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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 



17 
Thai J Pharmacol Vol 10, 1988 

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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