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AIM: To analyze the kinetic properties of the effect
of nicotine on nicotinic acetylcholine receptors
(nAChR) in the cultured sympathetic neurons from
neonatal rTat superior oervical ganglia { SCG ).
METHODS: The whole-cell recording method of
patch-clamp technique was used to record the
currents induced by different concentrations of
nicotine. The concentration-response of nicotine was
fitted with Clark equation. RESULTS: Hill
coefficient {1.097) was determined by fitting the
nicotine responses of neuronal nAChR with Clark
equation. The theoretical values of nicotine effect,
calculated with Clark equation with H =1, were
basically identical with the -practically recorded
currents. OONCLUSIONS: Interaction of nicotine
and nAChR in rat SCG fits a single binding site
model.

Analyzing the kinetics of the effect of a drug on
the target recepror is very important for elucidating
reactive

its pharmacological properties and

mechanism. The first model to explain interacting

process of a receptor and its ligand was put forward
by Clark'!, from which a sequential model to

describe  the concentratiocn dependence  of
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acetylcholine (ACh) action was provided'2+3 .

nA + R AnR AnR” (1

In the sequential model 1, a receptor (R} can
be activated by ACh (A} by forming an. inactive
ACh-receptor complex, where AnR and AnR” are
inactive and active agonist-receptor complexes,
is the number of ACh
molecules activating a single receptor channel.
Acoording to the above scheme, the Clark equation
oould be transformed into the following equation:

E =FE, 0 AFAK + AH) (2)

In the equation 2, E = response induced by
nAChR agonist at a given concentration; E_,, = the
largest response of nAChR; A = agonists; K =
constanmt; H = Hil
coefficient, just equating to m in the sequential
mode] 1.

The sequential model is now widely used for
the kinetic analysis of
interaction of end-plate currents and single-channel
currents of muscle nAChR*.  There are 2 ligand
binding sites en the muscle nAChR and 2 molecules

respectively. And =»

equilibrium  dissociation

acetylcholine-receptor

of agonist are required to excite a Teceptor
molecule[s'r’]( ie H=2}. However, in the central
netvous systemn, receptor binding assays have
revealed a single class of binding sites in neurcnal
nAChR(7 -9, Neurcnal nAChR display a
complicated diversity of the structure and biclogical
funetions compared with nAChR in  skeletal
muscles''" . It is still uncertain that whether 1 or 2
molecules of an agonist are required to activate 1

molecule of neuronal nAChR in sympathetic
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ganglia. To answer this question, we have used
the whole cell recording method to study the
interaction between mnicotine and nAChR in SCG

neurons.

MATERIALS AND METHODS

Cell calture  All the experiments were conducted on
dissociated sympathetic neurons derived from superior cervical
ganglia (SCG) of neonatal Wistar rats 1 d old!"'', The
ganglia were isolated and cut into small pieces which were
then incubated in L-15 Leibovitz medium eontaining 0.25 %
trypsin at 36 T for 40 min. The tissue suspensions were
spun at 500 ¥ g lor 2 min. The resulting peller was gently
resuspended in Dulbecco’s modified Eagle medium containing
10 % horse serum.  Mechanically dissociated neurons were
ansferred to 35-mm paly-L-lysine coated dishes and were
maintained at 37 T in 95 % b + 5 % (0% environment.
Nerve growth factar 50 L. was added to each dish. The
expeniments were done after the neurons were cultured for 7 —
5d. In this period. SCG neurons grew well with diameters
of 20 — 40 pm and displaved a stable response to nAChR
agomnists,

Current recording  Neurons were voltage-clamped by
using whole-cell patch-clamp techniques'® . When the
gigaseal between the tip of the glass microelectrode and the
contact membrane of the cultured SCG neuron formed, a swift
pulse of suction was applied to the microelectrede interior
break the membrane and establish a whole-cell recording
configuration ~ The membrane potential was held at — 70
mV. All experiments were done at room temperature {20 —
25 T} with a Axopatch-1D amplifier. The gathered signals
were recorded onto the harddisk of a computer by data
acquisition/analysis  program pCLAMP  5.5.1 ( Axon
Instruments.).

The patch-pipettes had a resistance of 1 — 3 M) and
contained: CsCl 140, HEPES 10, egtazmc acid 10, and ATP
2 mmol= L', The extracelular wolution contaned: NaCl
140, KCl 5, CaCly 3. MgCl; 1, HEPES 10, glucsse 10, and
tetrodotoxin 0.001 mmol-L 1.

Application of agonists Niootine was applied by a pulf
pipette which was connected to a pressure injector { BH-2,
Medical Systems Co). The pipette consisted of 7 microtubes
filled with different concentrations of nicotine.  The diameter
of the microtube was 5— 10 pm.  The distance between the
pipette and the neuron was 20 — 30 pm. and 50 — 60 kPa of
N; pressure was applied. The application time was 1 s and
interval was 53 min. Nicotine was purchased from Sigma
Chemical Co.

