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nl\llm~1-1l'11um th::lmt1Y1t1 

A COMPARATIVE STUDY ON 

THE BIOA V AILABILITY OF 

ACYCLOVIR TABLETS IN THAI VOLUNTEER 

Orawan Natetanoumsak* Pornthip Huaprasert** 

and Supeecha Wittayalertpanya* 

*Department of Pharmacology**Department of Medicil)e, Faculty of Medicine, 

Chulalongkorn University, Bangkok, Thailand. 

The bioavailabilily of the two local made and one imported products of acyclovir 

tablet obtained commercially was evaluated in ten Thai subjects (five males and 

five females) with the past history of infection by herpes simplex virus. A single oral 

dose of each acyclovir product (200 milligrams x 4 tablets) was taken by all subjects. 

The study was performed by using a complete cross-over design experiment with one 

week wash out period. Blood samples were taken at 0, 20, 40 minutes, 1, 1.5, 2, 3, 

5, 7 and 9 hours after drug administration. The plasma drug concentrations were 

determined using high pressure liquid chromatography technique (HPLC). The time 

of peak plasma concentration (T )· the peak plasma concentration (C ) and area 
ma pma 

under the plasma concentration-time curve (AUC
0

_,) were not statistically different 

from each other and between sex (P>0.05). However, only the absorption rate 

constant(Ka) of one locally made acyclovir tablets was statistically different from the 

original product (P<0.05). 
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!."I d ~'l" o I J' Acyclovir Lutl.£11YIEJEJnqYlo lil'11Lm::(i)mtrn 

urn{u'1 bi'fl (herpes viruses) rAEh'I 'ltT enzyme 

'11nl1i'mi.J~tm Acyclovir 'll1Lthi. Acyclovir­

diphosphate nEJULL~1 host enzyme ~11fl1a.11'Hl 

L i.J~vu Acyclovir 'll1t1~'l \\~i.J~mrnqYl~1rii 11 
> 

Vl!,"I d ~o '1v Acyclovir tl.U11Lutl.V1YlmrnqYlo'11L\'n::(i)EJ 1''rn 

'11nm1AmflnT~'ll1viLillil Acyclovir '1l"11il 800-

4,000 ilafini'a.i/fa \'1trh~tJ1vY1uvit1vil&i'~ hl 
\'iU Fl11a.J fl lili.J n Gl'll Elll r.Jfl n111i111'1Yl111l1 Elll i.J~um 

n11l1~ El F111a.1 ti lili.J nilim11 A fiitn~ «a.i,fafinu v1 

Acyclovi r12
•
3

•
4

> ~11ri1'll1v1LHlil Acyclovir lriifo 

m1a.1 flu L'1'11n ~r.ifilil"ri a1 tiu1,;'YI Lil lili'in11u.~11nu 

m11 m1A'1 Ililv LQm::m11rii1ll.11mr.1fi1i1Jiru1l'1::ii 

11mu1i1n6l111nll.mmtlll.r~a 'll1m1Lfit1n 'lt1v1~t1alil 
'l ui.J1::L YIArlU£11~r.1fllil'11nlli111i.J1 :: L YIAL tlm1cym 

~i·mi.lt1v L '1t111'11nm1a.1 hhL i.i'l'1 'l t1.Flrumw11t111 • 
t1a(i)Jiru1I "ri1n 'ltTv1~hrl&i'm(i)1j1u t11'1Yi1 'll1 

n11i'nmlim "ria1 ci'1t11~r.ifi(i) 'l ui.J1::LY1Aiii.J1::­

HY15mm ri1 L Yiva.i nuv1~r~ fl (i)'11 n ~111i.J1::L YI A 

n11LaEln 'lt1't.11~111'l1U \'111ffl1'1:: '1'i1 'l l1~\\L i.Jfit111 tlilti 

hhi1 L tlu '11 m..., lilr~a !il11n~11~111<1nYl f1'1lt-l1vi . .. 
tlitlilL~v~nu r~filil Lll.i.J1::mAua::~111u1,;'YI 'l::ii 

m1Ltai.J1:: tm1u1L(i)nlli111nu"ri~El hl Ililmi.J~vu 
L Yi £JU rlU £11 rnUll UU~11U1L ti1'11 n ~111i.J1:: L YI A 

."f dt " I ., g :;,t '11nucyl1TY1 lilna11mua1 n111<1nu11<1111u 
<> d v • I ' d g • I d d J' 
'111a.11 Iii~ ul::fll1FlL\'lEl1<1 nH1 lLfl::L ulVU L YIVU n11LElEl 

i.J1:: fot1lt'1lt111v1Lillil acyclovir ~r.Jfi(i) Ililtiu1,;YIITT1111 

L ,ia 'l \fl&i'tit1a.1 a~L tlui.J1:: fotiit~a n11i~'111rn1 La an .. 

od 

'J fi't'l [;UUh'.I 

l'i'lilLat1nt11fl1flaT1<11tl'tl1ruLwAtJ1t1 5 Flu 
.. u 

"riqj11 5 All. ~LAviii.J1::1'P1mlilL11'mllt1fu'1:am,·1~m! 
'hi'fl Lti1~1a.im1Y11i1aa11 Ililvt15u1t.115m1Flnu1 

'l..1Lti1 L'1 tlilua::Lavlil Y1ft1a.inutf u'111 'l l1m1uei11mm1 

l • <> • I ,d o J' g 'l g 
a.JWl1ul!:fll1FlYIEl1'1Lnlll'1ltl. llfl!:fll1?JEJ L Ul1,rl1'1El 

THAI J. Pharmacol. Vol. f 6- t 7, f 994 - t 995 

vut.1t1a.irit1mti1~1).I tm11m1 tJ1f11fl>YA1l&i'fon11 

-a'ni.J1::1'm (i)11'l~111n1v ua::n111it'1uvY1111..1't111 

i.Jnumm1 ~11i.J1::nvurii'1t.1 Complete blood count 

(CBC). Fasting plasma glucose (FPG), Blood 

urea nitrogen (BUN), Creatinine (Cr), Serum 

aspartate aminotransferase (AST), Serum alanine 

aminotransferase (ALT), Total bilirubin (TB) 
d I u d I ,.J a d 

L l'I tJYI lil ff EJU 11 tl1 fl1 fl).! ma.I f11111:: 1111 m £1 u n (i)'ri I tJ 

hJ tJ1fl1i1'Alflnrmhrl&i'i'ut.11'llil1rim~m1Y11ilatJ11 

1 ffi.Jml'i' l1~t1'lm::l1-l111n11Y11ilatN hl~a.it11 mu.l·I 
d d da ~ I t.I ~ t 

1rn::LFllEll11i1).!YlmLElflnEllJEJfl ElV111UElV 24 tl1 a-111 

ri tJUL 1a.i'l'i1 n11Y1 lil aE111 u.a::1::w:l111 m1Y1 lila E111 

E11f11flaTF11~iii.J1::1'P1Ltluh1<1vi'u t ·rn 1lil hA 

Lu1m1ll. iim1::l'l~E111iia.ia.iu 1&i'fov1,j1mnm::rnu .. . 
o d . I Vo !.71 t d o d O') 

Jl11::Ela.!Jjil. U.fl::).lul::1!i!Luil. IFlEl\.l. 1 l1ty11YIEl~ LU 

1::m::Gt111<111Jf "ri~mrnn1w111'.lm11l1E111i.Jnuillm1 
ii~1 lllili.J nili '1::12-lCl nA' lilLaEJ mti1rim1Y1lilaE111 .. .. 

u. uu 1umn11Y11i1aE111 n11 'l-.1 t.11i'ui.J1::mll. 

L tlU UU n11YI lilflEJ11ti1mL UU ~a.I h1 vi.J ntJmf 11flE111rii1l~ 
(randomized cross- over design with double 

blind)Ililv'l..1't.11LHfil acyclovir '1l"1lil 200 ilafini'a.i 

4 Lillil '1lEJrn1,;YI A,B,c 'lii.E11fl1fli1'rmr11 10 filll. 

ii 1 u1,;YI ~Ltluv1rnmLuur.1a(i)'l1n~111i.J1::LY1A 
Llluv1~li1mLi.J~t.1rnYivunum~r.ifirn 'l ui.J1::L Y1Al Y1v 

1::t1::l-i111 m1 'l l1vi lL~a::u1,;Yl"1il.EIU111UE1£J 1 

ffi.Junl'i' L ,ia L l1U \iL'l11t.11~l&i'fo l i.Jfi1{11nEJil. un 

~u ElEl n'11n~111 m £Jl1 a.i lil ri tlll.L ~).! n11Y1 lilfl D11 'l ..1 t.11 

1"rii.lA~11~EJ 1i.J 

L~ £J L ti1rln11Y1 Iii a E111 EJ1fl1fli1'l'l1 rK t111 El lil E11l111 

iilii. (E1u111lt'E1t.1 8 #1 Ia-111) rim.\i'ui.J1::mll.v1 

1 l~ ~ '111 n 11 YI lil fl El 11El1fl1 fl i1 fi1 I '1:: l ~ i' U £11 L jl lil 
ao- a , ... r 

acyclovir 200 a.iaan1a.1 4 La.Jlil 11a.inum 200 

ilafiam 1La:: 1l1DlilE11l111~EJan 2 #1 Ia-111 ~111l1 
i'ui.J1::mii.m"ri11 E11f11fli1'fi11'1~ l&i'-rum1L'11::LaEJui 

l1H11i'ui.J1::mii.t.11~na1 20, 40 mYi 1, 1.5, 2, 3, 
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li1mm1\11rA't11')::c;i'uu1 acyclovirfrAu1ti15 High 

Pressure Liquid Chromatography (HPLC)15
, 

acyclovir \11nu~lJY1 Sigma Chemical Ltd 

Co, methanol HPLC grade U.fl:: 70% perchloric 

acid \11nu~lJY1 J.T.Baker 

Lf'l~rN HPLC, pump model 510 \11nU~UYI 

Waters Associa te , Fixed loop injector 

(Rheodyne), UV detector model 481 \11nu~lJY1 

Waters Associate, Integrating recorder model 

740 data module \11nu~uY1 Waters Associate 

Ufl:: Novapak C Stainless steel column \11nU~UYI 
18 

Waters Associate, USA 

li1\•m1fU11 1 ~flaa(;l') rHti.i 5% perchloric 

acid 1 ~fl aa!fl') L'1l~1LiLn1nur;l1mA~El\I vortex 

1.hlt1ifi.i.1wnr;l1mF1~EJ\I Centrifuge ~ 3,500 ')EJU/ 

u1Yi mi.i. 1 o u1Yi ii1r11')fl::fl1ua1u1r1mn')EJ\I 

lii'1mi.immi.i. 0.45 ·lmmm li1ri1u~n')EJ\llvi'&rA 
Ln1Lf'l~tl\I HPLC lii'1utl~mlfl') 50 li.i tFJ')am 

1111::'1JEJ \ILFl~El\I HPLC ~L?fli.l.m')1 LFl')1::i 
1ti' Column Novapak C stainless steel column 

18 

(15cm.x3.9mm.id.) '1l'"1rAEl'tll1FlLrl1nU 4 'li.JA')Eli.l. 

Mobile phase ~1ti'Fia methanol ~rni.inu double 

distilled W?ter 1i.i.D'm1ri1u 1.5:98.5/V:V 

tl~auiK1u Flow rate 1 ~flaalfl')/mYi, m1i.i~u 

1,000 kg/cm2 (;1')1\J1rA Acyclovir fo1UL?i' UV 

detector attenuation 0 .01 AUFS A11i.l 
' d 

u11A~m1"\IYI 250 u1 fi.i.Li.im Chart speed 0.1 

L '11UGi Li.I Cfl')/U 1fi Yi1\11U ~ tltu't11l~i tl\I . " 

3 

I a d" I 6.1 d"d 
A1't'l1 ')1 i.1 L (;l ti') lfl1 \I 1 Yl1 \I Lil rlti\I fl 'l-l.A1 A lfl')YI 

'liKFia l<a. T • c 1rn:: AUG m'llii'\11n 
max pmax O- oo 

f tl')LLn')i.J MKMODEL16,foltlLti'First order kine-

tics one compartment open model 

LU~ UU L fi UU Fl11 i.l U.Cfl n ~1\l ')::\111\1 L l'll'lti1U 

U.fl::\111)\1 U.fl::YlrAAEIUA11i.IU!fln~1\l')::'t111\l 3 U~UYI 

iK1 u n1 ')1 LF1')1::i A11 i.i u U')U')1i.l.U. uu At1\IY11 \I 

(Two-way analysis of variance) 1Lfl ::cl1l~u11 

ii A11JH~Cfl n ITT1\I nu ~\IYlrA rfflUrA11 Fit viii Fl11i.l 
" " 

Ulfl n ~1\1 rl\-1.EI ~1\1 iiuu ft1 A [\JYl1\I an PitrA ti 1ti' Duncan's 

new multiple range test 

\11nn1')111')1\11VI Acyclovir LUl'lfl1tlm iiFi1 

retention time U')::mrn 5 mYi~11Utllil\ILi.1.tF1')­

i.11 fo1imi.i ~tl~ 1 n')1l'l>n lfl')j1i.l.'1lElil Acyclovir 

1m·rn1r1m 1ti'm1i.iai.il~'l-l.lh::'t11111 peak area nu 

m1i.1Lna.ni'i.i.'1lt1\I Acyclovir ~11Lllmfl'um~111 mh11 
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1~\IQUYl1\l~tl\IU{iuGim') CBC, FPG Ufl::'t1'1t1~ 
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01~ <h\I~~ 
r 

mmln FPG BUN Cr AST ALT TB CBC 

(u) (cm) (kg) (mg/ml) (mg/ml) (mg/m l ) ( U/ L ) (U/L) (mg/m l) Hb WBC 

(mg% )(x103/m m3
) 

range 23-45 151-1 79 47 - 75 76-98 9-17 0.7 - 1.1 13-27 12- 40 0.43-0.9 12.2-15 3.86-7.98 

mean±SE 31.4o±2.34 163.30±3.3€ 57.25±2.74 88.2±6.14 111 .8±2.28 0.88±0.14 19±4.50 16.5±8.80 0.71±o.1 13.58±0.99 5.19±1.28 
9 

D 5 \J1 rnfoJo FPG fasting plasma glucose 

BUN blood urea nitrogen 

Cr creatinine 

AST aspartate aminotransferase 

ALT alanine aminotransferase 

TB total bilirubin 

CBC complete blood count 

Hb hemoglobin 

WBC white blood cell count 

rn1'l1\lii 2 Ltl~£.JULYi£.JuA1\'n'l1fofi1ErhrnL11a'11wit.f,f'l1afil{'ilti"u1 acyclovir ~" 3 u~~Yl 'Yl~"~1n 1Qf£.11 

acyclovir 200 3hi~ n -ra.J 4 LHlll 'l::'Yl~1"Lm'1'111tl 5 m-1, lrn::L\'IA'YIC\j" 5 R" ti1a1a3TF1'l'l1i.l 1 o 

Fl" 11aV1"A1LUt.fi X±SE 

A B c 
'111tl 

1.40±0.27 1.74±0.36 2.21±0.38 2.28±0.33 1.33±0.30 1.54±0.20 
1.57±0.22 2.25±0.24 1.43±0.17 

Tmax (h r) 
1.70±0.31 1.33±0.23 1.06±0.25 0.96±0.15 1.90±1.46 1.50±0.18 

1.52±0.08 1.01±0.14 1.65±0.25 

Cpmax (ug/ml) 
0.99±0.83 1.36±o.09 1.13±0.05 0.45±0.20 1.23±0.1 1 1.44±o.45 

1.18±0.08 1.26±0.11 1.33±0.08 

AUC (ug.hr/ml) 6.15±0.8\4.41±1.09 4.48±0.51 5.54±0.75 o.24±0.82~ 7.40±0.45 
o-a 5. 72_0.50 5.16±0.48 6.32_0.57 

• i11'111WLP10ol1~DU1~ihtmhFi'cym~aM (P<0.05) (B>A, C) 

a5u1u fi1cia Ka 

Tmax 

Cpmax 

AUC 
O·CI. 

