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miJ1W61.ltl~1JtJAA1nci11u'1n;fu 
'ii 

ABSTRACT 

Borax (Sodium borate, Na
2

B
4
o

7
.lOH20) is offen misured as 

a food additive in many kinds of Thai preserved food including 

preserved meat and meat ball. It render the food more tender, 

spongy consistency and tasteful. However this additive has been 

forbidden by Thai FDA for years according to its both acute and 

chronic toxic manifestations such as gastro intestinal irritation 

including nausea, vomitting and hemorrhagic gastroenteritis. High 

dose may lead to shock and death due to cardiovascular collapse. 

Chronic consumption may cause nephritis abnormality pf genital 

organs etc. 

The authors investigated 52 samples of meat ball 

collected from various parts of Bangkok Metropolis and could 
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detect rather high content of borax in 9 samples. Dose dependent 

stimulation of guinea pig ileum by borax was clearly demonstrated 

in the classical in vitro experiment. Health hazard of this 

illegal food additive should be strickly controlled by health 

authorities, and be continuously emphasized by all means of public 

information. 

ul'lu1 

v • 
~ """"v=rri OJ V ... I V V 4':j 

mm 11.l'i: L 1lV1i'lnnul'11JNUt11Jrnli 1: Vil unum n uan'l 1n1J1tia1amLm m !J . . . 

"" "" ,(. v t:~ v t: .J v "" 
m 1 !J L VIU!JJ LLi'l:n1am l'l'll: !JUilLL 'ln'ilNti!J!lHI VJ mill 'Im tlfll 1 !JVH hVl'l :hm1au L V1Ull1 

TI1ufoll1: Vil u Vijil t '181 ~~" h L l'l'll: ~<fl 'jlJflLL 1n'1illul1\'lil!Jil ri1 UN'I TI'l<f 
1 

'
2 

n 'l:VI 'j H • • 
'11Bl1ruti'll1 '1111: ni rti11 ;i1~mrn1n'111 umV111V1nTiu'1 L w11 :u:JmruL wt11 L ~nuam'hii 111 

' ' 
L n!!WH~aaf m: ~11 '11 '13 

, .. .. 
llilU'ln'il (Borax, Sodium borate) !J~l'\'lVll'ILl'\!J Na

2
B4o 7.lOHZO 

Ll1uLn~a1TIL~tl!J'ilil1 Tetraboric acid ~~n~LlJUN~n~'il11 i'l:i'l1t11'1 14% 1utl1 
&' I I I 'V 

q "" q, -~ I ~ q 'V VV V t u 1 .. O q 
flMl{)!J ss 0 c U(\VIBLUUl'\H 'ilill'ITI11U1Urrnnu '1tlV11 Ul'\il "Ulli'l:<flUl'lil1" .fllHl'lU 

L ~tin 11 "L w1 LL TI" ~fl'tl1m'!°1 VIUl tit l'\tlU 'l 'l'I TI a" wm li~l'lm 1Jf 1 u 'ill ti'ilil 1 ·1h ii'1111t l'lti1 if 
I 'ii I 1 I 

'1 • .. JI q .. 0 q ' 1 -~.3 u q .. 1 v 
'llm 1 "Nm 1au "Vi'lil "N'I L uauu " m1: mn a DU 1 t111 11~1VI1um Vil 'll'lnTium wa Vin 1au 

' 
q J/v1''" o v 1v ..J ., .• Llil:LVIU!JJ uan'l1num 11•Uql'l'11Vll1'l'l!JVl1LLn1' lil'llJUil!J !J, Ll'\'lilHffililU, LUUN1 

1'ltJLLN<I 
• 

"" ""'..3 ..... "" "" <I ulil'll'lrn Boron 1'1~1 myan 2 TIUI'\ l'lil Boric acid LL<!: Sodium 

perborateS,6,7,8,9 
• 

"" L "" ""' _<=i 1 '"'<! 1 '"' q n'ltlllil'lnr1 (Boric acid) u~~'ll'l11Lfl!J H3B03 LUUtil'l !J!J<I !JUn<IU 

Ll1UN~n~'il11 stable 1ua1n1fi 1:LV1t111'i'L~ilL~a!!Ll1u1a 1uai;mi11WJn~ '111 l nf!J 
' . 'V v 4' v 

<1:<11t11m.h 18 1J<1.1utl11~a'1 6 1J<1.LL<1:~ql'liiLl1unrnaau tl1<1:mt1 2.s% t11m1u 

vU """"t qq q1v 
tJUtl'lnlH'l'lqjLl'\U l'\'llilHLUfll'IL5tlUHTIU'1 I'\ 

1 utiii'tinau L fltil TIL lJum 1: rm ~fl L ill'll :~ (Topical antiseptic) LL<!: 

• 1 • q .• JIJI 1 1 v 1 ' 
1TILUU food preservative( mnu 0.5%), NliULUU'ilN'1'11LLN<I W VIU, Burn, li 

JI v ., 1 1 'v ' 1' q <I 
LLN<IL'lil'l1Vl'lil 'HJLLN<I ( uum1m1 9% LL<!: mnu 15% 'ilil'I H3B03 U.S.P.)' LUU 
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u1 m <11uli'H n-i: L 111 :u<1<111: , ~aH11i11H1 LL1il: ~anJal'l~' 1 m1ru::m ~nHJ' l uaH 1nJ.1<111 
' ' ""'"" ..,j.c::f ..,j I V t l '1J.JauV1J.1'1ru11111l'ln11 ll1i1:\J<im1mJ011 m n 

• • 

1 uu,~uu1 TIH<fl-lflUllU' haii1 (Talcum powder )L ~a1:,vun1H'5qJl ~lJl l'I 

~JaH~a111mLU' 1illiluml11rn1 (Eye wash) 3% mi:u1a\J1n (Glycerin of 

Boric acid) ~'~ Boroglycerin u.s.P. 1~~1n11 47.5% lrn:1~Lnu 52.5% 

1 'll L t'lam lla fom >'11 
q . 

~l'lilfll-1 NaB0
3

.4H
2
o (Sodium perborate) 

lflt11iJ'Lifumvhm1J.J<f:ml'llLH1il tl1U1U\J1n LL<i: 

' l~fl'fo!J1:vi1u ':l'll'l~l-ILml ll'1:1Hll~1VIH!i'11~ 
" . ' .. 1 I <v "\ ""' 0 <:Iv 

!l1 H tl1il!JUl.l.lltH U'IH !l1 a Jl1 !J1'11il' !l1 'j l'll'l'lll-1 ': J.Jnl 1Vl11i11 !JVll'llJ mi: 
" 

iiuci1ud11111'1qJvJH11'1 L l'l!JL~ L \J~!JULl!J<N 10 uam 1 n~r:l~ iiuaan Hi'viH tl1 mu Ll11:tl1uJ.1 

\J1:J.11ru 50% 'lla,!J5J.11~'1'IJ.Jl'l ':uniiuaann1alul1<i1 12 i1LJ.J' 
' " 

drnwLl'l~a ':uniiuaanmil1'l <11m1ul'l11,11uumL1nil1filuu<1<111: mu 
" 

1'1'1'' nu 5-6 fo 11 

mnifuw:11a~uaLL·rnil mJ, lifu 2 \'lul'l ~a 

1. WHUHUU LLii11 nl il'll'l~J.J'llarnml 1nil Lih d-i1 rn1u':11 m ~rn1 n . " " 
ll~!l1 1 L nl'lWHauH l uuu11\\'m nl'l~u1'1il1n11 ~am t1V1'1'rn 1 1 l'll'l~m ii1d-iHn1 mLti' mm u 
' " " }{ ';' 12 el v ~ ~ q d _, v 

YJ1 <m ~ll l'l~J.Jn l mi:n nnnnu !l11\ll'l nl 1'11u l nu lrn: !l111l11: <iH (lavage) 

1 .! ' ' ' ' .v .~ J(Jt ~ v .. 1 1 v UuB,l'IH'l 'llfl,'jHnl!J l\'lu \'la~!JBl'l n1:ll'll:u<f<f11:' lUU'llH,VllH11'1mVI w Vil-I 

~11'1UHll'lntifmLH1il ~11m1um nm t1<i1 n~11 <in l ~m nuwi;~ l nl'l~u~ ii1au11 L ~u 
l'l .1'1.1940 1u<fl'IWU~<f1n11rui'!jL!JBiiiu ll'l!JLo!JH' Boric acid 

v 

1dllH1il n11l1'Hll1i1:ldu11i1:1i11t1 Boric acid 1un1:l111:u<1<111:1'l'J1t1 Llll'lWHU' 
" 

ll1il: fl'J1!Jl'll!J 11 

" 
1d1 U811'111Vl11n 19 TlU I'll !J 4 !lU 
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ct v G ~ -~ 
'1 .l'i .1928 m11H1un1';rnM1 l!lntll!J 4 1/2 l!lflULUU Infantile 

' 
eczema 1 ii Boric acid solution l !Ju wet dressing l l'l!J'lh 1u<i: 2 iif1 1 u 

.., ,,J c:.: ooi q.Ji -<!! 1-v "' 
1 U'VI 2 L l'lmm 1 n1 'l l'l'llU H " Boric acid ointment (lJ 10% Boric acid) ll'VIU 

11'11J'V111u<1: 2 iif1 mJJuit1ruvl~~111u1mmL<1:LLl'l1 ~11ilt111u 3 iif1 ~muuuimru 
JJJi v d ~ q1 \I.I ~"f q~ JI :, ..... v v ' 
TI~1 60 - 100 nm Ll'lnl'jlJlJ 'lll'IHlll:YJn lJ~U'llU'V111'11lJ1mlll:lll'l1'1lll!JnHN1 l'lflm . ' 
q .... ~ tj ~"I v .... ~ "" Jf.q 
an 1 fll'Vll'l!J JJfllnl'jYJn Ll<1:mu11<11 3 fll'Vl\il!J 'VIJJl'll'l\il Llll:mu uan,1nUJJ'j11J11u 

' ' 
L~niln 3 iiu 1uh11m1m<1~urnafii ~1~a1n1';L11~auii11Vi'u LL<1:mm~unu 11 

nl';LTI 10% Boric acid ointment 'Vl1~1'VIU11vl111il'LW!J1 4% 'llfl1 

j{ .,J..,, V t: 0 1 V q q 1 I ~ -~ 10 I 

lUfl'VIN1'VIU1'V11'VllJl'l,:'Vl1 'V1Lnl'IW!Jlnl'ln1w'llfl,l'llJfl1 'Vlru 'll1LUU!'lll'Vl\il'llfl1n1'j\ill!J LTIU . ' ' ' _y v JI vl q <l ' q 

ni ';unn 'j: \iln'llfl'lflll1 m ua \illlJfll'I 1111m n m 1 ;mu ul'IJJflH wJJ LLll: lJ albumin L WlJ 
' . 

JI 1 '!;' 1 -" v • q q ' ' • 1 • q .. 100 v 11 
'lJU uu1 'll-~u11<11 m !ll'IU';lJlru'llfl1 Boric acid LlllH: l'lllrn1ruJJ1n~1 n';lJ 

1 u L ~m ~n (Infant l LLll: L ~n ~m 1 JJ11 ~am 'j t UuwMm nni11u«l11ru . . 
I ""' .,J .v V ' ' 1 14 V wml'Vll';nLL';nLnl'I 11 ';1!J'Vllll!l11'11!J Boric acid U'llUHI 4.5 - n';lJ ':mu 

<V I .J VV V ""I v '9q 12 
lll!JLU 2 - 3 1U !'11UW1n'V11l'l'jlJ'lJU11'1Ufl!J !lfl 2 - 4.5 n'jlJ 'jfll'l'll1\il 

13 .q, "-I , , I 

Goldbloom ';1!J11Unl';Lnl'IWM'llfl1 Boric acid m1 100 ';1!J 

~\ill!J 55 % ~"WlJLUL~nfll!J~1n11 1 ~ ~' 70 % llll:nl'j\ill!Jil'ntnl'lll1!J'Vltl10ULLii'1 
' 

11m uil'11 JJ" LL~~. u111qfi1 um u11<1'111m u1u 

7 t .J 
Young, Smith Llll: Mac Intosh WlJ11'llU11'1'VI 

Infant 2 - 3 nfJJ 

5 - 6 nfJJ 

fl"l'Vlru 15 - 20 nfJJ . . 
' 

fll ' l ll ~!JU llUll 11 ;i' 1'11 lJlJ !l!lll 
' 

ni 'lnu1U'llUl11uau L ~u 1 nfJJ 
v ' v ""' v .... .... 9 

'Vlfl1 l l'IU LL<1:1J11'1'VlflHJ'j l 100UlJ 

m ni ';WMflUH L ~uuw<lu 12 ' 14 ' 15 

' wm1 

1. a1n1'JTifl1'j:lJJJ'Vl11L~Ufl1'V11'; ii~u1~ a1L~!Ju ~a1t~u ll11'1 

.. .. 1' lJfll l,!JU lJ'Vl!Jl'I 
' 

gastroenteritis 

hemorrhagic 
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. .. 1 ... v 
2. 'l:UUll'l:\i1vin1.'IH aaULW\'l!J !.llJll'l1 UHIVl1 

nll1J.1L~an'l:\lln ~n1'lTin\i~unun1'ln\ll\iJ.1a~Ll1u'l:!J~'l 
' . 

q V 4 d:j _"f I V 

3. m 1rn Hm: L um !.Ian l uu \lllHLM m :i.J LL\'I: m :i.Jm u extensive 
' 

exfoliation ~.~~m1ru;~ typical mn L11u "boiled lobster appearance'' 

• 
lll'I: \llam ;a :VJ\'l\ll\'lanaan 

' 
typical site 

• .. .. 
scrotum UHVJWUVJ pharynx ll\'I: mucous membrane 11'111.l 

4. a1n1'l£a\ll (Shock syndrome) 
• 

~m 'laaum n (thready pulse) ll\'I~ m 1:i.Jli'u11.'l~\ll~1 

5. a1'JWU kidney injury l~U oliguria, albuminuria 

Liver damage WUUa!Jnl1 ~ hepatomegaly, jaundice 
• 

v 
nu 

6. t1(1MJl~n1u il'nlln~ 11~a~1n11un~ Ll~ilH~1titi•1li' LW'l1:~ 
' u u 

infection llVI rn 

7. n1'l\ll1!J (Death) Ln11;a1n vascular collapse 1u'l:!J:ll'ln 

11 ~a~ C.N.S. depression,Bronchopneumonia,Meningitis & 2ry infection 

"" JI ..., 6 7 8, 14 q ..J tj ~ -::cl 'V ]/ 

2. WHl'ltl'l• ' ' Ln\lllUa•'J1n!.ln1'l!lll'IJ:i.JVJ\'l~Ua!J'IJtl•ti1'lU 
u 

9J I I -.j q JI 1 I q I <Oj ..J V 

Lmti'lHn1!J ll1.'1:!.ln1'l\i:\imnll'IJU U'lHn1!J 'J:Lnllil101'lilt1Ul'W\'l!J L1Jilil1Vl1'l Via• 
u 

~ ~ V 1 t: "'<! l .<!j I q I 1 
L'1UL1.'ln'1 Uil!J'l UU1Hl'l• UH'l1!J!.IN!.llL1.'l:'IJU'lH L\'lil'1'JH •1•uau WH\lltl \ll n1'l 

1tiL11uu1a:i.Ju1ull1nLl1uu'l:~1 U1U'l ~11~ll1n5nL\iu1li' 
.j v ~ ~ ~ I t rat10 · ..\ 

n1'lVl\ll1.'lt1•Lnu1nun1'lL'J'l~l\llU•\ll'IJil• mma ure WU11l:i.Jtl 

1~ 0.1 % 'IJil• Borax 1utl1nu 1~~W1.'l~iln1'llU~!JUlLU1.'l,1Un1'll'J'.i~L~Ul\ll ll~U1 
u'.imru'IJa' Borax l nu 0 · 25 % Ll1.'1:1 ~11unuu1u 20 - 30 fo 'J :\i1 !.11 'lmJu~;n1 'l 

u 

L 'l '.i~L ~u 1\ll1 li' LL~1 ~wuwm fitim w'IJa' 'l:uum 'l\i f H L ~aft 

1 ,,J/J/ ' 'd 10 o/ v 10 
'il'IJW' Boric ac1 10 VJ1U1 '1LlW1.'1\iU'IJ 

' 
LLll1~1\iu'IJ1u1u~ 25 tl1m\ll'lHll'.imru'IJa' boric acid ~\i~\i:i.Jatl wuh 

' u 

212 J.1n •• li'u 107 :i.Jn., 1Tiil'u111:i.Jli'1 300 !.In· ~all'.iJ.11\ll'l 100 1.'IU·~:i.J· 

v 
H1.'1Jll'l\ll'l1'JVil~Vltl'Vl\ll1.'1tl~ 

U\i\i11:: ~albumin, epithelial cell, cast, rbc.,bilirubin 

"', 'WU borax 1uu\i\i11: <1Tin'l:ri1H'IJ~U) 
u 
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v 

C.S.F.: Yl'l'J'lWIJ borax (1 iln1: mHTI~U) 

Hyperchloremic acidosis 

q <U .. <!I 
1. SEMIQUANTITATIVE METHOD ~w~nn11w1 ~B 

Boric acid (H3B03 ) ~ atomic weight 61.84 (B = 10.811, 

H = 1.00797, 0 = 15.9994) 

Boric acid Ln~'ln native borax w~a Borate (Na2B4o7l 

L~U Sodium perborate, Calcium borate, Magnesium borate u'Ju1!u 

heat 
Boric acid 

107 - l08°c 
Metaboric acid (HB02 ) 

heat 
Boric acid 

138 - 140°c 

' <:!I a ">.">.">. ..., 

Borax l~8WlU~n1~1nun1~ •:1~ Boric acid 

Na2B4o7 + H2so4---- 4H3B03 + Na2so4 + SH2o 

(Borax) (Boric acid) 
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Reagent 
v 

q 

n. n1:111HTI~U (Turmeric paper) "" Jt """ Ll'l1U~no:111HTI~U l11ULl'I~ 80% 

Alcohol 1 
J(q.( v 

100 mi .<H u~' TI~uunivm l. 5-2 no~ 
' 

l TIUl 111' L iii nu1 u Flask 250 mi. 

m 1~1'1uni01'111\iau l : 12, 500 

v ' 

1 ml1 nti'u 

TI. Standard solution Tiil' Boric acid !1:!11 U H
3
B0

3 
l nf~ 

100 ~!1. ':hi'tl1mml'loj1UTiil' H3oo3 10 ~n .~a l ~!1. 

n11~1 Reference Standard 

1d 0.00, 0.10, 0.20, 0.50, 0.75, 1.00, 2.50 U!1: 5.00 
' v "'•1vv 1 v vq• 1 mi.Tia,li11<i:oi1u H3oo3 1'11'11 !LLm oi• U1'1!1ilmLm1 15 ~oi .LLO\Hl'l~Ul!l' lJ'umu 

""' v• ~..... 9c;' ]/ 
10 ~Ol.Ll'I~ 0.7 mi.conc.HCl il111n11'1lLUULWilnUo:L\'IU Ul!1:!11Uml'lojlUUL11 

Lwuu1ili\~1nu o.oo, 0.02, o.o4, 0.10, 0.15, 0.20, o.5o tL!l: i.00% Tia• 

H
3
oo3 1m ~a (l11u1-ifil•auH 25 nf~ lin11'1•utl1 50 ~!1. LL!l: Aliquot 10 ~oi. 

1 ~¥-' v ~ 1( d 1,... v 1 v ' Ticil1'10U\'111liau) uioi:muml'loj1uuli1m1mnu 1 •U1'11'lil11LLm Pyrex 11mun11 6 
.-!;! tv ~ 1v '!! 1 ;/ v 1v 

L11au LLl'l~lLnu rn1um1uu li11 Borate mumm1 Pyrex ill'l!l:muaanmuu 11 
v ~ 

~n~u l ~m~n mYnu1:mru 5 - 9 (L\l!1U 7) nf~ 
v ' 
"' d v ( .. v !ln"llU l !lmoin 1rnnlJ1:mru 10 - 24 Lll!1U 17) nw • • 

v ' v 

11uoin~uwu11oi: Lau11tL<i'1 25 nf~ 1utl1 50 ~oi. 111u1iJ'LL~Htn11Jmu • 
LLUU LlllH1'11d Flask' 125 ~oi. 1-if Watch glass 1'15a nnm~n'l il111f 

' 

;i'~ L ~a11'1• u1l'lLL1' lJ1 unm ' o: 'i'• ilUl 1i\'famv11 L i'iu1 lJ LL~1~1111' L ~uoi' 
'V 'V I I I 

'I 11Ull~1 UUl LLfi, 1'15atl11 u«L ~mu1 Till'mLfi, ~'nu L rn11J1: mrufli' '1111 m ll~1 n rn' l '1U • v 

1illmtn• tl11hn11H 10 ~<i.1dM1U1'10lil11LLtlH 15 ~!1.l~~ conc.HCl 0.7 ~oi.il11 
' 

I I I V I lll 
o ..!j ..::j <:!I '°'l I .:::j <:!! 1 o 

\'11 L ma' 1'1m U\'IU!11 U1'1U. Tiilrno: mHTI~U LL!l:~ ~an\Jm U1'1U•l1' UUl 
' ' 

oi: m uwi!arn11\'111\iilU ~UL ill ililnll~1Ul m ! H 1 fuum: mHn 1iH ~Til 1 m o1 iJ'lJ1 nfiu 

\Jm ULlUU~vUno: mH 1 U~lUil' L ~UJ nUL ifno:mHTI~ui~oi•1utl10\:!11Um1'11jlU ~~ 
'1•1~tiJ'~iJ'u~1''1 u1~1•1,1r1u~uutwuunu 



8 
'lhai J Pharmacol Vol 10, 1988 

' ' 
mu11\\'1 1 ifi1m (ll~1~Lnu 2 ~1tlH) 

' v ' 

l1<l.tl1N<lwa1u1~ffll~1u 2l ~a11TI\'11'1'lla1n1:1'11Hwl'l~autl1u1l111'11~1u wLl'l5ul1111~ 
u ' -

L ~l1a1 u011wl'l~au~11~rn~Hwn'lrl'f1 
' 

2. QUANTITATIVE METHOD (A.O.A.C. 1975) 

TITRIMETRIC METHOD - OFFICIAL FINAL ACTION 

~11~Ja~H\1Un 10-100 nfl1 ~" LJJU<ln~u l1'1 LJJU'lJU11'1<lnLgn1TI 
~ " 

s-10 <ln 115a 4-5 <in111ru tl1l11ul'l1w<l:Laul'l~1uLf15a•ul'l1ww1L~unau (~uaunu 
'll 'll ., 'll 

\'lurnrn:'i1Urn'llil1Ui!LL1n"ii~N~l1il~) mhvh1wLJJU~H~1U NaOH 10 % tl1m1:Ll1U 
" 

:amLw11u Petri dish :aun1~ii'Hi1u~Ll1'1 (LL~~a•1Tim1l1fau~1~-l'au'11'J:aULLl'I•) 
!!•1vd v""l%'v -::I v'l,;1v 

'J10UUW1 11LUU<IHL<IHl'll1U11i!Utl1:mru 20 l1<1. 11!!1'1 conc.HCl W<l:\1tJl'll'IJtJU11ilU 

~1u1uLgnuauL'lJU11wL~1nuwnflf1:au~~n11:LJJun11'1 n1a11rl1uvolumetric flask 
' v 

'llU11'1 100 ml. LL<l:llH (~1UJU'llil1U101il1~1N1~LflU 50 - 60 l1<1.) cirn'llil1~11 

~nrn11~LL<i:u11~ oxidise U1n\\'rnn1ci1u Petri dish vh1wLJJu~Hll'ltJN~l1nUU~ 
•1vv v 

1
.Jiv"l 

tlu'll11 111 mmrnu steam bath LL<lHNHU Yl'llLll1<1TI11 
" 

:l(v"l 1 v~~ 1 
<I~ <lHJTI L DHlTI11 u cone. HCl 2-3 :im. LL<lH l'll1U1 oi: m tJ<l1 uvolume-

v ' v 

tric flask 1100 l1<l.ll11 Petri dish ~1UU1n\\'u 2-3 l1<l.11U11l1U1~11<1:<11u 
Jfv""' v • v""- of 
U LL<lHl'll1 0.5 nw Cacl

2 
LL<l~ Phenolphthalein 2-3 \1!Jl'I LL<lHl'll1 NaOH lO~o 

1 1"1 ~J{ v" v, 0 1vv 
<l1 U'JU l'll1\'ll1'tj0111LOYl'lJU LL<lH'lfl'JHl'IJtJ Lime-H20 :aumu 10 l1<1. N~l1 11LTI1 

v ' 

nu~ LLll101fH U1U1W01'H1~ 50 ;Jj(l. L~~ 1 N H2S04 'JU~\'ll1~\11U1ti LLllH~l1 

Methyl orange 6.004 nfl1 L~l1n1Y1<111tJLjil!l'l :aun1:w1~~l1Lti~uuLJJu~\'ll1'tj tl1 
V q ~ I ..Jq.r o !!Id V q I 

1til'll1U1U 1 U1W Lwa1<l co2 WLOYl'lJU w1111LUULL<lHl'll1 0.2 N NaOH oi11tlm1H 
V V I I 

1:~Y11~l1'JUU1<i:<i1UUULtl~UU~LJJU~L\1~il1 1:l1i!U1L~l1 NaOH l11nLnu1tl (~. 

L ~l1 1 - 2 nfl1 'llil1 Neutral Manni tol LL<l~ 
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Phenolphthalein 

<1•1u,u1;'1ilTI:11w L~:11 • 

2 - 3 >rnl'I B1U Buret LL!i'1 titrate nu Standard NaOH 

Mannitol <1•1tianL~nuat1 01aTI:11ww1t11u~1WL~l1 Standard 
' • 

0 1.... v 1 "1., v .. q • 1 .. q Na H 1'l' uiln 'Un'l:VM l'lllul1Wn1'lllflUm L l'll1 Manni to an Lill: L l'll1 Satndard • ' ' ' 
NaOH <1•1u m~11nu,un1:w•11'i' end-point WU11'l 111•wa1,1« Glycerol (w11w 

1ilun<11•11'11J'Yll'lma111'11t1 Phenolphthalein) L~1n11ti~l111'l'lTia•tl1u1~ titrate 

·1 v LL'YIU Manni tol n l'I 

m 1'11mru + NaOH ____.,. NaB0
2 

(Sodium metaborate) + 
.. 

0.2 mol. NaOH = 0.0124 g. H3B03 'Yl'lil 

1 ml. 1 mol. NaOH = 61.84 mg. H3B03 
]/c:t ..: d, ~ 'ii V I 

: 1. m rnl'ltia11u:11nllu L w:11u 'lULL 1n11 m :11a1'1:11n11l'IH LLll:m 11: L wu 
' 

2. Boric acid solution L~l1~mmwu'fun1m~n-U'at1 LL~w11w 
' ' ' 

1ilunll1•11'ill'lt1L~:11~1•wlw:111:m:11<1•1ti LL~~u,:Lu~uumn1w1ilun1l'lanL~aL~:11m11w1n 
Polyhydroxy organic compounds Ltlu Glycerine, Mannitol, Dextrose or 

invert sugar L~aw11W'Lnl'I complex acid 

3. ':~a.'l:~l'l'l:l• end-point LilUWL~H 

Acetylcholine 

Atropine 

1:1000 

1:100 

LLa1Lt\'11u1u smooth muscle chamber ~.~tl1m Tyrode a~niJ 77°c UUWnfl1'l 
' . 

'Yll'l~1~11tfi:l'lt11TI Single Pen Recorder (ll~B'YI Rika denki) n1~•Tit11t1 150 
I d, !ii "°'I I c:! 

L'Yl1 fl11l1L'l1n'J:l'l1H 2 L~l'lLl11'l'll'lilU1'YI 

W1 control nau 11'1t11rl Acetylcholine 0.05 l11'l·LL!i'1uuwnrn1w1 
0 'ii .., c:! 19: ~ 

nuTia,m1ti llH rm 2 u1w 1mu1ll:mu11mL'ln'll o.o5 l11'l·, 0.1 l1ll· ,0.15 mi. 

LLll: 0.2 l1ll. 1rl Atropine Lm:m:111'11um11ll:ll1t111mL1n-li t~auuwn~llm'l'Yll'llla' 
aH Llll:Wn LL!i'11 cim1 'lll: ll1 tlllilLL'ln-liannf~ 1 ci Acetylcholine 1 Ul'lilUtil'IW1 t1annf1 

' 
wti1 rn 1wnlla~~1 TI'Ylul'l: L m 15 ~1 LL<1:w1rn1wl'l<1a1 25 nf, • 



10 

'Ihai J Pharmacol Vol 10, 1988 

~1:1'118" Borax, Acetylcholine, Atropine 9ia1:1i1aL~DVlU\ll:Ln1 
" 

X150 
• v • 

fl11).Jl i1ni~fl1Hll1JV10 
' . 

2 tl1J. fltlU1V1 

I t t I I I t I I I t 
> 

~ S' ~ ~ ~ ~ 
> S' ' ~ ' g: ~ g. 

~ ~ " ~ ~ 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

~ 
~ 

~ 

~ ~ ~ ~ ~ 
~ 

~ ~ ;: 
0 0 
0 " .. .. " 0 

' " "' 0 
0 

N 
0 

0 
0 

0 0 0 0 0 0 

0 ~ ... ;, 0 ;, ;, 0 
~ 0 ~ ~ ~ ~ 

~ f f f f f "' f f "' 
11a'llB~11:aLL'i04i9i:aa11aL~mh11 llel.Bll 'll:il~'l1U91:un <Yiml1 Tracing) " . 

Acetylcholine i11~a1LUVlY1~1 
v 

u11:1~1:11uumL'in-O o.o5 :111:1. ,0.1 1m., 0.15 :111:1. Lrn~ 0.2 :11<1.a11li' 
.... JI .J( "4 .1...J ..: JI 

'11'1911 LL'n 'llU LL1:1~'1' 'llUV11 llU 'i!Jlru'lJ:a,lJflLL 'iD"DVI L Wilm D'llU • 
l ~ Atropine LL<i'1 \lll!J~1 utl11:1~<11 UlJaLL 'in-0 L~~n1 'iVlY1~1 'iJiH al L 11 
~ iJ ' iJ I 9;;' ,(,.«.\I t: q 

Ll1fll'lH Atropine :a:an,UVlllYlLL\'ll l'1U11:1~<11UlJaLL'in'il:anm' '~l1D1'i 

Vl'1~1'll:a,a1111 '1'1nti'LftU,nlJ control 
• 

•.J « v "'-"' v« v 
•~ Acetylcholine llD1'iVlYl\ll1'llfl1l'l1•~•Dl'lL\llU,nlJ control 

v ' .J 
lJjmruumL 'in-0 <un • ;100 n • ) \lllflUHVI Vl!Jl UL l'l'll 

1 5 50.84 

2 6 31.00 

3 8 18.60 

4 10 52.08 

5 12 107.88 

6 13 34. 72 

7 47 102.90 

8 48 55.80 

9 51 35.96 
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v ' 
WUl'fl 'lUilll 'ln~ 9 i118UH = 1 7. 31% 

hiwul11 'lUilll 'ln~ 

52 m8m' 

v 

6 

1 

iln~u 100 n~;i ii'~1um'lH 
" 

11m11!'118' Hi. 

811'11'l'liul'l~1~~1utl'l:lw~1wl'J 

" 

" " 

"' q 4 81 'j 11\'JIJ'l: l l'f'l~ 
' " 

' q .., ,(.61 
l01'110U01'll'l'l1'Jl'l8UVl1U8U'lnt.u 

v 

l ~Uiln~l!l iii' lll1Ul-I Vll-11'18 n~ 'liULlUHlill'l MH1'nn1 I'll ~l-1 
~ ~ , ~ 

;i:~Hl'l8' fi'nl'l8' il81'1~8' 'l1l-l~l'l'l Vfu~;inrnu '11Ul-ll~8' 1uclHi'l'ltl llmn:w'lu 
' " ' 
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' ' ,..,,,,qq I v'<l\"".t"> 9 
n1 'Jlil!Jm 'jiJ!JH mvi::i ~!Jfll 'j L i.1UmJVl!111 JWIH '1 VIH1'\UH1il'WIJ'W 1Vl!Jn 'j~ 'J 1 UL oim LL'1:: 

' 
'f v < Ji 1 V tj G V Ji 0 J <j .V V G o 1 V <j 
>Vl'JVll'IU 'liLL'J'I 1'\Vl'J1Um'WHJ1!J'llil'11ill'JUl'lilll'J::'li1'liu L'WilLUUnl'JUil'lnU'WH Vil 1'\LOl!J 

<i'llm vmil' u 1: 'li1'liu111u~11 u LL'1: ifo <iruL ~u L ~ u11.11 um 1 foH1 -wm m Clan ;'11 u 
1 I \,I <I.' 

ilU'I H'1'11il'IUilLL'ln'ii~mh1'1L~n~1u Ileum 'llilnml'I: Lm Lilu-iia~1!1\~u 
I I V \.I 

L n 81 nu ill n1 'J Lt'1: fl1 'J LLlill'l'! 1 uifvl '.Jull 1 :Vil U'1n ~UL !Jw1°1 U1 um nLL'1:UiJ!J'1 LLil'1 ~ill fl1 'J 
" " 

u111Via1 l'l;ilVJilH ~UL !luu1 rnf;i oi11 <1~rn Ileum V11'1i11 Lrn::uuii1 LL.,, ~u L rla 1 dtl1 

'1 Ji v~1\'i' 'J,. 
'1: m !JUiJLL'Jn'il'1'1 l1 LL'1:: H'1U1.'IUl1 'j\l!JU!J'I \ii' \il!J Atropine LLi.11'1'11 LJ-lil!Jill n1 'j 

l111'1Vlil'l1'1;ilVlil'IL~U L'll<il!Jl'l!l1~ Atropine Liluu1'.i'nH1a1n111;'1i\ 

m 'JV111.l;mruumL 1n'ii1 UCln~u L ~il 52 il1 ilHH WU\11'JUilLL1n'iiN1il1Jilci 9 
" " 

il1a8H f!milufauCl:: 17.3 ~Hiluu;mMl~au-liHi.1< ~>11il1Jm1a8H~<~'l:1'!1m11J1' 
" " 

1v"'I «!l"'lv.J.::.Jf ""'"') JI v v "'I 

LLn N H'11'1LLCl:ll1: 'lil 'liU!l 'I WHJ1!JVJ L n\il'llU'll nn 1 'JU 'j .m1\11 'JU ill n1 'JU1 \ilVlil'I LL'1:Vlil'I L \ilU 
" 

L ~il'l'l 1 n\11'lUilLL1n'iii.11m'llliiU~'l1 m \il!JL Vim 111 n Atropine 

'V 'v":i '1;!(~ 
H'Jl!J'llULLCl:OOJ:: 'llil'llilUW'J::flMllUHJ.l>l!JUllJl'lil UU flil 
" ' " 

11'1 • wru .1.11:: ii'i.11.'I 1 ''1n:: i' l'IU Vi1 V1u1 nH11' ·111 L n'1'll1 vim nu:: LLWVJIJl'l11ill'I ffii 11 'li'Wm u1" 
v ' 

Hl'i.u1:u1 w11w1.,,\i 
" 

" " " fll:ll Q11'J'Jl.ll 1'1'1'1::LIJ!J'J 
' v G ~ 

flru uru~l'I L'W'li'JL'lil'l'lil'I 
' 

1. l'l'l·VqJWqnB 'l1n11J'l: • H'l~'J\'I. 111\11111'liuru~\il!J\1!11U n1nn1f11J - nU!Jl!JU 

2520; 3(1):13-22 . 

.., q ..... ,( 4' 2523 
2. mu11 m11ilu1. H'l'li1\1. 111ct11'llil>1n1mviml'l11ill'l1m·rnwviu L1JB1uu ; 

" 
2(2):94-100. 
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REN ITEC. Specific in action. Specific in effect. Well tolerated in practice. 

Inhibition of the renin-angiotensin-aldosterone system by REN ITEC. 

Renin 

decreasing 
vasoconstriction 

Blood pressure control 

RENITEC inhibits 
ACE so that it cannot 
convert angiotensin I to 
angiotensin II , thereby 
leading to a decrease in 
both vasoconstriction 
and sodium retention. 
The result is blood 
pressure control. 

ACE (Angiotensin Converting Enzyme) 

Tablets ® 

RENITEC 
(enalapril maleate, MSD) 

decreasing 
sodium 
retention 

• For all degrees of hypertension - including mild-to-moderate. 

• O nce-daily dosage. 

• Helps restore haemodynamic balance -
lowering peripheral resistance w ithout adversely affecting 
card iac function. 

