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ABSTRACT. We have examined the effects of two intravenous anaesthetic induction agents, propofol and 

thiopentone, on K’ and carbachol evoked [3H] noradrenaline release from a human neuroblastoma cell line, 

SH-SY5Y. In this model, we have previously demonstrated that K’ evoked [3H]noradrenaline release was 

dependent on Ca” entry and carbachol evoked release was extracellular Ca*+ -independent. Propofol inhibited 

K’ (100 mM)-evoked (IC,, of 42 * 11 FM), but not carbachol (1 mM)-evoked, [3H]noradrenaline release. 
Thiopentone inhibited both K’- and carbachol-evoked release with IC,, values of 116 f 15 FM and 169 f 39 

PM, respectively. These inhibitory effects were not due to changes in the release dynamics, as assessed using 
perfused cells. Furthermore, rhiopentone inhibition of carbachol-evoked release was not due to muscarinic 
receptor antagonism. Both propofol and thiopentone caused noncompetitive inhibition of K’-stimulated Ca*’ 

influx, with IC,, values of 127 f 7 p,M and 121 + 10 PM, respectively. These effects were not due to interaction 
with GABA, receptors, but suggest that both compounds block voltage-sensitive Ca*’ channels. Thiopentone, 
but not propofol, inhibited carbachol-stimulated increased intracellular Ca*’ concentrations in the presence and 

absence of extracellular Ca*‘. However, thiopentone had no effect on carbachol-stimulated inositol (1,4,5)- 
triphosphate formation, suggesting that thiopentone may directly inhibit Ca*+ release from intracellular stores. 
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The cellular mechanism(s) of action of intravenous anaes- 
thetic induction agents, such as propofol (2,6-diisopropyl- 
phenol) and thiopentone (a barbiturate), is likely to be 
multifactorial and, clearly, requires further investigation 
[l]. However, the synapse represents a potential target site 
where these agents may interfere with the process of neu- 
ronal stimulus-secretion coupling [l, 21. In addition, the 
positive correlation between membrane-buffer partition co- 
efficient and the 50% decrease in cortical evoked response 
in urethane anaesthetised animals, suggests a membrane 
site of action [3, 43, although nonmembrane sites should 
also be considered. Although there is a good deal of evi- 
dence supporting a general reduction of neurotransmission 
with barbiturates, including excitatory amino acids [5], 
GABA [6] and acetylcholine [7], there are very few studies 
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describing the effects of propofol and, for both classes of 
agents, the mechanism(s) remain to be determined. How- 
ever, it has been proposed that interaction with GABA, 
receptors may be a common mechanism for many anaes- 
thetic agents [4, 81. 

Cultured SH-SY5Y human neuroblastoma cells represent 
a useful human neuronal preparation capable of the uptake 
and release of noradrenaline [9-151. We have recently dem- 
onstrated in these cells that [3H]noradrenaline release 
evoked by K’ depolarization or uia muscarinic receptor oc- 
cupation is differentially regulated by extracellular Ca” 
[16]. For K’, the release is entirely extracellular Ca2’- 
dependent (i.e. Ca 2+ influx through voltage sensitive chan- 
nels) and for carbachol the release was extracellular Ca”- 
independent, probably utilising Ca2+ released from intra- 
cellular stores [16]. These findings have been confirmed and 
substantially extended by others [17]. We have utilised the 
properties of the release process to probe potential mecha- 
nisms of action of propofol and thiopentone. Specifically, if 
either agent inhibits K’-evoked release, then the likely tar- 
get site for this agent is a membrane Ca2+ channel. Con- 
versely, if either agent inhibits carbachol-evoked release, an 
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interaction with intracellular Ca” release is likely. Direct 
measurements of intracellular Ca” concentrations are also 
reported. 

MATERIALS AND METHODS 
Cell Culture 

Undifferentiated SH-SYSY human neuroblastoma cells (a 
gift from Dr. J. Biedler, Memorial Sloane-Kettering Insti- 
tute for Cancer Research, Rye, NY, U.S.A.) were main- 
tained in minimum essential medium supplemented with 
10% foetal calf serum, 2 mM L-glutamine, 100 kg/mL strep- 
tomycin, 100 IU/mL penicillin, and 2.5 kg/mL fungizone. 
Stock cultures (passages 75-95), maintained at 37°C in 5% 
COz/air were passaged weekly and refed twice weekly. 

