant effects of HPP 
on CYP1A2 (or MROD activity) and 
CYP2E 1 (or aniline 4-hydroxylase 
activity) (figure 3). 

An in vitro study 

As shown in figure 4, both 13-NF 
and PB pretreatment significantly (p 
<0.05) increased total CYP contents and 
the activities of CYP1Al/1A2 (in 13-NF 
group) and CYP2Bl/2B2 (in PB group). 
Ethanol pretreatment only significantly 
increased CYP2E 1 activity, without 
increasing the total CYP contents. 

Regarding the effect of solvents 
used for dissolving HPP on CYP activity, 
rate of aniline 4-hydroxylation by 
CYP2El was almost completely inhibited 
by DMSO at 1 % (v/v) final concentration. 
Acetonitrile at 0.1 and 1 % (v/v) final 
concentration did not significantly affect 
the same catalytic activity of CYP2E 113

• 

Since the limitation of HPP solubility, I% 
(v/v) of acetonitrile final concentration 
was used in the study of HPP on CYP2El 
(data not shown). 

The results of inhibition study 
showed that HPP at high concentration 
exhibited selective inhibitory effect on 
CYP isoforms activities. While all the 
concentrations used showed no inhibitory 
effect on CYPlAl, CYP1A2 and CYP2El 
(figure 5), HPP at I 00 and 1000 µM 
significantly decreased the rate of 
benzyloxyresorufin 0-dealkylase (CYP 
2Bl/2B2 activities) with ICso of about 752 

139 

µM. The inhibition effect seemed to be 
dose-dependent. 

Discussion and conclusion 

HPP at 100 and 200 mg/kg/day 
exhibited induction effect on rat hepatic 
microsomal enzymes, not only 
CYP2Bl/2B2 but also CYPlAI activities. 
The CYP2B was more highly induced 
than CYPlAI. Both CYPIA2 and 
CYP2E I were not affected by HPP. 
Previously, it was found that 
intraperitoneal injection of PEG400 had 
no effect on rat liver microsomal total 
CYP contents as well as all CYP activities 
as compared to sterile water7

. Therefore, 
effects of HPP on rat liver microsomal 
activities in this study were not 
contributed by PEG400. VPA at 250 
mg/kg/day showed no effect on all CYP 
isoforms studied. This result was 
consistent with the finding of 
Kiatkosolkul'. Furthermore, an earlier 
study by Rogier et al. 5 also showed that 
intraperitoneal injections of I 00 
mg/kg/day of VPA to rats once daily for 
I 0 days demonstrated no induction effect 
on CYP2B !/2B2 activities. However, 
VP A demonstrated a potent induction 
effect on CYP2B 1/2B2 in the in vitro 
hepatic cell culture system as well as in 
vivo, when administered by continuous 
infusion for two weeks. It has been 
proposed that the absence of induction 
effect on CYP2B following intraperitoneal 
administration of VP A may be a 
consequence of the short half-life of VPA 
in rats (10-20 minutes) 16

. In line with this 
finding, it has also been found that other 
derivatives of VPA, N-(2-
propylpentanoyl) urea (VPU) and valproyl 
morpholine (VPM), exhibited induction 
and inhibition effects on CYPs. VPU has 
been demonstrated to be an inducer of rat 
liver CYP2B l/2B2 in vivo7 as well as an 
inhibitor of human liver CYP2C9 and 
CYP1Al/1A2 in vitro6

• VPM was recently 
shown to be an inducer of rat liver 
CYP2B l/2B2 and CYP I A I in vivo as well 
as an inhibitor of CYP2Bl/2B2 in vitro 11

• 
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Figure 3 Effects of HPP and VPA on total CYP contents (A), CYPIAI (B), CYP1A2 (C), 
CYP2Bl/2B2 (D, E) and CYP2El (F) activities in ex vivo system. Rat were given PEG400 
(control), VPA (250 mg/kg/d) and HPP (100 and 200 mg/kg/d) for 7 days. Liver microsomes 
were prepared and determined for the total CYP contents, ethoxy- (EROD), methoxy­
(MROD), benzyloxy- (BROD), pentoxyresorufin 0-dealkylase (PROD) and aniline 4-
hydroxylase activities. Values are mean± standard deviation {n=6). *Significantly different 
from control was determined by one-way ANOVA followed by S-N-K at p < 0.05. 
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Figure 4 Effect of f3-NF, phenobarbital (PB) and ethanol pretreatment on rat microsomal 
total CYP contents (A), CYPlAl, CYP1A2, CYP2Bl/2B2 and CYP2El activities (B). Rats 
were given f3-NF, PB or ethanol (as described in materials and methods). Controls of [3-NF, 
PB and ethanol treatment groups were given com oil, sterile water and water, respectively. 
Values are mean ± standard deviation (n=4). *Significantly different from control was 
determined by student's ttest at p < 0.05. 

Although CYP2B 1/2B2 are not 
expressed in human, they play an 
important role in anticonvulsant 
metabolism including VPA and PB in 
rat18

. Regarding VP A metabolism, CYP2B 
subfamily is responsible for the formation 
of 4-ene-VP A, a potent hepatotoxic and 
teratogenic metabolite of VPA 4•

19
• 

Induction effect of VP A on CYP2B 1 has 
also been suggested to contribute 
substantially to the hepatotoxic effect of 
VPA5

• In parallel with VPA, all 
derivatives ofVPA including VPU, VPM 
and HPP have shown an induction effect 
as well as inhibition effect on CYP2B. It is 
interesting to explore whether CYP2B 
involved in their metabolism or the 
formation of toxic metabolite, as VP A. 
CYP 1 A has been of particular interest due 
to their ability to activate procarcinogens 
and promutagens both in rat and human, 
namely polycyclic aromatic hydrocarbon 
and aflatoxin B 1. Meanwhile CYP2B 
involves in bioactivation of aflatoxin 
B 18

•
20

•
21

, increased activities of CYP in 
this subfamily by HPP may increase 
animal susceptibility to the adverse effect 

of CYP mediated activation of toxins and 
carcinogens. Further study to verify its 
carcinogenicity should be conducted. 

In contrast to f3-NF and PB, ethanol 
pretreatment slightly increased total CYP 
but significantly increased CYP2E 1 
activity. The induction of CYP2El has 
been proposed to arise through multiple 
mechanisms. One of the possible 
mechanisms of ethanol induction appeared 
to occur via stabilization of the CYP2El 
mRNA. Transcriptional activation of 
CYP2E 1 gene has also been reported". 
Induction effects of PB and [3-NF involve 
the particular gene transcriptional 
activation23

• It is known that some organic 
solvents can affect the activities of several 
CYPs. A study of Busby et al.24 suggested 
that induction or inhibition effects of 
solvent were substrate-dependent for a 
given CYP. In order to keep organic 
solvent minimal and constant in quantity, 
HPP were solubilized in the substrate 
solution. Whereas DMSO showed an 
inhibition effect on CYP2E 1 activity, 
acetonitrile did not show any noticeable 
change on this enzyme activity at con-
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Figure 5 Effect ofHPP on CYPlAl (A), CYP1A2 (B), CYP2Bl/2B2 (C) and CYP2El (D) 
activities in in vitro system. The effects ofHPP at final concentrations ofO.l, 1, 10, 100 and 
1000 µM on ethoxy- (EROD), methoxy- (MROD), benzyloxyresorufin 0-dealkylase and 
aniline 4-hydroxylase of CYPlAl, CYP1A2, CYP2Bl/2B2 and CYP2El activities, 
respectively were determined by co-incubation of each concentration of HPP with P-NF­
induced (for CYPI A l/1A2), PB-induced (for CYP2B l/2B2) or ethanol-induced (for 
CYP2El) rat liver microsomes. Values are% control activity (n=6). *Significantly different 
from control was determined by one-way ANOVA followed by S-N-K at p < 0.05. 

centration :;; 1 % (data not shown). Due to 
the limit solubility of HPP, 1 % acetonitrile 
was used as the solvent in the inhibition 
study on CYP2E I. HPP at final 
concentration of 100 and 1000 µM 
inhibited rat CYP2B l/2B2 activities with 
!Cso of about 752 µM. The decrease of 
CYP2B l/2B2 activity indicated that HPP 
might be a competitive reversible 
inhibitor. HPP may be a substrate for 

CYP2Bl/2B2 similar to VPA20 and may 
be, in pait, responsible for prolongation of 
barbiturate sleeping time after single dose 
administration of HPP2

• However, further 
in vitro study to investigate whether HPP 
could be a mechanism-based inhibitor, 
should be conducted. 

In conclusion, seven-day adminis­
trations of HPP exhibited selective 
induction effect on rat hepatic microsomal 
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CYP. HPP 100 and 200 mg/kg/d 
demonstrated no effects on rat hepatic 
CYP contents, CYPIA2 and CYP2El 
activities. In contrast, HPP induced 
CYP 1A1 and CYP2B l/2B2 activities. The 
induction effect on CYP2B was stronger 
than on CYPIAI. Furthermore, HPP at 
final concentration of I 00 and 1000 µM 
inhibited CYP2B l/2B2 activities with !Cso 
of about 752 µM. This finding suggested 
that HPP may be, in part, responsible for 
prolongation of barbiturate sleeping time 
after single dose administration of HPP. 
Further studies are needed to clarify the 
metabolic pathway of HPP and the CYPs 
involved as well as the effect of HPP on 
human common CYPs. In vivo studied to 
verify the potential of drug interaction and 
carcinogenic risk are also needed. 
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REVIEWS 

Vegetables, Fruits and Cancer Prevention 

Wannee R. Kusamran, Nopsarun Tanthasri, Nuntana Meesiripan, Anong Tepsuwan 

Biochemistry and Chemical Carcinogenesis Section, Research Division, National Cancer Institute. 

Abstract 

Cancer chemoprevention is a new promising strategy for cancer prevention by the use 
of either synthetic or naturally occurring chemicals. At present, there are a large number of 
chemicals found to exhibit anticarcinogenic potentials in animals and several of them are 
under clinical trials. 

The International Committee of World Cancer Research Fund/ American Institute for 
Cancer Research have evaluated the chemopreventive potentials of some factors in food from 
the published data and found that the relationship between the consumption of vegetables and 
fruits with the decreased risk of cancer can be divided into 3 groups: convincing, probable 
and possible. The first group includes the consumption of vegetables and fruits with the 
decreased risk of cancers of the mouth, pharynx, esophagus, lung and stomach, and that of 
vegetables with cancers of colon and rectum. The probable group includes the relationship 
between the consumption of vegetables with the decreased risk of cancers of larynx, spleen, 
breast and urinary bladder, while the possible group refers to that of vegetables and fruits 
with the decreased risk of cancers of cervix, ovary, uterus and thyroid, and that of vegetables 
with cancers of liver, prostate and kidney. It was further found that the risk of some cancers 
may be reduced by the consumption of various kinds of vegetables and fruits, for examples, 
cancers of the mouth and pharynx by all vegetables and fruits, carrots, green-leaf vegetables 
and citrus fruits; esophagus cancer by all vegetables, tomatoes and citrus fruits; lung cancer 
by vegetables and/or fruits, green-leaf vegetables, tomatoes and carrots; stomach cancer by 
green-yellow vegetables, tomatoes, cruciferous vegetables, allium vegetables, citus fruits and 
vegetables and/or fruits; colon and larynx cancers by all vegetables and fruits, and rectal 
cancer by cruciferous vegetables, carrots and citrus fruits. 

At present, there are many studies investigating cancer chemopreventive agents and 
found vegetables and fruits contain various kinds of chemicals possessing chemopreventive 
potentials, but most of them are non-nutrients constituents. In this communication, we briefly 
review some cancer chemopreventive agents which received much attention and may have 
potentials to prevent cancer in humans, such as isothiocyanates, indole-3-carbinol, 
organosulfur compounds, ,&.carotene, tea and epigallocatechin gallate, curcumin, lycopene, 
isoflavones, limonene and 1-perillyl alcohol. 

Key words: vegetables, fruits, cancer chemoprevention, cancer chemopreventive agents, 
isothiocyanates, indole-3-carbinol, organosulfur compounds, ,&.carotene, green tea, 
epigallocatechin gallate, curcumin, lycopene, isoflavones, limonene, 1-perillyl alcohol. 
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l-i"l~1D1fl1Jlllilfl IJ"L~1Llll11JIJ LLa"IJ"L~1a11J • 
1 mylll11Ja1vi'u ~'1J"L~1mri1d'V1mu!fillllL ll1J 

IJ"L~1~iiA111J'jlJLLWlfllfl 1 imUlJ1\il lvi'mn .,, • 
~IJfl1'iUil101J~1iiu'VlU11'1R1~1]J11Jfl1'iA1UAIJ • 
'i" d & ,.,.,. QJ 

''iAIJ" L 'i1 L w ili'\ \il 'l u \il fll'j LLi'\ "i'\ \il il\il'i1fl1'i\il1U 

lll1U hAIJ"L~11ui.J'i"!flfl'i11'1U 

Cancer chemoprevention ~el nT':ii'.ltJ~ 

nm1~ilfl1'ii'llllfl1'iL~mlli ilfl1'iLiilll '[ 'iA1J"L~1 fau 

1!V .... ,J .o;:l1 QJ .. "" 

!151'iLAIJ 'lf1 Bl'il'il"L u!J !f1'i5'Ll'J'i1"1'11'1'ia!f1'i 

LA ii~ L ii llJ llN \ill IJ fi'j'j IJ'lfl iii nl \ii !fl 'i LA ii~ ii A ru 
' "'""!'l .., d" 1 vJ' ..,, ' '""J'l .., 

ll1JU\iluil1fl!JIJ"L'i1 \illJ L'i!Jfl11 !f1'iLAIJuil1fllJ 

ll!::L~~ (cancer chemopreventive agent) 

1 lJu 'il'ilUlJiilll'i LA iim fllJ1U'V1i'\1U!IU\il~ 
' 

wui1ii11ru<11Ju&iua1n1J'V1~aauC1m'iLiilll1J"L~' 
1mtlll11'1llli'ICM Lrn"iim,!fillll~ri1a'a~1m"'V1i1' 
fll'iA fl1'!1m1A~ilA1),v1' flumw 1 JJ m'iil a1 n1Jfl1'j 

Liilll hAIJ"L~' 11JA1J4-6 
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!fl'iLAiiiJ a1 OlJIJ"L ~1mh aa fl 1lliL llu 3 

fl~IJ4-5 \il11Jij rui;l!Juiii11Jfl1'iauC, LLllii'l"~IJ\ilillJ 
11JlJU11Jfl1'iLiillllJ"L~1 ~1LL5lll,1mi.J~ 1 vl,;j' • 

Category I Inhibitors preventing car­

cinogen formation and/or absorption 

.91 QJ Q T .J' QJ .r.: "°' 
lll'iu il' fl!J IJ"L 'i' fli'I IJlJUUU' fll'iLfl\il 

' 
IJ•L~' '!11rnm,,iJuC1m'iLiilllin'ina1J"L~1 LlilJ m,, 

Liilll!fl'ifl~IJ 1lJllil'i'lf1iimrn"11J 1lll'i'lf1 l1Ji1l'il1fl!f1'i 

iJa, nlJ fl1'illllll:ii1J!f1'jn a1J"L~1 L'li1a~11 mu ll1'1 . . 
ilU1"11'iUil101JIJ"L~1fl~IJd LWlJ 1illl1i11J:ii 1i 

lll1i11Jli !fl'jD'j"flilUWlJili'\ LLa"u!lJlu Lll\.llll\.I 

Category II Blocking agents 

51'i iJ il1 n IJ IJ" L ~1 fl i'\0

1Jd au c, fll'j L ii llJ 
' 

IJ"L~' faum'iU a1 n1.1i11 i !fl'in il1J"L~111ll'h1.l{l 

fl~mnu1milf)i'ILU11'11J1U LW\.I DNA ~1\l"Lll!J 
fl1'iUa,n1.1i1hi'Liilllfl1'iflmu'111J~ 1'1~ilfl1'iii1 l i 
DNA 1llll1lfliii LlllJllllJ !fl'iLAiiLLllii'l"!fillll11.1flri1J . ' 
il'il"iifli'I lnm'iila1nmLlllfllli11nlJ Lli1.1 

.... .t: " .,( • d 

- fl1WUU' fll'jfl'i"'! \.I q'Vlolll'ifl illJ"L "1 

(preventing carcinogen activation) 
.,: .... "" "' 0 1 ;d d 

- fl1'iLWIJ'i"lliU'V1'iil'lffl\.11Lil\.I 'lflJ'VllflU1 
.., .... 0 .... " "' ' d 
ll a' flUfl1'im mu w1'1LLi'l"fl1'illll !fl'j fl a IJ"L 'i1 a an 

;a1n~1~n1u (increasing carcinogen detoxifica­

tion enzymes) 
.... ' d .J "' - fl1'i'i1Ull1'ifl illJ"LH'Vlilllflq'Vlo 

(trapping reactive carcinogenic species) 

- fl1'iU a' n1.1m'iLiilll lll!l;Jillill'i"'V1'iBfl1'i 

~1.Jtl'l-!~aDa':i~ (preventing oxygen radical for­

mation or trapping free radicals) 

ll1'1ari11in,,iJa,n1.11J"L~' 11.1na1J~ 2 d 1vi' 
' 

LLri isothiocyanates, indoles, dithiolthione, 

organosu]fur compounds, 1ycopene, /3-caro­

tene, !fl'iD'i"flilUW\.lili'I LLa"!fl'illll\.lillJIJi'\Bll'i" .. 
L lJIJllllJ 
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Category of inhibitors Seqnences leading to neoplasia 

Precursors 
I. Inhibitors preventing carcinogen 

formation and/or absorption 
Vit C, vit E, phenols, fiber, etc. 

Carcinogens 
Phenols, flavones, ellagic acid, 
isothiocyanates, diallylsulfide, etc. 

II. Blocking agents 

Isothiocyanates, diallylsulfide, 
S20 3, glutathione, etc. 

Activation to 
Ultimate carcinogens -":...•Detoxification 

+ DNA damage, Mutagenesis 
III. Suppressing agents I 

,B-carotene, retinoids, terpenes, DHEA, 
tamoxifen, protease inhibitors, NSA!Ds, Ca++, 

Cell prolifetration, promotion, progression 

Tumor formation 

Category III. Suppressing agents 

."I ..... d ' .: "'OJ :; 
lfl~u fl~ 11u IJ" L ,~ 11')IJ\Jflfl11qvmaua~ 111, 

di !i1IJ"L~~10l V f11, 1UUU8~ l1~fl 11!i11111L U~V\J 
.I ;.lQ :\ .I Q ~ <d 

LLull~L'lilllll'llJ DNA w!ilul101 l1,flL'lillll!111lllV 

~uilLL<i1 1 uL llm'llaaJJ•L~~ 0i'1fl£i1~lfl1ml1Jil'hi . . 
url ~-carotene, 13-cis-retiiloic acid, 

antihormone, ODC inhibitors, protease 

inhibitors, non-steroid anti-inflammatory drugs 

(L'liu sulindac, piroxicam Lill• aspirin LU\Jvl'U) 

LLll•lfl1U1•11flUW\Jflll L'liu EGCG •111'1i1Ltim 

L tluvi'u 

iJ' fl 11m:~it131' nu ll1'>U a~ nu 111-;1ii i;i :irnt ~~ 

1uu•~uu1~~1111fl11~1A11a111w~fl~N11 

LLo•r.Ja 1lY 1u1111i:lfl~ii'u1111Ln!il t 1!i11J"L~~ii'um11 
.l Q • ' Qt ~ 1 • 
L\Jfl~•ll11Ji:11W~l\J1lf111U1 f1!i1flf1LLll"fJll IJ 

l1i1m11w1•N11mrna11"l1~1 LLll•N11-r.Jo 1lYiltiim • 
LLll•L l1lifl~••n11lim11J t~a~vi flf111L tlui.w L~~ 1 u 

Q 11-10 J ........ 
1"uum~LOlu01m11rn•ma •· ufl11•111um1J 

1W~1u11N11 - r.Ja 1lYL l1 li1il' ill m1uiiu8~ 1111 tfi Ol 
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llo•lm 11u Blil~ lOWill fl 1mri BlJ•l114 - (methyl­

n i tro amino )-1-( 3 -pyridyl )-1 - bu tan one 

(NNK) ~1tl'lum11u1m'lnihJ1u1umau14 

• 
1utl vu1. 2540 Aru•il't~m111ru1•11'iu 

• v 

u1u1111iihfis1nuaT1111trn"11AlJ•t1111a1 World 

Cancer Research Fund/ American Institute for 

Cancer Research 1i;lu1•dlu0numw11a1ifll,ju 

vi1111umm11 um1ila1num1tii11J L1AlJ•t11 
~ <>. J;; !V CV Ill n t.ia m1r1 ni;1m11•mmvmTYM ll uuuaunau 

(case control study) llll• 1 u!m1nh (cohort 

) .J~ ~ " • "' ' study 'l'llilWlJ'l1L\J'l'l\J1~atrn•111"11111111 WU 

i1m1'.iuu1rn1uirnm•Qllfl•l1~1 m••nslJ­

'l'IBJ.J irn1rniim ttA1B'l'I J.J•tiimm1 tta•t.ia1iJ 

1111•QilfllJ i1A11lJ ai.Jwu5nu m1a11JA11J.J t1ls1vi a 

ni1tii11J LlAlJ•t111 u'l'lmua1u1• tliu m•t '111• 

a1m1 a11ITT!'laj 'l'lll8lil"1'1'111 Ulntlll•AB'l'IBU 

ualil a11ari1uums tta•vluaau t1'iui;i'u 1
' tta• 

t~a<11ul1'1'n~1uvi111~u1tm1J.Jai.Jwuii'1•'l'li11 
irn-t.ia 1iJ num1a11Jm1mils1vi am1tiiVJJ.J•t11 

u11n!]i1mm1mtu1aan1vltl'lu 3 ntji.J i'ia 

mii.J~i1m1J.Ji1VJt\l\J (convincing) 1i;lttri irn 
' 

tto•t.ia 1iJcimm~1u1mrn•Aa!'lau mrnVJa1m1 

. . ' 
fl1l!HllJW\Jll 

illilt\1\.1 (Convincing) il'n tta• ua 1:il' 
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1'1'1ajtrn•a11ari1uumu ri1untjlJ~i1m1m \'Ju 1 u 

Ml'iauil11lJ111 (probable) 1i;Jttri mli.Jffi.JWuil 

11a1irnviam1 a VJA11 J.J t~s111 a1J.J•t11 mi a1 l i:lm 
•• • -~ ,.J 111uaau ll111UJ.J ttarn1•tWl•ul1"11• llo•Ooi.J'l'I 

' 
a1\li1m1m\'Ju 1u1i;i'th1 (possible) 1i;lttriA11J.J 

ai.Jwuii'11a1i:imtarna 1iJviam1aVJm1m1lm11a1 

J.J•t11u10J.J11Jao '.i11li J.JVJao vialJ1mauoi' """ . . 
11a1irnviai.J•t11vlu vicii.J~o!'lmn ttad111 (1111111 

~ 1) 

u a 0\11oifIllo011u>"tiJu11 a1 A ru• 

o nlJ 111 >llVJ il'w m
0

1lJ"t11 u1 n tta" A a !'I au 
' 

mm1uaVJ 1VJ1VJum1fou1•m1.1i'Jn-t.ia 1iJ'it11u 

ttma!'I r.rn1iJ1111•Qofli.J trn•iro1rniim J.J•t11 
!'loaVJmm1mllaVJ 1VJ111Jsi:in'it11u J.Jniim'l'll'l 

tta•t.ia 1iJ1111•Qaai.J lJ•t1,uaVJmllaVJ 1VJ1VJsi:in 

tto•l'l'l~at.ia1iJ i'Jn1rniiu1 J.J•tiim'l'll'l """ ttfl-

""* ... ... "' : "' rnm-t!'laa1 J.J•tl!m'l'll'l t.in111>•Qofl•'l'lm t.io 
~ 1 • • • m•nam•mui.J t.ia J.J1111•na<1lJ tta•t.imta•I ,. . 

'l'l~at.ia 1iJ ri1ulJ•t11a11at myttarncia1ti:ls1m\I 

alil 1VJ111luil'mrn•r.Ja 1iJ'it11 1 u tto•J.J•t~1a1 la 
ri1uumsmllaVJ 1VJ1VJsm1'l'uu1•m1.1i'Jnm•Qo 

• 1 IV IV ~I ., 15 n•'l'lm llfl1B'l'I tto•t.ia lJl111•()ill1J.J tuu1111.1 

- lia1u1mta•Aa!'lau 'l'loa11Jmm1 uaVJ n1•tw1•a1m1 

il'o 
- a11at mJ]tta•a11acl1uua1u 

l'iauil11tt l.i1.1a1.1 (Probable) il'n ttil• t.iil 1:il' 
- ncimt1lu1 li'iuaa1.1 tl'i'11.1J.J n1•tw1•il<1m1• 

il'n ua• ua 1:il' 
- u111lJVJon '.i11li J.Jlilao vialJ1mauoi' . . 

il'n 
- vlu @iai.Jao!'lmo 1111 • 
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1 ml' 'J ~ u 'W ii fl1 1 i'I 01'11 a l'H A jHJ iN i\' 'W 
0 • ' 1 • 1 ".,. .,..,J.,. imo,O'WIJln LLa"WU11 'Wl'JO-Na IJ1Jal1LAIJ!11J 

if nsmw 1 'Wm>il <M i\'m1'.llliiut1m1tnlil11"t~1 
111n1J1ffl1 ms'llil lil ~1fl1'W 1 my11111lill~il1m1 
(non-nutrient constituents) LLVl1'WU'Vlfl11lJif'<\l:; 

mi 11li'511 LA iiil "' i\'1w" L ~~ Ul''llil lil~ii fll> 

i'I mnn'WIJl n Lta" ill'J'J•iiA nw11w 1 'W \) "' n'W fll) 

LiiVllJ:;L~~ 11.lflhl L°li'W isothiocyanates, indole-3-

carbinol, organosulfur compounds, /3-carotene, 

'lf1L~tl1 Ui;'l:; epigallocatechin gallate, curcutnin, 

lycopene, isoflavones, limonene ua~ 1-perillyl 

alcohol LU'Wiil'W 

1. Isothiocyanates 

a11nci11il'wu111n 1 m1'n111~•nan"11~1tli'W • • 
n•11~11Hi n•11~1111iln miln LA~ A•1h trn" 

n•!1~1UIJ (Brussels sprouts) LU'Wiil'W 'llUlil~WU 
mn 1!ilttri benzyl isothiocyanate LLa" phenethyl 

isothiocyanate ~1 mm> au il' fll>LOlillJ•L~' 1 'W 

i'l'lill!'llilail' M11ai1rnl'u1• tli'W m•tw1•mm1 

!1alllilmm1 tii11tJ11 'lilllil lll'u il11ti'Liln il11a 

1my trn•m•tw1•llaa11• Vi'lfmhvi'1um1rill 

IJ"L~' 4
-'·

14
"'-

21 tta"trlll 1iitJ1tJmil' ii~wum1 • 
isothiocyanate 'llUlil 111ii~a sulforaphane ~1ii 

'li~mru\p 1tJman 11'1~ 22 trn"iiilnumw 1'Wm> 

iJ a1i\''W11'.1 ll ii u t1nnLfllil1J• L ~1 m''llil Iii t li tJ 

1J"t~1 tvi'1tJ1J 2 'lrn•1J•t~,11 illil t ll'W !iltJ21 

al':Hfliii:J fl~ fllJtJ:;L~~ fltj lJ isothiocyanates 

il'ii11rua1Ju&i!inil1rntJ h111tJntj1J phase II tli'W 

glutathione S-transferase Lla:; quinone 

reductase22
'
24 ~1l U'Wlil'W 1'1flf~~ll U'Wvillfl11 

• ... ... " <V ' d • 
!11 a1uvnrn>ll fll'J lil m1n a1J" t 11 ll ll n'J1m1' mu 

trn"iiA111Ja1J'11tJn'1lilum,villm>illl1ntJ1J•t~1" 

trn"a11111mTu81m1Yi111tJllil1lil'W1 'lflJ1 tJntj1J 

phase I (cytochrome P450 dependent-mixed 
.J .J ., <V IV 

function oxygenases) 'IMl081llil'num1m.v!'W 
.f I W' o' .f I d ""'26 

ql'lnnana1uwtJ~lta•ql'llinll1J•l>'llil1m~Lfl1J 

~.,, d • ...J ... 
'l.lilO'JlO'l.ll'J1allJ11U l WIJlJU1'\.lfl11\'llall'J l 'llaa\'llJ 

Wannee R. Kusan1ran 

l~il,'J1nm1nri11if tli'W phenethyl iso-
' 

thiocyanate iiilnumw 1um~illl1n1.1m1tnlil 
d nl .J4' O IV I d d ~I IJ•l>,ull\il!'l'lfO'Wllil11'Ji'll10lllJ•l11 NNK 'll'lu'W 

11 ~d 1. d '111 'I.I \il1'llllJ'W!'IWUlilW1" 'WA1'Wlj!11 
.:<$ q IV 

(tobacco-specific nitrosamine) 'lJnt~'U'V\llJ'j 

n1t\','11(iljmt vi a 1'll't ti tJm1il "' ntJ1J•t~1'11alil11.1 
2} 28 d 1 I .: Q IV 0 !05 1'11.1 ' lla•llJil IJ'Wl'l.llJl'W IJl(j!1lfl11r1m:11m1 

""' I f .J 
1"Ullil1!11'JlWU1 lOa IJA'\.1!1\il11'JWU'111 • 
isothiocyanates 11.1ll am1•iia\il11m1tfllil1J" t11 

U illil ~lOllO ri IJ~1ii WU m1iJ il' n'WIJ•t~1nri11if 29 . . 
.J I Q Q.I 4' ,/ 
'll'll5\il111 isothiocyanates ill'JIJl'l111Jil1JW'Wli 

i\'um1a\ila,'lfil~m11Jt~u1villm~tfllil1J•t~1'lilllil 

2. lndoles 

m1ntj1Jil'wu1J1n 1 m1"nm•aan•1-1~1tli'W 
t?il'J1n'Wilum1n~1J isothiocyanates 'llillil~WU 