I J.., '1 d 

l'l11'l~YlDm1L 'nn1~1!JP11:l~U1 

L1in¢imm?imiulul'1n1ama~a!il 
u ' 

X±SE 

1.75±0.14 

1.39±o.13 

1.26±o.05 

5.73±o.30 
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THE TIME REQUIRED FOR ABSORPTION 

AND URINARY EXCRETION OF 

ACETYLSALICYLIC ACID AND 

METHYL SALICYLA TE 

Prasert Songkittiguna and Wanee Thaweesap 

Department of Pharmacology, Faculty of Dentistry Chulalongkorn University, 

Bangkok, Thailand 

The two salicylates (acetylsalicylic acid and methyl salicylate) are well absorbed. 

The time required to be eliminated into urine after oral administration and dermal 

application of these two drugs was compared in female and male. The renal elimination 

time after skin application of methyl salicylate was shown to be longer than that after 

oral administration of acetylsalicylic acid (P<0.025) in an empty stomach (without 

food). When administer with meal, it took longer time to eliminate the oral salicylate 

into urine than that of the empty stomach (P<0.00 1). No difference in absorpion and 

excretion time of the two salicylates was observed between female and male (P>0.05). 

It is suggested, therefore, that the gastrointestinal absorbable form of salicylates 

(acetylsalicylic acid) enters and leaves the body faster than topically applied as methyl 

salicylate. No sex difference was observed on the three phenomena. Presence of food 

in the stomach delays the body entry and leaving time of oral acetylsalicylic acid in 

both sexes. 

9 

INTRODUCTION 

lnspite of the introduction of many new 

analgesic drugs, acetylsalicylic acid (ASA) is 

still one of the widely prescribed analgesic­

antipyretic and anti-inflammatory agents. It is 

also the standard drug employed for the com­

parison and evaluation of others.< 1 
> Regard ing, 

the cardiovascular disorders in elderly patients 

such as thromboembolic diseases, this drug is 

used for both preventive and curative purposes. 

Acetylsalicylic acid and other derivative such as 

methyl salicylate are known to be· extensively 

metabolized in the liver and excreted by kid­

neys. Salicylic acid is an active metabolite of 

both drugs in blood. The detection of salicylic 

acid in urine is simple. The exten t and time-
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course of absorption and excretion of per oral 

ASA or topical application of methyl salicylate 

in Thais have not yet been reported. Therefore, 

an experiment on the oral administration of 

acetysalicylic acid and skin application of 

methylsalicylate was performed with a view to 

estimate and compare the length of times of the 

drugs in human body. 

Table 1 The time required to detect salicylic acid in the urine after orally-administered 

acetylsalicylic acid in empty stomach ; stomach with meal and topical application of 

methyl salicylate. 

Salicy - Length of time required for the presence of 

lates Routes of Administration salicylic acid in urine (minute) 

-Female n Male n 

Acetyl- Per oral with 33.00 ± 2.99 5 31.36 ± 1.36 11 

salicylic empty stomach 

Ac id 

Per oral after a 47.50 ± 2.49 6 45.00 ± 2.24 11 

standard meal 

Methyl- Per cutaneous 36.25 ± 2.33 12 36.75 ± 2.25 20 

salicylate 

The results were expressed as mean ± standard error of the mean 

Note: 1. n=number of subjects either male or female 

2. N=number of both sexes (male and female) 

3. (A) is significant different from (B)(P<0.001) 

4. (A)is significant different from (C)(P<0.025) 

5. (B)is sign ificant different from (C)(P<0.025) 

Both sex 

32.65 ± 1.43 

(A) 

45.88 ± 1.56 

(B) 

38.44 ± 1.64 

(C) 

N 

16 

17 

32 
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Table 2 The data of age and body weight of male and female volunteers. 

Male Female Female (cont). 

Subject 

Age(Yr) Weigh t( l<g) Age(Y r) Weight(Kg) Subject Age(Yr) Weight(l<g) 

22 44 .0 23 41 .5 32 20 55.5 

2 22 62.0 19 55.0 33 2 1 47.0 

3 21 65.5 22 40.5 34 22 46.5 

4 2 1 62.0 22 46.5 35 22 41.7 

5 2 1 61.0 22 49.0 36 20 64.5 

6 22 52.5 21 46.0 37 21 39.5 

7 21 58.0 22 50.0 38 22 53.5 

8 22 63.0 22 48.0 39 23 44.0 

9 2 1 47.5 2 1 44.5 40 21 42.0 

10 2 1 54.5 22 38.5 4 1 21 43.5 

11 22 64.5 22 50.0 42 2 1 44 .0 

12 2 1 5 1.2 22 46.5 43 20 41.5 

13 2 1 65.5 22 52 .0 44 22 46.0 

14 2 1 53.0 22 44.5 45 22 45.0 

15 22 71.5 21 41.5 46 21 49.5 

16 22 59 .0 22 43.0 47 21 5 1.0 

1 7 22 57.0 22 48.5 48 2 1 

18 26 63.0 21 42.5 49 22 49.0 

19 21 59 .5 2 1 51.5 50 21 60.0 

20 20 56.5 20 55.5 5 1 2 1 4 1.5 

21 21 58.5 22 51.5 52 22 46.0 

22 20 54.5 2 1 45.0 53 2 1 46.0 

23 22 61.0 21 44.5 54 22 47.5 

24 21 61.0 2 1 62.0 55 22 41 .5 

25 21 73.0 22 47.5 56 2 1 52.0 

26 21 68.5 2 1 44.5 57 21 45 .0 

27 21 59.0 22 37.5 58 21 43.5 

28 22 6 1.0 23 48.0 59 22 42.5 

29 22 64.0 21 56.0 60 20 41.5 

30 22 59.0 21 46.5 6 1 21 43.0 

3 1 19 66.0 22 41.5 62 2 1 44.0 
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Tal>le 3 The mean age and body weight of the volunteers with standard error of the mean. 

Sex 

Male 

Female 

Both male 

and female 

Mean ± Standard error of the mean 

Age(year) 

21.42 ± 0.02 

(n=3 1) 

21.39±0.10 

(n=62) 

21.39 ± 0.094 

(n=93) 

Weight (ki logram) 

59.90 ± 1.50 

(n=31) 

46.85 ± 0.72 • 

(n=61) 

51.24 ± 0.89 

(n=92) 

Note: 1. An asterisk(')means statistically significant difference from the mean weight of male subject (P<0.001 ) 

2. n in the brackets represents number of volunteers 

Time for the presence of 

salicyl ic acid in urine 

(mi n) 

50 

40 

30 

20 

10 

0 

2'" tGroup 

Empty stomach 

Note: 

1" Group 
i 

Meal Per Cutaneous 

1. The asterisks(') show the statistical 

difference from each other 

(P<0.05 upto 0 .005). 

2. The numbers present in the bar graph 

represents the number of volunteers. 

3. The solid columns are the averages 

of males and females. 

4. ~ d' represents male and female average: 

~=female average; <f= male average. 

Fig. 1 The lengths of time commencing from either the ingestion of acetylsalicylic acid (empty or 

stomach with meal) and per cutaneous application of methyl salicylate until salicylic acid 

appearance in urine. 
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MATERIALS AND METHODS 

Human volunteers of either sex, weighing 

51.24 ± 0.89 Kg, were fasted 24 hr prior to the 

commencement of experiment. They never 

underwent any recent medical treatment within 

a week. Each volunteer emptied their urinary 

bladder before drug administration urine sam­

ples were tested for the presence of salicylates. 

If the test was positive, such volunteer will be 

omitted. The volunteers were randomly divided 

into groups as follows: 

A.Group 

After emptying of the bladder with a 

negative salicylate test, subiects' forearms of 

either side were rubbed upon with 2 ml of oil of 

wintergreen B.P. for 3 min until most of the drug 

was absorbed. Then, timing was started, and the 

volunteers were allowed to drink water ad 

libitum. At 15-min intervals , a urine sample 

was collected and tested for the presence of 

urinary salicylates by a chemical identification 

test. 12
l The time in minutes from the complete­

ness of skin application to last urine sample with 

the detectable urinary salicylates was recorded. 

B.Group 

After a test for the absence of urinary 

salicylates was performed as in A., the second 

group of the volunteers was randomly divided 

into two subgroups of 17 and 16; the first group 

of volunteers ate about 300 gm of fried rice with 

pork, whereas the second group was starved; but 

all of them could drink water free ly. The first 

group served as the stomach with meal; the 

second was the empty stomach group. 

13 

Acetylsalicylic acid (300 mg) in gelatin 

capsule was taken oral ly with 250 ml of 

drinking water by all of the volunteers; then the 

urine sample was collected at 15- min interval 

and tested for salicylates as in A. . 

RESULTS 

The average age of female and of male 

were 21.39 ± 0.10 years (n=62) and 21.42 ± 

0.20 years(n=31 ), respectively. The average 

age of both sex was 21.3~ ± 0.094 years (n=93). 

The body weight of female ·and of male was 

46.85 ± 0. 72 kilograms (n=61) and 59.90 ± 

1 :50 kilograms (n=31) respectively. The aver­

age weight of both sexes was 51.24 ± 0.89 

kilograms (n=92) (table 2 and table 3). 

The length of time required to detect 

urinary salicyl ic acid after oral and dermal 

administra tion was shown in the table1. The 

average time for the presence of urinary salicylic 

acid after oral administration in fast ing subjects 

female and male were 33.00 ± 2.99 min (n=5) 

and 31.36 ± 1.36 min (n= 11 )respectively . After 

meal, the time required for excretion of salicylate 

was 47.50 ± 2.49 min (n=6) for female and 

45.00 ± 2.24 min (n=11) for male. The average 

time of both sexes was 45.88 ± 1.56 min (n= 17). 

The dermal application of methylsalicylate, 

the excretion time was 36.25 ± 2.33 (n= 12) for 

female and 39.75 ± 2.25 min (n=20) for male; 

whereas the average time of both sexes was 

38.44 ± 1.64 min (n=32) . 

DISCUSSION 

It has been nearly a century since acetyl­

salicylic acid has been replaced sodium salicylate 
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for rheumatic disease and used as an antipyretic. 

The mechanisms of action as well as its use were 

extensively reported. (3.4·
5

•··· ···
111 The side effects 

and toxicities of acetylsalicylic acid were also 

revealed. (12
•
13

··· ···
161 The gastro-intestinal 
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slowness of skin absorption in comparing with 

gastrointestinal absorption might be due to the 

absorbing surface area upon which the drug was 

applied (the forearm) is very small comparing 

with that of the whole gastrointestinal absorbing 

absorption and urinary excretion of both acetyl- area. 

salicylic acid and methyl salicylate P
7

. 
18

· 1
9

•
201 

were also studied in man. It is known that food 

can influence the gastro-intestinal absorption of 

a number of drugs. <21
> However, there has been 

no report on the effect of Thai food on the 

absorption and the acetylsalicylic acid and 

methyl salicylate. 

In the present study , no sex difference in 

the length of time taken from either ingestion 

(acetylsalicylic acid) or dermal application 

(methy l salicylate) until its appearance in urine 

was found in all of the experimental conditions 

(empty and food stomach) (Table 1, Fig. 1 ). 

Food delayed gastrointestinal absorption of 

acetylsalicyl ic acid. Thus food either by itself 

might directly affect the rate and extent of 

absorption and excretion or alter pH in stomach 

as well as in urine as seen after administration 

of antacid. (22
> Acidic drugs such as salicylic 

acid (an active form of the salicylates in blood) 

are less ionized in acidic urine but more ionized 

in alkaline urine. <
231 At present, the dermal 

dosage form of drug is of great interest; it is not 

only convenient for use but also is without first­

pass drug metabolism. In the contrary, the 

environmental toxic chemicals and the counter 

irritants containing methyl salicylate may be 

absorbed through skin and cause kidney failure 

which should be taken into a consideration. The 
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A NEW SCREENING TEST FOR CATECHOLAMINES 

PRESENCE IN THE URINE OF PATIENTS 

Prasert Songkittiguna 

Department of Pharmacology, Facul ty of Dentistry, Chulalongkorn University , 

Bangkok, Thailand 

The time required for the disappearance of the white spots produced by an 

injection of catecholamines containing urine sample into Siamese fighting fish was 

used as a screening test as an early diagnosis of patients having catecholamines 

secreting tumour. The urinary catecholamines test using the fish has previously been 

reported by Songkittiguna. 111 The time required for the disappearance of the white spots 

produced by the injection into the fish with the morning urine samples obtained from 

the patients under 12 years (n=32) was not statistically different from the patients over 

12 years (n= 16) (p>O. 05). In addition, the white spots produced by both the patients 

over 12 years and the all age (ten days to 70 years) did not differ significantly from 

each other (p>0.05) (n= 16 and 48, respectively). Interestingly , the disappearance time 

of the white spots produced by the injection of the urine samples from a certain group 

of patients having catecholamine secreting tumour (under 12 years, (n= 12)), were 

markedly longer and highly significant different from the previous group {p<O. 001 ). 

INTRODUCTION 

Neuroblastoma of the medulla is the 

most common infantile adrenal neoplasm. About 

thirty and eighty percents of the patients are 

diagnosed within less than one year and five 

years, respectively. Less than 5 percents of the 

patients are diagnosed after over 15 years of 

age. (21 Next to retinoblastoma, neuroblastorna 

is the most common congenital cancer. Like 

many other cancers, neuroblastoma can be 

successfully treated if the diagnosis is early 

enough. Although HPLC is an established 

method for the detection of vanillylmandelic 

acid (VMA) and homvanil lic acid (HVA) , the 

Newcastle team found that it is a time consum ­

ing method and is too slow to screen 200 

samples per day. Therefore , this screening test 

was developed in order to overcome the com­

plexity of HPLC method by using a very simple 

methodology. 
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MATERIALS AND METHODS 

A. An animal preparation 

The inbred-male Siamese fighting fish of 

6- 8 months in age were used. Their displaying 

of fighting signs indicated a healthy condition 

and ready for the test which was carried out in 

an air-condi tioning laboratory (24-26°C). One 

hour before experiment, the fish was transfered 

from an animal house into the laboratory in a 

100 ml glass beaker containing 60 ml of dis­

tilled water. When the fish saw each other 

through the transparent glass beaker; they would 

show visible signs of fighting such as stretching 

of fins and tai ls which were red and blue colours 

throughout the body. 