Propofol and Thiopentone Stocks 

Pure Propofol (Lot: 71013/91A), a gift from Zeneca (Ak- 
lerley Edge, U.K.), was dissolved in DMSO at a concentra- 
tion of 100 mM and storedat 4°C. Immediately prior to use, 
propofol was diluted to 0.3 mM in Krebs/HEPES buffer pH 
7.4 [14] giving a maximum DMSO concentration of 0.3%, 
which was included in control tubes; further serial dilutions 
were made. Thiopentone (a gift from Rhone-Poulenc 
Rorer, Essex, U.K.) was dissolved in 0.1 M NaOH at 100 
mM. This stock was kept at 4°C and used within 3 days. 
Dilution of this stock to 1 mM in Krebs/HEPES buffer pH 
7.4 did not appreciably change the buffer pH. If the pH 
change exceeded 0.1 units, 0.1 M HCl was titrated to cor- 
rect this. 

Measurement of [3H]noradrenaline Release 

STATIC CULTURES. Release of [3H]noradrenaline from 
statically incubated SH-SY5Y cells was performed using 
monolayers of cells in 12swell multitrays seeded at 1 x lo5 
cells/well and cultured (7-8 days) as described previously 
[ll, 151. Cells were incubated for 60 min with -50 nM 
[3H]noradrenaline (36 Ci/ mmol, Amersham, U.K.) in 
Krebs/HEPES buffer pH 7.4. The monolayers were then 
postincubated for 15 min with 0.5 mL of fresh buffer. This 
postincubation was repeated twice more. Propofol(3 to 300 
FM), thiopentone (33 PM to 1 mM), or DMSO (0.003 to 
3%) were added acutely (3 min) or to the final 15-min wash 
prior to carbachol and K’ challenge, as described under 
Results. [3H]noradrenaline release was evoked using a 3 min 
challenge with either 1 mM carbachol or 100 mM K’ (with 
Na’ adjustment) in 0.5 mL volumes. After a brief centrifu- 
gation to remove any cell debris, aliquots (0.25 mL) were 
counted for radioactivity. [3H]noradrenaline remaining in 
the monolayer was extracted with 1 mL of perchloric acid 
(0.4 M) for 30 min. Aliquots (0.25 mL) were counted using 
HiSafe 3 as a scintillant. Release is expressed as a percent- 
age of total content prior to challenge [ll, 15, 161. In all 
cases where K’ depolarization was undertaken, the concen- 
tration of K’ refers to added K’, in addition to the 5.9 mM 
present in the normal Krebs/HEPES buffer. 

PERFUSED CELLS. SH-SY5Y cells were harvested by brief 
exposure to HEPES buffered saline pH 7.4 containing 
0.02% EDTA. The cells were centrifuged and resuspended 
in Krebs/HEPES (3 mL) buffer containing -50 nM [3H]nor- 
adrenaline for 60 min. The loaded cells were centrifuged 
and resuspended in 2 mL of fresh buffer; this was repeated 
once more. The suspension of cells was then sucked into 
the perfusion chamber, which consisted of a modified 2-mL 
syringe barrel containing glass wool at the needle end and 
a flow diffuser at the plunger end, as described previously 
[ 161. Once loaded, the chamber was reversed and buffer 
perfused (0.5 mL/min) for a further 15 min. Cells were 
challenged with 1 mM carbachol or 100 mM K’ (with Na’ 
adjustment) for 3 min. For K’ stimulation, cells were ex- 
posed to two square wave pulses (S, and S,) for 3 min 
separated by 15 min, during which time propofol (100 p+M) 
or thiopentone (333 p,M) were added. In view of the pos- 
sibility of receptor-mediated desensitization, a single carba- 
chol challenge was used. During these experiments, thio- 
pentone was added to the cells loaded in the chamber for 15 
min prior to the addition of carbachol. To control for dif- 
fering cell densities and, hence, [3H]noradrenaline loading, 
all data are expressed relative to the first fraction collected 
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Muscarinic Receptor Binding 

The binding of thiopentone to muscarinic receptors on 
whole SH-SYSY cells was assessed by the displacement of 
[3H]NMS,t as described previously [18]. Whole cells were 
incubated in 1 mL volumes of Krebs/HEPES buffer pH 7.4 
for 60 min at 37°C in the presence of a fixed concentration 
of NMS (-0.2 nM) and increasing concentrations of thio- 
pentone. Bound and free ligand were separated by rapid 
vacuum filtration onto Whatman GF/B filters using a Bran- 
de1 cell harvester. Nonspecific binding was determined in 
the presence of 10 PM atropine. 

