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ABSTRACT. The effect of propofol (PR) on voltage-gated potassium channels (K,) in human T lymphocytes 
(TL) was studied using the patch-clamp technique in the whole-cell configuration. PR was found to reversibly 
block the K, channels in a dose-dependent manner with a half-blocking concentration of approximately 40 p,M. 

The decrease in the peak current caused by PR was voltage-independent. The activation time constant of the 
whole-cell potassium currents remained unaffected upon PR treatment, whereas both the rate and extent of the 

inactivation process were increased, indicating the “open channel block” mechanism. The PR half-blocking 
concentration was of the same order of magnitude as PR blood concentrations employed in anesthesia. Taking 
into account the extensive use of PR and the important role of K, channels in human TL, these results 

suggest a need for investigations into the effect of PR on TL cell-function regulation. BIOCHEM PHARMA- 

COL 52;6:843-849, 1996. 
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PRt (2,6-diisopropylphenol), a strongly hydrophobic sub- 
stituted phenol, is an intravenous anesthetic used for both 
induction and maintenance of general anesthesia [l, 21. 
Despite its clinical usefulness, little is known about the 
molecular mechanism of PR action. On the other hand, 
electrophysiological studies have provided evidence that 
PR acts on various ionic channels. It has been demon- 
strated that PR strongly potentiates inhibitory synaptic 
transmission by enhancing the activity of GABA, chloride 
channels [3, 41, inhibits sodium channels in human brain 
cortex [5], affects sodium and potassium currents underlying 
the action potential in frog myelinated axons [6] and in- 
hibits calcium currents in guinea-pig isolated ventricular 
myocytes [7]. PR has also been shown to block voltage- 
gated potassium channels in canine myocardial cells [8], in 
PC12 cells [9], and in pig articular chondrocytes [lo]. 

Several lines of evidence indicate involvement of potas- 
sium channels in the control and modulation of cell func- 
tions in nonexcitable cells [l 11. A large body of experimen- 
tal observations on the role of potassium channels in cell- 
function regulation in nonexcitable cells came from 
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experiments on TL. Available data provide evidence that 
(“inactivating delayed rectifiers”) and K,-, channels are 
present in TL plasma membrane [12-151. However, it has 
been demonstrated that the Kv channels are predominant 
in resting human TL [ 12,16-201. It has been shown that Kv 
channels play an important role in setting the TL mem- 
brane resting potential [21,22]. Moreover, it has been dem- 
onstrated that these channels are involved in controlling 
processes such as TL mitogenesis [ll, 13, 14, 23-271 and 
volume regulation [21, 281. 

Taking into account the wide use of PR and the fact that 
such intravenous drugs may directly interact with blood 
cells, it is of interest to investigate the effect of PR on the 
potassium channels in TL. In the present paper, we show 
that PR reversibly blocks Kv channels in human TL with a 
half-blocking concentration of approximately 40 PM, 
which lies within the range of concentrations used in an- 
esthesia. Analysis of the whole-cell potassium currents pro- 
vides evidence for an open channel block mechanism. 

MATERIALS AND METHODS 
Cell Separation and Culture 

Human TL were separated from peripheral blood samples 
from 4 healthy donors using a standard method described 
elsewhere [29]. After separation, cells were cultured in Her- 
aeus Incubator (Heraeus Instruments, Hanau, Germany) for 
l-3 days in plastic Petri dishes in RPM1 1640 medium 
(Sigma) containing 5% (v/v) horse serum. Before electro- 
physiological experiments, cells were centrifuged at 600 g 
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for 5 min and then placed in the external solution (see 
below). The experiments were performed on the cultured 
cells for at least 24 hr. 

Propofol 

Propofol (Lancaster, France), technical grade, was purified 
by distillation under reduced pressure (3 times) and crys- 
tallization from hexane. Purity of PR was assessed by 
nuclear magnetic resonance. PR was then dissolved in 
DMSO at a concentration of 50.2 mM and stored at 4°C. 