1• ' :win viun indole-3-carbinol, indole-3-aceto-

nitrile ua~ 3, 3' -diindolylmethane 51".i~\I 3 
... .: ,.,,t .,,, d 

'll'Wlil'Wi'll IJ11 U l'JUl'J' fll~l n lillJ•l 1' n>•l Wl" ill!111 

1um,it1J1a~'lfnil1vi'1um1rill1J•l~1 B(a)P
13 

il u'111~i\m1J'llil lil~i'I n 1:11n'W1J1n(ii'a1J11vi'u ri 
,d 4'.t .,,, d 

indole-3-carbinol 'll1"11Jl1fil'JUl'l1fl11lnlillJ•l 11 

tvl'11..1:w 13
•
30 :w~L~\ltJavi 31 :w~L1\ltv'fu 32 ua~:w:a1\la1 

151 my" ~'lfnil1vi'1um1ria1J"l~1 a11-1fo 11.1m1 

ii~oll'J,J'l.lll indole-3-carbinol YJl 1 ll1"UULIJ 

m1ullil a1Jllll"rnf!111.1rna 1m1t'Jm vl1J~1.1 34 ~1'1i' 
~ll'J"YJl 1 ll A111J l~l'J,vj il fll1l0 Iii IJ"l ~' liill'l.llJalil 

a' ;iamo!'llilall,if mhui\'u~wu 11.1m&!'llilail1~ 

d .r' ' . """ l111'W11 mdole-3-carbmol "11Jl>U'll•all!11il 

!11jlil11ii'llil (cell cycle) llil,l'llaa1J"l~'liil11rn 

~' i1 ;i ari11 it 'llaa 1J•t1'1-1ijlil m1tt 'Ii' t 'llaatta• 

m>L'J1iyt&iu11il" ~,;iam1i'lmnil'u1~i1 in­

dole-3-carbinol ill'Jil•"11J10fili1u 1 'WnWlO'lfl 

indole-3-
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G "1 .J' "' d 

"" L 1-:i tm 1u 1J L vn• taa.:i~ fl.:J a11n1;iii•t 1-:i 

;f ,.! of"" <>;j QJ 1· tamoxifen '1.:J~!JllJfilu'laUll'IBUnum1 ti ta-
" 

moxifen ll~lWEMBUl.:Jl~a1" 1m1rudljj~ii1i\'.:i 
flmflAflamw 1 um1i1a.:inum1tfi1111J•t~.:i1 uriu 

1111a li!Wl•lJ• l~.:J Lm11JlJ
36 

lndole-3-carbinol <11m1a\lunUBIJ!.JO . " 

3. Organosulfur compounds 

a 11 n ~· ii d w u ii 1fl1uwt1Nflm1" Q a 

m•tYiaii-l'IBIJ (allium family) t'li!J n1•tYiaii 

11oiiti'11my 11aiitt111.:i tl'lumu ~.:ijj11a.:i1u'il1fl 
m 1flfi'/'.!11'/1.:J1•Ul11111'1alll011-i'u tl 1•1'11 IJ Wtl 

"" .:: 41 ,::; • 1 • m1tn111ii•t1.:im•tw1•fllm1 tta•ii•t1.:im a 

1my" tta•1uu 1997 Ernst 1m-.,1m1ul'!am1 

' ..... QJ ""* 
l'IUl'l11J1'>'> ru n'l'lm1 Wtll'I fl m'>•Q a n1•t l'laii fll'il 

'il•fll lJl'l aiJ B'i fl 1J nl'H fi 111lJ•l ~.:J 1 m•UUl'/1-:J t&i!J 

film'> 1m" 1mlvri'l'l111aa.:injj~wui1tl1iJu 
"" .... ,?:: ... .:: 1 

n'l•t l'Jamta•1'1BlJfllm'laaua.:im'ltnmii•t 'l.:i u 

'U1~81tJ1::: 1~ 44
-
45 

fll'>lrtjjmilJ organosulfur dtl'lul'laml'!a • 
'illflm1ama\ii1~B.:Jfll'l allicin ~.:ijjn~mta•tl'lu 
fl~!Jli!Wl•'llB.:Jnl•LYialJ-l'IBlJ 1111mi!Wl•l~fl 

.. I ..i .,, QI 

L'llllllltmn (tt1miiam•tl'laii11'1BlJ~m1u u111mfl 

ii'u) <111fl~iiifjj11a1t1t1il111 t1il111~wui1jj.lfla 
mw 11m1'li1B.:inuii•t~.:i 1mttn diallyl sulfide, 

diallyl disulfide, diallyl trisulfide, ally! methyl 

disulfide, ally! methyl trisulfide llll• S-allyl-J­

cysteine t l'lumu 1majj'l1a.:i1ui1 diallyl sulfide 

a1 l.11'> a if uC.:i m'l tfi 111ii"L~.:ifl1• t w1" Bl m.,••-•' 

1J•t~.:ia115lmy" ii•t~.:i,,,aa11101m.," ii•t~.:i 

UBl11
46
'" llll•lJ•l~.:i\i(u 51 ci11J diallyl disulfide jj 

11a.:i1ui1 a1 m'l ailu&.:i m'>tfi1111m~.:ia1151 my" 

diallyl 

trisulfide lrn• ally! methyl trisulfide fllm'la 
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.,, ~ "' ,::; 1 "'46-47 
aUt1.:Jnl'llnl111J•l'l.:Jfl'l•lWl•Bl1'111 111 llll• 

d!'1~.J ~1. 
s-allyl-J-cysteine tl.:Jlu1Jtl1J1111'1ll•mam 111llll• 

1iJjjn~u n il'l1a.:i1ui1mm1ailu&.:i m'lLfi111 

ii•t~.:ia11«lmiJ1mL'liunu" ua•1m1'il1uu s­
a11y1-1-cysteine ii1ti'.:i M'i'um'll'll11'1flUAfl81llW 

1 um'lila.:i nu ii• L~.:im.:iriail n" 

!l111fona 1nm'li1a.:inum'lLn111ii•L~.:i1111a 

m•tYitllJ-l'IBlJ Llll• <111 organosulfur com­

pounds tmhdifuil.:i 1iJm1unmuJil'111 LL~fll'il'il• 
~ ..... ~ ... Q.J 1 ,., • 

Lu 1J m'laUS.:J1'1'lBlll11'l•l11ULB1J tl1Jl'lfi'l•m1Jm1 • 
.t ' r:l 4 .... 1' BBflql'lil'llB.:J<ll'lfifllJ•l'l.:J m'lLWlJ1•111ULB1J 'lllJ 

.J 0 ""- <!I 0 QJ I <=J I 

l'll'lllllaW'l!!1'1'lB fil'ill11'11'lfl BlJ•L 1.:J Bfl fi'ill 011.:J 
.oil .., • "' ,J 4 

ma Llll•ll'l'lB m1'ilU'111fiBlJ•l'l.:Jl'/Bflnql'lil 
..i .,, g, ' "" ' .J' ... 

L 1J B.:J'illfllJ l'l 118.:J11J1 llll'l Lr\ lJ L l'lll11J Ul.:Jtl1J111 
" 

.... ~ ..... QJ 54 
fllm'laaua.:Jl'l'l<llll111•111U cytochrome 2El 

Lrn•Lvim•li1'rnauhii1umiii phase II L'liu • 
glutathione S-transferse, gluthathione per-

oxidase, UDP-glucuronosyltransferase LL'l::: 
. ?'I "' 46,49,52 55 epox1de hydrolase Lu1Jm1J ' 

4. P-carotene 

L um1 - LL rt 1'lYim1'I mn1llt 1'1i:iB.:i1 u fl cimLrt • 
hYiuaavi' ( carotenoids) Lmci.:i~wrn uvi'i-LLrt h 

~ .J 1 • ' ~ 1 ·.i~,, ~ " l'/1JIJ1fil'/~111 111Llfl l'lfi-l'lll IJl'llJ~ll'lllB.:J'1111Llll•~ 

<lii L'liu LLmBl'I Wfll'IB.:i ii•arnmm iJml'llil • 
ii•il1.:ian LLriumau Ll'lumu uan'il1ndnwumfl . " 
1u1uNn~mMimLiiii L'liu 11hli.:i mantriii ri•tl'1 

.., ~I" d" 'i"""'..J' 
Lta•l'ln~ii L u1J1111J llJBL U1111-LLrt •11'1mmo'll.:J 

" 
ma ui.:ici11J'il•~mtl~au 1t!L1'iu b1111:ilma ~ 

~ d "' .J 1 ' 4 "1·' ll'lllBtl.:Jlu1Jo11J l'll)!'il•9fl~l11'1fmm ull•'1lJ1111lJ 
3 "'1~1· • ,~ .• L1JBlt/B ~lJ1J 1J'll.:JmtllU1111-LLl1 <'ll'l1J'ilrn11'11Jl 

.J fll .... ... . .... 
l'/lu1J<ll'ln1Jl'l1J (anttoxidant) Llll•!f11Jl10'i!U 

BBn'ilL'il1J'Wa.:ia.:i (singlet oxygen) ~.:ijj!'l'l!!~B 
" 

fll~l'il.:J11J~B.:JL'1fllfl' Jil.:iif uii.:il'i11 !fL~Btl1JllL U 

ml-Llrl hYi1J'il•jjtl'l• 1at111iiiam1ila.:inu hriti11'il 

Llll• hriii•L~.:J 

Nan 1 '>fl n '1!111'11.:J.," ui 11111'1 al ii'.:i LL u u 

d • ~ 1 case-control Llll• cohort t1.:imm'li1fi1fl 1Jl'lll18 

- I • '1 v ' vd ~ • I ~ 1 vd ~ u'l•ll'li1'1~u 111111'11'11Uu'l•l'l11JfJfi-l'lll lJl'llJ . " 



152 

• • t ... ..... ,,..,J.,,, "' ,, 
1•\llUlU\lll-LLl'l 1Vl1J<N ma1>JVJIJ1"\llUlU\lll-LL\ll . . 
t 1fi1J 1 lJ La fl \ii ~~'il" jj\ll11 IJ LiJl'I~ vi fl n11 L l'J lJ IJ"L ~1 
ti ' ' .... ti • 1 • ' .r. B\ll\ll1n111(!V11u 1"V111J1>Jn-1>Ja 1Jma11J1JBl'I 

11''fo~~jj1"tii'rnulli'1-LL\ll hfilJ 1 mi:'iavi~1 JJan 

.l'v ' .J ' ~I " ' ti 'il1n1JmVllJ111'1111JLlll'l1\lliln11LuUIJ"L11!fil1 in 

11aavia11111 m"LVl1"mm1 mtLVl1"ifain1" 

<111.rt my a11aa11Jtla11'1 tlin1J\ll~n Lrnd'11?H\ 

awia~e11al ti'Wfl'U 56
-

60 

d ... ,,!5.., ,, tq 
LIJBIJ i:i•1n1flflfll'lll1Vl~B1L U\lll-LL\ll 1VIU 

.J~,., Q"'1 ,,. 
VIL u!Ji'll>tN L\ll11"'11Lta"i'll1U1~Vl5 1Jn11uB1fllJ 

m1L1'11J1J"L~11mm tl11n!Ji1Lum1-LLl'l hfiu 1ii 

i'lllJ110U fl1 OIJ n11L l'JlJIJ"L~~ fJ1'11U1
61 LLll"IJ"L~1 

·1"1 •62 .r.q " .J 
al llL'11!)j 1Jilfl'il1fllJU11J11U111J\l1fln1l>1n'l:llVI 

1ifmi1JLL wria!f1a!f11 aL1J°'lnu~jjm11J Lilm vi a 
' 

fll'lL UUIJ"L~1tlavi~1 fotl1"Vll1JL um1-LLl'l hfiu 

1ua" 50 i:iaiin-i'IJ 1m1u1u Ll'lunin 12 i'.J 

[Physicians' Health Study, PHS] i1LUm1-LLl'lh 

Yiu 11ii:i1>Jattvi mh11viviaallmm>t l'Ju1J"L~1tlavi 

L~m tl'Jl'JUlVJUUOuna1J~hi1mfot um1LLl'l hfiu" 
' 

ttvi~u1a1J htrn"1hi\llnmn 1lli'ttrl1>Jam1?lm,n1 u 

tl1" L Vlf!WlJLLlllJlll (Alpha-Tocopherol/Beta-
a4 .J • • 

Carotene trial, ATBC study) 'IMVllJ11fl'!IJ!f1U 
.J .J v.Jq .J ' ~I d ti 
Vl~Ul.l'l11 (i:!VllJl'l111JLllU1\lliln11LuUIJ"L11 il\ll 

"ti • t"'"""'"' ~1) LL!l"1U 1"V111JLU\ll1-LLl'l 1VJIJU1~Vl5 1\Jil" 

20 i1alln-i'1J11ni'utl'lunm 5-8 i'.J jj.J\ll11m1 

""ti ,,.J doq• Lu U1J"t>1 avia1n11na1Jriauu11>t!f1JL\lla1nu 
.., • \J • 

ttvi1iihifot11"mm ulli'1-LLl'l hViu(n~1Jl'l1Ul'\1J) 
"'l ... q) I "" .J I 

01 18 % LL!l"IJB\ll11\llll'l~1n11M 8 "/o !f1ll11J 

1 mil• l'lum1vi1l'I L i1a1•1n1J"t~1tl a vi trnd 1f111'11 \l 

u an•1ndr.rnm1iinmm1il a1 nu1J"'~~tl avi 1 u 
n a' 1J ~~au u 11'\l LL a" l'l 1J1llJ~1 lli-i' u1 l'I il u . " .., . 
(asbestos) 1ua11-i';Jm1J'im (/J-Carotene and 

Retinal Efficacy Trial, CARET) f\1iui'imrnm1 

An 1'11 tiJ1na°11ll11llf1J fa l'I VlUi 1B\ll11 n11 L tJ U 

"tl 1 '.J1.. • t q. IJ"L11 B\ll !Jfl'!IJVI \ll1UlU\ll1-LLl'l 1VJIJ11J!l" 30 

i:iaiin-i'IJ trn"11\ll1jjurn 1ua" 25,ooo ru ~1 

ni1n~m tl'il'lrn Vil'lu~1iiM-i'rnum1-LLl'l hfiu ii1 

2 8% u Bfl'vlnUi'i1 wui1a\ll11\ll11'11una1J?l nmn • 
~1ll1J 17% lli'1a" ~11>Jam1ilmnilvh11hrn1uu 

WanneeR. Kusamran 

Qo "'"".Jfl1"t 1J"L>~LLm!f1&i a111Jimmm!f1Lu1JL\l1~a1 1'111 

m1iii'ailma~m!vi tl'l11nwYluVi~1t1'11Jna1 21 

"'I ' 
0 

.J 1· -· 1 • L\llBIJflillJn1'11U\llVJ111LLl>JIJ 1 LLil"l'lrn"i:!11lU \ii 

tt~1111'1.h"mmna1Ji1nm~1111J\ll 11Jrin 1l'l11m1 
' . 

~?lmfl1>Ja~a1 L ulli'1-LLl'l hfiu1vifotl1"mm u 

m1-LLl'l hV\UVJIJVJ 1J Bfl\llfl;j'i>J!lfl11A m11tii'1 na11 

ii11mu (PHS, ATBC LL!l" CARET) i'i11h111' 

l'l111JllU h 1 um11ii'L Ullll-LL\ll t 1Vi1J L vlail B101J 

IJ"L~11Taunau 1 tl~i'll>L Ulll1-LLl'l t 1Vi1JB1>1J!fl&i 

1uwm1'n-1>Ja 1l!\ll11Jt&i1J 

5. Epigallocatechin gallate (EGCG) LLll"1f1 

ti'ia1 

llln1>Jam1/1m;1m11"u1\llirim ttl!i11l" 

i'f11iiif vi L \lU U fl LL vi OU1lli1 n11~ IJ!f1 L 'iia111'ia!f1 

i111m\l\l"i'll1J11 ail B1 nu n11LO\ll1J"L~1 Lm11JIJ a1 

1.rtm\] a11ffa1utlina ~1tl1&i liiu tlavi 11fi1 

LLll"l>Jan11i1nH1V1111"U1\lliVJU1LLUU 
~ 1 ti .J_,, .J 

prospective '111B cohort U 1"LVll'l!)J'!U1f111U 
d d .J'c:::1 • d ... ..... 

~11JLIJm 111 UflVllJ11n11\lllJ!flL~l'l111Jil" 10 

ttti'1111Jam nni1 'l'h 1 'l1a\ll11 m>tiivi1J"L~1avia1 

~11 lJL Vll'l'11tjj1LL!l"L Vlfl!f11'1 1\lll'ILUVll"IJ"L~1UB\ll 
1a1a1m1tii'Ltri 1J"'~1a11il11aj 1J"•~1a11ffa11J 

tla11'1 1J"L~11iiu Lta"1J"L~1n1"tw1"a11111 \llllJ 
o "' 67 .J'"' • ..J :i'I d 1 
lll\llU Uilfl'il1flUl'l1VllJ11"1~VIL uUIJ"L11 IJ 

mi1J~~1Jtl1!f1mnni1 10 ttn1via11J a1ni11u . . 
fl~ IJ L tl'Jl'JU L fil'IU fl B11jjiJmhrl!)JVl11 al\&i!in m11'1 

tta"il'niii'an~1Jil'!mtl'll'l>1m1umrla1Ji1m1~1J 
tl11f11vimi!Vl1"1J1nflill1Jll" 5 LL01 vh111'am1 

m1narn \Ju 1 m.i (recurrence) ~a11J"L~1tlli'1u1J 
... ., ., 68 

!l\ll!l1 LLll"Ln~!flll1\ll11'1 

Epigallocatechin gallate (EGCG) LUU 
Q ,J.J 1 q ~I 

polyphenol !fU\ll11\J1VIVlUIJlfl IJ!f1L~l'l1 LL!l"LuU 

a1~tl1rnau11an~a1 polypheno11u!f1t'iil'l1 m1 

iinv11mt\lllVJ\ll!lB1VlUil ~11flL~l'l1 polyphenol 
d ..... ""' ,,, ,?: 
Villn\ll\llfl!f1L~l'l1 LL!l"il11 EGCG il11Jl101'1Ul'l1 

m>Ln\ll1J"L~11vi1 u11ml'lai'l'l1" tilu tlavi filu 

n1"LVll"ill'l111 '11!lil\ll"1'1111 a11atamhumu a1 
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1m'Ylaj L~1u1J ii'\'uililu m•Lvnd'.lmn1• liiil3J~n 

'Ylmn LL0"1l1mh Lllu~u"·',_,0 uilnil1nii'u1 

w u11mm1uuu81ni1 L il'iqJ L&i u hrn il1 L 'lio i'i' 
cl 3 d 1 Vd 

3J•t11 m1umm'Wat£Jil n;;itriu1 trn•m1m••1u 
' ' 

11il1L'lioa1J•t~11~an~1u"·" 

n;;i 1n 1um1Uil'ltl'WlJ•l~'l'l!il'I EGCG lLiOI• 

in (t!imtrn•v11) m•il1~'Ylmutl1•m1t'li'W 011 
"-' J; t I IV "" 

uum11m'Wm1m11 L'lilJ m1<1111mp;Jom'l1• 

0111'i1111J'l!il1 LillJ l'lfiJ ( L'lilJ omithine decar­

boxylase, cyclooxygenase ua~ protein kinase c 
Lllu~u) m1Ltu1t'lioa m1<im•'Yli11m1riil 

3J•L~1nu DNA (1rium1uu81rnu hiJ cyto­

chrome P450 LLom11Lvim•vlULil'W h3J1un~3J 
' 

phase II Li'W glutathione S-transferase, quinone 
~I ,., "" i:: reductase Lu'WOl'W) 011ll'1'11il8fi'l!ilWIJ3J•L11 

lli:l•n11Ll'1'11ililn'l!il'IU'W TNFa (tumor necro­

sis factor) LUU~IJ Uiln•1nii'u1wui1 EGCG 

Lli:I" 1f l'W <ltl '1\!1 fi'lil '113J11Ulvi3J fi11~il '111 

".iZVli1'3L"l.fa'Gf (gap junction intercellular 

communication) ua~ff1l.J1".it1-lf'ntl1 apoptosis 1111' 
Bn!il1as3, 10-11 

'l!il1ill'W<ltl'1illn'li1lii£11 polyphenol il1fi'li1Liim 

lli:l•'li1vi1 lli:I• EGCG 1'Wm1Uil'ltl'W3J•L~'11'W 

6. Curcumin 

Curcumin 

ti 1• nil U 'YI fl n 1uL'Y1.J'n1'lil11 fi'l! il'l '11 jj' Uif'W 

'" d "' (Curcuma Jonga L.) curcumin Lu!Jlrl1il1l'Ylffl'I 

1il'num n 1 u m1LLlii1llLLo•n~'W mm1 'Wilnil1nii' 

u1lil'-l'm:11mm1iJm<1ulii111 LLWo~iil'YIU1 Llo• 

lJ~L~'3lJ1'3"dil~ 73 

011 ii nm if n umw 1'W011il il1n'W011 LOOI 

11rl3J" L ~11'Wif01-f 'YJ '1 '1 il1Wui1m3J11Uuu81011 

LOlillJ•L~111il'11J'Yl'11£Jill£11• L'li'W Nl'YIU1 iii la 
1my a1h\\amb1J~1J 01•LW1•1ll'Yl11 lLo•vlU1'W 

'Yl\jL3Jlll LLO•lJ•L~1a11mmy L~11JIJ ~'W lli:I• 

liiillJ 1mJ'u 1 U'Yl1JLL1'Yl L uu~u 73
-

77 ill'i11 h~.illJ 
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curcumin himm1uuu81011tii.ilJ•l~'ll~11JlJ 
LL'1" 3J" l ~1tiillil1 u 'YI 'W llJl a~if n U 1 ~fl £1 '111 fi il 

" 
lJ•L~'I 11il"'

5 

1um1uu81m1tii.ii.J•t~1if'W wui1 cur­

cumin <lllJ11UUU811~it11•£J•l~lJ~'W (initia-

) 

4 .(, cl ( ) tion 1•£J•l'11lJq'YlunillJ•l1'1 promotion lLo• 

1•£1• progression 
78 

1 'WU1'1011Amnwui1 

curcumin tf'UB'3n1'lLilt91)J~l~'31tJ"j~fJ~t~lJm''W1~~ 
ni1 11ilmilWl•Lijil hl' curcumin ltrifi'.ii''Yllilllil'I 

1 IV d I rj I rj 

'W1•£J•n1•\i) 'W q'Ylun il IJ• t 1111 il1 m1n ill.I• L 11 

(metabolic activation) 
73 

n;;i 1n 1 'Wm1i'.la1nu1J•l~'l'lf il'I curcumin 

mi!ilM'Ylmutl1•m1 il~11u11'Wi1 curcumin il 

l'l!U<llJU&iL U'W'111~1'Wn11ii'nwu~&i (~'lfll'ilil• 
' d "" .?: ~ 

l!Jil'l3Jlil1n curcumin <lllJ11U£JU£1'1011'Yl1'11'W 

'l!il'ILillJ hiJ cyclooxygenase, lipoxygenase lLll• 

phospholipase A,) lli:lelU'W<l11~l'Wffljl;j'1~ll1• 

curcumin tfllJ11f'lE1''Urf"'l cytochrome P450 ua~ 
Lvim•vi'Urn'WhlJ1un~lJ phase II L'liu gluta-

.r.,, .ct v ' 
thione S-transferase 1JBfi'illn1JmlJ~11a11m1 

.,,:!; .f, .,, .. 
curcumin mm1uuua~q'YIBnilnmuwu~LLll•m1 

1'i11 'Yl1ri11lJ hmiilill'llllJilliltln&i ( clastogenesis) 

Ltiu c-jun, c-fos, c-1nyc Ol";iYil"'ll'Utlfl"'JLB'U 1'ln1 
omithine decarboxylase LLa~ epidermal growth 

~I v 53 73 75 d .:1 d' .ct v 
factor receptor LulJOJIJ ' ' LLll•LlJ1lL111 'W3J~ 

11u11'Wi1 curcumin mm1u'lln!l111m'Wm1 

apotosis 1m1malJ•L~1rn1'lfillil11il"'' ~'lljfll<llJU&i 
vl'I mi11L mil if illilL UIJ0'11n'Ylti'l'l!il'ln11U il'ltl'W 

tl~L~"'ltlB"'l curcumin 

11 ru•ii' fi1f11ilit111m1ii n 1-11il n am W'l! il~ 
" . 1 "' - cl 1 53,73 curcum1n 'Ufll'iuB"'JO'Utl~l'i"'l 'UYl'U 

7. Lycopene 

"' ~ "' "' . Lycopene L u!J carotenoid 'IJ!Jlil'Yl'W'l'li~'Yll 

1il'ffn-wll1:Jililttlil'I wumn 1 ui.J•t~m'Yll'I ili'W 

LLlil1 LL'11llJ cJ~'l(R'lilJ\:!) '1'111lLUil~ lLll• 

rosehip ffn-wll 1:iJ~ilaLLlil'llJ1n~il•il lycopene 

tl~mru<11 ~1ifmL'Ylci1mm1~il lycopene mn~ • 
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5Ll11.i'Llfi IJ"L'ii m 'Yll'lLLa"f.Jl\Lllilru~\llf11J"L'iim'Ylr1 • ' ' 1 " ' ~ 1 •~d LLLl\BUl~ 'lf1Llllml~f11U\l"l(JL1l'lflJ lycopene Ll\Ll\'Yl 

5L1lfii md m'.i n- f.Ja 13JL miiii'1uJ1uTiu1um1tln . . 
mm> Lliu m> 1'11'~1111Jfau Lrn"m>N51Jnutl1 

"'~l ... .,,~..i1· ~· IJlJ Lu1JL111J Ll\~1J1JL'Vrn 1'I lycopene ~fll()Lll'IJIJLm 

' d ~ vtl ~ 1 
11~mumn'Yl~Ll1 il~m»u ""'YlltJ1J"rnBmr1 u 

~tlTIB~tl11J"L'iim'Yll'1 LWIJ Lla"'IJB5 [LlitJ 'IJB5 

;;htt-i'UW'IJ'lfl 'IJB5fl11'1-i'U5tl1LnL1l~ Lla"'IJC!5'1JUL1\ 
., ~I "' ..J ~I z'I 

TIU (ketchup)] LulJLlllJ LL'YllJ'Yl\l"LulJIJ"LTim'Ylrl 

5Ll\ Lta"L~m l'lut11"1mii1fiiB~l~f11Uii~LL lJ"lhh • 
..! :' "' ' "' ,,.. ., 

1'11'lLl\IJ1JllJ"LTim'Ylr1Bm11JBa11Ja" 2 LLf11 

1u~11muwu lycopene 1utl1LttiiB1LLa" 

.l' d ' ' ' ' 1 L\JBLUBLlll11 L'IJlJ LllBIJ\jfi1'1lJlfi Lll111J1'11J1fi Lll 

lilu tlBLll a11m my ilru~· LLa"i11wu1 Lta"WU 
I <>. ..i I /3 8Q-8} 

lJ1f)f111 carotenoid 'lilJVlB'U L'lf'U -carotene 

Lycopene iiij!lJ5lJUmLl'ium1i;l1umHJall5>" ii 

1'11llJLL'l1Ll'JtJ 2 LvJl~B1 /J-carotene LL<'\" 

tl1•mrn 10 Lvi1TIB1bi;i1i:iuli tJBn\11nii'ua1 

m1J1>omu111Jm>~Bm»"wil1L'lfaa'l.lani;l1u 
\1111 m>fl m:nm11•mL1l'l'Ylmwui1 m> 

fotl>"'Yl11J11lln'l~iitl~mrn lycopene 51 1L1lu • "' .,. .,, ... "' .... 
LilWl•lJ•L TilH 'YJl'lLLa"NoLllil rn~\11 filJ"L TI m 'Yll'l lJ 

1'111lJil'lJW1J ;{nu fll 'lo L1l <11TICl~1111 lJL~U1 fii B fll 'l 

L 1'iu1J"L~1fii BlJa ntt m n" vi1ii'utl'n'l~u~151tli1 . . 
lycopene LLo•i'll>Ul1'1filLll 11JlJ"L'iim 'Ylrlil1'11llJ 

il'lJW1Jil nu fll'j;;\ Lll o1TI 111 m1m~u1 Iii Bfll'l LU lJ 

carotenoid 'lfi1Vl~'WL'lf'W fl-carotene, a-caro­

tene, lutein LL~~ fJ-cryptoxanthine 1tiii'"111lJ 

il'1Jwuilnum1L l'Ju1J"L~1'1Jil Llld u Bn\11 mf um> 

Wuliim.nwui1n~lJl'11J~ii1"lilu lycopene 1utl1 

L tt 1i 11151\l•ii ml lJ L~U1IiiBf)l'jL\'J1J lJ" L~1 fii B lJ an • • 
ttmn~1ni1n~lJl'11J~il1"viu lycopene 1utl1 

rn1i111~183 -84 1utl 1999 Giovannucci M11u 

ti 
~ d ~ ~ 

'l1lJLLa•51 'll!J111J fll'jYJ mfl Lfi!JlfiU lJ• L TI m 'Ylrl 

nuvi11m~mfii Bfll'lL U 1JlJ"L~11uB1u1•fii111 
wui1Nam1flmfl\111111u'l~utl1"mrn 50% 11" 

~i 1m1-i'u ti ""'Yll lJ lJ" L 'ii 11 L 'YI l'1 LL;;\" N l\ Lll ii rn~ \11 n 

lJ•LlilH'Yll'llJlfl LLa"m>ii>•vlU lycopene 1utl1 

Wannee R. Kusamran 

L tt l'! "' ~1il vi111Jil'1Jwuci' num1aLl\ a1~B1 m11J 

L~U1IiiBf)l'jL\'J1J lJ"L ~1TI <M Iii BlJ a fi1'1 lJlfilJ1 f1~5Lll . . 
1 •. "ti " 'l111o1lJ1 Ll\LLfl IJ•L'l1 C!Ll\ LLa•lJ"L'l1f1'l•LWl" 

85 "1 ~ .J.J" d 111m1 1J"L>1 umu1•11tJ'YIB1\llJ¥111m<1maL1l 

a11vimi LllUBBlJ a11m my-a11Ja1utla1u 

1'1oC!Ll\Blln'l li111tl1n LvlllJlJ Lta"tllfilJLll\jfi LLfii 

Bci11hnLllllJa11:i.iiim1'n~l1JU1~LLiiiiL1l 
1uil'Llli''YIL1laB1 ii11m1ui1 lycopene 

511Jl'l o!J U 81 fil'l L fi Lll lJ• L ~1ti11Ll111Jtt1JLlJl.f' 6 

• 
" v 1 87 ' 1 " "" LLa•lJ•L'l1LllU tJWl,JLL'l'YJ 11Ul1 'lfiLllllJf11J'll!J111J 

11 lycopene himm1oauC1m1LnL1llJ"L~1m" 
'IJULl\ LlitJ fl'l•LWl•U5511• LLo•a11mmy1Ll1"'

8 

TI rn"d fi 1 a1 ii iJ •th m> fl mn¥1111J Lil u wi; 
LLornl'lfl'l•illULll1~B1 lycopene 1tl!l'11ii111J\jfi 

ttmn Lta•l'11 L1lilA1il•ii f11'lAf11'11AnumwTI111 

1 " ~ " 1 1 " .l'40 lycopene 1Jf11'lu111fi1JlJ•L'l1 1Jl'11J 1JL'l111J 

8. lsoflavones {genistein) 

1 u51mi!iB1 iim>Ll'1ii~iir\'numw 1um> 

UB1n1JlJ"L~11vi'ttol!J'IJUL1l LlitJ isoflavones (geni 

'lJstein, daidzein, lignans), protease inhibitors, 
~I v phytosterols, saponins Lli:i::: phytic acid lu'UWl'U 