• Usually well to lerated - adverse effects in cl inical trials have 
generallv been mild and transient. 

• Flexible administration - RENITEC may be taken w ith food or 
on an empty stomach. 

It may change the way your patients 
feel on antihypertensive therapy. 

Detailed information is available to physicians on request. 

B.LH. Trading Co. Ltd., 
2712-3 Wireless Road. 
Bangkok 10500. 
Thailand. 

MSD 
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SHARP& 
DOH ME 



* 99.2°/o coverage of 98.8°/o coverage* of 
intraabdominal 

pathogens 
pathogens in 
bacteremia/septicemia 

98. 7°/o coverage* 
of respiratory 
pathogens 

98.8°/o coverage* 
of pelvic 

pathogens 

3-89-TEN-88-HK (88-R-2218J) • 01 1J 

When time demands 
immediate therapy ... 

the first thienamycin antibiotic 

MS D ·in vitro susceptibilities of all potential pathogens 
MERCK in specific infection si tes. Data on file. Merck 

Sharp & DOhme Research Laboratories. For com-

D
SH0AHRMF\ plete_prescribing information please consult the 

1E Phys1c1ans Circular. 

B.L.H. Trading Co. Lid., 
2712·3 Wireless Road, 
Bangkok 10500, 
Thailand. 
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' 
Na6Un~n1"ai tlar.1uii tla~ 

fl11~ f111iii iJufl"aPU! a~Pi1-:16Un~-i1~n1r.1 
d ,,., 

' ~ v ~ 
Vttl fll"atltlflt]'nfiflillr.lflillll! Utl 

6Utl-:I atracurium 1uiii11 

ABSTRACT 

'Ihis study was to assess the effects of respiratory 

acidosis, respiratory alkalosis, metabolic acidosis and metabolic 

alkalosis on the neuromuscular blocking action of atracurium (BW 

333A) in anaesthetized cats. After a slow infusion of 

atracurium until a constant depression of muscle contraction was 

obtained, the inhalation of 5 % co2 ± 95 % o2 for 10 munites 

which induced respiratory acidosis (pH 7.086 ± 0.19, Paco2 49.22 ± 

0.27 mmHg, n=6) significantly increased the atracurium steady 

state block, by 16.63 ± 2.33 % (P<0.05) in the tibialis anterior, 

and 15.50 ± 1.12 % (P<0.05) in the soleus whereas increasing 

minute ventilation 2-3 folds (hyperventilation) for 10 minutes 

which induced respiratory alkalosis (pH 7.503 ± 0.016, Paco
2 

17.57 
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± 1.06 mmHg, n=6) non-significantly decreased the atracurium 

steady state block by 4.57 ± 1.05 % (p>0.05) in the tibialis 

anterior and 9.84 ± 1.09 % (p>0.05) in the soleus. At the same 

constant block induced by atracurium pretreatment, infusion of 

0.15 mmol/kg/min of 0.5 mol/l ascorbic acid for 10 minutes which 

produced metabolic acidosis (pH 7.082 ± 0.021, Paco2 24.75 ± 

1.34 mmHg, n=6) Significantly increased the atracurium steady 

state block by 21.73 ± 3.99 % (p<0.001) in the tibialis anterior 

and 18.34 ± 1.64 % (p<0.05) in the soleus, whereas infusion of 

0.80 mmol/kg/min of 0.5 mol/l sodium carbonate for 10 minutes, 

which produced metabolic alkalosis (pH 7.634 ± 0.009, Paco
2 

21.4 ± 

1. 61 mmHg, n = 6 ) non-sj_gnificantly decreased the atracurium 

steady state block by 7.70 ± 2.13 % (p>0.05) in the tibialis 

anterior and 8.39 ± 3.06 % (p>0.05) in the soleus. 

ii1tl1 

Petaline chloride ~1Ltlu 1-benzyl 
.• v ~ 

tetrahydroisoginoline quaternary salt LLl;'I: L uu\'11 'lVll;'IO'll'ilH~!I Leontice 
' ~ 

leontopetalum ~ quaternary nitrogen WLLo/lmh L tlu\'111 tertiary 

laudanosine 1 ii\ 'il11 l'IH1~o/i'a1 ill ii'm awifa~1 u\'11 'll;'I~ I'll H~H l-2 (li~n~Hlnl 'lLLo/ln 

~1'11'il1 quaternary ammonium salt 

Hofmann ri.~. 1851 ~1LtlU~L~H1nuct 

" . ~ v 
Luu tertiary base U l1Uf1fHL 'lO 11'18 

Claude Bernard LLlirH 1'1 curare 'il'iJO 
d' v .,,J 

qvifilll'IDUVI neuromuscular junction) vhlil Professor JB Stenlake LLl;'l~lm: 

i1'Hri11~VlmrimHn<'i1m~a atracurium ~'~ bis - quaternary ammonium ct 

<11:1.1111HLfln~11iiLa11uL~ill'IVl~a1uat:lMJ1~LLil~m1 m Dun 'll'l-~H (pH) 'll'il1 ~H ni H L IW 
' ' " 

ll~iljmwL~8m'1 Hofmann reaction ii'11ii'n~11mu<'i1 Lfll'!Ltlu\'111 Iaudanosine 

LLil~ quaternary monoacrylate \'11 'l laudanosine ill 'l ~n N-demethylation 

~a111Ltlu tetrahydropapaverine 

Atracurium ii1 \'11 m 'llHLfln~11 l'IH ester hydrolysis L 1'18il1 il'H 
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non-specific plasma esterases L nl'I L tlu quaternary acid LL<I: 

quaternary 

il1~a1 JJ L llu 

,\ !! 
alcohol 'lM'111VM 2 il1 LL\1: quaternary monoacrylate ill'llll'Jn 

3-10 .,/ .,/ 1v 
laudanosine (ilJVJ 1) nl 'lVI atracurium <iUll 'lG<il'll !J l'I 2 

~.; JI • 1 v .(., 1 ,JI • v • v 1 
JGVIH (dual pathway) u Vil 'IWlm-ll'lqVJn•l'l!J J.J'IJUaynun1rnHll!'llEIHl1J LL\1: l'l 

JI v 1 ~ v 1 'U ' ~ ·~ uan'l1nu1:1'11J laudanosine Ull'IElfl<i'<il'I 11'1 l'ILLfl 0.4-5.1 J.Jfln ./J.Jl'I. ·1M1mH 
I . " , 

1:ilu~;h1-Hiln (17 J.Jfln .f}m .) (LLJ1 laudanosine <11m1a~1mTl1~<1J.Ja,1fll ~' . . " 
vii 1 'H° atracurium L tlum~~EIUTJHUi'IEll'IJl!Jllm iJ'nlJflu~ L tlu l 'lflii'lJl'l~EI 1 l'lnm J,J ll-l3 

• ' .; 
'llll'I 1 
" 

JG1'11HLl'ln<il'l1!J'llEIHl1 atracurium ~'~ 2 JGl'IHLl'l~'l 

Laudanosine 

M•O 

Hofmann 
reaction 

OM' 
OM' 

• 
" <II " Hofmann\ 

, 
I 

Me' 'Me 
..,,... '..+ 

'cH,. CH, -CO.O{CH,) 0 .0.CO.CH 2.CH( 

OMe MeO 

OM• 

/// 

/ 

Atracurium 

Moo. /"'-. _,,...._ 

M•O 0 

0 OMe 

QM, 

QM, 

Ester 
hydrolysis 

/ Hofmann 
reaction ,I QM, 

1 Quaternary 
I E t \ alcoho•. 

/ s er \ 
,! hydrolysis·'\ 
, ' ! \ , ' ! \ , \ , ' , ' 

' reaction \ 
'-Me --,,+ 

OM' \ 0 OM' 
'Me....._ if+ 

HOOC.CH,.CH{ ,/",-/'"OM' 
CH,"' CH.CO.O.{CH

2
),.0.CO.CH,.CH,..-

Quaternary 
monoacrylate Meo 

OM' 

QM, 

*Position of 14C-label 
OM' 

.., ~ <l .<1 'U JI .J ~ 1J/ ' JI 
muu atraculium "LU1!!J1fli'l1!Jnl'l1mual'IL'lJ.J TILLVl'll'li'l1!Jmn'llu 

"'l"" ::: <V 4 <!! ..., JI 
l'IHfli'IUflfl'lHL'ln1ulJ1:LVJl'iarnq1,aJ,Ji)Ll'lilU fi1!11f1J,J 11.1'1.2525 u 

Quaternary 
acid 

~ I .J I <Oj I .( 

Lua< 'l 1m1 m 1LlJi'i!JULLlJi'irn11:m1 m lluml'l-1'11' J.J~i'll'lam 1aanql'ln 
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respiratory 

acidosis, respiratory alkalosis, metabolic acidosis ll<t: metabolic 
I ""' > .{ .!j I 

alkalosis 11J.JN\1'11n1,aanqwuTiil' atracruium w,a1J.J 

.. :'i ' n. n1,L'1,tJJ.Jci'11'11'1<ta' 

lilLLm ii1um91{w11mM tl1wun,:'lliH 1.5 - 3.5 o1<1n'.i'J.1 .rH wfl 

«lL<t: L W!iL~tJ' h1~LLU,aanii1u 4 n~J.J 
' I q .,,j o 

nmm 1 J.J'l1U1U 10 il1 1«rl1'11'.i'UMnH1fi1fi11J.l~U~1TIUn~ (normal 
' 

blood gases) Lm:fi1m1miJun,'1-~H Un~ (normal blood pH) TiilH~il'1LLm 

1un~J.J~1~fo pentobarbitone sodium 30 J.Jn ./nn. Q'1L'ii1tlan1'a,'11li'H1rnim 
' 

!i<tu LLi:i'1vhm,~1ilmL<1:1~~il polyethylene tube-60 (PE 60) ~,~J1 in~aN!iJ.J 
heparin m" ilH l ii1'11<1il'1l ~il'1LL'1' femoral L ~uil11LLN<1U~ilt11 i1Lim ~ULL<1:l 1"a1 m, ' . JI .q,q "">.'UV J/v 
L<ttl,'1'11J.JUn'1 U'1 procain penicillin G 200,000 tJU'1 lTI1n<t1J.ILUil1U<t: 1 
~ 

fin 
. ' . 

Li1UL1m 3 fo 1ufow 3 Vll'IL~il'1'l1n~il~ 0.5 J-1\1. u1m-J11m1J.1~U~1TI • , 
~ v ~ 

Tiil' L <1a11m t1 L ma' LL<t: m UIL i1un ''1-~H Corning 175 automatic pH/blood 

gas system 

atracurium ( 6 il1 rl1 'llfoMnH1 NWllil' respiratory acidosis LL<t: alkalosis 
<l v ..l v-0 

Lm:an 6 1'11 ·~1'11,tiflnHlN<tTiil' metabolic acidosis LL<t: alkalosis) 
,Ji •1v 'U vv v 

n<1J.1uunw1 '11!i<tU'11tl fi11J.JLTIJ.ITIU <>L-chloralose 80 J.Jn/nn. N<iJ.Jnu pentobar-, . 
bi tone sodium 5 J.Jn ./nn .u11Lihtla11"a' (LL<1:lumi::wm1a,'111n:h Li1uLLmaH1~fo 

' 
pentobarbitone sodium 60 J.Jn% 0.1 J-1\1. Lii1w1Hi1UL~il'1ii1 L~ilLLIJJ!i<tU 

~ '111"a H1 U~1UilUIH1 ti L 'l 1:'11<til'1\1J.l~fiil1 ~~il cannula LL!i'1 ~ill ii1 nm fi~!H tl1 ti • 
'111tl1'l (Narco Pressure Respirator) ~'lfi~a,tl1t1'111t11:i1~ tidal volume 

' ' _JV'"-' -<::! -ol qo1~v1 vri 
L'llm:~1'11,mLJ.11lL'1<1:m (30-60 J.m.) im:J.1m1J.1UL'llm:!iJ.1ww1 'l1L'1mm1J.111umTI 

_c:f I .!j "">. I I dj 

Lm: m 1 m uun,'1-'1H TiilH <1a11un91 1 tiwa PE 60 L ii1'11<1il'1l <lil'1lL'1' femoral 

iiH m 1 LL<i'1 ~anu pressure transducer (Statham P 23 AA) ~' ~H1qmuu1 u 
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UUWnuu Beckman Dynograph (type RM) 1rlw8 PE 60 anW8\'l~~LTI1\'1'181'1L~81'1~1 
femoral ii1Hn1 L~81-ifrl1l'1fo111mLLrlLLm LL<1:anW8\'l~Hii1mrnm~811~1 jugular 

v ..J 1x' v "' ., q"' '111~'1111 L\'18 u~1\'l'lUul'I ascorbic acid \'l'l8 sodium carbonate Ll'IU1B 
~.J -~I 4 _q'Ll1/ 

infusion L \'18 L ll<1UULL'll<1~ m UIL uun'll'l-l'IH 'l!8H 1'181'1 L l'l'lmm<11 m U8 tibialis 

anterior Lrn: soleus ~Hifuni\'1mJ8'l11~\'ll'liilH~Hl<1:ihmJ.1'11ilu Ll'lu1?fnn1n1 

l i11'1~1\'IU~~u1L1ruii8 l Vl1 -iiH il1 u LLunni\'1 m Jmz~ li8' 111Lifuilli'l:'1 nni\'1 m J8 'l8uih' 

lli\'1 iiim au'l!8rni\'1mJ8111m'll'l'J 1 n~Hl'll'l'l' -ifat Vl1 Hnllm m auLLi\'11 ll ~n~8nU Force 
• • • 

Displacement Transducer( Grass FT 10 )Hl'liiat ~1 LL<1:-ii8L V111!1ulin'l111m1uminu 
' . . 

"'1 "' \'I UlLU1U8U Ll'l'lUJ-1 sciatic nerve tm1Hfnn1n-rn\'11n;fu'l!11!1uu8nii1,i11uL-ii11ll 
., 

'JUD' popliteal space L81 platinum electrode l'l<i'a' sciatic nerve 11 

(Lill paraffin \'IH '1ull1:li1\'ILL<1:n<i'1m Ja1 u popli teal space 11111 u L ~mJa, 
v 

OUU1 'l: l \'IU) electrode 
v v 

L TI1nu stimulator 

respiratory acidosis, respiratory alkalosis, metabolic acidosis .. 
\'l'lil metabolic alkalosis 

n1'lVJ1L11'LLIJJ l nl'li111: respiratory acidosis Vl1Ll'IUL11LLIJJ \'11 UL 'J 

5% co2 + 95 % o
2 

Lifm,rn1 10 mw 
alkalosis Vi11v\11'1UlWJ.I minute 

hyperventilation) LiJUL11'11 10 U1W 

ventilation 2-3 

respiratory 

lW1 ('JULnl'I 

n1'lw1111Lnl'ln11: metabolic acidosis V!11v\11'!uUl'lli1'l<1:<11u 

ascorbic acid (vitamin C) 0.5 mol/~l'l'l LTI1\'ll'lill'IL~al'l~11Ual'l'l1L~1 0.15 

mmo1;nn ./U1W LifULrn1 10 U1W rlrnm'lVJ1Ll1'LLJ.IHnl'lm1: metabolic alkalo­

sis Vi11v\11'1UUl'lli1'l<i:<11U sodium carbonate 0.5 mol/~l'l'l lTI1\'ll'lill'IL~81'1~11u 
v ~ ~ -~ q 
Bl'l'l1L'l1 0.08 mmol/nn ./u1\'I lUUL11'11 10 U1\'I 

n~J-1~ 3 ~'l01mu 6 iii1 Hftl1\'lfo~nB1q\'l~l'lmun<i'1mJa'l!8~m • 
atracurium ~am 'l\'ll'liil1 'l!arntl'1 m Ja Tibialis anterior LL<1: soleus LL<1:1'i( 

\'11ri1m1 mlJ.IWU~'l:\'llH 'l!UH\Ul nun1 'lrJu~rn1 'l\'11'1iiJ1 'l!il' nti'11H Ja (VJ~am 'll'luu 

el v JI , , ) l 'JI • 1v v "uaHm,n<11m ua) (dose response relationship Llm unmJUDn\'11 \'lli01umu 
• • 
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"' -chloralose 80 :lcJn • /nn • LLil: pentobarbi tone sodium 5 :lcJn • Inn .\l11 L iii 
' ' 

~iHWiH :i'11L1'11t11HL:lcJJL ~flnl 1\lll'liltM t 11tlJBL ~IH ~tll nun11L1'11timLm 1 UO~:lcJ~ 2 LL~ 
' ' 

l.,j tj _cf I v ri ~ 

1:1cJ:!cJn11LlilltJULLlillHlJ1IJLuun111-111'1 LLil: m 1 :lcJl'IUnl '11\'lfl' L ilfl11 

n~:lcJ~ 4 ~,·1u1u 12 i\1 1TI'tl1V1fo~m11~il\'larn11Lllit1mLli<nm1mliu 
' 

I I v V J/ ..Jq 
n111-l'IH l'lfln111111m \'la' nmm ua tibialis anterior Lm: soleus =VllJ 

1 
v o 1v ..Jo 1v .., v Ji~ 

atracurium U\'IUll'l\'lfl'tll LLil~fll'l11L11011 \1t11\llVl1 11n1111111'11\'la'nill:lcJLUfl\ll' 
' 

I ..,j '} V V 

ctaHmn111i1:mru 50% at11HMVI (•l'ltl infuse t11 m1m \'JIJ\'IU 100-120 IJ!ln l1Jil. 
" 

Lii'111llal'IL~a11~11ua¥11H~1 0.02-0.05 1m ./m~ J 

~vl'IOl 1L1'11timLm L ~flll11\lll'lilfl' L ~IH ~tll ll!JOl 1L1'11mmm 1 UO~IJ~ 2 
' ' 

G11Wt11 atracurium \1\'lltJ!lf, Ylfl,U!1tll~HnU1~Ufltln1'1 l iJ'1t1N LLil:YJa,U!1 

m t1Mti'' nt\'1 m ~aV111ii'1 nti'urictm wlln ~1 ~uat1n11 30 m ~ 115m ¥11~u111~Lilu11 f' il: 
" 

v v ~ «!{ ..s .., "'>! v ..Y. -=1 -::1 ~ n"1" 
o.5 1m. LLmm1Jmt1m Lnila~1M11J\ll'IL\'11 L~uan o.5 IJil. n1rn11t11au'l TI 

q V I <>I V 

U11J1\il1t11Uiltl'l LTIULl'ltl10U 

ni1il'ml11W'Ln11 respiratory acidosis respiratory 

alkalosis (n = 6), metabolic acidosis LLll: metabolic alkalosis 
v o v ..Jv JI v ..J 

(n = 6) l'lil,n1:V11n1t1Vlil,,lnV1nill1JLUilunn11n111111¥111i1:1J1ru 50% au1'11'V1Ltlu 
" ' v ~ 

L 1l'lliltJHUiltl 30 Ul\11 
d 

\'I. t11V11 TI' 

tll~H'l ~1TI1uni1V111<1arn.f,d 11fon atracurium besylate (Well­

come), ascorbic acid (Merck), sodium carbonate (Merck), ac -chlo­

ralose (Sigma), pentobarbitone sodium (Abbott), heparin (Leo) 

0 ' 1 ~ -~ I .,J I "" 

1111'11'1'1 U11tl,1UUL!JU!ll L\l<ltl ± 111~11'W\'l1!11J11'11~1U (mean±S.E.M.) 

LL<i:V111ctaum 1 IHLl'ln~H ilUH ~ut1rl1 ilqJ t 11t11 ii student's t-test il'1 P-values 

Uilt1n11 0.05 (p < 0.05) nm'1~ml1HLl'ln~HllUilUH~Ut1rl1ilqJ 

v 11 ~ 
PE 60 L \'11 L -~u L <lillHLm femoral 
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vi vri 1 .c:i I <!! 
1 '1fll fl11 l.J'1'Un1 'liLLft~fll fl1 HILUUn'l'1-111" tlfH L fti'l'1LLJ.11 

' ' ., 
nmJVJ l (n = 10) 

' 
3 11KH1n~'~a PE 60 1i\'~1,Y,~ pH 7.395 ± 0.07, Paco

2 
23.01 ± 

0.91 lJlJ .ll'ii'J\1' Pa0286. 7 ± 2.55 lJlJ .ll'ii'il'I' HCO~ 13.8 ± 0.58 ~l;l~lm1rori'i 
""' ""'l "" LLl;l~ base excess - 7.2 ± 0.67 lJftft•lJft/ftrJ'i 

soleus 

u • . 
TI. Hi1~i11lJOi11lJLUi'JTii'I" atracurium 

atracurium ii'u~" n1 'il1'1il1 Tia"n~1 m ~a tibialis anterior 

.J v~ v v JI 
'illl'I 2 n • ni 'iuum n1 'i\1'11'11 Tii'I" nm m ua tibialis anterior 
" ' ., 

LLi1~ soleus 1'I 90 - 99 % l '1u atracurium 

' n ~ u 
TI. ni 'i LLn Tiql'l!rni'I' atracurium m lJ neostigmine 

tibialis 

soleus 

J. 
atraculium 60 ,ug/kg 

atraculium 
70 ,ug/kg 

! 
NEO 
0.05 mg/kg 
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.. ' 
\111 'lH'VI 1 fl1 onset, duration llil~ recovery time 

' ' -:!! .... ..:j ..., :::: 

'llfH atracurium lJ.lilHl'Vlnl 'l\'JlJIJ'I 90-99 % 

muscle type onset duration recovery 

(n = 6) (\11 V1 ) (u1V1) (u1V1) 

tibialis anterior 6.67 ± 0.56 27.83 ± 2.34 7.5 ± 0. 72 

soleus 7.67 ± 0.42 32.83 ± 1. 70 7.83 ± 0.54 

n111'1LL<il'l1m1 J.Jt1J.Jwufi1~1·n'1 ;i 'llU1 l'lm nu fam>i~ 'lliH ni 1uurY;i m 1111'1¥1'1 'llil'I 
~ .J 

atracurium ~iln~1 J.J L Uil tibialis anterior LL!'I~ soleus LL<il'l;i 1 u 'llJ'VI 3 
" 

'1nn111'1 'llU11'1\'J1 atracurium ~uurY;in111'11'11'1'1'llil'ln~1J.JL~il tibialis anterior 

LL!'I~ soleus ~ 50 % ~'11 32 LL\'!~ 39 mm • Inn • \111 mil ii'u 

,J _'4 '' v vJf 
fl. N!'l'lliH m 'l L lJ!'llJULLlJl'l'I m 1 m uun11'1-m Hlilm 1111'11'11 'llil'I nm m Uil 

.J 
'llJ'VI 3 
" 

100 

80 

60 

z 
0 
;:: 
iii 40 r z 
~ 

20 

:;/"-'~I Vt.I 

n111'1Ll<il'l'lfl11Jl~J.l'VlUn'l~1'11H'llU11'1\'J1 atracurium nu 'lil\'J!'I~ 
..,:) .... ti J( 

'llil'ln1'l\'JUIJ'ln1'l1'11'11'11'llil'ln!'11J.llUil tibialis anterior (e) 

lL!'I~ soleus ( 1111 ) ( n = 6 ) 

10 20 40 60 80 

dose(ug/kg) 
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' ' ~1 '1 vv 1. n~)jVJ )j Yl1U atracurium 
' ' 

'l 1nni1viri~an1m 1 respiratory alkalosis ( n = 6 ) LL'1: 

metabolic alkalosis ( n = 6 ) 1~~11~n11V1Y1~1Tiil'n~l)jt~il tibialis 
~ J 

anterior tm: soleus ttl'1!J\Httl'1H'1!J (1'111HVI 2) 

mn 

Metabolic acidosis (n = 6) 

tt~: 1 ~~u11tl1 ilq,MH \iu~ ~1'U respiratory 
' ..... .;: v '>I 

tibialis anterior Lt~: soleus VIYl1'11'1Yl'1' t '1D'Uill'I (I'll 1HVI 2) 

' q .... v JI. 
tibialis anterior tt'1: soleus VltnYHlnni1n1:1'11Hi<'Utl'i:\i1V1 

' 
sciatic 

% decrease of muscle contraction 

tibialis anterior soleus 

(n = 6) (n = 6) 

respiratory acidosis 5.93 ± 1. 8 (P<O. 05) 3.2 ± l.3(P>O.l) 

respiratory alkalosis 0 0 

metabolic acidosis 1.4 ± 0.8(p>O.l) 1.1 ± 0.7(p>0.2) 

metabolic alkalosis 0 0 

' 'l1DD1'iVIYl'1il'WU11 respiratory acidosis (pH 7.086 + 0.019, 

PaC02 49.22 ± 0.27 )jlJ.tl'iiJVI, Pa02 130.15 ± 9.9 IJIJ.tl'iiJVI, 

± 0.38 ~'1~11J'1/~l'l'i, base excess -16 ± 0.32 ~'1~LIJ'1/~l'l'i) 

Hco"3 13. 22 
~ .., ~ 

l WIJDl 'il'JUl'J~ 

OJ ' v JI 
n1 'iVIYl1'11 Tiil' atracurium l'lilD'11 lJ t 'Uil tibialis anterior tt'1: soleus (n=6) 
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Metabolic acidosis (pH 7.082 ± 0.021, Paco
2 

24.75 ± 1.34 

~~.U1B'W, Pao2 105.30 ± 7.15 ~~.U1B'W~ HCO~ 6.67 ± 0.83 ~'1~1~'1/~111, 

base excess -22.17 + 1.02 ~'1~1~'1/~111) L~~n11ii'u~1n11wviil1Tia1 atra-
1 !ll JI "" 

curium 11anin lH ua tibialis anterior LL'1: soleus ( n = 6) a~1 rntl't1!11 ilry 
' ""'""' ' .., q 'Wl1~UV1LTIUnU (111111'W 3) 

m 111~ 3 ~<rnarn11Lu~tJULLU'1Hl11lHilun111 -yj11~an11ii'u~rn11wviil1 Tiarnil1 ~ 
LJa tibialis anterior mi: soleus ~Lnm1nn1'ln1:o/lmi.1'uu'l:~1w 

' 
soleus 1 Vltl atracurium 

% changes of muscle contraction 

tibialis anterior 

(n = 6) 

respiratory acidosis +16.63±2.33(p<0.05) 

respiratory alkalosis - 4.57±1.05(p>0.05) 

metabolic acidosis +21.73±3.99(p<0.001) 

metabolic alkalosis - 7.70±2.13(p>0.05) 

soleus 

(n = 6) 

+15.05±1.12(p<0.05) 

- 9.84±1.09(p>0.05) 

+18.34±1.64(p<0.05) 

- 8.39±3.06(p>0.05) 

+ = increase inhibition of muscle contraction 

- = decrease inhibition of muscle contraction 

Respiratory alkalosis (ph 7.503 ± 0.016, Paco2 17.57 ± 

1.06 ~~ ·U'lEl'W Pa02 117.37 ± 8.89 :im ·U'lEl'W HC03 13.42 ± 0. 79 ~'1~1m1/ 
v 

'1V1nl 1!i'uii'1 ni nrni\1 TIEl1 atracu-~11'l base excess -6 ± 0.67 ~'1~hm/~V11 
. ' ..., JI 

rium via nm IH ua tibialis anterior LL\1: soleus q " v 
(n = 6) l 'WM L \'lnUEltl 

q ~ 
1~~tl't1!11ilqJ1111~u~ (111'l11w 3l 

Metabolic alkalosis (pH 7.634 ± 0.009, Paco2 21.4 ± 1.61 

~~ ·U1Ei'W, Pao2 95.08 ± 8.14 ~~ ·U'lEl'W, HC6
3 

22.53 ± 1.67 ~'1~1m1/~115, 

base excess 4. 32 + 1. 39 ~'1~1~'1 /~m ) '1V1nl HJ!J~1 nl rn11iln1a1 atracurium 
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~8nli'1 m ~8 tibialis anterior Lti'l: soleus (n=6) L W!M t ~nU8!J 1~~tl'm11 ftqj . 
qq ( .. 

liUVI V\151'1'11 3) 

":!l V 5l V JI .J .( d ... .(] I 

a1 LLlJ suxarnethonium t uU!JHli'll unm m U81'Ja80'J'l'l!it n tti'l: ll'J'l'l!i«ULLVI 

" .~ ,, JI •• . . b k .... suxarnethonium ntUU!Jlfli'll!JO\'lllJLU!lu5:tn'l'I depolarization loc er ''lJNi'l 
V -=:! "ll. , , I , • 

'll11Lfl!J1,1nn15tnl'I depolarization block lJlOlJl!J LTIU fasciculation,ll1V1 

,, JI,,,,, "1 .,, JI,,~ <!1 .. 
O\'lllJLU!lmHHi'l1N1Vll'I, V\11lJl'IU Ui'lOVlllti'l:Tiu1'1'1fl11i1'llU, 5:1'\!JbllLLVllil'll!JlJ Ull'ltll'I . . " <! -¥ <I • ,, .Y iJ ,, • ,, JI m , 'llW~ 5n1 Ltl'l: IJ myoglobin aanm nuuli\11 n t UVIU li1um fli'll unm m ua 

. ' ' .. q,, • " 
ll5:Ln'l'I nondepolarizing blocker 8U9 ':880'J'l'l!inln11 5:u:t1\'l1n15880'J'l'l!i 

• • 
I q V ... ~ ~ 1 '1 " q ' u11n11 lti'l:81,lJN\'l'll11Lfl!J18U9 'll1 lJ l'ILOl'l,10Ni'l'll81 dipolarization LTIU 

-1 "JI ,,~q .. ,, 

'llW,5l51'llU (gallarnine, ancuronium), 1'111lJl'IU<mWml'li'l1 Ltl'l:/'1'15atl5Hl1U 
• • 

1 «II • .... .... "" ... 
nl!J U'l'li'l81'1Li'l81'1i'lfll'l1 (tubocurarine, metocurine), LWlJ015'1'1l'l1aliVl1lJU 

,, ' 
(alcuronium, tubocurarine, metocurine), il'uil'1ni 5dHhun5: LLlill5:1i1'1'1WlllJ 

' 
ll5:\il'l'J ll'l!JlUW1:8U11U1UlJU5:1i1'1'1 sympathetic (tubocurarine, metocu-

rine) , Ul'liru muscarinic receptor ~11'11' q 

tm: l nl'IN\'l vagal blockade 

(gall amine, alcuronium, pancuronium, f azadinium) lll'l: tll '1'11 n f1'1h !J L iJu 
• 

~ u .. 1 .( I Jiu JI o u 
'HIVIULL\'l: /'1'158 VI 5: u: l 1\'ll n1 5880'J'l'l!i'll81!11l 'l'li'l1UlJO!Jl 1 'llU l W51: n1 501' l'l!Jl 

' }/,, !I • ,, .. 1 .. !I " _., '1 .. ' ' 
l'l'l\'l1UVl81alri!Jn151'1H1U'll81VIULL\'l:/'1'158 VI '1'15881r1!Jl8U!1!JlJ Uli'l81'1UH8!JH (tTIU 

81fl!J pseudocholinesterase 1un15vill'll!J suxarnethonium) 

iJ 
v J.I .J... o.A..,, «II 

Atracurium l um fli'll unl'l1 m Ufl'l'llJflru\ilJUVIWL fiM fl8 \11m5uttVlnlim u 
' ' ' 

iJ 
"'1 ..... q, v JI 1 ,, q<I 1 ,, • 

L Ulil 5'1'1 lJlJ'J'l'l!ifli'll !JO\'ll IJL U8 1'1\1811 U'l'IH l'lltn Hofmann elimination Lt\'l: 
• ' JI 

ester hydrolysis vi1111'5:u: l rn1n15880'J'l'IB'llflHl1L~'llununi5viH 1U'llfl1 ilmtl'l: 

1 1 ,JI ,, • 15 16 
l'I lti'l: lJ'llUnun15'1'1H 1U'll81 true Lti'l: pseudocholinesterase ' un 

L futi'1N'Vrn~m1: ilm 1!J5ULL51 wi'81Jflu~1 ll5WU1 u t ~al'l~l tm: ni 5viH 1u'l1a1 t ~u-ifu~ . ' 
esterase Ua!I 111'8N'V1u11'i'fomil'u~1ni1viH1UU8H~u-ifu~ esterases 8UH LLH 

" 
(L~U diisopropylfluorophosphate) NV1!Jl5f!iluil'181'~ fluid compart-

' . . 1 .. 1 ,, !: ,, ,, ' 1 "" ment clearance Lli'l:n1rnH1U'llfl1 m lll'l!JU 1l 1'11UUU1'1'11 nNll1!J 1'15U!ll atracu-
• ' rium ll'l!JJB infusion ~1'1~8LiJUL1i'l1U1U 5:!J:L1i'l1011880'J'l'IB'll81 atracurium 

flH!J11~u 5 • 9 • 17 
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~J{ ..... ~ v v JI 
'llnnl>l'll'll'la•n>•U atracuriurn uuu•n1>'111'lfl1'lla•n<11JJLUa tibia-

lis anterior Lll'I: soleus 1 l'lil1~~ fasciculation LL<1:1~~nl >n>:iiu1 ii'm\'1 JJ 
' ' 

L ~am nau uan'l l n~ql'l~'lla• atracuriurn UH'll m 1mLm 'll1 «ii1 ii neostigmine 
I _'4 "l ""'""' q I 

w:~l'I• 11 atracuriurn Luu non-depolarizing blocker 'Ul'll rn<1unJJ11!J"1Ul1 

' edrophoniurn aanql'lBL~1n11Lw:~N<1-ii'1Hfiu•l'lH muscarinic ii'aum'1 LL~ neo-
q 5 q ") ~ q I "'\I .( I I 

stigmine wl>:·~l'l!iilll'h un1 Hm • 'lll'ln11LL<l:JJ>:u:L1<11 n1>aanql'!nu1um1 m >: u: 

L1l'IH~UN<I (onset), >:u:L1l'llnl>aanql'l~ (duration) LL<I: >:!:J:L1<11~uii1 
I ..J .J. ~ .::j q V V JJ..4 

(recovery time) LLlil'l•a~1um>1rn 1 'l!HJJatll>!:JULW!JUnU!Jlfll'lliln<11muaau'l 
I t. I 1.<>f t. 

'l: 'Wm 1 atracuriurn aanql'lnil'l m 1 suxamethoniurn LLflm: u: L 1 <11 nl >aanql'l!i 
I I .( 

m1n11 suxamethoniurn LW: vecuroniurn LLfl>:u: L rn1ni>aanql'ln'lla• atra-
v $! ' ' ' 18-20 v v v '"' =iurn ii~ ~um l'lla• pancuroniurn LL<I: tubocurarine 1'1"1lUUl 'l: '1J 

' 
atracuriurn L ~ani >L~~a L oifivrna1'1<1JJ (endotracheal intubation) 'l: iia•1 ii 

JI "1'. D iJ .( " ..:! .:.,"" q 
'llUl l'l!Jl ~· 'llU 'l!H :1'11 hVi: u: L 1 l'll nl >aanql'l!i'llarnl ill HJU LL<I: L 'WJJnl rn<1HMV11 JJU 

I 1;/J/ IV V d 1 V V 21 
LLflNl'IU'llUaunuafl>lL >nrnrn1 > 'llill tw: blood flow mu 'llUl l'I atracuriurn 

u 
I I I I I 

~11u1 i L WJJnl >'11'1'• ~1.im ~U~• L iluN<11 i\'N'iJ1 u~a1 n1 rnii'1 LLl'I• , m 1 JJY1u1 l'l~fl~l LL<1: ~'W'l > 
' u 

d _q _q I ~ I V ,.j I JI q 

Ll1 LUU'IJUll'll'l~·ml 0.6 JJn .;nn. l'l>a~•ml 2-3 ED95 Nl'l'llHLfl!:JHl'll'llULnl'I 

.rnu1'1'1'•1i1'ill ll>:mru 60-901'u1~ tL<1:MmiLiluL1<11ll>:mru s ui~ 22-24 ill 
u 

chlorpheniramine O .1 JJn • ;nn • LL<I: cimetidine 4 im • /nn A, L ilu H
1 

LL<I: 

tt
2 

receptor antagonist fllJJrl1'1u Lrla~l'ILTI1Lmut~al'l~lnau1i\' atracuriurn 
.. v .. ' ~1 v '1 ' '25-26 ~ .. .. 

