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ORIGINAL ARTICLE 

EFFECTS OF CADMIUM CHLORIDE ON ISOLATED RAT HEPATOCYTES 

Pornpimol Chinaratanavech and Pornpen Pramyothin 

Department of Pharmacology, Faculty of Pharmaceutical 

Sciences, Chulalongkorn University, Bangkok, Thailand. 

SUMMARY 

The cytotoxic effects of cadmium chloride was studied in 
isolated rat hepatocytes. Cadmium chloride appeared to have the direct 
toxic effects on plasma membrane integrity as shown by the leakage of 
cytoplasmic enzymes and intracellular potassium. The metabolic capability 
of isolated cells was also effected by cadmium chloride. There was the 
sign of inhibition on carbohydrate metabolism especially the gluconeogene­
sis. These toxic effects of cadmium chloride were dose-related and could 
be detected as early as 30 minutes of incubation. 

It has been known for many years that cadmium is toxic to man 

and other anirTzals. After its administration, cadmium is· accumulated 

initially in the liver (Friberg et al,1974). Cadmium uptake b~1 hepatic 

parenchymal cells is approximately half of t.he administered dose (Perry 

et al, 1970). Acute liver damage will result if the dose is high enough, 

thus, the liver is a major target organ for acute cadmium toxicity(Dudley 

et al, 1982). 

Isolated hepatocytes have been employed recently as a very 

effective and expeditious means of in vitro screening for various toxic 

agents (Klaassen and Stacey 1982 ; Cantilena et al, 1982 and 1983). Man\' 

hepatotoxins and cytotoxic agents can be elucidated their toxic mechanisms 

and effects by us;i.ng th.ts in vitro model. 

The purpose of the present 1'nves-tigat1'or1 was to study the 

utility of isolated rat hepatocytes as a model system for testing the 



116 TI1ai J. Pharmacol, 

Vol.6 No.3 Jul,-Scpt, 1984 

cytotoxic effect of cadmi'um chlori'de.. CadnuUm chlorixie was selected on 

the basis of its known toxici'ty i'n vivo. The indices JJSed for measure 

early cadmium cytotoxic±ty were the membrane and metabolic integrity of 

the isolated cells.. These cri'terion were more sensitive than routine 

nonspecific measures, such as cellular protein content which detected only 

the later stage of cell injury (Santone and Acosta i982) , 

MATERIALS AND METHODS 

Male Wistar rats (200-250 g) from Jlahidol University Central 

/imimal House..: were used as liver donors. They were allowed free access 

to food (charlick's M and -v mouse cube.s.) and water. Some experiments 

involved food deprivation(24 hours fasting). Surgery was performed 

between B.30 - 9 .. 30 a .. m. for each experiment. Under ether anesthesia 

hepatocytes were isolated by the method of Berry and Friend (1969) with 

some modifications by stacey and Priestly(l97B). Liver was perfused with 

Ca+2-free physiological solution(96 mM NaCl, 1.4 mM KCl, 0.7 m14 MgSo
4

, 

2.5 mM KH
2

Po
4

, 30 mM NaHco
3 

and 21.7 mM sodium gluconate,equilibrated 

with 95% O:zl5% co
2 

at pH 7.4) via the portal vein. When the perfusion 

of all hepatic lobes was rapJd and complete, the liver was perfubed with 

100 ml of 0.05%{w/v) collagenase (sigma Type XV) in the same calcium free 

buffer equilibrated with carbogen (95% o
2

/5% co
2
J, under the recirculating 

condition. Flow maintained at 30-35 ml/min with a pressure head of 20 cm 

of water, and temperature was maintained at 37QC throughout the procedure. 

After perfusion with collagenase(l0-15 minutes), the liver was 

dispersed with a blunt spatula in 50 ml of fresh collagenase buffer(0.05%) 
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. b • and incu ated(37 C, 80 oscillations/min) for 10 minutes. Bovine serum 

albumin (BSA) was added to give ·a final concentration of 1.2 mg/ml and 

cells were harvested through nylon mesh(250 µm followed by 61 µm). 

Hepatocytes were separated from other cells and cellular debris by 

.differential centrifugation(50 g, l. minute). The resulting cell pellet 

was washed twice with this fresh physiological medium containing 12 mg/ 

ml BSA and once with the incubation medium (Krebs-Henseleit physiological 

solution with 1.2 mg/ml BSA). The final cell pellet was resuspended in 

6 
the incubation medium at the concentration of approximately 4-5xl.O cells/ 

ml. Viability of freshly isolated hepatocytes was determined routinely 

by the trypan blue exclusion test (Seglen, 1.976). Cell preparations with 

a trypan blue exclusion index of less than 90% were never used in any 

studies. 

Hepatocyte suspensions(J ml) were incubated with various 

concentrations of cadmium chloride(l,5,10,25,50 and 100 µM, respectively) 

for 30 minutes at 37°C. Aliguots(0.5 ml) of cell suspension were 

centrifuged at 50 g for 1 minute. ALT activity in the supernatant was 

determined by the method of Reitman and Frankel(l957). The cell pellet 

was extracted with l. ml 3%(w/v) perchloric acid(PCA), then centrifuged 

at 3500-5000 r.p.m. for 5-10 minutes. The resultin~ supernatant was 

d 
+ . 

diluted with distilled water an the K concentrab.on determined by 

flame phot~meter. 

The gluconeogenesis was used as the index for metabolic 

capability of isolated hepatocytes. Using the method of Cornell and 

Filkins(1972), rats were fasted 24 hours prior to isolatXon~ Cell 

suspensions(3 ml) were preincubated with cadmium chloride(l,5,10,50 and 
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ioo µM, respectively) for 30 minutes(at 37 C) before the incubation with 

• 10 mM lactate at ·37 C for 60 minutes. Samples were deproteinized with 

1 ml each of 1.8% barium hydroxide and 2.0% zinc sulfate, then centrifuged 

at iooo g for 2-3 minutes .. Aliquots 1 ml of supernatant were analyzed-for 

glucose using the o-toluidine method. 

Hepatocytes were isolated from individual rat livers and each 

data point represents the mean value of 3-5 separate preparations, within 

each experiment, replicates were used to generate the mean values. The 

statistical significance was determined by student t-test(probability 1 

'P = 0905) using either a paired or unpaired test according to the experi-

mental design~ 

RESULTS 

Incubation of isolated rat hepatocytes with varying concentration 

of cadmium chloride(l-100 µM) resulted in a cytotoxic response as measured 

+ 
by the parameters of membrane integrity, namely intracellular K , release 

of cytoplasmic enzyme(ALT) and the trypan blue exclusion index. Cadmium 

chloride at low concentration(] µM) did not affect any of these parameters 

{Figs 1). 

+ 
A statistically significant release of intracellular K was 

seen with cadmium concentrations of 5-100 µMas compared to control 

(Fig. lA). Similar result was obtained with the release of ALT (Fig. lB) e 

Trypan blue exclu3ion index was the least sensitive test as the effect of 

cadmium was seen at the concentrations of 25-100 µM (Fig. lC). 

Effect of cadmium chloride on metabolic capability of isolated 

hepatocytes as measured by the gluconeogenesis ( using lactate as the 
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Fig.l.The effect of cadmium chloride on cell membrane integrity. 
A. The release of intracellular K+ 
B. The release of cytoplasmic enzyme (ALT) 
c. Trypan blue exclusion index 
Hepatocytes were incubated with cadmium chloride at the concen-
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tration of 1-100 µM for 30 minutes. Values represent mean ± s .E ~.(n 5) . 

*Significantly different from control (p<0.05) 

·substrate for the generat.ion of glucose) was shown in Fig 2 . Gluconeo-

genesis was inhibited by cadmium at the concentrations of J-100 µM. 

These effects of cadmium on both plasma membrane integrity and metabolic 

rapability of isolated hepatocytes appeared to be a dose-related manner, as 

the cytotoxicity increased when increased dose of cadmium chloride(Figs 1,2). 
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~ 

* 
100 

Fig 2. The effect of cadmium chloride on metabolic capability of 
isolated rat hepatocytes~ 
Hepatocytes from 24 hours fasting rats were incubated with 
cadmium concentration§ of 1-100 µM, then the qluconeogenesis 
was determined. Values represent mean± S.E.(n = 5). 
*Significantly different from control (p<0.05) 

DISCUSSION 

Cadrrdum has been reported to have cytotoxic properties by other 

investigators(Olsen and Jansen, 1979; Stacey et al, 1980). Most of 

these studies used higher concentrations of cadmium than the present 

experiments~ It is proposed that such cytotoxic effect of cadmium may 

due to its effect on cell membrane(Fleisher et al, 1975 ; Kopp and 

Hawley, 1976) and this toxic response is not caused by the lipid peroxi~ 

dation (Stacey et al, 1980). 

Plasma membrane of isolated hepatocytes have the ability to 

retain intracellular K+ and cytoplasmic enzymes(e.g. lactate dehydrogenase, 

ALT) and the ability to exclude substances which should normally be 

impermeable(e.g. trypan blue) (Seglen, 1976). In the present series of 

experiments, cadmium altered these properties of cell membrane by causing 

. + 
the leakage of intracellular K and cytoplasmic enzyme(ALT). Trypan blue 



T1"H'1l"J L1lifD'i°Y1lll 121 
'1if 6 \~1Jrl 3 fl.fl.-fl.tl". 2527 

exclusion index was also affected by the administered cadmium. This 

suggested that cadmium may have the direct toxic.effect on cell membrane 

of isolated rat hepatocytes: 

The inhibitory effect of cadinium on gluconeogenesis was correlated 

well with its effect on plasma membrane· integrity. It shou·ld be noted 

that cadmium at the concentrations of 5-100 µM affected both plasma 

membrane integrity and metabolic capability of isolated hepatocytes. 

These effects of cadmium were aepended on administered dose in that 

toxicity was increased when increased dose. 

In conclusion, cadmium may have the direct toxic effects on 

isolated rat hepatocytes and isolated rat hepatocytes prove to be a very 

useful and economica.l model in the studies of toxicity induced by chemicals 

in the environment~ 
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~un-a :::~\'laa"u;u1.'l:::i;inati1ua1u1~1uif&,1"1 n1~W111.'11ua1\'lrlu 'WBfl~lfl-oJ :1-tln1~\'lfllU ~.n.,~aiffu 
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u~·;uJ'lft:tJ l"J'lU'\'11AiiWIU'1er1gG111!\ie:i Lfli'e.h'li'l:eJ'Vll&i'lU~'l\'l"<il'lnri'Bufiu. ii vi. Vlelfl. !.U'l(;,JU ~ D'IJ. % flu. 

~fl"'<i::; I, iJ!'l ~ \\l";iJVl \\JU fl"J :!:~\'! fJ'l15iJ J I. fl ~l:J; ~\'13J'B1U'T'il 1 U fl'l"J 'Vll W'ltl 1 ~~J'l fl I. ~'1 i.1>1ff \'I~ "ti 'M;1 v';' 

... "' "' ... "I d Al 1 . 1 • ~ 1 
flUfld'lUm::::wmn.i1fl-;i'111-z ~u t"JeJ\'lu:tr1 §lUIPlii'leivi ttf'W 5&11.$-l<Jlffel u 1.uw Auwu~u"'<i:::: 1.t11'l TNT "J UJBIPI 

1£11i:f 1IPIU° 'WU'Vli-J'Mfiii°:uWu ri'il B\1W ii~\:i \'l'lU 1.1.!N::::lld &li.'i'l"'J ti fl::i'Vltl'l fl'1aw;1r1 tl"J :::;~ nvl I. iJu ~fl';j::; I. tl VJiid I.fl ~IT; 

\\lU 1~U"J"J1w1 &11"J t fl ii ~\.'1111 \'l~Fivi Aunuii\'IVl:iJA t ~£Jtl"J:::: 1 titfii°1u'Vlt \'I tl'l "J uw'V!U n1 "J t n:i:t1w·J u!N:::: ~1P11i:f1111 n"J"Jll 

Un~wu1~1a1PJ;n1~ii~u11111.ilua11Btfliit~e:iln'Vl~m1u~1\'lffu1.~u~~t1Jffu ~\'lnm1u1.ilua\'IA"J1llW1.RM 
... 'l. 1 1 "' 0 '! • • • 1 d "" .... • ""' 
'Vl1Pl€1\') Yi l.'Vlfl u WaJUGil!':~'Vll:J'll"lli'flPl";f Ufl'l"JIPlfl'~UG'l::::i.Ja\'lfftl l'ltl Lil'W'l:::'Vl l."Jtlflfl'LIJ'l &l\'lfl"Jl:l.11.flll 