Measurement of Intracellular Calcium 

[Ca2’li was measured as described previously [19]. Briefly, 
confluent SH-SY5Y cells were harvested with the addition 
of HEPES (10 mM)/EDTA (0.02%), NaCl (0.9%), pH 7.4. 
After centrifugation, cells were resuspended and washed in 
Krebs/HEPES buffer, pH 7.4. The cells were then loaded 
with FuraZ-AM (3 PM), for 30 min at 37”C, followed by 
20-min postincubation at room temperature to allow com- 
plete ester hydrolysis. Finally, intracellular Ca2’ was mea- 
sured fluorometrically, in a Perkin-Elmer LS50B fluorim- 
eter with excitation wavelengths set at 340 and 380 nm, 
and emission set at 5 10 nm. [Ca”], was calculated from the 
340/380 ratio, according to Grynkiewicz et al. [20] where 
R max and Rmin were determined using Triton X 100 (0.1% 
v/v) and EGTA (4.5 mM pH > 8.0). R,,, and Rmin values, 
mean (confidence intervals) were 6.25 (5.79, 6.71) and 
0.66 (0.64, 0.68). For potassium experiments, the buffer 
Na’ concentration was adjusted accordingly. 
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Propofol (1 to 300 PM) and thiopentone (3 yM to 1 
mM) were either preincubated for 15 min prior to K’ (20 to 
100 mM) or carbachol(1 FM to 1 mM) challenge or added 
during the sustained phase of increased [Ca”],. Appropriate 
concentrations of DMSO and NaOH were added to all 
controls and the order of control determinations was varied. 
To exclude possible interactions of propofol and thiopen- 
tone with GABA, receptors, Fura2-loaded cells were pre- 
incubated with GABA (100 PM) prior to depolarization 
with K’ (80 mM). 

Measurement of Inositol I,43 Triphosphute 

Ins( 1,4,5)P, was measured as described by Challis et al., 

[21]. Briefly, whole-cell suspensions were preincubated for 
15 min in Krebs/HEPES buffer pH 7.4, at 37”C, in the 
presence of either thiopentone (100 or 500 p,M) or the 
equivalent concentration of the vehicle, NaOH, then chal- 
lenged with carbachol (100 FM) for a maximum of 5 min. 
In all cases, the reaction was terminated by the addition of 
ice-cold trichloro acetic acid (0.3 mL of 1 M stock). 
Ins( 1,4,5)P, was extracted with Freon/octylamine (1:l v/v) 
and neutralised with 25 mM NaHCO,. Ins( 1,4,5)P, was 
assayed using a bovine adrenocortical binding protein and 
[3H]Ins(1,4,5)P3 (41 Ci/mmol; Amersham, U.K.) at 4°C. 
Authentic Ins( 1,4,5)P, (0.036 to 12 pmol; Siemat, U.K.) in 
buffer taken through an identical extraction process, was 
used as a standard. Nonspecific binding was defined in the 
presence of excess Ins(1,4,5)P3 (0.3 nmol). Bound 
[3H]Ins( 1,4,5)P3 was separated by rapid vacuum filtration 
[21, 221. 
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Statistical Analysis 

Data are expressed as mean f SEM or 95% C.I. of at least 
4 independent determinations. Data are analysed using Stu- 
dent’s paired and unpaired t-test and ANOVA as appropri- 
ate and considered significant when P < 0.05. IC,, values 
were estimated by nonlinear regression analysis, using 
GraphPad (Version 2.0). Perfusion data were analysed by 
measuring the area under the normalized release curves. For 
K’-stimulated preparations, the S,/S, ratio was calculated. 
In binding experiments, IC,, was corrected for the com- 
peting mass of NMS to yield affinity (K,,) according to 
Cheng and Prusoff [23], with a Kd value for NMS of 0.202 
nM [18]. 

