
Malays J Med Sci. Jan–Feb 2018; 25(1): 101–113
www.mjms.usm.my © Penerbit Universiti Sains Malaysia, 2018

This work is licensed under the terms of the Creative Commons Attribution (CC BY)  
(http://creativecommons.org/licenses/by/4.0/).

For permission, please email:mjms.usm@gmail.com

101

To cite this article: Zhang J, Mohamad FH, Wong JH, Mohamad H, IsmaiL AH, Mohamed Yusoff AA,  
Osman H, Wong KT, Idris Z, Abdullah JM. The effects of 4-hydroxybenzoic acid identified from bamboo 
(Dendrocalamus asper) shoots on Kv1.4 channel. Malays J Med Sci. 2018;25(1):101–113. https://doi.org/10.21315/
mjms2018.25.1.12

To link to this article: https://doi.org/10.21315/mjms2018.25.1.12

Abstract
Background: Bamboo shoot has been used as a treatment for epilepsy in traditional 

Chinese medicine for generations to treat neuronal disorders such as convulsive, dizziness 
and headaches. 4-hydroxybenzoic acid (4-hba) is a non-flavonoid phenol found abundantly in 
Dendrocalamus asper shoots (bamboo), fruits (strawberries and apples) and flowers. Kv1.4 is 
a rapidly inactivating Shaker-related member of the voltage-gated potassium channels with two 
inactivation mechanisms; the fast N-type and slow C-type. It plays vital roles in repolarisation, 
hyperpolarisation and signaling the restoration of resting membrane potential through the 
regulation of the movement of K+ across the cellular membrane.

Methods: Chemical compounds from Dendrocalamus asper bamboo shoots were 
purified and identified as major palmitic acids mixed with other minor fatty acids, palmitic 
acid, 4-hydroxybenzaldehyde, lauric acid, 4-hydroxybenzoic acid and cholest-4-ene-3-one. The 
response of synthetic 4-hydroxybenzoic acid was tested on Kv1.4 potassium channel which was 
injected into viable oocytes that was extracted from Xenopus laevis. The current were detected by 
the two-microelectrode voltage clamp, holding potential starting from −80 mV with 20 mV step-
up until +80 mV. Readings of treatments with 0.1% DMSO, 4-hba concentrations and K channel 
blockers were taken at +60 mV. The ratio of tail/peak amplitude is the index of the activity of the 
Kv1.4 channels with n ≥ 6 (number of oocytes tested). The decreases of the ratios of five different 
concentrations (1 µM, 10 µM, 100 µM, 1 mM and 2.5 mM) were compared with 0.1% DMSO as the 
control. 
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the antiepileptic activity of bamboo from the 
genera of Dendrocalamus. So far, taxiphyllin, 
L-asparagine, 4-hydroxybenzaldehyde, and 
β-sitosterol are identified as the main extractives 
of the shoots of D. Giganteus and D. Hamiltonii. 

4-hydroxybenzoic acid (4-hba) is a non-
flavonoid phenolic compound from benzoic 
acid derivatives (BADs) along with other 
biocompounds such as salicylic acid, gallic 
acid and vanilic acid (18). It constitutes of 
aromatic benzene ring, hydroxyl substituent 
and functional derivative that influences the 
mechanisms, biological activities and properties 
(19). It is able to pass through blood vessels, 
blood brain barriers (BBB) and cerebrospinal 
fluid (CSF) due to its low molecular weight 
(138.12074 Da) (20). As to date, there are 
not many toxicity studies of this compound 
on human however, it has been recorded to 
be slightly irritating to skin and eyes and the 
maximum bodily intake is estimated to be 0.067 
mg/kg/day (for body weight; 70 kg) (21). Other 
than being used in pharmaceuticals and cosmetic 
products, 4-hba has been reported to have 
antifungal, antialgal, antimutagenic, antisickling 
properties, extrogenic activity and used as 
trapping agent on hydroxyl radical generation 
using cerebral ischemia and reperfusion (22). 

