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ABSTRACT

Binding of volatile znesthetics by proteins has been proposed as a mechanism of anesthesia . Thers is no evidence, however,

et enesthencs at chnically relevant concentraions can interact directly with lipid - {res preparations of receptors or signal -
wansducing proteins. Calmodulin is a key regulator of metzbolism in neurons and muscle cells | This study describes the effects of
taisthene oa the binding of the neuropeptide vasoactive intestinal peptide (VIP) by calmodulin . It was found that : (1) Saturable
complexstion of {tyr' %' 1)vIp by calmodulin was zbsolutely Ca?’-dependent, requiring mM metal concentrations for optimal
binding. (2) Halothane produced 2 dose - dependent, biphasic inhibition of VIP - calmodulin complexation . Relatively low
concentretions of halothane (0.15-0.27 mM) inhibited the complexation strongly up to 67% inhibition. (3) The inhibitory
coorentrations of halothane did not influence binding of VIP by monoclonal antibody .

I ceuld be concluded that czlmodulin mzy be the target molecule for halothane and that the mechanism of anesthesia by
sawthane invalves direct interaction with cellular signal-transducing proteins .
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INTRODUCTION at a concentration of zpproximately 40nM in 0.1 N
The hypothesis that volatile anesthetics act acetic acid supplemented with 0.25% bovine serum
awectly on or bind specifically to membrane proteins albumin  2nd was used for assays for up to 8 weeks from

remaing conroversial Y

Historically, three principal methods have been

the date of preparation .

Lipid free porcine brain calmodulin was purified

wsed to probe for sites and mechanisms of action of by reversed - phase HPLC 7,
gruzs © mnalysis of structure-activity rcla:ions(?ips, Binding and Cross - linking : _'*] VIP was permitted
fanctional studies, and radioligaand binding assays @ . to bind calmodulin in an atmosphere of nitrogen or
Stucture-activity  studies of anesthetics, s hzlothene 2nd 22-26 Kd, complexes covalently-crosslinked
j’:““;’:“jl h(f;' f‘,hid “:’;’ff - ?"eflwn felafmhlpb’ with 2n NHy- directed bifunctional reagent were
G gl AR AL © Totecwiar target (o0 be separated by sodium dodecyl sulphate (SDS) - gel
svitoghobic, but they have not provided evidence . I & .
- Cictinguishing berween a direct lipid or protein site of clectrophoresis on phast gradient (8-25 %; phérancly
- e Lo BeRER Fels, o LKB Biotechnology Inc. followed by autoradio-craph
-.#uen Functional studies, on the other hand, seem to e : ¢ Dy autoradio-graphy
Ut 1 anestheric effect at multiple protein sites and measurement of relative optical dex_zsrty (arbitrary
H‘,"o’i:‘.‘::‘ becanse the function of many pro(gins unlts) in the 2226 Kd. bands“’. Halothane
“dentuds on membrane lipid, determination of the direct concentrations were determined by gas chromato-

stesthetic site remains embiguous’™ | graphy™ .

Razdivactive ligand ‘binding techniques, which Radio-labeled VIP binding by a monoclonal

A pewerfiel methods for identifying and characterizing

- 'ﬁ'l-‘imyw_!ogicﬂ sites of action have not been used to
Sudy the inhalstional apesthetics, primarily beczuse of

© bl b a(ﬁnzty,'_rgp_id kinetics, high vapour pressure
- #id shezace of chemical antagonists™ |

antibody (C 23. 5 ) was estimated by precipitation of
immune complexes with polyethylene glycol &,

Data analysis : All assays were performed in duplicate
and values obtained from six separate experiments were

‘ . used to calculate means and standard errors using
o the present study, the effect of halothane at student test %

- Hinically relevant concentations bas beeh studied on
the 51”451‘;;,{ of the neurcpeptide’ VIP by calinodulin as

N Y. s ’ N , RESULTS
. L 18 et 1 indine of Yy Y MONalo 2¢ . - -~ ¥
' ‘kﬂtibc;:}y;f 2 »°_Ct_ - ﬂ'cfb"_‘él‘?é "pr mmmlcna "1 VIP-calmodulin complexation in atmosphere

of 0.5 % halothane gave rise to significantly P < 0.05

o R T R biphasic inhibition of binding up to 53.8% in calcium
| MATERIALS AND METHODS

' : ' ... . . concentration of 100 M in the final assa}"('gig.“l",
aplides Syt VIP was parchase from Buchers .~ tble “I”). Halothane 1-2% ighibited 1 VIP-
poration of synthetc VIP aad ‘purificetion apd . calmedulin binding by 56% & 67% respectively, in

_ Bentification of (T ¥ B VIP wers ds described by <alcium . concentration near saturation in the final assays
o Pal el The radiofzbeled peptide was.stered (-60°C) - . fig2), fig. (3) and table (1).
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Fig. (1) : VIP-CAM. Binding in Nitrogen vs Halothane 0.5% .
& inding in Nitrogen
3 Binding in Halothane 0.5%.