C Che mi cal Warfare) ii~ 'l ii1 vi' if~.,, ~~'V15f'l'l>IW.;,..," ~1'15~5 'l u111-, "" -.w """wliii:h •A ~u.;,." "1u'ii 

il'J 1,fl ~u; 'VJfl'VIU tinuvi\'.I ~Bci1 U"J:: u :::V1 '°J\'.I N&1t1€h'l il'l 1p:iu&1::illiluiiu11 e:h'Jil'l n1 flu tu rrl";Jtli]Utl tTl""J l'l'l\'I 

1. Rilii11 EJ:U !.ll A n-i1 \l'll &'l \'.I u &1:: 1 tf nu t J'1vu..11 u t Dun~" ri EJt.111-i n n1°1 t :Uu7J fl Rm B'l "ii n.:a ::'VI~ 1 vi u l'l "J \'IW
0 

fJ 1.1l1 

V13.J 'l u~ !. ilutJ"J ::'7111ftl Wi.'l I,~ au~1 ~ 1 f)"J:: I.VI \!.l"ll €h'lel'l"J !, Riift ttlufilfW!ll'l"J ti t 1i'11 tJi. 'W'J i'lfl\'.I jt U'lUW'lVl'W:; 

~'Wf ~ t~B"'.111, fT1.fl'lfl~r1u ~ tlas.u'lli'.J Uiil::Blfll"i~IU l.~iJU~"l\'Jj 1; fl
0

B1M° 1.fiw8UVl"i'ltlel~;,\'l,UU"J\'.I 

U&l::::<Jdi'l l.~'J 'Vl1'1M'nij~dtl t~U tiJu"il'1UJU&J'lflW.;B!l( flu 

n1"Jt'7ia\'.IA";l'1.ll tflii' i1111~\'Htm
0

1u"'<i'lru tl"J::1r1ru 2~000 i1 n~EJ'LIA~aAtr1w1;iin1"S1-:1A-'Ju"J!l 

1,;;,;-,~ '" ~•wnu <JIJ 1 uaifoliu diiu 1 u.,, ru aiiu.,•'lf•~ '1;i~•rn~1i'uil'l iiA1u~•.,.,'l,1 wn.,a ~A., 111 'lf•• 

a1.1,.,'wou 1 ;J1iJvu,J'iiiuilirn••" n'111 """ -n ~ 1-)1.i' n'i ""~ dfo~ ""''lA 1 •1 '"' "'" 'l; diww 'lui'i» 1 u il 

1 s 5 s ., " • ., • " • """ w '1u 1 A""" 'au"" ~m "ii~ n 'l" 'l Vi1 ii n'i>J ""u !.!., 'l ""a db 1 u a ~A.,'" 1 A., •ii u 

uA~!j:U'l&illi u1u~-:iu tW"'.iE::: 1.Mui1n1"J'1./ia\'.IR"J'l!f 1,M:U' 1.ih.1nL<J tdaa.J tfft1"'jW·11B\1il'n"'ju 1u&J\'lfl4'l!l iJJ.; 

"'"''"il'~nq»l~n.,~wA~A (Picric)u.,.,~1un~"~uilu1"'~ ""~"'tl'"'"'u'rl,,1Vi•n~9uw.,1uil~"''n 
- '1 ... ... . ..., .., "I d Ai -~ • 
'LJJ"'j Vltl"'j:'Vl~\'l~B"'j~'LJl~8\'lfiqMt'l.JL"'j8\'IUlUU8tll\'la.Jlfl 

a\'lfl"'j 1:u t Rii 1 ~ii Nmati1 \1-i'1 ttu"a \'11 um \'lfl "'jl:U 1 sin A{ \'.!ff 1 oif \l rial; tfiVJ Rdl:UQt.Y t~ttfi\1 
• "' ~ 1 "' dG'j "'1 ., " "" ""' .., .,. nd"I "' d 

i ~ 3 @l!Ufl'W u~: twtt'tl?w 11 91 9 000 flU fl'l"lf'Vl t"6 l'lUfl WBW<\IUfliNB"aU U@l::Ulif"1'1"al'l Ut'l'Vl ~tfl.llfl'Vl~VI 

il <Jii>lA'l.; ~ if~.i"~'hu 1 .11,jfi,'lli'i»1 !.lif~~u 1 24, oo o ;Ju dlu,, B~•huifoi'iu 5!)~., ! il'u 58 , ooo wu 
••• - .,, .,, • -- ' 1 • d .,, • "' 

fll"a ~°iffll"lf'Vfif'Vl!l'lfl'Vlt:lVJ ti.Jtl"'j:.:JVll'flelt'l"'J &f\1Fl'J'l..'ll &tflfl";J\'J'Vl 1 L1J8 22 tl.IM"lU'W 1915 ~UttUJ'1U'Vl 

8!.l,;'1 (Ypres) 11"" t'V1"11'l"1~ •"1'1 1u,,.,iiu1vi'1iin1'llfl«fil'>uifu"'"''"1'l"1~ •'1.r1u"il'"',j'' ,,,11;"'"'" 

ur1uViufi s,ooo FIU U@l:.:lJ"lVI t~U 10~000 flU ~fiVJrJrNa.itu'lli'tyL~tl (Panic) ~llii:f'W vle::l\1flBU";;uAm81'l 

UUd tiiunB\'l~'l\'Ji1\'I 4 l11&1 u~~l\Y tl:IB"aifuil1;;£l':n:1lBfll&f"lJUlllW&tlun1'?'?1J tW'1!:1:UfllAillVl~'l.91:.:1vl 

• d "1 "'""' = d ~ d Jd ~ 1" Mi\'l~lflQ\'IA'Jl:UlHflfl"'j\'I~ fl AVfll'Jtl"'j:.:~:U'WlU!~l"1LflUJfl'LJL"'j8\'IU~L~UJ1U~: VI 

~l\'IB~~~~lt~UJl (Geneva Protocol) ~'WL~BLDt1~a;1a.J1un1,u~m1,LAfla.J11~1un1,,uLTia 

fl A .Fl .1925 ilt!"J~ bVJflf'il\'Jj fi.l\'.l1J"l!lbUi'J~1i1'ifAt1llf'W1'Wt:i~fl'i\!11.!liJ GO tl"J~ t'Vll°l il'<il'<iJfi'Wd,~ t'Vlfi!IVJl~ 
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B1U'l'<il b'11'W t'fVI~~. 8\lflilB· ~~\'.I bl'1~, 1"If biUl>l um:-:~u l1Bll~U8'4iilq!!]1dbu•iii1i'BuV'~1"1:::i..zf€111n 

1Ail1un-1.,AiJUlAU"'" l>'IM~"" diAii''!!'!!• 1uil 1926 iln'"'"" diAil!jii''!!'!!' ••i'.ho 1."~'";; •• ~1{i 
if fil A 1.; l'l i. un 1 "'.l"Jtlflll b B51 ti Lilli 1 M'~un1"jtJ"J :::u1:u B U1 \'11UU "'.l \'19.1'1 n'VIW'l lltl"'.l :-: b VJ FI 1 t.itt\I f'l"j'llJ 1 an 

fl~\j~~B\'I 1"iin1<Ji.-iit11"1.fW'lf uV'i1 tt1£J~iJu"1:::1~~@1u1fi'1"1.fttiiM°lV1"ilu1111Mu fl<J. LneJ-i°£11.;fl tf"J1-

~ • " ~ • ,,, • ~ • d • • d • • ,, 
btoJB"J "ll\'IR'W'Wtlfl'l"lfB'Wl>l"'J'lll b'Vlm'lU tV!llU\'I bBtyt'WiJtu:::VJfl'WFVJ'l bflll'"JflUll'l2.l'lbUJfil\I blJDfl 1936 b~llfl 

-iono'lf'Vl'iilo"ll"'"a'" (Nerve Gas) 'lJo dlu Ester 'llilO Organophosphorus no'lf~wu 

(Tabun-GA) 

(Sarin-GB) (Soman-GD) 1uil 1944 

m1ui1~1>11~°l.U'W~1JA1 1.uil 1945 bll8"aift.11;NiiiA l'l'lt.!t.l 13,000 ~'Ll ~1-'J\'l\'l'lUMu1 i.n~W"'aUUVl'W 

11.ltbZl'W~ 1uA8'W~U~\'lfl"J'lll GlV1l1't.1tJi'.il'l"a biJtol bNUi1 1Awufi1'lfriH 250 ,000 ~u Lfiu1;1.uflii\'IU~\'I 

vl t"lful'i '<ileJ"J t:;sllu BB~ LA~t:J 1.u-'ru&J1>1o/11t1'1JB\'.l~\'.!fl'1'lll i.u 1 o i:l~B1J1 ~V1~!i1;ttID1u1fi1'lfV11~1u 

ll"'"a'":fl""' '""n-i• 'i tilwii (VX) 'llo1uu.,on .;, ·ti•'lu ll"'"""u 2. s '"' 1ui1'1'YUIJ'lf'1~tJ 

""""tun.! dlun•'lf.,,'i••mh"a'" """ •'1'11~ (I-JD) "'faii<i••"'• '!lo dlun<'lf"'i"'""""'iio 

(Blister Gas) tilun•'lfi1mi•~ ~~•u>l1 ii1 u n e~'iiw1Jn<i"'' ;i a11,-;ii'.i<n1" •Alia "au "Y"'" Alio uiil o 

m'101 U"'"1J<ru 150,060 liu ('lJouu~01J~O~'iV!Ufi'llilO~'Vl1fllln~ru.:u.,.,~iil'1~W~Ll'i~'1~1owo") 1A" 

L "'"";IA liou'1~1J 51' (Tooe 1 e) ,-~ ~""' (Lit ah) '1 eil'lf'1~1J L nu 1011"' ""'ru~'ltiLlfiil<liJIJ '"'" 

1 bBn"Ifil1Jif&ft'l'l.;V1tl"!i::::u1ru 40 ttl21.; l"lf'Wvi't1B\'lfi1"lffitti:\'JV1ll~ W1Vl~u1'11 t-'1u!Plt°iu 1..aHuu tilufi1"IfW'.tt 

ll'ltol "':i !i1'WUW::: fl'lto1i1ii tilu'il11J J'Llll1fl 1.niil' Lfith'J iltJ 1.\IV11' :.i 

Gt1V11'Ufl '1".i 1-EB'11 D Lflii1. uif 'il~if'W vl:U fl':l"!ifl iil'"l '1ii \'lil'Ll1l lfl 1;; ufi fl'l"J 1-EBl?fi LRii°l. ulit '\'I -

fl "J'lllQJ 1fi 1'1 LQ'W'l:::riu luil'l'Wfl'lfi~TI'ltl °l.UW'lJUW::: b'l.lll".l ~\'lbb~ 'W .Fi .2519 tilu~Ull1 QJ'lJfl"'j:::vf\'I 

~Lt'i'l1JtJ'l-:i"JaV1-'r31A'ilVl'i'i\'lmBii\'.I bm'1.l15n1"JillV1tl"'.l::tf1'111Att-;,l-,,~vl.t!w tfiu-:iti'un1"Ji.YiB11tJ tflfl to11:u LBfliifl"!i 

ii:JMtJ"!i!jtf1-TI1~~ A /36/5os W\'l 1s f\uu1uu 2s24 tN1tJ!it1"'a::Gl1fi'iy'11B\'l LBfl~'l~1;;~.., "ttlu tJm1 

Vlfi'l'l uU111u~Jvf ii1V1~ :r1 1 M"J1u\'l1t1n1"J 1-iiB'l 'l5 u'1iivl-i1 u bt "J \'luw:::'i'l?-, 1 i1fJ'W'W ~n1l'l '1 u fi'l'l J ffa.1'1jtf'l btw:: 211~ -

n1ilii:JfJ'l'W et VI~ ;j 1 MvnJ'i'lJ'Wttm::: ~ t fl"J'l ~vl~1Jfit'l"'j"J J:U~\'IVliin :!It.I t fi UJfltJn'l"J 1 ;;,iu?ivi' J v Bt gtJ'ifiil'ld uiJ 

t 11 el~. ii fl 'l "Jtl ~a UVI 1l €Jfl fl-lu "'11 'l fl L fl~ il '1iitJ u iil::: b ef~fl Btl L l'l f).; 'VI 11 i1't1"!i:;'71'1tfU1. uifu~tiu '°l'l ll Ui.'I:; b ~u :J Ju 

lit1iif~ 1viu<il::1'<11uR1u-ru~:iJ'B'1fl1FiU~1J1.a tvi1,1u .B'lfl1"J'il1flM11Bflfl-'rt1 lV1~1d V11i.; tfiMNW-i1uu~\'I 
BU'l~"jJ~b~J Rv L~uuA"'JH::: F1~utfiuu 1stilut~s~ ~1uL'<il1Uvan v1t~uuvBn:u1tiluLfilB~ ~v~~J~ 

tilu t~ill'1 iiuN£N'!1'WB~lJ'lflll'lU ~Bl"lu~:::w1u1.u~~vi bt1.'1::'<\11nn1-a~ tl"l"'a'l:::M1.u1" ~u Viu Yivti"l.u~u~ii 
n1-J1:~11~~&uiN1~ tl"lfi1.uif:u'ij"lf'l -wu11 iia1~~'lf Mycotoxins 