15 Ull'l 'l:li1m1a<11'1Nl'l'lllHfl!:JH1'1l'llU llllfl JJliJJU>lli nl>l'lllnlJl'lllHfliVllJJU 
' u 

0 1 ~ ~"" ., ' .. "' .~ ' ~ .. 
1'11 11amnl'IU• •l'i!:l\lll atracuriurn IJl'l lUUL1l'llU1Un11 75 1Ull'l 'l:\i1m>a<111 

V _q I .¥, v26 27 .::f ""'""" ..J ..J q I t .:., .<>f tj 0 

Nl'l'llH Lfl!:l• ll'll'llU11'1 ' am!iVIU~l'!Lfl!:lm11:1•1m1ai'l~1!:ll'lllnl>l'll'IHflifllJJU' 1'11 
vd c::o:Jf .o:t .( JI..\! v ~ 1 ..J., v""' 

11'I l 1'1UN<1'lla• ill l '1 'llU ' lLl'I: JJql'l!iLL H lW:UlU'llU fla 1 l'lill 'lJUl llVll n1l'llUl1'11'11'1111'I L n11 
V V JI V1 I .q ~ _q 

ni >fll'll um 'llarn<11m um Yll llnau (ll>:mru 1/10 'Ila• 'llUl 11llnl'I) 'l!H 11:1n priming 

dose l ~a 1 i1'!:11L oif11 llfonu cholinoceptors ~'11 JJ,r, spare receptors ~ 
' I q ~ '¥} _q1 

neuromuscular junction ll1:mru 70-75 % li1Uilll'!Ll'll'la11'1LU 4-8 Ull'!fla 

28 32 ~ 0 1 v " v ){ ~ ){ ' " ' 1 "" ' "" JJl - 'll•'l:l'll 1'1Ll'IUN<lfll'll!:ln<11JJLUalnll'llULll!:JL11Ll'l!:l JJJJN<lfla1:uu11'1l'IL1!JU 

ihwi'u priming dose iTu aH1i\'nau 

(pre-induction priming) 1'15a1'1'1'• (post-induction priming) !:111.il'IUL~!:l• 
I V J/1..J..\lv 'lJV V ..J...,q 

t ~nii'am'iHi lLflill nm unm m ua\i1ul'! L 1'1l'lafla• 11'11'1l'IH 1n1l'lm1.i<1u au• urna• ~ 
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11 'i~ nau~u '1Vl'11 !Jtl tlH ~nN<l~t!n 1 'iVl~' ~rim nu VJJ !J 1 VI LLrl ~U'1'lltl1 !JH1<iu m 1 lJ~n till' 
nl'irl<iu rim•: hydration t1t11ff1hu 1rn~ff1hmi1ua~nau (Ltlu h1111'•1'lLL<1: 

' . 
Vl<lt!l'H~t!'1 J, nl'iN1~'1, LL<i:mau'1~ffJ1u1ii'fu Ltlu beta blocker, thiopen-

!ll "" "" -~ !ll tone LL<l~!J11'11Ul1rimlJU LUUl'IU 
l;: !;/ I .J _<:f I v 

:n nm 'i\'ll'lilt!1ll'irn11m1 ni 'iL limJULLliilrn• 1 m uun 'il'l -flH LL<i: m 1 lll'IU 
ri "'-! t: 
nl'lltlt!H iltl'1'llnVl1 respiratory alkalosis, metabolic alkalosis LLil: 

metabolic acidosis 1 ~n~il~t!nl 'iVl'1~l m 1Jlin~t1t11 n~1 lJ L Ja tibialis anterior 

LL<l~ soleus ~ L fl'1'l 1 flnl 'in'i: 1i'u sciatic nerve YJru::~1~~ atracurium UHLif 
' 

respiratory acidosis 'l:nl'lnlrn'1~1'llt11n~1mJBL~nuBu (5.93 + 1.8 %) LL~ 
. ' ' 

OJ -"4 I ""'I ').I "" .<::j <,j V <o( _"4 I 

!J1llilJ1 )Jfll Uil!J L )Ji) L 11 'iUU L \'l!Junu Nil till rn 1 'i L li<i!JULLli!H m 1 m uun 'il'l -1111 LL<i: m 1 )J 

v ri ~ ' .., '!J JI .,;""' 
11un1~t11l1Lilll'11'11lnl'iVl'11'11tlil1n<illJLUll'/Jru::VllJ atracurium 

• 
rinll: respirator acidosis LLil: metabolic acidosis L W!Jnl 'i 

..... :::: ..... ti .JI 
UU!l,nl'iVll'll'll'l!il'n<111JLUB'llil1 atracurium 

' v lf 
l'lt!n<illJLUil tibialis anterior 

' I tj <v ~ ILi .q,.q, .q I 

LL<i: soleus il!JH lJU!J~HIQ!VIH rilll'I (I'll 'iH\'I 3) LLil~ m nm 1 N<ltlt11 respiratory 
, , I V ii J/ ::: "'l.J "I 

acidosis Llil: metabolic acidosis l'lilnl 'iVl\111'11 tit!' nm m Ut!\'I' rill' m lllinl'J\'I L nl'I 

'llnn1rn'i:1i'u sciatic nerve (miH~ 2) lltlHnuurl1flru ~HLri?H'°1niHli~uu ' . 
q • vrl1<l<l• ,g; · 

LLli<iHn 1 m uun il'l -flH LL<i: m 1 lJ'1Un1 ~ u L <iill'lll~ill'lllnl 'iilBnqVJntlil' atracurium 

, 5, ~ L UUL tlu~Bfili1 u1 ii'1°1L 'Wil: atracurium LLl'lnrl<11 u1 urlm ': ~H till' -lH ni u 

l l'l!J1B Hofmann elimination 1 fil\ fi,iTu L ~ilVJl 1 i1":l1 rn1 'i L nl'lrlm n acidosis 

1~l
0

1'lln respiratory Vl~il metabolic nmll Vi11J1'm LLvinrlill!Jll'l!Jli~n'.Jm~ITl<I' 
, ":'! I JI o1v-'>! JI .o:i .( Jf 

atracurium "il~UlU'llU \'11 Vl!JllJNillJln'lJU LLil:l-li:!J:LlillnlillilnqVJBUlUtlU 

33 ' . " ~ .. Hughes Llil: Chapple il !J' 1m1 atracurium LLl'lnri<il !J, l'lm n Hofmann 
.J ,;y ' .J ":'! ' 34 

reaction \'I pH 6. 9 111m1 \'I pH 7. 6 ll' 3 L \'11 Merrett LLil: 11ru: Llil: 

Stiller Lrn: 11ru: 
35 

il !J'1Ull n1 i LLl'lnrim !Jtlil' atracurium 1 U'W<ll rim 11m1'u~' 
• 

111um•: acidosis LLil:nliill'lilfJMn~ (hypothermia) Ulill'lilfJMn~minm1rim'l1n 
1 I ~ ' ~ 

0 .• 0 0 ' ~ '.'I~ . ~ lf .... 
37 c LUU 23 c LL<i: 5 c lllll'i,l'l11'1tlil1 atracurium 'l:L'WlJtlU'lln 18 UlVILUU 

49 Ul~ LL<i: 15.5 ifJ1m l'IUJ!i'1flu m•: acidosis ifom'lVl1111'L§u'il'u~ non-

specific esterases VJH 1 u1 ~1 fil\ 
ester hydrolysis ill 'l <ll'lil' 11• !J ll~' nl 'l LLl'lnrim !Jtlil' atracurium l l'l!JlB 

ester l!.. 3 v 1 . v ' " ~ .. hydrolysis u!Jm 1 llm llq) lJUB!Jn11 nl'i LLl'lnriilUJ • l'lm !i Hofmann reac-
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tion Ll'Vi1:wm'1'11'1~1~1'w1rn1 atracurium Lti'Wml1m~1~L~ti1ru~ non-speci­

fic esterase~ a~&tin11 rl1 '1~1 ~11'1'llil1 atracurium 1 ti buffer ~11~~L ~ti1lu~ 
1-<!i I q qq V V .!:j V 

a~ u1 3 LVl1 VI pH LL<1:~GM~m11u1nti LLilZUlL'lil'lHWmlimmu buffer Lwu1 

I V O 6} V I 4 ~""\ , JI I q I 9 
1 LVIHlJ 'lZV11 •Vlll1!1'H'11Hl'llil1 atracurium U1ti'lltin11L11JJ1'1il1ULV\1 

cini\11111: respiratory alkalosis LLilZ metabolic alkalosis 
V I V ~ 

<111n1 'ltl'utl'1 ni 'l1'11iii'1 'llil'I atracurium \ilanm m tiil tibialis anterior LLil: 
' 

"' " .o/ ' 1 '"' v -3 v qq ( ) ( "' 3) ' soleus L 'WUH <muau BUH JJJJtiUcil !1qJVIH \'fU\il P>O. 05 \ill 'l'HVI LL1il'l111 
I I "" .!:j G q I 

1111: alkalosis 1m1'l:Ln1i'l1fl respiratory l'l'l'il metabolic fl\il1JJ JJNil\ilil 

v .J_<i ,:!f .<i ' Lv v' ' atracurium tiilU VIL uti L 'lltitiill'l L uUL 'W'l1: 11 atracurium 1\LLl'lflm am 1 \'fJJU5ru • 
LLti'11UL~ill'I i111'!u1fi Hofmann reaction LLilZ ester hydrolysis~ pH LLilZ 

ilGM1l~'llil1~Hn1U i!.:iiftifll'lL~JJm1mlJti'111 (alkalosis) ~ti LLiim'lVi1111 
' . 
atracurium LL\iln\'fm u L ~1 ~\!UH LL~!1'1 L~LL\iln~H ilUH ~uurl1 fi'cwl'n il1ifu~ 'I 'WUJ 1 

respiratory alkalosis LLilZ metabolic alkalosis ill'lfl1 'lHUtY1fl1"1'11lrl1 'llil1 

, I V ~ ~ <Oj c;;l V 1 1 '"" V !) V """" atracur1UITI\ilflDil1JJL\!ilV1'11ifl1L'WU1Liln\!ilU l'IU JJJJ\!U~1!1qJVl1'1\'fU\il 

~ :!{ "' 1 ' qq 1 v v v " .!I n1'l'Vll'lilil1'1'l1\! ill'lJi!J'l: U'lltiV11'1'1il\!n L'W'l1Z'JZ l'l'l'ZJJ1\'lZ1'101'l•TIU1 
' ' ' 

atracurium 1 u«J1uw~m1: m 1m1Jun'l11 -v\11 LL<1:/ V1:J'am 1 JJi!un'1 'll L tl~Ul!LLtl<11 ~ • • 
•ov .I( .J1 •o 

'lZVl1•1'1'lZUZL1il1fl1'lililflqVln'llil1U1LtlilU\! ti L'llti •ti1l11Zrespiratory acidosis 

acidosis l'l~il metabolic acidosis U1'lZ~'l:UZL1<11fl15ililflqVl~\!1\!~ti ci1ULti 

4 '"" ' 1111: respiratory alkalosis l'l'lil metabolic alkalosis ill 'l LJJJJNil\ilil'l: u: 
' v 

L 1 m fl1 'lililflqVIB'llEl'I m VI :;'am 'l Vi11 i1'1u<11 u11 L ~flUil u LLil: m 'lUil'I nu1 ~1 ««J1 u L n11 
• 

m 1: acidosis Vl:J'a alkalosis 1ti5Z1'1JH1i1u11.'filULLil: N1 i111ari 
• 
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ABSTRACT 

33 

Extraction and fractionation of whole dried plants of 

Minosa pudica Linn were performed. The yields obtained were 

alcoholic extract, petroleum ether extract, flavonoids, tertiary 

and quaternary alkaloids respectively. The hypoglycemic effects of 

these extracts were studied in normal and streptozotocin induced 

diabetic rats. The blood sugar lowering activities of all those 

fractions, except the flavonoids and tertiary alkaloids could be 

demonstrated in diabetic rats in the second hour after single oral 

dose and reached to the maximum in six hours. 

By thin layer chromatography with various solvent 

systems, the constituents in the plant could be detected. They 

were phenols, terpenes, sugars and steroids. The active principle 

in those three active fractions seem to be different. 
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According to some toxicity reports of the extract, three 

concentrations of the decoction were given orally once daily to 

for a period of 6 months. No abmormal symptoms were observed. The 

peripheral blood picture, liver function and histological findings 

of the lung, kidney and liver were also within normal limits. 

However, further studies should be made to clarify the 

therapeutic value of this plant. 

. . mm 

11J!J'l1U (Mimosa pudica L.) Lilu1TIWTI'1i11J~U~1'1Uii'11ur111J~'l'lrlh 
I \ \ OJ 

""' ...,... .!I ""' qq 1 v ., iJ l'IULTil LLi1: 'llJ\lUU !lMllJUl'l\'IHL.fl~TI1\'IU1\llllJ\'lm1m1u 1 m1 Hit um'l:~uu 
' ' . t( I t( I 

u'l:l'f11'1, '111n1,urn, fo1;iLLN'1, iiutl'<11111:, fmntrnul'l 1 q1'1ii~u1<1u1,~m11'1ii~ 
m 11ff mn t rn L mm 1u 'l 1 mhmin L ~1 ~fl' TI11u1m'1 <11 m rn foi;11 i1'm um 11H\' 
.... "It 2 v 0 "\ .( ~ <!I ' ..J 0 'V iJ 
11'11'1 fl'j'j(ll 1TI~i1 Lm:rnJ: 1'11'11nl'lflnMlq1'1fii1\ilU1\llli1LULi1fl\iln'l:\lll!J1'11'11L1'1l ULUl 

m1uil1u alloxan 1'1U1°1 l'flm'l\li1'11:ii'utl1mi1LULBil\il1mJ fl''l1m1u1ill'i1ni'l 
v " 

~ni;1 ~1 l \il!JL '1fif, tl1 i!iJ1IJ!J'l1 ULLi1: ~rnl'fn11i\1 !J Lil fil Uili1 l'IU) 11 i{ Nii~ L ~UL ~UJ nu 3 

L ~flH 1 nu'l'luuf1'1h ut 'lTil mm iu~ L iJu~ 1m um n LLi1: '1° l L iJuila' 1 ilfom 
' " ' v ' 

l iluu 'l: '1°1 l wa mmim: ii'rnh \lJ1 i1L UL ~ill'IL i1'au1 U'l: ii'uun~ l Wfli1\illll 1: ll1'11n'df)U lli1: 
' " 

L ~a 1 i1'n1 wl1 L ilu~1r1 L ilu1u1!I'm1Jun~ n1'l~ri'a'1 li'fom L iluu'l: 'l
0

1tl'm
0

1 L ilum 'l: 

VIH l l'i'lM~O'l lli1:~U'l rl11'1fofl'J1!J~ilU~H1 ni1l'f\11Ul'IU1Ul i1m n fl''l1m1u~m1IJL~m'1 
~ 'lJ 'lJ 'IJ 

V ... ( V I I .,,j ~ V 'lg' <!j V .... t( 

\11 <11 m 'l\ll'lli'l u1\iillUTI\il11 11J!J'llU1JflM11JUl'li1ll'l: \ilUUl m i1L u l i1fll'l1 '1 'l: l nllU'l: t !JTIU 
" ' 

au11 m n L l'l'll: 11Ju'l1UL iluwTI~uiin,'1 u ~uH!ii'11ul'lnlim 1'1~uvh m n1 ti 
" ' 

OJ t( '>Iv ~ 1( ~ .J <v I l iJ ~ 
rnou 'l: l'f' flL uni 'l1'l um 'u L l'lilVlil: <1n11LLun<11ur111'ltlfl'11Ju'l1m u~u 

' 
r1aul'lf fl1Jif, l'l'l 1'l1'11 lil 'lrll fl'~aan ql'I~ ni 'l ~ni;1 flf' ~l'i1if,1U1'11;JUn~LLi1:1'1l;J~l'i11 ii' L ilu 

~ v J 
tu11'111u 1'1ffl1Jnuui1:1llf\ni;1n1'ltiluwi;~a,<11'llin11il1n11Ju'l1u w'WHV1tnr1ir,,i:ru 

' 
L ~fl L iJULLU11'1HL u 

' "" .q .... ~ 
LLi1:1'1HV1Lnll•U'l:1J:m1 (acute and chronic toxicity) 

ni ., ii'l'l LLUiinh m 1 '1iau1'Ui1fl11ii'u~a 1 u 
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~1'11UL~lllUlU1'1111ULftUnl'iUft Streptozotocin (Sigma Chemical) 
" . 4 v 4 q ~q .!r' ~ 

'11Ul ft 65 l-ln • /nn • l '111 '11ililm ililftVl'l1H \ill l-IHi'llil' Schmidt llil: ffiJ:: 1.'11'\1 Vlftilil' 

vinl'i11 '1W'n 7 fo nau~1m1viftililH1f, ~a 111 
' 

, v .. 

n11fln»1qwfia11u1ft1aluLaa11 

':' 
O'iilOUlUil:n'iilOUll-JlVl'i~lU 

Tolbutamide 250 l-Jn • /nn • n1anu1<1nft1l-lu11u~1''l LftU~ftn11 

Vlftilil' llUU<ii\'u 

1 'd' s 0-to ui ine 

model 6/20 

(cross over design) 

" 1' ft 1: l'lrnh mil 1 u l ~il ftnamlil: '111\'rn 1a mn 

Student-t test 

n nfln»1 iM11a rn1 

2,4,6 ih1m 

1. '111 LDSO '11il~~rn<inftrl1Ulil!ilU8ilLU'l1\j~U'lvn'i 
6 ' ' 

~ .. 
\ill m !i'llil' Li tch-

field Lm:i1'HnRilllll'ivi'1111mu1u 48 ih1m 

2. ~l chronic toxicity test LftmuJ,'11uaanLllu 4 n~:IJ n~:IJ 
" ' ' " " 

flaULVl'iil 12 1'11 n1anm n~l-IV1ftila,n1anm<inft 3 n~:iJ'l il: 10 1'11 n1antl1l'il-I 
' ' 

1l-IWilU'11Ul ft 2, 40 m1: 80 nf:iJ'llil'W~lL~' Inn. Hu ~nfoL fofom~V16~ft~anuu1u 
4 vv~ ,J 1 ..,;Jf 

6 l ftilU ll\'IJUUVlnlll 'i l UilfJUllUlH RH 'l !HU 

2 .1 i\'m1ru:~1111~'1H nV11 ;l 

2.2 tl1mlnl'i1vin 2 '11.lm~ 
' v 'i;;' ~ "".! 

2.3 'i:ftUUl\illi'lLUlililftVln 2 lftilU 
' 

' 
" q v 2. 5 '11UlVIVIU 



36 

Pet-ether extract 

( 325 nf;i) vi11 i1LLi1" A 

1;it111mLi1" ( s nn.) 
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i ctn~;i'1t1 95% EtOH 1~t1n1111~n 
Alcoholic extract 

v111i1Lilun1~~1!J 5% H2S04 

LL<1:ctn~'11t1 Pet-ether 

acid portion ! ctn~'11t1 CHC13: Me0H(3:1) 

' ~ .J~-,( ___ _.___' -v~J 
ct1uu1;iqwnn1~ ct1uctn~~11J cHc1 3 MeOH 

' ' .. v 
ct1uwctn~~11J cHc1

3 
alkaloid + ve C 

(1.4 nf;i) 

vi11i1LLM" (8 gm.) 

vh 1 i1L ilu~H ~1 !J B flavonold + ve 

NH40H LLf4'1ctn~'11t1 CHCL3 

D 

ctn~~1~ n-butanol 
.. 

L l1il 

~ .. ' 
Lil1U11iJUUW11Jililn 

' v v 
ct1uctn~~11J n-butanol 

vii HiLLi1HLl4'1 ctn~'11 t1 MeOH 

MeOH 

alkaloid + ve E 

(71 nf;i) 
' v 

ct11ctn~ A, B, c Ltri: E tl1mw~ctauqwii<1~U11'11l'll~IJ1TITIU1~ 100, 200 ILl'I: 

400 ;in. ;nn. 
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v 

i11 l'i':JJ1m111u n1a1 mi: 

L ~m 1 i\'L l'l~am 1 JH ii:JJiiu L W!:IUL ~1 nu1:JJ!:l'l1ULLJ\'1 

40 m1: so nj':JJ?Ja11:1Ju'l11rni\'1 /nn. 

v 

2 nj':JJ ~ai11 ; 1 mi· ?JU1 l'l1if 20, 

v v ' 1-'1'1 v v v ,. q<I 
linl'll'll!:ILLfl<!Oflf1il<l : l'.ltlJ!:l'l1ULL1'11linl'll'l1!:1\50% Lflii1Uil<l •l'lmii 

v 1v 1v v <f mm n'l:an:Ll'l!:I 1'1111'\Jll!:I l'l!nllJl'lU (Rotary evaporator, ?J:a1 Buchi) 'JUlJ 

m1mii:JJiJULW!:IUL~1nu1lJ!:l'l1ULLii'• 2 nj':JJ~fllJ<l• ?JU111lif20, 40 nj':JJ ?J:a11:JJ!:l'llU 

' ' I _'; <Oj q ,( I .::j 'l tf I ... 

Lflii1U8<1, li1ulinl'l~1!:1ULl'l'lL<l!:llJ8Liifl'l (A) li1Ul'll'l'l1'J'VIUW!'l1•1Ufl!:ll'l (B) li1U1'1 

l'l'lH'VIULLfl<lfll<lfl!:l~ii'1lLI (C) LL<1:ci1U~l'l'lH'VIULLfl<lfll<lfl!:l~~Ul'l quaternary (E) 
' v 

1'1~• • 1 nl'll'lli:auql'l B<ll'lU 11'11 <11 UL ~:al'lLLK1 
tl11'11!'11UL~fll'\1'1UUO~ • 

rl11'ljul'lu~w11ii'LiluLU11'111U~1!:1 streptozotocin iTu ~'l:~utl11'11<11u 
'IJ I tJ I 

.c!( I I .,_,,,,. ... .c!( Vo 1 ..!j _q·_q 
l<lfll'lfl!:l'l:1'111• 200 - 380 lJO% 1'1U1'101'11lJli?Jn1'Vll'I llJ:a'l:l'lUU11'11<l UL<lfll'll'l•l'lLUU 

'I.I 'IJ 1 1 

l 'J<ll 1 ll'Llm~LLiK1 ~1U1lJ11'll'l<lfl• N<!U'l101J1Hil'Vl1:ci1ulin11~1!:1 50% Lilii1Uil<l, 
V I ,( V I 

cirnlin11 A lL<1: cirnlin11 E l ~, tl'uw LLlirN q'Vlii<111i111'11 <11uL~:a11 hi' l ~m LI ~um wuuN<1 

~hilun~lJ!18Ull'l'l<l (1'11'lH~ 1) ci1uliOl'l D w11J\'\ll'lf1111<1:a•l'l1!:1Jl1!:11UL1<11 30 
' ' ' V 1 I .c!( q _q ,(<:!... I _q o <I 1 I o I 11 

l?J1 'J11lU:a••1nlil'lflUU'Vl'l!:ll'llJfl!:llUU'J1U1UlJ1n •• lJU1li1UUlJ1 • 
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' v ' 
l'll'll'~ 1 ~<1Tia,d1umnl'l~l'~ ~a'J:~UUll'lli.'ILUL~fil'lW~~w11~LllULUlW11U~1!J 

Streptozotocin 

;iimu 
v v 1 ., 

'l: l'lUUl mi.'I UL i.'lfil'l ( lm. r.,) ± B.E 

!Jl tll'lf wi\', 1 ~u1 
v v 

nau1~m 
'l:l'lUUlm<I 

Wl'lmH <1l'l<1'm'ml'l 
2 'lllJ. 4 'lllJ. 6 'lllJ. ~r.\1'11'1~~,;:,fl-::'I"" 

' v v 
m•umnl'lmu 

"' >II 'I' "'"'" 50%Lfifi1Ufii.'I 30 273±10.8 254±9.8 234±8.7 223±12.1 19.5±3.1 
v ., 

40 n>J.Jw'll;nn. 

"'"'"' drnmnl'l A 25 268±8.1 269±10.5 255±11. 6 222±12.3 19.4±2.8 

400 J.Jn . ;nn • 

drnmnl'l B 18 285±13 277±17.: 266±15.9 284±18.1 4.4±1. 7 

400 J.Jn. ;nn. 

drnmnl'l c 8 243±12.8 246±12.: 247±19.9 214±18.0 14. 7±5.6 

400 J.Jn. ;nn. 

"'"'"' d•umnl'l E 18 254±11.3 238±12. 233±11.0 205±15.2 20.1±4.0 

400 J.Jn • ;nn . 
v ' 
u1 ni\'u 27 270±7.0 260±7.6 256±7.8 246±7 .5 10.6±1.8 

Tolbutamide 20 253±17.0 214±16. I 185±19.3 166±20.1 35.7±5.1 

250 J.Jn. ;nn . 

* P<0.05 ** P<0.01 *** P<0.025 

v ' ' 
d•umnl'l~1u 50% Lau1ua<1 <1l'l'l:~uu1m<11uL~nl'l11iluihlin~ 2 Lm: 

<1l'l<1'm'ml'l1ui11m~ 6 11'lt1<11'l1~fmm: 19.5 d•umnmnl'l A LL<1:m1>mnl'l E • • 
<11'l1~l'il'll'rn1ui1hH~ 6 Ll'lt1<11'l<1,fimllufau11: 19.4 Lm: 20.1 mlJ~1~u 1m1ru: 
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40 

10 

v 

nuu1 ni\'u LL!'!: Tolbutamide 

2 

D 

. . 

' v v 

u1m1u (n = 27) 

4 

Tolbutamide 250 mg 
(n = 20) 

6 

"'"' "' ~ ~ ~ 
vvv 
~ ~ ~ 

100% 

hr. 

~ 1uu11uctnmhu 50% alcohol 
(n = 30) 

G2:J 1uu11uctnmhu Pet.ether 
400 mg/kg.In= 25) 

~ 1uu11ufl'ri'~ : quaternary 

alkaloid 400 mg/kg(n=l8) 

' v ' 

39 

qVITI!'l!l'l: iluu1 m l'l l UL ~ilfl'lliH <111rln11 hif:l'l11Jl UVIU Uilf:l0l1wLflf:J'j1m1U 
' . ' 

1 rt un1: ~1 f:I ilH L UiJUIH 1nm1 lJLLl'IO~H 'llil' 'llU'1lll'l11'1'1l'lil' VljililH L uaun 'J 1 n 

m 1mLl'ln~1'1 urmiJ<llii'lla' w'll~ L flu1 u~1' ql'ln1 l'l ~' 'J: 1ilvh011~m11~a1 JJ ' . 
1 '11'11 Thin - layer chromatography 'l!a~cirnrinl'l~H 'l L l'lf:ln1 'lill'I 

LLU!'l' il11'i1 !'!: l'l1 f:IV1<'11 f:l'l :llll B LL!'!: 1 iJ'<11 'lWUl 11' L nl'la L lll'n: 'Wlll' 1 ci1uJJ1: Oillll Uri1 'l 
' v1 ~ 1,,., O ' 

rinl'I J<f:J'l11JVlrilJ<1'l~'WlJ l'lflil ri1'l<UO~J< phenols, terpenes, steroids, alka-

loids, flavonoids LL!'!: sugars. 

•1nn11LJJ~f:lllLWf:lllrl1 rf 111Jl'1 <111~l'l'lH'WlllUci1urinl'I A LLl'ln~1H1n 
~l'l'l1'J'WlllUci1urinl'l'11f:llilfi1Uill'l LL!'!: quaternary alkaloids ~''Wil'J:rl~JJ1'11'1 
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v 

WMTiiiHl1>rfn11'l1 n~uh1wnu ~~>HH 1u11ui. J'1 !i'11 iffiuu1~lJ'l1 n11 n 
u ' ' 

Tim11\inh1i\'~iJiH i11'1{1~l'l'.5rul~ll11'1 nl>lfl~au11'11i1'1\1'1 lli1:1'1H11'1 9 lUii'l'lln 'll , ~ , 

~11U1ULTitll~lJ1lJU11!JltjUH1fnM1L1fll!Jl'VlllU n11~nM1WMflf'!~~'ILTitl1~:w1:wu11u 
TIUl I'll ~l rl!J1 lJU5l!JlLJ1'! 20 40 ll\1: 80 nf:w mn • n1an1 U'VIUTil l'Vln'lUUlU~l'\~ilrlU 

' I" 'll , 

6 l~au l~a~nMlWMLU>:u:mu (chronic toxicity) ~mh1n:\Jl,11'11fiZ'1 4 n~:w1~ 
' ... ... v ..!j v 

lLrfl'l'! m ni >~l'lllnl'I uan'J i nuH mm m uaH i nni >n >a nm L TI1llal'I 

nl ,ir'I n~:WflflU L 'Vl1\1ll\1: n~lJ'Vll'\'1fl'I 1~~m 1 lJLLl'ln~H nu 
' ' 

' " 1'111H'Vl 2 

' 11 ' ni1:w l'll'Vll'l\iil'I 
' 

flilUL 'Vl1\1 
v 

u1 li':w1:wu11u 20 n • ;Tln • 
v 

Ul ;f;J1:WH1l!J 40 n • ;Tln • 
v 

tl1 ~:w1:wu11u 80 n • ;Tln • 

'1~1vm~a~ n~~ N 

eauhrn 11 

J1;;~1~u,1u 20 n./nn. 9 
v 

u1Vi~1~u;1u 40 n./nn. 8 
v 

u1Vi~1~u;1u 20 n.;nn. 5 

v 

u1 l'lunl'i'H tjun f:w ± S.D. 
' ~ v ~ ,. 

naunum 1'1\i'lnum 6 l l'lflU 

191 ± 19.4 295 ± 85.1 

181 ± 19.0 273 ± 84.4 

148 ± 19.5 299 ± 67.7 

189 ± 21. 7 315 ± 55.7 

WBC RBC Segmental hematocrit I eu.mm I Cu.mm 
Neutrophil% 

48.6±5.6 10,448±3021 8.46±1.S 20.1±5.3 

46. 7±2.3 10,188±3629 8.08±0.9 21. 0±3. 3 

48.0±2.9 10,631±2412 8.08±0.6 20.0±4.7 

48.8±0.4 10,820±4913 8.53±0.8 26.2±3.4 
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.J 
1'11 'iHl'I 4 

' ' 
~l'ln1'il'l'i1,l'lu1wTia1ilu 11'1ut'1~t~al'l,1n~11,1'1uww11~~l'lu~1u • ' .. ~ .. 
ether llJtJU'il'll'iUl~l'IU\il'iU 6 ll'ltJU 

tl'"f~"~arn~" N SGOP SGPT Alk.phosphatase Bilirubin 

flauhrn 9 162. 7±29 35.1±6.4 60.2±26.9 0.46±0.18 
v 

1h,;'"hU>lU 20 n. /nn. 8 110.6±21. 4 24.6±4.9 49.8±27.2 0.28±0.09 
v 

U1 '1"1"U51U 40 n. ;nn. 8 163.0±36.6 36.2±4. 7 52.8±39.l 0.36±0.19 

tl1 '1"1"u>1u 80 n. /nn . 3 139.0±75 33.3±5.8 25.0±12.1 0.30±0.2 

toxylin LL\'I~ eosin 
o v'°"I v 

I'll n1 'iUal-IW L l'li;m u 
' 

Prussian blue LL\'I~ Masson trichrome stain 1J'i1ni:p'1 1~WUnl'iLU~UUUJJ\'11 

1w1 1u11'1Ll'IU 1uii'uu11ii'rnun1'iLtJiuuLLtJl'IHLUU cloudy swelling l'l:Ja hydro-

pie 

' ., 
L \ilU1 nu '1HL~1'111Ul'll'iHW 5 

' ' .. ., """ ... 1 . ' q .. 
l'll'iHl'I 5 WU1 n~Jl1WTIEl11JBl'll'll'l'i1'WU Ul'IULLl'll'l~Ol'llJ l lJtJU 'il'll 'i U1 \il'iU 6 l\ilBU • ' 

' n~miau1 l'lrn 
' ' ' 

q "' Ol'llJ LD Ol'IJ-1 MD Ol'IJ-1 HD WUl fi~JllWl'll'l'iHWU ' ' ' ' 
(N=l2) (N=lO) (N=9) (N=7) 

1. Mild focal hemorrhage 6 3 1 5 

2. Moderate focal hemorrhage 3 0 0 2 

3. Massive focal hemorrhage 0 0 1 0 

4. Massive difuse hemorrhage 0 0 1 0 

5. Old focal hemorrhage 1 2 0 2 

6. Focal fibrosis 3 0 4 1 

7. Ac. and Chr. bronchiolitis 2 0 0 0 

8. Atelectasis 1 0 0 0 

v v v 

LD = tl1~J.11J.1u'i1u 20 n.;nn. MD= tl1~J.11J.1u'i1u 40 n.;nn. HD= tl1~J.1 

1J.1m1u 80 n .;nn. 
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mimosine q: llni1rn u1 tlm nn1111~' lO •, 
l'i'JH~fll'IU1U 2 ih1m mimosine TM!lni.1<11u1t1Lllurl1uhmi ~'1~LLi11'1•a1ni'iWH1'1'1 . . 
a~H 1'lnm1J m ,111 ni 'i~nH1 n1nnl'lwHan11f'1 ui1l'lf vim1a•~1~1 rlm ffWULLVJ: L ~u 
"l 1 .., oe\l.q _qv ~ 4 ..,,. ~ ,...,, 1 
tlnli1 ULLIJ1 i1UTI 1'Vifl\H LUUl'IU LLil:ffl'il'lnli1llrn1·Hnl'llJ:LH LLil:~ill'lfll'l1ilflU u 

' ' ' ' 
11'i1h'1'1u Lua,q1nLlluu1~~:a,lir.il'l~:anuLlluL1oi1u1u 

tl1vifuqvi~oil'Jtl11'11oiluL~al'l~l-i1n1'i~nH111f•~ Lllun1'i~nH1qvi~u1L~a 
' ' 

u~V11 'im !lf1 L ~m ni 'i~nH1 ~a1tlm 'il iln1 'iU~V11 'im ~l'l~a«uhl'i: u:viu' L Wfll'IJ1 q: • 
'Vq.f V q V q..J1 Io~ .( 

11'1~il'1TIU!J1nUa!JLVl!J,11'1 vi1n1'1~ilLUUVIU1VlflLq u1q:vi1n1'innH1n~1nn1'iflflnqVJB 

Tia•m~a1t1'1'1u. 

, v 

1'1'111n1'l~nH1qvifi~1'11:'1'uu11'11~1uL~a11Tia11.1111.1«11~11'1 q1nl'i'u11Ju11u 

(Mimosa pudica L.) LUVJ\jtln~LL~:Vl\j~W11VIL1JULU1V111U ~~tl'i1n:IJJ1 L'i!VJ1:rl1U 
' vv 1 vviJ'l qq If ,q 

i1nl'lmman1ua~, i.11Ui1nl'lm!J •1'11Lil!J!Jillnfl1 LLoi:i.11UVJl'l1HV11J quaternary 
, v ' .; ~ • " .,. "•1vq '; 1v alkaloids !JqVJn~'1U11'11~•UL~fll'IVl\jVJVl1 VILUUL1J1Vl11U •l'l!Ji11!J11llill'I l'ltli:1J1ru 

' ' 
fauoi: 20 LL~:oi11Hi\lluf15,viu•Tia' Tolbutamide 

1 '1'mH i.1auvi1rl1ut11: nau~H 'l 1ui.111'101'111Ju11u LLoi:w1 ni 'i~ni;1 wi; 
v.J,.,.,_ V ..,,..J..,,..¥ V I .J ... 
vi• VIL nl'Juq 'lJULLil: 'liUl'IVI L n '1TIUL u 'i: u: !J11 m !J i.11Utl 'i: nauVJl'l'i 1 '1 VIU!J phenols' 

' 
steroids, terpenes, alkaloids, flavonoids Lrn: tl11'11 il rl1U~iln1 'i~Oli1 Wli 

iTu V11J1°1~1 LD5olJHllu 30 L~1TiflHJU11'1~1'if'l'1'mi LLil: L~an'iantl1~1J1!J!J'i11JLVlVl\j 
mu 6 L~au 1~vium11J~l'ltln~ll'l'l ~LLl'ln~H1tJq1nn~1J11au1vi'ioi 

' 
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SHORT COMMUNICATION 

EFFECTS OF GOSSYPOL ON FOOD 

INTAKE AND BODY WEIGHT 
Muckda Chitcharoenthum 

Department of Pharmacology, Khoo Kaeo University 

Gossypol is a compound extracted from cotton seeds. Its 

structure is composed of many aldehyde and hydroxyl groups which 

can bind with amino, carbonyl and hydroxyl constituents in cell 

membrane, amino acids, proteins and enzymes. The compound exerts a 

variety of biological effects which may be of medical usefulness, 

for example, as contraceptive and topical spermicide, antiviral 

agent, anticancer agent and in the treatment of abdominal pain and 

bleeding in endometriosis. 