RESULTS

When mceotine was applied to the neuron, it

elicited a rapid inward current. The amplitudes
{nA) of currents induced by nicotire 10, 20, 40,
80. and 160 umol L' were 0.91+0.08, 1.56
0.14, 2.53=0.27, 3.93+0.46, and 4.57x0.55
(2 =15), respectively (Fig 1). The data were
fitted with the Clark equation 2 with different H
coefficients.

E=Rq LYK+ LY)
H=1.097
E,..=5.958 nA
K =73.061 gmol- L' 7

|
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Fig 1. Fitting curve with Clark equation.

When Hill coefficient was regarded as a wariable
parameter, the obtained H was equal to 1.097,
near to onre.  [f Hill coefficient was assumned as 1 or
2, the calculated K values were 61.457 or 667.707
According to Clark's
occupation theory, K was the agormist concertration
when 500 % receptors became the agonist-occupied
receptors or the response of agonist reached up to
the half of the maximum efficiency. At H=2, the
obtaired K value would be much higher (667.707
urnol- L™1) thar that of the highest concentration
{160 pmol-L "'} of mcotine used in the experiment
(Tab1).

pmol - LT, respectively.

Tab 1. Fitting concentration-response curve of nicotine with
Clark equation.

Fitting Hill ) - K/

equations coefficient nA pmol* 1.7
F=E. - AYAK+ A" 1.097 5.958 73.061
E=E . A(K+A) 1 6.513 61.457
E = Epp AZAK+ AS) 2 4,279 667.707

Obviously, Hill coefficient could not be equal to
2. Whether or mot it was really feasible for H=17
To answer this question, E values were estimated
with E,,, = 6.513 nA and K = 61.457 zmol-L ™!
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{both were obtained with H =1, Tabh 1) at
different
theoretical values were basically identical with the

recorded currents (P >0.05, Tab 2).

concentrations of  nicotine. The

Tab 2. Comparison hetween amplitudes of nicotine-induvced
crrents and calculated valoes [ E = E A K +4)].
n=15newrons, X 5. Paired r tesi:

“P>0.05 vs recorded amplitudes.

Micotine-induced
Nicotine/” currents/mA Differences”
ol 17! Recorded Caleulated %
amplitudes values

10 0.91+§. 108 {.91° -0.57

20 1.56+0.14 1.60¢ 1.4

40 2.53+£0.27 2.57 -1.50

80 3.93+0.46 3.68% 6.23

160 4.574£0.55 4,712 -3.03

DISCUSSION

Mauscle nAChR caonsists of {al };B1ed subunits
{ adult muscle) and e subunits possess essential
elements for the binding of ACH'®. In neuronal
nAChE. two ¢ subunits and three of the B-type
subunits associate to form a functional pentameric
receptar except for o7 neuronal nAChR® . Unlike
muscle nAChR, neuronal nAChR displayed a single
class of binding sites in different brain regions and
spinal cord of rats? %),

In sympathetic ganglionic neurons, the
expressed genes of nAChR were suggested to be o3,
B2 and P4 according to their pharmacological
propertiest"*'¥1. The properties of the binding
sites of nAChR in sympathetic ganglia were not
clear. In this experimeni, the responses of
neuronal nAChR  from rat SOG  to  different
concentration nicotine were fitted with Clark
equation and obtained Hill coefficient was near to
one ( H = 1.097 ). The theoretical walues
calculated with E_,, and K (both were obtained by
fitting the concentration-response curve with Clark
equation with H =1} were hasically consistent with
the currents evoked by different concentrations of

nicotine. The results first demonstrated that

nicotine fit an one-site model of recepror-ligand .

interaction on neuronal nAChR in SCG.  This
means that a molecule of nAChR in sympathetic

ganglia would be activated by a molecule of agonist.

Is there only one of the two a subunits carrying
the agonist recognition site in neuronal nAChR
structurally?  The problem remains unresolved.
Perhaps a more likely explanation was that each of
the two a subunits would have its own binding site
for agonists. But while either of the two binding
site was occupied by a molerule of agonist, the
receptor would be activated and the ion channel
opened!™.  So, the
equivalent between neuronal nAChR and its agonist
would display a ratic of one toone {H=1). Of
the further experiments are needed to

relationship of molecule

Course,

elucidate the orginal situation of interaction

between neuronal nAChR and its agonists.

REFERENCES

1 Clark A]. The mode of acoon of drugs on cells

London: E Amoald, 1933,

Dl Castillo ), Katz B.

between different chaline derivatives.

Proc R Soc Lond (Bidl) 1957; 146: 369 —81.

3 HKatz B, Miledi R. The statistical nawre of the acetylcholine
potential and s molecular components.
] Physiol {Lond) 1972; 224: 665 - 99

4 Skoek VI, Selyanko AA, Derkach VA.  Channel-blocking
activity is a possible mechamsm for 8 selective gangliomc
blockade, Pflugers Arch 1983; 398: 169 —71.

5 Feltz A, Trautmann A. Desensitization at the frog neuro-

b+

Interaction at end-plate receptors

muscular junction: a biphasic process.
J Physiol {Lond) 1982; 322: 25772,

& Sine S, Taylor P. The relationship between agonist occupation
and the permeabilicy response of the cholinergic receptar revesled
by bound cobra p-toxin, ] Bol Chem 19805 255: 10144 - 56,

7 Anderson D], Amere SP. Nwotmie receptor binding of {7H]
evtisine, {?H]mcotine and {*H] methylecharbamylcholine m rat
brain, Eur ] Pharmacol 1994; 253 261 — 7.