Trichothecenes ifa T-2 Toxin, Ni val eno 1 """ 

Trichothecenes 
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b firi~r1n1, b viiiBuil'WbLl'lA'Jlt1"rwu·';h'J<i1:1w1\'lilu ·~r1"'.l Ni val enol Uiil: Deoxy-ni val eno 1 'Vl'; 

i.Y! bfil'IB1n1"JfluUaun-11&11"'.l T-2 Toxin ·s-1'1"'.i Ni valenol 'Vl~i.i1 b~BVlflBn:iJ1n ni1Wl"'.l Deoxy­

nivalenol bb~: T-2 Toxin ii:fdU Deoxy-nivalenol Vl~B Vomitoxin t1irvi 0

1i.i1a1-

t~uu1uu"J\'l:U'lfl flEi1\11~flt'11:uU11v~1\'l~Wui.u bB ti1uri:-:1uBBfl t5tl\'li.f'i'flu i1~1uJUVl~BtJ~:ir1ru ~1y­

cotoxin 1~b~U\'l"B~~:u1:u1tiluvi~n~1Ul'll:U"'.l1U\'11U1; i::IVl~~L~B~1~1Ji::l1"'.li.VIU1 dA\'l~:'Vl1i.M 
. "' .,, ,, ~ 

b"'.llb"J\'lt"'.lli.Vl~b~Udtll~~B\'li::IVI-

-1 d •.Ji- - ~d~ ' ~ d - • • • - ' d tl"'.l:Ultlll'l tlbUU:U~filfiU'VIU'Vl'Vl:Ufll"Jt~:Ul'l LWBVllM~ns1u~Ul'lU~l~WU1UbLiil:~tJi:sunu~lflfll"Jt~:UW 

~u" ~lflfll"'.l"JlU\'llU~B\'li::IVI~~, 'Vl1i.MavitJ"J:TI1tl1~1;~\'IAru:~b~Udtll~~bFIH~1u1u 4 AU 1Muil 

i.uU"J: L'V1Fi1'Vlu ~\JuA so VJ&i!All ~uii\'J 1 o wqfl~tYll'.ltJ 24 :;i\'J 1;"&'1'ltl"J11'.1\'J1UAaiNMtJ-a:-:111111tl~1 

ff \'J l:Ui.'111!1--<J nn iMuviV:lll"l.l ti \'J"&'f 1"5 Tri chothecene i/{ij fll"J~uwu 1; um:::~ 1w Jfl t'l'W 1iiiN1U"l"J ri b ~u -

l'll\'J 1tJi1\'lu~ t1ru~iin1,1.Ua1"i~'ltv1tt~~~\'l 1M' 
1un"Jffii.'i\'lA"i1llil~A-ilM~IU wu~1iin1~1~ti11BtAil 

u,"<1111.""" 1" 1e11en'ilu 1.v5-l'A •ilu.i1v1'ii'AofilAlt1nw,"""" 
. ' ~ 
t'l\'ltLUJt.l'&lltl bl'IB'W fl.W.27 

:;J\'lfini~\'lUBt1n~11~Bl1GbAiiiNfivi~Ufll"J1fl'1JB\'J8'Vl~1U 'Vli1MBV1~1Ubfltll'1Vll"J1tlll1flfl~I 4 MtiUAU 

1viut~l'.ln~t'l 15,000 AU Ult'lt~Utl"i:::ll"lnl 25,000 AU 'i'IVll"JilVl~IU"l.J1~b~l'.l~lflfl1"J1~Bll5LAfi 

1.JB\.'18-rA 1~iifll";}fl~IJ'Vl1'1J€l\'J,ilVl~ltJAaiNVltl":i:::'tll"lfl&ibt&I'!: tihy~U'i'ltltf'l~A1\'J1 tiJ11ua\.'I lfl"Jfll"Jru "J'1ll 

{i\'l~ t'l&i \'J~J'J 1Y l ~U"iil iu 1UVlfi\'J 1tl~n'ltl1 tlfil'~ t t'11J tt&I ~ £1€li.'i b A~ V;l ti b fttJ Ui.'ifl\'.!Vi~fl !'jlt.1viB 1 &!fl fl\'l fll"J &I::: tii l'l 

B'f.AfftyQJt t "iililJ'l"l.JB\'l~t vil~A uAf!1 \'.Ji.'IVlt.1-<J :::'lf"1'1f16i u&1:::"l11J1 mnfl1iia1lJ1"JritJl)if&'int"J a U1\'l1-;J 1 ~u Dn ~!fl 

fll"Jtl"a:::Utll~~Rb~l~U 

4.1 '11, •eiiihtoieu,"'1111 (Nerve Agent) 1,;; .. ,; Tabun (GA), Sarin (GP.), 

Soman (GD) """ vx 
4.2 '11, •eiii1>1.iehi1• (Blood Agent) 1.lmi Hydrocyanic Acid (AC) 

""" Cyanogen Chloride (CK) 

4. 3 '11, •Aiii1HAe~-,11ii~ (Blister Agent) 1,;; .. ,; Mustard (HD), Nitro­

gen mustard (HN), Lewisite (L), Phosgene oxime (CX), Lewisitci' phos~ene oxime 

(LCX) """ Other arsenicals 

4.4 

4.S 

4.6 

'11,lAiiiHABUBA (Choking A~ent) 1'1un 
~1-;Jtflii~'lt~l'li1;1"a1ll1"Jntll)U~~1u1;~,"tln~ 

'11,u~A11~• (Tear Agent or Lacrimator] 

Phos~ene (CG) 

1vi'tui DZ Ui}l~ 

4.7 '11,il1lllvu (Vomiting A~ent) 1'1lln DA, DM '"'" DC 

LSD 

CA 
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4.a «•~l'l'i"'">l.i (!Ierbicide) 1Attn Agent Oran~e, A~ent Purple, 

A~ent \Vhite, Ar,ent Blue """ Paraquat 

4.9 """''"'"~ (Insecticide) 1.lun wm Or.a,anophosphorus compound 

4 .1 a "a:: ~u11 L'W~\'.I (Incendiaries) 1Au~ "a:: tUAu1t11a11 "a:: Li:JA°Hvi:H-IB-jm 

4 .11 "'""'~~""'" ,;1"~' (Mycotoxin) 1;; .. ,; Tricothecenes 

1.1 .. ,; G-agents, V-agents, DEP """ TEPP 

~rumllllA m1"at~~1dLiiu toxic or~anic esters of phosphoric acid deri­

vatives 'll~ii physiological effects Aon" physostismine """ Neostigmine 

(Prostigmine} 

1-ilih:r<\.11nn":i::Ggt.1~"a'1l?l 'WUAJU Lfl~D\lfi'WU'i'l::~1fli]U"a::: Lli11111n (Landmine) 

..,,,,,: 1 G-agents 1.l"n tabun (GA) sarin (GB) '"'" soman (GD) 

..,,,,,: 2 V-agents 1,';ufi VX 

F CH, 
I I 

CH-., - P- 0-CH 
II i 
0 CH., 

Tnh1111 ((;:\) Sarin (GB) 

r YH, YH, CH, O 

\/ 
CH.,-!'--- 0-- --C--C CH., 

. II I I 
0 H CH, 

p 

1\, 
C,H-,0 SCH,CH,N[CH(CH.,),], 

,0....'0111a11 ({;/JJ vx 

won~ 3 Diisopropyl fluorophosphate (DFP} '11~1.,J.,,,,., abdominal 

distention, urinary retention u~:; ~laucoma fie:r1<il"l,i Liiu nerve agents 1A 
won~ 4 Tetraethyl pyrophosphate (TEPP) """ Octamethyl pyrophos­

phoramide (OMPA} '11~1.,j'.,,,,., myasthenia 0ravis n"'"1.,J1,'; .,iuifu 
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Nerve a~ents ~~ 4 ~1ndbilut1a\'lbV11N1~1UfiaV1~afilU~V11iN~au1 1u~ruM~~5~"J"1?11 

~~1u~::-:tMv uan"il1n GA t~1~u ~Ju"1n1"fin~u lUil~~ uan~1n GA iln~uNw1~V111u 

a,, ,,,.;,;I""'"""" 1,;;.J,1 LL~iil""'" 1,]~luu'i"'~'"u~ 11' Hydrolysis product 

~ toxic Uaun~1b~" 

~ - . 
"il\:HJl"il bfiV!Blfl'l"Jl'l\'l local generali-

zed systemic 1,] 

systemic 

Ivlechanism of action ii:ll"J~\'I 4 -wind' u'.lu Anticholinesterase i'lB inhi-

lyse acetylcholine 

.. enzyme u 

.. 'lllJ centration 'lJB\'l acetylcholine 1u~~l\l"l u&1~'V1°11M'Lfivi action 

ing 'llilo parasympathetic nerve ~1tl~ smooth muscle 'llilo iris_~ ciliary 

body, bronchial tree, gastrointestinal tract, bladder ''iii" blood vassels, 

secretory glands tlil\'I respiratory tract, cardiac muscle us.:i::-: endinQ;s 'lJE\I 

sympathetic nerves ~1t1~ sweat glands •Uu,;;u ~06u~o•V1JN•LM~na1u'llvo~oon•v 

11'io•u•nutln~1u"a"TI~~•u•n~ symptom complex •'llu muscurine-like symptoms •w,'" 
acetylcholine accumulate d 

11 parasympathetic nerve endings nico-

tine-like symptoms ,dao••nu acetylcholine accumulate 

nerves 'ilolti~ voluntary muscles u"" autonomic ganglia 

lysis 'lJeJ\'l",jJ\'lfl'lll 

ending of motor 

para-

er1n1?Uii:l1?1\'l ~Jdu:lh.i1uV11V1V1Eri1\'lt1lfl "ilU biJu pinpoint size ur::i:u1'\li'i"llt1'lt>1 

"'l'Wl'1'1~'\I 2 jj'l'\11" L~lfi'u l'llW~llJ8'\I 1iiivi e1'iliifl~'W 1~uw:e1 t~uu Uim11V1r::i Ui~n 1vir::i ·M°J-

uw:1E'illfl bronchoconstriction uw: secretion 1u~wet>J 

abdominal cramps 

illUPJ'<\l'<\11"'.i: Uaa1J: 1t>Ju 1"i~J n~llJ td°Biu ifn coma uw: u'.1ufil11w11P1 ~J-;iu'<\1:1P11U~J1:1 

respiratory failure 

pinpoint 

n1~Je'\lfi't1 - 1Mad11MU1n1nJe'\lfiu~u~~Un1~LW8t.1fiu 'il:&:1V1Bt1i'l~IU<illnn1~~V1~u~1'\I 

,"umn"h 1~1nn 
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Atropine 2 mg. 

df8Vluli ti'1 s-1 a u1~u~1ii~1ii~ilu ~u-J5VJ Atropine ~15n 2 mg~ (M°1:u5Vl bfi'W 3 f'l.f-J) 

- -il1VNIUtl81"1 

- fi1Qn~u~L1ru1'!1 ~1~U-J 1M~u~1-J;1uti1~::81vi~u~ 

1'111.'llUtl~:::~IVI ~l8'lfll,1ii~~'U 5vi~1~n 5-10 u1li 

- 'li1ur-11utl8vi bLW:: clear airway ~1fieJ1n1,guLb,\'Jl'iB\'JL1i re-

suscitator "111u 

- 1~ Oxime •~u 2 PAM (2-pyridinium aldoxime methio-

dide) 2. s n~11 Uvi b-iil t5u bliiflvi.zi11 uvi1:Uu1un~1 15 u1fi biJu reacti vators "l.18\'J 

inhibited cholinesterase enzyme ~"1,;an 1 .25 n~1l ~n1 3o U>TI 
.... ... .,,; d "" 

