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Influence of Potassium Channel Blockage on Early Hypoxic Neuronal Excitability

Jong Hyun Kim, MD, Hong-Joo Moon, MD, Joo-Han Kim, MD,
Taek-Hyun Kwon, MD, Hung-Seob Chung, MD and Youn-Kwan Park, MD

Department of Neurosurgery, Guro Hospital, Korea University College of Medicine, Seoul, Korea

Objective: Potassium channels are ubiquitously expressed in all organisms and constitute the most diverse class of ion chan-
nels. Their action is regulated by various factors and is involved in neuronal excitability. 4-aminopyridine (4-AP) is a volt-
age-sensitive K+ channel inhibitor used in studies of experimental neuronal excitation and in the treatment of demyelinat-
ing diseases. It is also known as having a strong convulsant activity on hippocampal slices. We investigated the effect of
several K+ channel antagonists on evoked potentials during normoxia and hypoxia. Methods: Field excitatory postsynap-
tic potentials (FEPSPs), orthodromic (oPSs) and antidromic population spikes (aPSs) were recorded simultaneously in the
cornus ammonil (CA1) area of rat hippocampal slices. fEPSP/Spike (E-S) ratio was calculated during the experiments to
observe sequential changes of pre- and postsynaptic neuronal excitability, especially epileptiform activities. 4-AP, tetra-
ethylammonium (TEA), dequalinium dichloride, paxilline, tertiapin-Q, glibenclamide and barium chloride were tested. Re-
sults: Most of the tested K+ channel blockers showed increase of mean amplitudes in oPS, fEPSP and aPS compared to
control slices. 4-AP showed most strong increase in oPS (188.5—2.1%). During the early period of hypoxia, epileptiform
activities were observed more prominently in 4-AP treated slices, which were not produced in other K+ channel blockers.
Those epileptiform activities were accompanied by E-S potentiation (mean 426.6%). Common antiepileptic drugs- valpro-
ic acid, phenytoin and carbamazepine- effectively controlled epileptiform activities induced by 4-AP during hypoxia
(p=0.0035). Conclusion: Our experimental results thus show that 1) potassium channels significantly increase evoked
field potentials, 2) epileptiform activities are increased in 4-AP treated slices during hypoxia and they are attributed to
E-S potentiation and 3) 4-AP induced epileptiform activities during hypoxia are effectively controlled by antiepileptic
drugs. (J Kor Neurotraumatol Soc 2010;6:97-105)
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FIGURE 1. Upper: Schematic diagrams representing locations
of stimulating and recording sites in CA1 hippocampal region. Lo-
wer: Three stimulating sites (orthodromic control input, paired in-
put and antidromic conditioning) and two recording sites (PS, fE-
PSP). CA: cornus ammoni, PS: population spike, fEPSP: field ex-
citatory postsynaptic potentials.
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FIGURE 2. Sample tracing of evoked potentials treated by 4-ami-
nopyridine (4-AP). orthodromic (oPS) are significantly increased
after superfusing 4-AP (compare a and b), while fEPSP and anti-
dromic population spike (aPS) does not change during the time
course. fEPSP: field excitatory postsynaptic potentials.
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FIGURE 3. Mean amplitudes of each evoked potentials after superfusion of various potassium channel blockers. A: oPS: All potas-
sium channel blockers shows significantly increased amplitudes of oPS compared to control slices. 4-AP shows largest increase
(188.5+2.1%) in oPS. B: fEPSP: Kv blockers show more increase fEPSP than other antagonists and TEA shows most prominent ef-
fect (141.8+1.5%). C: aPS: Compared to oPS and fEPSP, aPS shows rather small changes. Barium chloride has most prominent ef-
fect (140£3.7%). Asterisk(*) indicates p<0.05 of mean amplitudes between control and test slices (Student’s t test for unpaired ob-
servations). oPS: orthodromic, fEPSP: field excitatory postsynaptic potentials, aPS: antidromic population spike, Kv: voltage de-
pendent potassium channel, 4- AP: 4-aminopyridine, TEA: tetraethylammonium.
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FIGURE 5. Increase of epileptiform activities (additional PS) dur-
ing hypoxia in slices with 4-AP. Normal tracing (a) and typical sam-
ples showing epileptiform activities appearing after superfusiing
4-AP (b) and exaggerated by additional hypoxia (c). Sequential
changes of E-S ratio shows prominent E-S potentiation during hy-
poxia (filled squares). PS: population spike, 4-AP: 4-aminopyri-
dine, E-S: EPSP-Spike.