B. The preparation of urine samples 

All of the lying-in patients suspected to 

have catecholamines secreting tumors were 

chosen as subjects. Approximately 5 ml of the 

fresh morning uri ne sample collected before 

midday from the in-patients and a group of 

patients suspected to have the catecholamines 

secreting tumour was kept in a plastic container 

in the presence of approximately 25 mg/I 

ascorbic acid. After collection, the urine con­

tainer was immersed immediately into the ice 

and kept there until studied . 

C. Testing procedure 

Anaesthetization and intramuscular in­

jection of the urine sample to the fi sh 

The fish were anaesthetized by hypo­

thermia. Using a plastic- hub luer type hypoder­

mic syringe and needle (guage 26, 1/2") with 

THAI J. Pharmacol. Vol. 16- 17, 1994 - 1995 

microverneer, 50 ul of the urine was injected 

into a muscle under the dorsal fin of the fish.131 

After stoppage of bleeding at the injected site 

for a few seconds, the fish were then returned 

to their original containers. Timing was com­

menced immediately after the injection. The 

time requ ired for the disappearance of the white 

spot at the injection site was then recorded; the 

timing ended when the white spot had returned 

to original colours of the fish. 

RESULTS 

The results of the time required for the 

disappearance of the white spot are shown in 

Table 1. and Fig. 1. In 32 young patie~ts without 

catecholamine secreting tumor (age of 1 O days 

to 12 years) the disappearance time of the white 

spot was 41.56±5.14 min. The urine samples 

from the other group of patients (age of 13 to 

70 years) showed very similar result, ~9.58±5.39 

min. While the average time from all ages of 48 

patients was 38.57±5.1 1 min. Those results were 

counted as normal values. In 12 patients sus­

pected to have catecholamine secreting tumor 

(under 13 years of age) the time was 178.95±8.19 

min ; the other patient (age> 15 years), it was 

232.5 min. The average time of this two groups 

of patient altogether was 187.15±9.11 min. This 

markedly prolonged time for the disappearance 

of white spot was counted as abnormal urine. 

The white spots produced by the injection of 

the urine sample obtained from the patients 

with catecho lamine-secreting tumours, 

neuroblastoma and phaeochromocytoma, were 

shown in Fig. 3 and 4 respectively. Fig. 2 shows 

the whi te spot produced by injection of the urine 
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Table 1 The time required for the disappearance of the white spot caused by the interaction of the 

patients' urine with the fish. 

URINE 

A FISH TEST 

DISAPPEARANCE OF WHITE SPOT ' 

X ± S.D. (min) 

n 

Urine samples from patients with.out catecholamine secreting tumours Normal urine (50 ul) 

Age, 1 o days - 12 years 41.56 ± 5.14 

Age, 13 - 70 years 39.58 ± 5.39 

Total 38.57 ± 5.11 

Urine· samples from patients suspected to have catecholamines. Abnormal Urine (50 ul) 

Neuroblastomas 178.95±8.19' 

Pheochromocytomas 232.50 

Total 187.15± 9.11 

The results were expressed as mean ± standard deviation. 

n is the number of patients. 

White spot (min) 

200 

100 

32 

II 

16 

Ill 

48 

Age I. 1 O days- 12 yrs II. 13- 70 yrs Ill. Al l age IV. Abnormal Urine 

32 

1 6 

48 

12 

13 

Fig. 1 The time of disappearance of the white spots produced by intramuscular injection of 50 ul of 

urine. The numbers at the base of histograms are the number of the patients. Asterisk (' ) is 

significant difference from I, II and Ill (p<0.001) unpaired Student's I-test. 
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Fig. 2 A small white spot produced by an injection of 50 ul urine sample intramuscularly. 

(A patient with Wilm's tumour) 

Fig. 3 A large white spot produced by an injection of 50 ul urine sample intermuscularly. 

(A patient with neuroblastoma) 

Fig. 4 A large white spot with generalized pallor produced by an injection of 50 ul urine sample 

intramuscularly. 

(A patient with bi lateral adrenal phaeochromocytoma) 
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from a patient with non-catecholamine secret ­

ing tumour (Wilm's tumour) . 

DISCUSSION 

Since neuroblastomas are one of the 

deadly-disease in childhood; the early the 

diagnosis, the good prognosis will be made and 

the life-saving could be accomplished. The 

catecholamine-secreting tumours have been 

reported since early nineteen centuries. <
4

> The 

adrenal gland is a major source of plasma and 

urine catecholamines; the amount of individual 

catecholamine and their distribution may be 

useful in the interpretation of the different kinds 

of tumours. <
51 In comparison to body weight, 

the adrenal glands are large at birth, weighing 

2 to 4 grams each, or 8.2 ± 3.4 grams together. 

At 1 O to 15 years of age, the normal aggregate 

weight 8.5 grams in boy and 7.5 grams in girls. 

Whereas, normal adult adrenal glands removed 

surgically weigh 4.8 ± 0.89 grams in man and 

4.1 ± 0.8 grams in woman. After sudden death, 

the aggregate adrenal weight is 9.2 ± 1.8 grams 

in the United States. In autopsies in other 

situations the normal range is 12 to 16 grams, 

or 0.21 to 0.26 gram/kg body weight. <2
> It could 

be seen that the adrenal glands at any ages in 

both sexes are about the same size. 

As it was previously reported that the 

white spot produced by injection of the urine 

samples was due to the presence of 

catecholamines. Time required to finish the 

reaction of urinary catecholamines in the fish 

model (the disappearance of the white spot) 

does not. , therefore , differ sign ificantly be­

tween the patients under 12 years of age and the 

21 

patient under 70 years of age. The results also 

reflect the function of the adrenal glands which 

are well-known as a major source of urinary 

catecholamines. In 12 patients under 12 years of 

age and 1 patient of 16 years who were 

suspected to carry catecholamine secreting tu­

mour, the disappearance time of the white spot 

was markedly delayed. The final diagnosis of 

these 12 patients was neuroblastoma and that of 

the 16-year-old patient was bilateral adrenal 

phaeochromocytoma. The 2 patients out of 12, 

showed a false negative result which was 

probably due to the low level of free 

catecholamines in the large mass of the tumours. 

The catecholamines appeared to be metabolized 

inside the tumour masses before entering the 

circulation and before excreting into the 

urine.< 6
> J::urthermore, in patients having brief 

and infrequent paroxysms with symptom free 

intervals, confirmation of the diagnosis by a 

single collection of the urine sample may be 

insufficient. P> These might cause the fish 

method to yield a false negative result ; to 

overcome this obstacle, the collecton of urine 

sample should be repeated during the symptom 

period. Ther'efore, the fish method could help 

diagnosis of the catecholamine-secreting tumours 

: neuroblastoma and phaeochromocytoma. In 

addition, Broadhurst and Briley cei have made a 

conclusion that the assay of catecholamines 

provides rapid indication of the effect of drugs 

on neuronal activity and the measurement of in 

vitro and in vivo neurotransmitter releases could 

greatly enhance our understanding of neuronal 

systems and their modulation in vivo. More­

over, Rand <91 mentioned that bioassay is useful 
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for measuring the amounts of catecholamines in 

the pharmacological preparations or in tissue 

extracts and usually has a higher sensitivi ty than 

the conventional chemical or physical methods. 

The results of the present study are also in 

accord wi th the previous report by the author. 11 1 

T herefore, the de tection of naturally 

occu rring neurotransmitters, the catechola­

mines , is worth studying using Siamese light­

ing fish with a view to screen the normal patient 

f rom the pat ien t with high con tent of 

catecholamines in urine. 
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A STUDY ON WATER PURITY 
USING ELECTRICAL CONDUCTIVITY 

Prasert Songkitiguna and Siriwan Pojanart 

Department of Pharmacology, Faculty o.f Dentistry, Chulalongkorn University, 

Bangkok, Thailand 

Rain water quality was assessed by the use of an electrical conductivity and its 

reciprocal resistivity properties of water. Water itself is not a good conductor of 

electricity ; it is the dissolved impurities which will conduct a current. The theoretical 

ultra-pure wa ter has a conductivity of 0.05 microsecond/centimetre. The micro­

organisms, pH and an electrical conductivity of the rain water from inner area of 

Bangkok city(Chulalongkorn University campus) were determined during the rainy 

season in the year 1992, 1993 and 1994 A.O. The rain water sample in 1993 showed 

a higer electrical conductivity among the rain water samples of the other years 

(P<O. 001 ). The colonies of micro-organisms were seen in- the culture plates of all 

rain water samples. Each of the rain water samples were slightly acid ; the highest 

acidity was observed from the rain water sample of the year 1992 (P<O. 001 ). The rain 

water collected from the heavy traffic area is not only contaminated with micro ­

organisms but also shown to be an acid rain. It is suggested, therefore, that this kind 

of rain water should not use for drinking. 
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i5ltl'LA~rNilEl ~~LA~El\lilmN l "Gl1ElU1\I~ 
" ~ - ~ ~ d 
VIEl\ln1'l1!il!il'lLl'l11L'l~'l!mnn 0.01 tl\I 99.9 uS/cm 

I cl' tl d iJ" 'l" '11'1.l.'ltl'l.l.ft1m'lm l'ltJUL 'l.l. mg/L 'llEl\I NaCL Iii 

f •. I Ud a d " o Lmrnnn (!!]~ 'Y1 1) mruLA'lEl\l~ eivinmnl'l(Ln" 

99.9 uS/cm) LlLEl\1'11m%1ila1'lL~eitl"~\I thm'l 
d ~- f " I O O" ~ 
L'1El'11\l'l.l.1meit11.:1mt1nl'IEl\l\'11'11afiln Lfil~'l.l.1nl'l'l.l.l'l\I 

lm1~1'l:: n~ei11l1'1Lllmhmu'l1~~11ti~!il 20 ~~ 

~ \Ji]"' ... d 2. 1!ilA11~L lln'l!ilL UU111l (pH) !i11tJLA'lEl\I 

Precision pH/Ion Meter (ecm 201) 

1'1ilm1~LU"mlil Luiwl111 ~'l11J~1'1ei.:1 20°c 
- ~ d " 1' 

'111'lll'11nfil\ILA'lElll ILl'l::'Yl!ilftEl'U!il1tJU1tJW1fil'lj1U 
d I 

(buffer solution) 'Y1 pH4 pH? 1rn:: pH 1 O (El~ 

lu~111\11.:1nu 3) ii1G11eiu1.:1J1~&i'ei.:1m'l-l!i1Lnulr 
'l ... 'l I • I d d mtiei..i 20°c ~mm1 1 'lnL L\'rnm1m'Ylt111m11 

1rn::ltl'L11'11-l!i1hhnu 3 mYi ~ei 1 ll11ufl1.:1J1 

3. Lvn ::L1fu'11nll11uu111J 1 

m1::L~u~1t115 streaking l?J,·rn10i\t'~~tl 
(platinum loop) ii1oi'1u u1.:1J1tN'ltlL~t111L?f EJ l u n) 

!111 rm::m{ (agar plate}lll'l:: ?.J)u::mfoa~L~tl!il 

(blood agar plate) m.J~ 37°C !ilr~l'l'Yln 24 '11~. " . 
LUUL11'11 72 '11~. 

1. Fhm'lth~eih-lvh (Electrical conduc­

tivity) 

Fi1m'lii1 ~u 'h~vh'llu.:1J1rJu Lnu lii'1ei u1.:1 ti 
A.A. 1991 1rn::Lnull11uu111&i'"ci!!lrfa A.A. 1992 ii 
Fi1 8.39 ± 0.60 lLl'l :: 67.90 ± 0.75 uS/cm 

filw~11llu L tl~t1uL vitiul!ilnuFi1m'lii1 h l vh11u11 

NaCL 5.0 mg/L ILi'!:: 30.0 mg/L fil1~~1tilu 

L \Ju'liu~l'l~'llii'11nn1'l'l1tJ\11llF1~\lu 'l nnei11tn~t1 l u 
" " 

11'lfl1 'l~tl.fillLVl'YltJA1ft!il{ ll~ 15 QUtJ~ 2 '11it'1 

69- n (A.A .1992) ri1'11fooi'1u u111J1r.JuLnull11 

t1u111tll'!1t1ll A.Fl.1992 ilFhn1'lii1~ahHh 64.12 

25 

tl
d d !'1 ± 5.89 uS/cm (L 'ltl'UL'YltltlLuU NaCL 28.0 mg/ 

L) tJ A.FT. 1993 1'1i1lliiFhm'lii1~t1lvlvh 94.93 ± 

0 .92 uS/cm ( Ltl~t1tJLYit1tJLUU NaCL 40.0 mg/L 

lJ fil .1'1.1994 lli'1t1u111J1r.JuilFi1m'lii1~fl h!Vh 82.61 

± 2.39 uS/cm (Ltl~t1tJLYit1~LU\~ NaCL 35.0 mg/ 
d d d 

L}(fil1 'l1\l'Yl 1 ~tl'Yl 2 ILl'l:: ~tl'Yl 3) 

Electrical 
Conductivi ty 

(uS/cm) 

100 

50 

0 

• 

12 6 11 6 9 

RAIN H
2
0 

199 1 1992 1992 1993 1994 

~ t tit J 
GlUlll!J ft1 UC]l!JI· ~ 

Note 1. Stars represent significant level from the rain 

wateroftheyear 1994, 1992, 1991 and1991 

(late) (P< 0.001 )(unpaired Student t- test) 

2. The numbers at the base of histograms refer 

to the number of experiments performed. 

3. The vertical bars represent standard eror of 

means (S.E.M.) 

'lU~ 2 Ltl~t1t1LYit1uFi1m'lii1~flhh~1 (El ectri-.. 
cal Conductivity) 'l!ElllJ1rfa 'Yl!ilflfltl 

'l::'11i111lJ Fl. Fl . 1991-Fl.Fl. 1994 
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NaCL Equivalent (mg/L) 

40.0 

30.0 

20.0 

10 .0 

9 5 4 12 

5.5 

* 
6.0 

6.5 

1'1.l'l.1994 A.l'l.1993 A.l'l. 1992 A.l'l. 1992 
)( )( ><-----

RA IN H 0 
2 

Note 1. Stars represen1 significant level Form the Others ( • P<0.025, " P<0.001) unpaired studen1 I- test. 