'lfil Ll1~1"1-i'u vi111J51J hmn~~Lll 1 tJTI rn•d1iLLri 

isoflavones T~t.1L1.ll\t1::: genistein 

Genistein LiJ'U isoflavones ~5"3Lfl";}1:::l11'W 

51m~B11u~tlTIB1i'll'ltl'l"fi11U glucoside TI111 

genistein L1an11 genistin vl"1U''U~'\IVllU genistin 

lJlf) 1u51L,.,i;111 LL a• N l\ i;ii\' ru~\11f)51L,.,i;111 L iiu 
Lvi1ij Lrn• tt11mu\11n51m1i111 cl1u 1u51m1i<M 

m!mlimLil1L;ff U1 il•WU genistein (1:i.iii glucose) 

fa u tin Gi L~ o-i'utl1•mu 51L,.,~111 tt'l" Na i;ii\' rn~ 
\lln51Ltt1iB1 genistin il•~mtl~uml'lu genistein 

famou 1 'lfifil1mL ul'1Yh'lu 1 ua1 M'LLa1:.ij1onL11Ll1WlJ •• 
Lli1111mu LdB1\llf1 genistein ii~mt¥111af11 
A<i'l!Jll11'lllJ1J L B51Lll'lL \llJ LLa•i'lllJl'lU~U nuli11fo 

L1151LllWil1J (estrogen receptor) 1vi ~1~m'luni1 

phytoestrogen ( LB51Lll'lL\11J\llfi'W'IJ) 

m1lJ51J1i111Jf11'lAnmi1 genistein il•il 

r\'numw 1um1ilB1ntJ1J•L111i;ltt'lB 1:i.i 1J1\11nc.ia 
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m1i'ln1;im11"rn\il'l'Vlm~wui1nwl'utl1"mu 
111m1LL uu ta L ~a~jj 8'1L11i!ia1 L ti mhutl1"n ciu 

mnjjm1l.Jal.Jwu5num1a\ilcH1Ja1am1m1Luu 
"41 oi.J.J.,.,, 

lJ"L 11Ul1'lfU\il \il!JlilW1"l.J"L 11'VlLO!J11J a1nu 

©fl1Ll.JUL iiul.J"L ~1 L~1u mm "l.J" L~1 vi mmn11lJ1n • 
l\il tJ L tJ"fou L Via U 0 U fl \il11011 LUU l.J" L~1L11 a1 d1 U 

tl1"L'VlflLWU1iid'U1iin"·
91 uamnndifojj~wui1 

rl'~fotl1"mufl1m11i1'1na11jj1"iilu genistein • 
1utl1Ll1afl1

92 lMni1N'~futl1"\'11Ufl1'1'111LLUU • • 
lil"1uliln LL a" l~jj ~01tl'n ii'1L11a fl1 Lrn"011t\iljj 

1ui\'1L11 afl1ll1l.J110U fl10Un11LO\illJ"L~1 l~1UlJ 
1~ rl'1fotl1"mu~1 LLvi1 uii111'aiu11'! flri flu1a 

L ~~ru-w't.15<'91,93 
v ' 

.... :: ... d ,., 

Genistein ll11J110!JU!J1011Ln\ill.J"L11 L\il1 

ul.J1umcl1~ rl'11li'nu~1LLviLt1n\ilafl\il (neonatal) 

11'lfl ri flu1m ll'lruwwf" ·" Lta"m1LOlillJ"L~1 vi al.J 
v ' 

~nmnn" LLvilihnm1a1iuB1m1Lnlill.J"L~1cl1 lc.1 

genistein l11lJ11a1iuB1011L\l'ltyL~u 11i11JflWlfaa 

1J"L~11 u11aa\il'Vl\ilaa1 l~11ma'lfillil Liiu l.J"L~1 
,., 98 d • 99 d 0 1 • 

L\il1UIJ l.J"L111iial.J~n11mn LLa"1J"L11m o 

1 •100 .... :: .,. ' .... .... :: 1 
11ty \il1UU genistein \11U1\1"1JflntJll1W'Vl1 U 

m1il fl10Un11l0\ilLLa"m11iuB1m1L\l'ltyL~U 11ii 
0 

1Jfl1l.J"L11 

5111funa ln 1 um1ilfl1num1LO\ilLLarn11 

.J .... ,.,.,.. <"ii 1 
\110n11'Vl genistein IJ'Jrulll.JU\ill'lll.JflULflll \il1 

1 
~ d .,, 

L\IU lta" UU11n>ru111\l\l"LUfl1l.J1\110n11'Vl 

genistein jju!'1U1!'1~1Ulflo11i11l\IU (estrogenic 

antagonistic effect) 'UilO'"'l1nd genistein ilTOJiJ 

U!'1U11'1~hi Lfim'lifl1 nrnao llil>L \!Utaa Liium1jj 

\ilruol.JU~LUUll11~1UflUl.Ja!lo1" Lta"m1uuB1 ' ,. 
llmum1vi111 Liiu m1Yi111u1Jfl1tm11m1 

tyrosine-specific protein kinase (~1\1"111111'1 tl 
.... .?; I o' .,, d 

mm1 m1LL uw11aa) m1Lllllil1flanllfl1tJUl.J"L11 

u11'lfil\il m1of11tc.l'mafl\il (angiogenesis) m1 
.... .. ..... .. 
o1l\il11"11 DNA n11o1L\il11"11 prostaglandin 

01'lvi1'>ll'U"llfl~Lfl'U l'lfaf omithine decarboxylase, 
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. ~' 
topo1somerase LLa::: cytochrome P450 qYJOOB 

na1!JWU~/ql'lllvi1111'1fl1 l1J h1JLO\il\il11l.JN\ilun~ 
1Jfl1011ria1J"L~1 LUu~u uan\11nil'u1ii11a11u 

i1 genistein 01l.J110L\1daitl11 li'11\11~'llilllfl1 

L'lfaa111!\ila1 Lta"ll11J11ailntl11Jmum1 apop-

1 ... ., 101 ' 1 • 
tosis \illil1tJ LLa"lilfllJ1 Fritz Lta"\ilru" \il11tJ 

' ·1· ~.1 11U11 genistein m 11m1LLo~Mflfl01JflWU!'l 

a~L\il11"i( 1i1'1fm1aftl.JUllflU 1m1L\1Ulta"Lflo1m 

4 ,, "' 1 d 1 1\111ru11fl1\l\l"LuUna 011U11Jfl1 genistein u 

m1iJ fl1nu m1tn\ill.J"t ~1vi al.Ja n111J1n • 
do::i;f .... .:,,,,, OJ 

LIJflL111Ull01UUIJ"L11LL\11'lf1\illJfl1i;l\11:J 

4 1 ·4 d ~ "' flLl./101 \ilW\111ru1LWflW(i)lU1 genistein LuUll11 

ila~ nu1J"L~1 Lta"mfoml.J"t~1 101 

9. Monoterpenes (d-limonene ua::: 1-perillyl 

alcohol) 

d-limonene Lta" J-perillyl alcohol LUU 

cyclic monoterpene wu1uw'lfl1ll1tJ'lfU\il tiiu 

' 1 • • ll"1"LL\1U lavender, perilla c.Ja l.Jlil1"Qalll.J-
~1 ., i.::1 CJ .. 

IJ"U11 luU\ilU J-perillyl alcohol LuUflljWUil 

uaanB'f'.ftla' 11fl'3 d-limonene 
.... ~ ... d 

d-limonene ll1l.J110tJU!J1n11LnVll.J"L11 

.I "1 .< o • ~ .1~ • • ufl\il Ul1\jtl.J1~Llll"l.J"L 11 Llil1UIJ!'11!'1'lf nm ma 

011rifll.J"L~1 103 LLarn11lli1iul.J"t~1 v-Ha-ras 

t'1i11 tJ1 Ul'lfl'lllL~l'tJl.J 104 llil"l.J"l~11i1'U 105 11111\j 

LL1!'1 
c::I 1061 v.,. v ,.J 

1JU1\iltana1 \ilflO\il1tJ ~111 J-perillyl alcohol 

01m1auu81 m>LOlill.J" t11a11o'1 my' trn"cl1 lc.1 

Lan 107 iJ:::L1'1ei''U 108 ua:::iJ:::L~'1ei'ufieu 109 ua::: 

lll1J110UU81 nlWil'ltylmU llil1rn11J"L~1iiluei flU 

tta,Yi11 li' IJ"t ~1 t~1111JjjlJU1\ilL~na1 10' u flmnn 

J uu101m1auu81 m1tll'lty i~u 11iitifl1l.J" t~~ 
vifll.J\jOl11J10lJ!MVIU~!l11tltl\jmha111 nude 

110 c::I .... I .. .J G 

mice lta"IJ"L 11\ilU fl flUlJ fl1111;JLUll.JoL\ilfl1!'11Jl 

1 tltla n riw 1u11mt©l.Jllllilafl~iin~1a 10' . . 
..J . ... .... 

LUfl1\11n J-penllyl alcohol mrnamw 

1J1nni1 d-limonene 1um1ilfl1num1tOlill.J"t~1 

l~lUl.J tlll"IJ"L~1a1ld'lmy (5-10 Lvil) llil" 
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d ' <>, .... "" "" "" .J 
IJ"L .,, LL 1N'1f11il'lf B"o'l'l'llj BllJ'lfl1\1'1'~\11'l!ll11'1\J" 

.... fl 2'1 "' d 
W\il/IJ1 1-perillyl alcohol Lu1Ji'll'luB101JlJ"L'l" 

1 d ... .,J ~ ,,. d !l' 

\Jl'l!J IJ"L 'l1'1f!JlilLL 'l01'1\J"v1fflflflillJ"L 'l"Llil11JIJ 

ua"a1Jol'uviB 1 tlf'iB1J"L~"viB1J~mrn10 IJ"L~" 
"·1~ ' d""' d .J' tlBlil 1J"L11m o«my LLo"lJ"L'l,lilUBBIJ '1f"'lfru"IJ 

01.11111 m1iloi;1m" fl~il o Bzj 
10

' 

d-limonene LLO" 1-perillyl alcohol Uil" 

n IJ 01'H fi Iii LLo "fo 1'11 IJ"L ~111ilLlil s nl'l~ !l1\J\J" 

LU~SIJi'lll1WtlJIJ perillic acid LLO" dihydro­

perillic acid ~"!l1JW1Jfiir1aB~if1dtliiu81'1fU11J • • 
d • < •~ o • Id '.I ~ fl 

fl1'l1'1'1'11lllSIJIJ"L'l" ras LuoS!Jl'lfol'lunlilLulJ 

L'lfo<flJ"L~" (ras transforming activity) IJ!J0\110 

if1Jii1wui1 1-perillyl alcohol LLO" d-limonene 
... "'<>.°' ,"t: I o' .J o 

1J~rua1Julilsumm1LtrnL'lfol'l mm1m1rnmm 

'lfU11J01'lLU~SIJoll1W (differentiation) 'lfil~ 

Wannee R. Kusamran 

L'lfo<f LLO"'llU11Jfl1o apoptosis LLo"L~lJfl1o 
TI1111J'lf!l" cytochrome P450 LLl'l"LiJ!Jh!J' 

107 ,J .,,.,, ' .J' 
glutathione S-transferase 'lf"~ruolJUlilL'H011J 

01\JLthrna 1rrnd,'lfB1fl11U!l~tllJLLo"foi;1!J"L~1 
'lfil11-perillyl alcohol LLl'l" d-limonene 

fl!'I 1nn1">U<MOUa.J~t~~ 

o a lo 1 ll moil"" n1J 'H°iJBiiu8,'lf m1J mo 

L fi lillJ" L ~"'lf 1Mi'l11Lfl iJiJ !l1 tl!JIJ" L ~"\110 r1° 0- ~rn 1iJ 

m11il1vi''Hmstl1•rn> '1"~1iKmh1mu11mh 1 IJ 
..J .J.J I" .., "" ' "" d 
o11J1'1Lnm'lfB"oum>LflmLlilo•'1f!Jlil lil1>1"1'1 2 

vfi' !l lJir, vl1il81" 511 Lfl iJ iJ !l" tl IJ IJ• L ~" 1 IJ !l1'1'11'l 

~" 1iK!l1m111nU'l'lf111lJ~L?iSIJ 11ils Kell off LLO• 

Mechanism Possible molecular targets Representative agents 

Antimutagenesis 

Inhibit carcinogen uptake Bile acids (bind) 

Inhibit formation/activation Cytochromes P450 (inhibit) 
of carcinogen 

Calcium 

PEITC, tea, indole-3-carbinol, 
soy iso:flavones 

PG synthase hydroperoxidase, Curcumin 

Deactivate/detoxify 
carcinogen 

Prevent carcinogen-DNA 
bindiing 

Increase level or fidelity of 
DNA repair 

5-lypoxygenase (inhibit) 

GSH/GST (enhance) 

Cytochromes P450 (inhibit) 

Poly(ADP-ribosyl)transferase 
(enhance) 

NAC, garlic/onion disulfides 

Tea 

NAC, protease inhibitors 
(Bowman-Birk) 
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Mechanism Possible molecnlar targets Representative agents 

Antiproliferation/antiprogression 

Modulate hormone/ Estrogen receptor (antagonize) Soy isoflavones 
growth factor activity 

Steroid 5-a-reductase (inhibit) Tea 

IGF-I (inhibit) Soy iso:flavones 

Inhibit oncogene activity Famesyl protein transferase Perillyl alcohol, limonene, 
(inhibit) DHEA 

Inhibit polyamine ODC induction (inhibit) Retinoids, curcumin, tea 
metabolism 

Induce terminal TGF p (induce) Retinoids, vitamin D, soy 
differentiation isotlavones 

Restore immune response Cyclooxygenases (inhibit) Tea, curcumin 

T, NK lymphocytes (enhance) Selenium, tea 

Langherans cells (enhance) Vitamin E 

Increase intercellular Connexin 43 (enhance) Carotenoids (lycopene ), 
communication retinoids 

Induce apoptosis TGF p (induce) Retinoids, soy isoflavones, 
vitamin D 

RAS famesylation (inhibit) Perillyl alcohol, limonene, 
DHEA 

Telomerase (inhibit) Retinoic acid 

Arachidonic acid (inhibit) Curcumin, tea 

Inhibit angiogenesis FGF receptor (inhibit tyrosine Soy isoflavones 
kinase) 

Thrombomodulin (inhibit) Retinoids 

Correct DNA methylation CpG island methylation Folic acid 
imbalances (enhance) 

Inhibit basement membrane Type IV collagenase (inhibit) Protease inhibitors 
methylation 

Inhibit DNA synthesis Glucose 6-phosphate DHEA 
dehydrogenase (inhibit) 

vl1tla: PEITC, phenethyl isothiocyanate; PG, prostaglandin; GSH, glutathione; GST, glutathione S­

transferase; NAC, N-acetyl-L-cysteine; IGF, insulin-like growth factor; DHEA, dehydroepiandro­

sterone; ODC, omithine decarboxylase; TGFp, transforming growth factor p; NK, natural killer; RAS, 

ras oncogene product; FGF, fibroblast growth factor 
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l"'f n ii fl 1'W1 ti flT'lU iM nu :IJ::: t ~~'!JIN iJ' fl'Ul ~ 

'!liJ i;i 1mh:::rn01 rrn 

.., ~I ""' "' ..f ,., 
1J1~1i'U Ii\ tu 'U 'VHf N fl Vf\J Ul 'U 

<1muu1J•t'l~tt li~111Gi~~ 1lii'~lil't'h 1.i1,m1Wm ~a 
ilfl1:11i1w11wfl-Na lll'11iloi 11ilu1,~jjA'flumw 1 u 

2'1 "' ... "' ,f, ... d d 1· fl11u8"1fl'U'tll<JU1JU"lfll1bnli\IJ•t1' tWB\l• 11lbb'U• 

1h 11fth•11111m ~1Jm1-l'utl1•muw11wn-.ia 13l' 
t 'Yl<hii'u t ~au>• 1u11u1 u m1iJ <J"lfl'W'Yl'iaalilm> 

t~u'l>i a m>t U'WIJ• t'l' 

t 11 llii't~1Jilfl1:11fi'flumw11a"hu<1nlil\llfl 
Wfl'Ylmu11iloi 1um1iiuH"lq'Yltriaflmuwwi'lia"I • 
a1'jfiB:1J~l~-3 1Vla15 Salmonella/mammalian 

microsome mutagenicity test 'Vl~B Ames test 

(
.J ~I .,,,,..,J 1 .J' J 1 d .,...,.., .J 
'IM t u'UlB'Ylrnliq'YIBfl BIJ•t 1''11 "' ill1t'11J1B'Yl'U"I) 

t11wui1a1uilnli\'lla,f1'fl'Ylmu11illi\ tiiu oiafl 

.l'o1o""' W'!V .,,,t .,f, 
mmm rnnm tto•Nfl'4'· a11J11auuu~q'YIBfla 

"' .. ' d ' "' .. fl olUW'UB'll "' ifl1fl a IJ• t 1, /if11fl 8flo1UW'UB . . 
U1•til'YI indirect-acting (U>•til'Yl~lii'B"lfl11fl11 

ft,..J • "'' d ' t uau u am w fl au <1 <Jflq'YIBfl a !Jn 1' /fl a fl a1u 

wuq) tii'W AFB1 tta• B(a)P llii' tt11iliJi111J11Q 
"' ,f, .,( ' ..... .. ' d ' 

u 1J!N q 'YI B fl a fl alUW'U ~'II"' ifl1fl BIJ•t 1, I ill> fl a 
~ '·' ct• . (·' d flo1UW'U~u1•til'YI !fect-actmg u>•til'Yl'Yl<J<Jfl 

qYJtltii'tii'1uvi'1ta"!) tii'W 2-(2-furyl)-3-(5-

nitro-2-furyl)acrylamide (AF-2) tto• sodium 

azide 111
-

112 a1u 11'1fi fl moiil'm 11wui1jjai1t~jj 
.,J .., ,f, .f' .... .. ' d 
'YlilllJ110U1JU~q'YIBflat101UW'U~'ll8' ill1fl<JIJ•t 1' 

i-:i'lfilVl direct-acting LLa~ indirect-acting lVl...,_ 13 

l'lo fl11'Ylli\a a~ ii'ttif Ii\' 1 if t ilui1 fl mi1u1 'Ylaj 

a11J11aiiuH"lq'Yltriaflawwu~1lii'tilw1•11a"!m1 
ria1J•t'l"!U1•til'YI indirect-acting tvi1il'u ~'81\l 
d "'"""' ,f, 1 .. .J ..J ... ..... t 'U 8"1 IJ1\l1 fllj ru !f IJ1J 111U1JU"I t fflJ 'lf!J'YILflU1'118'fl1J 

... .... " "" ' 
1•1J1Jt!J11111J8il!f!J'Yl1Bfl11fl1•11J'Wq'YIB'll8~!f11fl8 

" d • 1 d IJ•t1,t!J8'Yl1fl11'Ylli\!f81J 'U'Ylil<J111'Yl111il8' 'IM81\l 

•• liJ aa111~ ;;la, 'Yl'iffLi' u a flu11 fliJ m1ru~ tnlil?f u 

ll'l' 1u'1'1a111-i'YJlila "'.,"!" m~i;Ef 

Wannee R. Kusamran 

"" ' d ,f, ail!J'118"1ill1fl81J•t1'l'I' phase 1 enzymes tii'W 

cytochrome P450, cytochrome P450-

dependent monooxygenases ttf'U aniline 

hydroxylase tta• aminopyrine-N-demethylase, 

metabolic activation '118' AFB1 tta• B(a)P, 

ua~ phase II enzymes L"li'W glutathione S-trans-

1 ... .t.%d1"'~1"''°'1 . .r ferase \Jli\1J'Yl1,l 'Yl''Wt'Vrn 'lftu'Uli\li'U \Jfl11rnlJ 

A'numw 1 ufl11iJa,nu1J•t~' t11wui1'Yl'U'Yl11Ja<1' • 
n~1J~1iuaim1l'!!f1Jlilana•tlil1 1J•1•?l'un 1u 

lm•vn 1u?l'm~fl 1uu<1 1uu1un ~•ll'1 tta• 
' fl•'Yl~1;Ja jj1•m1Jta'U hiJ glutathione s-

transferase 1 uvi'u a' ni1'Ylu mi1J~1iu aim1u nm . . . 
mh' jj il' mh ri' ty m~ <1l\ Gi tt 11i1iJw u m 1 t ;J ~ uu 

• I 1 ' d~ ~ ttuil"I 'U'Yl'UflillJ'YlflU81'Yl111'1!flJIJ•1•\l'U 'lf•BIJ • • 
tta•l1'1finn1111 a1m•!ilu cytochrome P450 1li 

t ;J ~ u mt ;J a' m nil' n 1 u vi' u11 "''YI u l'lfl n ri IJ u n ti u . . . 
1 u nri lJ~ ii u a1m11>J a 1J ~ •u1 tta" n",, ~1 u a • 
wui1jj1" vi' u ~' ?f u mh' jj,J' mh ri' tym' al\ Gi 

mh' 11nli\1m 11wui11•!ilu11a,tau hiJ aniline 

hydroxylase tta•l'Yl'ia aminopyrine-N-de­

methylase i\11li\' 1'W'Yl\lfl~IJ~fi'W81'Yl11 l'J!f!Jl11 an 

!f•toi1 1u?l'm~n 1J•1•?l'un 1J•>•'iu 1uua 1u 

u1un trn•l1'1finm111 trndiJt tl~uutttla' 1 un~IJ 
.J.,. : ft I.,.. ' J{ 
'Ylfl'W<l1'Yl111'1<l!J'lf• amta•fl•'Ylill ua ttlilll•~~'ll'W 

1 . d~ 1 t • 'U'Yl'Uflil!J'Ylfl\.!81'Yl11N<l!J 1J 'Yl1•Wlltil•A•'Wl • • 
~~1•'1'rnau hiJ0',aa,ii't111u~11 u\l•aa111111a "' 

nu~111J!f11J11a11a,vi'u1un11n1•~'Wq'Yltria 
... " 114-117 ,J 

fli\1UW'W~'ll<J' AFB1 tta• B(a)P 'lf'\l1fl 

l'lan11Y1111aa,if'll~;11 lil<1n!f•toi1 1u?l'm~fl 
.r ~1 1 ... ' ...... IJ•1•'11'Wfl 111Jm 1Jl'J<Jttil• 1J1J11Jfl 'U1\l•!Ji1flU 

mw 1 um1iJa~num1t1ioi1J•t~l 1 u~ru•~iJ•>• 
'iu 1J•a1J tta•l1'1wnn1lil m•••liJjjA'numw1u 

m1iJa~num1t1i1111J•t~' a11m•il'1 1ufo1•w1 

Lta•fl•'Yl~1Ua m111 fl11 ruU1fll1\l•jj'Yl'ia liJjjA'nu 

mw 1 un11iJa,fiu1J•t~~ tda,•1m•!ilrnau hiJ 

1un~IJ phase Itta• phase II t~1J?fu0'"!!1<J~fl~lJ 
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tda 1vi'?imrn>lnamwlla'1liloflll"llil1 1J"1" 
,J' "I 'i" "I .J' "" ~ "" "' lllm •mm"w1 .umtmfl fl"'lrn11fo fl"l.11 trn" 

vhilflmlil 111m1ifuC,m1ti'ilil1J"t1-1tvi'1u1J trn" 
" ~ ' ' IJ"l1'1VIU '111'1'1;!'1f11 l11WU11 lililfli.1"llil1 ""1" 

~'Wfl tta" 1 u!l'rnafl mm1aiJuC,m1ti'ilil""l1'1 
., "I "" .J1 ..,.,, ' "" llil 111 j.j ''W 1'1 l;lll11 l W fl lj.JS1'J Iii 1U i.111fl iJj.J" l 1-1 

DMBA 1vi'au1-Jilumhl'lqJm-1ailiil11
"

11
'-

11
' 

a1'Wfl"1'1~1 ti~~ i.11mlaifu5,fll1 l il Iii"" t1'1 l vll 

u" 1vi' tt.i1a.iilumhl'l'GJm-1ailiil
11

' ''"" 1 umill 
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REVIEWS 

Hypertension Therapy Update 2003 

Pramote Teerapong 

Department af Pharmacalagy, Faculty af Pharmacy, Mahidal University 

Abstract 

Assessment of hypertension includes history taking, physical examination and 
laboratory investigation to verify the disease, staging the severity and duration of the disease 
and assess the risks and complications. JNC-7 recently classified the hypertension stages into 
normal (<120 I and <80 mm.Hg), prehypertension (120-139 /or 80-89 mm.Hg), hypertension 
stage I ( 140-159 I or 90-99 mm.Hg) and stage II (?. 160 I or ?. I 00 mm.Hg). Management of 
hypertension includes life style modification and taking antihypertensive agents. 
Hypertensive patients with no complication should control the blood pressure below 140/90 
mm.Hg. Those who have the kidney disease or diabetes mellitus shoud have the blood 
pressure below 130/80 mm.Hg. JNC-7 has recommended proper antihypertensive agents for 
compelling indications such as heart failure, post-myocardial infarction, high risk of coronary 
artery disease, diabetes, chronic kindey disease and prevention of recurrent stroke. 

First choice antihypertensive agents are diuretics, beta blockers, angiotensin converting 
enzyme inhibitors, angiotensin receptor blockers, and calcium channel blockers. Others are 
second choice antihypertensive drugs include alpha-I blockers, central alpha-2 agonists or 
centrally acting drugs, adrenergic neuron blockers, and direct vasodilators. First choice 
antihypertensive agents can be used alone or in combination but other antihypertensive drugs 
are used as adjunct. Indications, adverse effects, mechanism or mode of actions of the 
antihypertensive agents are mentioned in details in this article. 

Key words: hypertension, antihypertensive agents 

Address correspondence and reprint requests to: Pramote Teerapong, Department of Pharmacology, 
Faculty of Pharmacy, Mahidol University, Bangkok 10400, Thailand. 
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'JI'!. Iii'>. 'W'Vt .flfl. U'Jl L!J'YlU ll'JVNll° 

m f'J'iin imJit'i nm Fl ru~ w ff it m ff !iJ { um'i n 111 i/11 uil !ii~ 

'U'YlfllYlfiB 

m1\J1,Lilu wihs m1lJiii'u Loil lil<N il'l1i1tl1"a'v1L vl a 111'vmui1 wihuii m1 lJvlu failmM'J~1 vmu 
'U 'U • .. ... 

mllJ1ULL 11LL0"1"11"nmmu~a1m1L \'Ju hFJ m1uu'l~m~111Lrn"m'"Lm1n'll'au m1\J1,Lilum"li1111111 

nwii'nu1"1~ fl111i111'l~11fllli fl111i111'ln11MB,UfjU~fll1 LLO,~U 1 ~~1&w JNC-7 (2003) 1vi'LLU1 

1"iii'um1lJ1ii'ufail\ll~11m.i ~a \Jn~ (<120 / Wo• <80 1JlJ.U1an), prehypertension (120-139 / 11'la 

80-89 IJIJ.U1B'11), hypertension stage I (140-159 I 11'la 90-99 IJIJ.U1BYI) LLO" stage II(~ 160 I 

11'la ~ 1 oo IJlJ. tl1an) m1-l'nmu1rnauvi'111m1u-luium1vi1Liluili\llLLom111ilmolilm11Jiii'u toil iii w • 
u111~hiiim1"LL"mn'll'aum1mUF11J111'm11Jiii'ufai11i1 < 140/90 IJ1J.tl1an WU11J'1111JvlULoil\llo1~m1FI ' . . 
1\ll11'imrnm1u~11Jvi'111m1mu111Jl11'm11Jiii'ufai11i1 < 130/80 1J1J.u1an JNC-7 1vi'LLu"!l1m~rnm" 
nuwu111~iii1'11'1111 l Ul'fl11U hFI 1\llL~a-j, WU11J~l~IJ1~B LWl'floillilli'iulil LFI 11m'ia1 !LO,WU11Jml1mh1J 

'U ... 'I.I 'II 

Lil'ai1'1l'llill1J 11'lffi'.Ja,num1Lnlil stroke J1 

m-l'm,nm11Jiii'u toil\ll~1iluiii'rnL1n~il111J l'll'L~1JvJum1-l'mn Mwi diuretics, beta blockers, 

angiotensin converting enzyme inhibitors, angiotensin receptor blockers, Llf~::: calcium channel blockers 

miluiii'ma11vi'LLri alpha- I blockers, central alpha-2 agonists 11'la centrally acting drugs, adrenergic 

neuron blockers !LO" direct vasodilators miluiii'rnLWlllm1~l!l1vii1'1\ll11Ja1w111'la1il~1lJnu (L~avla1m1 
.¥ -' • • ·" • 4 1" • 1· d 1·4 . • d ·' ' ' • NolJlnitu) ~iumauii1U1Mu'l<pmu111J itua1101LL0"1Jn mvrn mnlilNoit111mmau u1"<1Jitu No~11 

Li-i111 m1aanqn~~a1mLL~o•nlimrn"mm1iii'1 l unlilJ Mnli111111i111o"La1Jlil 1 uunm11J 
' ' 
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L '11rl\'ltjj1 flU i11 ~lii ilUiil Ol'lWLillil l 'lfllJlO Oll 

f1ui11m1 Lrn•iiLL m 1 UlJ1mmn11flui1T1m • 
fllllJ.i'U loW\iliNYil 1 li'L~ilU\Hlillil Lll illilLifomu . . 
LLad1lJflUU\l~l'lgU t'liu 1111"1ml'u1maillil\!1 

Vll 1 li'mrnlil Lail\il LL~1lJlf10llU niil fl1llJl'i'u laW\il 

-" .J 1 _y • .J " • .J ~ \!1LU U\'IU1 U\'lall'Ju'il\lUL<ll'l1~lfl!)!l'IL'l1lJ 

morbidity LLO• mortality '1Ji11 hfl1rnul111\lLLa• 

\'laillilLllillil ( m1111~ 1) hfllH!illilLllillilo1Ji11 

hfl\'lailmLllilm lm hfl\'laillilLlli1lilibuua1u Lrn• 

f1l'llil1lilLfll'J\'111'1'1Jil1L 'liil!Jl fl1llJL~l'l1'1Ji11 hfl 
·1 ... ...:J'..i .... 

'l•UU\11 'ilLLa•\'la illilLa illil L '111J'IJIJLIJilfl1llJlilU 

1ai1m\J1n11 115115 1J1J. u1il'n ~1fl111J.i'u 
1awm\!11J1m Yh 1l1ln~1Lvl1Jfl11m~u11 um1Lillil 

hfl'lli111•uul11 hLrnnrnvlilLllilm LLa•v-i'mn ih 
\'llJ11'1li11lilLfll'l\'111'11J1nll'hifu (lill'l11~ 2) 

ni 1 a lil m11J .Ju 1a i1Iii1 ;!' L,., IJl•ilmLa" 

L V1u1wv 1iH1••~1um1ulJuiil.J1u'iuwq iil0111J 

Lrn•'liim1~1Liluii'lm Lrn•11'1"lil m11'1l'mila11 

~nmil1 LLa•m m•illJ il11J1'lUUi11 num'lLOlil 

.1mrnl'l1n'll'vu lc;J Lriu 011J11ualileiuiilm1ru'11fl 

~ 1 • \'lailliltaillilil1Ji11 (stroke) lil 35-40%, am 

• .f • 1 0 1111rna1mumn 'illilll'I 20-25%, amm1Lnm 

11'1 h11u Mmnn11 50% Lrn•alilElil'l1lil11'1 

u1•1J111J 1 1 u 1 O L~ilalilfl11lJl'i'u systolic 

u1•1J1ru 12 lJIJ.U'lill'I mailmm1Zmn 10 tJ 
r1' U1 l'I fl11lJmu1aw lil il1~ IJ1'11ULL '11\'11Jtl'u . . 