HO 

HO 

Chemical structure of Gossypol 

CHO 

CH CH 
3 3 

OH OH CHO 

OH 

Presented at 18th Annual Meeting of the Society for Neurosciences: 

Toronto, Ontario, Canada. 
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Many investigators have reported the depressant effects 

of gossypol on food intake (FI) and body weight (BW) during the 

study of its antifertility effect. Moreover, Sotelo in 1982 and 

Beaudoin in 1985 pointed out that the effect of this compound on 

BW was relatively irreversible compared to its antifertility 

effect. Therefore, it is of interest to study the mechanism of 

action of gossypol on FI and BW to see whether the effects are 

useful or adverse. We began the investigation of how gossypol 

decreases FI and BW in young rats. In the first experiment we 

studied dose-response of FI and BW to subcutaneously injected 

gossypol acetic acid (GAA) in Sprague-Dawley rats. 

Figure 1 Effects of subcutaneously injected gossypol 

acetic (GAA) on body of young male rats. 

DAYS of TREATMENT 

TrealmMI MSE • 82643 !9, F(3,36/ •/4_92 ,P<o0002 

Trealmenl day M$E•6389,F(39,468!•26 30,Pi00002 

Figure 1 shows percentage of BW-gain from the age of 24 

days in 4 groups of 10 rats. During 10 pre-treatment days, there 

is no significant difference in growth among these groups of rats. 

Gossypol treatment at 1, 5, or 10 mg daily per 100 g BW began at 



l11~11lnflnl~U1 U~ 10, 2531 

'!hai J Pharmacol Vol 10, 1988 

day zero, when the rats were 34 days old, and was given for 14 

days. During the treatment period, the control group maintained 

their growth linearly and similar to its pre-treatment rate. On 

the other hand, the group treated with l mg dose of gossypol 

exhibited a nonsignificant decrease in growth rate by 7°/o below 

that of the control; that of the group· receiving the 5 mg dose 

decreased significantly by 20 °/o and the 10 mg dose produced a 

significant 40 °/o decrease in rate. The effect on growth seems to 

appear within 2 or 4 days of treatment. 

Table l Effects of gossypol acetic acid (GAA, s.c.) 

on food intake of young male rats. 

Daily Food Intake (g/100 • BW!,S,B) 

:nuys of trent•ent 

' 6 " 
Treat•cnts (6 observations/group) 

Control 14.0!0.24 12.8+0.24< ll.0+0.16< 

GM 

I mg/k!(.dny 13. 8!0' 16 13.0,!0,24< 10.7+0.16< 

5 111g(kg.day 13,5,!0.20 11.8+0.33• 9.H+0.12• 

10 111g/kg.day 12.9+0.11 I0.5±_0,24b H.H!0,29b 

Mr.ans are r.nmparfld- U!'ling the St11dent-Nr.w11an-Keul h~st al. p<0.05 

'1r>nng 1~ith I.he: same letter are not aignificant.ly different 

Daily food intake of these rats (Table 1) was also 

depressed by this compound in a dose related manner. The amount of 

food eaten daily per 100 g BW of these 4 groups of rats was 

similar before the treatment and up to day 6 of treatment when 

significant depressant effects of the 5 and 10 mg doses of 

gossypol appeared. This effect persisted to the end of 14 days of 

treatment. Rats treated with 5 mg gossypol ate less than the 

control by 10°/o and those treated with 10 mg gossypol ate 20°/o less 

than controls. 
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At the end of treatment, trunk blocx:l was collected. 

Serum samples from 2 rats each were assayed for free T4 and total 

T3 by radioimmunoassay using commercial kits from Amersham and 

Sereno Diagnostics. Figure 2 shows a dose-dependent effect of 

Figure 2 Effects of gossypol acetic acid (GAA) 

on free thyroxine (fT4) level. Dunnett's 

test * p<0.005, ** p<0.01 

~ 
w w a: 
l.J... 
0 ::::: 
_J "O 

'.!;!' w g' 
_J-

:;;; 

~ 
2 

** 

5 10 
control mg I kg. day GAA 

gossypol on serum free T4. Gossypol at 1 mg dose has no signifi­

cant effect on T4 level while the 5 mg dose significantly 

decreased the hormone level by 30% and at 10 mg dose by 75%. 

Similarly, the serum level of T3 (Fig 3), an active metabolite of 

T4, is affected by gossypol. 

The hormone levels are decreased 20%, and significantly decreased 

35 % and 45 % by 1 mg, 5 and 10 mg dose of gossypol, respectively. 

Table 2 shows the result from carcass analysis of 5 rats 

treated with 10 mg dose of gossypol compared controls. At the end 

of 14 days of treatment both control and gossypol treated rats 

have similar BW and wet carcass weight which is the BW of rats 
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Table 2 Effects of 14-days treatment with gossypol acetic acid 

(GAA) (10 mg/kg.day,s.c.) on body composition of young 

male rats. 

Body Composition (mean+Be) 

• rats BW wet r:arC':ass weight water fat protein 

(g•se) (g±se) (g/ra.t) 

TrPll.tment 

!'ontr,1 ! ' 1:16.2.,!H. 4 I0<:.'1i7 .:! 72.t:i.t,.4.H i;. O,J;O. 6 g. "1.!,0. 7 

("]AA " 121.1,t8.2 92.2,!5.8 68.0_!4.6 1. 7_!0.4 H.8J_O.fi 

'(Ill 0.75 I. 09 0.!;!1 f). 5 :i 0. I 0 

p )Q.20 )0. 20 )0.50 <0.001 ){). 50 

minus head,tail,blood and GI-contents. Fat is the only compartment 

in gossypol treated rats that is significantly decreased regard­

less of whether the body composition is expressed in absolute term 

as show here or relative to BW. 

Figure 3 Effects of gossypol acetic acid (GAA) 

on serum triiodothyronine (T3 ) level. 

Dunnett' s test * p<O. 05, ** p<O. 01 

1.000 

0.800 

t .. 
~5'= 
~~MO 
~- 0.400 i ** 

m :::, ....... ---''--'--- -'--'----'--'----'-"'"--
5 10 

control mg/kg.day GAA 
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In the next experiment, we studied the time-course of 

effect of gossypol on serum free T4 in groups of 5 rats treated 

for 2, 4, 6, 8 and 14 days. 

Figure 4 Time course of effects of gossypol 

acetic acid (GAA) on serum thyroxine 

~000 

~ 5Po0 ~ 

~ 
~ 

ll' ·-I; -b ~000 
~' ~~ 
>~ 

"' 2,000 
~ 

~ /,000 ~ 
~ 

"' 0,000 
0 

(Free T4 ) level. t-test * p<0.03, ** p<0.001) 

o control 
• GAA 

! 

2 4 

t • 

6 B 10 12 14 

DAYS of TREATMENT 

The results (Fig.4) show that whereas the serum level of 

T4 increased in control rats from 34 to 48 days of age, gossypol 

treated rats have a constant level of free T4 after day 2 or 4 of 

treatment. The time course of the effect on T4 is similar to that 

on BW. This suggests that the effect of gossypol on BW may be 

mediated through its effect on T4. We also found that the time 

course of gossypol's effects on serum testosterone is similar to 

that on T4. Thus the effects on these two hormones may influence 

the effect on BW and FI. 

The results of experiment designed to assess the 

participation of thyroid hormone and testosterone in the effects 

of gossypol on BW using hormone supplementation are shown in 

figure 5. 
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Figure 5 effects of gossypol acetic acid 
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Effects of gossypol on BW were compared with the control 

treatment in 2 groups of 9 orchidectomized and thyroidectomized 

young rats receiving testosterone implants and daily subcutaneous 

injection of T4 for 14 days. The doses used had been found to be 

optimal for maintaining BW in.orchidectomized and thyroidectomized 

rats. The depressant effect of gossypol on growth rate by 50% is 

still observable and appears by day 2 or 4 of treatment. 

Similarly, FI of these rats as shown in table 3 is still 

significantly depressed by gossypol from day 4 to the end of 12 

days of treatment. 

These results suggest that the effect of gossypol on FI 

and BW may be from action sites other than the_th_yroiq anq testes. 

Table 4 shows results from carcass analysis of these 

hormone supplemented rats. After 14 days of treatment gossypol 

treated rats have significantly lower BW and wet carcass weight 
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Table 3 Effects of gossypol acetic acid (GAA,10 rrg/kg. 

day,s.c.) on food intake of orchidectomized (OrX) 

and thyroidectomized (ThyX) rats supplemented 

with testosterone (Tes.) and thyroxine (T4). 

DaiJy Food Intake (g/100 i:t ll'rl!S.E) 

Days or trC'otmnn! 12 

Tr"atmr>nts #ra\s 

1'hyX f0rX+T1 +Tes. 

+control 

+ G \.'\ 

1.(11! 

p 

15. 2:!:0. 2 

14. 4 ill .1 

l . 79 

)(). 2 

15.1!0.7 

I 1 , HfO, 7 

3 .!lO 

<tl.005 

12. l:lj {l, 5 

l 0. Ht,0, :1 

:1,1:i 

<0.005 

than the controls. Although absolute weight of water, fat and 

protein of gossypol treated carcass are significantly lower than 

the controls, only fat content is significantly lower than the 

Table 4 Effects of gossypcl acetic acid (GAA) 

(10 rrg/kg.day) on body compcsition of 

the thyroidectomized (ThyX) and orchidectomized 

(OrX) rats supplemented with testosterone 

(Tes.) and thyroxine (T4 ) . 

DW 

. llody romp<>>" it inn ( melin+~.t·) 

w.-t car<•ass WPiJ;:-ht f-'------------1 
wRt<'r fat pr<>l<'in 

(g.±_se) 
(g/ral) 

1.~;:. 7 + 5 • .'.l I I il. 2.! :: . f:i HO. 1j,2. 7 7. fi,!O. 5 II . 1;!;0'1 

t ;i:!. f;!, 4. 5 !J5 :i;t, 1 ''.l liH H,t'.l. 0 2, !Jj;O. 5 \J. '.l;t.'J. fi 

11111 H. 7fi 1. OH 2.H7 fi. f:i 5 2,50 

p ((). 0005 (0,005 <0.05 < ll. 0005 <0.05 
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controls when body composition is expressed relative to.BW. These 

results suggest that gossypol may interfere with fat metabolism to 

affect FI and BW. 

In the last experiment we examined gossypol's effects in 

rats in which almost all carcass fat had been eliminated. Two 

groups of 7 young male rats were treated with 3 and 6 mcg of T3 

for 7 days before BW was recorded. Growth rates of these two 

groups of rats during 7 days of gossypol treatment were similar to 

rates before the treatment (Fig.6) 

Figure 6 Effects of gossypol acetic acid on 

body weight of young rats when body 

fat has been removed by high dose of 

triiodothyronine (T3 ). 
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Thus elimination of.body fat can prevent the effects of 

gossypol on BW. Our observations also tentatively suggest that the 

depression of FI is prevented as well. In conclusion, gossypol may 

affect both BW and FI through actions on fat metabolism. 
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ABSTRACT 

'Ihe teaching of pharmacology in 5 dental schools in 

'Ihailand was studied through the analysis of information provided 

by the head of departments. 'Ihe study focused on the length and 

content of the courses and professional qualification. 'Ihe result 

showed that pharmacology is taugth by using lecture principally. 

Most of the instructors held M.S. and Ph.D. degree. 'Ihe lecture 

hours are quite different between dental schools. It range from 

54 to 121 hours, with the mean of 89.2 ± 23.9 hours. Some dental 

schools are not emphasize on the drugs used in dental practice. 

'Ihe result revealed that the contents in pharmacology curriculum 

of dental schools in 'Ihailand should be revised. 
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ctf H llUUl'li!Um l-1 l wa Tiil TI'al-liNm 'll1au1111 l 11t1111viu1 '1 nVl1vitl'1m111111 

" 
' ... v 

'~1iN•n'lt:m1V111viu1iN!J, 
' 

l-lvi11viu1 i1'!:1'llaUllnu l-IV111'vim trm ~m 1 VJ~ l-lvi11viu1 Kuct• 'llmu!l1uvif lliN: l-lm 1'viu1 Ku • • 

' 
llUuctaum l-lwl'!aunKum 1 ilmu«• 5 l-IVll lVl!Jl Ku 

• 
11U'll 

1. unf1nH1VJUl'llll1VIU ~nl'll j!JUlTI1li111'11lVl!J11u~uiJ~~HOU~Hl~~uiJ~ 2 

ii• ~uil~ 6 ih u1 mi'Fl: l juu1 u~uil~ 3 lLiN: ~uil~ 4 'llil•V1~n-i1mViul'llll1V11Jl11 l1l'lf " . 
o V ":J .cfJj I 4 .J 

'1muun!lnHHll'IHLl'I 35 \H 100 TlU l'iliN!J 43.0 ± 24.4 !lU 

2. m '1 , r'i~ctilu 111H 11t1111vim 11fonmi:: Viul'I LL11vi!:ll11 ctl'Jf L iluBH 1 ., t'i'llil, 

111!llTI1li111'11l'viu1 ~•m•o!lilLJ1U'1UlUU~H'l il•~ ~il • 
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v ' mJ:;'l'JUl'lllW'l'lii\'11 <l\111 

mi:; lll'l'l'Jii\'11 <ll'I{ 

mi:; lll'l'l'lill'il <ll'I{ 

mi:; l'l'lil11'11 <ll'I{ 

' "' v ~~1~1n10!IJ'l'l11'1'1il1~il 
' 

"' v q mn 1'1'1i11 ~m.mirn 

~'1'11l'l'lil1~ill~il~1'1'1~ 
"' v ' 

~'1'111'1'1!:11 ~il'llEIUllnU 

~'l'lll'l'lil1&u<t1'lla1ufl1u'l'I{ 

~·1muaH 1161 Ull~a:m fll~l ~~Hl~ 5 ii1 14 

111fll'~1a: 9 ± 3.4 ~1U ~1u1m~lltl~~L'l'llla~tl:j~ lan 

' '1'11U 

' ... 
1'111H'l'I 1 

q "' iJ v mnm ~1U1U flYll u 1aua: 
' ' 

Ph.D. 15 33.3 

M.S. 23 51.1 

M.D. 3 6.6 

D.D.S. 3 6.6 

B.S. 1 2.2 

' 
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~1 11 w1 iftl 'J: fltllln 1 1 l j ilUnl 1<lau mi:;VIUl'llLW'l'l!:ll'il <ll'J {'l'JnLl~1 lLU~ th 1 «!if ~1 11 Phar-
' 

"' macological basis of therapeutics 'lltl1 Goodman and Gilman 11ua:lt1ill'I 
.,; 

Ll<f1'111Ul'l11H'l'I 4 
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' 
1'11 'l1 'I~ 3 '111 iian1 'lliau'.\''111Lnl1''1111'lm1 u rm:i1Ul'ILL'l'l1'1Uf11 lil'lf 5 LL~'! 

' v v ""' q 
>n'llt11'1i11'lliau 

v 31"" JI v 
1. 1'1<1nLJlci'li11'l!J1 L!JtiHIU 

2 • !J1 'l: rrn.J 11'1-<ll'l 1 ii 
' .. 

3. !J1'll1 L\l'l'l1:1'1 

4. mu~~rn: 
5. u1'l:rua1n1'lanLliu 

6. W<i1a1 'l~ 
" 

7. D1'lL~UU1lJ~'ltnLL'1:n1'lU'l'ltl1 , 
q' v 

8. n1'laanql'ln'l1l-lnU'llt1'1U1 

9 • UHl'1!J 

10. U1'l:!J!JU'l:li11'ltititl'ILU~~ 

11 • m 'l:!J!JU'l:li11'ln'1H .. ., 
12. U1'l:!J!J11'1<1L1UUL<ltll'I 

LL<I: J111' 

13 . m 'l:!J!J1'11 u1' , l'IH L ~u 
v ' 

tl11'11 'l LL<i: 'l :!J!J 'll!Jll1 U 

tl'lili11: 
' ' 

6''j q ""' v 14 • l'.la'l il-IULL<i: tnl'l L nm 'llil'I 

nu~ill-11 f~il 
q q 

15. 'l'llfll'ltn 

16. m'l:ruL~il 
17. m ~1ufru1 'l~Lm: 

.J ,( 
18. tnl'lailnql'ln 

~ ~ 

19 • L !Jl'IL 1'1<11'1 

' 

2 - 10 

2 - 9 

1 - 6 

4 - 14 

1 - 7 

0 - 1 

1 - 18 

1 - 2 

2 - 2 

4 - 13 

5 - 9 

4 - 10 

3 - 6 

0 - 7 

0 - 8 

1 - 10 

1 - 4 

0 - 5 

2 - 21 

' 
'imuih 1 IN!J'l 'l!J1 u 

X ± S.D. 

7 .4 ± 3 .3 

4 .4 ± 2 .5 

3 .2 ± 1 • 7 

8 .6 ± 3 .3 

4 .o ± 2 .2 

0 -8 ± 0 .4 

6 .o ± 6 .4 

1 .2 ± 0 .4 

2 .Q ± 0 

7 .6 ± 4 .Q 

6 .8 ± 1 .3 

6 ·8 ± 2 .Q 

4 ·8 ± 9 °8 

3 ·8 ± 2 ·3 

3 .4 ± 2 .6 

5 .Q ± 3 .4 

2 .6 ± 1 .Q 

2 .2 ± 1 -6 

6 ·8 ± 7 .4 

8 .3 

4 .9 

3 .6 

9. 7 

4.5 

0.9 

6. 7 

1 ·3 

2 ·3 

8 ·5 

7 .6 

7.6 

5 ·5 

4.3 

3·8 

5.6 

2.9 

2.5 

7·6 
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' 
'J 1U1ui!'J1 m liaUU'l 'l!:J1 u1 '111 L ll<1''111Vlll11 u flru::VJU1'1LLWVJ!Jl't1 <1ri{ 

5 LLvi, ona" 1 VJu 

130 121 

110 

90 

.., 70 
"' ,,_. 
'" - ,., 

50 "" r 

"" .r 

"' 30 

10 

c.u. 

' 

M.U. 

c.u. 
M.U. 

s.u. 
K.U. 

C.M.U. 

s.u. 

q v q 

:inn 1 VJ !l1 1:1 u :J.J111'1 '1 

:J.l'l11JVl!J1~!Jli"TI'11U!l~UVJ{ 
q v ' 

:J.l'l111Vl!J1 l:l!JTitlULL!lU 

= :J.l'l11JVl!J1~!JL~!J,1'11~ 

K.U. C.M.U. 

<I 1m uil'11:J.J"rn1<1au1 '111 Lll<1'l'l1VJm ona" !lru::ViuriLLWVJt11'11 <1ri{ 

' 
!lru:: VJU l'1 LLWVJ!Jl't1 lil'l { ,·1muih1:J.J" 

1 U:J.l'l11 JVl!J1 ~!J 
q~ 

t1':J.J:J.JU1 U'l 'l !J1 !J li!JU l'1 

' q v 
'~11:1,n11:illJVJ11VJu11:1u 121 22 -
' q q 

:J.l'l111Vl!J1 ~!J:J.l'll!ll:l 110 18 2 
""' v .,,._ rt 

:J.l'l111VJ!J1'1!Jli"TI'11U!l'lUVJ'l 84 - -
q v ' :J.l'l111Vl!J1 l:l!J'ntlULLnU 77 - -

:J.lVJl=J'VJ!Jl~!JL~!J,1'11~ 54 6 -

Mean ± S.D. 89.2 ± 23.9 9.2 ± 9.2 0.4 ± 0.8 
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' .. 
\il11Hl'I 4 

' ~il~111 

l. Pharmacological basis of therapeutics 

(Goodman and Gilman) 

2. Pharmacology and therapeutic for 

dentistry (Yagiela, Kroeger and Neidle) 

3. Clinical pharmacology in dental 

practice (Holroyd and Wynn) 

4. Basic and Clinical Pharmacology 

(Katzung) 

q , 

H 1 'ffil 

Recommended 

5 

2 

2 

1 

..¥, VV I «!I 'lJV V V q .,J .,J V 

n11~nB1U1\i\1U\ill1U1lUUil 1un1111'1'llilU&'l101'1ll'IU1n1filTI11'1lnUl'llil' 
" 

LtlumiH~ ~'vl1111lllifausmuir, s mmuu ft\i\Ltlu01w1aunt1ufau1: lOO N&~1~' 
" 

< v 1 11 
m 'lliumruLL&: Dn\ila' u=u 

" " '11muun~nB1~Ljuu1ufiill:VJU\i\LLvmml1lil'lf ~~HL~ 35 \i, 100 fiU mn 

uamL~l LL~il'num l'l'llilHL~&: liD1uu L tlun1 'lm "~' :uan11un~nB1 L ~i 11~' t l'lm: mu 
' 

rl11'lfun11~nB11:~Ufl\ilU~nB1 ll'l11:n11l~Uun11liau~~~il,il1il'UU'l~Ul'l&1UilH1' l~U 
' ' 

1'fi011mau firun1waH11u tL1:tl'n~nB1 ttlu~u a8H11n~limuu~~tl'n~nBw1naH11f 
' 

qq -~ .. ~· v .. 1 ~ _, v -~ JI lBUUnnUl'lUUlUU 2 l'lil' l'l'lil 1'1Ull&1a11'11Un11nOD1UU10'lJU 

il1'l116~fU~\i\TiilU011l'lilUJTI1tnmTIJl'IU1 LtlUu1'l11UU1:'11n1fiJTI1Lnm~ 
q I q V 

Jl'lm 'llil' tt\il&: mn rnu1 au 

ujC\Rfl l 1'11'11' L nmTIJl'lm 
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wnct~1uuct8ULl'l1J1i!1fil111t11uti1uw5n 
' ' ..,,, v"'\ .<:;! q I ..::j <:11 "" v '°'I qq :';/ q, I 

li[]lJl'I tLl'I: m 'IUH Ll'IN t l'l!JJ fl8'1!8um11wt1101!JJ.1'1'1'1l'l'l'IJ.1n11 ~J.1J.1U1 'J 118yn11ct8um fl 

li~ml~1 H1 MUD~fflfl L ih 1'J L ~8'1'11 h]1'1 !J~U Ll~81'J L ~8H 1 D~1LJ.1101'ict8U'J01 tll'IL ~8 
q v Jf "" .., ..,,, ,'!;/ .,,, _..; .,,, .,,, .., 1 """" .., t: 

L'l'l!JlJD1JLU8'1'11'1'1J.11D t11:n81JD1J1TI1ln«TI1'1'1!J1LlJU1TI1lct5J.ID11'iDB1 Ufl\'IUD 1'11UU 
' ' 

• _y " <I <I q .,..~ _, v ' 1 " v v "l .. ,, 
'J1U1UTI1LJ.11'1'1L'i!JU01flli[]1Jl'l'J1ED\'ll'lfl11J.1~1flq)\'11 8!J11 'i01'11J.1~1'111DUn~nB1J.IL8D1ct 

1 !I.I o' q q,...,..,. "'>. I 1 VV ~ !I.I 1 "'1 v"'i.,: J/ 
l'ITIJ.lill'YWUl'l'ilL'l'IUD1'iL'i!JUi11fltl[JlJl'l'J11 'J:TI1!J '11UDT10B1L'IJ1 'Jillfl'l'lqB[) l'll'l!J1'1JU 

U'J'J uuni 'i1 i1'un~nB1 ~nB1 flUflJHl1 uii'1 L 81 Ll'1'11J1 ~~ L \'l!J ii'1 ilum 'iU1~alLOJ:1fin1 'ict8U 
' ' 

ctJl'u1'11~J.111 Til W81 MUD~DB1 ctul'J L :j!JU LL\'I: 111 'i-i'l'l'l15nctl'l'i1 ~D1 'iD 'i: ii'u1 ~nm flUflJ1 
u ' 

i\'1 uiJ1 l 81 lL'l'IUnl 'i fo'i(1 ~1 lJ 'i 'i!J1!J'J1081'J 1 'i ~ L W!J1 8U11 L ~!JJ 

~1LJ.11n1'ict8u1J11u1u~Luiu 89.2 ± 23.9 il'11J.11 

<I v q ,,,.q 1 v ' " <I '1 v q l 'l'I !J1JD1JD1 5ct8UJ TI1 L n~ti1 'l'I !J1 urru: 'l'IU l'l lL'l'l'l'I !Jl'l1 ctl'J 'i Ll\'I: L 1. L 'i !JUlL'l'l'l'l!J uctw 'i !j8 L J.l'in 1 
I l I I 

qq ;>/ .,,, q q 

'l'IJ.1ni'ictautn~ti1l'l!JHU'1!JL'l'l!J1 63.80 ± 19.56 il'11mtLoi: 90.65 ± 18.36il'11m 

m m~1 ii'u 1'11 J.JA\'lnl 'i~nB1 'l!a1 waigandt trn:flru:: 1 uiJ 1986
1 w5a~01n1 'i~DB1 

'1181 Kahn 1uiJ 1976 '1'11JJ1 ~D1'ict8ULW!J1 55 ~1LJ.IH~1ifu 2 'i1!J'1:L~!J'1llctrH 
1um'iH~ 5 

tt1:/u1JLW!J1J~1LJ.11n1'ictau1J'i'i!Jlt1Jti1tn~ti1'wu11uflru:: 
Viul'I Lt'l'l'l'I t11'11 ctl'I f 'Ila 11 wunuct11 f !j8 t J.J 5m 

' 
TI1LlH1J'i'ifJ1U 

flru:: -ll'i:l'l'll'i 

(mean ±. S.D.) 

v ' 1 'l'IUl'ILL'l'l'l'l!Jl'i1ctl'l1- 'l'l!J 89.2 ± 23.9 (n = 5) 
.., .r' .., .,,, 1 
wu l'I LL'l'l'l'IHl'i1ctl'l1 -ct11 'i !i8 L mn 1 63-8 ± 19.52 (n = 15) 
.., " .., .... 

(n = 55) 'l'IU l'l ll'l'l'l'I !Jl'l1 ctl'l 'i -ct'l1 'i ;ga l J.l'inl 55 

Lll'I: llflU11'11
2 

.( v .,,, 1 
tt'l'l'l'l!Jl'i1 ctl'l 'i -ct'l1 'i ;ga L mn 1 90.65 ± 13.36 (n = 20) 
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LL~' ~111'1~u)1'°1mui11m l n11 'l~' l 1'1lJ1~1t1-1iJ, 1 ~Hi 
' ' 

«1lJ8"1'11lJ~1l~'lllQ~H n11ctaUL!lm'1111'1H11u 

l'lH~~UWUl'lllW1'16'lla,ctV1f;iaL1J1m1uil 1986
1 ~'~LW~' 6}.80 ± 19.56 i11JH 

' ' 
if111J,n11ctau'lla,11'1Hw~a8u1,~LWH,wa 100 
' " _"('} .o!l ..,,, v ""' ( ..,,, v JI 1v 

TI1 •lJH1a lJ1'1111'181~8lJ1'1'1~ll~~'1'1~'fl'lMJ1'1111'181~H !1"~ct1lJ1'l(llJ'l'lHU81'11 1'I 
' ' ' 

n-i'1' '1111' LL~~ ~n~' 1 ?Im :Jm 11JJJ 'l~ ct'~ 1'11 n~m 'l l uuii• m w1 oifV11,J1ul'ln11mL~~ ~n ~u 
111'un~mf1 l ~HU f ?(1 Hl'\U la' L 1181 iJ1 ctl'\VJTIU!Jn1ru~11J?i1 H' ~vh 111'm 5 l ~HU fl nm'1!J1'181 
"l '11 (~ .J{ 
b flctlJlJ Wl!H 'llU 

" u u 

u 

'111 iia1 u1 '111 l nm'1111'1m~ctau1 uriru::.ZumLW1'1HTl1 ctl'lf 'lla' 11'1H l '1H l Q~H wui 1 
1 I I I I 

_, u ~'1 ", .~ <l v '1» <l '°'"Y 'r L'la,mLmlJrn 81Uffil1U~ll~~m'111 'llHlJU811'11'1Ul'lllW1'1H ""lJ1n1'1~'1 lll'llJTI1 •JNn1'lctau 
' ' u 

Lu~HLWH,faH~~ 18.2 'lla,if111J,n11ctauLnm'111'V1H1'1•V11J'1 V11nw,11ru1\i,ctn1wn11 

Hfo 1m 1, '°1 mui111J~ ctau~um'1uam nu1 JJ n11~'° 1m ui1t1J• 1 u'11 iiaii1' $1u~il'aH 

1 v iv~ v ( 1 v oe:I "I v JI .J 1 
VHLnUflflfl1'111'1Ul'lllW1'18lll'l~~ct\11lJU !11'llJn1'l1'N1'lill11'1lJ1'11U U'llJU'l' lU81'111'1lJ'l'l' U 

' ' 
l'lil'nctl'l 'lVJU l'l llW1'1HTl1 ctl'lf ~1u1fim 'lU fuJJ,, m '1'1i'LLU11'11' n 1 'l ;j '11'!il'nctl'l'l J TI1 l nm'11 

u ' u 
..,,, ~ 0 .... v ""'4 ~~~ vv !LI ( 

11'1m ·n' llU~U1 L '1H1'1Ul'lllW1'1HctlJ1 !1lJ'll8' ctl'l'l '8 l !J'ln1 l'l'Ul wa 1 m '11'1<.'rnctl'l'l l '111 L nru'I! 
' ~ ' ~ 

<l1voe:I v v q cl• v">l 
1J11'l'l,1uct1n~l'I n~L!1H,nuV11J'11'lncta1uu '1n1'1111'1'1 3 '~LV1U11u1,cta1uu1Jn11ctau 

~ ' 
L~a' mLLri'JJ1mwH' 2 i11m m'111 1 i11m mu~i1rn~LwH• 4 i11m LLct11,111' 

l ~UJ1 n1 'lct8Ul '111 l nm'11J1'1m 1 uriru::'1Ul'lLLW1'1~Ti1 ctl'lfoH Lln• ~1 ?( l UUGHl11 lJ'11 fi'qJ'lla• 
' ~ 

TI1llJ'n1 'lctau1i1'ctu11!1-Ku' nun 1 'lU~ml' 1, 'llfl' J '111 ilwwu l'l ll'W1'16 ll~~ l lJf\lJa .1 U!l1 'W'l1 lJ 

'111iiani1ctauiiH $1u ~ii' ~i11 m n11ctuuil'aHni11 uctV1f ;iu L lJ;m m lJl'l1 >H~ 62 
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n1'H1uuf m ~H '1'11 'lil~1 UYJfJIJ L 'INl111 L 'l1n151 N~l'ILLWVl6 l ni1'lin 'l Un Lili1''liJVlm • • 
n1 <\'HlilUUO~nt-111 J1'dJUVJUl'ILLWVI~ ~~m 1 lJ-i'LLl'IOU1 UVIH L ni1\'JJVl!J11 UilUHll'I • 

v ' VIUl'ILLWVl!Jrl1 <il'l'l 

' ' 
ii1LlJ1U'l'lrl1rJL11rJLU~rJ 

q 

Hi1 

ll'l: L Vi!llvl!J 
v q 2 

<ill'l!jil L:IJ'l01 

m 'l: 1vul1111 4.4 6-8 

m11l]~1u: 8.6 11 • 1 

.J 
!J1'li1 LUW1:VI 3.2 4.2 

1 l'i'i1m11 ii'illJ1'101 'l<iilUJ'li1 Lili1''li1vim \'Ji]~ ~VJUl'ILLWVl!Jrl1 <il'lf\'la11 Vl!J wm'1 
' . ' 

,.. .. q .. 1-'I'."°' • v 0 _y ., 
ill,l'lrJVl<iilUlJ~ru1mLV1lJl:<ilJ1I nl'l<iilU TI1n01'lU'l'l!Jl!JLUUV11'1n '1U1UTI1blJ1'1ilU 

1ULL~<1:'1a1UULLl'ln~111i'u Luiu~,·1urnil'11lJ1nl'l<iilU 89-2 + 23.9 .if11m UH 
V-""I 'V ~ O<U <LI iJ ~ .o:j V ~ JI 

i1G1UUlJOl'lLUU!JlLWiln1'lU1U11V111VIUl'ln'l'llJUilrJ ''~1'llJ01'lVIUV11Ul15ULl11'1rJULUil\11 
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Discover a new class of antibiotics 

• The first monobactam- structurally unique 

• Monocyclic, bacterially produced, beta-lactam 

• Very low immunological cross-reactivity with other 
beta-lactam antibiotics suggested by in vivo 
evidence* 

• In vivo evidence suggests only weak immuno­
genicit y t 

"Pa11en1s who have cxh1b1led 1mmed1dte hypersens1IMly 10 pcrnc1lhns °' cepha'OSP011ns 
Should be observed carclully f0Bow1ng lreatrnenl with ALACTAM • 

t A rare Pdl•en1 has bem rcnortcd 10 Cll'.peuence possibly allergic rcachot'5 aller rcc~ ... ,ng 
az1rconarn. nlClud•ng rash ur11ca11a cosmoph111a bronchosoaSJn arKf a 11aphyt.ix1s 

Discover broad gram-negative coverage 
• Bactericidal activity against gram-negative aerobes 

including E. coli, Klebsiella, Proteus, Enterobacter, 
H. inf/uenzae, Providencia Citrobacter, Serratia , 
N. gonorrhoeae, Pseudomonas 

• More active in vitro than gentamicin against 
Pseudomonas 

• Resists degradation by beta-lactamases 

Discover rapid penetration into tissues 
and fluids 

• Penetrates rapidly into body fluids in high 
concentrations 

• 1 g provides peak serum concentrations hundreds of 
times higher than the MIC90 for most susceptible 
Enterobacteriaceae 

Discover high efficacy proven in a wide range 
of clinically important gram-negative infections 
in over 1,900 patients. 

