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Chinfloxacin hydrochloride inhibits HERG potassium channel at open state
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Abstract: This study is designed to investigate the effects of chinfloxacin hydrochloride (CFX) on the
kinetics of HERG K’ channel. Whole cell patch clamp technique was used to record HERG K" currents from
HEK293 cells transiently transfected with cgi-HERG-GFP plasmids and channel kinetics were assessed in the
absence and presence of CFX and moxifloxacin hydrochloride (MOX). Results demonstrated that the open
state of HERG K" channel was inhibited by CFX in a concentration- and time-dependent manner, with an ICs, of
162.1 + 14.2 umol-L™", two folds higher than its positive control MOX. But there were no significant effects on
channel kinetics. In addition, the inhibitory effect of CFX on HERG was enhanced when cells were subjected
to altered extracellular K™ concentration.
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Figure 1 Inhibitory effects of chinfloxacin hydrochloride (CFX) on HERG K" currents.  A: Chemical structures of CFX reconstructed
from moxifloxacin hydrochloride (MOX) and MOX; B: Representative traces of HERG K' currents recorded from HEK293 cell
transiently transfected with cgi-HERG-GFP using a family of depolarizing pulse protocol shown in inset from holding potential of
—80 mV; C: To assess the onset of inhibitory effects, in the same cell as in panel B, the peak current in response to a depolarizing pulse of
+20 mV for 2 s was recorded after 1 000 pmol-L™' CFX exposure for 1, 3, 5, and 7 min. DMSO was used as vehicle control; D: The
summarized density of tail currents after DMSO or 1 000 pmol-L™" drug exposure and washout after exposure to 1 000 pmol-L™" CFX
(n =4 for each); E and F: Summary of current density-voltage relationship for step and tail currents from control values compared with
100 pmol-L ™" CFX application ("P < 0.05, P <0.01 vs CTL). CTL: Control
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Figure 2 Concentration-dependence of HERG inhibition by CFX. A: Effects of cumulative concentrations of CFX (10, 100, and
1 000 pmol-L™") on the peak current amplitude elicited by a 2 s depolarizing pulse of +20 mV from holding potential of —80 mV, followed
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by a 4 s repolarizing pulse of —40 mV; B: A CFX concentration-response curve was generated by fitting data to a Logistic equation of
the form y = A2 + (A1-A2)/(1 + (x/x0)"k) (n = 7), where Al and A2 mean the maximal and minimal inhibition, x refers to the working
concentration of drug, xo is the ICso at which drugs produce a half-maximal inhibition of the HERG K" currents. And k is the slope
factor for the fit (P < 0.05, ~P < 0.01 vs MOX); C: Concentration-dependent HERG inhibition induced by CFX was further evidenced
by “step-ramp” voltage command as shown in D. Cells were voltage-clamped at =80 mV and depolarized to +20 mV for 1 s followed

1

by a repolarizing ramp back to —80 mV at a rate of 0.5 mV'ms ". The command was applied every 4 s

PR E -V e (B 2B), 48R B8 CFX %} HERG FHEIER, H step-ramp IX /MBS 1E HLAT 1) ik o o)
BRELUR A MR (ICs) A (1621 + 14.2) L B H A BB AE —80 mV, A 41 i S 2 B Ak
umol-L ™", J& L P ¥ X} B MOX (ICso = 76.9 + 10.2 420 mV, #5481, FLL0.5 mV-ms L E 80
umol-L™") [¥] 2 fifo 24 T 8E— 2D UF S — iRk MM 14 mV, N 25T 5 s 0 R, n L 25 1



+ 1494 - Zj2E 244 Acta Pharmaceutica Sinica 2010, 45 (12): 1491-1496

[ FEA R BE AR PE (1] 2€).
3 CFX % HERG $fifi& zh 71 5 89 52 M 0 Bt 8] 47 %6
4 B R0 4 F

100 pmol-L™" CFX fEHIXHlE [ 14530 11 2% 5% i
e LW 3A. C FE. 40 i Won, CFX ffil iE
(A AR L A 20 4.3 mV (& 3B), {H5 5% IEA
LeZe b W vE. WIS KIE (K 3D). WU (8
3F) R 2R3t bR A i 2 P T 5 50« i 1) G Yl 355 53 i)
Bl R BoR). $7n CFX &5 & FIIE M T ek 4

N TR CEX i HERG 1 I 1) i 1) 44 i v,
16 F WS R0 AS ] 1) ik 07 ol sl . B ok, HE
HLf¥) Envelop Bizt %% CFX % HERG 41 i 7 A 405
EM .. Wik 4A PR, KA 4E 57 —80 mV, 45T
ML +20 mV LA, FFZERA A 10 ms 52 1 400
ms, LA 100 ms ZEHIE N, FFERAAZE —40 mV, Fpsk
5 so BLIRAC SR B R Bt RO S I T S 1 228 1S K