8 EKhan IM. Yaksh TL, Taylor P Ligand specificity of nicotimc
acetylcholine receptors in rat spinal cord: studies with nieotine
and cytisime. ] Pharmacol Exp Ther 1994; 270: 159 - 66.

9 Zhang X, Nordberg A. The compebition of { — 3-[*H] nicotine
binding by the enantiomers of niootine, normicotine and anatoxina
n mmembranes and solubihzed prepamtions of different brain
regions of rat.  Arch Pharmacol 1993; 348: 28 - 34,

10 Papke Rl.. The kinetic properties of neuronal nicotinic rece-
prars; genetic basis of functonal diversay.
Prog Neurobiol 1993; 41: 509 31.

11 He XP, L QS, X ZP, Liu OG.
Whole cell recording of sodium, potassium and calciumn currents
of cultured neonatal rat sympathetic neurons.
Acta Physiol Sin 19935; 47: 4417,


http://www.cqvip.com

BIBLID: ISSM 0253-9756

Acts Pharmecologica Sinica 7 B # 2 %45

1997 Jul; 18 (4) - 233 -

12 Hamill OP, Marty A, Neher E, Sakmann B, Sigworth F].
Improved  patch-clamp techniques for high-resolution  current
recording from cells and cell-free memhbrane patches.

Pflijgers Arch 1981; 391: 85— 100

13 Kao PN, Dwork A, Kaldany R], Silver ML, Wideman ]. Sten
A, e al
specilically labeled by an alfinity reagent fur the acetylcholine
hinding site. ] Fiol Chem 1984; 259: 1162 - 5.

14  Papke Rl Heinemann SF.
The role of the §;-subunit m determuming, the kinetic properiies of
rat neuronal nicntinic acetylehnline ay-receptors
1 Physwl (Lond} 1991; 440: 95 - 112,

15 Mandelzys A, De Kaninck P, Coaper E.

Agonst and taxin sensitivities of ACh-evoled currents un neurons

Idendfication of two  e-subunit  hall-eystines

expressing multiple nicotinie ACh receptor subunits.
] Neurophysiol 1995: 74 121221,

340.23% '/FDJ
EFHXBRIA ST THMS TERES &N -

Rl RY7:-7
Efef- I
s, AP, H2s, Xt

(FEEXRERSWAYMSFA, L3 100850, HE)

BIBLID: ISSN 0253-9756

Acta Pharmacologica Sinica B 8 2 338

XA W ARE: BT,
B SERA; BAREA

BR: FREFNFELARIA LHEH BN
TLHMZAME D ERE. AE R HdRe
EHMICRIE, DR FEREEEER AR,
i F Clark 8% 945 FE A Ik dh 2R AT L5
H®R: 10, 20, 40, 80 1 160 pmol- L ' EAME R
A EESSR: 0.9110.08, 1.56 £ 0.14,
2.53+0.27, 3.93 + 0.46 # 4.57 £ 0.55 nA
(n=15), & Clark B #l &, 83 H=1.097,
Emex=5.958 nA, K=73.061 umol-L™1, # H=
1 85838 F,.(6.513 nA)f K {4(61.457
pmol L™ RN Clark 8, Bt R BB E Y
HuEREEMEESRWEINEERRET. &
t: HRSZEME TERE RS
ENFE—MEARSME R

1997 Jul; 18 (4): 333 -336
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AIM: To study the direct effect of enalapril on
cellular electrophysiology of myocardium.

METHODS: Conventionasl microelectrodes techni-
que was used to record the action potentials { AP) of
guinea pig papillary muscles. RESULTS: Enalapril
caused an increase of the AP amplitude { APA) and
the resting potential (RP) in a concentration-
dependent manner without any significant change of
AP duration, V., and overshoot of AP.
Superfusion of ouabain 0.5 pmol*L™" reduced APA
and RP, induced stable delayed after-depolarizations
{DAD) at different basic cycle lengths (BCL) in a

Accepred 1997-02-18

Rereived 1996-07-15

frequency-dependent manner. At BCL 200 ms,
the amplitude of DAD was large enough to induce
nonsustained triggered activity { TA). In
additional presence of enalapril 10 pmol- L', the
DAD amplitude at 500, 400, 300, and 200 ms were
decreased from 5.3 +2.3, 5.9+2.8, 7.4 £ 2.1,
and 8.9+1.302.61+0.7, 3.11£1.0, 3.7%1.5,
and 5.3+ 1.1 {(mV) respectively, all P <0.01.
The compensation intervals were increased in a
similar frequency-dependent manner. The number
of TA induced at BCL 200 ms was decreased
from 3.6 £ 0.7 10 0.8 £ 0.2 (P <0.05).
CONCLUSION ; Enelapril directly inhibits DAD and
TA induced by ouabain through increasing RP and
APA, which may contribute to its anti-arrhythmic
effect.
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