2. The numbers at the base of hisograms refer to the number of experiments performed. 

3. The open columns = pH 

4. The solid columns = NaCL Equivalent (mg/L) 

5. The vertical bars represent standard error of means (S.E.M.) 

~ti~ 3 Ltl~urnYiuum1mU'\.\n')fil - ~1'3 (pH) 1rn:: NaCL Equivalent 
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U11'rnl~ 1 uamilr.rnmc.i1£il electricql conductivity pH lU:l:: NaCl equivalent 'llcmt'1r.Jn 

Rain H 0 
2 

Fl.Ff. 1991 • 

A.Ff. 1992 • (ci'ncil!Jrh~) 

A.Ff. 1992 (tln1tlCJl!Jr.Jn) 

Fl.Ff. 1993 

Fl.A. 1994 

Water Purity Test 

Electrical Conductivity 

(uS/cm) 

8.39 ± 0.60 

(n= 12) 

67.90 ± 0.75 

(n=6) 

64.12 ± 5.89 

(n= 11) 

94 .93 ± 0.92 • 

(n=6) 

82.61 ± 2.39 

(n=9) 

Note ' ll£Ujff'11n C. U. Dent J. 15(2) 1992,69-77 . 

pH 

5.99 ± 0.036 

(n= 12) 

5.63 ± 0.140 • • 

(n=4) 

6.40 ± 0.130 

(n=5) 

6.53 ± 0.060 

(n=9) 

.. Stars represent siqnificant level from the other rain l'later samples 

(P<0.05-0.001, unpaired Student t-test) 

uS/cm = microsecond per centimetre 

mg/I = milligramme per litre 

NaCL Equivalent 

(mg/ L ) 

5.0 

30.0 

28.0 

40.0 

35.0 

2. Fl1m1mthinc.i m-~1il (pH) 

Fl1m1a.iLtlunc.i £il - ~1iltJEJili.i1r.Juci'nci l!J r-lu tJ 
A.l'f.1992 lrn::tln1t1CJ1!]r.lu tJ A.A.1992 ilFl1 

m1muun'lm1n~LAtillnu 'llEJlllJ A.A. 1992 a.iA1 

LYllrlU 5.99 ± 0.036 ~1U'lJEJll tl n1t1lJ Fl.A .1992 

r.Ju~ll'iltlllU A.A.1993 un::'iltillU l'l . A. 1994 ilF11 

m 1m UUnc.i£iln£ilM~'1'1ElllU lLndlFl11n~LAtliJ nn 

Fl1m1muun'lmt1a11J1r.hiu A.A. 1993 ilFi1LY11nu 

6.40 ± 0. 13 tl!NU f'l.A. 1994 iJFi1LYi1nu 6.53 ± 
d I I ..,. t ~I \" 
a.imLmnu 5.63 ± 0.14 mm1mulrn'l£il'ilElll"1 

d ' 
0 .06 (mc.i1'1Yl 1 lln::~ t!Yi 3) 
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3. nT'mn::L~fl 

r.mnTn m::Lia o11aci111J1r.h-1.oi'uC]~r.h-1.lJ A. Ft. 

1992 rA'1rrn::n1{ (agar plate) 'l~mHia?titL~fl 
uiHia1u~uumu 24 1Lri:: 48 'lfH. u.ITT,'lrniu~u 
ii'at1n-:l110 IAfoti L~flUHLiummllurnn 72 'lfH. 

ri1unTmn::LiurA'1ua::n1{r~flmftm1 (blood agar 

plate) 'l~ihtu?tu ~111::u::n'11umiu 24 48 Ufl:: 

72 'lfH. 

J1r.Ju lJ A.Fl.1993 L1'11::LiurA'1rrn::n1fa~u 
u::n1fr~amftt1 uiY1a11~.nnuHLiu 24 'lfH. hhrn~ 
J'J' 1J'6J'uo ... I tt"' L'l!El'll\.t U.VJ L'11EJL1H'1l\.l.L \.l.~1"1\.tl-l.Eltln'J1 30 A '1\.1. 
doJ' d o.f 

LHflUm'lfEJA1U 48 'lfH. uri::LHEJA1U1::u::um'l!El 72 

Agar plate 

THAIJ. Pliarmacol. Vol. 16-17, 1994-1995 

J1r.Jit lJ A.Ft.1994 Y1~11~1numiurA'1uo11 
uci111J1r.JULU\.l.L'J'11 24 'lfH. 'l~ilfA fotit1t111LtEl~'1 
1m1::mf lLri::u::n1fr.iamftuui u.v!V1a11~1num1"a 
vlahHimuurnn~11'r'IHUJ 48 'lfa.i. ,·1rni1mutA foii. 

L'~H~\.tltITT~1"1\.ttAtmi~u'l~l~Ln\.t 40 tFJfoti ~" 
1 uu::n1f IL'1::u::n1fr.1amftuUJ 'r'la11~1num~ufil1u 
72 'lfH. ~1mitffilfot1'1Jfl'1Lim,~Hmn~'"n-l1 40 

IA foti ~" 1Ufl::m f 511Hm llfl::fl::mfoaHLftfl ui 
d 

(Vl111'1YI 2) 

Blood agar plate 

24 'lfH. 48 'lfH. 72 'lfH. 24 'lfH. 48 'lfH. 72 'lfH. 

J1r.l\.t A.Fl. 1992 (ITTUCJ"1f.JU) 

J1rJu fil.Fl. 1993 

J1rJ'" 1'1.Fl. 1994 

+ 

++ 

+++ 

++++ 

= hiiiTFlfo\1 

= ihSotH 1 -1 o f Fl lfn1 

= ihSotu 11 -30 lfl Tm\ 

= ihSotu 31 - 40 fFlfo\t 

.. ,r.r ' ff d = mnm1mnn011 40 1l'HftU 

++ 

+++ 

+ 

+++ ++ +++ 

++++ +++ ++++ 
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a if ti L &i >.i Fl it 1 l'l u u a >.i -r u 11 il1r.Jita :: a1 lil 

L 'r1m::amh'r1fo hi'~>.i oiam3'.i'l1t1nw.nnm'lAnm 

!il1au113J1r.Jit t \.\u~nru nl'l>.i. utl::v1nu1it~lil­
a1'r1n'l'l>.i (u~nruri1 hil) ·lrni1i!1d\.\3'.iu m ht>.i~ 
v::L tl\.\n'lma mt'ati utl :: ni'lAn~1li'mj,FJ ~'llEJll 

th ::'ll1'1lHl'1ui1tl~mrum'l ttiil1rfa 1 itm'lu~tm13'.i 
um ht'>.itllilti~ <

51 3'.i'l1t1il1u11,·1rntfmTmlil1tui!1 

rJit~Lnuhj,~LL~ilu~nru ti1L11atl1mn~lil '1il'r111il 
d cf.,._ I l' J J'a f'I 

ititl1tp uanv1nut11ll~m1u1r. uu>-1m1muitmlil 
!'1 '1 ~ ., ., cl lLtl::Fl11>.J L uUn'l lil El~ U 'l::lilUl'l11>.J L'll>.J'IJ\j, l'lal m 'lll 

tl :: tl1mA~arn~uhi' <
5

> i1v~umilm'l1l1t11F11a!il{ 

'l ::rA'u font im1>.iri11'lruutl::a\t'uaitum'l1'1mMt11 
v , 

nU~ilU11il~El>.JLUUBU1ilmn 'lvi'~lil1iil Environ­

mental Protection Agency (EPA) 1rn::3'.in1'la\t'u 

aimm'lW£J~ilvl1Un1'lL~itLLti::lt'n1l1tl1Fl1'11il{ (7
) , 

am1::'1lt1il~ilU11il~B>.i ~iltm'ltlifo~rumy1'1lEJllt11mA 
i!1 Tlilmm·n::1uLiiBilL'r1aj~3'.ith::'ll1m'r1muiiu LLtl:: 

3'.ihiil1\.\~mt1'r1n'l'l>-1 n>.i~ilJltJLi'l'l>-1'111 ~ L'lln 

m'l'l::L Ulil'llE>llJJL'll1 l ,·11,fl 'r1irth'8 1 Lrn::m'lLr-nua 

il1iru Lu'11ll'l'l1>.ia11L tla{L Ylt1' 9 > emm'll11iltlBll'r11 

1'11 m1>.iL uum1i1 - u11" ''1ui1il1r.hunu !il1au11ltltl1 ti 

u Fl.Fl.1992 3'.im1mtJumlil'1il'11i1LYiuunu!il1 " , 
au113J1r.Ju~ru ti l'l.Fl.1992 ti Fl.Fl.1993 1rn:: Fl.Fl. 

a \' ~ .¥ a 
1994 n1'lL tlitmlil'llBilmrJuLW>.J'll\Utlm::t1::ntl1 

tn~LAtJilrltJnl'l'l::LUlil'llt1ilmt11 'l l·J\Ju1111 tu (Mount " , 
Pinatubo> tl 'l::L l1Fll'~atlu\.\a tlciat1a1'lLF13'.i n1'£l 

-a'mlfofllilat1n1'llm (SO) au~1ltlLulaJ1'1lB1ltTu 
2 " 

U'l'ltl1n1FI (atmosphere) lLtl :: FlllB~LUUL 1tl1"1it 

1-2 U < 
10 1 n1'l1-a'tlLl'lt1fllilt1Bn 1'£wh1>-1nui!1v:: 

ntl1muumlilri1>.i::()\1, (H so) mlilri1>.i::«it 
2 4 

L tlitmlilu1fotl::3'.im1>-1Aillii'1 th::naunutl 'l::L l1A 

l l'ltivYlla~hJlntltl'l::L l1Avlfitluua clilr.m t iil1rHi 1 u 
tl'l::L l1Fl1 l1t13'.im1>-1L lliimlil th::naunu3'.i'l1t1il1\.\ 

l'IUiLn1v1nn1'l'l!:LUlil'llBilJJL'll1 hlrA'llnci11 t \.\U'l!:Ll1FI 

flill'l hH LLtl::mA 1ui'valltl'l::L l1Fl'l l1t1anvi'1t1 itEJnv1n 
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dtTil3'.i'11'lLFJ3'.i5u 1 Ltl\.\AtlEJ1un1'll L~El'l1>.JrlU 
lEJi!1tuEJ1mF1v::ntl1mllumlil1vi'Ltlitnu 1Lliitfimru 

'llEJllfiltlEJ1uaEJnmv1nm'll1 l ,iJUm111 t u3'.itl'l::mru " , 
hJmn\t'n'101 antJ'l ::n1'l'r1itilAtlEJ~Url1'£ltl:: tl1tJJ1 
u~1ntl1mllumlil HCLO ~il'1tl1t1!il1lvi'~1t1 Q::~it 
m 1::m1m uun'l lil'llullil1r.hi~llii 1v!:Ln lilv1 n n'llil 

0 - 1( - .. m>.i::nu1rn:: co lLfl:: so v1nm>.in'lnuumLa:: 
2 2 

L 'r1ii EJll cl1wi~u !11 ttii!1r.Ju~3'.iql15°L llitn'llil 

~>-IL tJ\.\tl'l::~1EJ1v3'.irrnoimF1~t1rn~u flilr.m 1 il~ur~ , 
'lvi'~1£1 fii'ilnci1Tii'1ilul\.\ 

~llnl'l L m ::L tf EJvau l11tJ'r1~ El ni'l~1 u un Ltf a , 
~aul1~6v1n!il1EJU1ili!1r.Ju tJilhl3'.i 'l1£1il1uv1nlii1il­

tl'l::L l1FI 'l1tlil1itif LUU'l1tlil1\\ll1tl L utl'l::Ll1Al l'ltl 
~ d t..Q .., I d - o e.J 

A'lill1'1Bllv1 nr.nvu nftmlil u1 nu r-rnninvmrn 
" . 

~1miitA foihl~>.imn~ul'lnU L~>.J~illLITT u A.Fl.1992 , 
iiiltl l'l .A.1994 ua>.i-runu113'.iLtfEJ~aul1~u1 uEJ1n1F1 

(airborne particulate contamination) 1111 LtfEJ 

~a U l1~tJv :: Ln1 :: Gl lil n U El 't111 Fl '1J El il r'.J \.\ft:: fl El il Lit 

EJ1mF1 'llru::Lnum1EJu1ili!1duntl1ilu~" (hfrhii 

~" 'lt1il-rrn tlu 'r1 ill mu 1\.\) ilmil fl1U'llElil rJuft::EJ Elil~ , 
UUL ~ EJUL ~EJ~au l'l~tJL '!11 mtl::tl\rn ~1 um1 El U1illr1 r.Ju 

Fi1~EJn1'li.iih·lvh(electrical conductivity) 'llElil 

m1au1ilil1r.lit u Fl.Fl .1993 UlilnITT1ilEJU1il3'.ilt'u 

ri11'lcymilaM (p<0.001) v1nm1au1ilJ1rfauFJ.FI. 

1994 ~il3'.il'i1tl'l ::mru 10 L fi1 'llEJilA1~mhhHh 
'llEJilm1au1"i!1tluuA.F1.1991 L'r1111~F11m'lii1h~vh , 
L \~ >.i~iiL itEJilv1 n3'.i ~iltlm ~ EJiitl:: ft1 u v~t u J1 ~a 
Ltf EJ~aiil1~tJ (contaminated microorganisms)' 121 

itEJ n v1nd"'l1t1il1uiiila1'lmnl uLml'ltl::tlu 1iimin1A , 
'llElil 1vi!1 t iinEJiiL>.i1lL ittTuu'l'ltJ1n1 A'llvil fon' 13 1 

v1 nr~tin1'll11iltlElil L tJu~u ii-B'lil11 m1a U1ili!1du 

U~ L1 ru~Y11ftil mru>.i'r111l1tJ1 au \t'u11LtJuu1L1 CU~ 
3'.j Fl 11>-I'r1'!-\1 U \.i U ~il 'l ll tJ Uvl lL fl :: tJ FlitEl1 v v:: L tJ U 

" ~ I .J' clcl o~ tl ::'! ~ ~ );" J o 
lil1Elt11il'llEJilYml1l1>.J'1il muEJii~il Vlilitumr. uu'lnru 
~ I 'l 0 cl '} '-' ot cl lililntl11 m'r1>-11::a>.il1v:: ~'llm 11AuEJnv1nv::>.im1~ 

Lllitn'llilu~1 vil3'.iLtfa~~Ul1~6 ~"~F11~fi1n1'lWt1 
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lila'l tl~aVhm1::l11Ltim~mLfl::'r11i1fWt1nTHlEJ t ~mmil 
d'd 'l !c'l ~, ~ !'1 

L'11El'r1 lltln riH'IUl!i11'r11i1flElil vmn31um13-l Lull.n~fil 

'11 a11J1rJ" Ln mn n n1~'1~1 '1~ IL fl:: ~11LL1111~ a3-1$J 

~1tJl11ll.1 m.h::m m],:inq'IY ~ii L Ull. tl"j::L'r1Fl~ V1f!TY1-

m~i.1 L~m~ ti1nll. 114 1 

1. Wllll. ~~11-1.\IFl A1'1l1t'IJ'1lElilElilFln1~EJll.131'tJ 

fo n fl1~1~n~m1101~ru~mh-,,-rt11L \rnuufl:: 

vw1t11fl fi1'1Xm~m·lm·di'r1ti1 716-718 

111\!~ln nlilLm~·1 2531 -,,tl'1 504. 