- ,flli''l1'11Ui.'l::N1~'W'l'.IVl\jfl~l,'WH 

5.2 a,.,,AfiWHABl•~~ (Systemic poisons or blood agents) 

"'"tl"" •>min,;._,; Hydrocyanic acid (AC) """ Cyanogen chloride (CK) 

~~~•UU>n1,;~u1~u11•"L••~•1tl 

Hydrocyanic acid (Hydro~en cyanide or AC) 

1;;~1u ij~"' L~filVl~ 7o °F (2s ~C) uw:::U~vi Li'ifilflbbij\'I~ 

A~""'""~1uu" 1,;u,u .i-,uinn 1'li'1i~1nn1rn">"~u1Ju111~ 

7°F (-14°C) 1N::i.'llt1U11;~ U!N!; 
d "" .,. ... 

ifl,8\'JU\'l~fl,::;~uvi ~~Jffl ~n~::;Lum . 
fli.'llU peac~ kernels """ bitter almonds u•~ 

Cyano~en chloride (CK) dlu""~ .,,,,,,1,j;rn "" '""1,;,;,u ii~~''""~;: 59 ·p 

(13"C) uw::~l'lbfililnuV\'I~ 20-23"F (-7°C) iin~uqu 1N::i.'11u1uiJ11~L~nU'Bu u~1N::i.'11u1~~ 

1.u orr;anic solvents 1eit1ei\1l'JuV1iJnn-j1e1n1fi V111Vi'"J::f11t1 tRe\'11'11 uw::: mucous mem-

brane (pun~ent bitter odor) 

Hydrocyanic acid (AC) ililnq11i'lh""'uiJfoiiu cytochrome oxidase 

oxidation process ~8\'I tissue)) central 

nervous system 1viubun1:; respiratory ce11ter ~:; susceptihle tiiu~trl'tt ~\'I 

~n•n~ respiratory failure 1R"'" o•~n~1n"'"~'"1,;~u~1~u1u~u anatomical 

chan~e 
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Cyanogen chloride (CK) LMN<1:i~11•~ systemic effect A<nu llvdro-

c_yanic acid ua::'Vl~lM lfivi local irritation 

Nlil'Vl~l;Lfivi severe inflammatory change 

edema luuaA 11'i1Mu pulmonary edema 

.,. .., " " 'o a 
fl\]Ul.JdllJRJllJL'llU'llUVllfi~,:U 

i.u bronchiole Lfi171 con~estion 

!!.21lJ.2 a'iw>u Hydrocyanic acid (AC) TI<UA'YUJ ,.,j,,-iJmnnAu1-iJ""'nuh~n 

ifnilV1\'Jf'WU"Jxiuij 20-so ~u1l1 uel'-:IvifJ~n11ul~lu 1 u1Vi ua:::i11l~V1fJl'l L~un1u1.u 2-s i.r1ili 

•• L'i'l"lU'W 

u~:: coma 
""' "' "' " 

1
o a ..,, 

t1\'.IU1JRJ1l.J t11:u11ut9!1n Lf11?1 prolon~ed tissue anoxia 

demaC?;e VICJ central nervous sys tern ~\lilNlll'VI~ 1.Mifnua:.: coma tilu L -:ia1V1a1t1ifJ 1:u\'I 

il\lVllil1UJ !Jufl1~ 

a'iwfo Cyanogen chloride (CK) 11'-.l.;' diAa<n•~tla~ 'fydrocyanic acid 

(AC) """ P'.'.losgene (CG) ~-,uilu 

fl1"J!Oj'ii~fi'u il'lfft1Ll"J:.:~iilua::n1"J tfi'Millfl'l"JBV1\'J";IJV1 L~'Ju&i::::guu"J\'I ttlu tfl~B\'n.J""J::neu 

n1"JJil\'Jfiu taviU1n1n1V1u~uili wu1u1unfiuvi1ut~1;1Mu1u~~V1~un~1~::taviU1n1n 

1~ L~vu-ivuu~'J 

n1~U§11ttu1u1m - tv1N1M~a~1a~nM~D~ Amyl nitrite 2 M~a~1M~11nu~ l~u 

n-1~'1•uh.ia 1u 

nf~~fltfl - ri1N1uu1iii~nqvi111ua1 1~ 3};'. Sodium nitrite solution "i\l~U-;iu 

10 'ii.ii. ,-iJ,..1'u,~a~1nuiu 1 1nii ""'1.;' 2sj( Sodium thiosulfate solution •'iu-Ju 

so 'ii.ii. t-ii1tautiia~-ii--.1 

- ,j-,un•~1nuh (,;'-,,,iii mouth to mouth resuscitation) "~" 

Hydrocyanic acid (AC) 

tissue anoxia vuu1u ij~Lfi~iluR~1uRv central nervous system ~~v1~ilu1n1~Ru 

u<5n•ilua•n~J ,,;nR~a~1un1; 
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~J-ivun cyanogen chloride "OJ:::~b~,"OJ,nE,n,,'Yl,'..1 systemic 1~ L~1 .... 
iJl"OJ"OJ::::iJ residual damage .,, central nervous system 1.;; • pulmonary Ul'..'li"ld{I 

edema Bt"OJLfito1via{l"OJ1nD,n,,~,'"1 systemic ii'"' 1umi'-. 

5.3 a•~•RUW~AvN•Muo (Blister agents) Uil~ 3 w•nAB 

w-.nvl 1 Mustard (HD) """ Nitrogen Mustard (NH) 

D,fl,d - °N-;ivii.i'-.1"0J:::Ut?J'>'.1 Lfito1dilV'tf£1'..'l'Vl~ildi1V1vu..i uw:::il'l"OJ Lfito1 blister ~N1' 

vit1 '>'.IV!~ i1Gi1u!ID\'l~'l'..'lfl'l v~il:u Ne1fi'ua1,iI ri1uV1a'..1 D'l"OJ:ti necrosis Lt JN::: tissue s 1oughing1 ~ 

a-,~d.,,rue.ilu1v1Uvono~UR'JoUl~U~UA11 ~o1uflN•~•"ABN'JMUOllo""~"'"~"UUMo"1" ,, ••• nu 
~m1.M'Lflt?J conjunctivitis fiU1Vl,1VIW:U'lfl tf'iil\'11'11 VlBlll conjunctiva LLJN:::Vlif'..1~,"0J::: . ,, -UCil{IUGil:U1:u u,gn~,dti:U'lfl"OJ:Lflt'l 

"0Jt1fil'"1fi corneal erosion 1M 
Mustard burn d 

l'IW-1 conjunctivitis 

- O,vi1t.11."0Jt~,1tl:u1n "OJ::::tfito1Bt1Vl,'lt.1~8B~u1::::,::::uUV1,V1."0J 1to1utww1::: 

laryngeal uw::: tracheobronchial mucosa 'Yl11i1'ii hoarseness, aphonia 1E VIit.i 

1."0Jm1u,n Ltm:::ti'1lli-!nN1lM'ilu~1'..'liii B'l"OJ"OJ::: tfiCil bronchopneumonia 1v71.ufl1uV1a'..1 

- O,flU'Vl~ilGt'l~:UL{i,~~,'..'lfl,U'Yl,\'l~tl fi~m1.~tfito1il'lfl,dA~t11~ il'lL~Utl 

~il\'lb~U U'l'..'IAtlililULW~Ull'lfl :iJ1; O,flt1~ldd"OJ1t11t1:U,fl El,"OJtfi~ Vacuolation UGil::; 

nuclear swelling """ epithelial cells """ gastrointestinal tract 

necrosis desquamation hemorrhage 

hematopoietic tissues ,.11,;; di• leucopenia, thrombocytopenia '"'""N"~" lym­

phoid tissue vi11f; tfiewn" lymphocytopenia 1,'; 

,,u~uW':u1rr<il::::fiB,fl'l"l'Yl'l'..1 central nervous system t-tlu cerebral depres­

sion """ parasympathomimetic effect •"llu bradycardia """ cardiac irre­

gularities tilu,';u 

w-;in~ 2 Arsenical vesicants Organic dichloroarsines 

~" Lewisite (Chlorovinyldichloroarsine), phenyldichloroarsine, ethyldichloro­

arsine, methyldichloroarsine ~'l"lLM~,d1u~ri1w~B'..'l~~fil1n~uA"llU:Ulnn~1~nawfi1~ 'Yl11.~ 
tfito1 severe burn ~B'..'IA'lUfil:::N1viU'..11; ~~~a~~ua1'..'IBBnlt?Jv~1unvu~"OJ::tfiAN~~1uu1nfil'..'l~u 

"'~'"1 •• ~.1il•"~"A'"'R"""~"'" ~"UUMo"1" ~11tt1v ••u 1.;; 

w-.nvl 3 Urticants M'l<1 Nettle gases 1;; .. ,; Phos~ene oxime (CK) 

irritate 'N'"lM'l1'1Lt~:: 
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Phos gene oxime 

fifiluto1'}1t1UE1un11111n 

irritant 

fl'l"J~ii'<\lil u '<\1'1 ntl"'.i :::-J~n 'l'l 1 '7G>f1.oa L fliilf L tlu~Htl"'.i :::n eJU€rl n1"'.i ttGIVJ \'I 'il'lfl ~J 1u 

fl'l'ltl§JJ'WU'lu'l!N - l'IVl'l"Jvf~ua1uV1U'1n1nVlu~1\'lili '1:::1N1111"Jt:iJti\1tluviU1 i!uU'to11 u!il:: 

'Vl1 \'I L ~'UVl'l ti 1\'il1 ;"ill fl filUl'l"J'l tl'lli'.J\'lGl'l"J~\'11U&lfl'l'W"ll8'\l LVl!N1U!il:::1 B 

- ~l\'11'1'1eoi'1 uU~a ::v1 i'lilui'iirfi~a~'l&fl"J~:tt L ;'ltil1 LL~ 11 'liN16>1 :::eJ1vi-Nu 

- S1"JU1\'1~1uvfL~BuN1 "J8\'IL~1 '<\l:::~uN1ut;1~\'IN1MU\'11; ;8\'l~U 

~"~ .~,,;;, ~"" ,;;, Q." ,;;, mnn "''""'uu'i rloml"ynmJ1a'1•1,,,j 

M-5 
~ • 1 • 

"JeJUl'l'lLL!il::: Lt.liNBflVllVl1:1J'fl'l Viti LVJVJ"ll'lVI) L:deJ'Vl'l 1VJu.vf1u:~'J1; L ifVl f)£lfl L ~Ufl~ \1Vit1\'lrl 8tl LL~J~\ll'l'l~l 

lflii LiiBN1111iJ\'IUVJ\'l'WE:l\lUJi1 i1'1111.'7i:ff~\'I M-5 m (.111..iiJ~;j'" M-5 t,"i Dakin's solu-

ti on ttl'JU 1;;) 

mal saline solution "~"uiiil""'~ u.;;11.i steroid antibiotic eye ointment "~" 

1sy. Sodium sulfacetamide solution ~n 4 ~o1u"'~"J"""" infection 

.l1ilo1n1~m'httiil"4'~" blepharospasm u1n .,,.1.;; 1 y. Atropine sulfate 

solution d 
Viti \IV! ti VIVI ti 8 VI VI '1 

,d.,~J1u~u~11;; t,;'u.,ua cornea "'" 21, solution ~"" Fluorescein 

dyes in saline sterile normal saline solution damage 

erythema burn 

s.4 iil•~•RilwMAoUoR (Choking agents or Lung irritants) 

1~ttn Phosgene (CG) 1~ttn Cyanogen Chloride (CK) 

Phosgene (CG) tilun1"111.i:ii~ BTililn~uR;;•m1,Y1tt1'"1",j1 "" condense dlu 

~"" ,,,,,.1..imn;;i'l 46 • F (a· CJ •fl"''""'"""""' hydrolyse diua•~ 1..iilwM "'foEn~uEn 
VlllBflfl~:::fi:llffe!Rd'llJ''fWU~\'lfi:l\'l 1tJ1~ 

Cyanogen chloride (CK) Bofl~l'liti""'i 1,;'.,,"h 1iJoBn """l'li ti;' t "11'1,;;,;,"1 """ 

.;,"n' "1'la01n~ n t ,"ie.,n'O '"" 1;; n ~11ii" 1 u;e s • 2) 
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massive pulmonary 

~o•n~ emphysema 

di "'· "' "i - Ii 1 • • edema LU8\J~1flU1"\11flLSU~iNMA~EUtan1 Vl~L!l1~ alveoli 

dlumJmJ1 ;1 partial atelectasis """ edema ''il~ perivas-

cular connective tissue 

ff1'>ti'ie pulmonary edema """'n~o1Jo<JR1u 12-24 ;h1uo """"'nlJn Pho -

gene (CG} UG:I ::::ii Na"J1lndtJfl1"J uwn L tl~uuvvn:S L '<\JU ua ::·i18\'l L m u~1 n al veo 1 ar air Lta::: ca-

pillary blood anoxemia inv1u 24-4e ;h11Jo Phosgene 

broncho -(CG} 

pneumonia 

ry bacterial infection 

R~\'JV81L~UU tl&viFl"JB:!:: U'~A11111w 

- U1\JRU81"\118¥tJLL"°a\J u~1~i'i81fll"J'V11\Jtl8V13J'1fl Ul\JRU1~18U~ LfiVl pul 

monary edema 1; L~J tLa::A1u-vluVi D1fl1";iVJ'd 1tlfiD il'Yl"\l"':i'771a\l 1111u"l~ift'u1 1ile~l\'I L~utJJVJ 