(1 2 FRLAE, T LS PR T T YA ) N R R T
TRZIAE TG Bl TR, D e 52 e 1) S A Al
B BTic sk 2 F R IGAE h PARKR, & R 207 FE4U
A5 EE 4B #h4k. 100 pmol-L™" CFX 4bHH /i 5 il
T OE A HE o (176.3 £9.4) F1 (168.9 +2.9)
ms, #&78 CFX /b ilEEeg N, sz, miE T
BoE A dbAh, W RUR H Y AR I T, i
JUFASTE ISR e, F04E AR /N, 10l 1 58 4
I (ARSI 12 500 ms), I/ A ik 2]
Ko HJa, B gkaL i K, 259 BH I 15 FH s 1
S, R, HFFEER KL 10 sv LA E] +20 mV
{167 B4 fik e SR 38 A T A i (OB B T A A
TR IR AS), sk B RS, 8 R Ay 4 +F
76 —80 mV HIEAF N (ElIE ) A2, il
YEH 10 min Ji5, 1 EE Ikl (B 4C). 458 il
4D Fian, 29 vE A SRR, BT R a4

o CTL, ¥)2=-9.9 mV, k=67
® CFX, Ijo=-14.2 mV, k=68

Normalized current

80 -60 40 -20 0 20 40 60 80

Test potential/ mV

£20 mV

+20 mV

140 mV

5 10
E 1
5 08
E 0.6
= 04
E o CTL, Fpz2=-237 mV
S 02 e .
= - ® CFX, I'j=-24.8 mV
0
150 <100 -50 0 50
Test potential/ mV
F —o— Slow (CTL)
90 —o— Slow (CFX)
w15 é ? a—
E —y—
MR e ==
=
T 45
E . —a— Fast (CTL)
3 30] —a-Fast (CFX)
L= ] =
0 a:-‘.e;Q:—‘_—.-_‘:_ﬁ

140 -130 -120 -110 -100 -90

Test potential/ mV

Figure 3 Effects of CFX on kinetics of HERG K channel. A: HERG K currents recorded in control conditions and with 100 pmol-L™"
CFX. B: Peak tail currents are plotted as a function of the preceding test pulse potential resulting in activation curves (mean data of n = 6
experiments). Data were fitted to the Boltzmann equation (shown in methods). Half-maximal activation voltage V', was —9.9 + 1.1
mV (k= 6.7) under control conditions and —14.2 + 0.7 mV (k = 6.8) after application of CFX (P> 0.05). C: Example traces in this panel
illustrate the effects of CFX on inactivation kinetics. D: Steady-state inactivation was measured with two-pulse protocol (see inset of C),
in which a pulse step to +20 mV followed by a successive 30 ms test to potentials ranging from —140 to +40 mV in 10 mV increments
and a second test pulse to +20 mV. The steady-state inactivation curves were illustrated under control (open circle) condition and CFX
exposure (filled circle). Outward current amplitudes induced by second step to +20 mV were measured and normalized values were plotted
as a function of the preceding test potentials. By fitting the curves with a Boltzmann equation, the mean values of V', inactivation were
—23.7mV (k= 22.7) and —24.8 mV (k = 25.9) for control and CFX exposure, respectively. No significant shift of the inactivation curve was
observed (n = 5). E: Example traces in this panel show the effects of CFX on deactivation kinetics. F: The time course for deactivation
was examined by fitting the decay of tail current with the double exponential function yielding the fast (z fast) and slow (z slow) time
constants. There were no significant differences in the fast or slow deactivation time constants before and after CFX application (n = 7)
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Figure 4 Time-dependence of HERG inhibition by CFX. A: An Envelop of tails protocol, as illustrated in the inset, was used to
evaluate time-dependence of channel inhibition. Cell membrane were depolarized to +20 mV for periods of time from 10 to 1 400 ms
before repolarizing to —40 mV to induce tail currents. Peak tail currents were measured at control conditions and after application of
100 pmol'L™" CFX. B: This panel shows the increase in tail current with length of the depolarizing step for the cell illustrated in (A), in the
absence and presence of CFX (n =4, “P <0.01). C: A long duration (10 s) of +20 mV depolarizing pulse from the holding potential of —80
mV (as shown in inset) was applied to the cell and then steady-state response was observed before and after CFX application. Full extent of
block was observed within 500 ms and maintained for 10 s duration. D: Normalized relative block is plotted versus time after the voltage
step to 0 mV. This gave the CFX-sensitive current which showed phasic development of complete inhibition, a sign for open channel block
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Figure 5 Effects of extracellular K concentration on CFX-induced HERG inhibition. A: Superimposed HERG K" currents elicited
from cells bathed in extracellular solution containing 2 and 10 mmol-L™" K" were compared to those at control condition (5.4 mmol-L™"
K") in the presence of 300 pmol'L™" CFX. B: Summarized data for the effects of extracellular K™ on CFX-induced HERG inhibition
(n=4;""P<0.01 grey bar vs open bar; "P < 0.05 black bar vs grey bar)
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The transport of gastrodin in Caco-2 cells and uptake in Bcap37
and Bcap37/MDR1 cells
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Abstract: Gastrodin (GAS) is the major bioactive component of the extracts from the rhizome of Gastrodia
elata Blume. The aim of this study is to investigate the transport of GAS in Caco-2 cells and the interaction of
P-glycoprotein and GAS. The apparent permeability coefficients (P,,,) of GAS were measured as a function of
directions and concentrations. It was demonstrated that the efflux ratio was < 2.0 over the range of 50—500
pumol-L™" of GAS from bi-directional transport studies. The transport rate of GAS was dependent on the
concentrations. P,,, of GAS was not affected by transport directions, GAS concentration or the classical
inhibitors of P-glycoprotein (verapamil and GF 120918). The cellular accumulation of GAS in Becap37/MDR1
cells transected with hMDR1 gene, was similar to that in Bcap37 cells. The accumulation in both cell lines was
concentration dependent. GAS did not affect the accumulation of Rhodamine 123 in Bcap37/MDRI1 cells over
the range of 50—500 pmol-L™". It indicated that the transport of GAS in Caco-2 cell monolayers mainly is by
passive paracellular transport pathway. P-glycoprotein did not participate in the absorption of GAS in the
intestine or the transport across the blood-brain barrier.
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