10-e 

B 
llO- 

Q go- 
b 
i+ 
“Ld 
u_ 70- 

x 
;a 
8 SO- 

4 
cu 
0 
8 30- 

‘a 
F 

i 
lo- 

-10 f 
lb-6 Id-5 lb-4 Id-3 

Concentration (M) 

lb2 

RESULTS 
Effects of Progofol and Thiopentone on r3H]NA Release 

[3H]Noradrenaline taken up into SH-SY5Y cells appears in 
a releasable pool with >95% as noradrenaline (measured by 
HPLC, [16]). Release can be evoked by both extracellular 
Ca 2’-dependent K’ depolarization and extracellular Ca2’- 
independent muscarinic M, receptor occupation (10, 14, 
15). Basal, K’-(100 mM), and carbachol (1 mM)-evoked 
release amounted to 3.5 + 0.3% (n = 30), 13.3 * 1.2% (n 
= 21), and 7.3 + 0.8% (n = 24), respectively, K’-evoked 
release was around 2-fold greater in magnitude than carba- 
chol. Acute addition (3 min) of propofol or thiopentone 

FIG. 1. Effects of propofol and thiopentone on: A. K+e( 100 
mM) and carbachoL( 1 mM) evoked [3H]noradrenaline re- 
lease, and B. K+-(80 mM) and carbachol-( 1 mM) stimulated 
increased intracellular Ca*+ concentrations from SH-SYSY 
human neuroblastoma cells. n Represents K’ plus propofol, 
0 represents K+ plus thiopentone, and A represents carba- 
chol plus thiopentone. Data are mean + SEM (n = 5-6). *P 
< 0.05 indicates significant inhibition compared with con- 
trol. IC,, values for the inhibition of K’estimulated [3H]NA 
release and increased [Ca”], were 116 + 15 and 121 * 15 
pM for thiopentone, and 42 * 11 and 127 t 7 pM for pro- 
pofol, respectively. Thiopentone inhibited carbachol- 
stimulated stimulated [‘H]NA release and increased [Ca”], 
with IC,, values of 169 * 39 and 334 * 30 pM, respectively. 
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FIG. 2. Effects of propofol (0) and thiopentone (X) on (A) 
K’eevoked and thiopentone on (B) carbachol-evoked 
[‘H]noradrenaIine release. The control (i.e. no propofol or 
thiopentone) is represented by W. In (A) propofol ( 100 pM) 
and thiopentone (333 pM) were added during the 15.min 
period between two 3Mmin pulses of K’ ( 100 mM), S, and 
S,, S,/S, ratios were calculated. For carbachobevoked re- 
lease, thiopentone was added 15 min prior to S,. Data are 
from a single experiment from n = 4-6 experiments, and are 
expressed relative to the first fraction cohected (= 1.0). 
Stimulus addition is noted by the arrow. 

did not affect basal release of [3H]noradrenaline (data not 
shown). In addition, DMSO 0.003%-3% did not affect 
basal release (data not shown). 

Propofol at 100 FM or 300 p,M did not affect carbachol- 
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evoked [3H]noradrenaline release (data not shown), but 
this agent did cause a dose-dependent inhibition of K’- 
evoked release, with significant inhibition occurring from 
30 PM, and an ICs, of 42 f 11 PM (Fig. 1A). In contrast 
to propofol, thiopentone produced a dose-dependent inhi- 
bition of both carbachol- and K’-evoked [3H]noradrenaline 
release (Fig. lA), with significant inhibition occurring from 
100 p,M and 33 p,M, respectively. The IC,, values for thio- 
pentone inhibition of carbachol- and K’-evoked release 
were not significantly different (Fig. 1A). 

Further studies to determine if propofol and thiopentone 
altered the dynamics of [3H]noradrenaline release were per- 
formed using a perfusion system. Both carbachol and K’ 
stimulate a monophasic release of [3H]noradrenaline with 
K’ evoking a greater release measured by comparing areas 
under the curves, (Fig. 2). The effects of propofol(lO0 FM, 
> IC,,) and thiopentone (333 FM, > IC,,) on K’-evoked 
release were assessed by calculating the Sz/S, (from area 
under the curve) ratio for a pair of pulses of 100 mM K’. In 
view of the potential for receptor-mediated desensitization 
with carbachol, a single challenge was used. As can be 
clearly seen in (Fig. 2 and Table l), both thiopentone and 
propofol reduced the S&/S, ratio without affecting the dy- 
namics of the Sz release profile. In addition, thiopentone 
significantly reduced carbachol-evoked release without al- 
tering the release dynamics (Fig. 2 and Table 1). 