U'l•IJ111J 9 5% Li'lULLUUU'iilJlliji'ifl hl!'J'j1U 
~ . 

alL\l\il BOU'l•lJlllJ 5% Li'llJLLUUl'liill'lllij Ol'l . . . 
'lil'ilii'u 11flm11J.i'u 1awma1 illr1'um1'1l'ntl1•-i'iil • 

' ~ ,., ... "'"" d 
lil'l1'il'l11f1ll'ILLa•lil'l1'il\'111\'lrN u{]U\ilf1l'l L '11fl\'11 

.I ,J • • l " u'l•Llll'ILLa•illL\'l\il\'IUO\ilil1 fl111JlilU a\llilil1 . . . 
u1• Llll'll'liil 1'111ijm1J11u'im-nmu lc;i' ~1-l'm-n m1 . . 
num1 m1l'llil1 hfl a1um11J.i'u lattlil\!1UJiiJIJij 

"1' • ~ ' d 'IM IJ!'J'j1Ull1L\'llil f1l'l'ln'tfllJ\llillJ1\'llJ11'JL'l1fla\il . . . 
"1" • .J-fl 11 IJ lil u a \'I ~JLLa" a flil11" LL !'J 'j f1 '11 ii u !'! L f1 lil \ll f1 

m11J.i'u lattlilll1 L il1\'11J11'11 um1avim11J.i'u • 
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mn1~~ 1 U'il~UL~l'l~'IJil1hfli1'1hLrn•llailmLiiilm 

fl11lJ.i'tJ laWlillM • 
hfla1u (BM! ~ 30 )* 

.J 
01 'lllU U 'l'1'l . . 
.1111.l'llll'u 1 uLllvviilliluniil 

cholesterol, triglycerides lml'lvlilll~, • . 
HDL-cholesterol ~1 

LUl\'11llJ 

f1l'l'IJ1 lil 011 ii ii n ri1 a~ mu 

Microalbuminuria 

!l"lv GFR** < 60 1Ja.1mi1 

ill~IJln ('1111'1 > 55 u, \'ltjj~ > 65 u) 
~.I •- 1 • .J ~I l • 1 lJu'l•11ill!flfla lJfl'li1Ufl'l1!'1LuU 'lfl\'11 'ii 

... G ' .,J 
tLa•\'la illilLaillil L 11 m1!'lm1 

('1111'1 , 55 u, ,,,tjj~ , 65 u) 
* BM.I= li'THi1noi'1(nn.)1A11iJa'l(UJ~~)anfhit'lat1'l 
** GFR = glomerular filtration rate 

11'1'!'1 

11'11\ll1'i11li1~'11'11'1llil, angina pectoris, 

coronary artery disease, myocardial 

infarction, acute coronary syndrome, 

1111.111'1 

illJiiM 

Transient ischemic attack 

Stroke 

~ 

\'la~lilrnillil 

hfl\'la illil Lil ilma1uu alu 

Retinopathy 

1ai1m\J1 lvimt11 ui·fo~1n11 140190 1JlJ. tl1i1!1 

1htlu1u li.iii1111•LL !'J'jO'll'ilu lLa"lil1Wl1UljlJ 1 Ii' 
~1n11 130/80 1J1J.U'lil!'I rl'1tlu1uii11flllilun 
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w~a-:rn'im mm11J ( LLw116m,Y11J~' LU111muli~ 
<12517 5 m-L tl1a11 rl'1:i11tl1&ii11 i1ilam1•mn 

ni1 1 n'i'1J11'i1) m1Y11U\'!1JY111m1'i11ai1wl1111ii' 

r.Jaiii~af! ll''ihulii'a' 11ii'-lum1m•lii'i1111n1•iiia-, . . 
'ia{i11i1m1~'il•mu111Jm11Jli'ii11ai1w 1111.i'wllJ 

LU111mulii'1u 

'jilll "' LLo•'l•U• l10li111J'!I !l1 nl'llOfl hfl 1'111U 

U'il~m~m m1ui1i:im1•LL111mfoi111'iaal'm• 

LU111mmll1viLllu111u11'ia hi mntl'au11'ia1i1 

m1'ilwu M~a' hY1m11Jli'ii11ai1vilJ'11iiiw;i:iJ nii1 

hf! 1wLta-l1, 11Y111aaviLl'iavi 1w, hA.ialJ 

1'YJ'1Btl~, parathyroid, coarctation tlt:J{J aorta, 

pheochromocytoma, primary aldosteronism, 

sleep apnea, Cushing syndrome l1~B"OJ10tll 

Llli1iii'i1 

m1tl1•Lili1m•l'111viunwil'ntl1•1iii m1 

m1'i1~11mu m1w11'ilm,~a,tll]u&im1 LLa• 
d .J' ~I • .I •4 !JIJ 1 mrnulJ m1•1rnu1•1wm1A'l!JUAq1J 
.I •4 • ' 4 .J ~I ~ u1•1wm11JVJIJ •o1'1W\!' llo•1•U•l1"11'1lulJ1'11!l 

fi1L ui1 hAif tl1•1iiiif'il~m~m a1u1•L tl1111J1u 

~li11viL1iumu Lm•111m1m1Aailn~&m~'mli1u 
m1-lmrnLa•m~LAU 11ii'-lu tl1•1'iiici1uli'i1 &,AIJ 

~1Lnvitia1J wq&im1mLa•'l1im1~1Lili1ii'lw LLO• 
d -'1 vd ~ , • ' mai1111 ll'1!,!ll'il1Jr.Jo\1l amLLarn111nm •1A 

• l 4 ~ .I •4 .J .J l'l111JVJIJ o1'1W\J' 111Jmu1•1Vl1llnl1!JIJ 1 l'l!ll'il 

1'111~1111umL11w'!la1m11Jli'ii11ai1vi•M . . 
nl1\1l11'i1~11nlUA11A1!JUA'!IJli,1hm:rn 

li\'1, AlllJ\!'• body mass index (BM!), vital 

signs, 1•uu'i111'ilLLo•1'1o!JVllll!lvi, 1•uum1 

muh, 1wLm•1•uuliurl1uifaa11•, 1•uu 

tl1•ifl1'1, 11aaviLliavici1i1tla1mii1 bruits, m1'il 

Gia1J 1mauvi', ll'a1, LL'!llJ'!ll Llli11ii'i1 

Pramote Teerapong 

vi 11'iiviA111Jli11 vi La um U'!l eM al' u1• L u1 . . 
111J1u hfori w1 'i\'1 h 1w a1Ja' 11aaviLliavici1i1 

tla1t1 V1"11'1 optic fundi i1ij arteriolar 

narrowing, arteriovenous nicking, retinal 

hemorrhages, exudates, infarcts, papilledema 

11'ia hi, \1J'j1'iJ1.UU'i11 h11o!J\1JLa!J\1JLLO•'l•UU 

nl11'11U h l{Jlli:i ventricular hypertrophy, 

precordial heave, murmurs, arrhythmia, third 

LLo• fourth heart sounds, Li'immu h~wtlniiiLilJ 

rale 11'ia hi, w11'i111aaviLliavici1mJa1u LilJ 

aortic, femoral l1~B abdominal bruits, VltiBVl 

Laavi~1Yi'!lmu, iiw'il1LL'!l1J'!l1 Lmrn11m1J Vl~1'il 

tln&i11'ia 1ij, \1l11'il 1wi11w11'iai:i renal artery 

stenosis (li'Wi1 abdominal systolic-diastolic 

bruit) 11'ia lij, Vl11~1llnl1lLi'IVl''!l!l1 Cushing 's 
' v ... .d .., v 

syndrome Lll'IJ 11mna1J 1J1'11J!ln1111a" 11a,01u 

'!llJVln 1 i1~11tj)' 11'iai:i111J1VJLA'll (hirsutism) 

Lli'Wvi'W 
n11Vl11'il1'11' ~ !J'tijJui;i n11A111'11 fi !JIJ 

L~IJ 1im~-lmn llii'LLri m1vi11'i11•mun~ 1Aa, 

creatinine (1il'vhmru GFR 11ii'), LlAmiim-J, 1tl­

LL\1li'!L iiulJ 1 i1tli !JV!, l{j'l•vlU 1 llll'1J.i1" 11 ma !J VI 

m\',avi111m1 9-12 l!IJ, 11ii'LLfi HDL-

cholesterol, LDL-cholesterol, triglycerides, 

Gl"l1°" CBC, hematocrit, EKG, urinalysis, urine 

albumin LUIJ!il'IJ 011~\ilu 1ULL\1ll'1LiislJ1mliavi~l 
!J l 'ii LL a VI n' 1 A 11 lJ vi' IJ 1 a i1 \)} ~ 1 L ii VI 'ii 1 n 

mineralocorticoid rl'1if<m11di1tl1&ii1 dlwLliavi 

lLVl,LLi'l• casts !ll'illLi'lVl"llilhA 1vi Oli'l"'fa hA 

"llfl~ renovascular fll"CJJ"l1"<\l plas1na renin 

activity, renal artery angiography lll'Wvi'W 01 
a~a'EJ pheochromocytoma Bl"<\ICJITJ"'il plasma 

norepinephrine, urine metanephrine Lll'Wvi'W 01 
a~a'EJ primary aldosteronism B1"<\IVl'l1°" plasma 

Llfi!! urine aldosterone ttluviu 
m11'vil'i1m1lJvl1Jlai1wlii'1s sphygmo-

"" 1"'"' d • 1· manometer lWil 1'lb"1Al'Yl~n\1l!l1A11 ll'!llJlVl 

cuff ~L1'11J1•i'l1Jllu~U1U ~U1U him1~lJnlLLvJ 
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11'laauu11~mv11J 30 mi'hiamn\ll11\IV1111Jlil1J • • 
lali\11 111il'u11'Jii'1wnaci11tl'av 5 mYiumn1~~ • 

~ ~1 "'.J ,t: IV J:: 1"\lJU\11 \I '1111\lll'ILt'IJIJ'tN 2 1511 Lta"Ul11'111 

l\lJ 1 'W 'Yll IJ BIJ Lt a di IJ vl 11'! U 1 '11 al'Ji1iJ fll11!1Vl 

t!'i1J1\ll1taavi (volume depletion) ~1tiivi 
postural 'Vl~B orthostatic hypotension 1vl'~1tl ~ 

l11rJL'U1Vl1l'W, autonomic dysfunction, LL~~vr • 
·'' " 1 • u1E.l~~B1~ OVl11~'Vl1U postural hypotension (11 

~tbl'J~1al\! (>50-60 U) tll'W isolated systolic 

1 IV' d "" ... 
hypertension viuav t'Wo1\ll0\1aavirna\lJIJl'l111J 

d .,, ""' ' .., .J tt1!1m1J1mta"l'!V!l1!,!1J1Jal'Ja1 m1mal'!\11nm1 
"' 1 IV J:: <V I Q.I J:: <>I IV 

1viam11Jal'J 2 1'111 (1vi1111n1Jm1a" 2 'Wl'YJ m 

~h~1iii'l>i11nmii1J 5 lJ1J.tl1a1'1 ma11'vii1~n) 
tna\ll11\lwui1ilm1lJlil1Jtali\ll<Ml'IZ1tt1n m1 • 

<>' <>I I ., .t: I "' .t: 
1JV11J1\ll11'ilanam''Wal'J 1-2 1'11' 1111n1Jl'l11a" 
.I ~.I ' .,J ~ ~ ' !'I ~ u1"lJ1ru 1-2 <lu\lJ111 tWfll'JIJl'J'W1ltu'Wi'l1llJ\lJIJ 

fali\ll~'LL'J.ilJalJ 
111~'1 d IV d o' 0 

rju11'!Ul'i'llJ\ll'Wl\ll'WtlJalJ1Wutt Wl'll'J m 

1 i m11'vim1lJlil1J Lali\111.i'l'i1~'ni1~1'111\l"t 1'J1J 

(white-coat hypertension) ttnlvlvl11'!01111f if • 
tl11'J t mhii'1vil'l11lJ1il1J tali\ll~u11J~,if u11'Jc.la1J • 
fl!lll'llJlnni1 ~U11'!Ul11'11Jilm1lJ1il1J tali\llttni' 

~IJ 1 a1111J 1 1'W 11'lmttl1~1J1mtvia"11J 11'la 

il1"uu ti 1"<111'1a\11t1Ji1'&ivi1111J 1111'l ail vitln&i 

11'la 1vi''l'um 1i.it111Jl""" rii1J1l'WlV11J1n 1 tl11'la 

tl'al'! 1 ti 11'la15ilvim 1i.it111J1""" 11'larn,i'l1J\llau 

<l'W "'vi am 1J1 n ni1tl n&i11'l a 1vi' m1J1mii'W~lt1'J 1J 

vi111f m11Jiil1J tali\ll~1ni1~.i'a1m1 11'la~u11'J 
u1,fl1JV1aua1Ja,vial'J1tl'auni1tln&i11'la~avial'!1 
vh 11ftn\lll'l111Jlil1J tali\llavia' 1i.itwl'!1wa il'u11'J • 
t mhii'm11vi''l'u 0111 vi m1lJlil1J tali \11\lla avi 2 4 

1l :: 111 .,: "' "' t ~4.; 151J. t 1Jfl>,Vl>l1 Vl11'Jti'11fl11Vlfl\ll IJIJVll'IWOWl 

&ivilil11t11!ii' (24 hr. ambulatory BP monitoring, 

ABPM) ~'tln&i1il'1J1n11Jm1i~l'J m11vittUU 
.J' 11VI IV 11' 1l 4 .,) 

ABPM 'W'il" vim~n\lla,nuf111m IJ'il11lJln1'1 

qvi trn"alJw1Jti'num1~~u11'Jilal'm"til1111J11'J 
!l11vi tRl'!l111'!1Jln ni11'1111J iil'W tali \11~1vi1iii''il1n 1 'W 

l'lailn11'lah,wmrna ABPM ~111f!'i11'111lJ1il1J 
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tali\11~1 tta"vi111f11lim~mli'ailviwmvi~m'iltnvi 
.l' ~t4 d ' 'IJIJ\110il11"fi1llJ\lJIJ a11 \11 ~1 tlJ BIJlWutt Wl'll'J, 

m11Jii11Jlali\llttn-i,~1Ja' 11'laa,t1l1Jwn 1 11'la • 
t tl~l'!mt ti a'\1101"uutl1"m1'la\lJ foi1'&i 11'la'il1n 

<llt11\llg1J 11'la 1i.im1umt11\ll, 1'1111J1il1Jlali\ll~1 . . 
,.;. 1"' ""' ,.Jv m11'1\lla,m1\11nm1 151'!1 111a~1m11'1\lla1m1 

'il1nm1~am tll'Wm'W tln&il'i1m11Jii11Jtali\ll~l'vi 
\llOUl'Wltll"\110 ABPM i1'n~1ni11'i1~1vi 111i''ill0 

.. "'4 ... ' d ttwl'lu111awmrna Ulfll'llru"\ll'W >135/85 IJIJ. 

tl1al'J tta"!'i1'1Jru"m!u > 12017 5 IJIJ. tl1al'J i1'n 

~vii1ilm11Jii11J tali\1101 nTi1vim11J11i'1J1ali \11~ • 
u1mh 11f il'u11'Ja"mn 1vitna h~1iii' vi1l11'il'u1u . . 
m1u!'i1m11Jii11Jtail\ll'lla1\ll1J tta"m1um1\llau 

a1Ja1vial'J1fo1:11 m11'\ll~u11J~11hl'lvi1l1f~u11'J;j' 
am1"m11Jii11J tail \ll'IJ a1 \ll'Wt a1 l'll'ma~1t<11Ja 
ttad11Jilanuttwl'll'll 1Jnwi'n1:11&i ttvitt wl'll'fl1i'a1 

aa1J 111'1vi 1vi'l'i1~~n.i'a1\1~1 1 !'i11'1111Jlil1J lail\11 

\110 ABPM i'i'-lvi111fm1ui1m1lJlail\ll~1tfl\lJ~ 
'1i11na11vi 1 mtvia"1'W ?'\\lit 1'J1Javi<i1m vi1 h'lla1 

11J m1lJ11i'1Javia1tvi1 h11J'li1111au (~1tln&iavi 
a1tl1"1J1ru 10-20o/o th 1i.iavillai1ilf111m~l'!1 
vi a 011 tn vi1111" tt mn'll' a 1Jm111'1 h tta"11aavi 

taavitvi1J~1J) tta"m11Jlil1Jilm1m1Jtt11 tvim11J • 
tvi1 h ""ilt>Javiam1!l11vital'J1111'!'1Ja1a1m"t il1 

m11Jii11J tail\llttil'1 tnvit>Ja1J1ntl'amt!'i1111J tta" 

miltl1dll'lllmw&it wu1 lvi 

' ' .,, d YI "' fl ru"n»IJ nl'fi11Jtt 111151\lJ t w a011u a'n'W 

aul'i1J tl1"til1J tta"fo1:11hl'll'l111Jm1Jlail\ll~1 

'Ila' a11-i'jj atlJ~m 1vi'.1'1 tnru'li'm1Lt u' m11J11J 

tt11'1Ja11'1111Jii11Jlail\lla,tnm~11 ii't'foni1 The • 
.; .J ' 

JNC 7 Report (2003) (\11111'1'1 3) 'IM\1111\110 . 
tnru'li'L~lJ't11 JNC VI (1997) tta" WHO-ISH 

(1999) 
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Systolic BP 

(!J!J.th<l'l'I) 

Diastolic BP --------.--.--~ .. -~'"""· ----
rnnl-l'u m1·:mi,i1m11m LIJ m 1mrrn 

(!J!J.\hfl'l'I) 
wq~m11J 

l'l1l1Ji11'1Jtifl~ 

Prehypertension 

Hypertension 

Stage 1 

Hypertension 

Stage 2 

< 120 LLa• < 80 

120-139 11'ia 80-89 

140-159 11'ia 90-99 

~ 160 

+ 

+ Thiazide diuretic 

(m'llll' ACE!, 

ARB,BB,CCB 

11'ia~11Jn1J) 

+ 11l'm 2 Vl1 fie 

Di+ ACE!, 

ARB, BB 11'ia 

CCB 

1'1i'm 

1. .J 0 

!f Ul '11LLIJ•1Jl 
.J 

(1'1111~'11 4) 
~ d 

LLa•/'111ClU1fllJ 

0111J1'1111J~1tllu 

1. .J 0 

!fU1'11Ll1J•IJl 
.J 

( 1'1111~'11 4) 
~ d 

llll•/'111flU1fl1J 

0111Jm11J~1 t ll1J 

Di =diuretic, ACEI = angiotensin-converting enzyme inhibitor, ARB = angiotensin receptor blocker, 

BB = beta blocker, CCB = calcium channel blocker 

.... " .r ""1 ~ 
'ttll~fllll!J L 1J fl'l11 'll'l111'llfl fl11'1fll'I La fll'I 

(Post-myocardial infarction) 

iil'l111JL~11~ira~ h1'111aa\iltaa\il 11'1 hm'i~~ 
l \Jl'l1111J 

hl'l11'1L{a.j~ 
U<l~rl!Jfl11Liil'I stroke .J'1 

Di, BB, ACE!, ARB, AA 

BB, ACE!, AA 

Di, BB, ACE!, CCB 

Di, BB, ACE!, ARB, CCB 

ACE!, ARB 

Di, ACE! 

* Di = diuretic, ACEI = angiotensin-converting enzyme inhibitor, ARB = angiotensin-receptor blocker, 

BB = beta blocker, CCB =calcium channel blocker, AA = aldosterone antagonist 

'll'lii~ '11 IJ111'1f s~ m1fo1'111'l111Ji11'1J fail l'll'M • • • 
~ ·1~ . .J 
l'l a m1a \ii 1'111 IJl'l1J a 11 l'ILLa •lll'll111 rn mn'1ffl!J'l1 

Lnl'l'll nm11Ji11'1J lail01 i11 11'1muw1•aEi1~~~ al'I • 

(mortality) 'llfll111•ll mfl'li'fl1J'l11,1•1JU'111 l'l 

llll•'l1llfl\i1La<l\il LLa•'l'll' 11'1 fl11ll\ill'l111Ji11'1J 

1ail01m•'l'i11~~111m1tli'uwq~n111JLta•'iiim1 

~ll il1Jil'il'I ( al!J110lll'll'l111Ji11'1J systolic 1~ 2-

20 1J1J.tl1a'1111"ia1J1nni1 al'lm1m~11,hl'I 
1•1JU'1111 'JLLa•'l1ll fll'I La Cl\il llll•'l'il 1 t1'tl1•ll'l11ir-Ja 
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11a-:im1 Hmalil\il11!Jvlu faillil&illu) 111i'LLri m1 

a\iJLA!J (Lnlia), a\il81'H11LLU'ltm"111iJmL1iiLYi!J 

mm11vhua{ niu ~n m11iJ Lllui?i'u a1i1tl1m:rn 
d d .,, .. 

LW!Jm1aanma-:im11 alilfll>lil!Joana~amm" 

m1ijutp1~ ti1m11Jvl1J faillilil'-:ia\il hi111i'linm il1 

"Hm11ilia <140190 1J1J.1.haVJ (ti1~u111iihlil11il 

"H'lmmm1u~1!Ji?i'111 <130/SO !J!J.1.ha'Yl) hi' 
W\l11ru1L~1J m1 Wmalilml!Jvl!J tail liloM NU111 . . 

•t.,. ... " .. 'I ,J,,.,., 1'111!Jlil!J a'ttlilij~ stage 1 'tt18 2 Lla"(!u111'Yl!J'1J8 

ti-:iii'm1lll'mlu1111•m1!JL~mij-:i (m111-:i~ 4) 

Lrla Mm11\li'lil1iuirui1L Uu\il11!Jv\'u 1ailm11-:i 1,.r • 
W\l11ru1 m> l ll'm~1 IJ nu rn1u fowq &in »!J Lm" 

'llim11ii1L iluii'llil NiJ111~iim1!Jv\'u 1aillil11-:i . . 
L wu-:i L~nil' a11m•111m1umul'!!J\il111Jv\'1J lailm 

M1i11mil1"tt1J111"1111mtV111-:i 1 lii'1 ttlii~u111~ii 
1'111 IJ !ii'IJ faillil11'111JLL 1~'tt'j 8hJ1111J11 U\ll1U\illJ . ' ' 
m1!Jv\'ulail1i1111i'lil1miJ1"tt1J111"1111mLwm 1 lii'1 

"H'lailm1!Jvl1J lailmij-:ini1L iJ1'tt1J1mnu 2011 o 

1J1J.1ha'Yl m1J.ia-:i1ll'm 2 lii'1"H'lamnni11um1 

mu\il1Jm11J"11J tail Iii 1 "H111i'lil1m iJ1'tt1J111 trn• 
' 

m\l.i'a-:it~1Jnwi'm;i.1111111 2 lii'1i.i-:i••wmV111-:i 

un&iulil1,.rmwULLW'YJSL~81Ja• 1 \il~'I LLliiti1iJ 

m11Jv\'u1aillilij1 stage 2 "H'laii1111rnmnll'au 

11a1 t w1m11Jlii'u lai11i1111~11J.i111m1il'1i1tia11llu • 
trl amu I'! 1J m11J v\'u tail Iii ij11.imi11111J11uu\il1J1 

WULLWV111'1"1'1Jn 3 L~8u'tt'l81J11Jni1 LLliitllLUIJ 

Lmm1u iii11h1111 "H'lailm1•LLmnll'au1hl'i'qJ 
d ~ ~1 . .,j • • .¥ • • 1·' au "tt1a1J 1\il111Ja1J m1ulilua1111u 11il>•liltJ u 

,,. ~I ~ LLlil11L'111JIJLLa• creatinine ua• 1-2 \il11 LLa• 
• ·' Q .Q d d • "' lil11\J'Yl11'tt a1 u!)l.J Iii n11VJL n11111a1Lu1J1•11• 1 

Lm" 111'm1-lmnt 1\il~11J'tt'lam1•L~11111-:i11a111\il • 

ll'au ari11il'a11m1\il1Uij1J111'm11Jv\'1Jlailm~1 
' .I d • 1 • 011 140/90 IJIJ. u1S'Yl •111m 'tt1l11J11ualilfl11 

Lnlilm1•LL m ml' a 1JV111 >•uui111 • Lta•Ma a Iii 

Laa\il NU111m11J<iiu1aillil111U1•L.fl'Yl isolated . . 
. d • 1 " systolic hypertens10n •111wuua11 IJ\il!Jij181!jn 

Lli!Jrl!J m1mU\illJl'l1l1Jlii'1J systolic 111'ari1-:i 
' 
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il'a11~1ni1 140 1J1J.u1aVJ ~u1mbu1mytda 
\il1U\illJ\il111Jlii'IJ systolic 111i'lil11JLU1'ttlJ111LL'11 

' 
\il111Jvl!J diastolic • .t.rm1mil1ll1J111\il11J 1 uii1111 

111\il1uI'!1J\il11 !J Iii' u ta i1 m~1 if VJ11 \il li il mh l'i'!)J 

M 11111n ti 1J 1"1-lu m>W11'ilu LLa1i11111J11ua1i11111• ' . 
tm1nll'a1J\l1n h\ilm11J"11J laillilij'I 11ii'ttri Diu-

retic (Di) ntjlJ thiazide, beta blocker (BB), 

Angiotensin-converting enzyme inhibitor 

(ACE!), angiotensin-receptor blocker (ARB), 

LLa• calcium channel blocker ( CCB) 

NU1!1 h\ilm11Jvl!J lai1m111 stage 1 ri11J . . 
1m\)111m1uHmiTul1111111rntj1J thiazide LLlii 

Q, d I <OI 

81\!W\l11!111111SIJL1JIJ ACE!, ARB, CCB 'tt18 

W\l11ru1m11li'm"H 111111ii'1~11Jn1J 

taillilil'-:ialil hH.i'lil1m iJ1'tt1J111 

rl'1m11J!ii'1J 

w'il11ru1ufo 

'1J1J11i1m,.,'lmvi1J11illilm~mll'11uan "tt'lau'lni;1 

~L ~111ll1!lJL vla mul'! IJ\il111Jvl!J lailm 1 "H1"1 lil11J 

L U1'ttlJ111 

NU111m11J!ii'1Jfoilm111 stage 2 ri11J1'ttnl . . "" 
1J11J11uw\l11ru11ll'm 2 1JU1i1~11Jrl!J un&illl'm 

• • d 
111JOl.J!J181J thiazide 

~ .,j • 
ACE!, ARB, CCB ma BB LIJ81\l10111'1JU 

ii 111111" 1111J11uL1l'i1JtJ1• a VJ 1i m111 a-:i ma Iii \il111J 

liiulai11i1mi1J~u NU111ri11J l 'ttn:1111J11U\il11.J\illJ 
q '\! ~1:.1 q 

M.1111111 2 1ii'1"tt'la1J1nni1 rl'1m11J<iiulailmil'1 

alilhiMm1miJ11'!1J111 W\l11ru1u-lu111J1lilm'tt'la 

L vilJllUlilm ~mii11 u an 'tt'lau'lni;1 ~L~111ll1!)J 
L vl amu\il1Jm11Jlii'1J laiim 1,.,1.i \illm il1"H1J111 

' ._., t • t Q d~ t;ju111 1\il\il111Jlil!J a'ttlilij1'YllJll11•LLmn 

iau Muri 1111"11\ili11ham"tta1, 1111•11111"tta1 
• .¥.1 ~ 11.¥ @11JLIJ8'tt1 \!111\illaolil, LU1'tt111J, WI \ilL18 

-l1, t~1111iiam1Lnlil h\ilMaalilti'ialil 1'1 hm'la-:i, • 
,.,'la.ia1m1u a1num1Lillil h\il"Haa1i1ti'ia1i11l1Ja-:i 

(stroke) .J'1 tt1J•li1m11ll'm~m1J1•1l1Jrl1.JNU111 • 
m11Jt:Jam10ni;1m1\illiiln ( 1i1111-:i~ 4) M'la 1i 

~ o ~I ~ ~ ~ 
111SIJ\il11J\il111J\l1 L u!Jmm 'ttlJ1•111J 1'11SW\l11!111 

lii111"tta1111ii'1~11J nu "H'lau-lu111J11i1111"H'l m vi 1J 
~ .,j •1nl"" ..,,. nl~ 'il,J 'ii 1JIJ\il!11am111 uan 'tt1ou1n1'11f;!Lll111!J1!)Jnl 

m11Jlii'u lai11i1il'1am 11J1"11i11m u1"H1J111 
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1• 1· • .. . ' 'lnillt'11\ll '11WULba" '111l11101'111'15lb'l1\ll b'1HJ <11'1 . . 
h1L~il-l',, hirnailV1Liiilvi 1VJ, primary aldo-

steronism, pheochromocytoma, Cushing 

syndrome, aortic coarctation, sleep apnea, 1'lfl 

. 1 '~ 1 ' 1· \'lillJ 1'1'lilBV1milw111 1'1'lill'IV1, m1 '1581 steroid 

L~il-l'' 11'lil 1111 liim ~u~iln!l111'l ila1Jw1J!i'nu 1 w1 

m11Jiilufai1VJ\j' LlJw;\u ~'iba~i1m11Jii11J 
1ai1\ll\j'il1nm11iim wi1,vi11'lm tl~uu hl1iim 

~u~hhh 1;\'Liivim11Jiilu1ai1vi\j' Lbl'lU m~i111a 
'11J1'1~1hid\vi1'111lJ iiJlJh i1\lJ\l'1vi"ttn' 

amphetamine, cocaine, sympathomimetics, 

ephedrine, decongestants, nonsteroidal anti­

inflammatory drugs (NSA!Ds), cyclooxygenase 

2 inhibitors, adrenal steroids, oral contra­

ceptives, erythropoietin, cyclosporine, tacro-
~1 • 

1imus, licorice Lu'U!Jl'U 

fl 1 'i W '1l'Hll1 fl 1 'i-$ fl1fl Gl 1 :wt.I ·;::~ Ul'l'I fl <i 3J • 

m1tlfow q &l n 11 lJ Lta "'i ~ m1 ~1 L ii uii'i \lJ 

!l1m 1ii~11Jnum11iim 1 Ul'lnmi1Jtl1"1J101 m . . 
m'1lilvit11m"nutl1"1J101m,mi1J ttllJ miiu • 
iJ5i111"trn"m CCB L'llm"nUl'l1J5,ma 1lrn"~ • • 
m Ul~ ti l" tJll'llil lJ H'11'l il 1111'1111iinutl1"1Jl01 

Ul'ntjlJttllJOU ttlu m ACE! tta" ARB li11J1ii 
"' ""':t .. ..i.J "" ' :t .. OU51'l'l\ll'l'l11.fl tta"5\ll11'15,5811\ll,1'111.fl tta" 

vi' "'wil11rn11;\'1ilUl'l ilum n H'nu5vi~i'mil'l!\I 
. ' 
WU~ 

ii1l°l!\I i!tl1,ih 

n. RU!NiJW l'lUil1a,mnni1 65 i'.lwu 
" ' • ~ • ' ~ ~ fl 1 ·~ ~ .. 11lJl'llllJV1U•811\ll\j'm 2/3 tta"LuU \lll'MlJIJ\lll'l 

5,ii',m11Jii11J systolic tta" diastolic, tta"5' . . 
tilWl"l'JlllJiilu systolic (isolated systolic 

hypertension) l'l111'11UljlJl'llllJiilu systolic 1;\' 

~lni1 140 lJlJ. i.hill'l fi'119111Jii11J tai1\llt~lJ 
tl'ln5,mnmilaviimn 1 li~1ni1 160 lJlJ. tl1ilVJ • 
OillJ l'JU\j'ill!jl'l11t~lJEl111Jll1Jl\ll~lriil!Jt W11" 

Pramote Teerapong 

bmilm, bmil volume depletion tta"11milm1 
• ~ .I .!~ 1 • ' BUEl''l"UUu'l"illl'l sympathetic Elll'JUEllJ \llltn 

miluil5511" hydrochlorothiazide illilt~1Jvi'1a 
lJlJl\ll 12.5 lJO. tta1~ill'I 1lvilJ\llllJl'JlllJ~lt lJlJ 
d'1a~l'l1UljlJrl11lJiiJ1J 111Wilill\J 1-H ACE! ~1lJ 

angina 

111 d'11115lb11V! 1~ ttllJ coarctation llil' aorta, 

pheochromocytoma, primary hyperaldostero­

nism, hl'l 1\llttl!J glomerulonephritis, renal 

·1 • artery stenosis, pyelonephritis, renal cysts fl 'VI 

.., d .J d . .., 1·· ll11W1'11l'l5lt'11\ll lJ~ll-lilfll\J\ll5lll1\ll \ll05llJl'lU . . 
1118\110Lll'll'l11lJiiJ1J1ai1m\j' a11Jrl111Jiilu 1ai1\ll 

~'tlJilllJil miiuilam1"ua" BB m1J11a h1~ 
~1" •. "1"'"'"" VJ' 1Jl(;Jntta"1U11J m ACE! n lJ •VJ' IJt\lJO 11'1 

fo1J1u trn"m1mt1mn\ll a11J5VJ~i'mil'ln•wuil • •• • 
iJ .., ,J.,. ::.: .,. ,J.,. .oil d 
\llil'1"1' 1ll'll'llJll11\ll,m1n l'll'VJ\llm111 am am 

t d il"1nvi' ll' Wmt ll u rnnmu 1um1fo111L11'J 

m11Jiilutai1\ll~' m ACE! !),;\'11Jh1u~jj 

bilateral renal artery stenosis LLGl~ unilateral 

stenosis 1ul'Ju~i11\lllll't~B1 m nifedipine 1ii 

1vi' r-rn 1ut~mtma'111m1ul'J111Jtla il\llnu 1 um1 

1ii1"a"m1 

l'J. !Jfi1:f!!i1:1iiJfi1:JJ'~R1'fi' 5\ll~~1iimtlJVJ 
l'l1Jn1 t u\ll mililr1111Jii11J tai1VJ5,~1J 1~ \i, 1'111 . . 