111U'1En LLiJ.l::iJ cyanosis 111~ef:l1n1--aF1a1u shock 1; 

n ,.,,;;;. ifo ;; "" 1 ;;1l., "-m uut1ilt1i•11n Phos gene (CG} "'n'" gu 1 diu • wu o.J '" 
tl"J::::neun1~~U"\l~ul~RL~1du 

n1"'jJfil\Jtlu 1;sd,1111U'1n1n 1viuVfuWi 

., . . 
rnm1.,<1rnuumn•1.1n Phosgene (CG} 

- 1~~fl~BU 'Vl~"l,~~l\Jfl1U8U~U 

- ~1fi anoxia RJ~t;een~t~u (1JRJ~tflu sor. ~B\'IBBfl~L"\IUL~e 

J.,onu oxygen toxicity} 

- U1"J::~U~RJ~1~ ;11BU1flRJ"'j1; 

Rul~n.,"ffun.,"a'""'n"'"1,;' Morphine (~ - ~ grain} 

n'""'"h 1;; 
- 1,; antibacterial therapy 

subside 

Codeine (~ - 1 grain} n~il 

pulmonary edema 

. . 
- ill1lJ'Vl1 venesection ;,~1; alcohol intra-

venous fluid 

- n~n•~von•.,1,; Atropine, expectorants, cardiac and res-

piratory stimulants 

n'"""'n.,.U1-,R •hlii~•u1u 48 ih1uou.,n 

bronchopneumonia 
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s,s a•~~"'i1wtn~a•n•~n"~n~u (Mental incapacitants or Psychochemicals or 

Psychotomimetics) 

n"onou (apathy) n~' disorientation, confusion, irrational 

psychosis ••n mental process change 
~ • ~Q 

lll1ou1~T1o~s1,w1nuRo Agent BZ uw::; LSD 

Agent BZ dlu anticholinergic drug ~11i~l! 1·i'in~u """11ifi~<1 trla 
Nii:f1Jti'UBIH1"Jl.l.W:U'~nt.Ll,j, 1tl l'l~t» di VJ 1.iiuil'H~11'1 lll'lUDfl uw::;t1viu1n 1;'?1-i-,:1ru:: 

LSD (Lysergic Acid Diethylamide) 

1tlfi"iii:f 1.-duti'u 1-tl't~1tnj~uw:::ei11111<J 1; 1.rlDfiuu;1'Yl~1M' 1.fivitl"i::ii:f1ri1liwou :\illll~ffur,;tu1'u-y1u 

•t•" 1,ja,.Tiin•~~u 1;;.;1,'"'"" 

s.s <1•~U'iw11irn (Tear agents or Lacrimators) 1'7un Agent CS, Agent CN,""" 

Agent CA 

H 
I 

~-c----c~- N 

I 
Br 

() 

II @-<' ~cH,---Cl 
Rron-1obe11zylcyanide (CA) 

Cl H 
1 I /c oc_=o=N 

~-C=C 

" (' =-~N Chloroacetoµhe111nu-' (Cf\') ()-chlnrobcnzylidene 1na.lonon,itrile (C .. S) 

Agent CS (o-chlorobenzalmalononitrile) a••L;~~1un•~tl~•u•••••tt•" 

n 1"ii"Ju 1; L tlu N~fl u..ii-,,~~Wl'J n~uRii'1uw~n1 'YI u ;'lfjJfl 1. NIM~'il"J::; L UV1 111::;DV:uuu1i u€11 "';l"lfBW '<il::: 

Agent CN li~ 1 a L>lo 

Agent-~ (Chloroacetophenone) . ... . . ,.. .. - ~ ' 
(54°C) iil:.:;;;r1u1V1;j1u~1V1~~::;&.1"ll'lfl l't1111:::iitn D'l<ili1flfiltJBelt.U.J'1fl l'tl'Wtl<\llfl Lfl'"JD\1UUV!"Jf)tl"'J"'Jl t'W 

fl";i ZSJU-"J::; L Uvi LL~:; 1,iu \1 <\I:; L ii 1'1.L1Juri-)uvi~ D 1 RJWhi1~ f:}'U ~\1 <\I ::we uAi2r1n ~\1 L ;, ~11 ;~, [J 

Agent CA (Bromobenzylcyanide) 
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U'1vi11via:1.11n .nffdLL6'f\l vtil'\l"1'1 Ln.!i\lei~'l\'l:J.J'lfl 1J'l\lflU0B1n1·;HtU'uviU'1ein 1ei vi1ui.;;;ia1u1n ua::: 

8'l"i\l"R~u1a eJ'lL~tlU~Jtl 

fl'l"a~U"i\l~tl B'lfl'UB'lfl'l"aif Lfivifl'LJiJt1Uvi1 £.1'19lrifl'l"a"J:::fl1t1 LfiB-JVl'l-J°N"lvtir\'HL&l:::"i\l:yfl ua::: 

1'.ljii8'1 fl '1 "J L fl VI "i\11 fl fi1'.1~ tti1u '1 

. ~ . 
U&ld~tl'ltl'l:J.JaUA'lB~LitlB 

i, ;'Ii tl'l tl'llJVll ti 1, "i\I L 'fjl B:eJflU "a \'l '1 

normal saline solution Vlu:vi u~"l'V1UBP1~1t1U'1t11 1,r% Sodium sulfite 

urn::: neutralize Gil1-ad 

- ~1fi eye burn i.~intt1Lvifivu strong acid burn 

- ~•QnNJvtir-JLL~1 tfiPl dermatitis 

compound calamine lotion ~••Du deep burn 

5,7 a•~"''~ijU (Vomiting agents) 

1;;,ui Diphenylchloroarsine (DA) 

Diphenylaminochloroarsine (Adamsite, DM) 

Diphenylcyanoarsine (DC) 

Cl 

I 

~As~~ 

Diphenylchloruar.<ine (DA) 
I As=::= N /N, 

©r~As/l§J 
I 
Cl 

I) i/!11t' 11 yf (".11u i/011rsi111' (I)(' J Adamsite ( DM) 
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(fine particulate 

smokes) 

- DA um::: DC tijufl'i'u~~11J u~ trltiNa,JfiuB1n1F1u~Joa::1~j ti1u~fl-1u 

'1.18\l DA um::: DC L~tl\lFIJ1tl L.n~JV'u~,., n Lfit?t~H'l-i'1uufiflu1; fl'lOJrin~Ufl~'lUVl~'lLLM'\'11vuj1 

nasal accessory sinuses, 

u~:::Uu.W-1111 'VI,;,; Lfivi local imflammation 

nasal accessory sinuses 
o "' a "' ""' "'o 1 ' l •1 ' 1 ' e 1 • Us:tUfl'iUJ'lfl • U'UUVIU'lilflU~::: LOJUVIU'lflfl, lflB\llPl'lUW!::'U'lVl'l Vfi>'l.- Yl'l VI fleJU'l\l :UB'lOJflii'l'W VI UW::: 

0Jlll€1 U1 '"11t! LL "a\'J&l vivlaflu ~ B.U'""Fil :::il.LJ'°1:yn u~HN'l tJ 1 VIS.UJl fl 'Vl 11. M'Fl~U 1 ~ U~::; B'l l ~ U'U 1; °lU"a :::u :::VI ~\'I 

a•~u mental depression 

n1"lJv\'lfi'U - i.M'a-;iuriU'lnlnYi'uVi irl2:1oa:::EJ1 L~uu 1flVl~ilOJ'l~J 1M'unMU'1n1n iNua 

""" ~1ul1~.,,,1; 

fl'l'1~fllt'l 

""~""'"'"'1~,,~.,,, 

injury 

s. a "'"'"'"••uwn (Herbicides) i:ia~ 2 w1n fia 

'1o.,il«'1~ Agent Orange iHi~-.1a-,uNiilii 
. 

50 : 50 ~:::VIJl\'la'l"a 2p4-D (di -

chlorophenoxy) acetic acid nu 2, 4, s-2, 4, s-Trichlorophenoxy) acetic 

acid ~~iJ'11.,wHfia TCDD ~~" 2, 3, 7, a-Tetrachlorodibenzopara-dioxin """ 
JI/,.. ... .,, .J • ,,J .,,,..,, ... .!ll 

a-I "'JU U'f'tli"'JI u ll "j \'.l'Vl if fl L vr1 fl :U\j ttt14 "iii fl LL~:: N ~"1~t.11l.., 

&:1l"liliust'1!tl"J:::u1ru 1 ~tn~&iuu "'ll::tl"J::nuu;-JU 2. 4-D 'Vliln 4 tlB'W~ uw:: 2~ 4 9 

s-T ¥iifn 
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0-CH,---{;OQH 

I 
~Cl 

Cl 

2.4-Dichlorophenoxyacetic 

acid (2.4-D )' 

0--CH,-COOH 

I Cl 

(('.)'( 
cf')/ 

Cl 

2 ,4 ,5-Trichlorophenoxyacetic 

acid (2,4,5-T) 

0 
II 

0-CH,CO(CH,J,CH, 

I (§TC! 
Cl 

PLUS 
0 
II 

0-CH,CO(CH,J,CH, 

Agent ORANGE 

I CI 

fnY 
Cl~ 

.,.,~,;.,~ Agent Purple fl~1t1NiluR;'luii'ua'l.,~ua~ 

1ii1u t!loil ". M. 2507 """'""'1,;'a,.,1.fa•~""" 

(Picolram 4-amino -3, 5, 6-trichloropicolinic acid) 

.,.,aJ, Agent Blue ~~" Cacodylic acid 

Ci 

s1,fi\'lr111191d°fhr1"<i1-ti1u5'A-a1J1u 3 ttn&i~auroia 1 La tfla.,; (2 1"luR~\'I) 1Av1tf 

Lfl~B>JiitJ L '[j~f1€Jil L1118.,;. "'JrlU"'.i"'.ifJfi L ~a LijtJW'li'lt.1:.-: . U&I :;u~fi11'1i>11V1i'1'1'<;J 111 

dioxin 

B'lfi'l-:i'tl'lrtl1J~ J'i'JB~'"l L 'Vl'l U'll'UU&I :::~J'l 
• 4 • 

Bln'l"l'Vl'l\lllJ:;S'l'VI fl1'11llan'Vl'l\'JU"'j:::~'l'VIL&l81J'tl'l&l\'I 

B'ln'l"l'Vl'l\l~AGt~i1n f'l1'11J"\I~ Ldtl:iJ 1n"<iU~'lEJ M~l'l'Vl\jt'l 

LdauS1J"'j"'jafi'lM'Vl'l\'IL~~ 

81"\l'VI~ 1 i1'91~~~ \'I fl""J":ift L fil'I U~\'l'lJf'.l"'.l 1 ~ 

1u dlu.;;u 
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Paraquat (Gramoxone) 

1~,n~ respiratory failure 

£'1fl'l"'.i ?J'Ull'l~'Vl~1,.;'vi1t1flv 15 T. .11. "ll:::1J~J'lfl'l"':i8'1 b~tl'U tlJ1'1';f)\'j tlJAbbG>lUtl--:ivi-i'Bu 

u~ b Jru 1J1 n Ufil :::ri a riff \'.l"llln1iu(?j'u u&i::: 1 vi <U::: b ~1J'VDJ l'ltl'J ::::a'Vlfi.n·Tw nl"'.i'Vl~\'l 1u'l! 8\'l<J ::::uur11u1 '0J 'OJ:::: b ENJ 

G:i\'.li.t.1 s-1 o -1u bb&1:::ti'1 b~iJbbi;;fl'l'3B'lf1'1"'.i'Vl'l\'l"'.i:::t1uvi1t11-oJ1~ bViu b~'Ll ilvr1u1.,;,n·i'MV1~CJ&1~UlflA'11HJl 

s.s "'~''"'"~ (Insecticide) ~u~ Organophosphorus compounds neg 2 ~•nMe 

and-cross-bones insignia) 

.Parathion methyl '"'" Dichlorvos 

. 
tTI'Ll Malathion, Diazinon, 

Thichlorfon """ Fenthion 
• .z: .!.( "' "0 1 "'.e ... 0 di 

U'l'll'lU'Jiil'\'l'Vl\'.I 2 'Wdfl'Ll btl'lii;!"l1\'.lf11U VJ'Vl\'.lfl'l"'.ifl'U fll"'.i~:l.Je..!ltl'fi?'Vli.f\'I LL&!::: bt!Bt,j'Vl'l\'.I 

LMU'Vl'lt11"<\1 'Vl~1; bfit'lnl"'.i Lih.1WHfl;'lt1 nerve agnets 

6, 

6,2 (Shelter) 
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W"'11"Jf1.!'l'W~1rl1-yj"lut1E1U L'IJl'J~~nA iiJ\jMJflf;l\1~ 01Wn1ilaf;l'lU i.'llJ n~J'lj'lfl uw:::lu8~fl-fil'Vl.;'lU 

b 'W"Jl :::s-uJ'l'Jtl'Vl,&l'l l:J ~'l \'11 ;"J J l'l L ~ J L ilun ~jJ n fJU 'VI, i.; b n l'lfl 1 J :::nl "J b ti~ tJ'WUtl j,\j \'l'Vlf \'!ff nU !N\'I fl";ll:i..l 1; 

il .... .,- - ~ " • • ' . di ... " " • 
b ti 'ill1 D'Vl&ltl bu j,\j B\'I uw :;'.jjfl Jl1Jfll(;:)U·.uU"t8tl'Ll El tlfl1f'WJfli.rl 1D'Vlli,\111:.1EJU1 'VI fl 1 W\'l'W l'rt.Jl Ely 1 uif aj11ifu 

1.un'l<J u·-.1ilGJ~B!N\'IA"J'l~I Lflfi ~,iill~"'J::: tfit11tuilutl'J::: b'V!fl1vn.1'1uB1..r1flV11; L't'l"J'l:::~1t1 

L~UA'W'lufl~MflJlUSlUl"Jtl'Vll\'l;lUd ll'll:lfll"JSfius~u~B\'ltl"J:::L'Vll"IBfiUMl8,Ul"'J ~\'l"'J~b~U~'Vll\'I 