Effects of Thiopentone on Muscarcinic Binding 

It is also possible that thiopentone inhibition of carbachol- 
evoked [3H]noradrenaline release could result from musca- 
rinic-receptor blockade. Thiopentone caused a significant 
dose-dependent inhibition of [3H]NMS binding to whole 
SH-SY5Y cells. Although 100% inhibition was not 
achieved (57% at 1 mM), based on a 100% inhibition, a Ki 
of 277 f 7 FM (n = 4) was estimated. Using the Cheng- 
Prusoff equation [23], it can be calculated that 7.6 mM 
thiopentone would be required to inhibit a 1-mM carbachol 
response by 50%. 

Effects of Propofol and Thiopentone on [Ca’+], 

To examine the mechanism of propofol and thiopentone 
inhibition of [3H]noradrenaline release, intracellular Ca” 

TABLE 1. Effects of propofol and thiopentone on [3H]nore 
adrenaline release from perfused cells 

A. Potassium, B. Carbachol, 
100 mM 1mM 

Normalised AUC 
S,IS, Ratio n (arbitrary units) n 

Control 0.67 + 0.07 5 1.72 + 0.21 6 
+lOO FM Propofol 0.34 _+ 0.03* 4 
+333 FM 

Thiopentone 0.19 f o.o3*t 4 0.97 * 0.10* 5 

All data are mean t SEM. AUC, area under the curve. * P < 0.05 reduced compared 
with control. t I’ < 0.05 lower than propofol. 
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concentrations were measured using the Ca”-sensitive dye 
Fura2, following K’ or carbachol challenge. K’ produced a 
time- and dose-dependent increase in [Ca”], peaking at 9 
set, with an EC,, of 33 f 1 mM (Fig. 3). Both thiopentone 
and propofol dose-dependently inhibited peak phase K’- 
stimulated Ca2+ influx (Fig. lB), with significant inhibition 
from 10 FM. The IC,, values for inhibition of peak phase 
K’-stimulated Ca2+ influx were 121 rt 10 p,M and 127 f 7 
p,M for thiopentone and propofol, respectively (Fig. 1B). 
Thiopentone, but not propofol, inhibited the plateau phase 
of K’-stimulated Ca” mflux, completely abolishing the 
peak phase at concentrations above 250 FM (data not 
shown). Neither thiopentone nor propofol inhibition of 
peak phase K’-stimulated Ca” influx was reversed by in- 
creasing concentrations of K’, suggesting noncompetitive 
inhibition (Fig. 4A and B). There was no significant inhi- 
bition in Ca” influx in the presence or absence of GABA 
(data not shown), indicating that SH-SY5Y cells are un- 
likely to express GABA, receptors. 

Propofol (100 FM) had no effect on carbachol- 
stimulated increased intracellular Ca2’ concentrations 
(data not shown). In contrast, thiopentone produced a 
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FIG. 3. The trace shows a typical biphasic response to K’ 
( 100 mM) with transient peak and sustained plateau. K’ was 
added at 60 set, as indicated by the arrow. The inset figure 
shows the change in [Caz+li measured at the peak, after the 
addition of increasing concentrations of K’. The data are 
expressed as the mean * SEM, for n = 6 experiments. *In- 
dicates P < 0.05 when compared to basal [Ca”], in the ab- 
sence of added K’. 

dose-dependent inhibition of carbachol-stimulated intra- 
cellular Ca2+ concentrations, with significant inhibition at 
2.50 p,M and IC,, of 334 f 30 FM (Fig. 1B). In the absence 
of Ca”, the basal and carbachol peak phase [Ca2+li were 
reduced and the carbachol plateau phase was essentially 
abolished (Fig. 5B). Thiopentone (250 and 500 FM) also 
inhibited increased intracellular Ca” concentrations 
stimulated by carbachol (100 FM) in Ca”-free buffer (Fig. 
5B). Inhibition of carbachol-stimulated increased Ca” 
concentrations by thiopentone (300 FM) were not reversed 
by increasing doses of carbachol (1 p,M to 1 mM, Fig. 6); 
again, suggesting noncompetitive inhibition. Thiopentone 
also produced noncompetitive inhibition of carbachol- 
stimulated plateau phase of Ca” entry (Fig. 6). Surpris- 
ingly, thiopentone had no effect on basal or carbachol- 
stimulated peak Ins( 1,4,5)P, formation (Fig. 7). 