.,~fl •• .r 
\ll'l1\Jl'llllJ\lllJ<811\lltu1J'l"B" 1 mWU11\j,1JUl'l11 

ttl~uu 1 t111iin1t U\ll~1a'i1'l~1J l1\ll'iiff,m1n~i1 
m11JiiJuLai1\lJMm.\',mum1n 20 atl\lllif Ell . ' 
methyldopa, BB lla"m alpha/beta blocker 

(labetalol) tlllJm~tlail\lltlB LLmillili1Nali1' 

t?'iu,,J1,Mttri fetal heart rate ttl5amttla,, 

1"iiluna L\'155,~U ttarn11n L\lliil m vasodilator . . 
ntllum~tlaiJ\lltlEJOUl'll'lO m CCB Oill\Jt~iln 
HM tt@im ACE! lta" ARB t lllJm~lillJ 1iit~\ll 
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20 atl1il1'1f \'1~mll'W 

ilaauii'W 1 m1am1• • 
oJ "" .J' ""' GoJ 'l•lilUn'llilUWJ<MlJ'W LLa•Ul'll'l\Jl.JOl'lLLlJ'l(;lllJiJ'I . . 

"'"'nl""' d1'1J"'d d.J 
Laillil~lilunlil Ul\'1 mm hydralazine Ulil'W\'lll'JU 

ilm'l 1if1fa IV labetalol ~U1Uvlil'l'Wil'WWOU'W 

L&im Lrl1&ivwn:w1mi'illil Lrn•m'ilvl'a.:ihl';rnalil N • 
U11J~Lll'W eclampsia i'lailnwifn m1:wvi''Wlai11i1 

M LLa•ffitl1&i1J1'Wilam1• 'Wilfi'illfivlil'll'l1Ul'l!J . ' 

mnwiin 11fo1mu'l:wm1:wvi'1J1ai11i1m.:i11aalil 

Lllillillill LLa•Lrl1&i1i11i11:1J1nailliliJUl'l!JlnLLtl1 Lll'W 

il'mhllvl'a.:i hl'm1nAaillil 

il1A'cyii 5 naj:w m1Laan 1il'mw'il11ru1\11nql'l~ 
lJB.:im ~am1-lm,n m1:wl'11Jlliam m1ilm1• 

hA~'W~1:w m1:wtlaalilnu 111'11m Lll'Wvl''W m~ 
ti n&iii nii'lil Lu 'Wm B'W vi'rnL 1n Lrndlu:w 1 il'L~:Wvl'W 
Ol'lfo\on liji111il1lillW'l\'1~il~1!JrlUm~'W ( Ldil 

vlil'lnl'lU'l•ill'liimwLL'l'lil'W) 1vl'LLri Di, BB, 
' d .oi .,.. ~I 

ACE!, ARB, LLa• CCB mi:wmllail'illilLu'Wm 

el'WvlU'lil'I il'il'lU'W1il'tl'aua.:i 1vl'LLrl alpha-1 

blockers, central alpha-2 agonists 

centrally acting drugs, adrenergic neuron 

blockers, direct vasodilators Lllu!li'u 

~u1um~UilUlililUil'Wil.:i~\liam BB LLa• 

ACE! mnni1Nll1ua.:imu 1lfJ!•~Nu1mMmu 
'll " ~ 'll .. ~ 

lililUo'Wil'llliil Di, CCB, ACE! ~nil BB l'l'Ufi1 

liilill'ilo'Wil'llliil Di, CCB ~nil BB LLa• ACE! 
,J "' ..,. I 

llfJ!•l'lA'W~1m11iliJUo'Wil'llillilil BB LLa• ACE! 

1!1 BB Bl'i!Lvi:W'l•vlU triglycerides LLa•alil 

HDL-cholesterol Di 

triglycerides Lla• cholesterol m-lmn hl'll'l11!J 

vi''W 1ai11i1ih1ua•L iiulil~1.ha1J 1 'ilvi'.:iil' 

m'liuilaa11• (Diuretics) 

Lu 'W1llil1A(\j el'WvlU LL 'ln~ilu:w Lrn•ilu'l• 

lll'11imwalilm1:wvi''W 1a-i11il m1alil1'111:wvi''W 1ai11il 
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L~:w•1 n m101i1tl'lm lil'l La Blil11~awmm11trn•alil 
cardiac output Llil1Jalilm'll(Jlilm1'u 1m~mJ~'Yiil 11il 

Ul thiazide ae:inq'Vlt~ cortical thick 

ascending limb llil'I loop of Henle LLa• distal 

tubule fl1'Wvl'W li111,i'L vi:wm111'u L'IH~1lmLa•tl1 
m.:iilam1• Lda 1ii'm 1 tl'Wl'W ~alla.:ima1'W 1 my 
Lfilil'ill nm1a lil1'111:wv11'Wm'W Laa1i1ci1'Wtlmu m 

il~aolilm1:wvi''W 1ai11i1vl'1ulJ'Wllil~~1L wu.:i 12.5-

25 :wn. lliill'W\'1~ill'Wll'Wl'Wllil'I hydrochloro­

thiazide \'1~ilLYiurnri1 LL\lir.Ja1Jil'11ll\'11'1 meta-

"" """' .,, """ d bolic LLa•l'11'1!l1Ll'l!Jo!JW'WlrnUll'WllillJ1Mm L!Jil . . 
1l'Wllilmmnli'W~oil'1·ui'iu.:i\i.:imnli'W Lii'W 1•vi'u 

1t!Lllilol'll1l!J ll!Jm'Wl:iiU!J1'WLaillil~l 'l•vlU 

LLAm:iiu!J n'llil\)'ln (~.:ili1111'Lfilil gout lvl) 
n~ Ll'lo insulin LLa•'l•vlU 11lii'W (triglycerides, 

LDL-cholesterol) ~.:iil'W Lll'Wvl'W m1•1tiLLlilo 

L:iiu:w ( LLarn:wm m:ilu:w) 1maillilLLa•1 m'llmi'~1 
li1111'LfililW\ol'illn digitalis ~iuil'W LLa•L~u.:i\lia 
nl'l Lfilil\1'1 l'iJ lvl 'W fl lil~'l\'11•!Jlnil'W 1 'W ~~i:Ju1.-J'&j 
ventricular 11il11~mvl''Wfi lilt! nmll'lil ~u1u hl'll1'1 

l<Vt11tilL5fHil, 8til0l"Jl1i;t'3 insulin, insulin 
. . . ~ .r ' ""' "' sens1t1V1ty alila.:i, nmm'Wililil'Wll'l'lll'lillil•m1 

m thiazide 111'~a~1'W~~ilm1li1.:i11J1Jil'I11i1Wil 
LWU.:i (GFR>30 :1Ja.11J1Yi) 1'W~~11ilunw~il.:i 
mn (serum creatinine > 2.5 !JO./lila.) ilm'l 

o•o:w hL&iumrn•m1tl1 vl'a.:i 1ii'mliuilam1•~ 
' ' ' ""' .,( ;f, • LL'l'ln11L'li'W loop diuretic LLlilm:Wql'lno'W LLarn1 

111'Lfilil'l•vlULLl'laL:iiU!J 1 'Ulaillil~l lila;i 1m 1a\'i' 

fililtl nm Lla•ti'imlil'lla illilalila'! LUriJr.Ja \Ji il'l•vlU 

na ll'laLLa• lllii'W 1 mailli1Uil1lffll • 
loop diuretic 

.fd 
ililnq\'15\'1 thick 

ascending limb llil'I loop of Henle SU~'! Na-

K ~ 2Cl carrier system 

proximal LU.'!~ distal tubules ~1f.I r.Jl thiazide 

lluilam1"1vl'Na~1'W 1m~.:iil1~, l'l'WB1'W, l'l'Wfi1 
• v.J""~I"' .,. d ;f 

till, rj'Yla.Ju"Ja.Jllil"JLafltilLV'lU'lJ'U, plasma renin 

activity v11, NU11J isolated systolic • 
hypertension, LLa•a.:i alil nl'l\jqjla~ LL ~lll"!ll il'I 
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"'"" .t CJ (potassium-sparing) !l!lOq'Ylil8U81n111()1ilOau 

' ~ • '·' ~ d L'llblilammrn1~~ULuLLlila'l'll8:1J'YJ distal tubule 

lc:i1t1 spironolactone iJ'IJO{l aldosterone ~ 
aldosterone receptor tlfJ"'l distal tubule LLa:::: . ~ 
amiloride, triamterene EJtltl'l active transport 

mN hb~ambadtlbbiiii'lb;aa:1Jllila1il11~ distal 

tubule, cortical collecting tubule, ua:::: 
"' .t ,f 'V 

collecting duct tJUtl'lfll1litl'fl'l aldosterone 611tJ 

bb<I• arniloride a1•au&1 Na-K-ATPase m 
' ,:,,. .t' ' ~ ' 

Oij:IJ'tl!Jq'Yl5!l!l\l bblilbW:IJVJ<l~!lWl thrnzide, loop 

• ' - d diuretic LLa•malilA11:1JlillJ •<i'Yllil!l\l malilm1 

~iydfotuulilm;aa:IJ LLa•LL:1Jmm;aa:1J!ii1a aw1'h 

1 ir~•'1u LuLLlil<H;aa!J 1 m~alil~1ni1un&\ Llila 

bilWl•Bci11~11ui:JtJ1a l 1YI 1iiiUOW~!l1, b Ul\111\l, • 
~l11a~Mfom ACE! 'YJ"lll NSA!Ds 'YJ~!l tu 

LLlil<H;aamJlilb'lla 

Beta blockers 

"'<V :.: fJtlOf.lVlDEJ'UtJ..:] beta adrenergic receptor 

~!l11•UUtt1 hbba•'YJ<llllilb~lllil llilmilWl•llci11~1 

. h d. cardiac output ua::::af! reflex tac ycardia 'YILOlil 

-oa1ncnn~ii vasodilators alaVlnl'l'Yl&..:i renin ~ 
1 'II "" .,, VAii .J q "-' 

lillil18 •1rnm"OUl(!u18'Ylm•li1U renin ~1 m 

beta blockers uan•1nalilA11:1J'1utaiililLL'1°1a1 
CJ IJAll d""' .. .J' CJ 

L'Yla.Jl::::O'U~u1tl'Yl:l.J angina pectoris, nal)JL'WfJ'Yl1 

1•1il1m~o'f1mnau, i1'1h11a~ stable LLvii1'11J 

'YlalilmVfuVibw11"m"nlilsulil11a ma1Yiaa 1 <ilil • 
~\lllilmbba"'YJ~lilma1muni1 2 il'tllil11f ma1 

1.1 u1" La'llu1 u ~~ii a1m1.Yu•1 nm1ililno11a 

~ .I "1 d dd 'Yl1!l!lln11u11il'Yl1 !Jbnl\l al'YJ!l!lOq'Yl5'Yl beta-

1 receptor &\nil beta-2 receptor (cardio­

selective) 1tiurl atenolol, metoprolol, ace-
.fl gJ d 

butolol, bisoprolol, betaxolol bu\llil\l bW11•VJ<l'Yl 

1'111 il''Yla alilam•ci"'Yl" Blilba Blil'Ylli1'11il' aani1 \i1 
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beta-2 receptor Lli10'U (Lth.J carteolol, carve­

dilol, labetalol, nadolol, penbutolol, pindolol, 

propranolol, timolol) 1u~U18'YJBUi11il, COPD, 
~ ' ~ .J .I ' d bUl'Yl11\l 'Yl1!lL1Yl'Yl<l!llilballlilo1\lua18 bblilb:IJ!l 
.r .,( J!, 

~\lllilmmn~ual!lllnq'Yl5'Yl1 beta-lbbil" beta-2 
. d... .,(OJ J!, 

receptor (nonselect1ve) m'Yl!Jq'Yl58U81 alpha 

adrenergic receptor ~1t1Lti'U labetalol, carvedilol 

aVt peripheral vascular resistance ua:.:B1'0Jtlf.l'1 

m11>Ja~hJ1'11u1"mvlLm"'Ylaa{i]a:1J'YJ{i]'11ll1nm 
dd 

al'YJ:IJ intrinsic sympathomimetic activity (ISA) 

1.Jun pindolol, carteolol, acebutolol """ 

penbutolol m 1 u~\llli1~111foli1Blil11b!ii!J'll!l1tt11'il 
cardiac output bb<i"fll> 1'Ylm'iamiifllilcl1uuaia 

m!ll'il 1.lu~"1a'llu1u~ll1a~il borderline CHF, 

sinus bradycardia, vasospasm ua:.:1'1Vl'M'fiElVl 

•~alilcl1uuma LLvilll'il 11irnm"11u~l11a~il 
A11:1Jb~a1~a1n'1°1:1J•il'oi1'11'illilla 

tl1 propranolol, metoprolol ua:.: labetalol 

~nri1ii'lilm1iiiu m propranolol bbil" metoprolol 

il first pass metabolism mmrn"<11m101·1!1'ua" 

2 f\~1 m atenolol LL<!• nadolol ~nri1ii'lilm111il 
"""ill'i1Y1~1ii'llilm1 1lib wa11ua" 1 Yl~1bb<I" 
m!l11"l1m>1'1JLu~lJ1ahA11il. m carteolol bb<I" 

penbutolol onliu'Yl11 lii11J10ni1m1iiiu 1lib wa1 • 
1ua" 1 Y1~1bli1JOIJ m pindolol, timolol, 

acebulolol ~nri1ii'lilm1'1umnni1m111il 1ii1ua" 

2 f\~1 bbvim betaxolol, bisoprolol <11m101i!1u 

a:.: 1 vi~-.1 
V"" .JoOJ 

l'J'1~11bfla1~!l1m beta blocker 'Yli'llfl(\! 

~il i1'11 .. !iiu1h, AV conduction illilun&l, left . ' 
ventricular failure, a1n1'itl1vi1atii19nuVtU''3 

Lta"auG1 gluconeogenesis 1'111il'tl11iilil~lflilltj 
mu, 'Yl<l!llil<l:IJ'Yl{i]iii11 u~ll1a'YJBUi1lilLLa• 

COPD, vllilbblill•l;JO, >•'1u triglycerides ~1~\l 
' v .,,:.,. 

HDL-cholesterol oi1a1 (am11Jm'Yl:1J ISA) 
dOJ J!, d v d' 

m'Ylaua1 beta-2 receptor 'Ylnmmua arteriole 

m•l'l11'11'bnlil Raynaud's phenomenon bba•m!l1 
• 1 • • .., d ~, ~ .J 

1"11011 'llalOUI(! u18'YJ:IJ L 1Yl'Yl<llllilb<l!llilo1\l 

tJ ala1u "11~ilmm1tl11i1~ru"'l1n'Yl~m u m•VJa • 
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LL<i'-imamn m beta blockers Billil~~1mil1 
·mm1.h•<ll1'l<i'l'Wfli'llt 1.i'f,] ( Lli'W propranolol, 

penbutolol, cavedi1ol, acebutolol, labetalol, 

rnetoprolol, timolol) fll\ll'h 1 iihnm,i1mnn 

ilu{1a ~moi'u au<J'U '111ilij 1.i' 

Angiotensin-converting enzyme inhibi-

tors (ACE!) 

L1lum~iiu8tLauhif ACE ~tiia~1u 
&' d ""' .J~ OJ ... .J 

L'WfllUfl'lli'llUB'Wlil 1'1olflt:)jflfl1'1 endothelial cell 

~ .J1 "1"' 0 v.J llflt'l1afllillafllilLLa•1'1 Iii lil'W BlJ ACE 1'11'111J11'1 

_,.. "' .J~ "·1· tuaau angiotensin I Lu1J II Btl.lq1'1tl1'11 11'11afl\il 
di "-' I II' ,1, 

La a lil 11 vi lil'l a a H tL ,t LL<l•fl>•llj 1J 01111 at 

aldosterone m ACE! iiu8tm,'l1lilm-i1rnt'11i'lfllil 

LfifHYl, renin-angiotensin-aldosterone system, 
.,_, ~ IV IV 

UUUtfl1,<la1UlJflt bradykinin, m•llj1Jfll,<l,lt 

m,llma11aolilLaavi 1.iLLri prostaglandin E
2

, 

prostacyclin, nitric oxide LLa:::BTO.:ram sympa-

thetic activity "11a ACE! mm1nalilA-illJvl'W 
' ~ 1 wd~ • 1 .I ~ ~ Li'l111il 1Jl(!1'1l.l>•VIU renin 'WVrnl<ll.JlufllilLLi'lrn 

ACE activity ilniii mmm•~ll•1il'11u~tl-imm 
m1uwillil~ 1 ~iitiJ,\,Juaanm 1 utlmm•mn 

11•aiin1,~1t1ulJat11ilmlililniii1~aw•aan1, 
vi1Lil'W hi'! 11lt l'Ju L ,l'l 1Vl>•U•ijVIVJ1U tt Wl'ISUlt 

. 1 !"I •• ~ ~ .J .J 
l'l'WLL'W•'Wl 11 b9flULU111'll'W1'14ll'WV11'1 1 Lta• 2 1'I 

LtaJiit ,J,&ju 1 utlaa1-i•L~flUfla (rnicroalburni­

nuria), '11.fl 1iJ~1l.JtlUmiJuu<J<ll'l• 1 u~U'JU hf! 

11-i 11l-i1u, mi•iittL'W•tl11 '111il'nu~~1liiiaim, 
,.,. .J .... .,. 

LLlillJ ejection fraction aviat'1Jttfllil\110ll'IUl.J 
.Jl.1 ~~ d 

na1m u am \llillU11,mnvill1n\11 nm L '11 llj au 

;rn!l'1t 1i-'im~ '11 ii t:yll flt m i-i a m,a lil l'l'll IJ 

vi'utaillil1ULL,t wu1ul'lu~ii'l1aoviLafllil renal 

artery &iu (stenosis) ilt 1-2 il'1t ~t~11iLnlil11i1 
11miiuuw'1'u 1.J Lrn•wu 1 ul'lu~mlil h1\,lumLa• 

~1JI~ (4) m,m, m,mtwu 10% fll\lat 20% Lta• 

fll\l,'Wlt,tQtOU.fflt'l1Ulilm (tt'W•tl1111'1iJ ARB 
' ' 

• '·' ~ 1 ~ JI .J 1 tt1'11J), ,.lilUbutt\ilal'1JUlJ 'Wti'lfllil~tlJ'W'1JtWU 'W 

l'l'W<ltaiu l'l'W~1il'mw':ilJ1uLLlilatilulJ miiu . ' 
U<l<ll'l•'lfilVltnU Lilttlilatilul.J 11'iam NSA!Ds 
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tLa• 1'Wl'l'W~iihfl1vi'l1•fl renal tubular acidosis 

type IV ~twutiau1u~tl-immm1u, aan~u 
(10%) tta•,<l'lfllilfJVIUniii (dysgeusia) (wu 

6%) ~twu1u~tl-iu~1il' captopril ~tii'lltj 
sulhydryl lJlflflllfltjlJ~hiii ( enalapril, 

4 • .J 1· ' lisinopril), IJ'Wm, tta•1'11'WLL>t lilttfl angio-

edema, neutropenia, agranulocytosis, protein­

uria, glomerulonephritis, acute renal failure 

11lu.i'u i11J1il'm ACE! nrn11il"'l~ti'l»tlt~vill101 
t~flt\11nm1m1ilil 11il11mta•ti:luii'l\ll 1.1 (i:i11u 

tlu1ualil"'l~tfl»11'11i1,1J1<1~ 2 tta• 3) 

m ACE! 1"11>rn1'Wfl'W'l1~l.Ji11lll'l1Jlflflll 

l'l'W<lt ma ;i-i lill ti'11il'lil1 lJ~1wt mul'llJfl'lllJvl'W . ' . 
Laillilat 1.JiJ,•mru 40-50% llflti>l'tl-iu tta.1"1 . . 
l'Ji'lUflaat1'W isolated systolic hypertension tll 

1il'~11Jnumiiutlam-i•11•am CCB ll•alill'l'lllJ 

vi'u la ii vi 1.i'mn~u ACE! alilm,tlluii'llillllfl 

t • 1 ~ 1 ... ~ ,m•uum \1Lta•'l1aflliltafllil ( 'Wl'jl'llJl'l'lllJ 

t~Ut~t ), i'llil~l'W'l'W hl'l'lli'lfllilLaflV!<llJflttta• hl'I 

• JI ·1 ~ ·1 flall.Jt'Wfl11'l \llillU, tta•llVlfll,tflVl'll'l \l'llU 
.J hi"" "" QJ .J .,, 

Ll.Jfllu>UUL1'JUUOU1llfl1J m ACE! alilfllil11\il1U 

Lta•avi hfl,•uui111il1La•'11aavi1i'ialil 1.i'wa 1nu 

milutlam-i•Lta• beta blocker LL\li&in11 CCB 

1 um,alil ~ui;im,ru'1,fl'l1aalilLaavi LI'! hm'foa• 

hl'li1111l11u m,1im ACE! .i'atL~lJ.i-iall'Wllil 
' 

vi11 riau m enalapril tta• Iisinopril 1!l'1ua• 1 

fl~..:.t, Ell benazepril, captopril.,, fosinopril, 

moe~ipiil, quinapril, trandolapril 1il'i'ua• 1-2 

l'l~t fl1'111,<lllJ1,Qi'lVlfl1,~VlillJ captopril 30-

40% wii1liavim,~lilill.lllflt enalapril Lta• 

Iisinopril 

Angiotensin II receptor blockers 

(ARB) 

QJ ~ • • ~ 
muuatl'Ji'lllflt angmtensm II 1'I AT

1 

receptor ~11 i alilfl1,111ilm1llat '11afllil La avitta• 

fl1,'11Vlm1llflt efferent arterioles ~flt glomer­

ulus, {;11Ylfll';il1~..:.t aldosterone ua::: antidiuretic 

hormone (ADH) 
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tb"i.'111'1 sympathetic 11cim1i.il'l111118 il~um 

11adi.i!l'utff1m~a<;i1av81 
•• .,; ""' "" ,;j • • bradykmm 'IN!Jq'Ylovma11aa\iltil8\il il\il fibrosis 

ttil" myocyte hypertrophy tlO"tW!J tissue 

plasminogen activator ii1!1'~ 1i.im1ui1m 1 l1';rn 

U81nu11a8vaa8\il hi'&imil8u ACE! 11'i81i.i ttci 

vmi1 ARB 1J"il8m~&i11iluv81hfl1"11m1'1ha • 
tU1!11l'U!Jil\il~ 2 ttil"il\il mortality trn" 

morbidity 1u~ihal~fli1'1h11a m ARB ill'Jll 

i'i111~a1m18ri11f!<.i'1a ACE! ii81'11111'~"iilu tu 

tt\ilill~mJ\j1~'U m11Jiilu lffH\il~l\l'Un11m1a 1 u 
d..i ' q 

V'l'UYIJJ bllateral renal artery stenosis ua:::tnl?l 

angioedema 1iil m ARB \ii1tt~n1'ia losartan fl1 
w..i ,,(' ' ' "' ' "" LL!J!Jq!'JD88'Un11 ACE! tt\ilm\il1"181Jlfl8 val-

sartan, irbesartan, candesartan, telrnisartan, 
~ ,, v d 1· 

eprosartan !Jql'll:rn~wrn 1nu ACE! tta"t!Ja !J 

~11Jnumi'iuuaai1"\l"il"1m11Jiilu fa i1 "1mn~u 

Calcium channel blockers ( CCB) 

"' .t .J ., 
maua~'YJ calcium channels il\ilnl~tVl 

"" w .r .... 1 vv 11aa\ilta8 \il LL a" n aim u a 111 \l 11 "1\ll1'U aa a1 

11 a a \il ill a "1<huu aiaf!ai a\ii11rn"i1'11 \luu\ii11 m 

•~ ( ami'u amlodipine) ttll"fi111Jiii''U Llltt\llil\ilil~ 

m nondihydropyridine CCB 11'~il\ilBm11iiluva1 

!1'1li!ttil" AV conduction (diltiazem ill'JllU8a 

ni1 verapamil) ttil"81\lt1i"1i1'1 l\ltiiluii'1, AV 

block LLil"i1'1h<.i'm11m m dihydropyridine 

CCB (nifedipine, nicardipine, isradipine, 
~ .h 1 felodipine, amlodipine) !J;rnmn \li.'l\il AV 

conduction U'aani1 ttci81\!L1i"1 reflex tachy­

cardia \llfinl~il\llfl111Jvl'U latt\ll~l~11 um"4u 

baroreceptor ( 11ci!1'1U'aani1 vasodilator) Llil" 

81\l tii"1m11J iilu fa i1\ii~11\iauwau m"4u 111'10\il 

angina (trn1iiliil1am~ 1ii'm!!il"1 sustained 
IV °" .,J "'I 4 nl "' release) l'JilV11Lfla~a'U 1 fla !J'U11 u1\lll11 

11U'1tt\il~ m18nL\ll VlU11J\llOtl11°i'1 ~~ dihydro-

"' ' pyridine CCB Lu'UIJ10n11 nondihydropyridine 

\l1nm~vma\ii1va111aa\iltaa\llci1uua1amnni1 
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vru"~ nondihydropyridine CCB verapamil 1'11 

111't1i\ll'l181~nmnni1 (7 o/o) LL0"81\!LO\ill1'1 h 

<.i'm 11m 1 'Ufl'U~L \'Ju hfli1'1 l\la~tt<.i'1 iila1~"l1\ll 
1~i'~n111~ nondihydropyridine verapamil M1ei 

diltiazem ~1!JtlU BB L W~l"\l"O\ll AV 

conduction, sinus node automaticity ua~ 

conrractility IJln m CCB tfilJ mortality \lln 

acute coronary syndrome tllL~tJV111:JJl~tf~t?ia 
m~tniili1'1 h<.i'1Jmm n<.i'11Jt il'a!1'1 h\ll1amnni1 

Di LLil" BB ~u1m mm1u~1'1i' CCB il.J\ll~l 
~ v1., ., ,K "'1 

m~t0\ill11 \lil!Jll1il1tta"nillm'UBl11 \l\lllS!Jln 

ni1m~1ir ACE! Ltciil~LL'U"lhi1 CCB 81\!Ua~ 

nuhfll1il8\llta8\ila!JB~ (stroke) M~ni1 fl'U 

fi1&i1ttll"fi1J'1181S81\l\ll8U'1Ua1ci8 CCB &ini1 . ' 
BB Ltil" ACE! td81if CCB ~11JtlU Di \l"t fi!J 

q'Yl~tl'Ull'aani1m~1ir CCB 11'la Di ~11JOU BB, 

11'ia ACE!. 