"Jl"l1fl l";J~ L ff u&-ii 8\1~ :::~o \'li:i111fl"J n 1 '11 u n r"'Jti ei\l ffu :UlM' b fi t'lfl J11J~Il,! L & t18 ~1\'.1-5' l u u "J \'IAe:i iJ"J :::"l11'Uu 

U&l::"'Vl~'WU°~U'JJEl\I b"J'liJ\'l~B 1tJ{j' 

.. " • • .. .,. .... .,9 .. 
A.~ 2 nl-a u"'il \'l"lJl J!it'l"'J unll JW'l!U (Pub 1 i c Inf orma ti on) 8 tll \'l\'jflt?J B\lfl \I.fl tl'VIBl"'\J AB \'ltl"J :::iNtJ 

"J &!Uti \'lfll";J u~1 in1w :::nl "'"<i eiw uw e:i~1 \'li'.i"'J::: L Uttv L ~BJ v\'lffufii. Mb fi l'lfll<J'ffuiNu BwV1J1u u G:i :::'71-'Jt1J L ilti 

(Panic) 

8~3 :1JllP!''"an1<J1.un1"'JJe:i\'.lflu (Defensive & Protective Measures) 1vi'ufin1"J{l'vi$i\'l~'Vl&1U 

fl t1 (She 1 ter) fll";I 1 ~fll"J NnBU"JXJ 1 unl"'JJe:i\'I ilu nl"J~ l'l'Vll~ \'liJtlfl"'an;1. un1 "JJB \lilu u &:i:::~n'Ctl'Wtt1-

1Jl Wfll"J~Vl'VI, Fl~ bb'W :::u11 un1-a.JE\'lfft1 ~ tlt1I,1 MF1a LtW :a ltld 1:!11 l'lUflldtJ-a :::iNltJ~JB\'IVIU 1 ll'VI~ BaJ'Lldl"liflld 

..Ro OJ O .J.,,,"'" ,;iJ• 
'VlfllMUVI fll"JA1U~"fl,d~dl~"J flld~~AE~B'eff"a bba:n,d~US\'.l~ru:::'V!LflMetJ-:ittL~1JL 'W~lUJU~ln 

""' 0 ""' al "'"J .., 8 
O .J 0 ,!';: "j" 

flld L A"J ll:U'ef ,d 8\'I L "'ti \'IU&l::: fJufl"'l'(U L 'l.J"£l'flltldfl Nl'W lll1Jl Gil UAa = UVl\l'Vlfl l'VIU~dJ~J'Vl\lfll"Ji.'ll Dl"J fi.Ytl ~1lAlll:!J 

1gfl Lil'W 

(Damage Control and Decontamination) 

s.s n•~~utjlJD~"~~~ (Restoration and Rehabilitation) 
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_.1::_DITORIAL 

PROVISION OF ESSENTIAL DRUGS 

Pakdee Pothisiri and Chavanee Tongroach 

Food and Drug Administration, Ministry of Public Health 

Bangkok, Thailand 

Most of the developing countries have limited resources for the 

rrovision of heal th services in the form of social welfare. This is also 

true in Thailand where by most of the patients had to sought for alternate 

means to alleviate their sufferings and the most important of all is, as 

Gne may expect, self medication. According to some of the latest studies, 

the figures showed that medical consumption in urban area is approximately 

80% of the total cost for individual health care expenditure. This excessi­

vely high drug consumption may partially caused by either irrational drug 

utilization or usage of unnecessary drugs without proper justification and 

somehow misled by unrE'.liable mass media advertisements or other sales pro­

motion activities of pharn.aceutical firms. At the same time, however, most 

of rural population, which is the country's majority, still have to face 

with the problems of inadequate supply essential drugs, those are indispensi­

ble for the prevention of nostalgic communicable diseases and curing of eom­

mon ailments. While the needs of health care could be met simply by provi­

ding pharmaceutical products that are essential to the immediate welfare of 

the population which cannot be replaced by other products, the responsible 

agency has to materialize also the most optimal way to undertake such task. 

In 1977, the World Health Organization has established the stra­

tegies of "Health for all by the year 2000" in the thirtieth World Heal th 

Assembly. The goal of these strategies is to promote the better health and well 

being of all the people particularly those in the developing countries, to 

the level that they can live in healthy condition and that they can take part 

as productive units of the society. In order to achieve such goal WHO has pro­

] osed to use new and fascinating approach which is so-called 'Primary llealth 

Care' concept. 
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The basic strategy as adopted for "Primary Health Care" approach 

is to help people solving their health problems by themselves up to certain 

level. In principle, 8 elements are identified as basic needs in term of 

primary health care approach to be dealt with and one element among them is 

essential drugs. Although drug is not the only element to achieve the sue­

cess of preventing or curing diseases, but it is accepted as the most 

important factor. To assure the provision of essential drugs it is recom­

nended that there is a necessity for an establishment of "drug policy" and 

drug management both at the global and national level. 

The concept of drug policy and management of essential drugs 

supply has been conceived and developed in WHO over the last ten years. For 

Thailand appropiate provision of essential drugs is obviously one of the 

To ost important factor to accomplish the goal of "Health For Al 1." The 

Cevelopment of essential drugs supply system of the country is aimed to 

assure that safe and good quality drug can be made available, at the lowest 

rossible costs, right up to the remote rural area. 

National Drug Policy 

As drug is one of the most important components for the implemen­

tation of country's health services, leading to "Health for all by the 

year 2000", the Country's drug policy emphasized the following aspects 

fharrnaceutical supply system : principles and approaches : 

In developing efficient pharmaceutical supply system, four problem 

areas of management have to be considered, namely : 

(1) Selection and determination of requirements of Essential 

Drugs. Ideally, the selection of drugs should be made only after determining 

the pTevalent diseases being treated within the country, the characteristics 

of patients being treated and the level of training of the health peTsonnel 

who treat the patients. As for Thailand· health services pattern in the 

count:ry can be classifj ed into, 
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- Primary health care J.... Community base programme 

- Primary medical care 1 ·. 
Secondary medical care / various levels of hospital 

- Tertiary medical care J; and heal th center. 

For primary health care level, factors affecting the selection of 

drugs are as follows: 

a) Existing systems of medicine. The establishment of primary 

health care services should result in adaptation and supplementation of the 

work of traditional healers in such a way as to ensure that the innovation 

is successfully integrated into existing systems of care. 

b) The national health infrastructure. The type of primary 

health care service that a country requires is dependent upon the proximity 

and nature of the first referral facilities. In Thailand primary health care 

is established to be a community base programme that rely mainly on the 

contribution of volunteers. 

c) Training and supplies. Whatever the circumstances, little can 

be accomplished unless continuity of essential supplies and information is 

assured. 

d) The pattern of endemic disease. Careful planning and, in some 

cases, epidemiological surveys are required to ensure that the most effec­

tive drugs are provided, and to obtain full benefit from 1 imited resources. 

(2) Procurement. This is the process of acquiring supplies. 

Three procurement sources which are purchase, donation and manufacture may 

be used individually or in combination to fill the entire range of drug 

needs for a public health programme. However, it is recommended that, 

subject to the infrastructure of health services in each country, there 

should be a central unit to deal specially with the function of procuring 

essential drugs for primary health care. 

(3) Distribution. It is a cyclic process which includes drug 

procurement, port-cl.earing (if any), receipt and inspection, inventory 

control, storage, requisition of supplies, delivery, dispensing to patients 
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and consumption reporting. The system has to be designed to achieve popu­