DISCUSSION 

In this study, we demonstrate a differential effect of two 
commonly used intravenous anaesthetic agents on [3H]nor- 
adrenaline release in an isolated human neuronal cell line 
of noradrenergic origin [9-l 1, 131. 

We have previously shown that the release process from 
SH-SYSY cells is stimulus-dependent. K’-evoked [3H]nor- 
adrenaline release is dependent on Ca” influx through 
voltage-sensitive Ca” channels that can be inhibited by 
the addition of Ni”, and carbachol-evoked release is driven 
through the release of Ca” from intracellular stores [16]. 
Further evidence from Murphy et al. [l l] showed that car- 
bachol-evoked release of [3H]noradrenaline is inhibited by 
EGTA pretreatment in a time-dependent manner (i.e. pos- 
sibly by causing a time-dependent depletion of the intra- 
cellular Ins( 1,4,5)P,-sensitive Ca” pools). In addition, 
Purkiss et al. [17] have demonstrated that the combination 
of low extracellular Ca2+ and depletion of Ins(1,4,5)P,- 
sensitive stores with thapsigargin abolished both bradyinin- 
and methacholine-evoked [3H]noradrenaline release. These 
data confirm the importance of Ins(l,4,5)P,-evoked Ca2+ 
release from intracellular stores during muscarinic receptor- 
mediated [3H]noradrenaline release. Therefore, although 
the inhibition of noradrenaline release may not be the de- 
termining factor involved in the process of anaesthesia, this 
well-characterized model allows detailed examination of 
the interaction of anaesthetic agents with stimulus secre- 
tion coupling. 

Propofol inhibited depolarization (K’)-evoked [3H]nor- 
adrenaline release without affecting agonist (carbachol)- 
driven release. Furthermore, propofol inhibited K’- 
stimulated peak phase Ca ‘+ influx after 15-min preincuba- 
tion, but did not affect the sustained phase when added 
acutely after K’ challenge, or carbachol-stimulated in- 
creased [Ca2’li. In addition, we have previously shown that 
propofol had no effect on carbachol-stimulated Ins( 1,4,5)P, 
formation [24]. These data suggest that propofol inhibits 
the functioning of voltage-sensitive Ca2+ channels. More- 
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FIG. 4. K’ (20 to 100 mM added) dose-response curves in 
the presence (W) or absence (0) of (A) propofol(lO0 PM) 
or (B) thiopentone (100 pM). Dose-response curves run in 
the absence of propofol or thiopentone contained an 
equivalent concentration of the appropriate control (i.e. 
DMSO or NaOH, respectively). Data are expressed as a per- 
centage of the maximum response, and are mean * SEM, for 
n = 5 to 6 experiments. *Indicates P < 0.05 when compared 
to the control. The EC,, values for K’ stinndation of [Caz’li 
increase was 31 2 0.7 and 28 * 0.8 mM for control and 
thiopentone, and 34 2 0.9 and 34 * 3.0 mM for control and 
propofol, respectively. 
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FIG. 5. A. Effects of thiopentone on carbachol-stimulated 
(100 PM) increased intracellular Ca” concentrations after 
15.min preincubation with either NaOH (trace l), or thiod 
pentone (250 pM, trace 2; 500 pM, trace 3). AU 3 traces are 
typical of 5 others. B. Inhibition of carbachol-stimulated 
increased intracellular Ca” concentrations by thiopentone 
(250 J.&I, trace 3; or 500 pM trace 4) after 15.min preincu- 
bation in the absence of extracellular Ca”. Traces 1 and 2 
show typical carbachol responses after 15.min preincuba- 
tion with an equivalent concentration of the vehicle, 
NaOH, used when either 250 or 500 pM thiopentone was 
added. The traces shown are representative of 4 others for 
each concentrations examined. 
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FIG. 6. Carbachol(1 pM to 1 mM) dose-response curve after 
15-min preincubation in the presence or absence of thio- 
pentone (300 pM). In the absence of thiopentone, an 
equivalent concentration of the vehicle, NaOH, was added 
15 min before carbachol challenge. Carbachol peak phase in 
the absence and presence of thiopentone is 0 and W, re- 
spectively. Carbachol plateau phase in the absence and pres- 
ence of thiopentone is denoted by A and A, respectively. 
The EC,, values for the peak phase were 50 * 4.7 and 23 * 
2.5 pM for control and thiopentone. For the plateau phase, 
the EC,, values were 19 * 3.8 pM for control and 9 * 0.9 pM 
for thiopentone. Data are expressed as the percentage of the 
maximum carbachol response in the absence of thiopen- 
tone, and are mean * SEM, for n = 6 experiments. *Indicates 
P < 0.05 when compared to the absence of thiopentone (by 
Student’s paired t-test). 