Peripheral alpha-1 receptor blockers 

(A1B) 

Ell prazosin, terazosin, doxazosin BuB-.1 
.J • 1 • • .!' alpha-1 receptor 'YI postsynaptic 'Yl1 110i.'ll!Jt'U8 

t~au~ 8111aa\ll111 a\ilflilla\ii1 110 a\ll ti:i avrnma 

ttil "fi1l!J llll 'U'Yll'Ul1il 8\ll ta a \ilci1 'U U ill fl il\lli.'11 

A111Jvl'Ufall\llii~o\ili'N 81\lil reflex tachycardia 

!i'111'1uwil111 nonselective 11cimm~1i.i1u1t~~ 

mil8umnl'i!J vasodilators (ii'1m 1i.iill'JmU~au 
' 

alpha-2 receptor activity \ldi.itn\il reflex 

tachycardia) 11a1num dose tt>n 1-3 ii'1 lm 

11~ a11 a~ \ll n t vi!Jv 'Ul\ll m~ u 81\lil fl11!J iilu fa i1 \ii 

i.'1\ilil~!Jln, postural hypotension, iiu1~, h&u, 

u1\il~hi;", trn"11'lua1J m dose tt~nii~m1nu 

riauu8u aim~ h&u, fanw5'uu~"11i.i1 u1\ll • 
ii~i;" Ltil"tiaui1'111mamJ~11'ia1iu81\ltO\ll M 

' 
111J"l!i'mmmm1a1 u8n\l1nil'm~ 1ii'm 1 u~m\il 
~~ 11'i am~ Wm t 1'1ut1mm u 81\!1'11111't1i"1 m~l"i'~ 
h1&iam1a"ai~il'11'11111'f!111Jiilu fail\ll~~~u ii1 

m~11H11Jnumi'iuuam1"1vla!l'~ml'Jao\ilm11J 
iilufatt\ll m AlB 1i.i1'11111'1n\il1"iilu1vll'u1u 
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tlialil~\iluo&\milmm1iiuilam1rn~a BB tta" 

!l-rn111Yi11.l'1"!ilu cholesterol oliliNtta" HDL­

cholesterol tvilJ~l.I ttvi11.1m1flmnoauwui1111 

1:Wihrn 11.1m1i:la.:inum1"tt'1110'1l'a1.1~.:i1"uul11 
1111'rnaliltliavitta" hr111aa\iltaa\ilalJa.:i (stroke) 

111om1lJ!il1.11aiilil\j"I !il.:itl'u 1:Wtt 1.1"1h 1111'1l' AlB 

\illWhw.:i tt.im11'1l'~llJfllJ1Jl Di, BB 11'-la 

ACE! 1mh'h11~i'.ia1m1.ialJao11mo l\il . . 
(prostatism) 

Central alpha-2 agonists (A2A) 

£11 methyldopa, clonidine, guanabenz, 

guanfacine avim1lJ!il1.1taiilillii'111m1m"lli1.1 • 
alpha-2 receptor 11.11"umh"lll'l'l<i11.1oa1.:i Y\1 

111'alilm11lila11m"tta1h"lll'l1 sympathetic \110 

vasomotor center 'lJ8~1.'flJ8.:J Lvli.t vagus activity 
• d 

Lli.'i'~~n'J~V}'U alpha-2 receptor 'YI presynaptic 'lJfl"l 

1"umh"m'l'l<i11.1um11 Y\11 'fl'alil sympathetic 

tone m~.:ialil~"lellil11m1tl'iu~a.:i11'1 h, rllllJ 

~1tl'Yllt.lVl'i:HlVll~BVl, cardiac output, renin 

activity 1 uwa1aaJ1ua~ baroreceptor reflex 

ll o &Imo~ 1J d1'lit1'11.1111 e1'u !iluaa.:i t ~a.:i111oi'.im ~u 
~fi oi1tta"J i'h1111m11r11.1'111.1.i am 1:W1lii'•1rnrn • 
111.:itfiu.:i ~l"I 11\il~ aamw~u u1mtt1'.:i ttialJ 

i;l!J11Ufl1W'l'Jl"ltWA postural hypotension tta" 

t rl fl 1111Ii)111rillIJiiiI.I1a ii \ii fll\I 0 au a.:i~ut vh t&l lJ . . . 
... ' "" '1 <OS ,J.,, cl, 1118\j"lnlltlillJ b\ll1lt11\110011'111J01111o"I nor-

,J dd'. d 
adrenaline YI presynaptic L'WlJ'lJ'Ufltll~tJ10LlJ8 

'Vlf!Vlf)'l~~"w alpha-2 receptor E.11 clonidine, . . 
guanabenz, guanfacine 'lJ'U1Vl~11 B1~1"lifl1'U~lJ 
m11J!il1.11aii \ii a a1.11m1J~1w.:i 11ilLlil111:Wlli <M 1 'fl' 

~11Jfl!J111Ui;lllll" 111 methyldopa fl1'1Yi11t1'd:\u 

1'ziifiilutvi1J~l.I (tiiu SGOT, SGPT, alkaline 

phosphatase) !ilue1'mau ( m111mt1.:i) illil\110 

177 

Arteriolar vasodilators 

Ell hydralazine, minoxidil l'i11i1na'1iJL'ifa 

( \110011t vilJ 

cGMP 1m'llaa) tn\ll11aa\lltaa\ll?J11111 m1lJlli11.1 

'1111.111a a\il ta aviri11.1\J aiua lila.:i tta"m11J!il1.1 
'~ .. ·1·~ . bo11\lla\lla.:i '11"1'111 111Jm1m"V!l.I baroreceptor 

tiivim1t'Vi1Jm~tti;lU1~i;ll'l1 sympathetic \110 

vasomotor center ~'3:i'ir.Ja1i1'Lfllil reflex 

"' • • .r • 1 tachycardia, tWIJ011\'llil\lll'/Jil"IOallJtl.lil'l11 '1, 
' ' ' 

Lv:JlJ cardiac output, L'Wa.Jn1111a''3 renin, Lfl~n11 

vl'.:i1mfi11mta"awJ1, u1\lll11, h~u tta"m" 

m"~u1.l'tn\ll angina, 11'11'11111, pericardia] 
~ .( 

effusion, T-wave change [Jl minoxidil iJf)tliJ 

?J1111111aavitaaliltt1.:ioi1 hydralazine ~"lfll\ltnlil 
d .... ' ., r.Ja reflex tachycardia tta"r.Jaau 1 lil"!Oallttal 

1J1ooi1 r.Jam1alilml1Jvll.llai1lil'IJB"l1ll vaso-

,, 1"' "" ' "' ~I "' dilators a\ila"ltlJfl '11111\ll\lllilBOl.ltul.ltloll.lll.I lil"I 

tl'u~.:im11.l'm BB tta" Di ria1.1'1'01"11"11il.:i ~.:i 
b"iau1.l'm vasodilator ~11J J1hu~1il'm BB 1:W • 
1lii' m111'1l'm clonidine tt'l'Jl.I 111 minoxidil fll\I 
. 1 ·~ .r 1 • • • m \'11J'/JU~1.1\ll11J u111.11 V11.11ao 11a.:i tt~u mu" 

~m hydralazine fll\ltO\l!Ullilfl11:1"111n11aa\il 

LiiBlil'lJtllEJ, lupus-like syndrome, 1-5, i.'l111\r'3 

e1'mau, peripheral neuropathy, tta"lil!Jamau 

t1lulli'u 111mi1Jd~.:i 1:W.-iauilulJ 1'111 uil••uu . . 
Postganglionic sympathetic inhibitors 

.( 

111 guanethidine tta" guanadrel aaoq'l15 

alil noradrenaline \110Ua11JU1"i;l1'11 post-

ganglionic 

noradrenaline 

thetic Y\11 'fl' cardiac output a\ila.:i m11Jlli'11.1'1111.i 

11aalil tli 81iirl11.1\J a111a\lla.:i tta"lil111J!il1.11ai1\ll alil 

a-.!l LLllit11a1~:i'ir.Ja-51'3Lfit:.1'3 postural hypotension, 

vl'.:iJ1, tl1ml'mvi1J, tauamiumwm.:itwA, li'a.:i 

tau 1110~1Jd~.:i 1:Wil111J 1 uil•~uu 
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Reserpine 

L tlum~iiu&~ li'l!JU'leill\'1 sympathetic 

ci11JUi.'lll'J l\iJl'Jo\iJ noradrenaline ~Ui.'lll'JU'leill\'1 
sympathetic ua:::~u~..:inl"J'lJ'Ucl-:i noradrenaline 

v " d 1 .I .I ~ ~ d tmtflU\'1 granule !Jui.'lll'Ju'leilll'J \iMIJIJt:!Hl 
$1 " ~ 1 ""' me'!IJW!Ju'lei'!l\'1 sympathetic vei.J nor-

adrenaline Bfll1'1'~ililfl:IJ1Uill'J 11111fo111 sympa­

thetic tone Gltilfl11t1tii'Tt..tl1l'UVli.'lBVlLfiaviri1u 

ums o111fllll-Jvl!J taifo1 Ltoei'i1111' parasym­

pathetic activity t.i!J 1111!1'ttUIJ'.ll;Jfl i'.1'11'.lt!ii'IJ 

ill mvi 1 umetvnrn1fl ( tfivitteJo 1umet vne 

il1111'l 1iii') Ylil~ tifo mmvi'h 1 iftfivi mental 

depression f;J10fil':H'ltil catecholamine ua::: 

serotonin 1mrna~ U'l'ltm11ii'iii'1sni'llil'm1m1vi 

~lo~ mii~ri11 iftfivini'l~~ l'lftiiismrnetl1 t~a 1il' 
~iw\'umiuila.n1eveovim1i.Jv11J tai11il 1iii'iii 

1. vhe \)'ltuefivtv'l!\j. 1999 WHO/ISH 

Guidelines for the Management of 

Hypertension. fl~ilfl 2544; 17(3):187-

98. 

2. Carter BL, Saseen JJ. Hypertension. In: 
DiPiro JT, Talbert RL, Yee GC, Matzke 
GR, Wells BG, Posey LM eds. 
Pharmacotherapy, a Pathophysiologic 
Approach. 5th ed. New York: McGraw­
Hill, 2002: 157-83. 

3. Chobanian AV, Bakris GL, Black HR, et 
al. The Seventh Report of the Joint 
National Committee on Prevention, 
Detection, Evaluation, and Treatment of 
High Blood Pressure: the JNC 7 report. 
JAMA 2003; 289:2560-72. 

4. Chobanian AV, Hill M. National Heart, 
Lung and Blood Institute Workshop on 
Sodium and Blood Pressure: a critical 
review of current scientific evidence. 
Hypertension 2000; 35:858-63. 

5. Facts and Comparisons Publishing 
Group. Antihypertensives. In: Drug Facts 
and Comparisons 2003 Pocket Version. 
St. Louis: Facts and Comparisons, 2003: 
274-305. 

6. Joint National Committee on Prevention, 
Detection, Evaluation, and Treatment of 

Pramote Teerapong 

High Blood Pressure. The sixth report of 
the Joint National Committee on 
Prevention, Detection, Evaluation, and 
Treatment of High Blood Pressure. Arch 
Intern med 1997; 157:2413-46. 

7. Koda-Kimble MA, Young LY, Kradjan 
WA, Guglielmo BJ. Essential hyper­
tension. In: Koda-Kimble MA, Young 
LY, Kradjan WA, Guglielmo BJ. 
Hanbook of Applied Therapeutics. 7th ed. 
Philadelphia: Lippincott Williams & 
Wilkins, 2002: 11.1-11.17. 

8. Massie BM. Systemic hypertension. In: 
Tierney LM Jr, McPhee SJ, Papadakis 
MA eds. Current Medical Diagnosis & 
Treatment 2003. 42nd ed. New York: 
Lange Medical Books/McGraw-Hill 
2003: 409-34. 

9. National Cholesterol Education Program. 
Third Report of the National Cholesterol 
Education Program (NCEPT) Expert 
Panel on Detection, Evaluation, and 
Treatment of High Blood Cholesterol in 
Adults (Adult Treatment of Panel lll) 
final report. Circulation 2002; 106:3413-
21. 

10. Pearson TA, Bazzarre TL, Daniels SR, et 
al. American 1-Ieart Association guide for 
improving cardiovascular health at the 
community level. Circulation 2003; 107: 
645-51. 

11. Oradell NJ. Physicians' Desk Reference. 
57th ed. Medical Economics 2003. 

12. Roccella EJ, Kaplan NM. Interpretation 
and evaluation of clinical guidelines. In: 
IzzoJL, Jr, Black HR eds. Hepertension 
Primer. Dallas Tex: American Heart 
Association 2003; 126-7. 

13. Wells BG, Dipiro JT,. Schwinghammer 
TL, Hamilton CW. Hypertension. In: 
Wells BG, Dipiro JT, Schwinghammer 
TL, Hamilton CW. Pharmacotherapy 
Handbook. 5th ed. New York: McGraw­
Hill, 2003: 83-98. 

14. Whelton PK, He J, Appel LJ, et al. 
Primary prevention of hypertension: 
clinical and public health advisory from 
The National High Blood Pressure 
Education Program. JAMA 2002; 288: 
1882·8. 

15. Wing LMH, Reid CM, Ryan P, et al. for 
Second Australian National Blood 
Pressure Study Group. A comparison of 
outcomes with angiotensin-converting 
enzyme inhibitors and diuretics for 
hypertension in the elderly. N Engl J Med 
2003; 348:583-92. 



Thai J Pharmacol; Vol 25: No 2, May-Aug 2003. 179 

NEW DRUGS 

Levetiracetam: i:n{f1'1Sl l 'H'ltl:1J'5n~11 '11:il 

~ ~ 

111. m. 'lil'J'lilt\J LLiJ~~ 

mfl'i!17Lflff'lf'inm fl rum Wl'IEJf11ilVl1 uin'inmii'miim foi.i 

Abstract 

Levetiracetam is the newest antiepileptic drug with novel mechanism of antiepileptic 
action. Clinical trial has confirmed the extraordinary efficacy of levetiracetam as an add-on 
therapy in all types of partial seizures and there is a tendency that levetiracetam is effective as 
monotherapy in partial seizures. In addition, there is preliminary evidence to indicate that 
levetiracetam is effective in generalized seizures. Levetiracetam has a straightforward 
pharmacokinetic with rapid and almost completely absorbed from gastrointestinal tract, 
negligible binding to plasma proteins, and is mainly excreted by renal route and minimally 
metabolized by cytochrome P450 system. With these properties in mind, this drug therefore 
has minimal interactions with other drugs including the current antiepileptic drugs in clinical 
use. Levetiracetam has a plasma half-life of 6 hours but its therapeutic half-life is longer 
which allows for twice daily dosing. Steady state plasma levels are achieved within 
approximately 2-3 days after dosing. Levetiracetam has a well tolerability profile, its adverse 
events are usually mild in nature. Adverse events that usually encountered are somnolence, 
asthenia, and dizziness and these adverse events usually subside after continuous use. The 
availability of novel antiepileptic drug such as levetiracetam offers an attractive alternative 
for the treatment of epilepsy 

U'l'IA~fli'I 

Levetiracetam t llum-lmn hA01Jiiniii1ci1q(i}~jjm11nm1mmqnBm.lon 1mJni1m-lmn11Ao1Jiin~ 
ii1iiau1utl'ii'i1U1J m1Amfll'll'A~iln1luiiui1 levetiracetam ii1h"R'YIB~mt\J\J add-on ~~mn1um1-lmn . ' 

"" '°' "I" I 1·~ d 1"' ,:..,..,, partial seizures ljn?flJ(i} tto"l.lttlJlLlJl.lll'il"i.llm~n !f~mn partial seizures tt\J\Jmt'll'll "1 lJ<Jfi'illfilJ ml.I 

1'!anj]l1Jttfo,i.ru~~i1 levetiracetam ii1h"a'YIBflo 1um1-lmn hA01Jiiniril01 generalized seizures 1iillin 

iK1u Levetiracetam iiri ruauu&im' t!l5'!f'ilo1J flli'l'lf~hiiiuiiau 101u un~ 01?11J 1iK~ttO"t~1'illfi'Yll' t&ilJ 

mm~ hi\iui\'uvrn1am hh&iu unfi1iJ01<J<Jnm,tJaa11"t \'Ju1'!amt0"Untnhamw l'lU cytochrome P4 50 

1l'<Jm.nn ii(,Ju \htii(j}u!]ii'imilum~ui'iouii1,iJ'<Ju Leveriracetam iii'i1.i~'iii(j\1uwmamu~"mru 6 

~llm ttlli.i~,?;i(j)'IJ<J,q'YIB'i'n1:11\1"1Jlun-l1ii'u Vi1111mm~n1i\'m1uo" 2 .i~'1iK 1"iiium.i,~1uwmmn 
tii01mu 1u 2-3 'Ju Ma' 1iK'.ium fl~ii1,tiiu,'ll<JWli'iouii1,iJ'<Jmto"iimm~ 1ihmm mm1ii1,tiiu,~tii01 

' 
1fou Mmi -i1'1J<J1J 1:iJjjtm tto"tiuu011:1" ~''il"i'i<Ju 1~01m11J1mt~'"'trlo 1iimmu~u m~ii 
levetiracetam t \'J um~t u011'i ma 1 i\'jjm, t~ tJ n 1iimfo1:1111.i~1Jiinmn~u liniii11'1~' 
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11A1.1lJii'fl Luu 11A L{ilf'l'IJeN<llJ il'l~il 
\/Wl ll<l~'J'l'Ylm~ii'ui'il'WLLi.1~iJ'l hi L'li11'ilrl'W 

lJlflUfl hAil'fmmnm11.1~ill'illii'il'lfflm 
\lli.1il\ll~'l\ll fl1A11JA:!-lillfl1">'/Jil'lNU1U hi . " 
1vf Vl~ilfl11JfllJ 1A1:iJ L i'JU'l'Wil LLi.1~NlJ1mo \ll . " • 
illfl11ii'flVl~il seizures ~'W <llJil'l'il~flfl 

" 
'111mumfl~'W lil'lifu u1~1"ll'1mfl hAil'~'l 
lii'il'li11hdl'Y11li;i1.1a'l iim11Jtli.1i1\llilu 111.1~ 

" 

u<Ju 1uil~\ll mfflB1hA1.1:1-1ii'fli1hh~ilfl 

1"1f'ii1 rl\lllJlfl LLi.1~'/Jl \ll fl11W\l!l'Wlm 1 Vi:iJ LU 'W 

d, 1 ,,-,d ' L1i.11'Wl'W 'il'Wm~rn 'W">~U~ 10 u'Yli;Jl'WlJ1 

~'ltl'llfl{]mfflB1l">Ai.1lJii'fl1 mJ~ieM\lli.11\ll 

hh~ilfl 1"ll'mfl~u mh'l hn\ll1lJ m11'flB1 

hA1.1lJii'fliJ'ltl'l~<l1JU!)JV11~l'l ']mil ilUL~:!-1 

tl1~lf'Yllli;J i.1'/J il'lfl11foB1iJ41iJ ~~Uflll L~lJ 
lJlflUfl i1N'ihut11~mru 50o/o ~mm1a 

" 
f flm 1titl1.1 il \ll'ill fl m1ii'flV1'1 il A11J AlJ ill m1 • 
11ii't11w il hti'1iJ4{ut11~mum ilUl'l a fliii' iM 

" 

ill'l Lu 'W L 'W'll~illfll'l'/J iM NU1U'lULL 'l'l lJ1 fl 
" . 

tou 1 ti N'll1u 1iii'1um11'flB1"ll'1tou1 ti N' 
" " 

U1U'YlU~ilWi.1'1il'lLAU'l'/JfMU11:iJ1iii' NU1U 1:iJ 
" 

d <> "" I "" Q 'V 

m~'Y11J'Yl m A ty\ll il m11flm il fl \ll1U 

® " Levetiracetam (Keppra ) LUUm 

1fl1'11 l 'lfl i.1lJii'flih1 Vi:il ~i1'11VIU1U 1 UV1i.11U 

t11~mfl u1.1~ 1iii'1u iluil'iii1l1'11w1.hu1 u • 
t11~1'Ylfi1 'Ylmtcl'1 1?im&imnumfflv1 hA 

i.1lJii'fleJ1 LVli-i~u '] Levetiracetam iJ'l 1i.i1iii' 

Chaichan Sangdee 

{u<Ju:iJiii1 Vll"ll't uumt~m 1 um11flB1 l 'lA • 
1.1lJii'fl lwvru~d u~1iii'fmiuil'iii1 V11"ll'1fl1'11 • 
l'lfli.1lJii'fl'lfU\ll partial seizures l\llUW"llJ 1tl 

r1umf flB111A1.1:wii'fl~ N'u1u 1"ll'<Ju ri <Jm1cl'1 
" " 

(add-on therapy) 
~ .J' .:,I ""' ' 

L 11 ']U lJVli.1fl;<j1U11 levetiracetam ill'\! 

<lllJl'lfJ L"ll'nu hA1.1:wii'fl'lfU\ll generalized 

seizures 11ii'tt1.1=m<imlJ11fJ 1"ll't UUmL~Ul 

iii'ui1 levetiracetam ill'il<lllJ1'lfJl'i'1Ufl1'l 

\i) 1 L ii U'/J il'l L 'lfl VI~ il'U il'l rl u fll'lLD\ll l 'lfl i.1lJ . ' 
ii'fl 1iii' mili1Arua:wuiii1na'lf<i1.1umawfYi • 
\ll'l'lltl\ll'l'llJ1LLi.1=1iafl~liAL\llu 

" 
cytochrome P450 ~'l'l111timil'h1iii'~1u 
a=mfl 1rn=i1tl{j1i"lmr1um~uu<Ju 

Levetiracetam LUU S-enantiomer 
"" d .,.d .,. 

'/Jil'lillj'WUB'/Jil'l pyrrolidone lJ'lfil'Yll'lLAlJ 

ll CX-ethyl-2-oxo-1-pyrrolidine aceta­

mide 

.t w ~ 
t]'ll B'Y11'lL.ll<l'lf1'Yl Ul 

Levetiracetam 1iii'fum1i'lflBlLLi.1~ 

W\l!lUl A{'l LL 'lfl 1 U;<jl'W~ tu u m1~~1J ill m1 

'l \ll fl 041mt1.1= L vi :w m1'111'l1 u iii'1u a &i iJ ty ty1 

LL~ i;i 1.1 fll'lAfl v11:iJ a1 :w11a ~u iru tl1=ll'Y11l 

Wi.1vl'lfli:ll11iii'ii'At'JU lU'Yll'l\ll'l'l'lillJ fltl1J 

'1'!1Jl1 levetiracetam i1tl1=ll'YlllWi.1~l'Wfl1'l 

A11JAlJillfl1'l'/Jil'l hA<ilJ?i'fl ~'liim1i'lflv1 • 
"'"" "i" QJ) 'JI tj 'Y1B'l='l1J ill fll'l'/J il'l L 'l A i.1lJ'lf fl il Ul'l fl11'l 

v11'l 1 u a\lli' 'YlAi.1il'ltrn=1uNll1u11A1.1lJ?i'fl 
" 

, .,. ,,(d I "" I 

levet1racetam lJ tj'Vlil'Yll\ll'W'lf \ll LL1.1=u\ll fl \lll'l 

'llflmffl1'11 hAi.1lJ?ffl~'W '] l\llU<lllJl'lfJ 

iru~'l seizures 1'WVl'W~1Jim~1iii'fum 
" 
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pentylenetetrazol l 'W'll'W1\il~liJYi11 '11'L1i\il 

rn':iifn11~<J 11ii'{urn':in':i~lii'ulii'11'11vlvh1u • 
tl'hnru~hiii11 '11'L1i\ilm':iifn ~l'W'Vll~m~'ilfl 
l.ll1 (kindled with pentylenetetrazol or 

corneal electroshocks)' '11~il ~l'W 1 vlvh LVl 

1tl~ amygdala .J'11ilu (amygdala 

kindling) 1\il"' ;itluuu41<1il~L'W<i'lili' 

'VI \il ail~ L mi' 1ii'Lllulif1 LL 'Vl'W 'll il~ L ':i fl a lJif n 

'llU\il partial seizures l'Wfl'W Levetiracetam 

ii~ilq'VIBL'Wfll':iUil~il'W audiogenic seizures 

l 'W '11'W '1111 LL<!~ '11 'W ~ u ~fl ':i<ll l'I W'W 5~11.i il 
" " 

W1LL 'Vl'W'llil~ hflalJiffl'llU\il generalized 

epilepsy' 'Wilfl'illflil' levetiracetam ill'ilU 

q 'VI li'1 um ':iU il~ il u m':i Lfi \il hfl 11~ il n1':i 

( antiepileptogenic 

activity) i11'1 L\ill'IWUll levetiracetam 

<lllJl':ifJUil~il'Wfll':iLO\il pentylenetetrazol 

kindling l'W'11'\J~U~n':iLL<l~ amygdala 

kindling l 'W'11'\J'll111\il"''' 

na 1nnl':iililfltJ'VIR 

. • 1 4J Levet1racetam lJfl<l flfll':iililflt]'Vlli'VI 

LL\iln,j1~'il1nm{m,n hflalJifn5u 'l L\ill'l 1iJ 

"1:.rn <ii il n1 ':itl <i il 1'11 vi vh il il n'\11 n L'lla <i' 
tl':i~<ll'Vltlfl~ LL.i'il~iiu~~fll':in':i~'illl'l'llil~ 
1 vlV111 utl'lm rum n~tlil il l'I ililfl'ill m '11<i<i' 

ti .J- ti - 1 .• ':i~<ll'VJ'VJi;J\il fl\il Levetriracetam lJlJ 

tlfin'lmilum':i~iltl':i~<ll'VI 'l ualJil~ hii1'1~ 
'l u <ii' 1uLvilJ11~ il a \il tl'l 1J1 ru'll il~ a1 ':i ~il 
tl':i~<ll'V1 5 fll':i~Uilulif1{u (receptor) ~ 
LU 'W \ii 1 LL tt'W' ~ fll':i il il fl(] 'VIB'll il~ <fl':i~il 
tl':i~<ll'VI m~u1um':itl1aT>~iltl':i~<ll'VI 

u • 'ti .J.J • 
fl<ltJL'lllL'll<l<l ':i~<ll'Vl'VILfll'l1'lliN 
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ion channels ,ji~ '1 5 lil~ifu na 1nrn':iililfl 
dd !VQ. • .,,,1, 

(]'Vlo'VILL'Vl'il':i~'llil~ levetiracetam M lJ'Vl':ilU 

LLUif\il LWl'l~LL.i'VJ'nui1 levetiracetam ~'LI 
u ~ 'l nu membrane 'llil~L'll<l<l'VIWUL\lWl~ 'W 

1 ~ 6 .J <V Q.J tl<V d J.c.i d 
<flJ il~ L 'Vll'W 'W '11~ <f lJW'W ofl'U fll':i'VI l'll'W lJ(]'Vlo 

L~ u ii'lil Lu w1 ~ il u ':i~uutl ':i~ mmhu n a1~ 

LL<l~Ui;J<l,jil':i~Uu,j1~ 'l illl'l'Wilfl<flJil~Uill'I 

lJlfl 

Levetiracetam 1(1\il:alJ 1i~LL<l~LOilU 

'11lJ\il'illfl'Vll~L~'W fl1'111':i llill'lil bioavail­

ability LOilU 100% ':i~lilrnnu~'!\il 'l u 

wmamri1u'l1 .. nyL1i\ililll'IL'W 0.6-1.3 .t1 

'17 1' ti- .J Lm il1'111":i lJ':iUfl1'W ':ilJlU!l'Jl'VJ~fll(l\il 

a~ih{utl':i~'Vll'W levetiracetam wfillJ 

mm':i' md'liJ~uiluwmam 1 tl':i~'W mh~ 

levetiracetam mh~1111~ 0.5-0. 7 lilil':i/ 
" 

nn' ~~mi'l uri1~L~l'l1ilum{nu1 hfl<ilJifn 
" 

5u 'l Levetiracetam ~1'WL'li1tl11'll<i''Wttil'~ 
ua~tll'WilflL'll<lol (extracellular fluid) 'llfl~ 
<flJfl~1i~11'1 7 

Levetiravetam fJmLtl':i<fillW 
" 

L 'Wfl'WU ill'lmn lil':i1'ilWUl'lld'l u':itlL~lJ 'l u 
" 

ilam1di 66% 'llil~tl'lmrum~1i{u lin 

24% wu 'l u':itl LmL 'VIUfl 1m·i"l1iln~~ 1ili1 
" 

4 7 1 .,,,;r ""' 
t]'Vln'llil~ levetiracetam LlJLL'VIUil <l'Vl'WLfl\il 

'illflfll':i hydrolysis 'llil~fl~lJ acetamide 

'llil~ levetiracetam '·' tlfin'lm hydrolysis 

illiJ1iL1i\il'illfl cytochrome P450 (CYP) 

'l 
ug •-1.,j'.,j, 

\il 'l'llil~\ilU LL\ilLfl\il 'WL'Wiltl'lil\ill~ 'l':i1lJ 

~~ L 'WL~\il Lllil\il LL\il~ 6 illl'l1~'11ilfl~tl1~\il 
levetiracetam flil 11il 7 

llill'I 93% nni{u 
" 
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i'li'lfllJlLU 48 ~1L1Nll'lfl Bfl 0.3% ()fl 
• 

fi 1 <ij' \inl fl fl '111-l ffil'ilT'.i ~ All '1-Hhu"taJ l t1~E1u 
• 

1t111m.J'llU11iWl lui1~ 500-5000 :rm 
.J .,.... .J' ' 

m~'lf111l'lli'l~ levetiracetam 'il~UlU'lfUl'lfU 

nu lWJU1EJ~1111Yil-l1UlJflW~fl-l 7 lumrud • 
fll'lVlJ levetiracetam '111-lU<l'111~'il~ 

alJw u 151111El1111~ nu a 11111l'!11um1n1<5' 111 

creatinine ( creatine clearance) 
7 

.Jd~ I. ~ 
l'l'l-l'lf1\il'llfl-l evetlracetam bU 

wmamiia 6-8 ~1LlN A1d1aJltl~EJu1tl 
1111lJ"11m111m 'Yl1-l~1li'm 'H~am11li'm 
'\ol<llEJl'lf-l l'l~-l!f'l111LfllJ~U1 ti L l'JU 10-11 

~11m1uc-Ja~mEJ lla~a111iNL1'1u 6 ~11m •• • 
1m~flmEJ 6-12 ti' 1~tilum1uwmalJ1'il~ • 

_,J IV 8) 9I <V ::; fl <V 7 
IN'l'l'\ol<l-l L'Hm1ua~ 2 l'l'l~luunm 2 1u 

1~ ii u Ell a~ a1111 u'll-r mLa~ i4" u ~1111 fl11vJ • • 
(area under the curve) 'il~l1'lui\'111ri1ul111EJ 

~ .;1'V<V .1.. .ell 

lll'l-lfllJ'llUllll'l'I lll'llJ UUl'lfl levetiracetam 

llL.na'lf'i1'1UA1a111{L1'imau1111~ (linear 

kinetics) 
7 

ti ii ii'fo1 n rnn 5 'll 
'l~lJUli'l'll hiJ CYP !Jm1lJi111'i'ty 

ei~1~~~E11111 l111E1l'i1ww1~Lltl1amwm 
'Hmfl'H<nEJ'lfillll 111Jli'~m-rmn hl'lami'fl 

lli1~ 'l tiJ1fl~l~li'll CYP2C9 ll<l~ 

CYP2Cl 9 'ii1l1'lui11'11-rum1 hydrolysis 

'llfl~ phenytoin ll<l~ CYP3A4 'ii1l1'lu 

il1'\ol-rlJfll'llltl1amw carbamazepine (LlllEI 

~l'll'111~ epoxidation)
5

, clonazepam, 

trimethadione, tiagabine, ethosuximide 
.J' 

U<l~ zonisamide 'lli'lfl'illfl'll felbamate, 

stiripentol, 

tiagabine 

oxcarbazepine, eterobarb Lli:l~ 

tlmltl'l<l.fllW Lll!EllflU haJ'llfl~ • 

Chaichan Sangdee 

desaturation 

valproic acid 1li'flmm1'1u 4-ene-valproic 

.; ~· 1 ,.; ' .; acid 'IMluUll.Jll'l'llJfl '1'11'111'1111111i'll'illflEl1 

if a~nlJl'l111J L 1'JUW1'111ii'ltiJ'lJ'IJi'l~ valproic 

acid m~tlmltl'l<l.fllWLlllEI CYP rnuhiJ • 
'lfil1111111'lfil111'11~-l m'il Lil111tll:]il~mnum5u~ 
tJfl LL tl1amw l111EJ Leiu hi1'lfil111L&imnu 

10 

• 
i;bu 1 mytll:]il~m'l~'Hi1~m-rfl1'11 L 'll'l 

..... ..... 'f ..... <V d ,J,,,. 
'1 IJ'lf fl ll<l ~Ell 'l fl 1'11 b 'l l'l '1 IJ'lf fl fl lJ Ell i'l'll '11 lJ 