lation coverage in every levels. In order to get the highest efficiency, 

distribution should be done in the form of network. Storage points must be 

determined by considerations of distribution efficiency rather than by 

availability and historical exigencies. 

(4) Utilization. Rationalization of drug utilization is consi­

dered to be one of the most crucial factor to determine the success of drug 

management system. Obviously, availability of essential drugs is the 

Lighest priority to attend to, but, it is also indispensable that available 

drugs are used to their full potentials. Information on pattern of drug 

utilization, particularly, those categories of drugs frequently not respon­

sibly dispensed (antibiotics, psychotropic agents, analgesics etc.) would be 

of significant benefit in dealing with the problems of irrational drug uses 

especially in self-medication. 

In conclusion, successful provision of essential drug for primary 

health care services can be accomplished through an improvement of all four 

basic functions in drug management system. The Thai government has tried to 

solve current problems by way of implementing a series of action programmes 

on essential drug in accordance with the National Drug Policy since the 

beginning of Fifth National Economic and Social Development Plan in 1982. 

Subsequent revisions of action programmes had helped to successfully over­

coming the obstacles confronted. In the near future the implementation of 

the National Drug Policy will be adequately extended to cover all necessary 

activities which are deemed necessary for assuring self-reliance in the 

provision of essential drugs. 
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ii'ui1'l"Jlfiia~ uiid 1 U"J.'l\'lfl'l u iiil°R"'.i'lfl'l"j 1.t1fiuuu.tliil\'.I L t11fi'u LLi>l:;: L 'V1°'lilUB'Vl"i'l fl'l"'.i I. '.iJ~fJ'WLl.tliil\'1'1.1 il\'IG'f1"J 

ff L fiu d; fl \'I fiu fl'l "'j a \'I i\lqity'ln!tJ":i :;:el'l 'VI tu; ild n. iil'l "J;fl 'l tJ 1. u ":i
0 

'l \'I fl'l uii BA "'j 'l fl'l "J L tJ §vu utl iil\'I ~i 'l \'.lfiu I. iiu 

• 'd .,. • .J ,;;: 'd • d .... 
f16l:IJ 1 L'11'Ufl6l:IJ'Vli\l\'I Lfl"a'l:::M°lM:IJiifl1"l 1.tJwuuutli>'l\'I L"'Jd LLGJ:::fli.';l:U'Vliil:::iil:UBfJB'l'\11.tliiltJ'Wl.Ltliil\'l"l11fld'11J'lfl 

uiutf .;., vl1.i'a,.1na Li'iu~iiun•-. 'tl~umL!.h.N'll a~n~11vf;;1.;'-, ~ 1,,,_; (1.i'.;'u 1,,,_;) 

methods) 

~uu Dopa decarboxylase 

N iil"'31Jfld1Jtl1 d :::el:IJ"Jiil ~"ll el\'.l..;'l\'lfllU 1 ~Uiil:IJiJ?i-j'lBR-al fl'l"j I. tJ~uu LLtlW\'11 YIU I. U'W'l:::: BU
0

1 \'lri\'I tu I. di>'l'lfiGfu.yf 

'1" (Initial rate of rise or decline) dluii''.lfiiuan5.,.,-,n.,., •tiffum•tJ;i,,;1,;;.,.,.,,,,tlnA 

1 ,_ . 1 'd d - d d- 1. ' ... il "' -VlUfl'l":i"JUfl';l'!J.fl'ld:::~tUt'JiiltlVl\'.lflii11d :U1JNfi:! l.tlfi:ltltlelA"J'lfl'l"J Ltliilt1UUtfiil\'l'VldV1 A bt.1'1.IBU I. U'Vl'Vl"J'11Jfl1J 

;;1-,mi1n Feedback '""~.,•~n•u .i~.,,,,,tf~n-,.,ifo •m•:1fo-,.,d~ii'l!~•111tl.,"~"".i'~ 1 •ii• 
1'u 1 At~ d n'l -aff \'lt1rJ\'Jii:l'l"Jiil\1-Ml]Jq;1rutl"l ::;;:i1viilniiN~i1u5\'Jfll5ff '1 1. fl~'l ::vil ~iilufi 



'l'l.'10!'1'1 Lll~Il~YH.11 147 
fl~ 6 L~U~ 3 n.~.-n.v, 2527 

i;;:i3JlJ~ -j'l fll"'.iVI ~\'JM~ £1fl'l "'.i~1Jflfiluiif An111 in vitro ifu 

a~"'.l~nu1Un~ 1Unn1"'.in,m1ua1"'.lfi:u"uV1~\'Jari1~ Load 

il5Vl"'.il1nfiltRt1\'JfiU~Lflfl~U~~\')1un11::: 

L~BFlfl'.lf'ln'l";iVl~\'J LR1~1;Aan1"'.iMi\'J 

a•~fl Load Ju .,j', 1u·nu d:lu.iou tiiuo 
d • • • • 

fluffuefl"'.iVJiiBYUiNd L'W"'.i'l\'Jfl'lEJ 

a1nL~1au 1":Un1"'.iM~\'J~1n 

l~-ileJ 3. n.) Ui-1 :::qnvt~\'JA'dtH]t'l<J'l L ~u -:ii1u um::vt~'ll~'lfltJm1 utl"'.i ~­

Gl ial 1.iiln•~.;un-'u «u11tJ1,,,j """1un•~i'fmnn•~.;un-'u ,;, 

Ufill utJ"j :::a1 nfi13jiin1"l ~u nilu L 1i'11111u Gl ia 1 11i :Unl"Jl'l,fil'l ua1<J tl:uilu Vl~\1fffi'i'un511 L -ll'11 tJu;d 

l .loll tu"' 1u1,,.;\]niiuoon1 tl•" VJ'i 11'1 ~,;,n •~'fun -'uu oun-,',fi dlw•'l ~) 1,j:Un•~ "'"' 'uiluu 

(Exchange) 

L 'lfm; LL~d El ~fl~" ililn:u15n ;;,r\'JW'il\'J 1-E5t'l-:iln1"'.ia:-a11'.llil\'Jlit'l"J i111iJut'li' 'lll~fl U"J::: u::: U";l n "l (Initial 

rate of accumulation) diu,;•amJ~""~~"iiun•~.;un-'u ,,j',tJ"'"!l~"a'" (Net uptake) 

n'l "J Plntt1 fl'l "JM ~'ll u fil::: n 'l"'.i i"u n iitJ"ll il\'.J a1 "J a' \1 Glry~1nuJ"J :::i.'l 'l 'tl n ~" n"J vi il :::iil u 

Glutamate,Aspartate) iln:Uil~"'"'nUVJU1"11Jo~ Glial 1u1Ju<un•~•,,,;",d 

( '.iu GABA , 

• Uilfl~lflU'W 

'7J1Jd'U fl'l"'.i ~ L fiviifuvftJ&11 EJtJ"J::; G11'tl L il\'J fi:tivt&JIU'1:t1U1JU "'.i ':U.n~\'J fl'l"a :;{\'J L 111 LLi-1::: rJilfl 1 V1t15G1"J::: (Inf 1 UX, 

) d - d • ~· d ( ) • " Efflux fl'l<aLLfilfl LtJmuunu Lil'l'.!Lt1.'l:::f11'lLLG-lfl 1Umuunun"lf!il:::11 b'WBU 1 s iifdtJfl'l'lnfl'.lflG11'l 

L eiiiufiil niJ'ifryvtl fl! 'l~n'VI, fil'ltl ( L if il'll :Vin 'l-E t dfi.l'l'W'l'W) Ufi.l::-:fll"';j ""fl t ih.JVHil'lU'lllJ 'l'Ufll"al'l-j'ilUU flil'U 

fl'l ::-:~1 EJ t ih.J'VI fi.l'l t1Gi'lt.1 ~\'Jn ~'ld 11'1 U~d 

s. n1-;Flmnn•-;i(fufiu Receptor (Radioligand binding) iilalJ'!Oi""""" 

~"ilL"liUl u L ~il'lld t flti ~~:ui'ilu-:i1~et1-:iduGi'J ( 4) ul'iiJ\'uJ'"lLua::: t BuwiB°nMa1 uJ?}1u vfil\'J 1a.i1 ;u-,111W'<\11'lmL 

~ • .,, • • d d - • d1 ·-
~Wltl tilW'l::-:BUl\'JU\'J t'Uiif'JU'tl tnudflUfll";iUtle!A'JIU'Vl:U"lU"l.18\'J"llrJ~fil'tl A"'.ilJ 

G ._. ..I <>I G I ""' 

~wii.'!1flty'tl!ilfl"llil\'lfl'l"Jutli.'IR'Jl11V1:u1uflf:lfil"lfll'W'lm'Vi1J11J'l:u1mnB\'J Ligand binding 

.i·rn 1 ~;!"' "iiu dlun•~ i(fuifu Receptor """" "1-6 'nru.i1 ~;r Ailu 11 -'nn<-.'11.lu'iu•1..i,,'iu <tuRilfl'l., 

W'<\11"lru-i-l1dJu"l.l'iJ\'J Receptor iitl~a.J1m:v,tlwi "il';u'JU"IJB'llsi'l"lfi1.13Ju91-r\'J~ft..Uufi'u Receptor ~\I 

iiu.r-, 1; (Sa turab 1 e) "" "1Jmrnu'11 ~.;:Iv diiua•-; «iinifu;/1:UiiifoiluA.;~;r ( """•'-"l.du'il~irnn 

~l'lil°;J~,, •;ivonu) 1utJ'iu•ru>lq~n-,', (irrnn~• 1 oo L~•) .i-,un•~"u""~a•.,ifuiluA'f~ilifu~"ilu1 

;!~ 1.il.i Receptor Ju o>J'JA~<iitl'fo•ru 1.i•'iif A\fo 1.i;iu;r-,.,,. "1Jl),n ""'"'11,,va<-; 1J:UifuiluA.;~;r 

;! ,;;,. ,,j'., 1!l tl'lu•run<-;i(fuluil-;"n1~11ifodi0~\ln t'l"vn dlu Non-specific binding """ ,;i.,u'i 

l tJau"il1n tJ~111run1"'.i ~ulf\l'Vl:llPl l trleJii t uw1::-:&11"Jfi'11ifuui-i' '1filjf\'.l~u 1 ffi~\'Ja'Juft tifu Recepto;r ua::-:V: 

fil1.i Receptor) 1,J,;,fi,'l"vntilu Specific binding 

VJ I fl~ "il 1 "J ru1iJ fl\! &1-tfl;; ~ l fl fl 1 "':i l'I VI a B\'J ~\]VI~ fl fl'l"a rt fl~., d 11111 um ::tttl a A di :uM:ll I u d
0

'lfl.'l 

Specific binding 1.;fu'l'lutl'lu•run•~i(fuifu Receptor "" u'.lu1.J-,',.r~:U.iil~1"-,'"~"'n u-;n 
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ii 1. ~t1 'lfiein1":i a:u11~··,;1n'1":i ~uilua'-.n.ivl'11;111 Receptor ifu 11i&11"1-:i Uil:: l:i..i\\flU'Vlu-ff 1.u.naifi>1Jeiti'1\'.l 

Nofl"l., Amntt,Jl 11., """""'fl 1 n tti'l l'\\l 1.;-,;"lilfl"l-;"u";Nlil"l., fl!J:ifll'11\1ff'10"1U fl.,{jj,jalil"l.,fl\l 1J1.,j 

Receptor 

Stereospecific J -Utlfl fJ 

~U'll il\'liil'l":iil11Uuiw~X1m°if'1unu 'VlU ~1 ;;;du iil'l":i l"riffa.J:Uu!.>1-r \'la'ifu a1"iliia'Juv11!xifliJl-drr1"':i'iuflu Receptor 

tt.i dlu.i-,u Non-specific binding fl11rn<>Ju;J1.;- "'"'""liu;r-, 1.;- ;r"Juf\'1.,fl"""a"",;,,;, 

d • d (1 i~ • -·- < Specific bin ing uu 1 Lfl"'""" re evant nu Receptor """a'"''"1 """"""'flru'1 
,.. .J ... ... 1 . 

1. tf u-;i ilua;~u'll B\1 fl'l"i~U'llU\1i'lt":idu 1 ~'lii Affinity ilutfu flilt1fld'l:J.Hl."i\'.IV1V11111 iin1"iR atJ'~U il\'IVl"J a ~ 

"'"''"~uu<nuUNo'l<fl Specific binding iiufl"l.,l'lauaua" <Du~fff/,,\1.;-1,j 
-.1'1ui.f n ua~fu 1.i.J~a\1fl Bu.n-1\111111 ~\'Jtfu ij\'liJn 1.tl~uu 1. ii't111 1.urr1::: iurl'"Jiiif!' 1.ilu n'l.":i flntt11. :i:u;u 1. W'auiif vi\'i 

-,", dlu Receptor binding tu •->'a\JJu 1 ,fi,Ju ~i'lmnu-i\lfl~ufl" 1.i'flfl>1"1Lff!J <iiium'au<a"l'l 