over, the inhibition of Ca” entry was not reversed by in- 
creasing the dose of K’, suggesting that propofol inhibition 
of Ca” influx is noncompetitive. We have made similar 
preliminary observations with the noncompetitive NMDA 
antagonist ketamine [25]. 

There have been very few direst electrophysiological 
studies of the effects of propofol on Ca” ion channels. 
Propofol at 50 FM had no effect on the function of isolated 
guinea-pig papillary muscle sarcoplasmic reticulum [26]. 
However, at 100 FM, this agent did alter the kinetics of 
guinea-pig ventricular myocyte L-type voltage-sensitive 
Ca” channels, to favour the closed state without affecting 
conductance [27]. In addition, in chick-embryo dorsal root 
ganglion neurones, propofol (300 FM) reduced the T-type 
voltage-sensitive Ca” channel by around 80% and the L- 
type voltage-sensitive Ca2+ channel by around 75%. N-type 
channels appeared relatively unaffected [28]. Unfortu- 
nately, very high concentrations of omega-conotoxin (5 
PM) and nifedipine (10 FM) were used to attempt to dis- 
criminate between N and L-type currents. Peak serum pro- 
pofol concentrations seen during the induction of anaes- 
thesia are around 35 PM [29], but the free drug concentra- 
tion would be lower. The IC,, for inhibition of K’-evoked 
[3H]noradrenaline release in this study (42 PM) compares 
favourably with total serum propofol concentrations. In ad- 

dition, significant inhibition of K’-stimulated Ca2’ influx 
was achieved with concentrations of propofol as low as 10 
p,M. However, the contribution of propofol binding to SH- 
SYSY cells may significantly lower the free concentration. 

Peak serum concentrations of thiopentone on induction 
of anaesthesia are around 380 p,M [30] (but will be reduced 
by protein binding); again, the contribution of SH-SY5Y 
cell protein to the free drug concentration has not been 
determined. However, this value (380 PM) compares fa- 
vourably with the IC,, values for inhibition of K’ and 
carbachol-evoked [3H]noradrenaline release and increased 
intracellular Ca”. Haycock et al. [31] demonstrated that 
pentobarbitone inhibited K’- and veratridine-evoked 
[3H]noradrenaline release from synaptosomes, but had no 
effect on A23 187-facilitated release. These data provided 
preliminary evidence that barbiturates blocked voltage- 
sensitive Ca2+ channels. Moreover, Pocock and Richards 
[32] showed that pentobarbitone inhibited K’-evoked cate- 
cholamine release from bovine adrenal chromaffin cells, 
and blocked 45Ca2’ entry; because catecholamine secretion 
was proportional to the rise in intracellular 45Ca2’, they 
concluded that pentobarbitone blocked voltage-sensitive 
Ca 2+ channels. There are few direct electrophysiological 
studies in the literature to support this supposition [33, 341 
but Park and Lynch [35] recently demonstrated in guinea- 
pig ventricular myocytes that thiopentone inhibited volt- 
age-sensitive Ca2+ channels. Further evidence that barbi- 
turates may modulate the release of intracellular Ca2+ was 
provided by Deshmukh et al. [36], who demonstrated that 
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FIG. 7. Effects of thiopentone (100 pM, n ) or the vehicle, 
NaOH (Cl) on Ins( 1,4,5)P, formation after carbachol (100 
PM) challenge. Data are expressed as mean * SEM, for n = 
5 experiments. 
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these agents inhibited the receptor-mediated rise in intra- 
cellular Ca*+ in platelets that originated from both entry 
and store release. 