Electrophysiobgical Recordings 

Potassium currents were recorded in the whole-cell con- 
figuration of the patch-clamp technique [30], using an 
EPC-7 amplifier (List Electronics, Darmstadt, Germany). 
Electrophysiological experiments were performed in a bath- 
ing saline (in mM: 150 NaCl, 4.5 KCl, 1 CaCl,. 1 MgCl,. 
10 HEPES, 10 Glucose, pH = 7.35) under a phase contrast 
illumination using the inverted Olympus IMT-2 micro- 
scope. Patch pipettes were pulled from borosilicate glass 
(Hilgenberg, Germany) and fire-polished immediately be- 
fore the experiment. The pipettes were filled with an in- 
ternal solution (in mM: 70 KF, 80 KCL, 1 CaCL2, 1 MgCl,, 
10 HEPES, 10 EGTA, pH = 7.2). Similarly to what Caha- 
lan et al. observed [17], the presence of F- in the internal 
solution improved the stability of the whole-cell configu- 
ration. The pipette resistance was in the range of 3-5 MR. 
Effects of the whole-cell capacitance and series resistance 
were compensated by using the proper compensation cir- 
cuits of the amplifier. The access (series) resistance, esti- 
mated by setting the parameters for cancellation of the 
whole-cell capacitance transients, was typically in the range 
of lo-20 MR. The current signals were low-pass filtered at 
3 kHz, digitized using the LAB MASTER TL-1 (Axon 
Instruments, USA) analog-to-digital converter with the 
sampling rate of 10 kHz, and stored on the computer hard 
disk. A standard protocol of voltage stimuli was applied 
(holding potential = -90 mV, 7 pulses from -60 to +60 mV 
with 20 mV increment applied every 30 set, pulse duration 
-50 ms). The P/4 procedure was used to provide on-line 
cancellation of any linear (ohmic) component of the re- 
corded currents. Before onset of each depolarizing pulse, a 
series of 4 hyperpolarizing prepulses was applied. Amplitude 
of each prepulse was Y4 of the following depolarizing pulse. 
Currents recorded when applying the prepulses were sum- 
marized and added to a current recorded during the depo- 
larizing pulse. 

The recorded whole-cell currents were fitted with the 
classical Hodgkin-Huxley equation in the form: 

I(t) = I,,, (l-exp(-t/~,))P(h-(h-l)exp(-t/~~)) (I) 

where I,,, is the amplitude of the measured current, 7, is 
the time-constant of activation, p is the exponent of the 

activation term, h is the steady-state fraction of active 
channels, and 7h is the time-constant of inactivation. 

Unless otherwise stated, data are given as mean + stan- 
dard error (SE). All experiments were carried out at room 
temperature (21-23°C). 

Statistical Analysis 

Unless otherwise stated, data were analyzed by applying the 
one-way analysis of variance (ANOVA). Both the F, 
which is a calculated value of the test statistics, and the P 
values are given. The differences in measured parameters 
were considered statistically significant when the P value 
was less than 0.05. 

RESULTS 

The whole-cell potassium currents (Fig. 1A) were recorded 
using the patch-clamp technique in the whole-cell configu- 
ration. The control values of the whole-cell conductance 
were greatly scattered with a mean of 4584 f 865 pS (N = 
20). To ascertain that the recorded currents were predomi- 
nantly carried by potassium ions, their reversal potential 
was estimated by applying a standard approach based on a 
recording of the tail currents. Tail currents could be fitted 
by a single exponential, both under control conditions and 
in the presence of PR. Kinetics of tail currents was not 
significantly affected on PR treatment (data not shown). 
The reversal potentials in control conditions (-82.3 + 2.4 
mV, N = 6) and in the presence of 40 PM PR (-8 1.6 * 3.1 
mV, N = 6) were not significantly different (I’ > 0.6, Stu- 
dent’s t-test). These values were close to the equilibrium 
potential for potassium ions (-87 mV) calculated from the 
Nernst equation (with intra- and extracellular K’ concen- 
trations as described in Materials and Methods). Under our 
experimental conditions, no inward currents were recorded 
at any depolarizing potential (see e.g. Fig. l), indicating the 
lack of any significant contribution of voltage-dependent 
sodium and calcium currents. This is consistent with results 
obtained by other authors [ 12-2 11. Because it is known that 
several types of Cl- channels are present in human TL, it is 
important to assess whether or not the chloride component 
could contribute to the observed whole-cell currents. The 
calculated Nernst equilibrium potential for chloride ions is 
ca. -35 mV (with intra- and extracellular Cl- concentra- 
tions as described in Materials and Methods). This value is 
far from the reversal potential estimated for the whole-cell 
currents under our experimental conditions. Results ob- 
tained by other authors confirm that the reversal potential 
of the TL whole-cell currents is close to the equilibrium 
potential for potassium ions, and is not influenced by intra- 
and extracellular chloride concentration [ 12-2 11. More- 
over, it was shown that, at room temperature, the activity 
of TL voltage-gated “maxi” Cl- channels is strongly re- 
duced in comparison to that measured at 37°C [31]. Acti- 
vation of other types of TL chloride channels is unlikely 
under our experimental conditions [32,33]. Altogether, the 
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FIG. I. Whole-cell potassium currents recorded from a human T lymphocyte under control conditions (A) and in the presence 
of PR at concentrations of: 20 (B), 40 (C), and 100 pM (D). Note expanded voltage scale in D. The depolarizing voltage 
protocol (seen schematically in the inset) is described in Materials and Methods. 