2. Alcama, I.E. : Microbiology of Water. In 

: Fundamental of Microbiology. Edited by 

Alcama, I. E., Addison-Wesley Publishing 

Company, Massachusetts, PP. 752- 783, 

1984. 

3. Murphy, A.P. : Chemical removal of 

nitrate from water. Nature, 350:223- 224, 

1991. 

4. Chief, Office of Publication: A Challenge 

to Developing Countries :the International 

Drinking-Water Supply and Sanitation 

Decade, 1981- 1990. WHO Chronicle. 34 

: 327-331, 1980. 

5. 1~i'r1u ~b1mru1fi11illlZ ~~foml'lu \!~\·n­

Lli1'11:: lLfl:: 51~ i1-rry-rFt$l : tmilm~Flm:n 

~ru111m!1r.Jll. L m'iluinlilL m-13-lmll.m. ~13-l 
t1'r1Fllil~mmil1ll.%'t1 ~ilullltJ 2518-2525. -,,tl'1 

7 5 ~fil'Yi1 f111 tJ fl'11tfai~tJ f!/111!: IL 11il~ El3-l 

~W1fli1mrumni'r1t11 Kti 5m1l'li.1 2525. 

6. tl~::Lfl1~ milnuiDi~ru ufl::'lm1fl 1'1ilf!!i-1 
1"111i.iu~f1.,,t'11ailJ1~m!1 hr. 11~f11~'1'11-1.ui -• 
lL\'l'r1tJF11flUJi 15 : 69-78, 2535. 
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I 

U't1U1't'l°l1 eh1 n~~a.JcWUBGl eJ n1~ b ti ~ tlU bb ti 6h1 tl1 bb~ ~ 6'1~ bfl ~ 
" 

111F11'1l11nff'1l1'Yl £J1 1'Ylm~£Jlll'l'Yl£JA1m11fo,::~111~nLrnh 

Cl'l-!.'1-1.WlJlCl n11lL'YIYl3H11'1-!.m th::mAl'Yl£J 

u'V!u1 
d o tl d ti n'l::tJ1'l-!.n11Y11111n1£JL fW'l-!.l! ftll£J1ll ft:: 

f'l1 1LFl~ (xenobiotic metabolism) ~Fl113-1~1 Fl'lj 

m fl1:: £J:: L 1r11 1Lr1::m13-11'1-!.lb 1111 'l-!.n1 'lfl fl nq'Yl t'Yl1fl 

F111m um~'b}'ilfl ll £J1 1w::f'l1'l tFl~ ~u:u~£JYI r11 £Jflri111 
dd I - I ~ ' a 
'YlmmPrnn1::u1tl.m1 ui11 n r111 'llllfll:ULL'UllLU'I-!. 2 

mn 1'Ylaj1 ~e:J i/11:5'EJ11w lu 'lofori ?iUUJ'iJflllff ar) 
n1'm~'l-!.5 e:J1£J m A eJfl113-l'I-!. m1«11m1nuft:: 

' ' 
ni1tU'l-!.LdFl cl1'1-1.ilv:5'EJmmwn 'lufori Ln'1lmm1 

lb ft::~ I] lb 1fJI~fl3-I(1) 

Oxidation 

Reduction 

Hydrolysis 

Hydration 

Dethioacetylation 

lsomerization 

.i1n (1) 

m13-1 ff m~'l-!.61:: w)111 n11 LnuiL1Fl'Yl1e:Jm1 :: ~uitln Di 
I 1 .,d cl~ tld ti 'U11lfl£J11l 'l-!.~'Yl3-lflU111 n1'H ft£J\1. ll ftll£J1 llft::f'l1'l 

L Fl~lLITTn ITT11ltltlo 

£11 llft:: f'l1 1LFl ~ ~ nL U ~£J'l-!.lL ti ftll Lm £J tl lj rl~£J1 
LF1~~1111 tll)n~£J1m~1d~nmu~~ tuimfl'l-!.l'IJH° 

~11cl1'"1 Y1aj,·1u hi.mu iw1 fl1:u,·1u hie:Ji' £J1::~t1o 1 

lii'1m?lt1o tlflui 'lr;i ~1'lfl' llft::f.hm:r11 tut1o!ii'ii<1
l 

n11L ti~ £1'1-1.ll tlft ll £J1 lb ft:: f'l1'l LFl~ lb tfo 'llii'L U'I-!. 2 ):;£]:; 

Glucuron idation/Sucosidation 

Sulfation \ 

Methylation 

Acetylation 

Amino acid conjugation 

Glutathione conjugation 
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CV cf I d 
tJ't1tJ1't1't1£h1 nca<aa.J'WU5Gltl n1<ab ti a uubb ti H\I 

~ 

t11 ttt=rna1-atft3Jt u"a~u~~viil\I 
ti D n ~ ti 1 L Fl ~ ~ ~ Fl 11 ~ ri1 Fl qi ~ 1 n ~ ti n 1 'i 

Ltl~t1mLufl\lt11LLfl ::a1'iLFl~hm:u::~V1l°t11 AD oxi­

dation 'i::U ULt1ll.huHi~urtu1rt L ll.n1'i mu Fl~ 
tlDn~md AD -a'u Tin Tm~ Vi450 (cytochro~e 
P450; CYP) U'1'1Ull.~n1·Hi'm1U~ll.~Fl1\JF1~ , . 
n1'ia{111iu Llil LFl'i~ ,~450 011 221 t1it!i112

> Lll. 

fllil1L~t111~n~1t1ll.~ ~um~1dmfo 1~LUll. 12 1\IA 

111A' 

CYP1 

CYP2 

CYP3 

CYP4 

CYP5 

CYP7 

CYP 11 

CYP17 

CYP19 

CYP2 1 

CYP27 

~nn (2,3) 

A 

A 

B 

c 
0 

E 

F 

A 

A 

B 

F 

A 

B 

A 
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(family) lrn:: 22 111A'at1t1 (subfamily) Lll.Flll.YIU 

17 1\IAaDU'11D\l~ll.~Fl1\JFl~n1'ia{111-a't1LlilLFl'i~ , 
,~45012 > ll.t1m:nnd1ll.111A'aamm11-a'u {r;i Tmi1 ,~ 
450 mnutlit!il tJ\llLU\ILUll.~U~11l 1 (form) '11Dll 

-a'u Llil Tmm1~fl::Gi'1 (lil1 'i1\I~ 2) Yi1 ht~-a'u Tin LA'i~ 
'~450 >n n m tll'lfl1Utlit!i1~ L~tl1'nD\I rl\J n1 'i­

LU~tlll.UUfNtl1ltfl !:fl1'iLA~ LlilULQm::am?in'llD\I 

111A'~ 1-3 amnnLll.111Agll.1 a1'n'111V1lt1~L~t11nu 

1, 2 

6, 7 

6, 7P 

8, 9, 17, 18, 19 

6 , 7P, 8P 

3, 4, 5, 7 

9, 11 

2, 3 

1, 2 

1 P, 2 

15 

19 

19 

10 

22 

10 

19 

7 

8 

15 

8 

10 

15 

6 

2 
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d d - - ~ · n1'l AmnLnl'J'JnUU'r1U1'r1'1Hh'.ln'l'l3H'lltQPHl 

m'lLtl~umLtl~11e.11LCilm..l~n~u1 oxidation aTmh 
T!ilu1l1e.nmn debrisoquine, sparteine 'r1~tl 

metoprolol 1 'V.t11ff1ff>1'l'l'l<4
-

5
> u~1't111'11 meta­

bolic ratio (MR) Lll.ifaa11::'t1~111l1u11'1~11LOiu1 
hJu~1 a '11>-1. MR At1D!il'l1fl1'\.l. 'l::'r11111m1a.1 

L tl mlWll ti '1 U1rlU1'1113-l L tl 3-ltlWll t1'1 ff1 'l~l c;i\11 n n1 'l 

LU~U'V.Utl~11u1~'V. (metabolite) ri1'r1fo debriso-
t1dd I I 

quine LLm: metoprolol ~'r13-ll'l1 MR ~11m1 12.6 

lLff lil'111Ltl~Ul\U tl~'1U1,f\lfft1\l l!ii'll't1u ~lilL llm~1n 
poor metabolizer (PM) fl1 'V.~~ill'l1 MR ~1n11 

33 

12.6 L U'V. extensive metabolizer (EM) ri1't1-ru 

sparteine PM ill'l1 MR ~11n11 20 <5-e> 

'l ::UU Ltill.'lmr~ L~U'l?i'rNrlU nl'lLtl ~U'V.U ti~\! 
u1L't1a1\fAt1 cYP206 ~11anmul'l>-1 Llilufi"~tl~ 

" . " 
i.mTmT>-1L'lla.Jlil~ 22<9> L'V. PM \'lu11ilm1>-1 

" 
tlti1tlnei'llt.J\lanm11 ncl11 li1 L l1'l::mut1t1\1Lt1ll.l'lla! 

~vi~11mn ~mJ~ull.utl~11u1u~ ::a1'lLl'lill!ii'U't1u <10
> 

1'111 >-1 tl liltl n eid'ci1 U'r1 t1 ti1 llii''r11 \I n'l 'l >-1\:i'iilf u uu 

autosomal recessive \'lU PM tl'l:: a.J1ru-i't1u~:: 

5-9 L'V.l'l'V.ri1'1!11 ri1'r11'u'l111!i1::1'll.t1 t1mrntl'l::mrn 

-i'tiu~ :: 0- 2 (!i11 'l1'1~ 3) <11
-

13
> 

911~111~ 3 1'1113-l tltil!Ltln htm'lLtl~Ul\lL ti~" debrisoquine LL~:: mephenytoin Lll.l'l'V.Lim110iiil1111 

FIU/i1::JU8£Jn 

'l'r1u 

mLm~u 

muJwn 
Ul'lll.1(il1 

Lfilll.m{n 

d{,nmi 

ff1Lfilll. 

ff'r11':lm>-1~m 
~ 

t111mp~ 

~.nn (11-13) 

d d d ti 0 d tld 
m.11t1ii1 tin 'l::mrn 30 '11'V.&i 't'l~m ~uii 

1Ltl~11lfilu CYP2D6P 4
> ~\lfl1ll.L'r1cYLUll.U1'l::uu 

.., 'l d d J'10 . 1 
'r11 L'1LL~ :: 'r1~t.JCilL~tltil LL~ :: U1'r1t.JtJn()l'15!ilfl'1!ilu'l:: -

ff1'r1 (m'l111Yi 4) u1 1ii'11ncl11ilm1i1ri1Fl'cym11l'l~itn 

Debrisoquine 

0 

1.2 

2.1 

7.5 

7 

7.6 

5.4 

7 

9 

Mephenytoin 

17 

18-23 

4 

3 

6 

3 

3 

4 

~~LUll. PM 'llD\I debrisoquine 'r1~D metoprolol 

'1:: L tl~Ull.lL ti~\! U1 L't1a1i'.fl!ii'ut1 u!ii'w ~\I tl1'1i'Jr.rnmti 

r.rnn1'l1'mflu~::t11m'l D'V.hh~11tl'l ::: a111'1'1Jt111u1 ~" 
'1::'l!ii'ncl11iil t1'l tJ 
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£J1~::uul11 hnu:i::lHHJlilL~fllil 

Antiarrhythmics 

Encainide 

Flecainide 

Mexiletine 

Propafenone 

N-propylajmaline 

Sparteine 

£J1ean~~~da~liltl~::a1~ 
Neuroleptics 

Fluphenazine 

Perphenazine 

Thioridazine 

T ri fluperidol 

d 
£J1fltl.1 

Codeine 

Dextromethorphan 

Methoxyamphetamine 

Perhexilene 

Phenform in 

'l1n (14) 

Beta blockers 

Bufuralol 

Me toprolol 

Propranolol 

T imolo l 

Tricyclic anti­

depressants & 

related agents 

Am it riptyline 

Clomipramine 

Desipramine 

lmipramine 

Nortriptyline 

Tomoxetine 

Antihyper tensives 

Debrisoquine 

Guanoxan 

lndoramin 

MAO inhibitors 

Amiflamine 

Methoxyphenamine 

£J1Ei n?Jitm.,\i11~itm-11tit un1~Am.Y1£i~5m:i n'J1 phenytoin'11
•
15

> mephenytoin ~l'llLlluri1u 
r.rnmrn\I S-LLrt:: R-enantiomer ~tltLUU~\latJ\I ~ '' • Id • I " 

'llB\lm~3.J'l'IU~lilfln1~Lurl£JUU.urt\l£J1 Au mepheny-

toin ~\lLUu£J1~::3'utin ii~ITT~Im11a{111F1~1£J 
' .}\l ' ' 'l .,~ 0 

phenytoin Ulil£J1U 3-!Flfltl lil~UFl113.J\.W3.J LYl~1:: 

1lZr.iri1 um'j~mflhilL ifaeuua::vh 'l li'Lnuimm~lfil.Y 

m11etl111 L'llu m13.Jr.i1i1tl n m'lla11~::urn~auiloiua£J 

" 
'i.lu\1£J1umtl~£JUl~ tlri11 Iui£Jtlljn~£J1 p-hydroxyla-

tion l~rt:: N- demethylation' 16
> lLITT S-enantiomer 

umtl~£Jm~tl~11fo£Jtll)n~£J1 p-hydroxylation LUU 

ri1uLl-iru flilu)j..a'uI111Iwrn'lun~3-1 2c Lllu~1 
~ , 
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FrJUFla.J F1rurta.Ju0i'IJE111~u t01 tmm'!5'1hlrmuil ii'ii'vi . ' 
~'1U'1hflt.-i'n1Y1uvi11LUU~tlLvi* fl1Ylfo R-

enantiomer ~mtl ~tJUlLtla'1 tviutli)Mu1 N-

demethylation LUUfl1R'1J 

mephenytoin fl stereoselective n~TlFltJ EM 

:u:::ttl~uuutla'1 S-enantiomer 'lt.-i' 11tl1'111m~1 
lLa:::rta.J\!'HU u~:u:::Ltl~uuutla'1 R- enantiomer 'lt.-i'il1 

LU PM n11Ltl~timLtla'1 S-enantiomer fou 

tli)n~u1 p-hydroxylation Lnvi~mfoumn ~'1 s­
ua::: R- enantiomer ~mtl~uu1Ltlai1 foutli)n~u1 
N-demethylation 'lt.-i'Yrn 1nu ~\lfim1a.JL1i'mfo 