d "t"' .,, d .J ci"' • .,I .... 'i 

'"""u •'.11 Ligand '.lfu'1au '"'" Lll•wu •'.11'1>.,"'"1 "'""u>Jfl>'i'ilUl!a\l Ligand '"""" 

U'1'1afl,;,,j-,u Specific binding fl1.i'iiian,.,•uiiu Receptor <rla<nu1..iudunR•-wfl~w"w 

"il1u &Ui1'1Jl~'1ei1\'.lfi'1 fl'l~ Lu.i\'iil':i::: tflt'l'll B\1 Receptor 11}1tJB'1_1•lu i «u" i nw?fa~j~'u Affinity 'iJB\'i 

A . 1 ' d- d Agonist "~" ntagon1st un'"'"""l'lfllJ>J Specific binding Ju 1 

tt'i:f Y1\'IRJ11.1if1.1Wu ti°':i ::vi ~1\'lil'i:: tnt'lti BEJ'll B\1 Receptor u·-t-l'.tliJwffufl'l4i1>1BU'iifu B\'lif i ft111ifu ;BNw11a1w 

~"'"'iluln1.;-,dattu'3!l"'"'~"""" Receptor tITTUW'l<.,rn<Lu>l"l" Affinity 1!'1'3fl<.,•u;J~n,j,, 

"~' """'" 1 .Ju.," Ull'll! "" Receptor 'll" Lilu '>iu"n-,.,,;f uifuu<\l 1 u • a11a'il" qm<nufl1.!•rn":iiafl>1ru• 

Stereospecific ttA1..i.,'i1,;- •ii .. n«rnauau"" 

'"""'"11 a'3i1!JJ1n'll"" """";;,,.,ru-,,; '" "1 n • flrn.i1ITTiil'1mu d•ufl Lilu Specific binding 

1;; .. ,;;.,'ll""'"'""u>fn-,.,"ul!a'3<1-i-.ifu:ifu"-r"m (Displacement curve) fl:iiafl>lrn" Lilu 2 l'\au 

( 
"Id"' 'Jl1"'' g l:"Jd 

Biphasic) '"""<!"" •uiun 1 ""'ll"'"uuwu ITTUaU'J"lflflo">rifi>l,M "' '"'"" Receptor""~ 

Dopamine, Opiate """~u 1 ("'"rn"1au"'.l.lu s) fl'"'""ufl 

lil<.,•fiu-,iiufia Ligand ~1..iiliiu:ifuw-r"~ (Ligand 1uiufl 1) 

lvi'~\'iV11.1 w i. u~-;iut1B'1fll"a~uwf~1.1~J1 vi l u11ru:iila1"i B uriuit; i ftu\'itl'i :::a.ri_rur1~\1rtd\1 

(ii{,tiin-i Non-specific bin<iing nmi-,u'11.itt>111fl;-,u Ligand "~"<!,., B 

tu,,.fl>1ru• •nu 

"" 1;,;, 
Specific binding 

.J-,ua,.,511 1 'll"twfi-i 

r:uU1nt'i1\'lfltJ eit1L\'.11.l '1J1 flL"ir:~ :::i1"'i1L"'aru11. ;R1lV1~\'.lvi'B\'.Ii.1i'-:ti'BJJ,a~1 nn'l"'a u.vn.1vf 

ICSO ;li'm'iu fiiiuR•-w ""'"" "" "' 1un,.,l'l'i t w L iiITTNoITT aui'lua" • "uITT,Uolil•u 

iVuGiJu Displaceable non-specific u~ii'nMru:::n1"iu'Vlt.1fl11a\'iiN'l"i'<\l1-u-;ii.1:1..11_nwu-;i°1 ~tlu 2 mBU 

'" iiaua,., A 'll"l'l'i 11'.i' "~1;.,.,ru,,;, d'iu 1 u1 .i'1rn-iu>1,"fi" fl • fl<., tt>1ufl~~ 2 ""u <flu"'"' 1L>1uf1 

Specific binding ~" Receptor 2 n~u Affinity ~"n,;<<iiITT 
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DRUG CONCENTRATION IM I 

.,ul'f 1. 11-;1tl1ti1'1\'lfl1"lLL>l1Jl'l111"l;ftJ?Ji1\'l<l1"ln!JUU'1"i\'ll'IL'1UOl1"ll'IR1\'ln1J 3 !!i1'1 
(Ligand l'llu!lilmlu""i~l'I. ;;11., A """B) (••n 5) 
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dlufl-i·m.iu;/ Non-specific binding 

Non-specific binding n1•ii Affinity 

' ~ ' " Receptor "•1:.: ~\1fld'1.M~a1.w1 1 fiun1~~ul'l Y• 
""' dd 0 'l ... I I ..,. .,I 

fl.,_ ';\Ill fl "'HUW'Yrl M q\1 V'lfll.1'1.flfl di~ fllifU ::n '1."a LI. 'Vl'IJ 'fl'iJ 8'\1 

611-J A 5n 1.'liun1~ul'!uV:ei1'.\l 1" 1.ifu 1.tlu 2 l'lau uV:fi Slope wfa1vt1'1
1

a 1,da\'lffu J.tfl'L:.:!°jnL"a~Uftu 

'l mo• ifo" ilu '!@.,iii• .imf•w• "'l i'lil'ti•\'!01iiiiw1•'iu•u 

LLR•:1.ia1m"lmmn Label LL.ia" Site 1.i'ili"" 

Binding site 1''11Ufl~!J 

';\l'l n~-:iav'1\1ffl ~11~1-:11J1 u~J· "'ii::: 1. Mu 1 ~~., n1~Vi''.\l::ueinJ'1iin1"a 1.tl~vu utla\1 eiv'1 \1 l "al'l•B 

Receptor ""~"1"~"a~~1rutl"l•011>1?Ji1'1'l'1Tii1'111d\'!Ju ,;,ilu.i'a\'lw•1ru1~1ti011"l'l'1•ilu 

Ligand 1101•.i-i Specific binding >l1.i'1u'\'uu 1Viuul;iilu Receptor n~u.iav'l'1 irnn•1mfd:la 

"u~1iifl1., •illlmrnu""""u•u Receptor (Bmax) 11'fo Affinity /ia"iii1~1'1.la"w•1'>.ru-ii'i11~1 

ii'11'>1'1••mun11111.,'i'1 (1.iuu'l!J-iru Ions 11'\'a•n-;ilu 1 '1iia~) 11'\'mn., •iliiluuLLlia";/lu •a'l" 

'!1'1\'l Receptor """n-'" •uiiluu'!la\'l Receptor Ju 1 •iluN<1•1fl11u-iiiil'11H 111'11 •ilu '"'!"';" 
wu1~""'" 111'a•ULIN<1~1nfl1~1~u1 

Receptor 'llil111'l'1 

"llil!ilMd\'lilUAd'l:U u "J \1M~8'll'UI lil'll 8\'IU'lvil '7i1 '!Jfl'l"a ~fl'.i:'tlB'l fl'l"a'il a\'lijJJu Miaft'i'I; 1; L fiviwq~fl"a~il£JV.'l \1 

11i1eiU1\1Md\11.ua~~'i'llil~a\1du ~~1~1AtQW1~1.rlaa:u~~~1v1L"~1Juiln1~aanriw5~a Receptor 
d9 - • - d ••• - d •• - - - ' • • - ., d • 1·· . 'i'1r1n~IL~tJ\1f1U'l\1L1i1U1'i'l'.\l~Vl'lL"LfllilN~'i'ILu"JUULVIUUflt.lB~ UIUIL!il:Ufll~aanqnnM~IU'Vll\1~\'l'l.11 u~Na 

fll"Ji fl'tt'lM~ B'Wi]tifl"J~!J L -du L fl u-:iilu 1 ft fiB'l '<\l 1a.ifif1 dllH~l11Wu fi5 ~M-l'l\'Jfl'l"J Bfilflf)Vltv: Receptor Md '3 '1 
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flu ~J !;J·;i El'\! v1 L -ilu Na i. un-i "'<ii nH• ~JJv iii"' L.fl'Vl!IB\1!!.r1 Cl oz apine 11iil11-Nu inui;i'Vl if Vu O"fi 
Dopamine receptor(D-2) (~ouuo!lu•n) ~oa•~~'""'"'~""~''"'~un•1n~u 1 an~••"~'" 

• .... 1: ..I 
L'tl'Wfl'1"'<iUUth1111 Muscarinic receptors, Histamine receptors Lta::: a.-Adrenergic 

receptors ( s) 

ff \'.lfi::iGn1":i flnH15u 1 5n111a 1u-'15 ;f\'.11 Ua1111"'<i~u'1u1n~1Jil'\l~\1Vl3Jlfl1 vi u"1 ill :::~an 

J,j' "",j" LilaLLAn~•offu 1u '.ziu 'lfin•~i'lm:n~•o El ectrophysiology ""u'u.niimn!l1nun•~ 

f'IJ'lll1~~1L'Wl:::a'31U~'1fi'l"'.iVlilU~'WB'\l*~Vl1~Ju\fil'l~lflGf'l":i~\1«tyqj'lWtl"'<i:::~'1\llTIUA1AVl~BLiluNaLWW'1::: 

AB L 'tla~n~u 1"' flJl:U L ~~i-yrr1·\'J L 'Vlfl Lu 1 af1'1 U"'.i::: v :::111a\1~'11. ~:Urr1"JtJ-rutJ1 \'JVI~ a ttl~uu utJa'l'.J ~fin'l"J ff ntt'l 

"~A•BA•••• ,.ziun•~iinu• Uptake ~~""'~~uffu Receptor ~5o~•nn•~1na•~nu"u~~oa 

1 u M vi-l' ~iiili VI n'l "J ri 1un1-w "'\l'l n ii' 11if u vi.n 1 w-r \19;1\.1 a1 ir1, ~ LLGf Vl\1 fl\'I ~ n tffU:::1111 ri"l ::: ~u n 'l"'.i 11'1 \'l'l u11 a \la l"'.i 

1r1 LL!N1 fl'l"'.i Rn1111 rtvitl~\'JV1lll'lilff \1fli1t11V1'1'<il'lfl 1.5n'l"i 1vi1 li!U1'1"i \'.I ~n L -du~ L ff u-:iii'ufl JIU 1 Jtl il\'.I fl'l"i -Jvi 

fl -:i 111 uU't.1 u; ri' 111 {!fl At> \!ti~ a'<il 1 L w1 :: flu~ xi~R' a \'I fl'l "j-1 VI ~ ;u &u~u vi aut1a\'Jfl1.:a vi Plilfl" ua ::A''" 

a o no> U'IJ oo'1'u~ oUAoo 1 ~O """" b naouo~ ov1'Jif'J 1vlN~ l ,ju l fi" l a.rn 1UM~8 1u diuvlU fio'l~~" 

u;1.11n'l"ii L V1&i1d:u1 t 'ii'Vl~ilD\'.I VI~ tlfl'l "a6iri 1'111i'l1J'l U"ll t:JXl'li il\! w~1 l'i~· flfl'l"lflntt'l; 'JU 'lG°fl'l"j Li'I Gi1if ~\'I 

i>i a\'J rl'\ltrut "I. i1 Ua\'I u...1~1 u~ Gl::1. fiil11 au L"ll Vlui-i \'J t VJ~r..i Glua::,ja~ ;nl'l 1 u L ~il\'J "I. viU1\'J L ~ilvf"'il ::a1111"1fl"l11 

tl~ "1uuu•>nN•n•.,flmn 1~mi•oQnvi'oo.io 1u 

ui1to1"i flil'l'1fii1U'l 
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;,, mo n11ql'IU1=~1l~fill~\l'l;~\l1~ttiUU111~ W;U\J;1Ufil1t\J1tUn1111ritrlu1;a\llu.i1u 111ntDun11 

u1~~u~1u~~u;.,,=,tjuu111~winu•1tu1tun•11ritrlu1;u.,'l;n11un111111u'lut1Q1U1"~u~1; 

;u •• n11u1~~u~n"'~" .iu.,:llITu~n11u\l1un11u1"'!jl.Jl~tilu11~n]1U 

;u ""' n11u1~~'l11ru~111i!m dfo!l t ""1"""''' u1un11'1n~u11u' ~unu1~~iJ'l11~'li11i!fl! huqu~n 1 vd' 

""'·• 1,,,un11~n""'luriu1~~""'m~n11un11 

;,, mM "'ro~n11un11!Ja1u1~L;~1Ut\lU'IJU\l111J1ftUl; l~Uli~~n11tDutU,,,11l~"'qu1•ll\l~'IJU\lllU01'lU 

;,, .·.: • ~U'lliN111l1!'lU'! iu1.t1n1 ~'l unu1e11 unmi • \lu~u 11'1nu~1'111 • \lu~u ri1'lru•n111Jn> in '<l'lu!'l 

'l u!l.,~11J • \luBu'l iu1un 11'laiiw·wni11Jflu 'l'l'loJ!\)n • Ou~"""'1J:lla'i!n!l.,~1u ''"".iu'!ui"Yl'u 
. ~ 

,,,,1'11!1!'l1l"'1!J~f1"'" 

;n •« 1l'l'lfl!!\ln"'"'ln~11~u1-1'l,\,~1'l"6u i;,0uu~~1n"ru"n11un11~"6u "11u1ut~ul'ltftuv'ru1~ 

l'l"'"'ln~1'l;,.,'lfl!!\lnu1N1n"1uiJ3 m.: 

'll!l "~ u1un!ln1u1"'d"'liit~w1l'l!lll~n11'1J!l\lllu1nu iin{"il"t"•nu ~.«oo u1\'l 

'!la "" n11uii'l'IJ11~1ivn dln.UaiJ'1\li'u•m'1ll3J1n1J 'l;n,"1'111"1,.,u11illl'lu1"~l.J11'1njoi1!!'1! ;,u,.""w 11'lu" 

luuaun~1 ,, 'lu " 'll!l\lil.,iui•~u 

iill "" n'111 lln-.r1J1~u. n11, lln-.r111l'll.Jilu "'"M"l'l1 l?i'.ia ,if!l!l'iJ~'!la.,1ifu1"~'l 11q/'!l,l!l1Jl'l~!l'!it1i!'1! 

lf!U:lln•tl\JU 'lltN '1 'lu " '!lil\11ll!.l1'1'111,li'\1\11Jf\ 

iin <to n11'!l'i1"i'.ftl!'!! td!l111!1"1l l;; 1 !ln!l"lno1,\1uu1"1ni'! "~ l\"1" vJ<i'1U!lul'l'lwul!utru'l"~":ll'!J!l'1 

il!J11'1Ul iLLOfilU1"i.J1i!!l'l'111qu1•l1'1;' '1iu ',;inl\'u . 
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