1111 lJi11 l'i'ty'l11~ l'lllil fl ln 1111 u1~ilu'lf ei~ m1 

lltl1amwm fl'11fl~i111'lty~<j"111iiam1L~~ 
'II~ fl fll 'lUU ~~ fll'll'i 1-llll'lf a~ l au 1'1f if 
cytochrome P450 11:wli'1Lauha1 glu-

curonyl transferase 
;:; 

hydrolase 'l1lJ'11-l CYP lli11 '1 

epoxide 
.; 

l'llfl1'illfl 

levetiracetam tlfllltl'l<l.flTWVl1EI CYP UflEI • 
lJlfl il~ifu leima~'il~Lil111tll:]il~mnum 
..... 'f n.r.d .ell dd!'V 

'l fl 1'11 b 'l l'l '1 lJ'llfl fl 'll '\ol'l fl Ell flU '\11 U fl El lJl fl 

U<l ~'ill fl fll 'l A fl1'11'111~ l'l i:l U fl ~l'll ti l:] fi~m 
..... <V "f ,,....J 

'lf fl~ levetiracetam fllJEJl'lfl1'11 b 'll'l<llJ'llfl flU 

ua~m5u~uuu11mdlaJLil111tll:]il~mnum 
d <V <V d' ti 
fill l'ltlJ'1fl1'JtlJ~'l111 l.fl<l'll'il<lUAl<llll'l<l'l • • 

·~ .; 
i'l~ b'llllll'l11'11 1 

'ill fl fll'lAfl 1'11'11H l'l i:lil fl w u1'1 

tl'll fl!Jfll'lru1aJw1tl'l~ a1 A (adverse 

) .J~ . d d 
events 'l'Jlfllll'illfl levetiracetam l'lfl l1EIU 

A'l1'1~ 1aJllll'l-l U'1~~11Ui'lU13 
tl'llfl!J 

m'lru1aJ-W1t11~a~ l'i° l mi1dalJwutfnu"11u1111 

Ell ~1 '111111 El" ei u&i fll 'j ur l 1l "~u Lrl al 1l" • 
ti ,., ' d ti ,.; .; 

'llm111m 'llfl!Jfll'ltJJblJW1 'l~ml'lfl"W'l'I 



Thai J Pharmacol; Vol 25: No 2, May-Aug 2003. 183 

I I .:>I <IJ o <V 1 "" 1'1l'm&l\il~11o'W'Wl'W~'W \ill"il~~ 2 Lu~uu 
L fiuuu-:;1 fl!Jfll"it1.11l-i w~u-:;~a~ A~ Lii \il°illfl 

levetiracetam LL<l~l'll'H<lelfl l 'Wfll"iAmnm~ 

\il<i'Wfl ri1'W\il1-:;1~~ s LL<t\il~i'l\il-:;1~i:Jt11u 

'l'IUUlflfl111'll'H<leJfHJl'Jl~l.J'W!J<ll\ilqj L'll'W l.J 

fllfll"i'H<l~lil.J fll"il.JtULLU"iU'D'W U"i~<ll'YI 

1'H1 (nervousness) Lth.Jlii''W iii:Ju1utleJ'Wel1 
u 

1111 mn fl m-:;f.1 m,nm~ \il l:i il mn fl ai L 'H \il'!l 11~ • u 

_, '1'4-' ,. u"ilfl!Jfll"itl.I l.J 'l'l~u"i~<l~\il 'W 1l!Jl.Jlfl ti 'W L M u1 nu u -:;1 fl!J m-:;ru1u .w~u -:;~a~ 11~ 
u-:;1 fl!J m-:;ru1l-i w~u-:;~ a~ i1d aim-:; tlil 11~ 
O'W 1\ilL\il!Jfll"iL~l.J'!l'W1\ill'll~'W11u1~'ll'11 ua~ 
ii fll "i'Yl'W ~el u "il fl !Jfll"it1.11l-i w~u "i~ a~ AL~ 11 

Ln\il°illfl levetiracetam LU~urnfiuunum 

{fl1'11 t w1a:i.Jil'fl!il11 MaJ~'W 'l 

Bioavailability dfau 100% 

• 
1 im1'Wa~ 2 \il{~ 

- - 100% bioavailabilit/ 

- -:;~!iluma~a\ill'W'l'lm<tmLii\ilmu1'W 1.6-1.3 ~11m' • • 
1 '"" ' .ell 7 - mm1 :i.J:i.JW<i\il11fll"i\il\il'lll.J 

u 

G 7 
- 0.5-0. 7 <l\il"i/flfl 

'"" 91 I 7 
- °i!U'W11!Jfl11 10% 

9/1 ,J """"' I 91 Z 1 ""'"" 
- Ul.J11\il"i~'ll1\il\il11'W'!J1~'1'W LL\ilfll"i'Yl\il'111U'Yl1~\il<l'Wfl 

LW\il~u-:;~i:l'Ylliwa~&h~111\i'm1'Wa~ 2 \il~~ wam~ 
Lili1'1l1'Ylmeiu1~m'W1i~ 30 ~1t:i.J~'Ha~m-:;1im\il~~ 

u 

- °illflfll"iAfl1'11LLUU in vitro 1aJiJMafl;ijl'W'!l11~fll"iL'HtlU1 
tl1M~mi'uif~ L11'W 1'1laJ°iilfl\ilu 

12 

- fll"i'Yl\il<t11um~\illiilfl 1l-iwuufiii~mnum~'W (pheny-

toin, carbamazepine, valproate, phenobarbital, 

lamotrigine, gabapentin, primidone) 
7 

- 1aJiiufiii~mnu valproate, phenytoin, l'll~l.JtllLU\il 

'llU\il{UU"i~'Yll'W, digoxin 'H~eJ warfarin l'Wfll"iAfl1'11 

specific interactions 
7 

1 -~G •1.r.J - Ll.JU'YIU11 <l'Yl'H<lfllfl\il°illflfll"i hydrolysis 'WL'W11L!J11 
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.; "' {1•4.1 , .J~' d 13 
lll151~'11 2 u51fl!Jfl15W Lil'l'Nu5::'1~1'1'1JiN levetiracetarn '11Lfl\ilU<l1'1'11~\il 

L U<l'lL'1i'Wlli' NU11'1 
" tJ51n!Jm5ru 

1 •4 tJ , Levetiracetarn 1'11M'1<lfl 
il'VN 5::'1~1'1 

(n=672) (n=351) 

L'il'l'WA51'1:: 9.2 4.3 

hiiJLL5~ 14.1 9.7 

~1~'W<l'W 14.9 9.7 

ATn1li 3 aA51li~u1mJm~milutJ5111!Jm5ru1:iJVl~tl5::Ml'i'liLn\ilv111 
levetiracetam Li1uuiluu1-i'nw1 hl'l<iilifntii'11M:W5u '1 14 

tJ5111om5ru 
• d ·u • d • tJ n . 4 tJ , ) <llll51'11~ 11'1U'WLfll'l1flU 51fl!Jfl15W ill'!~ 5::'1~1'1 ( % 

1 •4 tJ , 
ill'!~ 5::'1~1'1 LEV* GBP TGB VGB LTG TPM 

Lll'l'WA51'1:: 5 10 12 5 25 14 

~1~'W<l'W 6 10 3 11 7 20 

1:iJilu5~ 6 6 6 10 7 0 

*LEV=Levetiracetam, GBP=Gabapentin, 'TGB=tiagabine, 

VGB=Vigabatrin, LTG=Lamotrigine, TPM=Topiramate 

Leve tiracetarn il'll <l ti~ h1'Wfll5-i' fl 1'11 

partial epilepsy ~~?!U\il simple partial LL<l:: 

complex partial epilepsy LLUU add-on 

therapy LLil'v::iJ LL'W11 Uilll levetiracetarn 

<ll'il'il:: h'11ii'N<ii!l1M-i'u generalized epilepsy 

Lm:: 1i'L \'Jum L~u11iii'~\il1lJ uvi'IJru::iiu~ 1.J 

1iii'-i'u<iul7~1.,,1?i1 ua<i~mrumr~n 'IJ'Wl\il 
' ..J 0 <:!I 

'IJ<l~ levetiracetarn 'YJU'W::'Wll'J<l 500-

5000 ilfl/i''W LLU~LM"Jtrn:: 2 1'1~1 
Levetiracetam U'IJ'Wl\ilLU\ill'll lML~<lfl 

~<i 250 iJfl (Lu\il~hl1C~u), 500 lJfl (Lu\il 

am~D~), 750 lJfl (Lu\ilaaiJ) U'1:: 1000 

lJf) c 1u\ilam1) 

levetiracetam 

LLUU add-on therapy 'IJ<l~ levetiracetam 

Li'lm1m 12-14 atl\il1ll1'W~U11'1 partial 
.JJ' ' <V 

epilepsy 'Yl\il<l\iHlfl155fllf1 (refractory) 3 

fl15Afllfl faum5tfiil levetiracetarn 'IJ'Wl\il 

vii~ 'l Lv11 tl1 'WLLN'Wfl15-i'nw1li1i'm1nw1 

hl'l<iiJifn?iil\il 5u<i~fi <imLi.\'1 m5Anm 
" 

LL5fl (N051) Yhl'W~htJL\ill'lfl15LfilJ 
levetiracetam 'IJ'Wl\il 1000 lJfl!i''W LL<i:: 

2000 iJ1111u Ltl~urnV\uui\'umM<i<in" 

(N132) 
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m:iflml\il!Jfll'HvllJ levetiracetam 'IS'Wl\il 

1000 lJf1/llJ LL<l~ 3000 lJf1/llJ LU~!JU 
>=>! "" 16 ~ .d 

L1'1 !JUf1U !J1 'VI '1 fl f1 LL'1~ fl1 Wlf11'11'YI '11 lJ 

(Nl 38) Yi11uu hul\ilum-:;tvllJ levetira-
' 

cetam TI'Wl\il 3000 :1J111i'u tu~urnnuu 

tlU!J1'V1'11lf1 i? (;J(lfl1':iAf11'11WUl1 Lu B1twulii' 

'ISB~fl'thu~ilmm-:; partial seizures '1\il'1~ 
• 

:?:50% trn~ :?:7 5% 1um-:;011i;1tmhil' 

'1 .d 0 .., 151617 LL<l\il~B!J lJ':iU'YI 1 LL'1~ 2 \il1lJ'11\ilU ' ' · 
• • 

45 

40 

35 * 
2 30 28 

-c: 
Q) 25 
~ 
a_ - 20 
0 

. 

'1?. 15 0 . 13 
-

10 

5 

0 ~ 

185 

U':i~ll'YI 1l ~rn 'l u partial seizures 

'1Su\illii1~ 'l 

111-:;u-:; ~ d'J u u-:; ~ 1l'YI 1l (;J '1 'Yll~ A l1 il n 

LLUU add-on therapy 'ISfl~ levetiracetam 

1urJthu partial seizures 'liU\il IA (simple 

partial seizures), IB (complex partial 

seizures) LL<l~ IC (partial seizures with 

secondary generalization) l'J'1fl1':iAf11'11 

wu11 levetiracetam lifu-:;~1l'Yllll'J'1<1~<1\il . , 

** 
41 

-** 
32 

-

~ 

Placebo 1000 mg LEV 2000 mg LEV 3000 mg LEV 

25 ** 
22 

20 ** 
17 

"' * c 15 .!!! 12 

"' a_ -0 10 
'.:f. 

5 3 

0 

Placebo 1000 mg LEV 2000 mg LEV 3000 mg LEV 

..J o'd" !!11 d.co! . . > 15,16,17 
~U'YI 2 LU1JWlflJ\il'IS1l~l~fU1!J'YllJfl1fl1':i partial seizures '1\il'1~ _75% 
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lw~U1tl partial seizures ~U\il IC 1B1<N 

:t.JlAB ~illil IB Lrn:; IA \ill:t.J'11tifu 1U~ 3 
" 

U il \il HJ !'I f111ff11fl L\J 'lH'l
0

1 f1 !'I H '!J <l ~ 

Lu <i { L %u !il f111 !'I lil !l~'!l <i~ m 1111~ iii?i'u ni1 

' . . 
f1<l1Jf1111f11'11\il1tl levetiracetam LL1J1J 

.d ft I"' "' w 18 add- on L!.JBL u1tl1JL 'Yltl1Jf11Jtl1'11!l<lf1 

80 
Q) 70 .~ 
a; 
"' 60 
"' * .0 

E 50 43 
_g 

40 <:: 
0 

t5 30 
:J 

"O 17 i" 20 
'if'-

10 <:: 

"' Q) 

0 ::;; 

Type 1 A 
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u-.:;a'Y! ii i:rn 1 unl">L llum tiihn 

i:l f11 )U ):; d1 'Wu):; iJ'Y! 5 w ll 'Y111 A l1 ti f) 

'!J<l~ levetiracetam 1um1Ltlmm~t11 llilu 
Fl .ell I .d QJ 

Lu 1J f11Wlf11'11 \il <l LU <l~ 'ill f1f1111111'11LL1J1J 

."., .Jl •• add-on therapy f:!u1tl'Yl \il11J levetira-

cetam LLUU add-on LUunm 12-14 ilu-

** 
69 

** 36 

Type 1 B Type 1 C 

_1.d -1 .-.,;; "' .,J.,.,.J' ' ' <V w 
':iu'l'I 3 Lu<l1L~1J\ilf111!'1\il!l~'!l<M<llf111'11\il'!l1Jf111f1i'l'Wf1111f11'11\il1tl levetiracetam LL1J1J add-on 
" 

80 

Q) 70 
£ 
a; 60 "' "' .0 

E 50 
e - 40 <:: 
0 u 30 :J 
'O 
i" 20 

:o!2. 0 

<:: 10 "' Q) 

::;; 0 

20 

6 

n=l9 n=IS 
Placebo 

67 

n=l7 n=IS 
2000mgLEV 

68 

n=39 n=38 
4000 mg LEV 

JU~ 4 LUB{L%u!ill'i1n!ll~'!JB~f111!llil!l~'!JB~ partial seizures (Aml:t.Ju1u1~) LL!l:; 

generalized seizures (ABil:t.JUL<lu'Y!:;uu~) \ill!.J'!l'Wl\il'!J<l~ levetiracetam ~1'11'LL1J1J 
,J.,.,QJ ..,. ::;3 '.J' 20 

add-on L!.JBL 'Yltl1Jf11Jtl1'11!l<lf1 ( \il1ll'J!l:;L<Jtllilf111~lf11'11'illf1'111J'!J<l~ L 'W <!'I'll) 
" 
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refractory partial 

seizures <ll!Jl'lfJA11JAl-l 1~ ::0::50% 'ii~ 1~ • 
-i'u m1 fl ei1..1m-i'n'tl1 hA<iu'li'n ~1..1 flii1~-il'1 '1 

1mb~ 12 atl1i1Tlnli'L'11~flbWtMtl1 !eve-

tiracetam 

11..1 fl1'l-i'f1'M1 refractory partial 

seizures LWU~il1~~~fl1tliln 12 atllillM 

fl1'l&ilillil1W:.J'1fl1'j-i'f1'tll'W1Jl1 NU1U 25% 
u 

J1 ww 1 w 
'YI lil'lU levetiracetam '1..lfl1'l'lf1'tl1LLU1Jtn 

L~ u1tl 11 l'l'ill nm fll 'l'IJ fl~ L 'JA au'li'n ei a ei lil 
' ..... 19 

'IJ1~f11'l'lf1'tl1 ' 1 "' flill~ 'lf1elll-I levetira-

cetam i'fo 1ii1~1ueiuil'&\1V11'1l11..1m11m,n • 
. J 1 ,J' partial seizures LL1J1J1l1Lliltl1 '1..l'IJUA~'l..I 

tl1::ll'Y1il 1:rn 1u refractory seizures 

f11 'j ti n 'tlTii"1'h 11..1 N' tl1 u 
u 

refractory . 
seizures VJ~'IJU!il partial LL<!~ generalized 

seizures J1' 1 •• 'YI mlll-11'lfJA11JAl-lfllf11'l lillil1U • 

..... ..... ' ' '21 ' '21 ~ 
'l1Jf11'l'lf1'M1fltlf1fl'1..ILL'11flill~'1..lfltl 3 Llilfl'l..I 

u 

ri fll!V1u1if N'tl1m V1<i1d'il~flf1Gll-I 1 VIL~-i'u 
u u • 

~ 

1Jl11'1flf111'Jfl levetiracetam LLUU add-on 

l'l..1'1~ 2000 l-lf1 LL<!~ 4000 l-lf1 ~fl 1t1Ll'J'1..I 

nm 24 atllil1M f11'lAf1'tllLLfflil~i1 

levetiracetam 1 li'tl1~il'YlilW<i~&\1 '1..lf11'l 

-i'f1'tl1LL1J1J add-on a1111U~U1U refractory 
• 

seizures VJ~'IJU!il partial LL'1~ 
20 w 1 tlJ seizures ~NLL<l'lil~ '1..l'l 'YI 4 

u 

generalized . 
' ~ 

LLel'IJUA~'l..I 

Ievetiracetam if~ 1ii1~1Ufl1..1il'&i1V11?l'1n'tl1 • 
generalized seizures LLUU add-on 'il'1..lf1i1 

'il~il'li' fl" '1 ff'UU'11..11..I U'J::CT'YlilW<l!Jlf) ni1~u 
u • 
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Introduction 

Succinylcholine, a depolarising 
neuromuscular blocker, is used routinely 
to facilitate endotracheal intubation and 
provide muscle relaxatio_n in s~rge7 
including in hypertensive pa!ients . 
Succinylcholine being an ester drug is 
dependent entirely on hydrolysis by 
serum-(pseudo-or butyryl) cholinesterase 
for termination of its action2

. In 
spontaneously hypertensive rats (SHRj. 
abnormalities in a number of hepa!ic 
enzymes have been noted3

• Serum 
cholinesterase enzyme activity may thus 
be altered in spontaneously hypertensive 
rats (SHR) and in hypertension in general. 
The objective of this study was to examine 
the serum cholinesterase activity in SHR 
and in the related norrnotensive Wistar­
Kyoto (WKY) rats. Specifically the 
hydrolysis rate of a model substrate of 
serum cholinesterase (acetylthiocholine) 
was determined' in serum from SHR and 
WKY rats. In addition, the inhibition 
profile of a specific serum cholinesterase 
inhibitor, tetraisopropyl pyrophosphora­
mide, iso-OMPA', was also examined in 
serum from these two groups ofrats. 

Materials and Methods 

Two groups (n = 6) of rats were 
used: spontaneously hypertensive rats 
(SHR) and the related norrnotensive 

Wistar-Kyoto (WKY) counterparts. Blood 
was obtained from these rats under brief 
ketamine/xylazine (50/3 mg/kg i.p.) anaes­
thesia and the harvested serum served as 
the source of the serum cholinesterase 
enzyme whose activity was estimated 
using a spectrophotometric technique 4• 

Briefly this involved hydrolysis of a 
model substrate (acetylthiocholine) to 
yield thiocholine which reacted with a 
colour reagent (5,5-dithiobis-2-nitroben­
zoic acid, DTNB) to form a yellow 
complex which was quantified at 412 nm. 
The rate of hydrolysis of the substrate over 
1 O min was thus a measure of the enzyme 
activity. The hydrolysis was carried ~ut 
under various conditions as assay vana-

. • . 7 
bles influence enzyme act1V1ty . 
Inhibition profile of the enzyme from SHR 
and WKY rats was determined in the 
presence of 10, 100, 500 and 10~0 ~N.1 of 
the specific serum cholinesterase mh1b1tor, 
iso-OMPA; concentration eliciting 50 % 
inhibition (IC50) was then calculated. 
Mean + SEM of the results are presented 
and p < 0.05 were considered statistically 
significant. 

Results 

One day prior to withdrawal of the 
blood sample for enzyme assay the blood 
pressure in SHR and WKY rats was 175 ± 
4 and 146 ± 4 mm Hg respectively (P < 
0.001 ). The hydrolysis of acetylthio-
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choline was substantially faster in serum 
from SHR compared to WKY rats both at 
pH 7.4 and pH 8.0 (Table l); thus the 
serum cholinesterase activity was higher 
in SHR. The elevated serum cholines­
terase activity in SHR was not due to a 
novel or altered cholinesterase enzyme in 
SHR as the iso-OMPA inhibition profile 
of the enzyme was identical in SHR and 
WKY rats; iso-OMPA IC50 from SHR and 
WKY rats did not differ (600 ± 52 µM vs 
620 ± 47µM, P> 0.05). 

Discussion 

Spontaneoulsy hypertensive rats 
(SHR) had elevated serum cholinesterase 
activity compared to normotensive Wistar­
Kyoto rats. This finding is similar to a 
published report where SHR rats had 
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double the serum cholinesterase activity of 
WKY rats6

. Thus the in vivo degradation 
of the ester depolarising neuromuscular 
blocker, succinylcholine, is likely to be 
faster leading to a greater requirement for 
this blocker. If these results are 
extrapolated to human hypertensive 
patients, then a resistance (higher dose 
requirements or more rapid recovery from 
paralysis) to the neuromuscular effects of 
succinylcholine and similar ester 
neuromuscular blockers like mivacurium 
may be expected. Clinical studies in 
hypertensive surgical patients undergoing 
anaesthesia and receiving succinylcholine 
or mivacurium are warranted to determine 
the clinical significance of this in vitro 
finding. 

Table 1 Acetylthiocholine hydrolysis by serum cholinesterase from 
spontaneously hypertensive (SHR) and normotensive (WKY) rats 

Assay Condition Hydrolysis :ate (mole/ L/min x 10'6) 

pH 7.4 (37 °C) 
pH 8.0 (37 °C) 
pH 8.0 (25 °C) 

SHR 

3.60 ± 0.12 
4.19±0.18 
3.33 ± 0.11 

WKY 

2.63 ± 0.07 
3.06 ± 0.11 
2.46 ± 0.08 

p 

< 0.001 
< 0.001 
< 0.001 

Values are mean± SEM, n ~ 6 rats in each group 
(mean of 3 determinations in each rat) 
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Introduction 

Synergism between nondepolari­
sing agents mivacurium and pancuronium 
has been observed in patients 1 and 
vecuronium potentiated mivacurium' s 
action in vivo2

• However, interactions 
between mivacurium and other blockers 
were also simply additive'·'. Depolarising 
agent succinylcholine intensified pancuro­
nium5 and vecuronium6 block but also had 
no effect on mivacurium's action7

•
8

• Thus 
combinations of neuromuscular blockers 
may produce either additive or synergistic 
effects. This study specifically examined 
interactions between mivacurium-vecuro­
nium and mivacurium-succinylcholine in 
vitro using the rat phrenic nerve-hemi­
diaphragm muscle preparation. 

Materials and Methods 

Rat hemi-diaphragms ·with attached 
phrenic nerves were mounted in 3 7 ° C 
organ baths containing pH 7.4 Kreb's 
buffer'. Supramaximal electrical stimuli 
(0.1 Hz, 0.2 msec duration) were delivered 
to the nerve and paralysis-concentration 
curves were constructed for mivacurium 
(Mv), vecuronium (Ve) and succinyl­
choline (SCh) in three sets of eleven 
preparations to yield concentrations at 
50% paralysis (EC50), defined as one dose 
equivalent unit, after fit to sigmoid Em,. 
(Hill) equations. Eight preparations were 

then used to generate three points on the 
isobole for Mv-Vc and Mv-SCh 
combinations in ratios of 1:1, 1:3 and 3:1 
of their EC50. For each interaction study, 
individual drugs were also used in 24 
preparations with concentrations of 0.2, 
0.4, 0.8, 1.2 and 1.6 of their EC50 to 
construct their concentration-response 
curves. EC50 estimates (± SEM) for each 
blocker were compared using ANOV A 
and Fisher's LSD test. Neuromuscular 
blocker interactions were assessed by 
constructing isobolograms10 by plotting 
the fraction of EC50 of the single drugs on 
the dose unit co-ordinates together with 
the EC50 of the various blocker 
combinations in the chosen dose field, If 
.the fraction of EC50 of a combination fell 
on the theoretical additive line, the effect 
of the drug mixture was additive, if points 
fell below the additive line, the interaction 
was synergistic and if the points fell above 
the line an antagonistic interaction was 
postulated. Single drug EC50 values were 
compared with the drug-drug EC50 values 
by unpaired t-test, P<0.05 was considered 
significant. 

Results and Discussion 

Mivacurium, vecuronium and suc­
cinylcholine concentrations at 50% 
paralysis (EC50) were 3.26 ± 0.07, 3.01 ± 
0.13 and 9.76 ± 0.52 µM respectively. 



192 

Mivacurium and vecuronium were equi­
potent but succinylcholine was one-third 
as potent as mivacurium and vecuroninm 
(P<0.001). 

Experimentally determined EC50 of 
a mivacurium-vecuronium combination at 
a dose ratio of 3: I fell significantly below 
the corresponding theoretical additive 
point (Table I), indicative of synergism 
between these two blockers at this dose 
ratio. Interactions of mivacurium and 
vecuronium at 1: 1 and I :3 dose ratios 
were simply additive (Table 1 ). EC50 

ratios of mivacurium and succinylcholine 
at all three dose combinations did not 
deviate significantly from the corres­
ponding theoretical additive points, 
indicating simple additive interactions 
between mivacurium and succinylcholine 
(Table I). 

Table 1 Fraction ofEC50 values for 
Mv-Vc and Mv-SCh combinations 

Blocker Fraction ofEC50 

Combination Theoretical Experimental 

Mv-Vc (1:1) 
Mv-Vc (1:3) 
Mv-Vc (3:1) 

Mv-SCh (1:1) 
Mv-SCh (1 :3) 
Mv-SCh (3: 1) 

1.03 ± 0.03 
1.05 ± 0.04 
1.02 ± 0.03 

1.00 ± 0.03 
I.OJ ± 0.03 
I.OJ ± 0.03 

0.98 ± 0.05 
0.94 ± 0.04 
0.88 ± 0.03' 

1.05 ± 0.04 
1.04 ± 0.03 
1.06 ± 0.04 

Values are mean± SEM; 'P< 0.05 compared 
to theoretical additive value; n ~ 8 for each 
combination 

A 3: I dose ratio combination of 
mivacurium with vecuronium was 
synergistic but not at the I: I or 1 :3 dose 
ratios. The synergism was, however, 
minor and unlikely to be clinically 
significant and may be due to binding at 
both pre- and post-synaptic sites at the 
neuromuscular junction 1 

• This in vitro 
result is generally consistent with similar 
observations in vivo where combinations 
of structurally dissimilar neuromuscular 
blockers (e.g. vecuronium and mivacu­
rium) were synergistic'·'. Interactions 
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between mivacurium and succinylcholine, 
both ester drugs, but the former a 
depolarising agent and the latter a non­
depolarising agent were simply additive at 
all three dose ratios studied. 
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Painless way of seeing into body wins Nobel 
Prize 

Two scientists, Paul Lauterbur of the United 
States and Peter Mansfield of Britain, who 
developed a non-invasive method of imaging 
internal human organs (magnetic resonance 
imaging: MRI) that has revolutionized medical 
diagnosis won the 2003 Nobel prize for 
medicine. Lauterbur1s and Mansfield's 
discoveries led to the development of modem 
MRI, a painless method yielding three­
dimensional images of organs inside the human 
body. The now-routine technique makes it 
possible to see the extent of a tumor, localize an 
inflammation in the nervous system, or even see a 
beating heart. MRI has helped replace invasive 
examinations and reduced risk and discomfort for 
millions of people going through medical tests 
ahead of surgery. The laureates' innovations are 
based on the discovery of the magnetic resonance 
phenomenon, or how atomic nuclei rotate in a 
magnetic field, 30 years earlier. Felix Bloch and 
Edward Mills Purcell won the Nobel physics 
prize on this finding in 1952. Until Lauterbur's 
and Mansfield's studies in the early 1970s, which 
lead to practical applications a decade later, 
magnetic resonance was used mainly for studying 
the chemical structure of substances. Lauterbur 
found a way to create two-dimensional pictures 
by introducing radients in the magnetic field and 
build pictures of structures that could not be 
visualized with other methods. Mansfield, a 
professor of physics at the University of 
Nottingham in England, showed the signals could 
be analyzed mathematically, which made it 
possible to develop an imaging technique. More 
than 60 million MRI examinations are carried out 
each year and there are some 22,000 MRI 
cameras globally. 

[http://www.reuters.com/newsArticlejhtml?type 
~topNews&st01yJD~3562605] 

Flu vaccine safe for asthma patients 

A shot of the flu vaccine doesn1t seem to cause 
serious side effects in patients with asthma or 

with another lung condition called cluonic 
obstructive pulmonary disease (COPD). Use of 
the influenza vaccine in patients with chronic 
lung diseases is suboptimal, in part, because of 
concerns that it may induce flare-ups. Although 
a few studies have provided reassuring safety 
data, various issues have limited their ability to 
reach definitive conclusions. The new findings 
are based on a study of 12,000 older patients with 
asthma or COPD who did or did not receive the 
flu vaccine in the UK between 1991 and 1994. 
Vaccinated patients often had a lung diagnosis 
recorded or received an asthma drug on the day 
of vaccination. I-Iowever, there was no evidence 
of an increased risk of lung problems within two 
weeks of vaccination. The researchers conclude 
that routine influenza vaccination in the general 
UK population of older individuals with asthma 
or COPD did not increase the short term rate of 
lung problems or the need for related drugs. 

[Thorax 2003;58:835-9} 

Selenium may raise skin cancer risk 

In patients with a history of skin cancer other 
than melanoma, the use of selenium supplements 
does not appear to prevent the recurrence of two 
other types of skin cancer--basal cell and 
squamous cell cancer--and may actually raise the 
risk of squamous cell cancer. The initial results 
from the Nutritional Prevention of Cancer Trial 
reported in 1996 showed that selenium use did 
not influence the rate of nonmelanoma skin 
cancer in individuals who were at risk for this 
type of cancer. However, the new findings, which 
are based on three additional years of follow-up, 
suggest that use of the selenium, an antioxidant, 
may promote certain cancers. These findings run 
counter to the results of animal studies that 
indicate a protective effect for selenium and other 
antioxidants. The study involved 1312 patients 
with a history of nonmelanoma skin cancer who 
were randomly assigned to receive daily 
supplementation with selenium 200 micrograms 
or placebo ('1sugar pilln). In agreement with the 
initial results, selenium use was not associated 
with the risk of basal cell cancer. However, use 
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of the antioxidant seemed to raise the risk of 
squamous cell cancer. Selenium users were 25o/o 
more likely to develop this malignancy than 
nonusers. These findings should be viewed along 
with the overall i1npact of selenium 
supplementation as a potential cancer-preventing 
agent, the authors note. Prostate cancer 
prevention trials that are now underway, 
including one testing selenium supplementation 
in men with precancerous cells in the prostate. 

[J Natl Cancer Inst 2003;95:1477-81] 

U.S. FDA approves radiation contamination 
drug 

The U.S. Food and Drng Administration 
approved a German cornpany1s drug treatment for 
certain kinds of radiation contamination. 
Radiogardase, known as Prussian blue, could be 
used to treat people exposed to harmful levels of 
cesium-13 7 or thallium. The agency has been 
asking for companies to come up with treatments 
for potential chemical, biological and nuclear 
weapons. The approval of Radiogardase was 
part of FDA1s. continuing efforts to provide the 
American public with medical countermeasures 
in the event of a terrorist attack. Cesium-13 7 or 
thallium can be eaten, inhaled, get into wounds, 
and fatal in high doses. LOwer doses can cause 
cancer. Its potential use as a component of a 
conventional explosive device containing 
radioactive material, commonly called a 1dirty 
bomb. It had also found that pentetate calcium 
trisodium (Ca-DTPA) and pentetate zmc 
trisodium (Zn-DTPA) can safely decontaminate 
people exposed to radioactive isotopes of the 
elements plutonium, americium and curium. 