LUL~tJVJ'il1l\lt11~11 2 ~tl 11uuLn ~LAtJ'1nu< 1 5 i :u1n 

Ii'a~a~iln~Tl ~i1'lt.-i'ihmLmun11n1Y1uml'nurn::: 
d 

tl11nn (phenotype) ?rn'1n11 Ltlauuutla'1 

mephenytoin foumeYm1'41u1:::Y111ilm1mii'a.i1i'u 

'IJ1l'1 S- ua::: R-enantiomer Lm1aa11::: '1J1l'1 

111a1aa1'mY1fl'i1L°l1t11Y11i1tl1n'ltl1L~1 B ita.J. Lu PM 

erm1a1\.tdfii;htl1:::mrn 1 LU EM iiA1U1ltin11 1 

\•1u PM L wll1101 :::1u1111ntl1:::mrn-r11ua::: 20 Lu 

F1uri11111\rntl1:::mrn-rmrn::: 4 (m11i1~ 3) 

Fl113-J fl1 A '1J'l11il Fl ~itn'iltiil Fl113-J UP'l n ~1 ii nu 

L Un11L tl~tJUlL tlfl\l mephenytoin ui1hlm1U1L ii 
'ii'vi 1LvJLUU~u1fl'1 Lnm11u11n:u1n mephenytoin 

" v d d Q d tld tl t u.a1 t1\la.Jt.11r:inY1'11t1itUCil'l1~m auu1L a\'! CiltJ 

1:::urnm-t'l'il~ 1Uiu1nu o1111tl1'1LVU hexobarbital, 

mephobarbital, omeprazole, diazepam, 

imipramine lLa::: proguanil1111 ni1L'llt11~'1nci11 
q di1 d v ,ff LU PM 111:ua.J cyY11Lnt11nu n111111nCJ'l1olLa ::: 

l~ Y'il 1l\l u1 Fl 11 a.J ri rirnr.in L un11 L tl ~ uu1L tl IH 

' ''1UlHfl1U'l1ll~11LU\\ CYP2C19 (39) 

3 5 

mephenytoin 

autosomal recessive L~ULUimnu debrisoquine 

<18
• 1

9
i ~u~muF1a.Jn11'1-r1'1'ii't1 tm Lma.J~L~t.11'1111\l • 

nun111tl~uu11tla\l mephenytoin 11~uutm ta.J fo 3-i 
1d d 

~'11 10 (P1111\l'l1 2) 

ni1 L tl ~tJUlL tl a\l m lla::: a11tF1fiLu1:::u:::~ rt11\l 

L~t111i'tJ'1 nu n11LOl3-Jrl11U1\11JU1\l L1i'1 Lu La.J L a~a'il1lil 
~ ' 

u11La:::a11tF1fi°ltu 1 Yl~ti metabolite fiLnP1:u1n 

tli)n~m 1 m:::u:::~Y1it\l a11~'lt.-i':udhZ1mt'n tma~a 
C:cf d cf 

L\'13-J'IJU 3-J polarity ~'1'ilU ~n11umu1111nm\l 

i1aa11rn~mhUi'lt.-i'mn~u tli)n~u1~fini1LOia.Ja11 
L'1i'11 uTmana'iJ1J'1tJ1 lrn:::a11LF1~ t1um1a.J 1 nu11 • 
conjugation ·lfofiY1a1t1i!\'tm~u glucuronidation, 

sulfation, acetylation LUU1iltt11l 

v «d ' tld tl n11m•moa.JU'l1U1'110111n11L '1t1u11 a\lt.11 , 
ua:::a11tF1fi1u1:::u :::~rttJ\I tli)Mu1~'loi'-rum1a.Jrtu 1:u 

lrn :::fin11Amfl1lU1\lffJ1\l'il11\lA1l acetylation ~\I 
LM tl1Il 1lil nu n11 L tl ~ tJUll tl a\l t.11 lta::: rl11 LFl fi\111 n 

~ ' ' 
v d tld hydrazines 1rn::: arylamines 113-J'l1'1tJ1'11~m auu 

LUUrt11mn amines L~'l-1. sulfasalazine, nitrazepam 

1rn ::: caffe ine 1tlumu (01111 \l~ 5) <20
-

2 2 1 

tl Q 0 0 J' f 'l " 
!Jn1tJ1U~ nFl1UFJa.J LCiltJL1JU 'Cla.J N- acetyltrans-

ferase (NAT) L '1-1.~tJ Lml1la'IJ1l\IL'lla'1oi'u ~ii Lu 

FlU~rltJ\l~tl Atl NAT1 ua::: NAT2 Fl113-JlLP1n vh \I 

n'l-1. 1 un111 tl~ um1 tla\l u1 lLa ::: a11LF1iiLP1utli)n~u1 
acetylation \'l'ULQl'n::: 1 ULtJ'l-1.'l'Ci~ NA T2 <23

·
241 
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Arylamines Hydrazines 

Dapsone Acetylhydrazine 

Procainamide 

Sulfamethazine 

Sulfapyridine 

Carcinogenic arylamines 

4-Aminobiphenyl 

2-Aminofluorene 

Benzidine 

Methylene bis-chloroaniline 

2- Naphthylamine 

~1n ( 11, 20) 

~~ L tJ ~ u "u tJ "" v1 u a:: a1 ·aF1 il1oi'n1 turn 

tll) n~tJ1 acetylation L~tlffl1 slow acetylator 
.,d • 1 d • I '[ "a "' 1 '" (SA) ~'YILuatJ"UUuM r1IL'rlL'rnm1 fast w·rn rapid 

acetylator (RA) l'IU SA {£Jua:: 49- 70 L'UA'U 

tJ11111 uoh·1u{mm:: 7- 34 lm111r;i::1"£J£Jn 
d t I d ._., .. Q ,J' 

(m11\l'YI 6) " SA l~mwm1na1mrnqLnr1111" 

L 'UU'U~F11UfilJ.Jn11ft{111 NAT2 ~l!El~U"UfR1fa.i f.ciJ.J . " 

Hydralazine 

lsoniazid 

Phenelzine 

Drugs metabolized to amines 

Acebutolol 

Caffeine 

Clonazepam 

Nitrazepam 

Sulfasalazine 

1d 
~'YI 8 

mn <23
• 

24
l m1J.J LLlilnoJ1\ln"Uhm11 Ltl~tJmitJa11tJ1 

ua :: a11LAilfmm..Jl)n~m acetylation ilm1J.J~hR'ry 

o1£J~an111nu1ua::£J1n115"U1~w11tl1::a\IA1l£J\lt11 

11J.J~11nTHnr11t1i;rna::m1::tJr11tJnliiu1\1£J~111~1n 
ft11LAil ~\l~::'loi'n~11olEJ '[tJ 

d d L ~ 0 1 

Gl1':i113t1 6 F111J.lrt1!£J\I slow acetylator "Ufilmnm11r;im111 

~ 

A'Ulil::'l'UEJEJn % fil"UtJ11111 % 

"' 11 59 -70 Ln1l1'1 UA"1r111 

~"ur.i"~"tmy 1 3 Lti Ina fo1::Lnu 60 

~"t"'lr;J..,fa 22 ~{\ILl'Hl 59 

~"t"'l'Ylt1 34 rlrnia"U!il 61 - 64 

~"UL"Ufl\IAttJi 22 "' 57 LtJEJ13-l'U 

niu" u , 
7 -1 2 a1Lr11'U 51-68 

1 mi 18 fll11jm~1~m 52-57 

rrnuu"a 28 5\1 nqu 53-62 

~1n (1 2) 



715ffT'ill1fl117Yll11U~ 16- 17 1994-1995 

Fl 'J 1 auh fi qi 't11 \I Fl iHl n 

m1>-1fl ui LL t in 1 unTH tl~tmu tlf111t11 Ufl:: f111 

Ll'l~~il L tlmi fl\11 n n11u tl1ffu mil n11>-1'~"~~m1 >-1 
ri1Fl'cymill'l~itmtlu 3 ~nuru:: ~a 1) r.mm1 

i'nu1ufl::a1m1cfali.lvfotl1::flill'l'llt111t11 2) tll]­

n~t11manm::whilt11 1rn:: 3) 1'111>-!LUUl'iiU'11n 

fl11LF1~ 

lu~nuru::u1 n PM tt~a SA \l ::~A1m11Lna?J 

\lflUA1f!Cil{ Ltlu m1>-1Ln>-1tiu11a11t11 l m~aui 1'11 
d ga d' dq " I • " " 1'1111n1Cil lLfl !:l~WYl ~Ciln11Wl!:l111ill'l11>-IL'llJ.l'llU 

'lltl l1t11LUL~tlfiltlUL1 fl1mnn11 EM l1~tl RA 

L~a l~t11rii'1t111muiLfi1nu Lllutifl l~t11aanqY15Llil 
d I cf di d 

1uu 111tt1t1l-l.1lrn11 l-l.t1n\11nu PM ma SA >-1 

fon1f!Mi'rn~u\11nt11mnn11 EM tt~a RA ~n 

rii'1t1<12
• 
25

> t1m1'um&~f111aanqY15°Lllu metabolite 

(s) 11 ailt11~m1>TuLa11li.l~qY15° 
d•t '-'<' ~ ' " !'1 d t11'Yl m>-1 n1 1~1nu1at11il n11il'll11ilLuUtl1'Yl 

~mtl~t1UUtlf111fot1 CYP2D6 (Ci111111~ 4) m1 

a~111Ltlu m11~ metoprolol ~11Lllut11i'nmhl'l 
m1>-11ii'l-l.fo~mc11 11m:a1m1tl1uiLl'i'uan (angina 

er .., ~ I I 

pectoris) min qmrnn ui nua t.1111 Lm'l1::L '11!: \lil ma 

beta1 receptor rii'1t1'11"1Ul 200 >-1n. PM \l::~A1 
d d' dq " I • " " LQfltl 'lltll1l'!Ul'l~Ulm1v11::tt11111'111>-IL'llJ.l'llU'lltll1tl1 

1 d ~ o d ,ga tJ 
ULfltJUI nUL1fl1Ufl!:Fl11'1111n1Ul 'i::mru 6 lLfl:: 3 

L fiT1lt111 EM Ci11>-1~11ii'tP6 1 n11 Lti't11d·fofl::fil~l1li1 
\l!: LYltll1l'IEl 1un11A1UF1>-i tl1n11U1UILAUtln '" PM 

' 
lu EM t11'1Pi't1111~1ufl:: 2- 3 A~11126 1 Yi1ua11 

L~tl1tlUEJ1\lflfil'll"1fil1rnl1 metoprolol Ltt~m l~t.1 11 
d d ..,. d 

F11rnu11'1lt1'1'llmuimm~1u (1 oo>-1n ./1l-l.) L>-IEJ 

lti'tu PM ~LlluhAm1>-1!ilufo~mc11121> tuimhltJ 

metoprolol 1ti'liilll-l>~U1tl hFlttEJU~ fil Lm1::t11~ 

r.rnl'lauti111L\ll'n:: L\11::\111ITTEJ be ta 1 receptor 

1Lm~m1>-1LnmTulm~ufil fl111 t.11\l::~r.mmu beta 2 
" 

rii'1t1 lil11ifiim1lti't11dtu PM ~'1LlluhFlttEIU~fil 
El1'1Yi1 L ~LrlUHlUUl11tl lfii' 126 1 

37 

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

t11Y1aanqmiflnfilm~ beta receptor anm 

ttit11~itt1>-1L'li'numn~a propranolol m1Ltl~t1u 
1Ltlfl 11t11dtfilt1tll]n~t11 hydroxylation ~A11>-1 
u01nm111nu1ii PM lLfl:: EM 1LmL'1.u11\11nt.1l)n~t11 
~ ' <'_J " ' tl d ti cl' fil llnf111>-1 tt1lrnEJt1>-11 n mun11L fltl UU fl11t11u 

!il11if u tfil t1J11 l01 11>-1~11 li.l~ 1'111>-1flui 11r.J n 1un11 

Ltl~t1UlLUflll propranolol lii, PM Ufl:: EM<21 1 

a~ o ,J,. ~ 'I " 
unma t1111ttitlll'1Elf.Jfllt1t1'11nm 1 L?i desi-

d a ~ f d " 'I " .'I d f'I pramine 'll'1LUl-l.t111nu1 L'il'l'llmA11 m~u1tl 'YI LuU 

PM 'llEJl1 debrisoquine 11u1 ui~1ti't m::t1::1L 'in Atl 

50 irn.tfa 1ui'11'lat11L'r~muu 250 >-1n./'fo mt11u 

1 L~uu mrn1m1tl1uittu1unnru::l~n m t11'11lui 

'11n n11m1'1FJ ~ul ,·l vhl11 l;;iv1u m1:: n~1>-1 L du 
'11 L\l'111 lilL~El UIL '1.a11;;i1 n n11l1 Ul Ln~'1'11tl'1l1 fl ti Ul L~tlfil 
~ltlL~t111'11l;;i tta11'l!ilfotnltl1L~145 fa<251 ;;i1n 

m11'ui1::lilu'llEJl1 desipramine lu~.f>-1 l'1 u11~tht1 
11t1d~1::1ii'ut11c11n11"11LQ~m~a 1~ril1mn-1.1ui1n~ 
LAt111nl-1.h1.~u1t111t15w1 t.11::inru 4 Lfi1 ~11Lnui 
a1 n11 cfo'l~l~11tl1:: f111l'ilii'iln~11 L '1.a11;;i1n desi­

pramine LUU metabolite 'llElil imipramine1211 lii'ilJu 

PM ~lrilfo imipramine nm;;iLnuitmLifo'liKLtlu 

L~mnu ril1mttITTii'm1 lti't11~rim tl~u"u tl fl11 tuit1 
' " 

CYP2D6. lLfl::LUUtl1tJU(il)1tl Ltlu t11unlt1m1~ 

l11 l;;iLat1.~ilm::mn encainide, flecainide LLfl:: 

"' " ~ ~ f ". 'I d mexiletine \ll1ITTElil'i::>-1m::111 ~UltlLQl'l1 ::~u1tl 't'l 

~t w1mu LLfl ::/l'i~a t 1Fl 'lm11>-1!il1t111 41 

m1irnmnm111 tlll. L ll.n11 L tl~ t1u1~ Uflil t11 tuit1 

tll]n~m acetylation '11l-t.Lttaj~tmmam1Lnuia1m1 

ti'uli.J,~11tl1 ::flilA\l1 nt11 a1nT~~v1u ~ L~'l-I. peri­

pheral neuropathy ;;i1n isoniazid (INH) lLfl:: 

hydralazine, lupus-like syndrome '11n 

hydralazine lLfl:: procainamide 1'1111-ltJUJtlnOi 

mft1dv1u1l-l. SA tlut1n11tu RA120
·
29

> t111 

~ t 1tl1rn::fltti'J"l ~11~fo n1fl'lrilfoti'um1t1 ;;i1nt11 

Lttft1d>-11nn-h?J11LEILVtl Lm1dh.h::?J1m~LUU 
SA mnn11 (Ci1111il~ 6) ·~11t1111u11 INH ri1hi' 
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LnrAmuamaulii. RA 'liilumrn111ii. SA 1Loiii 