data provide evidence that the whole-cell currents, both in 
control and in the PR-treated TL, were predominantly car- 
ried by potassium ions. The intracellular calcium concen- 
tration was kept low (ca. 100 nM) to prevent the activation 
of K,, channels in human TL [ 151. Thus, the predominant 
component of whole-cell potassium currents recorded in 
our experiments was due to activation of Kv channels. 

To study the effect of PR on the potassium currents in 
TL, the drug was gently added to the bathing saline sur- 
rounding the gigaseal patch, at different final concentra- 
tions. Results obtained under control conditions and at 
final PR concentrations of 20,40, and 100 FM are depicted 
in Fig. 1. The addition of PR at a concentration of 20 PM 
caused a decrease in potassium currents (Fig. 1B). At this 
PR concentration, the relative decrease in current ampli- 
tudes was voltage-independent (N = 5, F = 0.37, P > 0.05, 

see Figs. lB, 2). The current amplitudes were decreased to 
83.1 f 3.8% of the control values (averaged for all the 
voltages, N = 20). Application of PR at higher concentra- 
tion (40 p,M) caused a more pronounced decrease in po- 
tassium currents (see Fig. 1C). Also, for this PR concen- 
tration, relative decreases in current amplitudes were volt- 
age-independent (N = 5, F = 0.41, P > 0.05, see also Figs. 
lC, 2). Addition of 40 p,M PR decreased the current am- 
plitudes to approximately half of the control values (49 f 
1.3%, averaged for all the voltages, N = 20; see also Fig. 2). 
Further increase in PR concentration (100 PM) resulted in 
a voltage-independent (N = 5, F = 0.43, P > 0.05, see Figs. 
lD, 2) decrease in potassium currents to 4.1 f 0.69% of the 
control values (averaged for all the voltages, N = 20; see 
also Fig. 2). A complete block of the currents were observed 
when adding PR at concentrations in the range of 200-400 
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FIG. 2. Averaged relative peak current-to-voltage relation* 
ship. Relative peak current was obtained as a ratio of peak 
current recorded after addition of PR (20 pM, diamonds; 40 
$4, triangles; 100 pM, circles) to the control peak current 
value recorded at the same membrane potential. Symbols 
and bars represent mean values * SE (N = 5). 

FM (data not shown). When washing out the drug with 
bathing solution, the currents were almost completely re- 
stored, indicating the reversibility of the block (N = 3, data 
not shown). 

Figure 3 depicts typical examples of normalized whole- 
cell currents recorded at the same depolarizing potential 
under control conditions and after application of 20, 40, 
and 100 p,M of PR. Apparently, the activation kinetics of 
the currents was not significantly affected upon PR treat- 
ment, whereas the inactivation process became faster and 
more profound (Fig. 3). The effect of PR on the inactiva- 
tion phase of TL whole-cell potassium currents was clearly 
dose-dependent (Fig. 3). 
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FIG. 3. Normalized currents obtained in response to appli- 
cation of a voltage step from -90 mV to +60 mV, under 
control conditions (trace 1) and in the presence of PR at 
final concentrations of: 20 (trace 2), 40 (trace 3), and 100 
$4 (trace 4). A strong dose-dependent effect of PR on the 
inactivation rate is seen, but the activation kinetics is not 
significantly affected. 