[http :I lwww.medscape.com/viewarticle/4 62 519 J 

Compound slows Parkinson's Disease in mice 

An organic chemical called a ketone body 
protects brain neurons in a mouse model of 
Parkinson1s disease. Parkinson disease occurs 
when specific kinds of brain cells die. Patients 
with the disorder develop involuntary movements 
and tremor that progress over time because the 
brain cells no longer produce a chemical called 
dopamine. Although there is no evidence yet that 
treatment with ketone bodies would be safe or 
feasible in humans, related strategies may 
someday be used to slow the progression of 
Parkinson's disease. According to the report, the 
neurotoxin MPTP causes symptoms similar to 
those of Parkinson1s disease when injected into 
mice. It does so by preventing brain neurons from 
using oxygen. However, when the mice were 
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treated continuously with infusion of the ketone 
D-beta-hydroxybutyrate (DBHB), beginning 
prior to treatment with MPTP, the neurons could 
use oxygen by using a different chemical 
pathway, and not as many brain neurons died. 
The mice could keep their balance better and run 
longer. Another way to increase ketone levels in 
the body is to follow a "ketogenic" diet that 
results in production of the compounds and is 
sometimes used to help treat epilepsy. The diet 
begins with a period of fasting to simulate 
starvation during which time water or sugar-free 
beverages are consumed. After that, a highly 
restricted diet is started. Because the diet 
involves eating a lot of fat, patients are at risk for 
developing dangerously high cholesterol levels, 
which can trigger heart disease. These diets 
should only be tried while under the supervision 
of a doctor 

[JC/in Invest 2003;112: 892-901} 

Effective methadone dose does not harm 
newborns 

Treating heroin-addicted pregnant women with 
the most effective dose of methadone does not 
increase their infants1 symptoms of withdrawal 
after they are born. Instead, methadone appears 
to reduce risks to both mother. and infant by 
preventing illicit drug use. Methadone is often 
substituted for heroin and other opiates when 
patients are treated for their addiction. When the 
methadone dose is high enough, it blocks the 
effects of heroin and reduces addicts1 craving for 
the drug. Many physicians believe that 
methadone doses should be kept no higher than 
20 milligrams per day when women are pregnant. 
But effective doses for pregnant women range 
from 50 to 200 mg daily. Therefore, the 
researchers examined the records of 100 mother­
newbom pairs treated in their comprehensive 
program for drug-addicted pregnant women. 
Methadone doses ranged from 20 to 200 mg per 
day. Their study differed from previous research, 
because it examines higher average doses and the 
last dose prior to delivery. They also scored the 
newboms1 withdrawal problems using an 
objective ineasure of clinical signs and 
symptoms, called the Newborn Abstinence Score 
(NAS). Birth weight, highest NAS, presence of 
neonatal withdrawal, and average duration of 
treatment for withdrawal did not differ 
significantly between the higher doses and lower 
doses of methadone. Prior research 
demonstrated that methadone has no long-term 
effects on the fetus, just short-term withdrawal, 
which occurred in 60 percent of the babies. 
Effective maintenance prevents drug hunger and 
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craving and blocks the euphoric effect of illicit 
drugs. As a result, the fetus is not exposed to 
erratic maternal opioid levels, protecting it from 
repeated episodes of withdrawal. Furthermore, by 
preventing drug-seeking behavior, women are 
less likely to engage in prostitution or other 
behaviors that increase their risk of HIV, 
hepatitis infection, and other sexually transmitted 
diseases. Heroin-addicted women should check 
into a program that not only helps them with their 
symptoms of withdrawal, but also addresses 
psychological and social issues. 

[Am J Obstet Gynecol 2003;189:312-7} 

Spinal fluid proteins may help identify 
Alzheimer's 

The ratio of one protein to another in spinal fluid 
may help diagnose Alzheimer's disease (AD). 
The two proteins, phosphorylated tau protein 
(phospho-tau) and beta-amyloid peptide-42 (A­
beta-42), have already been linked to Alzheimer's 
disease. Measuring levels of either one in spinal 
fluid has not proven useful in diagnosing AD. 
However, it is possible that calculating the ratio 
of one to the other could be helpful in diagnosing 
the condition. To investigate, the researchers 
detc1mined the ratio of phospho-tau to A-beta-42 
in 100 patients being evaluated for mental 
decline and 31 healthy control subjects. 30 
patients were diagnosed with non-AD mental 
decline, 19 with other nerve disorders and 51 
with AD. The protein ratio was much higher in 
AD patients than in the other subjects. At least 80 
percent of the time the ratio cotTectly identified 
people with AD, while at least 73 percent of the 
time it correctly identified people without AD. 
The investigators maintain that multiple areas of 
research are required before the potential role of 
the ratio in clinical practice can be defined. If 
clinical diagnoses and those based on the marker 
have si1nilar accuracy, the relative cost and 
convenience of the biomarker and clinical 
assessment should be compared. 

[Arch Neural 2003;60:1202-6} 

Baclofen helpful in GERD refractory to 
proton pump inhibitors 

Baclofen may treat gastroesophageal reflux 
disease (GERD) refractory to proton pump 
inhibitor (PP!) therapy, even in patients with 
duodenal reflux. Acute administration of the 
gamma-aminobutyric acid8 (GABA8 ) receptor 
agonist baclofen can inhibit the occurrence of 
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transient lower esophageal sphincter relaxations, 
thereby significantly decreasing acid reflux after 
a meal. It seems conceivable therefore that 
treatment with baclofen might also reduce 
exposure of the distal esophagus to duodenal 
reflux. This study emolled 16 patients with 
persistent heartburn or regurgitation for at least 
three months despite PP! therapy. There were 11 
women and five men; n1ean age was 46 ± 3 years; 
and seven patients had erosive esophagitis, 
including five with grade 1 and two with grade 2. 
While continuing PP! therapy, patients received 
baclofen 5 mg three times daily, and the dosage 
was increased by 5 mg every fourth day to a 
maintenance dose of 20 mg three times daily. 
During PP! therapy alone, all patients had nmmal 
acid exposure (0.3% of the time; range, 0.05%-
2.2%) but pathological duodenal reflux exposure 
(13.8% of the time; range, 11.8%-15.5%). After 
addition of baclofen 20 mg three times daily, acid 
exposure was similar (0.4o/o of the time; range, 
0.15%-2.3%; P ~ N.S.) but duodenal reflux was 
significantly less (6.1% of the time; range, 0.8%-
10.3%; P < .05). The total number of duodenal 
reflux episodes decreased from 23 (range, 14.5-
34) to 12 (range, 5-21; P ~ .06), while the 
nun1ber of duodenal reflux episodes lasting 
longer than five minutes decreased from 5 (range, 
3-8) to 2 (range, 0.5-4.5; P < .05). The 
cumulative severity score for 14 reflux symptoms 
decreased from 10.3 ± 1.7 to 5.8 ± 1.3; P < .01). 
Four patients reported mild adverse events of 
nausea or drowsiness. The GABA8 receptor 
agonist baclofen improves duodenal reflux and 
associated reflux symptoms that persist during 
PP! therapy. These observations confirm that 
baclofen can inhibit reflux during repeated 
administration and suggest a therapeutic potential 
as an add-on in GERD patients with incomplete 
relief by acid suppression. 

[Gut 2003;53: 1397-1402} 

Continuous GLP-1 infusion maintains 
glycemic control in elderly 

Continuous infusion of glucagon-like peptide 
(GLP-1) successfully maintained glycemic 
control in elderly patients who were previously 
controlled on oral hypoglycemic agents. The 
treatment group had fewer hypoglycemic events, 
greater insulin release in response to glucose, and 
greater rate of glucose disposal. GLP-1 is an 
insulinotropic gut honnone that, when given 
exogenously, may be a useful agent in the 
treatment of type 2 diabetes. The investigators 
previously demonstrated that GLP-1 has 
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insulinotropic activity in elderly diabetic patients 
and it enhances their insulin- and non~insulin­
mediated glucose uptake. Because of its ability to 
ameliorate multiple metabolic defects and 
because hypoglycemia might not be an issue, 
GLP-1 and its analogs may prove to be valuable 
therapeutic agents in this population. Of 16 
patients with type 2 diabetes who were being 
treated with oral hypoglycemic agents, eight 
patients continued on their usual treatment and 
eight patients discontinued hypoglycemic 
medications and received a continuous 
subcutaneous infusion of GLP-1 for 12 weeks at 
a maximum dose of 120 pmol/kg/hour. Primary 
end points were HbAlc levels and capillary 
blood glucose (CBG) determinations. HbAlc 
levels (7.1%) and body weight were stable in 
both groups. Although the usual-treatment group 
had 87 CBG measurements of3.6 mmol/L during 
the study, the GLP-1 group had only one such 
measurement (3.5 mmol/L). GLP-1 infusion did 
not affect fasting plasma ghrelin levels, but it 
enhanced glucose-induced insulin secretion (from 
119 ± 21 pmol/L to 202 ± 51 pmol/L; P < .05) 
and insulin-mediated glucose disposal (from 29.8 
± 3.3 µmol/kg/min to 35.9 ± 2.3 µmol/kg/min; P 
< .01). A GLP-1 compound is a promising 
therapeutic option for elderly diabetic patients. 
Long-term administration of GLP-1 by 
subcutaneous infusion using currently available 
pumps is impractical for many patients. To allow 
this therapy to have broader clinical utility, newer 
delivery systems, dipeptidyl peptidase IV 
resistant analogs, or agonists of the GLP-1 
receptor need to be developed. 

[Diabetes Care 2003;26:2835-2841] 

Once-daily levofloxacin effective for chronic 
bacterial prostatitis 

Once-daily levofloxacin is as effective as 
ciprofloxacin taken twice daily for 28 days for 
the treatment of chronic bacterial prostatitis. 
Aerobic gram-negative enteric bacteria ( eg, 
Escherichia coli) have been recognized as the 
most prevalent etiologic agents of bacterial 
prostatitis, and the role of gram-positive bacteria 
has been controversial. Because of their broad 
spectrum activity and preferential accumulation 
in prostatic fluid, fluoroquinolones have become 
the standard of care for chronic bacterial 
prostatitis. In this active-control trial, 377 men 
with a history of chronic bacterial prostatitis, 
cu1Tent clinical signs and symptoms, and 
laboratory evidence of prostatitis were 
randomized to treatment with levofloxacin 500 
mg once daily or ciprofloxacin 500 mg twice 
daily for 28 days. The primary end point was 
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microbiologic efficacy. The rate of clinical 
success, defined as cured plus improved patients, 
was 75% for levofloxacin and 72.8o/o for 
ciprofloxacin (95% confidence interval [CI] for 
the difference in the success rates, -13.27 to 
8.87). Microbiologic eradication rates were also 
similar in both groups (75% for levofloxacin and 
76.8% for ciprofloxacin; 95% CI for the 
difference, -8.98 to 12.58). The most common 
isolates were Enterococcus faecalis and E. coli. 
Both regimens were well tolerated, with similar 
rates of adverse events and of relapse by six 
months. Study limitations include continued 
symptoms in some patients in each treatment 
group despite eradication of the pathogen at the 
posttherapy visit, and isolation of bacteria in 
some patients who were considered to have 
clinical success. This suggests that in chronic 
bacterial prostatitis, clinical cure and eradication 
of pathogens may not always correlate. Isolation 
of a high proportion of gram-positive organisms, 
as well as gram-negative pathogens, underscores 
the necessity of choosing an antimicrobial agent 
with broad-spectrum activity. 

[Urology 2003;62:537-541] 

Gamma vinyl-GABA may be effective in 
cocaine addiction 

The antiepileptic drug gannna-vinyl-GABA 
(GVG; vigabatrin) may be effective for the 
treatment of cocaine addiction. Based on animal 
models suggesting that GVG blocks the rise in 
dopamine levels produced by cocaine, nicotine, 
and other addictive substances, the state of Baja 
California and the Mexican federal government 
approved an investigator-initiated clinical trial. 
In the first week of this eight-week trial, 20 
addicts (19 men and one woman) who had been 
using cocaine five to seven days weekly for three 
to 15 years received escalating.doses ofGVG up 
to a maximum of 3 g daily, followed by a daily 
maintenance dose of 4 g. To continue in the 
study, subjects had to remain free of cocaine for 
28 consecutive days. The dose of GVG was then 
tapered by 1 g per day per week for each of the 
following three weeks. Subjects received twice­
weekly urine drug testing and regular 
psychosocial counseling. Eight subjects dropped 
out in the first 10 days of the trial to resume 
cocaine use. Of the 12 remaining subjects, eight 
(40% of enrollees) completed the trial and were 
tapered off GVG. All eight of these subjects 
remained cocaine-free for at least 46 to 58 days 
after treatment ended, and they reported that their 
craving for cocaine was eliminated within two to 
three weeks and did not return even after they 
tapered off GVG. They showed profound 
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behavioral improvements in self-esteem, family 
relationships, and work activities. Of the four 
subjects who re1nained in the study more than 10 
days but did not withdraw fro1n cocaine, three 
reduced their cocaine use by 50°/o to 80o/o. The 
results suggested that this drug, in combination 
with psychosocial therapy, offers a potential 
treatment for cocaine addiction. Although visual 
field defects are reported in 30% to 40% of 
patients on long-term therapy with GVG, none of 
the subjects in this study developed this adverse 
event. Daytitne sleepiness and headaches 
associated with GVG use occasionally persisted 
for several weeks but did not cause subjects to 
drop out of the study. All subjects who withdrew 
fro1n cocaine gained weight. A large double­
blind, placebo-controlled trial are need to 
confirm and extend these results. 

[Synapse 2003;50:261-265] 

Higher dose, longer use of inhaled steroids 
linked to cataract risk 

Higher dose and longer use of inhaled steroids 
increases the risk of cataracts, according to the 
results of a population-based case-control study 
published in the October issue of the British 
Journal of Opthalmology. The authors 
emphasize the importance of being aware of this 
complication and using the lowest effective dose 
to prevent asthma symptoms. Using the U.K.'s 
General Practice Research Database, the 
investigators identified 15,479 patients with 
cataract older thau 40 years aud 15,479 control 
patients without cataract matched for age, sex, 
medical practice, and observation period. 
Among those with cataract, nearly 11.5% had 
been prescribed inhaled steroids ·compared with 
nearly 7.5% of controls. The risk of cataract 
increased in a dose-related fashion, with little or 
no apparent increased risk for those taking a daily 
dose less thau 400 µg (adjusted odds ratio [OR], 
0.99; 95% confidence interval (CI], 0.87 - 1.13), 
but with au increased risk of 69% for those taking 
doses greater thau 1600 µg a day (adjusted OR, 
1.69; 95% CI, 1.17 - 2.43). Risk of cataract also 
rose with increased duration of inhaled steroid 
use. These risks need to be considered in the 
light of the large beneficial effects value of 
inhaled corticosteroids to many patients with 
asthma and to some patients with chronic 
obstiuctive pulmonary disease. While lower 
doses have not been shown to be completely 
without risk, there is good evidence to suggest 
that lower doses are associated with a reduced 
risk of adverse effects. The risk of cataract 

associated with high 
corticosteroids needs to 
recognized. 

doses 
be 

of 
more 

[Br J Ophthaimo! 2003;87:1247-51] 

Alfacon-1 plus steroids leads to rapid 
improvement in SARS 
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inhaled 
widely 

First use of an interferon drug approved for 
treating hepatitis C, administered with steroids, 
led to more rapid improvement in many of the 
patients among the first 19 who received it during 
the Toronto outbreak of severe acute respiratory 
syndrome (SARS). Previous in vitro work by 
U.S. Army researchers had demonstrated that the 
consensus interferon alfacon-1 was the most 
active of the interferons against SARS. So when 
the second wave of SARS hit, the Toronto team 
elected "to cautiously treat11 patients with 
probable SARS with alfacon-1 in combination 
with steroids, and evaluate the drug combination 
for safety aud possible efficacy. Patients had to 
have progressive deterioration of their respiratory 
status in the proceeding 48 hours 11 and confirmed 
radiologic deterioration during the same period. 
Dosing consisted of 9 µg of alfacon-1 
administered subcutaneously on a daily basis for 
10 days. Patients who did not exhibit clinical 
signs of improvement after day 2 were increased 
to a dose of 15 µg per day. The steroid 
component followed the Hong Kong protocol, 
usmg a high dose of 500 mg of 
methylprednisolone for three days, followed by a 
round of taper. The first nine patients were 
compared with a historic control group of 13 
patients in the first outbreak who had received 
only sieroids. Baseline characteristics of the 
groups were similar. The researchers presented a 
Kaplan-Meier analysis of time to 50o/o resolution 
from peak chest radiograph abnormality. The 
group receiving only steroids required 11.5 days 
to reach that milestone, while those receiving 
combination therapy took four days (P ~ .001, 
Log rank). They also had higher oxygen 
saturation compared to controls, and had a more 
rapid resolution of the need for supplemental 
oxygen (P ~ .02, Log rank). There was a 
predictable drop in absolute neutrophil count 
associated with use of interferon, 11 which was not 
clinically significant and resolved after drug 
cessation. After those positive preliminary 
results, I 0 additional patients were treated with 
the alfacon-1 aud methylprednisolone 
combination. A salvage effort with six intubated 
patients in intensive care raised concerns of the 
risk of cytokine blast. The invesgitors decided to 
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begin with a low dose and then escalated the 
dose. Therefore, there was no clinical evidence of 
cytokine blast or serious adverse events. Four of 
the six ICU patients treated late in disease died, 
while those treated earlier survived. So any 
antiviral used should be used early in disease. 
No adverse effects commonly associated with the 
use of interferon concomitant with steroids was 
not seen. The results suggest that interferon 
alfacon-1 warrants further prospective 
investigation as a treatment for SARS. Because 
the drug is approved for sale as a treatment for 
hepatitis C, there should be no question of 
availability for off-label use in the event of 
subsequent outbreaks of SARS. 

[http :I lwww.medscape.com/viewarticle/461698 J 

Glucose-insulin-potassium infusion saves some 
lives after myocardial infarction 

Glucose-insulin-potassium (GIK) infusion saves 
some lives after myocardial infarction. As 
adjunctive therapy to primary coronary 
transluminal angioplasty (PTCA), this treatment 
reduced mortality in patients without heart 
failure, but not in all patients. Since the early 
1960s, GIK infusion has been advocated as 
therapy in the early hours after acute myocardial 
infarction. The main effect of the GIK infusion 
was considered to be the beneficial effect of 
administration of glucose to the ischernic 
myocardium. From April 1998 to September 
200 I, 940 patients with acute myocardial 
infarction eligible for PTCA were randomized to 
receive continuous GIK infusion for 8 to 12 
hours or no infusion. Mortality at 30 days was 
23 (4.9%) of 476 patients in the GIK group and 
27 (5.8%) of 464 patients in the control group 
(relative risk [RR], 0.82; 95% confidence interval 
[CI], 0.46 - 1.46). In a subgroup of 856 patients 
(91.1%) in Killip class I who had no signs of 
heart failure, 30-day mortality was 5 (1.2%) of 
426 patients receiving GIK and 18 (4.2%) of 430 
patients not receiving GIK (RR, 0.28; 95% CI, 
0.1 - 0.75). In 84 patients (8.9%) who had signs 
of heart failure and were in Killip class 2 or 
greater, 30-day mortality was 18 (36%) of 50 
patients who received GIK infusion and 9 
(26.5%) of 34 controls (RR, 1.44; 95% CI, 0.65 -
3.22). Other than possible volume overload in 
patients with heart failure, there were no adverse 
effects of GIK infusion. Study limitations 
include insufficient power to detect a significant 
difference in mortality based on relatively small 
sample size in some subgroups, lack of correction 
for multiple comparisons, and open-label design. 
GIK as adjunctive therapy to PTCA in acute MI 
did not result in a significant mo1iality reduction 
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in all patients. The effect of GIK infusion in 
patients with signs of heart failure· (Killip class 
>!~ 2) at admission is uncertain. In the subgroup 
without heart failure, a significant reduction was 
seen. Relatively high infusion rate of GIK may 
explain the lack of benefit of this therapy in 
patients with heart failure. Additional research to 
resolve the issues of whether GIK infusion is 
beneficial in all patients with acute myocardial 
infarction and in subgroups with shock or 
congestive heart failure. 

[J Am Coll Cardiol 2003;42:784-91} 

Pharmacologic blockade of the renin­
angiotensin system: vascular benefits beyond 
commonly understood pharmacologic actions 

Angiotensin-converting enzyme (ACE) inhibitors 
and angiotensin II receptor blockers (ARBs) are 
recognized primarily for their use in 
hypertension, in heart failure, and after 
myocardial infarction. New evidence, particularly 
with ACE inhibitors, has shown their ability to 
reduce acute coronary events associated with 
atherosclerosis in patients without a history of the 
aforementioned cardiac conditions. This is likely 
due to inhibitory effects on the renin-angiotensin 
system -- a system that adversely influences 
fibrinolytic balance, vascular endothelial 
function, and vascular inflammation, all key 
components of atherosclerotic progression and 
adverse coronary outcomes. Results of various 
studies suggest favorable effects of ACE 
inhibitors and ARBs on markers of these 
components, including effects on plasminogen 
activator inhibitor-I, endothelin-1, and nitric 
oxide by ACE inhibitors, and effects on vascular 
cell adhesion molecule-I and C-reactive protein 
by ARBs. Although early evidence suggests that 
ACE inhibitors may provide a greater beneficial 
effect on some of these markers compared with 
ARBs, and that certain ACE inhibitors may 
provide greater vascular benefits than others, 
further investigation is required to verify such 
findings. Overall, understanding the distinct 
coronary vascular benefits of these agents will 
emphasize the importance of using them, 
particularly ACE inhibitors, to improve outcomes 
in patients with coronary atherosclerotic disease. 

[Pharmacotherapy 2003;23:1141-1152] 

Acetaminophen intoxication and length of 
treatment: How long is long enough? 

The currently recommended dosing scheme for 
treating acetaminophen overdose in the United 
States consists of a loading dose of oral N-
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acetylcysteine 140 mg/kg, followed by 70 mg/kg 
every 4 hours for 17 doses, for a total of 72 hours 
of oral N-acetylcysteine therapy. This protocol 
has been both effective and safe. We critically 
evaluated the evidence that supports reducing the 
course of N-acetylcysteine therapy from 72 hours 
to 24 or 36 hours. This shorter regimen offers 
important benefits for both the patient and the 
patienfs family, such as increased drug 
tolerability and reduced hospital stay. Patients 
who intentionally ingested acetaminophen with 
hannful intent could receive appropriate 
psychosocial treatment more quickly. In addition, 
shorter courses of N-acetylcysteine therapy have 
positive financial ramifications by reducing the 
hospital stay by I or 2 days. Clearly, a shorter 
treatment regimen would not be appropriate for 
all patients, particularly those who seek treatment 
late (> 24 hrs after ingestion) and those with 
evidence of organ toxicity. In order to provide 
the necessary evidence to support a change in 
accepted clinical practice, further investigation 
on the safety and efficacy of a shorter N­
acetylcysteine regimen should be conducted by 
clinical researchers in a controlled manner. 

[Pharmacotherapy 2003;23:1052-1059] 

Smoking marijuana lowers fertility, study 
shows 

Sperm in men who smoke marijuana regularly 
lose stamina and bum out which may prevent 
conception. The study by the State University of 
New York in Buffalo, New York, is the first to 
focus on the swimming patte1ns of sperm in men 
who smoke marijuana, and found that the sperm 
from marijuana smokers were moving too fast 
too early. To attach itself to the egg, the sperm 
has to swim like mad, thats hyper activation, and 
they have to be vigorous at the right time. 
Smoking marijuana messes up the natural 
regulatory system. These sperm will experience 
burnout before they reach the egg and would not 
be capable of fertilization. The study, released at 
the annual conference of the American Society of 
Reproductive Medicine in San Antonio, found 
that men who smoke marijuana have less sperm 
because of lower quantities of seminal fluid 
compared to fertile men. One of the ingredients 
of marijuana, tetrahydrocarrnabinol, or THC, is 
the psychoactive chemical that causes people to 
feel "high." The speed, volume, shape, density, 
movement and count of sperm were studied in 
both men :whose sperm is fertile and marijuana 
smokers. A previous study found that the 
enzyme cap of human sperm changed when 
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exposed to high levels of THC. As a result, the 
sperm has a harder time attaching to the egg 
before fertilization. Even if people stop smoking 
marijuana, THC gets stored in the body fat and 
may take several months before leaving the body. 

[http://www.reuters.com/newsArtic/ejhtml?type 
~hea/thNews&storyID~3604610} 

Stem cells repair heart attack damage 

After a heart attack, infusing stem cells into the 
coronary arteries that supply blood to the heart 
muscle leads to a reduction in the area of heart 
damage. Moreover, heart function improves after 
the treatment. Stem cells are early-stage cells 
that can go on to become several different types 
of tissue. The investigators isolated stem cells 
from the bone marrow or blood of 28 heart attack 
patients and about four days later infused the 
cells into the coronary artery that caused the heart 
attack. The size of the damaged area of the heart 
fell significantly over the following four months. 
The reduction in damage size related directly to 
improvements in cardiac function. Prior to the 
infusions, the investigators had assessed the 
capacity of the stem cells to migrate in response 
to chemical signals produced by the body. They 
found that migratory capacity, but not the 
number, of infused cells strongly predicted the 
reduction in size of the area of heart damage. 
Therefore, it might be useful to evaluate 
migratory capacity in order to predict functional 
improvement after infusion of the cells into 
patients1 hearts. Risk factors for heart disease, 
such as high cholesterol and age, have a negative 
effect on the migratory capacity of the circulating 
stem cells, but lipid-lowering statin drugs can 
improve cell function. Therefore, current studies 
are focusing to determine the molecular 
mechanisms regulating the migratory capacity in 
order to optimize stem cell function. In addition, 
the investigators have a large ongoing program to 
treat patients with chronic heart failure in a 
similar way. Large randomized trials are 
required to unequivocally demonstrate long 
lasting effects of this treatment. 

[Circulation 2003 Oct 13 [Epub ahead of 
print]. 

Magnesium in diet may alter heart disease 
risk 

Greater intake of magnesium, one of the minerals 
recommended in a healthy diet, appears to reduce 
the risk of heart disease, a study of more than 
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7,000 men shows. Although magnesium 
deficiency is believed to be detrimental for the 
heart, the association nhas not been clearly 
identified." In order to do so, the researchers 
examined dietary magnesium intake in 7172 men 
who took part in the Honolulu Heart Program. At 
enrollment, the average daily dietary magnesium 
intake was 268 milligrams, with a range of 50 to 
1138 mg. During 30 years of follow-up, 1431 
cases of coronary heart disease were identified. 
Within 15 years of the first dietary assessment, 
the rate of heart disease was significantly lower 
in those with the highest daily magnesium intake 
(340 mg or more) compared with those with the 
lowest intake (186 mg or less). The researchers 
calculate that the rate of heart disease was the 
equivalent of 4 cases per l 000 people per year 
for those in the high magnesium group, versus 7 
cases among those with the lowest intake. 
Further work needs to be undertaken to explore 
the value of magnesium supplementation. 

[Am J Cardiol 2003;92:665-9} 

Levitra may help when Viagra lets you down 

Nearly half of men who did not respond to 
Viagra achieved successful sexual intercourse 
when given rival drug Levitra. Results of their 
463'patient study showed that 46.1 percent of 
men who had failed at least four of the last six 
attempts at intercourse while on Viagra were 
successful when given Levitra. That success rate 
was three times greater than the 16.1 percent seen 
among men taking placebo. Study investigator 
reported the findings showed many men could 
rely on Levitra to improve erectile function when 
other treatments had not worked. Levitra was 
launched in the United States in September, 
ahead of another challenger to Viagra, called 
Cialis, from Lilly-Icos. All three drugs are 
already competing in Europe, where Cialis was 
launched ahead of Levitra earlier this year. 

[http://www.reuters.com/newsArticlejhtml?type 
~healthNews&storyJD~3586522] 
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Antibiotic-resistant infections on the rise 

More and more people are becoming infected 
with antibiotic-resistant "superbugs," even when 
they have no risk factors that would make them 
prone to such infections. The reason for the 
steep increase appears to be improper dosing of 
antibiotics as well as cumulative exposure to the 
drugs. The proportion of resistant infections by a 
bacteriun1 called Streptococcus pneumoniae has 
increased from 5 percent in 1992 to almost 24 
percent in 2002. The problem is even worse for 
children, among whom resistance is almost 35 
percent. Although there are still effective 
antibiotics available. If resistance to antibiotics 
continues to increase, within 5 years, it could be 
that children will die of pneumonia because of 
resistant strains for which no therapy is available. 
Another study, looked at 60 otherwise healthy 
children who were hospitalized between 2000 
and 200 I with Staphylococcus aureus infections. 
27 infections (45 percent) were resistant to 
methicillin antibiotics. In the ensuing 2 years, 
the incidence has just about doubled, to nearly 70 
percent. Results of a chart review conducted at 
the UC Davis School of Medicine and Medical 
Center are also being presented at the IDSA 
meeting. In that study, 20.5 percent of 1637 
Staph aureus infections were resistant) and nearly 
60 percent of these resistant infections were not 
acquired in the hospital. Moreover) about 20 
percent of patients had no identifiable risk factors 
for becoming infected. The investigators 
maintain that the most important way to combat 
the rising rate of resistance is to prescribe 
antibiotics at the correct dose for the proper 
duration. The solution is not to restrict 
antibiotics, but to use them appropriately. 

[http://www.reuters.com/newsArtic/ejhtml?type 
~healthNews&storyID~3588382} 
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NEW ADJUNCTIVE THERAPY FOR PARTIAL SEIZURES IN ADULTS 

FROM 
UNCONTROLLED ..... . TO CONTROL 

• Highly effective 

up to : 39.8% (39 of 98 patients) 

with 3000 mg/ day 

had>50% partial seizure reduction 1 

• Easy to start, Easy to Maintain 

SIMPLIFYIN G 

an effective initial dosage (500 mg bid) 1 
·
2 

MAKES TREATING AND LIVING WITH EPILEPSY EASIER 

REFERENCES. I. Cereghino JJ. et.ol lew111occ10m for POffiol Seizures. Rcsuhs of o double · blind. Randormzed d.mcol 111ol. Neurology. 55: 236-242 : 2000. 
2. Dooley M & Plosker G.l. lewtirocelom. A Review of its AdjuncbYO Use in !he tv'Doagemenl of Pa liol Onset Seizures. Drugs: 60.4t. 871 · 893 : 2000. 

Full prescribing informolion ovoiloble upon request. 
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"11l1Ul"1PJ : 1i'.luu11..,ll1iimvn~R01uvw1u1A Lll'IV1V1niei111111111Na n111'ilu1 

~~-., cb Pharma 
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Tel. 02 -681 -0322 
LEV/THA/0703/01 
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