Primary Diagnosis Microb1ologic 
(no. of evaluable patients)' Curet 

Single Dose 
Acute. uncomplicated gonorrhea (209) 97% 
Acute, uncomplicated cystitis (56) 84% 

Multiple Dose 
Urinary tract infection (712) 83% 
Lower respiratory tract 1nfect1on (348) 80% 
Skin/Skin structure infection (316) 86% 
Septicemia (122) 98% 
Intra-abdominal infection (121) 88% 
Gynecologic infection (73) 99% 
Bone/Joint infection (22) 91 % 

·evaluable pa11enls Investigators adhere 10 the protocol m1Croh1olog1c diagnosis 1s 
certain 

tM1crob1olog1c cure Ong1nal palhogen(s) eltrrunated or reduced 10 ms1gml1can1 numbers 
at the enn of iherapy (lor UTI 5 9 days posl-therapy) fl11s includes some pahcnls whose 
cullure(s) became pos1hve for the ongmal pathogen du11ng the post·therapy peuod 
(relapse) tor UTI such pa11ents were classilicd as la1!l11es Also. some patients had 
pos111ve cultures !or a new pathogen during the post lherapy pc11od (roinlec11on) or 
durrng lherapy (supennlechon) 

• Well tolerated- suitable for use in elderly and /or 
renally impaired patients 

• Well tolerated by the kidney 

• No clin ical reports of ototoxicity 

AZACTAM 
(aztreonam) .~ 

1 In a class by .. itself 
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THE BLOOD - BRAIN BARRIER 

mnh 

_C'f .;J ~ ~ ~ I "'f JI 
Blood-brain barrier l JJU l t1ilnmmULL1'1Wi:Y111' l l1il!Hll1: l ua 

m~a' ~1wu1~rl1~ru1un11111u11~n11~1uLii1aanTia,ct11~~1Llfu~an11~1,1uTia' 
v • 

LTI11~u1:ct1w1uct~a' l~U ~af1~u n11'la~1uu1,Tiul'I n11111ct ct11tl1«illlJlrutJ1:~1w 
" v v 

'>"' '> <\ ~ ~~v ~Jf~v < v JI 
lTill'll'I~ ll\1: lUlll'l~l"lltl~ ililill! llJUl'IU W~UlWil1n1.tll'll11'1"llil'ctfl11'Hl11'l\1il~1ilU'HUil • '' .;Jl'.:Jiv 
~~a,lwawlTI11~u1:~1w1um~a,•:1~~1,1ullluun~ a~1,11nl'l1~ lt1anuu•:Til'!TI11' 

1 u 'lwuw~am u1' TIUl'l1uL~al'!1 ~ua~111~1u l iii cict~m 1l'lm'11'1 
" ' 

n11~nBll~8' blood-brain barrier 11\il~11'11~~1~ullful1111 

u1:mUM~,fill'ILl ll'll'l~llm~m~mnm~atfu~l~~~Ul\!~1,U\111'1 rim'l'lB~ 19 l~ilUn 
iiml'l51wmTI11Lua1iiu Paul Ehrlich 'lll'J,1ui1 1~~1~11ml'a~aTiaH~act~a,1~ 
L ~aul'l trypan blue l ii1 w11am ~al'l~11 u'11'11mrna' l m m~u11 L TI11~~~a""unua1 ~ 
1 .... v JI " v v " .; ' 

~l'l nl'l!lUWUUUn•l'lllU. ll'l1'1~\1n11Wl'll1il,TI8" E.E.Goldman (ll.rl.1931) wwm1 
' " v 

.,.,. v'> ••1yv ' v < 
l~il\ll'l trypan blue LTil •1'11'11'11' •Ul!l Ticil!Wl1Hll1:~~il,Tiil,n1:mmrn:~uTI lTI\1\1 

' ' v""l<:_::j tj (-!iv 4 1'vvj 
~irn,•:l'lil~l'll'll1Tiil" trypan blue 'llfil:WLTI\1l1W'lila1m:au'l uan~~a" ~unl'l8~mu,1 
JI I 1/1 V .<::! .;J ~ I I 4 .J. V J/1 
u ~\1nl 'lW!l\18' U"1ll 11'18" m 1'18nU 'l:Yl1Hu1: ~1 w~rnnl1H ll\1: l \18 '1 "ll" TI8~ 'lUUTI11'1 • ' 
"lll'lll'J!l'llmif1h1umm1'lWl'll18'TI8" A.Biedel nu R.Kraus (ll.ri.1898) wwm'1 

n1 'l Q!l bile acid l Til W\18 I'll ~8'1~1 l u«\!11 W!l\18' 1 ~~1111' l fl'1~B~il 'l:1JUU 'l: ~l W 
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' 
mn' ll~"l :;111 i\''11>11~11'11'1a• ~a1ni'lii'nttl'I:1 f1~1 L ~aum ii1 ;;Jim• L l'l!ll'l'l' 1 u;i1ua• l ~m 

' ' .... 
nu M.Lewandowsky ('1.fi.1900) WU11LIJflul'I sodium ferrocyanide lTI1LU 

' 
subarachnoid space TiflHll'11Vll'll'lfl• "l:>i1111'tnl'lfl1nl'liin LL~1~~Nl'ILl'l'll~aul'I 

tii'1V111am~al'll'i1 nm,afili1!1hi'11.r, bile acid mi: sodium ferrocyanide 
' ' ' 1~\'11 m 'j(\~IJ~1U l uarfm:Vlh' L ~al'lnU\'flJa• U"l"lUUnl 11 il1~n1 'j LLl'I: l ii~m ~awViu\'flY!J 

' ' '1'V '1 q v v "" ........ q"" ~ ... 
1'11 Vli'f 1 m 1 urmHH nm nu 1!l!'ln1'Kll::V11 rn1 m .n111 ffifti1Ju1>1V1H\'In1V1m Lrn: TIH 111J 1 rn . ' 
~ ":'! 'V .J ..il ~ .%'.J .J OJ I .::!j I I 4 

'l'I• \'11 m 'j(\j']fl1'}1 VIU1V1Tifl• l !JflnUU'l'I L nm nuni 'lTIUi'f• \'11 'jfl1 Vl1 'iVl'lfl!JU1U 'l:1'11 H L l'lfll'I 

nu1:uull'l:\'f1'1'1rl1unl'l1•1~ 

~ 
'lllVI l n , '11 LL<fl'I• blood-brain barrier ( n ) LLl'I: 
• 

blood-cerebrospinal fluid barrier ('lJ) 
~ '.':'i I 

tight junction nuni 'l"JJIJN1U'llfl• m LLl'I: 
.q, I 1.:i'v_j 

i'f1'lV11'11!J~Ul'I n1'lTIUi'f•'llt1•i'f1'll1'1\11UL'll1~\'f1Ja• • 
""' ~ V 4 V I 

Vl'lflU11 ti'1UVll'IHLl'I: \'f1Ja• "1>1a• NlU endothelial 

cells Vl~fl choroidal epithelial cells 

6RAlN ECF 

open j"nction 

~ (~ - GLIAL END-FEET 

,, ' ' ':'' '' '''' '" ''' '' ''' '-'' '' '' '''''''''' \. ' '' ''' '-' BASEMENT MEMBRANE 
fl. ~ F ENOOTHEUUM 

ti~ht 

junction 

BLOOD 

CSF 

ii • 

STROMA 
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1uan'll!lr'lla~ blood-brain barrier 
" 

Blood-brain barrier Ln'1,1DD1'lL~ilU~il'llil• endothelial 

~lll:namiluNuHrnnrnam ~a11flau <ill~ 1 n) 111u~anuL ilutLNutfu (tight 

cells 

junc-
v 1 ... .. 

tion) UUNU,'llil• endothelial cells UU fenestration U mitochon-
' ' °''1v <l dria u1nn11 endothelial cells Vlil~ ua1u1:uan'l:uull'l:ti1V1nll1• u pino-

I V V ..,j 

cytotic vesicles flilU'llHUilU U basement membrane LL\l: glial cells 
vi c!l ...Jt: ov.Jc!l v t' 

w1n astrocytes 'Uil~'lilUUiln'lla•Vli'lil'1L\lil'1flilU LUilnU,:1'11'11U11'1LtiUiJUNU•L'IJ\l\l 
.v v 1 '1 v q "I ' 1 .. ~ ~ '1 ' 'llil• endothelial cells ua•nu ~ '11til'l'11\l1UTIU'1'l!UN1U 1l Luanuu1u fl'lWU 

' ' 1 .!,j q I tJ .tj .q, I .,; 

U'11\lil'1L\lil'1\'lilUUiln'l:uull'l:ti1V1n\l1• (UnL1UVl'ln) 1UU11U'lL1ru'llil•tiua• LTIUVI 
" ~ :::: ll ,.,J I I I I 

choroid plexus Luanuull'l1nna~Vl'lilUl'la'l:'111l• epithelial cells ~.L~ilU 
.!j V .,; I I ~ 1..,j c!f t: JI I 

'11<1amaa11flaunu1w,.ctua1 ('llJVI 1 'll) LLl'l1uu11Lm1'lla•ctuarn1~muanuuamau 
" ' " 

L~U ~au1yj'ctua• ~au1wLUU\l UH~1U'llil•~auifu11llilmiict LLa:~ area postrema 

yJ]L~aifuLil•~flructUu;l'lla• lipid membrane LYIU~L~Li'lni'l'llil1 lipid 
' ' 

v J{ il v t: t' }(. :::: v .,J 1.q, .... c!l v .,J '""' <I.I Ji 
ll'l: naunU'llUL UNU1 nu L TI\l\ltia• !JU VI• YllU\'lilUl'IYlnU L mrnua: YllU\'lilUl'IYlnUL uatiUiH 

'IJ ' 1 'IJ 

yj1ifun1'l~UN1U'llil1til'l~1•'1 ~1n1'11U'1L'1UU,~U~LnU1Tia1lun1'lY1'1~l-1NlUNU•L'IJ\ltl 
" 

L~U fl11l-ltill-Jl'lG\l:a1u1u1'lliiU 

1ifuyju ~•1'1n~1111'TIH~H~ 
n l 'j LLl'lni11 L ilull'l:' n 1 'j'j rnnu L ll 'l~U1 uwm ti~l 

' 
Dl'l~L~aifu~11ruct;iu;l1un1'ln1'11U'1Dl'l~l-IH1U'llil•til'l 

' 
~H '1 um' it UU ifo~1 UDl 'lfl1Ufll-ID1 'lWH lU'llilH 'IJllfllJ 'l: til\'I ir, ~ L W'll: !'.la f1 l-IU 

' 
ti1 1tl 1tl'qmrn.uJ1: ti1 VI 'l 1;ii,1 ll LLl'lti L ~uu a a au i\'1 u~Na~ani 1n 1: ~un l 1u l tlCJA!lru 

.... ""' ..; t<l ~ t: ll ' it 
ll'l:tilVl'llil•L'IJ\ltlll1:ti1V1 ~1'11'lU1UU'lL1(llVJ1Ul-ILUilDUU n1'l1'11<1NlU'llil•l'.la'l1~u,1n 

' 
c!l v • c!l 1 v IJ' c!l it' t • 1v 

D'l: Llti L \liJYIL 'lll titil-Jil1 L Wil 1.JUH 'IJ\l\lll'l:til1'1'11'lilfiUUl'IH '1 Uill-ITI1 U '11D1 'lfl1Ufll-lnl 'l 
" " ' 

w1•1uTia•~a;i1uctua1nuafu1:~a~uantiua•fl'lU11,'l'llil1'l:uu neuroendocrine 1'1 
" 

Km1ru: 'llil• blood-brain barrier 1 Utll'I{ LL'lnt n11 LLl'ln~l 1 nu11lm ~ 

TIUYl'llil' tll'I{ 1 U'11Ull rn L nm ~atfu~~KnJol(lC; l ilu 'lW'lU LL~': L ~au~anut ilutLNuifum u 
" " ' 

MK1 f1<1a11 1 un'l:~1 mLa:tiu'l!L ~atfut' 5rut ~~~~' Lt~a~1 m1'a' Lt~ 
' v " 

• ~ .. 
ml1'11'11a~ blood-brain barrier 

Blood-brain barrier1~t ~M LL~Wl'l1U1~U'a1nu1~1,rct1 'lWB' inm uuan 

iH nu'l11il~il1' l n'1' 1 nm u1 uii. D1 UN1Ul TI111l1 uctua' L vi1Ju '111 DLL~!1'1lia• nu1 ~ 
1,rti11u1tl'CJA!1ruli'l:ti1V1luct~a1~uN1uaanu11u'l:uu1Mllt1uut~a11 ll'l:naunuw1n 
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' ' <::Iv &!I v o v <Of _"{, o Ji. .q v 
astrocytes W'1BlJ18UW'1Bfll'1BflNBU u~w1wu1w~fl'llULa1rl11u1~illl11rnJ'l:rl1www'1~ 

v c:i '-=tv Jfv.J v 4~ 
aan'l1nu'11uu1:rl1wLTI11uLnu1J'"lii11a1uanfl1u uan'l1nuwu1wrl11lq)?la•Luanu 

• -:llv v.Jvv u ,/ "'\ :JI v.J 
1:w11•L'1BflnUrliJa•u•tnu1Tia•nun111nB1fl'1Un1uLUU'lt1ru1au~ LUBrliJa•LWtU'1UU • 

n1 'lfnB1 'l: li'um 1 lJ L iJlJiJUTIB• BBBUL utl11 Tii1um\'• tL'1: dlJB• L >\'m iJ1 

um'1~m 1iJrl14i\ymiH ~. 
tu Lt'1rl t ~umL'1: Ltfl'1 t ~m; 

l'W'l1:n1'lLU~UUllU'1Hl11miiiJiJUTia•aaau l~U hiL~UlJ 
a1'lu11ucla1n11~flun~Lun11w1•1uTia•rliJa•1~ t~u ni1: 

" ' ' •ovq ., q "1}} °' 
hyponatremia 'l:W1 <Vltnflain1'lL\lBU'li1 W'1•W~VIH fl'1U ~trn:ai t'lUU m1: 

hypernatremia Wl L i1'r.1nn 1:m utl1 UH if um n~al'lW1L1"'1urlmrn: t fl~l 1 ~ rl1 Vlfo 
' . 

n1 'l l U~UULlU'1HJan: li'u LU LL'1rl l ~UlJ ll'1: llfl'1 l ~UlJ Ul 1uclni1 flULLU'lTIB~ membrane 
" 

potential 1 ~ 
~ ~ 

uan'l 1 n'l :ri1wufln1'lTilJNlU'lla~ rll'l~H ~tLti'1 endothelial cells VI 
_q I .d :.:: JI V .q ~ ,...J o V ..,J .J .J~ I ..S 

t uurl1uu1: nauTia• t uanuuu• m:uu t auoiluiJV1V11wu1V1 t U'1UULLU'1• rl1'lV1TilJ~1m1 n t '1Bfl 

tii11ULUL'li'1~Li1'auLU'lU~1~rl1lJ1'lU~lJN1U~U•t'll'1~~1U~~flOUdlJa•1~ Vl~aaULU'lU~ 
'l/ 'I.I I 'll 'll t 

1 
,.,, .( }j q v ' ' ":y ., v v' ., 
lJlJ(jVl!iV11Hn~'ll1Vlm mamH'llU n1'l<:£J 1-dopa t'Wa'lnB1~u1u Parkinson tlJa • 
l(, v10 

mu~1UL'll1 U<U endothelial cells ;i:un aromatic acid decarboxylase • ' ' ' .. " • • "'1 ' ~ ' v 'v qq v LU'1UU<VILUU dopamine VI lJd1m'lU'lllJ~1U~UH'li'1'1fl1UVl'1flnUdlJa• trn:;i:unmono-
' ' . 

amine oxidase LU~UULLU'1•Li1'tifu metabolite ~'l:unril'lvflaan'lln endothe-
' ' " 0 <I .., v ' ~1v' ' L 

lial cells <UVldl'I anmaui.wm rum ni1uau enkephalins l'IU aminopep-, 
' ' 

tidase LL'1: peptidyl dipeptidase Li1'atiLU'lU~1~~qVIBtifu opioid peptide 
I I 'ii 'lJ 

til'uoiluiiiiu~ ~~LU endothelial cells l~U GABA transaminase, Y-glutamyl 

trans peptidase 

blood-hcain barrier 

Ii'• 1 ~n~11 L uiii. ilu11 t ~arfu1:w1 H t ~a,rn'1: diJa.rhwul'lni 'l~lJN1U t iii 
aan-11md1 >~H ~ ui.'llufl~iJN1u1 ~ Lt~ui. 'llufl1~rl1m 1u~iJN1uHit '1U n1:urn 

n1'l~lJN1U'lla•rl1'lLVl~1~B1'ltifu1uLuii'n1'11:1J:;Tia• simple diffusion, carrier-

mediated transport, pinocytosis 

diffusion ri1wufl t flU'l:'1um 1 m TilJTIUTia• d1 'l ni 1;;i:m UL u1 ml'u Lto:m ·rnl'lmi'1 

t ifuu1:' t flmr11llm 1~iJ1i1u t flu1fi~ t ifu1 llatii. iii~ clrnni n1ucl• d1 rnuu pino-, 
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' ' ' 
1 '1 ' .. _, v " .. ' .. cytosis " tln1:u1un11w~1my1un11wl'l11~:~1u blood-brain barrier w 

\l1 fltyLl'JULLUU carrier-mediated ~~ lli'aHll ift1ni 1fon "iJHJil11'111nu1'11111~1 L i'll: 
..J I u .f <! ::: ii I I qq.¥ I 

WiltJUU~U~ L'iJl'l!'l Wl Lil1!1111HJl'llrnu'1L1111'1 endothelial cells nin1u<111fiULLU~ u • 

aanL llu 2 tluA1 wclri 1 ,\'LL!] facilitated diffusion LL<l: active transport 

tluALL 'lnafiln un1:m uni n1uci1~1~\lla, 1 il'w'1H lu1 uni 'lUl 1'11 'l L iii ci L ti<lli' ~Hin ih" • ' '' v .. v 1-~ v ' .• ' .... .,, 
nu active transport Wl'lil' 1lW<!HlULL<1:nin1u1'1,1'111 Luun11'11ult1~1nww<11w 

l'l11"Lii"iiu~11uu'u~L1ruii~l'l11"Lii"iiul'I' i11au1~t1l~l'll"l'lG~"~lUL~a«u~Lii1ci 
u " 

1v ' .; 1v ' 
l'l"a' AiltJH A ALLn caffeine, nicotine, ethanol, heroin, immipramine, 

' ' ' llv 1 v<i1 1 v diazepam tilLW<llU<lJU<l:<lltl AA U 'll"U 
.,, 1 v .. .. 

('lUW 2) Ul11Hl'l'111"mwrnl'll'll1 • 

i 
8 1 

~ s 
w 
a: 

LL<!: ni 'l ~lU L th cl l'l"ilHlil1 m LL<l:l'll 'lil1111 'l~H '1 m 1 "m n 
" 

1'1t11un1 1~"~1 u11a ~ <11 1cirn1 w~ ri' 1 WUA l At1n 1 'l<1: <11 t11 u1 'lli1'u ( •) 

LL~l'll 1m 111 >~'ii L llu~a L t1<1li'l'l"a' L ii1cll'l"a'1 ,\'f1au ii111' 1 t1 u 

l Al'lill il't1ii'1WH
0

1L Wl: ( 0) 

NICOTINE 

ETHANOL o 
CAFFEINE• 

o PHENYLALANINE 

........ ~~~~-:-~~-o, 
e OIAZEPAM 

CHLOAAMPHENIC(ll (VALIUM) 

Oo·GLUCOSE 

0 L-DOPA •CODEINE 

DOPAMINE• 

•GLYCINE 
• EPINEPHRINE 

0 L·GLUCOSE 

e PENICILLIN 
•POTASSIUM .011L_ ___ _l_ ___ J._ ___ J_ ___ J_ ___ _,_ __ ~_,_, 

.0001 .001 01 10 100 
OIL-WATER PARTITION COEFFICIENT 
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!1:!11 u1 ~1 utl1 1'1~ill'n n~mi1 u11.JLL11nl'l1 L Dull1: ii L ~1111u1 uwm <1~1 1 ~<11 m Hl~lH ?f1 ~ 
'll 'll , 'll 'I.I 

<fllil' 1 ,r,· U'l l'i'rnu1H1'1rl1~il~HL~<l11~~'llUHl l lH ilni111'1ru L ~u il'illl~U 11.liiuii, <111 
I , ., \I 

<!q ..,.: I o<:f I 

11ll'llUHILlJLil~i1Liln l'IJU L'llllltlll aililU ihwrlll'i'1ilUH!J1~N1UL?f1<1llil,1vlUil!J 1vi'LLrl 

aminoglycosides, penicillins, cephalosporins, salicylic acid, 

chloroquine, azathioprine, methotrexate, morphine, neostigrnine, 

pimozide 

<l111111'111rl11'1rlJL'/Ji1~ L~U n11lil~LU ~''/Ju11~~1LDU~illll111lll~<lll'llil' 
d' q .J ( I V JI V ~ I V 

L 'll!lil<fllil' LL!l: '11Ull11L'llilil<fllil'1 ll<l1 m 1 U<l1H 'lJU1 Ill il' Llil: nil 1 fl<f •in 1 llll: i11 t11 u1 'lllJU • 
V .J I .:ii t: I ..!j V 

1111'l1'llil,ni1Lfl'111il!JlJUL!JilnU1:1'1111Lilill'lnlJ • • 
LL~~flru<tllllilfl~1 !Jfl~' nlJi1 w1 'l1ufl~11ullu~ir, • • 

'llilH'llil~L~lll~illlLLll' L~U !Jilll111'Lul'l1: D-form 'llil1flillfl<l~1U n11'l!U~1ii1'll'l~ll . ' 
1'111'1 LL!l:unii'll~1hill'lt1 cytochalasin B LDul'i'u Uii'IUU'l'llJJ1 endothelial . ' .J -~ .,.,i t: I ..!j V qv o V I 

cells 111.l1:n11llLUUlt1ilnu1:1'111,Lilill'lnll<fllil1llll11'l1'11Ll'l1:rl11'11llniltfl<lil!Jll1nll1!J • • 
I v t: V ..Jq IV ~ V .J 1q V 

l'lllil!JlJU~U'.,, m U111lllil!JnlJ L ilillllLil: m U11il!Jlll'lfllJ<lllil' w1111'n11'l!u~1n!ltfl<IN1ul~il • • • • 
«uL?J1rlctlJ11,LDu1u11u11~1:a11fin1w 

rl11'1fon11~lJN1U'llil' n11'1il~l u ~ilU?fH ifu-ifilu L ~il .. 1 ill'i'11'l1W11'1U1~'l!U~' 
n 1 l'lil~1Uii1 m ~ilm 'li1~lill11111u 3 '/Ju11 hi'LLri 1'11 m rl11'1fon11'1il~1 u~ilflru<tllllil L Du 

'I.I 'll I I , 

moiH , l Dun11'1 LL!l: l Du L uli 'liullll 1nil :w11'1u1w·1m~rn 111il~L u~1,;1L DmLn L 'llil~lill<M 
t: .J ( I iJ JI V 

11ll1111'l1011L'l1!1illillil'1lli11lJ11Uli111'llUli111fl l'i'1ilU11l~U phenylalanine, 
q' ' :II leucine, methionine, tryptophan, histidine, tyrosine 01flilll•UL1'1!11U 

' ' 
L Du '/Jul'IW l DunilH LL!l: ~'llu1 1'11 m llnil L ll 'l!ru::Wl'l1 n L Dunm 1 Llil: ~'l!U11'1 L m ilnil~ilu 'liH 

' ' ' 
L~n L~u glycine N1u1vi'i1'11'15il1~N1Uliltl ~11tl,1UWli1Uil1'1 lillil11'l!J1!J1llfmn 

1:rllJ'llil' glycine 111'~1 l \'l11: glycine lDu inhibitory neurotransmitter 
" ' v 

ll'l!J~UllWH1U1W~l'I glycine ililn'l1ffU11illJlillil' L'li1~ endothelial cells LLll1 

?flJililn11l1u1:llll11'1i1Ll!JUL~ill'I 

w1nn1l'lil~LU~LDun11'1 L~u glutamate, aspartate, GABA un'l!u~' 
' . ' 

LL!l: L ilm ?f111l Lllld'l: unW1 i11 !J l l'IUL ~uif!J~ilUH 11 Ill ~1 ~Hl1' • 
L~U lysine, arginine, ornithine ~N1Ul'li1lillil111'1'L~1 

L ?f1 ~lillilHlilU 'liH TI1 • 
nu'li1iJnuw1n~LDu~1' 

' 
1'lil'lnllw1nwLDun!11' 

1 I -~ d' .c::i I I ~ t: ~ V .J 
U'l ii uu L 'llil11 i111m nL ull11111LL!l:1 u ~rnu1lll'f1 m 1 uw~1uL!Jilnuu11'1 111u11 • 
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1~1.l'il nn11"ii'1111<i'1 t 111 :i!111fm ifu1 VJ~uu t ~mfu n ";f' ni 'i~"d)u-il'u~ aminopep-
' ' o<I ., 1 o V -of I 

tidase m-1:; peptidyl dipeptidase il~'V11Wlil'1ll'lil'1~il!:I UliJ.Ja• VJ111Ul'VIUilU 
' 

t ifu1VJ~111a1u1wu wH 'l hi' '111 i\'ni 1~J.1N1u dh liJ.JaH ifu 1 u1 fi'uaa "11 un uw tt\111~ 
?°i tifll1VJ~lll'l:11l'iWU l tlu enkephalins, thyrotropin releasing hormone, 

insulin, angiotensin II, vasopressin 1~'11J.Jl'iUN1UlTI1rll1J.Jil'1'1i:11ul'l'i• 

a81•11nl'l1J.1 t~a•,1nu1,u1t1ruTia1!1J.1a11~"t~a#u~a8 tifu1VJ~u1;tlu11a1,N1ut«1 • 

Ol'iNlU'llil,Ul111al11'iil1111'ilTI1rl'1J.Jil1ill'Jl~J.l~U1'1 Ul blood-brain • 
il ..lf ' ' .,,: JI 

barrier l '1ilil011'iil permeability l'lillil'il'l11'll11J.l'IJU S.I. Rapoport (l'l.fi. 
' v 

I -4.::j _\ o II.IV !U -!f 
1977) 11u11 lJ.lil\l'1lil'il'l:<11u hyperosmotic luU Ull'lll'll'llJ.l'llU l'll111l'lil'1ll'lil'1 

~~ .,,!.¥' 4 I 

ll'1• carotid 1 U\ll'lf 'Vl'1ilil1 permeability 'llilH UilOU'J:; l 11J<'llUTI1TIOCVlU11 '1tJ1J.J 

U 'i 1 O!Jill n1 'l ~'11.JO ~1 '1'l'llil' ,gl'l{ 'Vll'll'lil• lLl'I: l ~a#m il 1 n1 ~"5m1ru:; un 'llHl 

U"v 1Ji!11iiw/n111u '101 'i ~J.IN1 U 'llil1 '11 'lVl :jil!Jl ii'rn~l 1 LLli'1 1 fi'LLrl m 1 J.J 

iil J.11 'ltl 1 UOl ·rn:; I'll !J1'lJiJULLl'I:01 'l LLl'lOiJ1 l if ull 'i: 'J au l ifu l'lru<iJ.Jlli! l \!111:; 'llil 1!Jl111al11 'l 
' ' ' ' 

Ll'l"Ju'l Ll'IUWtll'l'i101'i~J.IN1U'llil1'11'1Vl1au1~1~11tifu111n non-polar ':tifu,gl'lrl1u 

11'1u111,nu1111J.1ii1J.111u1un11<1:<11u1'1Jil'u 'llru:~111n~'~11tifu polar a1111n11~J.1N1u 
'J:; llU 'i NO i:Yunual'l 'l 1 n1 'l Ll1'lnii'1 'lliH iil 'l~. <1: I'll u1 U111'11 ii~l (pH 7. 4) 111atl11 UiiJ.lil' 

(pH 7.35) .f1~~ua~nm'1ii11Jmifun11'1aau ~Haau ",;lpKa J.11n11:jauau ii'1a~11 
ttlu thiopental (pKa 7.6) Lifun'il'!BilU01°l salicylic acid (pKa 3) L~ililU 
1 U111'11 ii~l':; au1 u 'ill~1 ~ lLl'lO ii'1mnm'1 '111 mlJ.J Nl u l ~a#m ~il '1 Lll'I: iiJ.Jil' 1 ii' l ~ 1 lLl'I: ~ • • 
111'1 salicylic acid Vl:jil aminopyrine ( pKa 4.6 ) tifu~Haaumnm'1 

~I <!:! VI 1V"f I _"f II.I ~ <v 

quinine (pKa 8.4) iilJ.ll'iU'llJ.!NlU'JlOll'lill'll'lll~iiJ.1il' '1'1011 lUUl'lU ~111'llJOl'i 

'11 J.1iil1 nU111'11ii~111.l1wuJu, :1'111 i\'ii1 'l~J.I Nl u l ~a#u1 fi'ua!J 

' v ., 

m 1J.l'll1a• 
' . 

t ~an 1 ilm t wafmn 11riiiJ.1a1 

blood-brain barrier 
' ' ' ..!j .q .q..:11 ""4 ... V I ..!j 1 ·" 

Vl'iiln11:Nl'IUOl'lilU'VJlO!J1'11il• l~U lilJ.ll'iUll'lilO uUl 

neostigmine t~afmnffiln1 myasthenia gravis 1m11~ii'a1n•nn'1 uH:t~J.J 
1:; ii'u acetylcholine 1 UiiJ.Jil• n1 '11 if carbidopa ~1 J.JnlJ 1-dopa l ~ilfoH1 
v' _\ 1v 1vo' .i:1v JI,- 1' o 
NU1U Parkinsonism u1U 11 1-dopa U!JHl1ll11U•ilil0flVJjj '1J.110'llU11'1U J.IUO'VllllltJ • 01 • 
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1uujL1ru\11Ja'!d1una1'1an~1u 

au1'111nw11J blocx:l-brain barrier a1,~11~Ln1111111Ju'!u1n1u 
' 

OJ '\ "I I V VI d co': .o!j 'V 

ni 11DM1'1!1U1HIU'1 L TIU ni nni;1 Nli1!:11J~ L H L !Jm aB'1'll11 m m:n antileukemic 
" 

1 v "' 1 •v• v '<! "" t: ~ !:11 1ma11mn t!j~!:J~LL1n LLW~lirn1Jn,~1JB1n11WM111Hl!JB'IU11n!]m!Jm 11'1ULW11:!:11 

(methotrexate) 1~m11J11a~lUL~a~uLil1111~1a1uL!ia61J:L~'IL~'1L~B'1~~~1um1JB'I 
1 ~ LLJY,: LUlUMl1 L '1!JQ'1!:11 L il11m1u11i\';i111uwn fl'J1unll'n1M'uwi;,1 n !:11 ~': ~m 1 IJ 

v " 

LTIIJTIUm'I ru U~L .~umru il1BUH~U~wm'1riahi'Ln11tl'C1M1~u'l!:l1n~t1n11foi;1 Hfori 
" v ' 

n11:~'1L~B'llB'lo:uuli1:m111na1;i 1un11:lin~ u1w1n penicillins, cyclospo-
, V ' 1 VV I .J .o:i q J( 

rins, aminoglycosides, polyenes N1UL'll1~m!JB'I '1UB!:llJ1n LLWLIJBIJD11W'1L'llB 

'llB'IL~B~!Jm!Jtl'I ~m!JB'lanLmU L~B~U~':!:IBIJ1~u1il'ln~11~1u,1nL~B'1LTildm1JB'll~ 
' " .J ..... .J t: .., -o:I ............ ... ..., v 0 "" q 

m n LLa: L 1Jam 1: an L mmn ulli L uanunau1J11~1J1JW'1'I L 111J ni > oni;1 WB'I m L uullit1n!1n 
I I I , 

o: u: 11u' LLa: t1 H VJB'I L WIJ'llU1 '1!:11 ~1 m ~1 tl11u11u1 L w > 1: L ~BLLU!1~ L ~ ua H 11au~t1uau 
' " 

.J::: I 4u 
Blocx:l-brain barrier LDUL!:lanu1:1111'1Laa11num1Ja'I wu1u1:uu 

I q 1 I ..J 4 
l11:m111m1una1'1 111uLn11,1nn11L'llBIJWB'll'il'I endothelial cells 11u11at111Laa11 

' 
~'il!:I ~111U1 ~tl111U'1n1 j~J1~1U'll'il'I mi j~H 'l ~'~ L ilum1 'itl1111 'i'llB'I L !ia6m11a'1 LLa: !:11~ 
1_vv ' ., ~ ~ • ' .J '.'\ • • 1;( ., v • J{ 

TI1Dlf1L'i!1111BD11:N!1linww1'1'1 L'1!:111D11'lll1N1U'llB'lm11L11a1U,1nLaB!1L'll1mm11B'l'llU 
" 

BUrlU!n 1 !Jml IJ1 oa1 uni oa: m u1 ul 'lJJl'U nl 1 LLWniJ1 L Duli'i:' LLa: n111111iJ1 rlUL U'i~U 
~4 v ..J 11v1~ ""I.' .JV~1~ I ..J 

1uLaB!1'llB'lm11UU'l mi111a:~l!:I u 'll!1U '1!1,:'lll1N1UL!JBDUU '1L'1!:1'11!:1 'llill:11m11 
' v ' 
~'l~:a1u1utl1t.W: VJB'ID1'iii'1W1~1LW1:~,:tl1u'l1Ud,m11il'ln~1'1,lDL~B!1LTildm11a'1 

" 
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REVIEW ARTICLE 

ATRIAL NATRIURETIC PEPTIDE 

v 

tl1uBnL'll<i~ '11BuH Ltiu atrial distension ':li1111'Lnllm'lii'utl'<1<111: LL<i: 

atrial tachycardia ': li1111' L ~:im11ifutl'<1<111: LL<l: l n~Bililffl'il '191 

. 1,2 
atria 

V qV I 1 V J{ 
woi,,1n"~>1u,1u11 wu secretory granules UL~<in<il"lllill'Jil' 

" 
de Bold Ll<l: ffil:: n1ii'olm1 Unl oii'UWU atrial natriuretic factor 

lu~ 1981
3 

LL<i:w-KH1niTufl1mln1'!LLUn LL<i:~mn sequence l'Jil' active pep-
. ' ,,.,. :; ' J(J( ' 

tide vmmhmn1'l~Hm1:w peptide ul'Juwmuz1hrnu LL<i:wm1 peptide 
.!'.:/ tf J J(q .( I I ... V , 1 .J d1 V 

~'Lflo1:WLW<llU"qwnw<i1uau1,LTIUl!lU1nu atrial extract uw~11n 11 clone 

Lrn: sequence complementary DNA ~~li1l'11w'l1utm,<lfHl'Jil' prepro ANP4•5 

.\.; h 1 . .,' . 6 l'J'" sequence omo oqies 'l:,,11' species 

atrial natriuretic peptide (ANP) LiJu hormonal system ~' 
v tf ~ 'A,;' ""'' v ~ v .<!} 
'ln1-11 <1"11<iu'lla' sodium, 11 'lmruu1 LL<i: ill 'rn<l1umuflmn 1 "fllll oia11m u L uaH 1 n 

' ' 
~un1wu1~1<191f~1u1u"1ni1"nu~n1-11 peptide ~ ANP ~'~~aw<l1uBu1; Ltiu 

atrial natriuretic factor (ANF), atriopeptin, cardionatrin, auri­

culin, atrial natriuretic polypeptide Ll<i: atrin LiJu9lu ~;t11u~1111 
Llli'1 HI propeptide ~~ ~ 126 residue LL<l: ANP ~~ ~ 28 residue l iJu 

reference sequence LL<l:m'!Hrlia atrial natriuretic peptide (ANP) LiJu 
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sequence llUil'flll~J 1~1 ~ 
.. ' 1 unknown factor ant1a 1J 

' 
~1]~ 1. ~l'll1fl1Hlf1Hlfl' human ANP1- 28 

1 Ser- NH 2 

Leu 

Arg 

Arg 

Ser 

Ser 

28 Tyr OH 

Arg 

Phe 

Ser 

Asn 

Cys - S-S - Cys 

Phe Gly 

Gly 
Leu 

10 Gly 

20 Gly 

Arg 
Ser 

Met 

Gin 
Asp 

Ala 
Arg 

lie Gly 

.. 
anll!ll:'lll ~ L tll.I 

.Y ' JI ti ""l "" ,._, ~ .J 
Atrial extract Tifl,cil'l!lau,ant11uu~wnTiut1~qwnTIUln~a ANP w . ' ' 

Llunh'i:;i 1 nWULl~~flU~l m' tif1 H1~1 unu ~a~ amino acid 17 WU! m ~am iJuH 1\1 u . ' 

disulfide bond 'i~1'1l1' cysteine 7 Ll~~ cysteine23 (~1]~ 1) ~Hilu~' 
.,: . 7 ~ .Ji v~ 

i!1ilqJmTia' biological acfivity TIS' peptide ANP illltuUflU'l 1'11'1Hnuuu 
q v ., I ::: t .,J 
NtlllNnnUL m11 ~ N l'l'ifl c terminal extension l 1'11UU lll'l peptide 1'1 active 

v .. -~ 
"l~l'lfl'~ C terminal LUU Phe-Arg-Tyr 

1~~N~~a biological activity Tifl' 

atria 3 'i1lltuu
8 •9 ~a • 

' ' ' .. .. 
l ti~a ti1un1'il1l~UULL1J~'1'1 N terminal 

peptide mml'n lufluwu ANP "lln 

"' form 28 amino acid 

f!. form 56 amino acid, l ilu dimer TI<H °" form 
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~ form " 126 amino acid LUU pro ANP 

°" form 'lJaHlUWH flU'llanl\j L '1U" Met12 LL'l1U Ile12 L '1U ANP 28 
.• 1 10-12 1 ~ LUU major form u human plasma Processing UfiUL'JJ.J,ln pre-

propeptide (151 amino acid') liiu signal peptide En\ii'fiaan1ll 1?1 pro-

peptide (126 amino acid) ~1" active sequence 28 amino acid au~ c • 
. 11 "'1 ,vJI terminal pro ANP u':EnLnua~ U secretory granule 'lla1L~1.'11.'ln1.'l1J.JLUEI 

1 ' •11 <i <i .J 1vq atria UL~1.'l1.'ILW1.'l1U,:J.J enzyme 'VJLU<IUU ANP 126 WLUU ANP 28 

Biological Actions 

kidney 
' .c!f .tj V 4 o 1!ll I q 'V .,. 

l)J<Jul'I ANP L'll1W1.'lal'll1.'IEJl'll'l1'llEl1WU'VJl'l<la1 ': l'IN<ll~ULl'IU1nun11u1'1 • 
4 £ "-' 4 '!>' ..J • ..,. d" j! 13 

atrial extract mi wuqwn'llU l n<1all<1:u1wll'i 1 lll'll-l(j'Vlii«U 
v 14 '1 ,., .( v 15 phate Lrn: magnesium mu lll'I J.JJ.J(j'Vlii'llU potassium 

' ' ' 

t .. .( v 
'1Ul-l(j'Vlii'll!J phos-

' 11. 
ANP aanLW<11UL'1U 

~~ 4-::11' 1 4"'"' ll1J.Jll'imruL1.'lal'lw W1.'IN1U medulla '1181 l'I 'llU1UW1.'llll'll1.'lal'IWL'll1l'f glomeruli lli.'l: 
' ' . 

o 1 IV oe!f -:I OJ 16 ":!i o 1 V 'Vil WW1.'lEll'IL1.'llll'l'VIBBn,1n glomeruli Wl'l1'11 '1'V11 w glomerular filtration 
..! !II d" ')J .(I 

pressure L iiJ.J~u uan,1nqwfiwaw<1am ~am w~1uLLli'1 qwfi~i!HiiyanmiH ~a ANP 

r:YuJrn111111nli'u sodium ~ inner medullary collecting duct1 7 
• .( .J, UV ..J 

ANP aanqwnl'llJ.JWn<111liiu'unu recptor w glomeruli,vasa recta 

m1: inner medullary collecting duct18 •19 LLli'1n'J:?i'uni1l'ffH cyclic 
' 20 1 I 11 4 o I .,. V u , 