To quantify the effect of PR on the activation and inac- 
tivation kinetics, the whole-cell currents were fitted apply- 
ing Eqn (1). When fitting the control records with Eqn (l), 
thereby allowing the parameter p to assume real values (not 
only integer), the p parameter was in the range 4.31 f 0.97 
(SD), indicating that the best fit to the experimental data 
could be obtained with the integer value p = 4. The pres- 
ence of PR did not change this pattern. Thus, both the 
control currents and those measured in the presence of PR 
were analyzed employing Eqn. (l), assuming p = 4. The 
activation time constants (T,,), calculated in control and 
after application of 20 and 40 PM PR (n = lo), were volt- 
age-dependent, showing a pronounced decrease with depo- 
larization (Fig. 4). The values of 7, in control and in the 
presence of 20 and 40 p,M PR were not different at any 
depolarizing voltage applied (see Figs. 3, 4). Nor was any 
effect of propofol on the activation time constant observed 
at a higher drug concentration (100 FM-data not shown). 

In our experiments, the decaying phase of the whole-cell 
currents could be well fitted with one exponential, both in 
control and in the presence of PR. Under control condi- 
tions, the inactivation time constant (TV) as well as the 
steady-state fraction of active channels (h) were voltage- 
dependent, showing a decrease with depolarization (Fig. 
5A,B). In the presence of 20 p,M PR, the 7h value was 
decreased in comparison with control conditions (Figs. 3, 
5A). The decrease was statistically insignificant (N = 5, F 
= 1.92, I’ > 0.05) probably because of the large disparity 
between the data (reflected by the large error bars overlap- 
ping one another; see also Fig. 5A). A significant decrease 
in the Th value was observed in the presence of 40 PM PR 
(N = 5, F = 8.90, P < 0.05; see also Figs. 3, 5A). Similarly, 
application of propofol at these final concentrations re- 
sulted in a pronounced decrease in the h parameter (Fig. 
5B). In the presence of 20 FM PR, the decrease in h value 
was statistically insignificant (N = 5, F = 2.09, P > 0.05), 
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FIG. 4. Activation time constants (7,) calculated by apply- 
ing Eqn ( 1) at different membrane potentials, under control 
conditions (squares), and in the presence of 20 (circles) and 
40 pM PR (triangles). Symbols and bars represent mean 
values * SE (N = 5). 
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FIG. 5. (A) Inactivation time constants (TV) in control cells (squares), and in the presence of PR at final concentrations of 20 
pM (triangles) and 40 pM (circles) vs membrane voltage. (B) Fraction of active channels (h) vs membrane voltage in control 
(squares), and after addition of PR at final concentrations of 20 l.tM (triangles) and 40 pM (circles). Symbols and bars represent 
mean values * SE (N = 5). When smaller than the symbols, the error bars were omitted. 

probably also due to the disparity between the data (Fig. 
5B). The h value was significantly decreased in the presence 
of 40 PM PR (N = 5, F = 25.51, I’ < 0.05; see also Fig. 5B). 
Both parameters were further decreased when PR concen- 
tration was increased from 40 to 100 ~_LM (data not shown). 
Thus, our data indicate that the effect of the drug on these 
parameters was dose-dependent. Moreover, in contrast to 
what was observed under control conditions, at PR con- 
centration of 20 PM, the TV value was voltage-independent 
(N = 5, F = 1.67, I’ > 0.05; see also Fig. 5A). Furthermore, 
the h value was voltage-independent at this PR concentra- 
tion (N = 5, F = 1.19, P > 0.05; see also Fig. 5B). Lack of 
voltage-dependence has also been observed at 40 p,M PR 
concentration for both rh (N = 5, F = 0.98, P > 0.05; see 
also Fig. 5A) and h values (N = 5, F = 1.01, P > 0.05; see 
also Fig. 5B). A further increase in PR concentration up to 
100 p,M did not change this pattern (data not shown). 

To ascertain that the observed blocking of K, channels 
was due to the action of PR, a blank test with pure DMSO 
at concentrations of up to 1 mM was carried out; no effect 
on the whole-cell potassium currents was observed (data 
not shown). 

DISCUSSION 

Our data provide evidence that K, channels in human TL 
are reversibly blocked by PR in a dose-dependent manner. 
A half-blocking concentration was approximately 40 I*,M. 
A dose-dependent increase in the rate and extent of inac- 
tivation together with the lack of any effect of PR on the 
activation time constant suggest an “open channel block” 
mechanism. Such blocking mechanism was proposed for 
voltage-gated potassium channels in squid giant axons in- 
ternally dialyzed with solutions containing TEA or other 

quaternary ammonium ions [34, 351. These authors showed 
that dialysis of giant axons with these solutions resulted in 
a dose-dependent decrease in peak current values and in 
the acceleration of the inactivation-like decay of potassium 
currents. An “open channel block” mechanism has also 
been proposed for WIN 173 17-3 ( 1 -benzyl-7-chloro-4-n 
propylimino- 1,4-dihydroquinoline hydrochloride), a novel 
inhibitor of K, channels in human TL [36]. 