VI~ nj11-l. VI fl1 tJ a U1\l~~IA lLV\l nm1 tJ\!11-1.!il\l n a111291 

o - ao d - d 
R11J.J "11'1 ClJ'Y11 \IR fll-l.n an fl nuru::VIU\l'IJ a\l 

m1a.muinoi1'1nii.bn1·atl~tJu1Li.fo\lm REI tl~ ­
n~tJ1 oi El nw~::Vl11\I tJ1 ~ tJ1VI fl1tJ'ilitVJ~\I~ L UUILfl:: 

~·l~WJu substrate 'IJEl\l CYP206 ff1J.JTmuu5\l 

m 'lfi1\11"mmE1u'l'll31°ifliil m1au1\IL'liu propa-
~ 

fenone lLa:: quinidine m°r1'1fftl\l'ilii.JA~IA'ili1\l 

n1'l LU~tJUILUfl\ltl13w1 fotJ CYP206 L~Elli 
~1Wlu fi1 l '11'l::!ilrnrn\l tJ1 !il\l naTl ~\l~UlilliEl1lilL tJu 

- '~' 'l"' d - -c:1., EIUUJ'l1tJITTEl~U1tJ IA <25
· 

301 lil\IR'l'l'l!:J.JJA'l::'l\ILJ.JEI 'il 

tJ1LV1a1d~wnutJ1~w1 ~1urn\llum'l1\I~ 4 

tl
d <1 

EM lil::~m fltJHLUU PM 

t!u#\lm'lfi1\11W1JEl\I CYP206 Vl~EI LEIU'l'll31°3H'] 

~LMtJ1~a\l tl'l1nnn1whiL1tJn11 phenocopying 

<21 1 ~\lli!::i'.itrnoiE1m'lE1E1nCJ'Y15"1La::m1muuflu 
'iJE111tJ1L~E1l.X~w 1fa !il\l'lmna11a.rni~1 Ltlli~ib 
a\lLnUd1 tJ1~LU"m1mittJTlfoE1ufa31° L'lin phe-

.. 'l 'd ' nobarbital Vl 'lEI rifampicin J.Jmrnornn1'l 

fi1\11WIJEl\I CYP206<3 •> 

ti~ n~tJ1 via nm::;-i11\ltJ1il n~;-ilZ\l~ib 1mi 1lil 

REI n1'l~IA'IJ11\ln1'lLU~tJUlLUfl\I phenytoin fotJ 

f'l 1 "' v 1 .. .l' INH L unr~a Vl'l ::fAU'IJEl\I phenytoin %LflElfA~\l'ill-l. 

lilt\El1li!L unaliITT'l1tJolElaU1tJ LrAmm'11::EIU1\l~\l 
1umn~LUU SA ~\lLU~tJlilLUfl\I INfi 'liil'lf1<32

l 

''l'lJ\.h1n!Jn1'lcUYi1UEl\IL~tJ1rlUL~E1H INH ~1 3.JrlU 
carbarnazepine'3~> 

I 'll'IVl~Elm1::r.ivitl nmU1\lEIU1\l3-l mrn 1 na~ 
L tl~tJmL tla<1tJ1'lfii'mn;-i~E1ltatJa u1\l lrAE1u1\ll1it\l 

m1mhmJu J.J :: L~\lUEIVJ1u~~~'lJ\-lVI~ ~n'°iu1u EM 

'IJtl\I debrisoquine UEltJn11h~ PM'3 4 1 U'l1n£J ­

n1'lrndtl'1'l:i.i:Nl'i1E15mtJ~ 1L l~'8'vi 1Loi L~E111 El1li!Lnvi 

lil1nm'l~ EM Ltl~munfo\lfl1'l'lJ1\lEIU1'11uu;-i~ • 
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m1J.Jam11nth::-,,11\l n1'lLnrA I 'lAm{nuau 

1 "'d a v • I d • I o ~ v f'I d 
U~'Y13-ltl ITT'l1n1'l Lu fltJ%1L u fl\I tl1 ITT1\I nUtJ\I L u'\.l.Yl 

nm~tJ\lnnmn ~a,·iu11 PM 'IJEl\l debrisoquine 

~lammllnhmn{nii.au'liilmnn11 E M<351 1La:: 

'lmaY\lam~m31u11 PM LU~tJUILUfl\lff1'l'lJ1\ltJU1\I 
fiirn-WolElft3-ltl\I ~\lfi11 "1LrlfAEl1 n1'll'l~1tJ rltl a~ 
Lth~hm'l1{nnan'liili.i'E1tJn11 EM a1'lm\lna11 Aa 

1- methyl-4 - phenyl-1, 2, 3, 6-tetra­

hydropyridine (MPTP) ~11H'luE1 ITTft 1'1'1n'l'l3.J • 
Ll'l:Nt11\IEIU1\I ILfl::'lfii':Nn1'lli1m 1'1i'l UYl1\l~r.i vi L'liu 

1'li'Lllua1'lLm·1mvi<35
•
311 a1'ld'~mtl~muuu 1-

methyl-4-phenylpyridiniurn ion (MPP+) Lm.1 

Lem'l'll;T MAO 1uaJ.JEl\l MPP+ :N,°1-WLQYn::Llil1::0J\I 

oim'llfl~aJ.Jv\I u~nru substantia nigra ti11iLnrA 

E11nTrn~1 tJ hm'l1{nnau'35
•

311 ~\l MPTP 1La:: 
v v . Id 

MPP' liltlntl CYP206 1Lfl::El1lil~nLuflmtlLU~\l 

LlJii.a1 'l~'l:i.i~qY1toia'ltl !il11~u1u PM ~11n1-s 
ti1111n'ilE1\l CYP2D6 avia\lmn~\l:NLan1mlllthfl 

m{nual~lil1nm'l'lvi'fo MPTP mnn11 EM 

E1u1\l'l'lnmJ.J m.uim~1wiY111mHtl\lOJ::o1E111i'.im'l,°1aOJ,z • J ~ 

nuoia'ltl 

ft11''nn arylamines L'lin benzidine, 2 -

naphthylamine, 4-aminobiphenyl ILfl:: methyl­

ene bis-chloroaniline ~111muE1mn1V1m'l3.Ja • 
1rn::lrn1amn ti11~Ln1iu.i :: L~\l'IJE1 \lm:: Lm::i1aa11:: 

1nmt\l1u~«mlanua1'l L'l'ia1,iLuntl-s::~1 (m'l1\l~ 
5) Att\l1it~Llln SA iilan1mtlnJ.J::L~\llil\lna11'loi' 
UEltJn11 RA<20

· 
241 ,t11dE110JLitE1<1li11nmi111u 

mnd'<£nmau'l'll3f NAT2 1nn'l::m1::i1fla11::~ 
lil::ri1:5'ITTa1'lriE1J.J::L~<1!il\lna11 lnm11m\la13.J1·1u11 

RA iiam1L~tJ11oiE1m'lL uv..J.J::L~\l'lla\I ci'1'lm 'Ylqj1w:: 
o..- I d ...., \l 0 d 

Y111'lVIUn~\ln11 SA1381 'll\1 £.1\l 3.JYl'l1tJLVl~f.rnY1 

I! ~ff Iii 

lil1 n~na11mtL~10J :: L ~n'loi'11m1rnLuinm1<1 
nn 1 tinT~Ltl~£JUll Ufl\ltJ11L~::n1'l Ll'l~ ~\ILrlfAlil1n 
m1 a-i rivi 1Lr.mmll n'l'lmfa~ L uui1lil:5'tJa1 Fi' ClJ 
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th::n1'Sl1t°t'1 ITTEJ n1'SEJEJ n CJ'l'l ~l\fl::A113-J LU~ fonrn\'I £J1 

Lba ::111w·1~ m13-JLbV1nm1\lm'1n~T:i~'1v1'il11mmu 

rltJn1 'S Lnlil f-lmn\'!El~1'11ii'1t1 ltmi1'il,Jt1it'3Tn~n 
3-JEJ\'l'il13-1 'ltJ El1'il L l°tv'1'il1 n n1 d~~'li'El~ t'lAEJ~'li1'1~1 nm 

lmmum::?JEJ'1'll11Lmtit1 n1-sAmn%'mMt11nu 

~nuru::th1 n!J lba::~ni_.i.ru::ti~~ LM maa\'lnu n1-s 

L U ~tl~lL Ut'l\ltl1Ufl::l'l1'SLl'l~l ~l'lm~El'lll m ITT1'11 'iJ :: 

LU~tl-s::ltiviiviam-s\~~mrn lLa::'l111'1n1 -s1~t11 

~tl-s::fi'l'15ml'1~11t~~11t11~t~mm~LL~1ua::rn 1 mJ 

'S13-J~11 LL mm11 t ~n1-si:l v11n~ua:: L1nl?J5~rn'S11'J~ 
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CV o 

b!H:f°lf"J'tlt11tleHJ GABA RECEPTOR 

* Jl1A1'i11Lm1·1flmn FHll::Lm1'1ll'11'1Ul{ 3'J'Vl11'Ylt11'1t1Affthm 

•• mA1'i11Lm1'1l1'Ylt11 J<u:u::L.na'iimam{ mn1'Ylt11'1mH1uia 

u't1u1 

GABA "r'l1a Gamma-aminobutyric acid 

L th-t'11'l~Btl'l:: '11'Yl~il r]'Yl~ ETu tTll [inhib itory 

neurotransmitter] ITT'HhR cy tn'J'l'\till 1 Url3'J Bll'ilElll 
IVO'd' tJ CVci d V .... 

rt m La till~ n ui1t11-t3'J Lla:: t1ll3'JU 'Y1U1mn tl'l'il all nu 

l'W16 aml'l'1lEJll'l::umh::a1'YlV1a1t1 a u11l L~u hl'l 

amln (epilepsy) Jl1'J::n1'lOlITTlWanmrnJ (alco­

holism] m1::uauhJV1'1u [sleep disorder] lla:: 
!:1 ., 

Huntington's disease L u'l-tlilt-t 

GABA v1unwil1t1a~li'1'lt11urt3'Jall ri·h1 

fil1n L- glutamic acid foit11'11Lau'lm.r glutamic 

~ 'l ,,f '1 acid decarboxylase 'lfllLEl'l-t '2J3'J'l-ti'IUE!tj u 
~ 

presynaptic terminal "r'l'1\1'11ntfa GABA '1::\jn 

ihlthnu'li'lu synaptic vesicle 'ilEJ\ltla1m.h::a1'Yl 
~ D ct I d 0 

nl'l'l'\a\l'ilEJ\I GABA '1::LnITT'ilUlilm3'Jmnui depo-

larization 'ilEJ\ltla1t1th::rt1'Yl foi t1 action potential 

L~ailni'lm:;~utla1t1tl'l::rt1 'Yl synaptic vesicle ~\13'1 
GABA U".i'l'1EIU'1:;mL~m.J'l'JWlU presynaptic . " 
membrane Lla::iln1'l"r'l'11l GABA aanm [exocy-

tosis] ~ synaptic cleft rh1..1 GABA a1m'lri 

'ltl~unu receptor 'ilEJ\13Tu'l!il ~\I receptor ?JEJ\I 
~ ' 

GABA fi1:;v1ua~Ylllfi pre- llfl:: postsynaptic 

membrane 
' ' 

dfo GABA \jnV1'1\laanm lL~1 '1::ilm:;mu 

n11ri1:S'm( 'l GABA 1..1miui l U'11 n synaptic clef t 

BU 2 m::mHn1'l n'l::\J'J'\-tnl'lll'ln ~Janl'l'Yhflltl 
" 

GABA Lm1hi'Laul'2Ja.I GABA transaminase ~\I 

''l\Jt1~1 Hu~rnu synaptic cleft Lmt1'1:;Ltl~ t1'\-t GABA 

ltlLUU succinic semialdehyde ua::n'l:;munT1 

~rltl\!Atl ni1Lnu GABA n'1u [reuptake] ltJET\I 

presynaptic terminal '11nni1Am:n( 2
l v1u-l1 GABA 

'1::ilrn1m [GABA carrier] L'~un'1u~ presynap-
r d .. ' ti ., , ., 

tic nerve tITTtl'Yl'Yl'l11.JCl\IEJ\ll'l 'l::m1rnLa1at111lUat1 

1 o11 

1 WU'1~tJ'l-t receptor ?lfl\I GABA ii 2 '1!''.tm 
AB GABA receptor lla:: GABA receptor 

A B 

Lmt1utfommvn3'J ( 1) rank order of potency (2) 

'iJUITT'iltl \I effector system 'l'\~ tl signal transduction 
d 

lLa:; (3) tissue specificity (lil1'l1\l'Yl 1) 
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V11'i1'1't1 1 nTrnt111t1itITT'IHll1 GABA receptors 

GABA RECEPTORS 

GABA 
A 

GABA 
B 

- Rank order of potency Muscimol>GABA> Baclofen>GABA> 

Bicuculline>Baclofen Bicuculline>Muscimol 

- Receptor structure 7 transmembrane domains 4 transmembrane domains 

- Predominant effectors Chloride ions cAMP ,j, 

K • conductance i 
Ca2

• conductance ,J, 

- Tissue specificily<3
> - lamina molecularis of - interpeducular nucleus 

olfactory bulb 

- granule cell layer of 

t11e cerebellum 

- molecular cell layer of 

the cerebellum 

- uniformly distributed 

throughout the dorsal 

and ventral horns 

- distributed wi th high densities 

in laminae I-IV in spinal cord 

bflff'lJ1't1ti1'lHh'.I GABA receptor 
A 

GAB A receptor LUU receptor subtype 
A 

~ilF1113-1 ff1Fi''lJ 'Y1111 Lntrti1'Yltn 1 uifo~uuil t.11 

mrn.1!il1~atlnCJ'Yl~f.hu GABA receptor fITTt.1 
A 

a d 
GAB A receptor 'l::L tlu GABA receptor 'Y1 

A 

' 'l\J l u Benzod iazepine- GABA-Chloride 
~ J' ' 

ionophore complex l111uLUtl'1'11n benzodiaze-

" ' t pine 1-1 allosteric binding site Elt.l\Jll. mf!mum11 .. , 
GABA receptor ~u~mtin'1 benzodiazepine 

A 

receptor Lllmbumi111utwm'l{111'1ltJ'1 GABA 
A 

receptor L~miiiti1nu neurosteroids lLfl:: barbitu­

rates ~11il allosteric binding site a~uut>-1Lflnfl .. , 
I ._, J'- d 

'll£l'1 GABA receptor Ltlunu U£ln'l1n'IJ,tJ'13-I 
A 

d d .. II . b' ' G a1~mi 1 'Y13-I a ostenc inding site tl~\J\1. ABAA 

receptor L~U picrotoxin - TBPS, avermectin 
~I ~ a LuUl'llU lLfl:: GABAA receptor subunit 'l::L~tJ'1 