Jong Hyun Kim, et al.

PN
A

Aol 1% 21709] A (T5%) A LA, A
Jo] S7Fet AHe %= 1770 (60.7%)
Figure Eﬂ A 27119] AHoA= ﬁaqovko] 7+
FaL 47 o] & % 37} glglom 5ol A=
/ol %Pie‘ﬂxl ‘E%%E} ol AL 7|E ¢

o
o
BN

b
>

¢

>
>.

B o2
80k

d

o oM F
=
FELO

Abet ﬁﬂrOll‘%“ m?z
1) o] Aol 22X

N do il ol

..p

IJ>

av
_1
2
.{
r‘;
F>

~

o
_>:
JZJ.
:>e

<
Oloil

M e

| oX
o o 2

oo

E-S ratio2| H3}

4-APE Folgt 2AEH A Aika 27 A E-S ra-
tio] WZLE ARF A4ba 273} H|wsfo] H2Y-E f
Uuk HAkA 24 Aol 31.7%2] E-S depression &7

o] (Figure 6A), 4—AP £ Aloll= 426.6%2] E—S po-
tentiationa7A-& Bt} (Figure 6B), T2 ZEl T2
A 0] AAkA 2 Al E-S ratioo| A+ 25 E-S de-
pression 274E UePHT (Figure 7). o] #A4ka AME
oA AU Z7F @A E-S potentiationo] A3
o] U AlAKRITL

)
o
Py

S o & 4-APOIAQ| ZH L AN st
22 Aro a8s 7 w=Y 37k HHEA (val-
proic acid 2 mM, phenytoin 100 uM, carbamazepine
50 uM)E Fofsto] k7t 5709] oA HHGLY &
e S e o B 15709 23] HH 5 4

E-S depression
10 = 30
8 9 2 HYPOXIA :
—
4 : H 20 A
% 6 "Eaasn a""n S E %
?f_ 4 H ' omm %
H " e a0 A
2 HE E
i ® ab
0 - - r + - —Ly Y ]
-100 -7.5 =50 =25 00 25 50 7.510.0 Control HYPOXIA
A Time
E-S potentiation
60 = N
4-AP > -
0 HYPOXIA e
o~
40 4 N N
N : : 20 FIGURE 6. Comparing E-S ratio
% 30 1 5 N 1. & between hypoxia (A) and 4-AP
% 20 4 : " . § with hypoxia (B). Sample tracing
o H H o 10 4 . and mean shows that E-S depres-
10 1 : :.-H. sion during hypoxia (A) while E-
0 H 4 S potentiation in slices with 4-AP
S0 o0 10 20 30 40 50 h and 4-AP with hypoxia (B). E-S:
) Control 4-AP 4-AP/HYPOXIA | EPSP-Spike, 4-AP: 4-aminopy-
Time i pike, Py
ridine.

www.neurotrauma.orkr 101



Potassium Channel Blockers in Neural Hypoxic

30 TEA 30 Deqg/paxiline 30 Glibenclamide
20 + 20 20
o o o
& & &
o o o
< < <
£ 10 £ 10 - £ 10 -
— — e
O T T O T T O T T
Control HYPOXIA Control HYPOXIA Control HYPOXIA
30 r Tertiapin 30 r Barium
20 20
o o
% )
i &
< <
£ 10 - £ 10 -
FIGURE 7. Changes of EPSP-Spike (E-S) ra-
o e o tio during hypoxia in other potassium chan-
T T T T H -
Control HYPOXIA Control HYPOXIA nel blocker's. All of the testeq slices shows E:
S depression during hypoxia.
30 Valproic acid 30 Phenytoin 30 Carbamazepine
20 + 20 + 20
o o o
) 1d ’d
o o o
u &4 I
< i S
£ 10 - £ 0 - £ 10 -
A Control 4AP  4-AP/HYPOXIA || B Control 4-AP  4-AP/HYPOXIA || C Control 4-AP  4-AP/HYPOXIA

FIGURE 8. Changes of EPSP-Spike (E-S) ratio of in slices with each antiepileptic drugs. E-S potentiation is most prominent with valpro-
ic acid 2 mM in slices with 4-aminopyridine (4-AP) during hypoxia. A: valproic acid. B: phenytoin. C: carbamazepine.
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