The presence of PR at concentrations of 20 and 40 p,M 
resulted not only in a significant decrease of rh and h but 
also in an apparent loss of the voltage-dependence of these 
parameters (Fig. 5). Thus, because under control conditions 
T,, and h values were voltage-dependent (but in the pres- 
ence of 20 and 40 p,M of PR were not), the relative de- 
crease in both TV and h was also voltage-dependent. 

The half-blocking PR concentration, of approximately 
40 p,M measured in our experiments lies within the same 
order of magnitude as those reported by other investigators 
for different types of channels in different cells. Frenkel and 
Urban [5] showed that human brain sodium channels are 
blocked by PR with IC,, of 20 PM. A significant reduction 
in calcium inward currents in guinea-pig isolated ventricu- 
lar myocytes was observed by applying PR at concentrations 
in the range of 25-100 p+M [7]. The open probability of 
voltage-dependent potassium channels in PC12 cells was 
reduced by 50 FM PR from 0.44 to 0.12 at 0 mV [9]. 
However, the block of K’ channels in PC12 cells by PR was 
clearly voltage-dependent. Moreover, in these cells PR ac- 
celerated the activation of the whole-cell potassium cur- 
rents and had no effect on the inactivation process. Simi- 
larly to what was observed in the present work, potassium 
channels in pig articular chondrocytes were blocked by PR 
in a voltage-independent manner, but the IC,, value was 
significantly lower (ca. 6 FM, [IO]). Moreover, the kinetics 
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of ensemble-averaged potassium currents in pig articular 
chondrocytes was not affected by PR, indicating that, in 
this case, the mechanism of PR action was different from 
the “open channel block.” Altogether, these facts indicate 
that the mechanisms of potassium channel block by PR in 
PC12 cells, pig articular chondrocytes, and human TL are 
different. On the other hand, because the voltage- 
dependent potassium channels in various cell types are 
known to be greatly diversified in their biophysical and 
pharmacological properties [37], such differences in PR- 
blocking mechanisms are not surprising. 

6. 

7. 

8. 

The PR concentration that we found to reduce whole- 
cell potassium peak currents in human TLs by approxi- 
mately 50% is of the same order of magnitude as blood PR 
concentrations employed for maintenance of general anes- 
thesia (lo-55 p.M) [38]. However, it is known that the 
activity of voltage-gated potassium channels in human TL 
is required for cell physiological processes, such as mitogen- 
esis and volume regulation. Available data provide evi- 
dence that blockers of voltage-gated potassium channels 
block also cell mitogenesis [23-271 and volume regulation 
in human TL [21, 281. Therefore, the results of our study 
raise the question of the possible influence of PR on the TL 
cell functions in patients treated with this anesthetic. More 
studies, based on more than the electrophysiological ap- 
proach, will be needed to further elucidate this problem. In 
particular, it would be interesting to investigate whether or 
not PR blocks TL mitogenesis at concentrations normally 
used in anesthesia. 

9. 

Veintemilla F, Elinder F and Arhem P, Mechanisms of pro- 
pofol action on ion currents in the myelinated axon of Xeno- 
pus Iaevis. Eur J Pharmacol 218: 59-68, 1992. 
Puttick R and Terrar D, Effects of propofol and enflurane on 
action potentials, membrane currents and contraction of 
guinea-pig isolated ventricular myocytes. Br J Pharmacol 107: 
559-565, 1992. 
Berczi V, Buljubasic N, Supan D, Marijic J, Kampine J and 
Bosnjak Z, The effect of etomidate, propofol and midazolam 
on K’ channel currents in isolated canine myocardial cells. 
In: Structure and function of ionic channels, Abstracn of the I I -th 
international Biophysics Congress, Budapest, Hungury, 25-30 
July 1993. 
Magnelli V, Nobile M and Maestrone E, K’ channels in PC12 
cells are blocked by propofol. Pfltigers Arch 420: 393-398, 
1992. 

10. 

11. 

12. 

13. 

14. 

15. 

In conclusion, our data provide further evidence that PR 
may block potassium channels in nonexcitable cells and 
suggest a need for investigations into the influence of PR on 
human TL cell functions. 
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