* The points plotted represent the mean + SEM of six separate

experiments (P <0.05).
0%
. T
t
, )
04 l
_ !
:: O35 .
il I %
w' A
m
ey
. T L
o Ger . \r 1
A e
/"..\,;
] E /.
’l
s of
o ./ aka L ! !
g i 2 5 4 3

. A - : )
-Log, Cal. Conc.
- Fig (3 VIF-CANM  Binding ia Miircgen vs Halothane 2.0%.
& Punding w Muogen
- B Rintlmyg 11 Balelhane 2 0%,

. Toe pocs pietied represzat \he msan + SEM of six separate

experimenti (P <ODLL) 0
“The poiots ploned Teprovent the
- ewperimente P <1 005)

dwen + SEM of six separate

0% ——
04} \ I

[

il
03 iy )\ /

R.O.D

02} ~°
/J.\ A/h
01} 0 i
i
O - ] i lr |
8 7 6 5 4

J

-Log. Cal. Conec.

Fig. (2): VIP-CAM. Binding in Nitrogen vs Halothane 1.0%,
@ Binding in Nitrogen
+ O Binding in Halothane 1.0%.
The points plotted represent the mean + SEM of six
separale experiments (P < 0.05) .
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Fig. (4) : Monoclonal (C23.5) antibody - VIP Binding in nitros®

vs Halothane 0.5%.
A Binding in Nitrogen v
A Binding in Halothane 0.5%. . 1e
The points plotted represent the mean = SEM ofsiX sepast
experiments ( P> 0.05).
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The inhibitory concentrations of halothane did not
influence binding of VIP by a monoclonal antibody
(C23.5) fig 4) and fig. (5). This indicated that
calmodulin was the target molecule and not VIP for the
effect of difTerent concentrations of halothane .

The concentrations of halothane in the reagent
~of the binding assays were determined by gas

chromatography table (2) . The concentrations obtained
were clinically relevant 0

Table (1) %1 VIP-calmodulin complexation

inhibition in different halothane ando calcium
concentrations (Mean + S.E)

iracads Calcium Concenrations
%% Inhibition of
tinding+ SEM 1M 10 pM 100 M
05 409+23 | 571131 | 538417
1.0 408119 | 428+21 | 564429
20 503224 | 555132 | 672423

All values are significantly different from control P < 0.05.

Table (2) Halothane concentration as determined
by gas chromatography . (Mcan+ S.E) n=6

Halothane % Halothane concentration
0.5 0.154 +0.08
1.0 0.271+0.11
2.0 0.395+0.14

* The values obteined ere the mean + SEM of six scparate experiments .

DISCUSSION

The binding assay approach  to the
characterization of halothane or other inhalational
anesthetic binding sites has been neglected because of
the low affinity of any apparent binding and the high
volatility of the agents”™. This approach has also been
- unattaractive because of difficulties in conceiving of a

commen and specific funclional site that could
-accommodate the large variety of structures capable of

- . producing anesthesia®” Nevertheless, recent studies

have suggested thai the halocarbon anesthetics could
produce their effect by a direet interaction with
- proein®®. ns opposed to an indirear & nonspecific
effect on membrane lipid . The calcinm-calmodulin
svstem is A key signal - transducing pathway that
1€gu_latcsv‘th¢ activity - of several membrana-bound and
sytosolic enzvmes, jucluding adenyleyelase, eyclic
nucleotide phosphodiesterase; Ca"-ATP. ase_ protein
kinase, and royost light ghux’u»kgmsg“’ﬁ.f e
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Fig. (8) : Monoclonal ( Cyy +) antibody - VIP Binding in fitrogen
vs Halothane 1.0%,

@ Binding in Nitrogen

O Binding in Halothane 1.0%,

The points plotted represent the mean + SE

M of six separate
expeniments (P > 0.05) .

Calmodulin has also been implicated in the release of
neuropeptides by exocytosis"® . In the present study
Ca™-dependent  inhibition  of VIP<calmodulin
complexation by halothane and its inability to inhibit
VIP - antibody binding suggest that calmodulin is the
larget molccule for halothane . The inhibitory effect
was observed at halothane concentrations (0.15mM &
0.27 mM. equivalent t0 0.5 & 1.0 vol %, respectively)
in the range producing anesthesia in vivo, providing
support for the hypothesis that halothane mteraction
with calmodulin is clinically relevant. The mechanism
of the interaction is likely to be complex, involving
quaternary complexation of the anesthetic. calmodulin,
Ca™ and calmodulin binding proteins  Sush an
interaction is expected to modify the conformational
structure of calmodulin and its ability to bind calcium
& subsequently to bind VIP This interpretation is in
agreement  with that previously obtained™  Who
stated that anesthetics induce coformational changes in
the substrates of enzymes and impaired their functions
The results of this study may explain Also the initial
activation of priein kinase C (PKC) by halothane and
the following attenuation of PKC - dependent effects
scen by Hemming and Adame,“” . Such an effect
which may be due to halothane madification of Ca*" -
calmodulin binding . Although Ca®* is necessary for
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| ano, A J. Biol. Chem., 267, 12145
potent inhibiter of PKCA™™ . These observations Meldal, M., Tramontano, A, J A s

& 41 . . ,(1992) .
support the possibility that the mechanism of anesthesia 13145, 5 Cochran, W, G.; Statistical Metheds
by halothane involves direct interaction with cellular 10. Snedecor, G. W, and Cocaran, V. L1, e

signal transducing proteins .
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