GMP l'l':l'laUl'fua1l'lan1'JWU'1 ANP l'll1'Vl11W<la'1L<lll'1'11 l~UL'1U1nunu atrial 

distension21 n11WU'1 

Ul'fl'fl 1: 'lliH ANP22 

.Jo I V ""f o .(.., 
antibody 'Vl,1ll11:1'1a ANP L'll1W<IE1'1l<la'1'11,:<1'1(j'Vlii'llU 

Blood vessels 

t v v . 24 
11un'J:~un11l'l'i1~ cyclic GMP 

h 
. . 25,26 renal ll<I: splanc nic arteries 

ANP <1'1 cardiac output l11un1'J<1'1 venous return27 ~1~l11un11n1'J~1~1U'lla~ 
V 1 11 V O 1 V ~ 1 oe!f ~ .<!j 28 I 29 u ~ V 

m ' uan,1nuu~w1 wu1 uw1.'lam<1amrmauaanuanw<1am<1a11 11rnULL1J ANP 

1U'lJU1'1l'l~':<1'1fi11J.J?i'Ul~ll'1 • 
' v ~ 

n11n1'ifi1UfiJ.Jfi111J'1UL1.'lB'1 
' 
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.Adrenal cortex 

ANP !1'1J~,rn11fiH '111 :~LL'1:ni ·mi. aldosterone '1n zona glo-
30 ,(~ 31 

merulosa cell Ll'ltlililnq'fln'fl receptor 
' .. ' u 

LL'1: J.1~'11'1iln1 '11'1'1• aldosterone 
' ..,..,,. 'Vil <!j I 

11Lnl'l,1nn1'in'i:l'IU1'11tl angiotensin 1'l1il ACTH J.11nn11 basal secretion 32 
' 

L l'ltl~~mr, h1m'l'i HL'1: t l'lt1aaJ.1i!111fo~'1 l l'ltll'l5 • n~a L l'ltlUIJ~rn1111i, hormone ~Hia• 
~.n~11 ~1U~'1Ll'lt1aaJ.1~au1J~•n111'li\', renin '1n juxtaglomerular cells L~il 
L~ ANP L~1L~ULail1'1~1LUctUTI 

' 

Central nervous system 

' .. 
cyclase 11 

LL'1: ANP-sensitive guanylate 

capillary endothelium Tiil• blood brain barrier LL'1: endo-
38 thelium Tia• choroid plexus 

Control of AMP synthesis and secretion 
' ' 

L~an'l:vi'u stretch receptor ~ atrium ':~11~ ANP Un'fl~•ailnl-11 
' " 

u .. 1 ' ' .~ u ~ ~ 39 . 40 ~ 1'lU11 l-111,:LUU01'i'!Jtll'l•l'ltll'l'i1 , high perfusion pressure 111il acute 
41 v v • 0 'l v v 

volume expansion \111'11'1 atrial appendage aan' :111 • 1101 'i'fl<H ANP LL'1: 
' ' ' . 42 43 u ~ .... .,.. u 

n11fuctua•Tia•11'11'1il acute hypervolemia '11'1'1• ' 1'11n'itl'IU11111•1'll-ln1'i1'l'1' 
' 

ANP 

blood 

ANP LU atria 

~1J.146' 47 

ii11'lf1JLUl'IU 01'iL~l-l'i:vllJTiil•ANP ~LOl'l,10 physiological stimuli 
~v•vv ~tj u cu .,J~,.V "'>. <Iv ..J...:i 
uu UIJ11tJ•UiltllJ.lill11tl!Jn!J'i:l'llJ ANP 11LWJ.ITIULUWti1nctn1w 'fl'iil'i:l'llJ ANP 11lWtl•Wil 

LLnn1 'i~1L ~L 01'1 diuresis L ~il\1111'1 ANP L ~11'lH1'l'1ill'IL aal'l~1 ,y,Ju physiolo-

gical role Tiil• ANP UHiJu~1vi'LLtlHluilH LL~~i\''i1m1m'1 nl'il~ ANP LUTIU11'1 
" " 
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Pathophysiological implications 

Experimental animals 

.Jq "" m\';' 1m11111 Syrian hamster 'VIJ-1 hereditary cardiomyopathy J-1 

spontaneously hypertensive rat (SHR) 1:ilu ANP 1u left atrium ,:1''1 
I so ~ <!j 

~11'• l'1U plasma ANP ':~; ~•a1,Ln'1,1n chronic hypersecretion 'Vl1a 

ANP aH~U'VIU1'Vl1um,;h111'tn11 hypertension 1u SHR L'l'Vi1:11uh1u SHR 1:ilu 
50 .J q 

ANP 1u hypothalamus Ii• LL\'l: LJ.18\l'1 ANP l'ih1ti1u hypothalamus 'llu• SHR 
" 

0 1 !I.I v 4 ,,,: J( !I.I 51 
':'Vl1 'Vl~11J.1'1Uli'l8'1l'WJ.l'llU'11U 

Human disease 

Atrial tachycardia 
• 

1:ilu ANP ':LWJ.1~;J.11n1u paroxysmal l h d
. 52 

atria tac year ia 
~ .. Lm:n~ud1:ilut1n~L~ai11h L'ihd sinus rhythm LLoJ1 

" " 
'llru::'VIJ-1 tachycardia 

plasma ANP 'l:<1J.Jwuiinu atrial pressure 111u1~<1J.Jwuiinu heart rate53 mim 
I ~ .J"" V :., 

1'1 atrial pressure L 'Vl1UU'VIJ.JU'VIU1'V!l•rnn1uni1'Vli'l• ANP 

Ii 1 L 'Vll'ITI a ; 
' 

CHF ti\'55 

volume 

JI !{ 
'llUU 

overload LL\'l: circulatory compromise 

L'Vl'1~aiu1:~1;~t'1ULil'W1:a~1;~;1'1 1~fu\iua•~ao:ilu . ' 
"'! • ~ d l . 57 L'll811Ln'1,1n own regu ation 'Ila; ANP receptor 

.. .. ~ 

ANP 'Vll'WJ-1 

t11uaH'l:~ 

intrinsic renal dysfunction Lli'l: activation of sodium retaining 

system ~1 J.Ji\'1 u 
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Essential hypertension 

Oironic renal failure (CRF) 
.... ~~.¥.. JI.., 

'i: '1U ANP VIL l'l:ll\'JU 'u CRF 'l: 'IJUnu 
59 

volume overload l'1!J 
• • • "'1 •q 1 I &::I V VI ..,joo;j V 

CRF VI J-l!J fluid retention 'l: lJl'llJnl 'i L tl\'IUULltl\'IHJil1'i: YllJ ANP Ntl1 UVllJ'i: YlU 
" v o IV V 59 ~ I v V ,J V 

ANP ~nrn,'llflVll hemodialysis lltn 'i:Ylu ANP 'l:\'l?l\'I' l'llil1lf\Jn'i:~u~111qJ 
I I f I I 

q "" .., .. 1 -di "" • q._, 0 'U .<:f 
VIL'l'IJ.J'l:Ylu ANP .umn mrnm1 nl'ill'llJ sodium load l'lil nephron VIU,Vl11'1U1VI 

• v 

1Yi'LLl'I:n1 'l L wJ.Jtl im l'l'i 'iii!~ tl1 ua n L 'lil'ltl 

Liver cirrhosis 
• 

.. ti. """" 'U v ..: .... 1 'U~ .,,,50 
'UNtl1 UVllJVlil' mu'l 1 nl'IULl'llH: l'llJ'l: '1U ANP YlVl,linl'I 

" 
62 v :I/ ~· v ll\'l:~'mn W'UlUUl 1'l'l1:1u decompensated liver cirrhosis uu 

l'llJ increased atrial pressure 

other conditions 
' v J{ •U primary hyperaldosteronism 1:11u ANP <J:<l~'llU LL<l:\'IYliH 

" 
• q J • v J{ .,J ' 1 v 63 ~ J ' v v .v 64 ' 

l uutlnm 1rnN11'1'1l illl ua' anVll'lillJ1'lm n l'laan mn 111a L J.Ja, 1'lm 'lluu<t<t11: , u 

idiopathic edema ~'wu1'11u<tl'I~ 1:'1u ANP ~\'11l~l\'1'8l'llllu<t1L1'll'l'll8'n11~' • 
'118Hn~a1u1>11~62 

~'<t1t11'11'1 1u«J1ud1umn 1:ilu ANP ~l~lJ~U Lnm1nn11'llmu . " 
"" '!.' .r 4 ~ .., .«!f v ~~JI JI, 

li'lJ.Jll'l'l'llil.UlU8flL'li\'l\'I ll\'l:/1'1'18 nl'ill'llJf\JllJY\UL\'18'1 LL\'l:'i:Y\u ANP Vlll'llJ'llUUUl 

': L lluN\'lm nm
0

1LlluL111'1'118' wm fi<t111 w~1' 'l • 

Bioassays 

in vitro 
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Competitive binding assays 
' "'Cl9.1 qq v . 

Radioreceptor assay ~~a~w1~L~w1: active forms ~a" ANP 

ci1u enzyme immunoassay Ju~m 1 ~L H vll OU radioimmunoassay(RIA) cl1 \1'lu 
t: ti <U "'! I 

RIA uu~:~a,~n~La1 plasma protein aan1uL~Unau1~u Sep Pak c18 
~ tj ,!;( 0 ~ "1""' cartridge (LW>1:.u1wuLw~1u~:w1~1u radioligand .~uw1 w~ deiodina-

. ·~~ . ub . 65 tion "'~ inc ation rllUO~~a" ANP a~1:m'H 10-70 pg/ml (3.3-23.3 
u 

pmol/L) 
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Ear-nose-throat 

External ear canal and tympanic membrane 

Sinusitis 

Neoplasm eg. laryngeal tumors 

Foreign body 

Irritation and infections 

Aspiration of pharyngeal secretions 

Postnasal drip 

Chronic mouth breathing 

Rhinitis 

Thyroid enlargement 

Nasal polyps 

Elongated uvula 

Tonsils (enlarged, infected) 

Common cold (upper respiratory infection) 

Pharyngitis 

Laryngitis 

Respiratory 

Asthma 

Acute and chronic bronchitis (viral, bacterial, 

irritant) 

Bronchiectasis 

Alveoli tis 

Neoplasm 

Foreign body 

Diffuse parenchymal disease (fibrosis, sarcoidosis) 

Compression or traction of tracheobronchial 

structures 

Cystic fibrosis 
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Pneumonia 

Tuberculosis 

Fungal and other infections 

Bronchopleural fistula 

Large effusion in pleural space 

Subphrenic abscess 

Cardiovascular 

Aortic aneurysm and enlarged left auricle 

Left ventricular heart failure 

Mitral stenosis and pulmonary congestion 

Pulmonary edema. 

Pulmonary embolism with infarction 

Pericardial diseases 

Mediastinal 

97 

Neoplastic, inflammatory, or fibrotic precesses 

that compress or distort the tracheobronchial 

tree, aneurysms, enlarged lymph nodes 

Gastroinstestinal 

Aspiration (achalasia, incompetent lower 

esophageal sphincter, esophageal disease) 

~HlUHJan1;i'tifu 3 n~J.J fia 
' 

1. u1n~a1n111aw~au11~ru1a (Antitussives) 

2. Ul~UL~J.IVI~ (Expectorants) 

3 • U1 ll~ <n UL ~J.Jw: ( Mucolytics) 
I ~ JI ~~ tj I 2 

m 1 un~J.JVI 2 mi: 3 u mm nm 1um1 Mucokinetic agents 

LYl11:~1uri1:rm~J.1V1: ~HLllllntJllEJJ.I Llll:~11:mmfia1 lUUVJU tl1LLll:~11ll~LL11 .. ~ 

~1~1 (surfactant) 
.; 

L~J.IVI: (m1HVI 2) 

' I ~ J( ~ 
L 1111: 'liJU L 'WJ.Jm 1 J.i\'IULLll: ll~m 1 J.IVIU~'l!El1 
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Diluent 
Water 

2 

Category 

Saline solution 

Surface-Active 
Propylene glycol 

Sodium bicarbonate 

Expectorant 
Potassium iodide 

Glyceryl guaiacolate 
Ammonium chloride 

MuColytic 
Acetylcysteine 
Oornase 
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Probable Mechanism of Action 

Aerosol: Decreases viscosity of gel layer; systemic: 
increases of sol layer hydration 

Hypotonic aerosol: transfer of water from particles to 
luminal mucus; hypertonic aerosol: osmotic effect of 
saline, drawing water from the mucosa 

Altered hydration and hydrogen bonding of mucous 
glycoproteins 

Decreased mucous viscosity and adhesion, increased 
ciliary activity 

May include stimulation of glands, vagal reflex, or 
ciliary activity, as well as a direct mucolytic effect or 
potentiation of proteases 

Vagal stimulation and direct action on bronchial glands 
Vagal stimulation and possible enhanced ciliary activity 

Destruction of disulfide bonds 
Direct digestion of DNA and indirect enhancement of 

mucous proteolysis 

1. U1fltlil1n1':ilil (Antitussives 'll;il Cough SUppressants) 

1iluu1~ntta1n1>1a ~aanq'll~1ttunttfiu61a1umlla" ~"L'llll1:mll~~: • 
1 llTI1J81n1l1mlutt1mn\', LL<l:1~~L mill!: !J1fltla1n1 >1aLLU,aan1~L ilu marcotic 

anti tussi ves ~um.11-Kmn1 ~LLn codeine LL<l: hydrocodone LL<l: non­

narcotic anti tussi ves ~" 1 ~lLn dextromethorphan, noscapine LL<l: 

levopropoxyphene napsylate ~lUH1 benzonatate 
• .. . 

cough receptor wmlUU<l1H 

1 • 1 C.odeine 

' q v 

aanq'lln<lttn1>n>:~u 

. 
~~ "'1.Y . Codeine Luu narcotic anti tussi ves 'II l'I LLlffl'l<l1 um n 

.J v ..: }fq v<:I ... ... !II ' 

'll~tll'll'l'IU" mum1ll~<ltta1m>1a1ttttmn LL<l:tnttm>Lml'Mttuaum1 morphine tn 

aanq'll~nttfiu61a (cough center) 1u medulla li11~a1n101a<ltt<l" u1m11l1>Ufltl 
• 

fiu6m>mu1' (respiratory center) Lrn:li11~mrntl>:m1'11 (sedation) ~JU . ' . 
q '°"IV I 0")111.<!f <!I ... 1 V 

codeine llq'llDLLntlrnaau'l LL<l:'ll1 •'llLUatllanu (mucosa) \'JB,'111HtlU'1'11tl 'LL'l'I~ 
' 

(pulmonary 
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emphysema) VltWl:frn1'l1ifl:J1 codeine L'1'111:U101'1 reflex TiiM0111ilLL<l:Vh1l1 

Lct"~=L~tiu1"1n~u ~J1u~1ilu1~l'l~anuL~UL1<i1u1ua1,Lnl'ln11~1'1u1w11111n1u • , ., o1iJ 1 Jf v• ,.t 0 

(physical dependence) LL<i: /~1a Wl ~WUl'lal:J1"1n'llu (tolerance·) ml1uww1 
• .. .(. 

m »: frn111 il1:J1 ;Im L w,1: 1:J1 "qwnctnJ 

' "'1""' q v qv Codeine UOl'll'l'll" 1'11'1~10W11Ll'IU81~11~<l1,10L1"1UU1:w1u 
I \I 'll I I 

u1•:L~UN<ict1ct1'1n1u1u 1-2 ii11"' U1~1:U:f151~11'11U'l'l<l1ct~1 2.5-3 ii11"' ~ . ' 
1: u: L n111 uni rnanqw~uiuu,:mru 4~11m un L U~UULLU<i11 uii'u1 l'!u1!la-aemethy-• 
lation, N-demethylation 1:J1UH~1u~vunu glucuronic acid LL<i:uniiuaanwH 

• 

.. 
BH,UU 

V I V 

'llU11'1>UU,:W1U r1"t~ruf1fH1: 10-20 "n .Wn 4-6 . . ' 
1~Lnufu.i: 120 "n.l L~n 2-6 iJ 1iflu'llu11'1flf1.i: 2.5-5 "n. wn 4-6 

' 

' 
ii11m (ct1ctl'I '. ' 

ii11m 

(ct1ct1'11~Lnufo.i: 30 "n. l L~n 6-12 iJ 1iflu'llU11'1flfrn: 5-10 "n. wn 4-6 
I 'l/ t t 

ii11m (U1~1'11~Liiufo.i: 60 "n. l ~1ali'1fil'lm"J1~unii'H~n1iflm1u11'1 1 "n ./ 

1.2 Hydrocodone bitartrate (Dihydrocodeinone bitar-

trate) 
.. t.,.,., '' 

Hydrocodone "qwirnn 'a L ~"au codeine LLl'I LL 1rn11 codeine 

' 2-3 L Wl 
• 

(fll'lmmh~un l uJu1:J1ctrnu,:ct1w Lm:v111l1Lct'l'l~l'lmnn11;!1u hydroco-

nu codeine3 '
4 

""' ~ ~ q .( Hydrocodone UOl'll'l'll"11'11'1~1nw1,Ll'IUa1~11 "qwiict1ctl'ln1u1u 
'll \I \I ' 

,( I I q ~ 

1-2 ii11m 1:J1~1:u:n1·rnanqwii 4-6 ii11m ~1u1un11 codeine LLl>i:m:u:f!H 

~ll'I u1:mru 4 ~11m ~1u11ni1 codeine L~unu 
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ti 1 hi' fo U1 I nu 'llU HH U I iluwH<l1 ln 'l t:Hlm 'l!HI! '1!11 ll naloxone hydrochloride 'fl; fl 
levallorphan tartrate ~11ilu opiate antagonists 

... <!:!Jftl~ ... ~ t;/.""I 

'llU1'1'lUU'l:'H1Ul'lil HL'Hilll'l'l1a: 5-10 "n.1ua: 4 l'l'l1 11101'11'1 
• v 

m"tl1wumi'1 1u'llU11'1 o .6 "n ./nn ./fo m.iHilu 3-4 l'lf1 

1. 3 Dextromethoq:tlan [ (d-3-methoxy-N-methylmoq:tlinan .. 
'1118 (+)-3-methoxy-17-methyl-9,13,14-moq:tlinan) 

Dextromethorphan 1iludextrorotatory form'llil~ methyl 
~ I .,J 1-=i .( '11 I .q 

ether 'llil1 levorphanol 'llHl1H1n 1-isomer l'lt""CJl'IDLLnU1'1 lm<i'l'll'll'I 1m:n1'1 
<I d v .. t ' 1HI ' q ' ~ t ' 'l:uu\J'l:<i1l'IL'l'l!l11anuau'H'lil "n111auuan~1n~: u•u'llu111<11n11\Jnl'IL\'11uu u1 "n11 • 

1 v 1"' .. .( v . n1'l'H1!l ~1'11!JUfln•1n~: u'llU11'1~1"1n. Dextromethorphan "CJ'l'lfi'l'lil~nu codeine 
• 

1un1'l01'1 reflex 01'ltil w11li'al'lil101'ltil u1l\J1w" threshold 'llil1fiuu1a t11u • 
1 ... .( v 1 "' v . 1 ' . 
""CJl'lfiO'l:~u 'H•illla:'llUL<l"'H: (expectoration) !J1 "01'101'll'IH1U'llil1 cilia 

1 , q 1"1"' 1 
"1 ""' <!:I 1 .J "'lU01U'l:UU\'11Hl'IUil11'11'l Lia: "\'11 'H~H<l:a"a:aarn"ilU Codeine U'llU11'1'1'1 

1iluwH mw11l11n11mnin°HH (stupor) il101'll~UN'1\Jn~ 1m:aHw11l11nl'I 
v 

q q 

il101'lLl'lau11'1a"~1 (enphoria) 
' ' .. . .. t JI 

LLl'ILUilH1m1!JW~l'l'l l'IH<i1H'llil1 morphinan 

~ ~ m • 11til 'llm 1" 1 iluwH'lla1 m ;11 u naloxone4 •5 

Dextromethorphan 
' ' ' 

1 ""' .... -:!! ""'.. -:!! • .... ... Q.J ~ 
U'l'lL\'11il1n1'l ill'ILn11•1nn1'l'l:1'11u11'1a1'1'1a11'1al'l'lil'Hail11a" 1~u l'l1n11•1nl'l11'l'H'lil 

•1nn1'l<l1111"1a1<11'l'l:l'l1u1fta~1if11u 6 u11if1~1;i~al'l~a1~1'11'lu1"1lifnun1'lla~ul'I 
" 1iv I .J .... "j-:!! ") "i' -"! ~ 

L'lil'l~ 1~u '1'1Lnl'l•1n•'ll'l'Hl'I, •'ll'l~1a""ill'l•U1'1'lil~ 'H'la•1nn11<1uu'H'l Dextro-
' 11 , I 

methorphan 1~1'11'lLifnua1n1'llaw~1<i"'H:"1n ~ L'l'l'l1:w1ll11n11n1'lft1'llil1L<l"'H: 

L ~a 1ifm11<i'H1~N'Jrnr!~ 1a1 iiuni1 1 ~\Jm VI 'H'.ia~l if ~u 'H~illl1 l'l~'l'!f:uaw1 m mu: • 

Dextromethorphan 1~1ifnuN'J1u~n1~~lifu1~1'1'l1n mono-• 
amine oxidase inhibitors au 

• !J1~<i"Lif11~1;} (incompatible) nU!J1'1'l10 

penicillins, tetracyclines, salicylates, sodium phenobarbital, hy-
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'llUH1~Hfol'l,,rufo11,:1'11uflf1<1: 10-20 im. l'ln 4 Tl'11m ,,:ja 
u v ' 

flfrn: 30 im.l'ln 6-8 Tl'11m (lifH1'11iJtnufo<1: 120 im.) t~nait1 2-6 ti fo , ~ , , 
11,:\'llUflf1<1: 2. 5-5 J.Jn. \'In 4 ~1LIM ,,:jil 7. 5 J.Jn. \'In 6-8 ~1LIM 

' ' 
( <f1<f111iJ 

t~nait1 6-12 ti foll,:1'11uflfrn: s-10 J.Jn. \'In 30 J.Jn.) 
. '' 

4 Tl'11m 
' ' ' 

,,1aflfrn: 15 J.Jn. 1'1,n 6-s ih1m (lif1<fY11iJtnufo<1: 60 J.Jn.) ,,1au1il'1mJ.1tl1 . ' 
mi'n'1'H~n foll,:\'11u1u'llu1'1 1 J.Jn./nn./fo mJHi!u 3-4 flf1 

1.4 Noscapine 
' ' 

-" v ' ~ .... .,, -" lUUill'lfl1'1il!J'1 benzylisoquinoline 'llil1~U\'IJ.ill,J.llrulJ10lUU 

.J "'" 'v ····1· .. ,. l'llifil1,ilH1n morphine mJ.Jql'l!m'1illn15•ill1il'lnU codeine lll'illJ\'11 \'lllifl1'1'1 •l.i 
v ' ' vh 1 li't flRU t flRJ.J tt<1: 1 iJ~ql'lfitul'll1 '1 m <fl m 1Dvi11 ii' L nY1n1 ,mi'1 n<f m ~u a 1 H n'1 

' 
ill n1 , 1' H ~J.J <f 1 ull ,: <f1 \'I \'ll'lil '1<1lJY1'1'1'1 m 1 J.JYlU L ~a '1'111'1' '1'1 fl,11 

' 
hl' 'l!Ul '11if' al'! n ,: 1Ju,:uull,:lif11'1d1unm' n ,: 11uni 1\'11 t11'l LL<1: L wJ.1n11ii'u<f11 . ' ' ' 
Yl'1\'1'1,1U1'11,l~U\'11!J1'l 1u~\)i{\'1'1'1il1!J11U'lJU1'11if,J.110 ill'lW11li'Tl'n • 

noscapine1 TI'1'1il1 ni ,1a'llu111rnt11'' tm: 1iJ~ l !ifJ.J\'I: 

,·H~J.J fl~u1~ L~a;iJ.Jnam<fu t~amant<fu tt<1: • 

1.5 Levopropxyphene napsylate 

-" 1 "'1 ... .i; ... lUU!J10'1il1015 il\'I J.JJ.Jql'lii1J,,l\'11U1'1l\'IJ.lilU (dextro) pro-
' ' .. .v ' 8 .. v .. ~ v ' v ' ... ' ,, poxyhene ll'1!J1J.Jm1 lJll" uaum 1 codeine m lJ~l'l'lll H fl!JH <1nuau ''1lln fll'IU," 

.. <j ' <\ ... " .; .,, v "1 _,, 
ill l'l!JU 111'11'111'1: 'H'lll.I J.IUH lUU~U\'ll.1!11'1 lllifll!Jil'1iln \'Iii' l\1!J 1.l111u<f<f11: 

ti!u'1u Tiu1Y1fu111:1'11url1\'lfu«l'Hruflaflf,<1: 60-100 J.Jn.l'ln 
• v ' 

' 
4 Tl'11J.J' (1iJtnu 600 

' 
J.Jn. ;i'u) m t1'H'1H 1 nfoll1:vn um 1la11: ii'111: 1, n1 ,iJun1 

• v ... 

lt<1: ni ,l'IH 1 unm fl1a1 

1.6 Benzonatate[2,5,8,ll,14,17,23,26-Nonaoxaoctaxosan 

-28-yl p-(butylamino) benzoate) 
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Benzonatate Lilua~~u~ polyglycol ~"~Yl'll~La~aLiJUL~U 
U11 ~<1111 t Tl1 Hif1 Hl<i'HJ tetracaine LLa: procaine Benzonatate llOflU'lllJ 

I 1.1 ti' I I I 'lJ 

""' ... 4. _Ii ... " ... ~ -!I ""' 1 . 1 v 
L~a '11.fi. 2499 ~qVlnLUUU1TI1Lu'll1:VI ll1Vl1VILU8L~an~Vl1~lflUVl1U ~ ~:Vil WTI1 

1 q 1 .. .. t '1 . -" u 1 v. UV11~LflUW1U ''~lJlJ'l: UTIU U01'lVl1 bronchoscopy u'~lJU flU1 benzonatate 

m1ilLilumaflmn111amiHLl'll~wmu L'll'l1:miifll'l1H afferent pathway 'Ila~ 
... .(,.J I V I o!f .(_.,J 

reflex m11a LLa:~qvinw1:u11t11:<11vi<frnna11mu na111rnu1aanqvinvi stretch 

receptors 

(alveoli) 

Lrn: cough receptors 'llfl~ vagal afferent fibers ~m a~llflfl . ' 
.olj V O.J I 

L uawlJlJamta:waafla~ (bronchi) LLa: m 'llfl'll1Hm1111 UVlilfln>: LL<! 
' 

t11:<11vi~1:'1u vagal nuclei 'llil~ medulla mnfl polysynaptic reflexes 

~1 m1uwli'~ auH LL 1 H'i'1 u LL~1 U'llU1 fl~1i1Lu1lam1~nflm rn1 uh 11'1 u11 L iii L ~UL ~afl~l 
v 

mm 'n1:Vi'um 1m uh ?11 mh 
' 

l ~~ minute volume Lla: vital capacity 1 mm~ l iJu 1 rnwalJ~fl '11111'aflm n1 'l 
• 

dyspnea ~~'111 iYt ~fill m ~1:1 UTIUl miu1 m Hl'llillJ~fl m 11mh m1ilaflillni11a1 u • -:il:;:qq <u J/v1 V 21 I OJ 

lHJaU Vl~TIUmuUlJ'llaU Lrn:l'li11rnUHn1H'll1HmU LTIU 1ul'll'IW1fl' tliifl!J1~' 

waaflaml'mmu, 1anrn, walJ~fl, frut·rn, hfl11~a~tlaflhhwa~ LLa:L~arnn1uviH 
' 

' 
~rnt~nmu~1ni1 10 ~ 1~tm:tl1 

' 

1. 7 Diphenhydramine hydrochloride 
-~ V .oj .oj I ..:j 

Diphenhydramine Luuu1111u~<1111~una~ ethanolamine ~ 
' 
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.( 1 1 ..,. .(.,J • ' 1 _,,. f .,J • 1 v 
qwn~l'la1n11 8 l'l•l'luaanqwnw1:uuu1:a1wa1un~1' Lw11:wu11 u~l'l.JV1'1~8•V1w1 w 

l8lm:1n1:wu~flu~l8ll'Jm>1H diphenhydramine a1mrniiu~'mm11aHi Lrn:L~8• 
• v 

'1nu1~qw~ anticholinergic u1~'1if~1w,w!8i1J.1nuu1~u L~u benztropine, 

beperiden, levodopa LUUWU L~8<l'181011 Parkinsonism w~a a1n11 extra­

pyramidal effect ~1nm11ifm~u4 

1 .. v 
LL~: Ul'IU1'11'1'1rrn• n1: l'IU 

' q Vo\ I"" V tf -!f <Of <v tf I q d, !U V .( 

Lltt8L UW8,Ul)Ul'ln11 t '1U1J.JJ.Jln 1J.JmlJWUfiWrnJ.Jm1 J.JmJ.JWUfilLl'I L WU' L <inuaunUqVlfi\irn 

u1:a1V1?J8,u1 u1luTiu111fuu1:V11u 25 J.Jn. ct1J.111o<i11a1n111a11'i1'1u1~Ln'1a1n11 
' .... "'1 •1V""' 4 <j I ct:~J.Ja:~aL~u mu:;wm UTIU1'1 50 J.Jn. aHV11 mn'1a1n11ct:~J.1ct:<iaLL<i:•Huau 

a~1,J.11n1uT1u~11~au1 ~'a1,lifLuuu1uauw~u1uTIU1'1 50 J.Jn. 111ufuu1:w1unau 

uauT1~• tT1 tmw~al if1uum LLnLm 1m m L !a t 11ufou1:w1unauaam ~UVIH T1~,i1 tJ.J• 

ihwfon111TILUUtnLLrila Diphenhydramine 1uTIU1'1 25 J.Jn. 
' ' . 

1,, 1 .. q ... .. • ... 1 .. q v 
uu111w1a1n11 awLn'1,1nn111:T11ULT1a'V1<i1T1aV11aw~a'1~J.1 a1n11 81'1Ln'1,10Wl'1 
-!! v ..J ... ~ '"'l~ov .J iJ/ 

W18n11 LLW LL~:m n11181'1 Ln'1\'JUL Ul'JaUO<lH TIU'1M\'11L1'11Unrnn11uau \'JU1'1V1ctrn11U 
" . .( ' 

81'lVi1111,·H LL~:u1 nLLW' L U8H 1n~qwnT1ir1 u atropine m ct1m1m ct~J.1qV1iinu~~n1 '.i 

n'11:uuu1:ct1w?JaHLa~na1'1a~, tranquilizers, mctrnu1:ct1w LL~:muauM~u 

Lrn: L ctjJ.JqVl~Ul anticholinergic ~u 
,r.Ju wa' 1TIWliJ!n1 J.ri: :il'111: f, 1UTIU~Vi1'11 u L ~m nu L Tl~iH 'fo1 

n~ ii\Jmuw1V1u: L w11: u1aHVi1111,·H LL~: LUuctH MmJa•amiL wl'l11i m 1~m '.iU1 m 
' ' ' ' 

1 ifnUTIU~ L UULlTJ'1a~UTIU'1 narrow-angle LL~: ~m.mnMmn t l'I 
' v v 

\'JU1'1~LTILLrila r11wru{UU'.i:1'11UTJ{,~: 25 J.m. Vin 4 il'ltm 
" v ' 

<1~Lnufu<i: 150 :im. l L~nmumn11 12 ti fou1:V11ulu?Ju11n~mnur11V1ru L~n 
' v v 

" ' mu 6-12 ti fou1:V11uT1frn: 12 .5 J.Jn .wn 4 il'l1m <1~Lnufu~: 75 J.Jn. l L~n 
, , V I 

mu 2-6 ti <mu1wn1111LL~:?JaHLWV1~ l fou1:V11uT1frn: 6 .25 J.m. wn 4 TI'1tJ.1'1 
' v ' 

<l~Lnufo<i: 25 J.m. l LL~1~LLu:tl11Wlifm~nm~nmu~1m'1 2 ti 
' 

2 • Ill W L ctml: (Expectorants) 
' q q q 

L WJ.IU'.lmruTia'l L Vl~l'l 101'11 H TIU 
' 

UH WJ.Jn 11W'1 t umJil '1 cilia LL<i: n 1 'l 
-4 ..J 

LTl~8U\'ITI8'1\'J8•l1'1~1'1n1'1~fl'1~J.I (tracheobroncheal tree) ~~1Tlfl 
" 
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' ' ' 5"'01V°' 41 <> 1 V LL1ll'lm.ll'lii!Hll'l:1H\'l\'11 1Hmln1'i'i:fl1illflM U\'11HY!U'li1IJ ~aarnnmIJ 
.. v 

n1 'i L vmn1 'i'llll 

'llil~ L 'limvi1111'L ~a L ~anum ~ L ~um uh ~JJ~u LL<l: l1Yin1 'i'i: mm f:a~ 1 ' }(., 
m unl'lJJUJJm n 

. ' . 
..J ,..J..J .... <!.! 

(1'11 'iHVI 3) LLl'IVl~1 fllJ!flii guaifenesin, ammonium chloride 
.... 1 ,. .. .(,. 1 v . 0 1 v<l 
VIJJ ilLiiY!U u1aanqV1n•YiIJn1'i 1.ln'i:~u gastric receptors \'11 'liJJ 

"'1 °1v<l v }( ( .J ) monary vagal reflex 'll~ 1lV11 'liJJn1'i'lllJ'llil~L'lil'l1JJ1n'llU 'iUVI 1 • 

' 

gastropul­

Lll'l: IJ1aH 11l 

n1:~u bronchial glands Lll'l: secretory mucosa cells LY!IJl'l'i~fl1Il vi11ml 
v .... JI ~ -!.! .c:il 

n11<111 HL<l: 'lllJ'llilH '!imaam.n JJ1n'llU m 1 m 'liUIJl'liUY! (viscosity) 'llilH <firn:~ ~ 

~ I _.( 

nl'l1nn11aanqV1B'lla~u1nuL<fJJ'li:~~aanql'lnLY!IJ n1'in1:«u 
• 

gastric receptor lun1:L'vn:il1'1i1'i LLli'Hnri vagal 

reflex 11lL~JJ<f1rn~fi'1'1i.i'~1uviH L~U'li1Illv (~1n Ziment23 ) 

CEREBELLUM PONS 

MUCOKINESIS 
Efferent arm of vagal 
reflex to lung, 
activated by 
subemetic dose 
of drug 

Bronchial glands stimulated 
by vaga! efterents or by 
circulating drug in the 
blood stream 

Efferent arm of 
vagal reflex to 

stomach, stimulated 
by emetic dose 

of drug 

I 

Absorption into blood 
stream of orally 
ingested drugs 

Gastric receptors 
stimulated by emetic 
drugs. e.g., ipecac syrup. 
glyceryl guaiacolate 
(guaifenesin). iodides, 
ammonium chloride, 
acetylcysteine. etc. 
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2.l Grai.£enesin (Glyceryl guaiacolate, G:raianesin) 

Guaifenesin L~U glycerol ether 'lltl1 guaiacol Ll'l~UU 
' ' ' .. v v .... 1,,.. -1 .. ' 

Ll'l!JOl'inau glycerol OU guaiacol '1L'iUO l'ltlO'lltil'IU111 glyceryl guaia-
, ' ' 

cloate 1 ui11'1fwl'lmM !:11LWUnl1ii'ul111ii'l'lwi1'1'llarnH L ~Ul'IHJh ua: L wum ;nl'lLUn 

~m1 cilia LL~;fa1111'llull'll'lrni1~u1liwLLu:tl1 (100-200 un.) ~nh111'omilu11i'u 
' . 

I """ qq ~ qq, c;;:q ~ ... 

11 'llUll'lW111w11!l~un~:111'Nan11fnH1,11w1a1~ 11u11un11fnH1w11flaunnuw1w 

L ~UNa'lla1!:11LLa:1~ L ~UNa'lla1 Ill 'il !M 1 U~1U1 l'lqJwull mvh 1 i1'ni ;iJu L liUW: aan1'1 U 
J( I .J """ ~ <I 1 !UV I I I 

'lJU LLl'l'l1Ull'll'lal'lm1m l'IUil1l'IUl'l'lltiH!'lUW:Lm:v11 l'l'll1J'1U'l:at11:w1H 300-600 un. 
' . 