Thiopentone inhibits both K’- and carbachol-evoked 
[3H]noradrenaline release equally, suggesting that thiopen- 
tone interferes with both Ca2’ influx and release from in- 
tracellular stores (see above and [16]). Indeed, thiopentone 
inhibits both K’- and carbachol-stimulated increases in 
intracellular Ca” concentrations. Inhibition of K’- 
stimulated Ca” influx infers that thiopentone inhibits 
voltage-sensitive Ca2+ channels. It is unclear, in this cell 
line, which voltage-sensitive channels are affected by thio- 
pentone or propofol; however, because both peak and pla- 
teau phases of Ca’+ influx are reduced, both N- and L-type 
calcium channels may be inhibited [37-391. Further inves- 
tigation to discriminate between the contribution of volt- 
age-sensitive Ca” channel types is required. 

We have demonstrated, using SH-SY5Y cells, that car- 

A potential explanation for thiopentone or propofol in- 
hibition of K’-stimulated Ca 2+ influx may be due to the 
well-characterised [4] interaction with GABA, receptors 
to produce hyperpolarization. The failure of GABA (100 
p,M) to inhibit K’-stimulated Ca2’ influx despite 15-min 
preincubation suggests that, if GABA receptors exist in 
SH-SYSY cells they are not functionally coupled, and that 
the observed inhibition is not due to GABA, receptor 
interaction. 

An alternative explanation for the inhibitory effect of 
thiopentone on carbachol-evoked release may result from 
an interaction with protein kinase C, which as been shown 
to enhance [3H]noradrenaline release in SH-SYSY cells 
[12]. In a recent study, Slater et al. [45] reported that the 
volatile anaesthetic agents halothane and enflurane, as well 
as ethanol, directly inhibit protein kinase C. Whether or 
not barbiturates have similar actions remains to be deter- 
mined. 

bachol-stimulated increases in intracellular Ca2’ concen- 
trations are uia agonist-induced Ins( 1,4,5)P, formation, and 

subsequent release of Ca2+ from Ins( 1,4,5)P,-sensitive in- 
tracellular stores [40]. This transient rise in intracellular 
Ca 2+ concentrations is followed by a sustained increase uia 
Ca” entry [40]. In th is cell line, carbachol-stimulated Ca” 
entry is not attenuated by the addition of dihydropyridines 
or w-conotoxin, suggesting that the sustained phase of Ca2+ 
entry is not mediated through voltage-sensitive Ca2+ chan- 
nels [19], but uia a receptor-operated calcium channel [40]. 
The reported difference in EC,, for peak and plateau phases 
of carbachol-stimulated increased [Ca2+li, with the plateau 
phase being more potent, is confirmed in this study. 

In summary, we report a differential inhibition of K’- 
and carbachol-evoked [3H]noradrenaline release by propo- 
fol and thiopentone. The “selective” inhibition of K’- 
evoked release and K’-stimulated Ca” influx by propofol 
suggests that this agent may act as a Ca” channel blocker. 
Thiopentone may not only act as a voltage-sensitive Ca*’ 
channel blocker, but inhibits agonist-driven increases in 
intracellular Ca2+ to prevent carbachol-evoked [3H]nor- 
adrenaline release. This inhibition is not due to reduced 
Ins( 1,4,5)P, formation, and suggest that thiopentone inter- 
feres with the release of Ca” from intracellular stores. 

Previous investigations have shown that pentobarbitone 
inhibited carbachol- and substance P-stimulated [3H]total 
inositol phosphate formation [41] and a range of other bar- 
biturates inhibit angiotensin II-stimulated [3H]total inositol 
phosphate formation [42]. These agents also inhibit the 
biosynthetic pathway for phosphoinositides by interacting 
with phophatylinositol-4-phosphate and phosphatidylino- 
sitol kinases [43, 441. Because carbachol-evoked [3Hlnor- 
adrenaline release is dependent on release of Ca” from 
Ins( 1,4,5)P3-sensitive stores [16], thiopentone may inhibit 
Ins( 1,4,5)P, formation. Surprisingly, these data show that 
thiopentone did not effect carbachol-stimulated 
Ins(1,4,5)P3 formation. It is possible that thiopentone 
could interact at a site downstream of Ins( 1 ,4,5)P3 forma- 
tion. This may be at the site of Ca2+ release from intracel- 
lular stores, because thiopentone inhibited carbachol- 
stimulated rises in intracellular Ca2’ in the presence or 
absence of extracellular Ca2+. 

R. Atcheson was a British_Journal of Anuesthesia Research Fellow. We 
thank Rhone-Poulenc Rorer, U.K. for providing thiopentone and Zen- 
eta Phunnaceuticals, U.K. for providing pure popofol. 
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