!ii'1nu1mi'n~ru::~LUU channel 1'1 Chloride ions 

r.huL'll1£JtJm'llmHinlii'1t.1 v111uaITT111 u~tl~ 1 <4
> 
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J 
~th1 1 Allosteric binding sites 'IHhl GABAA 

receptors ~11EJ1'1i'i binding sites t1EJl1 

propofol, clomethiazole ua:: meth~nol 

trn:: methanol uuhaanmrn11 GABA 
' A 

receptors an~1tJ' 4 l [TBPS : t -

butylbicyclophorothionate] 

GABA" receptor LUU receptOr i\~r;iEJ~lu 
superfamily '!IEJl1 ligand-gated ion channels 

EJ~Ul-1.L~EJ~).IL'lfa~ receptor '1::t.h::nEJuhM1u 5 

subun it<5
> ~"L~£111Gi1nmh lii'itlt111m11na111 H 

Ltlm1111d1"t1EJl1 Chloride ions lmLPia:: subunit 

'1::\.h::nEJui;i'1u CX-helical membrane-spanning 

domains 4 D'u (Ji.Ji\ 2) '11nn1'lAn'l!f1{r;i£.JltY 

L YJl'litFlmll molecular cloning<5
> li1 l imfot1itr;it1EJll 

subunit EJEJmuuEJv111~EJu 5 ti\tr;i Mun CX-, ~-. 

y-, 8- LLa:: p- subunit ua::luLLPia::t1itr;iu11 

a1>n'l(lUUllElEJn 1c;lLlluan'r1a1u subtypes fii11~EJ 

hhi°AEJ a ii 6 subtypes, P ii 4 subtypes, y i'i 
3 subtypes, p ii 2 subtypes ri11-1. O i'iL,~Ull 1 

subtype a1u 0 ilL,~llll 1 subtype ~ll~n~ru:: 
tF1'l11af111,~'l.\j1UtlElll subunit (JU~ 3)< 4

> ''1ui1 
9de1 "d ... 
t1llf1L'r'Urnunu l'IEJ m1-1.t1EJl1 N- ua:: C-terminal 

45 

'1::EJV1u extracellular space ri1ulu intracellular .. 
space '1d'i cytosolic loop t1u1r;il'r1q]EJ~ ~" 
LUUm1lL't1iill~Lnri1 phosphorylation '!!Elll receptor< 1

> 

m11muinPi111t1EJ11 subunit tLGia::tiitfilAEJ 

fi1fii'Ut1EJl1 amino acid UULflll LLa::11Pia:: subtype 

'1::i'i homology 'l::'t11111 peptide sequences fii11 
d 

JUYl 4 

V d I '-' I 

r;i11nna11m1La111 GABAA receptor '1:: 

c;lEJllU'l::nEJu 1 u~1u 5 subunits ~11EJ1'1'1::L tlum'l 

'l1~rlWllEJll subunits lri!iilr;l ~1ElV111Ltlu a
1 

a
2 

Yi ~I () 'r1~El a.3 a.5 P2 p3 Y, LUU~U ~" 
EJ1'1i'imnn11 1000 combinations m1~'r1a1n 

'r1f't1U1um'lU'l::nEJULUU GABA receptor it' 
A 

L~fon11 heterogeneity ~11li1 l i1LPia:: combina-

tion t1EJ11 GABA receptor ill'l1wuuinPi111nulu 
A 

.f ~ 0 " ·~ .r ~ 1 ' qn5n111L11at11nu1mu uui L"t1ru::uu11 ~m1u 
~ I dd~ 

ElllFlu'l :: nEJUtlEJl1 GABAA receptor Yl~Ylll'r1~ri1 
I (8) I d .., d I ._, •l. I 

'~u11 u11rn:: ·Subunit '1::~'t1"1n11uinm11nu u 

Ltlu a-subunit rilmi'im.i.i1'1::Ltluri1uth::nEJu 
" 'l d ~ !'I • ' dd 

m'tln combination YlVIU ua::u11Luuui1U'r1Ullfl~ 

recognition tlElll benzodiazepine ligands an~1u 

ri1u ~-subunit LUU recognition site tlEJll GABA 

ua:: y -subunit if uLlluri1u~11'i'cylum'l~Ut1EJll 
benzodiazepine PiEJ benzodiazepine binding site 

m 1 un~~ benzodiazpines ri1u 1 'r1qj'1::i'i 

high affinity ~Elfl n combinations tlEJll GABA 
' A 

receptor (fll1'l11ly\ 2) <9 l li1 l iLni;nrnn111LA£.Jll (side 
' ..J ,r " ..!' effect] 'r1f't1UEJU111Lnu q'r1ol'la1una1muEl, 

sedative effect U1 zolpidem ~11Luuu11u 
n~~ imidazopyridine derivative uPi'1uuu 

benzodiazepine binding site Ltlunu '1::i'iFl11H 
fl ~ ~ ' d>l Od 

L'11::'11l LUn1'l'1Unu combinations fl m.i a
5

-

subunit Luuri1ui.1'l::nEJu<10
-

1
• , ua::r.rnm11F1~itn 

t1EJ11n1'lltYu1 zolpidem ''1u11u1dli.ii'iqn5F1a1u 
" ..!' " c)' ~I _J ~ 

na1 ~ mEJ '11 mrn ~am ull.L'r1~ t1an1 u auu a'tll. 
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d ' d d " ~ 
Gl1'i1\l't1 3 Fl1 EC ILfl:: IC irnll agonists lLfl:: antagonists 'lltlll GABA receptors mmn'lltillnu 

~ ~ B 

n11'!1Kll 0!lElll GABA, glutamate mi:: somatostatin '11n rat cerebral cortex synaptosomes ' 191 

Agonist [EC (~tM) l 
50 

Antagonist [IC ( ~IM) ] 
50 

Transmitter GABA L-Baclofen Phaclofen CGP35348 CGP52432 

GA B A 1.28 1.17 79.2 >300 0.087 

Glutamate 2.80 1.51 >1000 4.21 9.60 

Somatostatin 1.93 1.33 62 .6 3.63 3.38 

d ' d d "' ~ 
lil1'i1\l't1 4 A1 EC lLfl:: IC 'lltlll agonists lLfl:; antagonists lltl\I GABA autoreceptors mntnllti\lnU 

50 50 B 

n11'11Kll'lltl\I GABA LU rat cerebral cortex Ufl:: spinal cord 119
, 

Agonis t [EC (~IM) l 
50 

Recepto r location GABA L-Baclofen 

Cortex 1.23 1.37 

Spinal 1.01 425 

'lrii'3'.lm'iAn~1ii 11u 't1u 1Yl'lltill GABA 
B 

receptor L 'l-l.m1mu~irn11'!1Kll'lltlll'111~m..h:;a1't1 
3 ~itlilR tl GABA, glutamate lLfl:; somatostatin 

1umrn11cl1'l-l.m1" 1 (111111"~ 3) r.rnn11Yllilflti11 119
, 

"' 
l 0mi1 GABA lLfl:; L-baclofen a1>-111n£iu £i11 

n11'11~\l'iltlll GABA, glutamate lLfl:: somatostatin 

'lvi"1mn1>-1LL 11l~Ln~LFit111nu LU't11111il11ltl1>-i r.rn 

·1rn11m11~ GABA receptor antagonists 'lvfon 
B 

. ~ d 

phaclofen, CGP35348 lLfl:; CGP52432 n flU>-1 
• q .., c! 

m 1 >-1u vi n i;1111 bUn111J11ULj 't1li'iltlll L-baclofen 

1'"m1£irnT11m1'!1Kll'1ltilla11~" 3 ~itlll L~m'ii'111ru1 
iill r.rn~ co rtical autoreceptor ~llFnUA>-1n11'11kll • 
GABA wui1 phaclofen ~m1mL11lit'tivni1 

An tagonist [IC (~tM ) J 
50 

3- APPA Phaclofen CGP35348 

0.095 47.9 >300 

0.078 >1000 1.07 

CGP52432 th:;m ru 1000 L l'11 cl1u CGP35348 

~R11>-l lL1\lii'tivn11 CGP52432 ii11 3500 Ll'11 
da I ~ I 

r.rn't1 >-1 Ciltln11'11fl\I glutamate v1u11 GABA 
B 

heteroreceptor hfhiilti phaclofen 1Liill1mti CGP 
.:)" da I .i., 

35348 utin'11 m.i.r.rn't1J.Jliltin1 1'11~ " somatostatin 
"' 

l 01ui1 ·GABA receptor antagonists 'r111a1>-1 
B 

a1m1citirnTll r-rn'iltlll L- baclofen 'lvi' l LITT phaclofen 

~R11>-llL11lii'mm11 CGP35348 IL~:: CGP52432 

th::mru 20 L l'11 '11mrnm1Antnl·rna1tl'lvi'i1 • 
GAB A receptor tl1'11LU\ltltl nLU'l-l.Bn 3 subtypes 

B 

lliltllL Ull Ci11J.Jn11titJnC]Yl§'il tlllEJ1fi anatomical 

location m1\l 1 
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J'.., I ..., o 

i.i.t1m:nmUh1''1Ufil113-llLUlflU11'1'Yl1\I Lf1'1?11'YlfJ1 

~ presynaptic GABA autoreceptor Li.I. cortex 
d ... d 

lLa:: spinal cord tlfl vrlfJ (UJ1'fi'1'YI 4) r.mm'l 

mrnEhll'IU11 GABA lLa ::: 3-APPA [GABA 
~ ' B 

receptor agonist] vd~r.mmt1fll'lEJUEl\lfll'lm1''11HJ\I 

GABA '1.l!N~l'I fttlil tJ~L1ru L \-l.Fl113m 'l\1~1fltlL~!'J\lrl\-l. 

3-APPA-sensilivc 

baclofcn-scnsilive 

51 

rl1i.i. L-baclofen v:::Lth.i. agonist ~Eltli.l.3-llflLi.l. 
... • • .... d d 

spinal cord lLm1v:::aim1r1'Yl1"r1i.l.l'YIL'IUrn'" GABA 

Li.I. cortex nmii-1 rl1i.i.r.m'iltlll antagonists ILfHi1'1 

n\lfil113-llUilflal1\l'iJtl\I spinal cord autoreceptor l'IU11 

spinal cord autoreceptor hH1mt1 phaclofen 

lLmlim flm ti cGP35348 

GABA8 RECEPTORS 

I 

3- Al'PA-sens ilivc 

baclofen- inscns il ive 

phaclofen- insensilive 

CGP35348-scnsil ivc 
phaclofcn-scnsitivc phaclofcn-inscns itive phaclofcn- scnsitivc 

CGP35348- insensitive CGP35348 -scnsilive CGP353·18- scnsitivc 

d 
'ltlti 7 Schematic representation of multiple GABA receptors< 19

> 
~ B 

vl fl r.1 a fl l 'l A fl '1!}1 vi'1 'l~ fl ci11i-11 IL '11 "111 ~ 

a1m1ciuti\I GABA receptor subtype tltifl'l~ 
B 

LUi.l. 2 fl ~i-1 v1fll'l113-llLUJflm1\l'iJtl'1 affinity mD 

baclofen (~tl~ 7) L'"fl ~i-l~ LUU baclofen-sensi­

tive receptors EJ\lftlm'lrllLU\ltJElfl'l~LUU 3 fla~ • 
'lofon (1) phaclofen -sensitive, CGP35348-

insensitive receptors (L'll'"~ cortical au torece­

ptor). (2) phaclofen - insensitive , CGP35348-

sensi tive receptos ( L'lli.i.~ heteroreceptor ~Yiu 
El~U'" glutamate terminals) lLa::: (3) phaclofen­

lLa::: CGP35348-sensitive receptor (Ltfi.l. 
d ' 

heteroreceptors 'IWIUtltJU'" somatostatin termi-

nals) rl1i.i.m1t1tl1\l'iJEl'1 L- baclofen-insensitive 

receptor 'lofon autoreceptor ~ spinal cord 

~- .... ID d Lr t,, d 
fl1 'l1v fJ'Yl1'1 Lf1 ft'il1'YI !'J l L \'rn A\-l.A11"r11 !'Jl'Yl 
,r I t.I f} d 

Eltl flC]'Y1 5r.J1'" GABA
8 

receptor v:::mnL'"L'ltll'l'iltll'I 

GAB A receptor antagonists L!i1£JAflmii11 
B 

tJ1::f!'l'illttl-1.hAamTn, cogni tive deficit lLa:: 

depression120
> L \-l.IL~'ilflil hf'lamlm1u11 GABA 

B 

receptor antagonists v:::ii positive effect L l-1. 

absence epilepsy rl1i.1.Lu cognitive defici t ~l-1. 
G AB A receptor antagonists vd1!'lltifl1'lL\~3J 

, B , 

fl1'l"r1 '1ilfl1'l~flth:::ft1'Y1U1il'il'1fi1~ L wi-1 cognitive 

ua::'ll1£J hm11 fl1:::mi.1.L'l1a~tl1:::a1'YI ~11r.1 avi11 fl a11 , 
v::~rl1i.i.'111£1Lnfl1:::u1i.1.fl11rl\lfl'l: uatl1 ::a1Y11u 

ft~Ell'I lLa:::~fill1'1fJ Li.1.hA:am1'1{1 [depression) l '1u11 

m11~!'l1 antidepressant L llu1::£J:na1mnv:: 

a1m1r1~flii1 L ~Lflfilfll'lL \~~'iJEl\I GABA receptor 
B 
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'l '-l.U11lff1'WlHhl cerebral cortex L~'-l.rl'-l. ~lltJ1'1'1:: 

Lthnh::fo'11'-l.1'-l.ni')AniY-1 GABA receptor an-
s 

tagonist Ll~DL'llLU'" antidepressant malt! 

ff1'-l. GABA receptor ~lvi'fon1,f1mni 
'l mJ1vi'llrl GABA receptor<2 11 receptor d":: 

c 
l~bma baclofen lrn:: bicuculline ~llA1~11 

LU\l.A"H.a:: receptor nu GABA ua :: GABA 
~ A B 

receptor ami'llEllll'IU11 barbiturates lLa:: 

benzodiazepines hliir~ama receptor d ni1 
AniY-1nll fhlilunall Li.!La~mrnll receptor l01u11'1:: 

A~1wi'u GABA receptor ua::l~u11~ p -subunit 
A 1 

L Utl.ff1'"tl1::nau 'l tl.tfo~um1u GABAc receptor 

'l '-l. central visual pathway L 'l-l.ri1mrn11 retina 

\11 n~lvi' n ~113-11 lL~1~\llUI~ L U\l.!ltJi.1 aua:: 
" 

um tit'J.1'l '"ni'l~Dllmv1'lli~1 t~m-ill Lit'tl.ni1«"-
' ' 'l 1dc1 o I Lm1::litJ1 ml'r1i.IA11i.1'11Lln::L\11::\lllliltJ GABA 

receptor subtype ~vi'v11 n1 1'l,.;'v1ltlaanq'r11f 
Lvia 'l,.;'lvi'v1~~tl1:: ~Y15111w L 'l-l.ni1-rniY-1 '1>1~" 
a 1;watl1" LFi vll~a1'1Ln~~'-l.L '~atl':: tv'11ufwrn 'l'" 
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