'llUl YJfotJ 1:w1u1u~: soo un. m uViu5liwLm:tl11 ~wui1 ~Na'11 n~11 11m1 ui1 'lllll l'l 
t: .,,: ..., J( """ .. t.> q " 

fl'i1~: 600 un.LWUOl'iWl'lLUn'llti1 cilia 'llUll'li'l1'llU11Janw11wa1L,UU11'1 1Jl1flU . . 
'."l I """ .( I V "1" V L'lltl11 guaifenesin uqwn'llUlUW~al'lauaaU~l'l1U 1w11:a11 glycerol Vil wna1u 
:!( v 

L uafl~l um 

Guaifenesin 1ii'ontl1u11111ua1n111a~Lnl'l,10l'lll'l waaY1auanLl'l1J • 
n~aH~!Mamau li1flaamau 1an1u 1iiw11'11w~ 111'1 LLa:tw11,~nan111m}af1 
m ontl1u1111Naunum~u~ a~l Htw~wai u L ~u m 'llm t1w~a11au, decongestants 

• 
od 

. 11 
c eine .. .. 

flau1 t1 a1 L 'l uu m al'l 

'llUl 1'1'11mmil111'1' 1"111 • 
al 'lVi1111'L fll'lNaU1nL ~' Lrlal'l'iH 5-hydroxyindoleacetic acid (5-HIAA) LLa: 

vanillylmandelic acid (VMA) 1uuaa11: 
' ""1 JI "" ' " ' ., v I! 'llUHll'I II NLl'IOJLLa:Ll'lna1t1mnm1 12 lJ 'j1JlJ'i:l'l1UflH~: 200-300 . . ' 

un.vm 4 ~•l1n (a1!1Y11~Lnufo~: 2.5 nfu) L~na1t1 2-5 ~ fotJ1:w1ur1frn: 
, 'I.I , , 

50-100 un. wn 4 ~.tu1 (a1l11'11~Lnu1ua: 600 un.l 
1 'I.I 1 I 

tJ1:w1uflf1a: 100-200 un. wn 4 il1lu1 (!11l'll'l1~Lnu1ua: 1.2 nfu) 
, • 'l.l , 

" ."I v L !lOtll II 6-11 lJ 'ill 
' 

I 9 V V 1" q ' ml 2 lJ l'lti11JlU'llUll'l l'ILWm:l'lUWLLl'Ja:Uflfla 
' 

ammonium carbonate, ammonium bicarbonate, ammonium chloride, 

sodium chloride, sodium iodide, sodium bicarbonate, sodium 
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citrate, potassium citrate, potassium iodide, potassium acetate, 

antimony potassium tartrate lll'l: calcium iodide l i1ul'i'u 1 UlJ'i 'iYlll n~t1 

l l'lrl1~ potassium iodide ll<l: ammonium chloride l Uuli1 'i~'WlJUm1l url1 fou1 

YJlJ L liJ.Jl'I: 

2.2.l Potassium iodide 

~~Yinruilu1~iht11t1~ul'l~t11t11t11Y1~Li1ut1,~u'l:nau"J.11n L~u hy­

driodic acid (1.4 %), iodinated glycerol (iodopropylidenegly-

cerol) , potassium iodide, Lugol' s solution, ll<l: sodium chloride 

l !1ul'i'u 1 UlJ'i'i'11 ~~Yinru~L l'lrl1~ potassium iodide L !1uu1~-i'~vmL01:l ifnl'1 Hl1 H 
" .J 

mnl'llill 
' 

Potassium iodide untl1m1 if l !1um YJUL liJ.Jl'I: LL01:<111 
" 

q 1" v J/v 'f' m 1 m l'IU!Jl'IJ'ilH liJ.Jl'I: U' 'ifll'll'l'ilYl<lJ.l'ilnL lill l 'i'ilH , l'll'l'ilYll'lJ.i < U' 'W'il' (bronchiecta-

sis), l'l'illl~ll, ~'l'lJ.IU'ilYILJ,wt1' LL<i:il,lif~1ufm11 cystic fibrosis, L'W'iH~n 
v JI .... Av v v 1 .... 11 12 am lill l 'i'ilH LL<i:ut1rnu atelectasis m !Jl'll'lrn1 YIYI ' 

Iodide unYi11~J.J1 U'iU iodinated amino acid l'I~' 
'l.I \I \! I 

~1mTu iodide n'l:~1umilutl1ut1m'Jl<i~a~HnlH'll1H iodide li:liJ.Jmn~~aJ.J 
" 

un Yru 
" 
io-

v 

1 0 ' dide uu1uanL'Jl<i<i 
' ' ..... v .... v ..... 

Potassium iodide l'WJ.Jn1'i'llllli1'lfl1il'll'l''ll'il'l'l1'l11U 

1'11 uh LL<i:0111m 1 J.J L l'IUm 'll'il' L liJ.Jl'I: 111u 

v 
2 .2 .1 .1 n'i:l'\U 

' 

.J 
afferent receptor l'ln'i:l'W1: 

'ill 1'11 'i LL<i'1" vagal reflex 1 Yi!JN1Ul'IH mucokinetic center ~' a~l ni\'nu 
' " "' vomiting center VI medulla oblongata (gastropulmonary mucokinetic 
' ' 

vagal reflex) 1uLWJ.Jn1'iYJllli1'l~111'1~'1ul'l1'l~Ul'l1!J1~ 

' ' 
n1: l'i'ul li'l'I~' <11 '!~lll'I~~ L ll!Jl'lH 

' !J I U 'o' V 

LL<i:~aJ.Jtl1m lli'l'l~~tl1<i1t1 ml.In LL<i:u1m 
" 
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2 .2.1 .3 

mucoprotein ~~U (mucolytic effect) 

' v ""' u ... 2.2.1 .4 iodidEfl1:1'1U cilia •'H•UOl'lflLl'liJVl1fl11U • 
JI 

r1:a1flU1n~u (mucociliary clearance) 

q OJ • v 

2.2.1 .5 U'Hl'l0~1U11 iodide rl1U11Ul'lflil1011i10 

Lrlu1'1 ?)',Ju~'iiHm1mn11ammu1u11T1'Hl'lillll'IUBOLrlU' UilllBnLrlU Lrn:'HilU~ll 

' ..!j "J q, q, ~ .q I 1V 0 

UlU LLl'l:/'H1il .u~U11lrl,iJHLOllU1n11l'lH~1n iodide 'llHHJn11 iodism llLLn • v !ti v v 

i11n11tl1un U11'11 u1<11u ilanu1u1n (hypersecretion), ~i1UU11'11u parotid • 
"'f OJ I "o1 u ..\j OJI 

Lrn:/111a submaxilar muam!'lu, l'li1Uu1mmu, 11u,mmu, 1:mm11a,uuum, 

n1:Lm:mm1, i1aHctu, Lnfl~1. !J1n~1m1a1a1ri~. !JH1L111'.amrn:wu 11~ali1T1a 
' v .. • .. .. 1-" .. oj v • ' 

!Jin LLl'l:/'H1il mflilULL~l'I. fll'IU ~. illl~UU, U1fll'llli:' !Jrnvia'' U1'V11UUilll, 
I ..,. ..!j I ~ V ](,,_, q V 

n<1a' L<1u,Lrn:/'H1ill'lilUVlilU"lll'lilnLrlU uan~1numaHumn11Ltl11, nervousness, 

uau1~m~'u, Parkinsonism, impotence LiluV!u fi1Hffumm Lilut 1mu1u m 

o '1 '"lV"' .,11 rl1U11UOll011Vl1,1U'llil11'1ilU Vl1i1UllVl1 'HLOll hypothyroidism, l'lilU•l'l'llU, flill'lilO 

u ' .~ ~ ... 1 v ~ .. 1'' myxedema, Lrn: LLULLl'IL uuu: L 1HIU'1 adenoma ll L !111: u:uu" m 1 11 potassium 
-~ J:: I :f:: OJ 1 .,: .( 

iodide L uu1:u: L rn1 ~U'l L vi1uu, mu' lJ L wuqviirna' anti-thyroid drug LLl'I: 

lithium Lrn:vi11 m !JLLl'lrl L ~uul UL ~ari!'l' L ~ii Hli1 uri'um ~u~~1 !J LLl'lrl L ~uu 11~am iiu • 
Urlr111:~Ull potassium sparing 

«J1u~111u1~1l~ilrlULDU 2-3 L~ilU fl11vl10111'111~rli1U • 
u .J ' 1 ' "'~ , v 1_v 1( • 1 v 

'HU1Vl~il11'1i1U Vl1i1Ull (VlllrlilU T4 Lrn: TSH) rl1'111'1Hll11l'H1U 11U1UL w11:mvi1 'H 

~ilu1vi1il u~'lla' vii 1n 1u1111.fivi1'1 uflriun~ 1 !i'LLn l'lill'lilOfi11U'11 , hypothyroidism, 

thyrotoxic LiluVlu 
' 

t1
1 

""' v "" OJ v eu1 UVI LLl'lUl ill~ L Ollill n11U1 U\ill J.J\>11 L !111: LL\'l ( angio-
' ' ' ' I 9 "'f .,,j.q OJ "'f tj <j <j 

neurotic edema) , n<la' L <1u'm J.J, L <lilllililOVIN1'HU'1-1lilVI L UilL J.JilnLL<l: ill m 1 serum 

sickness L ~u ~Hi, lJ rniia , ~auJ 1l .,ijil' L l'I Lrn: eosinophilia L iJu Vlu ?)',Ju 
4 U 1~v .JI OJ ...: V .<!j 1 I Ill I -!! 
"'H1U 11U1UOUljflfl<lVIL!lULL\'lU1'H1il 1\>liJUl, eu1u hypothyroidism 'H1il hyper-

thyroidism, L~n~Lilu1111 cystic fibrosis, «1hu11ill'lilO, Lilu~u, ~1\JLLl'lrl 
L ~uu1 u L ~illlrl' 11 J.Ji1 «ii1u11'1'H<lilll<lUam mm ~uuwiluLL<1: fru1111'11 u • • 
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.J ~ ~ 
TIUlflWLTifuu1:w1uTI:a1 potassium iodide fl:afl>tB: 

<v ~ 4 
300-600 "n.1u1: 3-4 fl11 :au1 iodinated glycerol (Organidin) Ltium11 

"" "" <Cl, ~ .Jc:.. ~ OJ ~ 
u1:n:aUL'.ilLaflU'.ilfl~UflWUtWUH"LTI llB:LtJlUTIUlflfllrn: 60 "n. (~m"nuui) fo1: 4 

Guaif enesin 

(glyceryl guaiacolate) 

Potassium iodide 

Iodinated glycerol 

Calcium iodide 

Sodium iodide 

Hydriodic acid 

Ammonium chloride 

Sodium chloride 

Bromhexine 

Terpin hydrate 

Syrup of ipecac 

Acetylcysteine 

Methylcysteine 

S-Carboxymethylcysteine 
v 

tl1 

TIU1 flUn~ 

.. 
300-1,200 "n. w1:a 5-20 rit1flTI:a1m111: 

~ <v .., t: 
Bltl'.il"fll lUB: 3-4 fl11 

v ~ 
lUB: 4 fll1 

0.3-1.0 nf" 

1-3 nf"/1u (umii1ui'ul~'.ilfl~l l 
v . ' • <j .... 

15 "B.TI'.il1U1lTIB"W"H1 65-75 Nn./5"B. 

0.3 - 1.0 nf" lUB: 3 flft 

0.3-1.onf" 

v ~ 
300 Nn. lUB: 4 fl14 

0. 5 - 2. 0 "B. luB: 3 fl ft 
lj 

200 "n. fo1: 3 mt 

200 "n. fo1: 2-3 flf' 

375-750 "n. 1u1: 4 flft 
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2.2.2 lllllnonium chloride 
' ' ""' .... v v ""' Ammonium chloride LW"n1'l\'IU<l1'lflflVl1'11\'181Vl11LflU 

' 
m uh Lm: ~1 !:ITIUL <l"w: LL~~l,]l'IBB8Un1'1 potassium iodide m mJn~:iln 1~1 if am-

• ~ I I 
-l( v o Cl.I ... q I q, 1 <! q 

monium chloride LW8n1'l\'IUL<l1m:m1m1w1 LW'l1:!:118H"l,JVl!i88ULnu tlL"BLW" 

llo •1vq ~1-".; q iJ q 
\'IU1fl!:l11'1Unct1mrnv11 V1Ln'1mni1 fl<IU ·~ 81l'J!:IU LL<1:Lnfl1111:L un1mlufl (sys-

, ' 
temic metabolic) lfl!:IL\lW1:8rJHU11uN'1hu11flilu, h1 LL<I: ;'11181J8fl~1~<11m111 . ' 
n1~fl ammonium 1 '1 i11iTu ammonium chloride :iln1 iJ'~<l"8rlrlU!:l1 TIUL ct"w:iiu1 u • 

0 v ' 
I'll 'ju 1'111 'l 

' ' ""' .... .., .... ""' 
Ammonium chloride LW~n1'l\'IU<l1'lflflVl1'11\'111L'1UV11!:1 

' v "" v ""' 
h l fl!:ln'l:l'IU receptor l'ln'l: L w1:mm 'lLL<IH nfl gastropulmonary mucokine-

' ' ' 
tic vagal reflex 11.J L w~n1 'lTIU<l1'lfl'1w511 U\'11 H ~um uh ammonium chlo-

' 
0 1 v. ""' ~ ride \'11 Vl'lHn1!:llnll1l11:n'll'I LW'l1:L"a ammonium ion 

' ' .. iJ .. 
llnL U<l!JU L U urea \'I 
" 

.... ~ . ~ ... 
l'IULL\'11 , uremia wrnm111: respiratory acidosis 

v q .J 1 v<I ~ 1-" "' .. 
~1'1\'111Lfl!J1\'lfl1'JWU '1flfl fl<IU ~ 81L'J!JU 'l:fl1!Jlflfl1 

n'l: LW1:81W1'l, Lnfl systemic hyperchloremic acidosis LL<1:!i'1N'~1miJu1'lfl • 
v .. • -~ ' 
l'IUVl'l8\'11'1L8U~!J~ ornithine transcarbamylase 

.. 
Vl'l8 carbaxmyl phosphate 

synthetase N~1 !:IL iJu1 'lflii'UfJH l nfln11<1:<1"1'181 • ammonia • u L i!uwi;~1~mni1 
~ "' ... ~ ~ ~H'l 1;lm] 1J1flmi;: 1°H'JJ~ 81l'J!:IU t1uctu pallor L Vl1888nmn n1:w1uu1 hy-

perventilation Vlj8Vl1!:11'l1~LiJu~1w1: ~11'lLiluiJ'1wj8l~cttl1L<l~a twitching, 

asterixis, encephalopathy, tonic convulsion LL<I: hepatic coma <11 'l 

' .J .,, :!l.1v ' 
<1: mum 1Vl8H LLD• \'11l11:n'lflU mm sodium bicarbonate, sodium lactate, 

sodium acetate Lrn: sodium citrate LiJui!u 
' 

\'IU1 flfUt/ 'l :\'11U\'181 
.. ' v 

ammonuium chloride \'IV1!:1\'IU 
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~ ' 
11l'Vl 2. na1nni 1:a:anq'VliiLLl'lnliau1\1111 mucoprotein 
• 

1 UL lilJVJ: tlfl Hl1 acety lcysteine 

MUCOPROTEJN Cl-!AIN 

+ acetylcysteine 

SH 
+ Condensation Product of Acetylcysteine 

SI-I 

3. 111a:a111Llimi: (Mucolyticsl 

u1a:a1uLlilJVJ: Lilu<t11~l11JJ1'iG'li11«i:JJLa~a'llfl~. mucopoly sac-

1 ' ~~' 0 
"' v1'1 charides (mucoprotein) 'llUHI WlJLLl'lnaam UU'VlflU Lana~ (11l'Vl 2. ) L 'll1 ~ 11 ?Ju 

• • 
""'""" 0 v """ q 4 " ';' v Hi depolymerization '1'11 L VIL liJJVJ: JJm 1 m VJUu1VJU11uaua" LLa:\11m1ua: auiu11 '1 

JJ1n~u 11 
•13 u1a:a1uLlilJVJ:~~1ii'qj~fl N-acetylcysteine methylcysteine, 

carbocysteine LLa: bromhexine 'li11 i1'L liJJVJ: aau\ii'1 Lrn: L ll'0\1a~1111 mm1 'i'Vl'1afl~ 

1 UVJ"<ltl'1LLtl1 

3.1 Acetylcysteine (N-Acetyl-L-<ysteine) 

Acetylcysteine Lilu N-acetyl derivative 'llfl" L-cys-
.. " .. 

teine LLa: ni '!L l'l'i!JlJnL 1'11tllJ~ 1 n 
I ti <::! 11 

~n~un rnu1 KlJBflU'l LLa:m\1 L ll1m 

acetylation 'lliH L-cysteine L'1tll'l1~ m~~ 
' "'1" 'v 0 <I ~ ., .. U1'Vl n!JtllJfl'Vl1LUU1U'llti~l111a:a1uLnaflL~L'1tllJ • • 

LLa:lliu pH 111'Lilu 7 1!1u scxlium hydroxide 
' .. q 

\11 'Ja: ai u'llfl" m J.JnamLa: 1li'llfl ~ 
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'l:f;i1~11Ymannu<f1'l\'On oxidising agents tTiu hydro-
" ' 

gen peroxide l \'Vil:': l fl'111~n1t11 nu mi: m 'lL lium 1 n um Tlu:~m 1~i-hll~n1m 

l tlu LL!l1 Wl11 <f~n ilil~~:W L ll'l l ~!J:W l ~ULl<J: rn~nno\'1 1~fl1'l1 i\'m m:wrY<tnU!JH 
" c:l q "'\"I"\ F· d 

Drnn ll!l:Vli!Hl'1'1 rn·n:': lnl'llli.JO'.itl1llil:ll<iil!Jn1'1J hydrogen sulfide flilnm 

.. .. . 1 v 
Acetylcysteine il'1fl11 m VIU!J1VIU'1TiflH <f:WVI: U<i:Vl1 VI l <f:WVI: 

v ' :JI, 1 .. ~ .... 
~nTIUflflO:W1'11!JTIUL'1!J01'l fl n1'lil'1fl11:WlVIU!J1Tiil'll<f:WVl:ln'1'l1nn1'lVJ!J1:W sulfhy-

dryl group (-SH) ~a<f 'l: ~'I <11 :Wl 'la 111 llfln disulfide linkages Tifl'I muco-

polysaccharide TI!H l <f:WV1:11Ytl!JOflflO'l1nnu1'1t1lB reduction Hi 
' ' 

""" ;) ""' ""'c:l ' <!I v _q ""' ""'""' ' rn:wll'l:\'1Vlfi111W'1nflilllJfl!JHUU reducing agent :w sulfhydryl group Vlil<f'l:fl!J 
" 

3.1.1 

3 .1 .2 acetylcysteine n'l:~U01'lW'1LUOTifl'I cilia ll!l: 

hydrogen 
.J ~ :JI 0_1 v 1 vv ' :JI 

sulfideVll0'1TIUOTI1!JO'l:YlU Vl'l'l'11Un:w1nTIU 
• ' v 

~ 1 .... q -~ " ""' <!I Ill 

3 .1 .3 VIH l'1UV11!J 'l TIU<f1'l'1:il1!JVllUUU1ll'1::Wm1:WVIU'1Ull!J 

3 .1 .4 

' .. v ~ 1 1'lflVlilUVl'1, Vlilil'1'1:Wilnl<IU, atelectasis, cystic fibrosis, Vl1'1l'1UV11!J 'l~'1 

2'.:J/..., v•v<!I c:l "1V~ O 
nul 'lflH, V1<irn1'1'1Vl'lflU1'1l'lUVl'lHfln !J1BHV11 Vll0'1V1'1il'1'1:WVlmnn (broncho-

spasm) :w1n~'l~U ~;iJu~'l~n1'l1~!J1TI!J1!JVlilfl'1'1:W ttlu Isoproterenol l~1111~1!J 
' °'1vv1' .. v ~ 1 •1v Vl'lfl VllTI1 llnaUl'l'lflO'l:YlU B -adrenergic receptors Tifl'IVl1'1l'1UVl1!J 'l Vil VI 

• 2 

Vl'1fl'1il:WTim t1 tl~ill ~1 ~ N<i l <t:wfl 111 ti'1 <11 m 'lVl<lfl '1'1:WVlm n ~ ;i il;i fl'! ~fl~ m 'lVl!Jfl!Jl " . 
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acetylcysteine Ld!J 

1il1fi1111La1Lti:t1n:aan • 
«J1 !Jt 'Hli1'11 'l L VJU~!l'lv1 m ~ (arrhythmias) , 11'1 l'l L VJU L'l1 (tachycardia) Llfll: . ' 
isoproterenol m1m'l~n'l:~u B

1
-adrenergic receptors ~11'11'lfl1!J .aHVl1111' 

11'1hn!J111fi' NOITJH L~mBU'l'llB1 acetylcysteine nu isoproterenol ~BHWU1fi' 
, ' ' ' 

., ~ ., Ji <j q q " v q :!( '.'\ • " v 1 <jq 1 v • 
!lB m:oi:t1m:oia ~u !l'lM:LU1'W11 'W11L!lU'W1!JL'lB!l!lU!J1'llU 'll1'W1L'WLOl!J'll1~ '1 !l1'l'W1 

' . 
VI I I <:{ I ..::j °l ~'¥ 

nl'l'W!ltiaun1'l~aumua~'lla1NU1!J~B!J1 isoproterenol B!J11L!l!J1 nauw'l:•n!J1Nti:tl • 
acetylcysteine nu isoproterenol L 'W'll: ~J1 !JU1 HlUmfo~aUtiUB1 ~a isopro-

v ~ v' v ~""" 
terenol !l1!JB1D1'l'WOIB!lOl:tl'W!lLn'l1 NU1!JU1111u~aumua1111!Jn1'l'll!Jl!J'WOIB!l01:t1n'l'l'I 

• 
' v 

LL~L~a1ifm isoproterenol '111'1 UB!J'l n~a1ifmmnu1un~mn11ni'ln11il1'lla1noia11 

Ol:tlBUH 'lU LL 'j' ~'jl m 1ui1V11111'L d!J~l ~1 fl !J1 Nti:t1~1 ~1 ifnu«J1 !J~ LL'W!Jl 1 ~11 il1ntl1 
' . 

. 
v " q "'"~ 1 '"~ v v v ~U receptors LU'WH L'1U'W1!Jt'l'W1 t'W:tl vagal reflex U'Wl L'W:tlnl'l'l!Uti1'l!l'1'WOl1 
' 
'lln bronchial glands Vl1111'm11L~an1uw1H~Um!J1HnmLLoi:aauil1oi1 mti'an • 
tl1:t11lifoi111111:t1L'WU!J1'llB1ti1'lL~an1uw11L~Ua1n1'l1ut'l!l cystic fibrosis 

m1~Vl1111'Ln11n11LL~n depolymerize 'llm DNA,tu1~U,L'lloi6 

n~a fibrin 1uLti:t1n:~~nua1(purulent) !J1Vl1111'1111:t1L'WU!J1nu11oi11oi•fi'1!J~1Ln'1 
' t<I '"V t <I q' 

'l1nw1wmw1 •'W mucopolysaccharide LL~naan uoi:L'W'll: 'l1L'1!J:tl.LL01:m1muum1 

'llB1!J1~1!JLl1'Lti:t1n:0111m1mnu!J1i'l'I LLi'l:Vi1111' mucopolysaccharide uoi: DNA 
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~'antl11j11ntl1u1un1'lil bronchogram, bronchospirometry, bronchial . ' .. ., '1 .¥.' .. • 1' wedge catheterization ll!1: Jhh: • u'liu U~lll U'Vl'Vl1 tracheostomy Ii endo-
' 

tracheal tube Lll1:1 ntl1 um 'jl'J'll'l l ~fllU'l ii'u1 Hl'Vll H ~U'Vll uh 

N!1TI1' l fim \'If}' !J1 l'lllUflU Ufln'l 1n'l:1il'lU'llUl1'11.i' 'VI jfl 1 Tilil 'l!1: • 
111ul'lll!jLTI!jTIU~''VIUill'l1~'Vl!1fll'l!1!jLl'JUl'l'l''Vl:jil~l'll'l!j Ltlu li1'l11:111u1'111,u1T1ll!jLTI!jTIU 

20% 'VIUill'l 1~'Vl<lil1'1!11l'VI 1Elil'll'lll 'l :i1111 L ii l'l'Vll1ill'l!1!j'VJl'Jl n ~' hW 1um'11 n\11 'l!1: 111 Ul'lil' • 
!J1 m 1 Ill ii'IJTIU 10% 111'li1111L nl'lill n15 Llli1JfflU~'Vl!1ill'l!1!j, wfami'uun~U'Vl:jil'llil'lil' 

' ' • v .. "I • 1 v q .. 1... .. 
nl!j:UU'Vl'lfl hydrogen sulfide 'll'il1'l'Vl1 'Vllnl'li11n1'l Tl!1U ·~ illl'lUU ll!1:!1!j'VJ1U 

' 
1'l un~u !J1 ill 'l n'l: l'i'u1 ITTillll1:1 UlJH T1Umi1111L nl'l'V1!1ill'l!1!j'VJl'Jl n j' '1'1Tu1 ufl'1h u • • 
1rn'Vlau~l'J'VI5111u1, T1'V111111'111mi'm !iu Via' 'l: r' n 1 , Him m n w.i: m ., um l'Ju1 u'Vl11111'J11!j 

' 
1 r l Willlril l'lll!1: m 'l'VIUl'J!J1 acetylcysteine Viu~ 1 u«iJrnuH TIU!J1i11'li11111'Un1 'j 

' ' . 
ii'u!il '!nl'l'Vlli'rnfln'l 1 n'VIH l ~U'V11 uh ilUH m n (rhinorrhea ll!1: bronchorrhea) 

'lUill'lill'll'i'U Lm:!l'1fl'1.iJu1~1.ilmHJ1flli11ililnm11i''Vl:jil cilia iH1U1m~~ l\i!j'VJ: • • I I I I 
..,..,.,: ..!f • o1v qtlq 

LL11:1.i1'lT1l'l'Vl!1rn'l:LT1!1i1U!1'\illi11'1 vn 'Vln1'llll1nlll!1uun1'li'VI alveoli !11'1!1' • 
0 ~'V • .... ~ 

'l 1 w1 nul'la' '111 !Jl'll'l Lill L 1.ill'VI: m'I: 1.11 rnl'lmH aan 11,ifun1'llnu1 acetylcysteine 

n1'l1nu1uEu~111<ii1111Lnl'ln1.,.,:T11u 
• ' 

i1U1 'U<lil l'lnU~' m 'lU l T11a' l'll'll lill'VI: 1 n TI1i'l u • ' ' .c!j I .c!j oe!j 01!11 .... V -:!I V 

LTlil,l'lill!Jill!jiln'Vl1 'VILnl'lll1nanL!ilJ (stomatitis), LUa'lunanL!ilJ (rhinitis), 

n~aH~UHi'm!iu, 'Vl!1il1'1!11ltlnL!ilJ, l~UHL'V11Jl111mn, rhinorrhea, il1'lW1Jil1n1'l 

1v ; l! 1,Y ' v • 1v q .. JI 
l'llll1:'VIU1l~U1J1Hl1' nl'l 11!J11Jil!J~ U'ill'l'Vl1 'VILOl'I sensitization ll!1:NUl'IU 

m ., 1 nu1 l'i'1um1 m: iim: ')', 111TIU!irn1 u LL11: «iJ 1 U'VIUn'VI :jaiJau L w~um n 1 l'lm t1w1: 
\I 1 'll I 

11u1, ~' «J1 u~uil'rum L ~ m nun1 'l'V11 u1' rl1 'VI foni ., 1ifm1111i1'15um .,jj LL11: lil'l~~au1 u • • • 
1 v v 1 ... <j .. 1 !I ' 1 ' ' .. ' .. 

'l:u: 'VJl!JjlJl'J'lU' lj!j01'lTIOH11'1Wil ll~l'll'Vll'l<lil' llW1Jl1U1!jN!11'18 fertility 'VJ'jil 
\ I I I 

LJJuti'11m1 U~ii'Vl1 'ln1 UTl'l'lh l ~n~ill ~~1 n11 6 ~ 'Vl1n1 TI!Jl~U isoproterenol N\i!j 

mi Vfa,1?1Vi'1um1m:iim:f, 
• 

v 1 '1 vv ' 1 JI Acetylcysteine N\i!jL\'11 !j l'ln1JU11'18 1111 tetracyclines, 

erythromycin, ampicillin, amphotericin B, oleandomycin, lipiodol, 
' JI 

trypsin, chymotrypsin, iodized oil, hydrogen peroxide li1'll'V1!11U 

!i1mrnli1ul]fiju1LT1u tll1:/'Vl1a wmniinu acetylcysteine li1111'Um'll'lnl'l:mrn ~ 

n~11 ~Lll~uu LL!1:1l'l:m'VIBl11W!11'1M acetylcysteine aH1nirnnu 2-5% sodium 

bicarbonate 1U'llU1'1L~1tlU Ll<l:i11'l1ninJtllJ isoproterenol 1i'1u ll~1~m'l 
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' . ' " v o<::l.<4 <!:I 0 ' .,. ~..,, 
u11J1N~1Jnu~11'1:'11Hwtuun1ntw11:tu8 pH 'ill'll'l111•n11 7 u1,:uu1:~wnn1w11n11" 

q '1 ~., .. v o•<I 
unl'l~1111:111HTI8• acetylcysteine ':8~ uiutn'18•TIL~H» u1u pH •1'1tuu 7 

' V .,j I ..!j ~'¥ V 

m H sodium hydroxide LL11:u EDTA ( o. 05 %) N~miy L W8u8rnun11~111 HTI8• 

acetylcysteine '1nu~n~u1 oxidation 
' <I~ q <10.>1' 1:yv q-< 

Acetylcysteine !Jl'M TIUm'iL YJWU YJ1UU1:\'11 ULL'1: TIUl'l\ll'l 
' 

Ylun~1<ffwu~nn!J ':tilu~1111:111mn1miiuiiu 10-20% a1,~8 • 
tii1nu intermittent positive pressure breathing (IPPB) H1il1,1TI~n1nH 

1'11• 1nH1TI1'1U1n1n (face mask), n1:1'" (fore tent), mouth piece, n1: 
' 

1,!J~1w: (head tent) 1~~111Titflj8,WU<i:a8• (nebulizer) TIUl'l~8UULW11:1~ 

1 ' ' 1·v <I ' 1" • 1·~ • • • 8UJl1fl 1'!ru LLl'lill' ·nLTll8•WU'1:88• ultrasonic n m YJ1'!U1n1n ft11'1H1'1U1 
' " ' 

V 'V °I 'V ii .,j q "'I 1 oq 1 I 6l ~'¥ .!l I '1HU101'1'1H10b1'1Hl LW11:1'1UH:L1'1UHJLL'1:u1nm~LL'1:n11u U\ll Uft11L'!Jlfl18,WU 

'il: 88•~1?Im1 ufou L w11: m nnm 11ri'au': ~111 uil1 • 
TIU1n~1?!~11'1fowu1nu1<ff1'1u1nin mouth piece 1'1j8 trache­

ostomy (L~U 1u cystic fibrosis) ~il 6-10 !J'1. TI8• 10% acetylcysteine 
-<!3 ..., ~ 

solution 1'118 3-5 !J'1. TI8• 20 % acetylcysteine solution 1u11: 3-4 fl>• 
ll ., 1 V~ I ..!j 

TIUH\Uill' LU'1HULLU'1• nl'lHLl'l 2-20 "" · Tiil• 10% wrn 1-10 !J'1. Tiil• 20% acetyl-
' 

cysteine solution ~n 2-6 ii11 "" u11 TI tent iJH 1 iJ'ii, fo11: 300 !J'1. 

TI8• 10-20% acetylcysteine solution U1LTIN~»~•~ acetylcysteine 10% 

~:a1~~u~,,,~•,1nL~n1<ff ~ll:~u,:Lnnn11~nilu,,,j8tnnu~n~u1nu~1u~Lilu1111'1:1'1ja 
HH 

' 
L~U1'11H1,1nHl'l1•~"81'1~wl• endotracheal tube, tracheostomy,transtra-

~ 

cheal catheter 1'118 bronchoscope 
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.I u 1"1 _, ,J(.,1 'J 
1muw:Tilill'll'lLmuw:aanw<i~'l1n '11i11 u 2-3 u1w 1w11:1muw:1w<11ua1 w<i<i~m~tlafi 

u •• 

wjaal'll'i'U'l:LUuaufi'.i1il HV1i1u11ftu1~m1u11a1aaanu11ii' 1tlu HV1un1uw~1n11~1 
• u • 

1'11'1'111a 1 ii'fomJ,l L '11fi'l11l rnn U11wl'ia1 q"l'li11 HVn11 i1'ml1 uw1~tl1u111'1 muw: aanm ,·1 il~U 
' , 'll 'll 

" "'1 Jfi ..... " ... 1 ~ .. ~ l'llil TIU11'1'11 TILl'lil1iil'li181'1LTI1'1111Ll'lU'111il 'lLl'lill'l'.i~fillfi'.i~<I: 1-2 U<l.'il81 10-20% 
' 

actylcysteine solution m1u11a1i1'1ii'wn 1-4 if1tu1 
' 

1 1 vci "'lrlu "l Ul'l11U'.i:L'11fli11U acetylcysteine 'liUl'l'.iUtl'.i:'l11U'il1il •l'lil 
qq v JI V"'.t v ...: _cf ~ 
1n1utl1:w1uu acetylcysteine a1'ln1:1'iulwun11Tium11<1:<11uw1uuu1aan•1nw1" 

' . 
L~U'l11il1'lll'lil vagal reflex 'ilU11'1W1'iffutl1:w1u~a fif~<i: 200 un. w1afu<i: 

600 un. acetylcysteine 'liul'lfotl1:mum1m1al'if1Lti'm1u11Juwtt'ila1m para­

cetamol (acetaminophen) 1ii'ii'1i1 

1ui1l1u1fi'iln11wl'l<1a"li1'u1ll'li1JBUl'lLi11~uL~al'l~1 1u'i1U11'lfu 
' 

1 " ~ ..... ~1 ... 0 .• .J u 1" .. " <i: 600 un. n11 '11i11•1'li11DU uuft11u'l1Luu~1'111un11 nLWa<1:<11i1Lmw:a1m1u11a 
q_q--4 2J V I ::: I ~ 

1 Ml mn nau1 l'l 1m: N<l'illl" m ii" au1 U'ilU'l11'1<1a1 L muu • 
... .. .. ~ ' .J u 1" " ..... Acetylcysteine 'liUl'l\ll'lml'l: •il'liumn~1'11'.iU nLmm1muuwtt 

,., 1 uJ/1 TI'.il1 paracetamol nmrnmn paracetamol UTIUH1~1mn (10-15 O'lU'ilU tl) 'l: 

L ifuw11~al'irnL<1:vh 1 ii'L ~i1~1 w1 ii a1 n11wtt'l: L nl'lm i11 u 2 -3 i1tmw~H1 n-!uu1:w1 u 
' ' 

1 .• ... " 1 .. .. 1" .. " .. <\ m UTIU11'llUU'111fLTI1 U'l:Ua101'l fi<IU ·~ a1l'lilU U11'1'11a" L'11,lllLl'lO'ill'l (pallor) 

rl1ua1n11w11~al'iu Ltlu ~utw ~~1u '11U1~Tia1~u~l'ltlnw'l:tl11n~n1i11u 2-5 fu w~1 
v !II ""' ..: -"' d' 'l 1n1utl 1:w1um m W'.il'l L mJl'l'l :wu L au·nilU transami.nases 1m: lactic dehy-

~ J/ .J..., I ..J _cf 
drogenase 1u1<1al'lmHJU wwu paracetamol uHm1u'l:anLtl<1i1ULLU<1HuU N-

• ' . 
... u u ' acetyl-p-benzoguinone, N-acetylirnidoguinone 'il"m1u11a'lunua"l'ltl'.i:nau 

TillH'li<i~Ll'lil covalent bond vh1ii'LUUBUW'l1il~aL'li<1~LL<1:L'li<1~mi1h\' ~Ua1'l11il 

nu1u 4-7 fu 'l1~H1nfou1:'l11um 

m11~1l1uwH~a~u~ ti'1~uai1~um1u11aw1<11i11'1i:l'li1n111i1'~unu 
V ,.J .If q J/q q V q I ..J o 

glutathione a1m11w1uuwttuuu1n1nu1uwu'l:u glutathione 1uwaw'l:w1<11i1m11 

L Uuwtt1 ii'wul'l m 'lLLnhm 1m Uuw11~a~uw11 '1i: l'lilm '.il i1'm1 '.i~~ sulfhydryl group 

L tlu L-rnethionine, L-cysteine, rnercaptamine, cysteamine (L UULL'l1~1 Tia~ 

sulfate rl1wfo conjugation ii'1 ii LL~~N<ITI1H ~ii" '.iULLH ) LL<i: N-acetylcys-
' ' ' 

teine ~1mun1a~1u t TI1l 'li<i~1 ii LL<i: mm i11tl L Uu L-cysteine ~qwBLLtlWHL tlunu 
' . ' • .,... .. 1" .. N-acetylcysteine WU11l UUi11LLn'l11f paracetamol '11 l'lN<ll'l 
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' ' 
1 

' ' 1"' q<l<I ., q .,, v .,, • 1 v ' 1 v<I "'1-vv 
mH: 11Ll'IU1!i\ll'IWrnnu !JUIN\1'll1Hfl!JHllLL\1:flU 'lJVIUl'lil!Jl 1'11'1 'lJUll'l'lJilHllVI YJm 

1 
"' qqq 1 v Ii 1 ,. ~ 

1'hl'IU1!illl'I Vl!JlflHLLrn U'lJUll'I 150 im Jnn. 11'1!Jil:i.'ll!J acetylcysteine 'llUl'I 

~l'I (10-20%) 1u 200 !J\1. 'llm 5% dextrose solution LLil'11i\'vi1Hli'UL~ill'l'11 
' v 

LJ'fUL1i.'11U1Un1°l 15 Ul~ an 4 \'J1tlH~a:J-i11J\'t11~1an1u'lJU11'1 50 J.JO ./110 .ll'l!JN\iJ.J 

nu 5 % dextrose solution 500 J.J\1 • viil'H 1niTu111'flf1 \11111'1 u1ui11 m~ 16 1 u 
' ' ,. v "'1 v 'lJUll'I 100 J.Jn./nn. 11'1!JN\iJ.JnU 5% dextrose solution 1 ,ooo J.J\1. 'l1J.J!J1VI VI 

!!. .. 
VIH'IJ.Jl'lflil 300 J.Jn ./nn .mu1u 20 \'111m 

rli!U Ul 1 ~f.1n~'J fll'l 1ifl11 iJ'1fii\'HJ\'a1vii\'1'1 niTu1 J\'fuih:Vll U!Jl llfHL rn 140 J.JO • /nn. 
" 
v ~ 4 .... ':' "" vv v !ll 

ill'NliJ.Jnutl1N<i1mvi11J.J Vl'li!NliJ.Jnuu1\i:ml'l,Ul.Jfl1lm'lJJ.J'lJU 5% LLm1VIVIH gastric 

tube V1il'H1niTuvin'1 4 i11J.J1 1i\'fo1h:vi1u1u'lJu111 70 J.Jn ./lln. u}u,·1mu 17 
' 

flf 1 01 rl'1h uaH ~ t1um u1 u 1 i, 1mV1il'H1n1i\'m1~11flf11111la11 «l Vl~1 U'l!Ul I'll ~1 
" ' 

nu Ulil1L~!JUV1!1'1~mlluflf1LL'rn1ia11«lVl~1U'lJU11'1 140 J.JO .;nn. t:i'1rl'Jrna!cl1uiiu 
' " " ' ' " .... 1 v VIH 1 Oi.'1LLVIVl!Jill'1 YJ!Jl <1: \11 !JL \iJ.JVI: acety lcysteine VIJ.J'lJl !J UVlil Hl\11 l'ILLVIU 

' ' 
1-¥ v 1-"' v " .. ' .. " 1 v n11 1l!Jl Acetylcysteine vim mVIL111'1~1'1LVl1Vl':Ln l'I 

V1il'H1n~fi1rl'J1t11'1fo paracetamol LU'IJUll'ILlluwi;m LVl>i: acetylcysteine 
'll 'll I I 

':Hflli'Noi~mn1u B l'11tJ.JHL'lnV1il'H1n~rl'J1t11'1fom paracetamol LLi.'l:,:11i'Ni.'I 
" ' 

uau<11u11i\'V1il'H1nrl'J1t1fo1h:V11um paracetamol m LOU 15 \'111m 
" 

3.2 Methyl cysteine 

Methyl cysteine LlJU!Jl~L!l!J1Tii.'ll'lil101'l1il'lJil1l'lflVl11L~U 
1 

_j '1 v JI.... .., t:: .... 
Vil !J ' L 1'.JU b 1TIVli.'lill'li.'IJ.JilnL \iu L 'lilH 'lJU11'1'lU11 'l:1'11 U!ln i.'I: 200 J.JO • JU<1: 2 -3 

"' i.'ll'lfl11J.JLVIU!J'J'lJil1LliJ.JVI: 

' JI 
J.JH 1 !J'IJU 

3.3 Carbocysteine 

Carbocysteine (V15a s-carbosymethyl cysteine) 1 if nu 

rl'J1 !Jl HIVll H ~UVll uh L ~1H ~mnu methyl cysteine \11 'l carbocysteine i.'11'1 
" .::j «!f .,,: "4 I V o 'l/V I J{ 
m 1 m VIU!J1VIUl'l'lJil1 L liJ.JVI: L VIJ.Jll Wl VJ'j'lJfl1 ~' 'lJULLi.'l:V111Vl'lJUililM1!J'lJU17 carbocys-

• .( " ' <I 1v L teine ililOqVl!iL'l1011 bromhexine !Jlli1J.Jl'lU\11'1fl'J1J.JLVIU!J'J'lJil1LliJ.JVI: 1'101!J U 



117 
'.Ihai J Pharmacol Vol 10, 1988 

. 
2-3 fo ~H'l1m:L~aHr"in1num9!1u'rn~w 

' .. " 1 v .. 1·" LmJ.J'l1:,:L'l1UU1'llU U1U'l1 2 'llil,n11 TIU1 
v• v 'fu.o:fo ~J.<!( 
Ntl1U'l1'1iln<JJ.JilnLmlJL1il1' J.l,1U1U globlet cell '11LUilLJ.Jiln 
• • 

..,: J( .::I ... "3"-' ""' 1"'' "'1 ., LWJ.Jmn'llu lL<J:mmJ.J'l1:l'l1UmLw>1:1H'llU'1n'l1Hlnu'l11u 'J.Jm1utJ1:nauNn ll'1nllm1 

iia ~ mucin (glycoprotein) ~~miu amino acid L ~aJ.J~anum1 u polysaccha­

ride il1 u glycosidic bond 'llun neutral(~ fucose >l:jil galactose) mHl<J: • 
~ acid sulfomucin (~ sulfate m n ) CT' LL~~ acid sialomucin (~ sialic 

• 
• 

acid mn) ~1 Ll<J:m1mfH sulfhydryl <Jn<J' 
• 

I I .<!( .<!( .,,_ 1 o 

carbocysteine 'll1U'lli!J.JLl'llJ.JLUilLJ.Jiln'llil''l11'LnU'l11U' <Jn,1u1u globlet cell, 

<Jnn11mfH t u1wu~llan Ll<J:Vi111"rl1ull1:naua, iiu1 U'l1H L ~um u1' n~mlun~ t nu<Jn 
' 'l ' 

tJ;;i.nru(1, ifull 1: L 11'11 neutral mucin Ll<J: acid sulfomucin ll~ L WJ.Jtl;;i.nru(1, ifu . , . 
acid sialomucin Ll<J: L WJ.Jnl'lmfH sulfhydryl ~'11ffL um 1~1 u~aJ.JLL'llm ua L ~an 

OJ ~ <U q)/ -":j I 

Ll<l:'llmM'lllJUnl'IUL 1un11 mucoregulatory action 

carbocysteine !lnU1 m L TIU11L'l11il1nl'l1ilL ui:JiJ.ut Hl'l1H L ~U 
• • • 

1 .... .. v 1-''' t " v • '111U ''111HmJ.J'l1:mrnL<J:L'l1UU1 Ll<l:U,i!H mu Hll1 flil 'J.JnL1i!HlJ1HIUH (\11111' 
' 'IJ ' 'IJ 

.::I • "" !II ... ..J 1vc!I <!I ~ 9 
'11 5) carbocysteine a1,J.JN<l'lll,lflU,'11WlJ nr1a fl<JU1~ tJ1nn1B: 1"a,L<JU ll1n 

.. v v 

'lluinfotl1:l11u i11l1fui:l'1l1rur1a r1f,<J: 750 J.Jn .1u<J: 3 r1f, . . 
L~nmu 5-12 1J foll1:l11ur1f,<J: 250 J.Jn.fo<J: 3 r1f, ll<J:l~nmu 2-5 1J fo 

' ' t: v ~ 
ll1:'111ur11,<J: 62.5-125 J.Jn.1u<J: 3-4 r11' 

3.4 Bromhexine hydrochloride . . 
... "'<! ... 

Bromhexine hydrochloride 'lM J.l'llil'l1H l f!J-111 2 -amino-3 , 

5 dibromo-N-cyclohexyl-N-methyl-benzylamine hydrochloride Lilua~wufi 

iJH fl11 :'fi'lla' CTl 1 vasicine ( peganine) ~' 1ii{,1 n~'ll~a Adhatoda vasica ~' 
1 ., .,J( • o.v• v 

lJW'll'llunu!lnUlJ.ll<TILlJUUl'lllJLmJ.1'11: • • 
Bromhexine L iJumw1 TILLW-i'l1'11 u1ull1: L '11'1~1 < '1 '11H '11Jtluhll 

' 
U1<Jnfl11J.JL'l1UU1'llil'lCTJ.J'11:1nuVi111ttr11'mf1,'llil'm1u acid mucopolysaccharide 

Lll'lnaan L iJu~u l ~n'lm u1uL1 '11 5 -1 o fom\'H 1n1 iJ'm uan' 1 n~m rJH ~J.Jtl~mrui, ilu 

1 . 1 vv . " U'l1'1iln<JJ.J '111 'H'lllJLCTJ.1'11:aan,1U'l1U 
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Bronchopulmonary disorders 

- acute and chronic bronchitis 

- bronchorrhea 

- asthmatic and emphysematous bronchitis 

- hypersecretion in asthma 

- tracheobronchitis 

Respiratory obstructions, from different causes 

- patients in post-operative care 

- respiratory failure 

- patients on assisted breathing 

Acute and chronic ENT disorders 

- rhinopharyngitis 

- sinusitis, rhinitis 

- tracheolaryngitis 

- tubal otopathy 

and particularly glue ear syndrome 

tlnd'm ~nm u 
' 

5 ii flfrn: 4 
u ~ 

;in .rn<i: 2 m.:i 

1 "' q.... v v JI .. 
81~ 11L!l1'11fiu!ltTI1n<i1lltUB<in ~ 

(infusion) 1uTIU111fu<i: 8 -24 :im • 

J( •1v""' ~1" <I v 1:11umn11 1Hn11mm1 11<iu ·~ lirnmi;: li1mtm 
' 

tt<i: \lJa.:i 'i: f .:i n1 11if1:11 OU ~Vl l'l~~l 'i !lllN<l L Un 'i: L 'W1: al 111 'i 

" .Y. , 3. 5 llJUnU!l 

• 

t ~u-ifu~uH 'llumlun 1if<i11m1m11um Tim t i'l:i.m: tt<i: i'l11ii'1111!1.:i 
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\'JflH'l1H~U111!J1,1u1'i11uiHH.h1 ll'i'mi cystic fibrosis, bronchiectasis, ~ 
v iJ J(._, q~..J o<\l.J 

1 mlm1, 11<1:a11mrnm \iu, L u11u:a1 L '!flH LL<1:01 rn1n ?J:a1111<1:a11ium<1:ll:a11 11'!a11t 1·Vi1 

iJ
V ._.,, '~lv' 

a1n1!1 paranasal L Ul'IU LilUll!J:lll11'11U 11LLn deoxyribonuclease (pancrea-

tic dornase), trypsin, chymotrypsin, streptokinase U'1: strepto­

dornase L iJu ~U 

.. 1 v L 11!:11 11 

' ' 
n<1lnwL~u-ifu~lll<1111111lJL11U!J1\'Jil1LlilJ11: 115a li1'!ft1111~1 ~a 

v 

1lluatilim ilL <1m1:1 li'LLl'lnL iJu~u L ~n'1" L ~u deoxyribonuclease ~il!:I DNA 
v...:vo1v"'~"f,( '1v' J( DNA 11~'1,ln mucoprotein LL'11nt1,111 11Li1UlltllJ protease !:lil!:I Ml!:l\'JU 

' 1 c:.: ...: -"1 ,( iJ ..Jq q v 
il!:IH '!nm lJ L ilUlJ!J:IJL u\11 '!11mHn LLl'M LL'1: ill H nl1~'1\'JH 

LlilJ l11~1hmLWil1'Hnl1il1n1'!lJ1miJu~u nHi LL'1: pulmonary infiltrate LiJu~u 

mnaanHJ'm 

q v ""' .., 
lJl'l1!:1111'11!:1'liUl1~lilJnU 

q 1..J .( ,(1'" ' llnl'lu1n11a1n1'! a11aanq11nn11nuu :a111:uull1:<1111<11un<111 ~n~ntl1iJ1 

1 ilnum nn1 a'llu111 ilLLli'1 '1 LL'1: l~n L 1ilJ11: L ~u dextromethorphan, noscapine 

Lrn: caramiphan 1-ifnum0111fl~l~1mL11 ll'i'mi 011la,1nn11~m~al1f<11u1111 
L~U111!:11'1'1i1UlJU LL<1:111'11 LiJu~u 1~m.'!1TI dextromethorphan OlJ'.il1n151il'llU'1 

L ~afHn n L ~u m ni 11fl'1nn11<1uu11~ 1'lillJ~11 m <1lJlla11 t Jnrn1 LL<J: 1~m '!1 ii 'LI , , , , 
I !I.I I I 

nua1n11lawnu1ft1111~1\'Ja11111L~u111u1,iJ1n'1 codeine <11:1111u1'11nua1n1'!law~ 
V I <:j V I tj .( I 

<1n1'1\1l: L 'llu L 11!:11 nu dextromethorphan LLl'I codeine :wq11nnmn ni 11ilLL51m1 

ll1:mru 2 Lvil Lm:n11n1'!111uhmm'1 ~111'1:111'11nu1111nmt1~1m'1 6 L~au Lw11: 
' 

v q 1 o ~ q.; 1 ' ' v "J!V 
111 '!n!:l1 :wn<1 n11Hl1 !:l!Jl • l1!:1Hi glucuronidation lJlil11J'.iill Uil: l'lil1 • 11m !Jm 1 lJ'.i: 

~11'.i:1'1auH~11uL~nmt1~1n11 5 ~ auHl'lilm:w codeine n11ni'.i111t11,uaum'1 
' 
' o<!j "" ..( morphine ll'.i::w1ru 4 L111 {1'l'.ifl:Wq11nn11n1'.i1'11!:11,ll'l::w1ru 25 % \'Jil1 morphine) 
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v .. 1 v Lrn:w11~Ln11m1!lf.1m11~ULfl~!lUill'lni1 morphine ii, 20 Lli1 ('l'l'rn 'l'INmJ1:mru 
' ' .~ <I 1"u " <I v 1-v 5% 'llil1 morphine) pholcodine LUUl'l1'1'1L'l'l!l1:ti!l'l: YJfi!JLl'lfi!l1fi'l'l~l'I n1111n TI 

dextromethorphan 1 ~1 l'i' Nl.1 normethadone ~(]VI ~n l'lill n1 11ilLL1 'I n l 1 codeine 
' ,,.. v "" 0 1 v q 1 v "-' ""' .( 

2 L '1'11 LLl'l!lN'1'll1 'I L fll'l'I m1:V11 VIL ti'Wl'll'I l'l'Wil"ln\J codeine m hydrocodone !l(j'l'lll 

fil'lill n1 'i1ilLL1'I111°1 codeine L ~fiUfll'JLL<i:W11 ~L nl'ln1 'iL ti'W~l'lm nnl1 codeine l'l1 
' 

hydrocodone nmh m 1i!til'lfl1n111 al u«1h l'lw1 aa~H LL~'! "l 1~~ L ti!l11: 'l 1 nn1 n: m l'I . ' . 
.. 1 v' "'1 .. ., u 1 ' v ' v ' 

Lflfl'I LL<i: u~!JHJ'l'I ilLL<i:ll•lflln 'l11!:1'il!ll'l1l'lfll'IH111H'll1H ti1U morphine, 
' 

hydromorphone, methadone LL<i: heroin ~(j'l'lllfififl1n111 flfl~H LL H LL~mw11i1' 
L n l'ln1 'iL ti'W~fi 1 l'i'ti'! nJ 1 fifin1 1'1'11 !'11' !l1nm'1 LL<i: '1fin1 1U1J\ll1'1'! :J'a L fl~ilU1 'l'lnfl'l'l'IH • 

""" ' v ~ ~ ..,..,; 0 -~ I ~ _I v I d ..l ""' 
L fiUil1 'l'll'im nm 1 l'l'IUUH HJ'! un'irulN 1L uu L V11uu L TIU NU1l'l!l: L 'i'l '1'11mm: !lfl1n11 • 
U1 l'I l '1ntl'l1 mL<i: n'l: mun 5: di l'l!l1 n «ii 1!'11il'liUl'l1 ~~ L ti!l'l'I: 'l 1 ntil L 'l'll'l'llfl'I n 1 n: fll l'I . ' 

.d:I v' .J q .d, "-' '"I<:;! JI 
L flil '11 U'l'l<ifl l'l<l!l N!JHJ'l'l 1 mL<i: !lfl1 n1 5\J 11'1'l 1 nn 'i: l'ln'll 1 m '! 'l'ln'l'l'iil!ll ua m t1 (inf arc-• . 

., 'l" u 'u1" <I ,!'. ·~ ,:1(.1, tion) 'llil'!Uill'I 'l'i'jfl'l1n•'lf1Ufll'lflnlti!JLLl'l!ln YJl'11L'W!H'i:t1:~U"lLVllUU mn<illU )jfl1'j 
' ' ' ' 

1ifnua1n1,1aw~n11~u'lla'!ti1'iil11V1~'1'llfl'IV1l'IL~uV11l'll'lll1nL1111:'l:w11~n11il'l'llfl'I 

L ti!l'l'I: 1 UVIH L ~U'l'll l'lh LL<i: 1 ~m 'j 1 Titl\J «ii 1!'1~ 'j :uu!J 1: ti1 V1d1 un<iH nnn l'I ' «il1 !J'lll l'I . . " 
aan~L'lU, «Jn1L'i11\Ja11a11ifmfai'I, 1anrn, 'irn~'!$\a'11:iJ'm:i''lm11ii'lu«J1l'I 

'll , I '\I 

nll'l'l'l~'ln11N1l'i'fi L'W'll:ill'lW11~Lnl'ln11il'l'llil'!Lti!lV1:, atelectasis, 'l'll'IL~U 

'I'll t11' ilYJl'i'u LL<i:!Ja fi\J1 !l n !l~Hl'J 1 l'l~~l'lt11L ti'W~l'I m 'l
0

1111 n!lil f wmL<i: aui1'u 6$\a'! 
, 'll • , 

1:i1'YJ1:i''ln1,1iJ'lu«il1l'l11fl'l'lfl1J~fi L1111:u1uci11u~au~til'l1~u, ~'w11~Ln11V1tiilfi<ill 
..: .d:I ""' <:!I "'I ""'1v 

'l'!l'lln'i'I 'l'l'liJLnl'lilln1'i'l'lil\J'l'lfi LL<i:Lnl'lillnl'iti!l'WH l'I 
V q .o:j I .(..l 

m mmMmllU L 'llu diphenhydramine LL<i: promethazine ililn(]VlliVI 

1: \J\JU 1: til Vld1Un<i H '11'1il1n1'i1aii'1l'lnti1n~il'l1~VI'j1 \JLLUUiJU LL~ L ih 1'l11n11flu61 il • ' ' 
1'11u l'll diphenhydramine U1~(j'l'IB anticholinergic til'ln11~1Jti11i111V1~'11u 

'l'IH L ~U'l'll uh VI ~aw11 ~ti1 'i ftfi'l'l~'I ~u L '1'1Ul'l1 ~' L mil ~m' 11 ~ L ilu N<i~nu «ii rn 11 fl'l'lilU 
' . 

~11 LL~1 uu'l'luu L ~a11aH1~ L ilm tluiru 
' 
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1J'l:li1'VN1n stretch receptor lUUill'l11Jl'IUIL mu!Jo:li11'1 vagus ll\1:il1'l~ql'lt~ 
' v • ~V 1 .,J_, o ., "' 

1:uu!J1:li1V1li!un11111'l!!J il1,•nl11'1il1n1'l ill'llJil1n1'll,Uftill'l'lillJ postnasal drip 

ll1 lidocaine u11ifwuftanauw1 bronchoscopy u1~1luw1:~u1;~' l~U tetra-, 

caine NlilJau1 um amlrllall• u menthol l i!umw11l'lm 1 lJ'l: mu l ~ilHl11: m 1 m ~u • ' ' 
1J!l'lluw1:Vi u1a:w~11~ww11M~lJftilnli1lJ1'l~l'll'lft!1:w1:ft1lll~a11!l lw11:u1ft'lilUftl'llJ 

' "' cough receptor VI 
' ' 

tracheobronchial tree W1lM receptor ~nn1:!luuil!Jl'l1 
" ' 

N'1h ll~ 11 aua mH 
" 

m nrnnil'uaanm 1111'1 u l nl'lfl111: mm ~a1lll'I:n1: i1iu1 Ml nl'lil1fl111 a m 'l l ~an1 if 
" ' 

m il'u l lim1: 
1 9-

21 ~1 l ~:wfl1 1V1ii'1 li1 Hll'IYli\-1'llil1 V11 1 l ~um u1' w11 vi l li:W1'1: l 1'1m lll'I: 

"" ..:Jt q 4 v2-1' ~ 
lJ'llJ1illllilJ1'1:lwlJ'llU ft!1lJl1'1UlJ!1'1Ul'l'llil1llilJ1'1:l'll'll'l1 l1'1lJ1:rl11'1'lUN!J!!JL'lftlJilllill'lflU 

I I I 'iJ , 

JI .... ~1' .,,, 1 Jt ... .., ...,q ... Jf...,o6)!LI "" 
l'lil'l1 '111 lJl'IJ'ltTI!J1nl'lil1n1'l il Uilfl,1f\UU'llJ1ruli1'lftl'l1'1\111'1lWlJ'llU!J11'11•1'11'111lllU 

1'11llh~lJ~U fl11w111un-11a1 mucocilia ~~u m1:li1111'111'1i\'1u1~•u!Jnftl'llH~ill~iln 
' ' ' I <>6)i.I <:!! ,t1 -:!14 vl4 

l'IH~ 1'11 •1'1l'll'lfl1'l'l:mulftil1'llilH1U!J illll'I: l!JilllJilfl (soothing effect) N!J!!JH 
' " " 

1ilUil!Jl'l1 !J1TIUllilJ1'1:VJtl11l'~~il guaifenesin, potassium iodide, ammonium 

chloride, guaiacolsulfonate lll'I: ipecac syrup m guaifenesin Jl'n 1 if 
~ I ~ 1JI Iv 

'llU11lft'l1!'1: 200-400 J.m.l'ln 4-6 il'!LlJ1 'llU11ll''i1fl!1Uil1,1-if1:w11lNl'I llil:'llU11'lli1 
' " n1'1~il1'lW1lMil1l~!Jl1 potassium iodide ltlum~ql'l~ll1"~~1'1 lll'l:~mhm1-if1u 

L 'l 1'11'1l'lil lll'llJBnl lim i!m' m u1 u ll~m n l'lfl 1 1w111u'llil1 ~a:w1 V11a u~ 111m uw1: a UH 

~1lrla1ifu1~1'1~ilOUltlUl1l'l1U1U 
uan' 1 nm il'u l lilJ1'1: llll'• tl1 ll11:li1rnl'lm1 :w~uHiumh m ~n1w11 MVIH 

" " 
l~111'11!Jl,~lJ~U l~lJf11'lWl'ILUn'llil1 cilia ltl'l:l'll'lm1:wrnilm1'IUl'l'llilHli:w1'I: n11 

' v ' 

w11vi'mnH11uvi'a1~m1lJ~U l~U WU!'l:ilil1U1Lll!Jliflft:jil1WU\1:ilil1 (l~U Handi-
v ill I V 

vent) 1'1:jil1'11llh la11atl1 til'111J (fo11: 3-4 '1'11) lll1:~lJtl1fo11: 6-8 llii'! ti!u 
' ' v 

1ii{ 1 u~ Vl1 iJ1 i1iw11~1 m1'J' uVI~ l lilJ1'1: l 1'1ilm l l!VIH l ~u1'11 uh l'lauum 1nn1 1'll111tl1 ll~ 
" 

fl1 'l1'11 !Jh l il 111: ilil 1tl1')15a 1 atl1 l ih 1 !J ~m 'l: f rn 1 'l l n ll1'1l'lill'l\1lJ1'11ll fl~ 11 u«J J lJ Lo ft 
" 4 v Jiu <!fv1 ,.d~, !V ,.J v v 

1'1ilU1'11'1 ltl'I: 1'1\1il ll\1lJilfl l lilH 'lil H l \'JilflU J 1fl1 'll'llJU1 ilUllflJ lV1111'll'I NlilJm \'JlJl \ilJ1'1: llJ lJ ' . ' v v 

(l~U potassium iodide) ~'l:~V1fin1w1un11~!!JTIUllilJ1'1:~VJlill u11ftf;tl1Jl'U1'1illJ 
' v v 

1: l 1'1tlUHilrJH l ~u tl1Jl'u eucalyptus, anise m1: nutmeg, 'l!lJi1'1 camphor, 

benzoin mi: liu balsams 1~!'111 utl1 f au 1'15aaunu1 atl1 t ~a 1 ~n~U1'lillJ~1ulil'll'llJ 
" 
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'11 'Hl: in !J hypo tonic ( O • 4 % NaCl) mi: isotonic ( O • 9% NaCl) 

~ti 'll i'l'l 1 m ~a 1!luntl1:in1 ilwmLri: lil'll'llJiltJH n-l'1 Hn H L ~uri'u L ria'1arn1 nn 1 lJ'iiu . - . 
L~U!J1Tia,J1fll'l~i1w1•L~U~l!JL'l~~nri•1ti n1'lw11~w11L~u~11JL'l~lJ~u~tl'l:L!JTIU 

• v ' ' 
1u«J11JL'll'l~rial'lrilJBnLliuL~af1 «J1uliuu~jil'l~~LlilJ~:1uw11L~u~1ul•l'laua1•ilu 

'IJ 'll 'IJ , 

<I 
L ~um 

~ 1. 
a1n1'l~rltll'lrllJ~l'lLn'l1 l'l 

lil'l~l'lfl'JllJ~UUHtltlH L~U propylene glycol LL<l: glycerine 1il 

m mil«• ~~a L lfutl1 n'l: '11 um ih~fowmtri:lil'll'lm ~Bl'll'ltl1LLri:w1111w1, L ~u~1 uh ~lJ~u . . ' 
lil'lrl:rll!JLTIL~!JlJ1Ul'll{UtlLUl'l (7.5%) 1'1tl1lJ11ilwuLifuri:aa•lil'll'llJ 

' . 
.. ""' • q " .. .. .. ~, ov .. 

~'lilb~bl'l!Jl'l'l•LTilWl•ll'lU~l!J<'l LWilrll'll'llllJL~U!Jl~Ul'lTiil•LlilJ~:rl1 W•<l'l!JrllW•~'ltl 

WlilJrlUlil 'l tyloxapol ~H lfuli1 'l'l
0

1Wlnrll'lLL.,, ~. ih L ~il 1 ~ L !ilJ~: ~lJLl<l: <ll'lm 1 lJ 
• 

.. .. v 
l~U!Jl<l1 ~'lilWlilJnUlil'l acetylcysteine 

ililD!Jl n !J1 ri: in !J L liJm: L ~u acetylcysteine, carbocysteine Lm: brom-

hexine ~rnw11 ~ mucoprotein 1 u L <ill~: LLl'lnliin !J L ~nri1 m 1 m ~um ~Ul'l<ll'l<l• 
"" v ' J{ ... 111' v v _! -:!! 'l1UDTIUililD11!JTIU U11W u'lllJDU!JlTIUllilJ~: LTIU potassium iodide ~'lil or-

• I 21 21 I V 

~1Wlillri'utl1~5atl1wri1~ ~lJ1uri: 3 l'lf1 •:w11~ (Organidin) ganic iodide 
• 

iH n1 u1 ffil1 !lrn n1 'l'lvl'l~l Tiil1 '11. n1 !JL ~ati1 U~l 
• 20 ° Trendelenburg LifUL lin 

' 
l l'l!JUl lJl L ilw11 ~ L liim:~ L ~um LL<l: ill 'l ~~Uil 1 WlilJil ti • 

v J( v ... 
cystic fibrosis, ~<lil?lrllJilnl lim 'lil 'l • LLri: l1 
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sopharynx) a1•1nu1 decongestant 51"~1u 

'"nanLmu ~V1ua1) ~1•:w11wa1n1118a11a1~1u • 
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VJ~a~ULTI1~"n 1ua: 2-3 ftf1 L~U oxymetazoline, xylometazoline, napha-• 
zoline, tymazoline LLa: tetrahydrozoline Lilu~u 'llu11frnl1:V11u L ~u 

pseudoephedrine hydrochloride 
~ ~ 

(mm: 30 - 60 1m. foa: 3 - 4 ftH ) , 

phenylephrine hydrochloride LLa: phenylpropanolamine Lilu~u 

U8n•1nm~H '1 ~n~11mLL<i'1~ m~u '1 aHuntl1m1n Ltlu m'llmu • 
VJamm" m1f~1ftmLl'lt108U~ LLa: m~1u~mm~u LiJu~u t11'llt11HV1a811a"l-ila11mnn 

1mLa: ni oVJm n~1 'llil1VJa811a"1ml'Jrnt1ftVlillJ~ll L tlu fmh:V11u albuterol ( sal-• 
~ v ~ -<!! ~ .., 

butamol) ft11a: 4 "n. 1ua: 3 ft11 1'118 terbutaline ft11a: 5 "n. 1ua: 

Drug 

Cortisol (sodium 
succinate salt) 

Prednisolone 

Prednisone 

Methylprednisolone 

Triamcinolone 

Dexamethasone 

Beclomethasonet 

Betamethasonet 

Triamcinolone 
acetonide 

-<!! .., ~ 

(spray) albuterlol 1'118 terbutaline 1ua: 3 1111 

Advantages 

Standard intravenous therapy 
effective in status asthmaticus 

Fairly rapid acting when given 
by mouth 

Standard oral preparation; 
inexpensive, effective 

Rapid acting; minimal 
mineralocorticoid side effects; 
unproven advantages in 
severe disease 

Potent; minimal 
mineralocorticoid side effects; 
not likely to prodUce weight 
gain (acetonide used as 
aerosol; see below) 

Potent; minimal 
mineralocorticoid side effects; 
suitable for topical therapy 

Potent; minimal 
mineralocorticoid side effects; 
diproprionate used as aerosol; 
not very active by oral route 

Similar to, but more--potent 
than, dexamethasone; valerate 
used as aerosol; less potent 
than beclomethasone 
dipropionate 

Delivers higher percentage of 
dose to the airways; may have 
lower incidence of oral 
candidiasis 

Disadvantages 

May cause electrolyte 
disturbance 

Slightly more expensive than 
prednisone 

Not as effective in patients with 
liver disease 

Relatively expensive 

May cause myopathy and 
mental depression 

!v1ay markedly stimulate 
appetite; value in asthma has 
been controversial 

Aerosol may cause hoarseness 
and oral candidiasis 

Aerosol may cause hoarseness 
and oral candidiasis; mav 
cause greater '1drenai , 
suppression than 
beclomethasone 

Aerosol may cause hoarseness, 
wheezing, cough 
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• 
1'11 'iHW 7 Nl1LL'l1'in-ilau~H 'l 'll:arna{~1 flrlt flfl'ifl!:l~ 

Skin 

Site or 
System 

Affected 

Vascular 

Appearance 

Central nervous 
system 

Cardiovascular 

Metabolic 

Musculoskeletal 

Endocrine 

Gastrointestinal 

Ocular 

Immunologic 

Fetus 

•• 

Unpleasant Effects 

Acne, hirsutism, striae, 
flushing, facial erythema, 
increased perspiration 

Petechiae, bruising 

Fat deposition (facial mooning, 
buffalo hump) 

Insomnia, restlessness, 
agitation, nocturia 

Edema (caused by sodium 
retention) 

Electrolyte disturbance, calcium 
loss, alkalosis, negative 
nitrogen balance, 
hyperlipidemia 

Weakness (caused by 
myopathy, .hypokalemia, 
wasting), osteoporosis 

Menstrual disorders, 
menopausal symptoms, 
impotence 

Nausea, vomiting, fatty liver, 
increased appetite, 
esophagitis 

Exophthalrnos, posterior 
subcapsular cataract, sixth 
nerve palsies (diplopia) 

SuppresSion of skin responses 
to antigenic tests, depression 
of immunologic responses 

Dangerous Effects 

Loss of subcutaneous tissue, 
poor wound healing 

Thromboemboli, vasculitis, 
periarteritis nodosa 

Stunting of growth in chiidren 

Altered personality, psychosis 
(euphoria, mania, depression, 
confusion), pseudotumor 
cerebri 

Hypertension, heart failure, 
arrhythmias 

Diabetogenic effect, 
hyperosmolar nonketotic 
coma 

Vertebral and other fractures, 
aseptic bone necrosis of 
femoral and humeral heads 

Hypothalamic-pituitary-adrenal 
axis suppression 

Increased risk of peptic 
ulceration (in rheumatoid 
arthritis), large bowel 
perforation, pancreatitis 

Papilledema, increased risk of 
fungal and viral keratitis 

Impaired response to infection, 
susceptibility to dissemination 
of vaccinations, opportunistic 
infections 

Risk of teratogenicity in first 
trimester, possible adrenal 
insufficienc\' in ncon<ltt' 

~.. 1'J./ "" v ~ tLVJU mauVJaH RN1ilflil'i1Jll'i:V11u theophylline fl'i41il: 300 i.m .Vin 12 i(i1m 
' 

~mm =omolyn sodium (sodium cromoglycate) 1il'ua1nul'iflVlfllJ~l'I tti'l:ill'J 
• .. ~ '1 1"'q ~ ~ ~ ml'i:•!:JTIU unl'i1ill'lflln1'i f1VJtnl'l•ln•5'1VlflJJVll'I Vl'ifl hyper-reactivity 'llfl41'11~ 

t~UV11U1•, ipratropium bromide tilU!:!l'll!:Jl!:JVl1ililR1il~TIUR anticholinergic 
• • .. 1'" v 1 1 .. q v v "' "' ' Vlfll• TILl'IN1il Ufllnl'i ilVJtnl'l,lnn11VJRl'll'llfl4V11ilfll'l1il~ !:11\lllU~i.1\lll~U LTIU diphen-

hydramine 

drip flfl{~ll'lrltl'lil'ifl!:J~ trlu beclomethasone dipropionate, 
.,1~~· v sodium phosphate Lti'I: flunisolide t~a n~U•~nrni'I: 2-4 

l ,_.I I 

,!I. ( 4 I 1 tj q 'J./ 4 .o::ltj 

a~RlVJV1'ia~1nn11 a1•1.'ll'la1n1'i flVJtnfl•1nn1'iL~na1L!:lilJJ•~nVJ~ 
' " 

postnasal 

dexamethasone 

flf1 t ilm • m 1 

postnasal drip 
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' . ' q q -!I .!;j , , ct V -=t I 

tm:vnnrl'l1ffl'lillJ11rl wrn hyper-reactivity 'llilrn'1ilri'1!.J (Vll'iH11 6) !Jl!H!.JNMlil 

111 ni .,111~ L nri:i 1 nni 'l~m ~il 11-i'<!LL<l: ni 1~m ~il~U'llil111H L ~u11u11'l lJ1~11frnl'I W-111 

1_'f'.'<lu _I !J u ~ iJ 
l'.l1!i'iUll'i:l11ULL11U Ll'.JU prednisolone !lH'1: 40 a.Jn. 1U'1:!l'i~ L UL1'11 2-3 

' ..... i.I t: v u <!ii .... 
1U LL'11'1rl'1Hl'l1'1: 10 a.Jn. 11n 2-3 1U 'lUn'i:l1Hl1'1il'llU1r11U'1: 10 a.Jn. LL'1:m1ri 

' . . 
u11u~<111 111u1«u11~tnu 14 1u 1~11111«1111f~111<1t!l11111u~JJ1:i1~ri~11nuti!ut1'11 

• 
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Mucosolvan 
Berodual 

Persantin 
Catapres 

Dulcolax 
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