Voltage-gated potassium channels play 
essential role in restoring the membrane 
potential and signaling subsequent action 
potential during neuronal regulation. It is 
the most abundant and diverse ionic channel 
identified in the human body with more than 
40 types encoded by more than 70 genes and 
classified into 12 subfamilies (Kv1–Kv12) (23). 
Kv1 family (Shaker) is mostly distributed around 
brain, heart, pancreas and kidney. Even though 
Kv1.2 is more abundantly found, Kv1.4 exhibits 
more significant roles in repolarisation and 
hyperpolarisation of neurons (24). It’s A-type 
or fastly-inactivating current is contributed by 

Background

About 40% of epilepsy cases are refractory 
to currently available conventional antiepileptic 
drugs. Many Iranian, African, Indian, and 
Chinese plants have long been used in folk 
medicine for the treatment of epilepsy (1–5). The 
antiepileptic constituent may exist in the form of 
flavonoids (6), saponins (7), and triterpenoids 
(8). However, only a few studies have been done 
on the potential of plants found in Malaysia for 
the treatment of epilepsy: Myristica fragrance 
(9), Centella asiatica (10, 11), Orthosiphon 
stamineus (12), Peperomia pellucida (13), and 
Acorus calamus (14). 

Consequently, Chinese traditional medicine 
(TCM) suggests that bamboo might be used 
to prevent epilepsy (5). Bamboo is used as a 
component to reduce the energy of “fire”, and 
is used to treat hypertension, arteriosclerosis, 
and cardiovascular disease in TCM. Chinese 
also utilise bamboo as a traditional medicine for 
the treatment of febrile disorders, exogenous 
diseases, cooling blood, and for homeostasis 
regulation (15). The most nutritious part comes 
from its shoot. Bamboo shoots have also been 
reported to contain phytosterol, high potassium 
content which helps in maintaining normal 
blood pressure, low sugar sugar content, high 
fiber and anti-carcinogenic activity (16). The 
consumption and use of bamboo shoots in TCM 
has long been practiced and recorded in the book 
‘Compendium of Materia Medica’ during the 
Ming Dynasty (1368–1644) and was considered 
as a treasured dish in the Tang Dynasty (618–
907). The Japanese called it as the ‘King of 
Forest Vegetables’. In addition, with more than 
1250 species worldwide, bamboo shoots and 
roots are very popular in Asian cuisines such as 
India, Indonesia and Malaysia (17). 

D. asper was chosen as few studies have 
reported on its phytochemical constituents and 

Results: All concentration showed statistically significant results with P < 0.05 except 
for 100 µM. The normalised current of the 4-hba concentrations were compared with potassium 
channel blockers (TEA and 4-AP) and all groups showed statistically significant results. This study 
also showed that time taken for each concentration to affect Kv1.4 does not play any significant 
roles. 

Conclusion: 4-hydroxybenzoic acid was found to be able to enhance the inactivation of 
Kv1.4 by lowering the membrane potential so that the abnormal neuronal firing can be inhibited. 
With IC50 slightly higher than 10 µM, increasing concentrations (100 µM, 1 mM and 2.5 mM) had 
shown to exhibit toxicity effects. The best concentration from this study is 10 µM with Hill slope of 
0.1799. 

Keywords: Kv1.4 potassium channel, Xenopus oocytes, 4-hydroxybenzoic acid, membrane potential
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Malaysia. The outer layers of the bamboo shoots 
were peeled, and the inner parts were chopped 
into about 1–2 cm3 pieces and stored in a 
−20 °C chest freezer before further extraction 
processes. The chopped bamboo shoots were 
lyophilised and ground to yield 6 kg dried 
powder of bamboo shoots. One kg of dried 
bamboo shoot powder was extracted three 
times using dichloromethane. The extracts 
were dried using a rotary evaporator (Buchi, 
Essen, Germany) under reduced pressure, below  
40 °C to yield 31.5 g of dichloromethane extract. 
Next, 30 g of dichloromethane extract were 
subjected to column chromatography (4 × 30 cm, 
dxh) using silica gel (Merck 1.09385.1000) and 
eluted with chloroform, and then gradiently 
increased using ethyl acetate and methanol. 
The fractions were monitored using thin layer 
chromatography (Merck 1.05735 silica gel 60 
F254). The fractions containing the same spot 
were combined. 2.5 g of the fractions with the 
spot on TLC showing Rf value 0.4 (chloroform/
ethyl acetate, 9:1 v/v) were then subjected to 
repeated column chromatography (1 × 25 cm, 
dxh) using silica gel (Merck 1.09385.1000) 
and eluted with hexane/acetone, 7:3 v/v. 
Fractions containing the desired spot were 
recrystallised from hexane/methanol to afford 
200 mg of 4-hydroxybenzaldehyde. Purification 
of fractions containing the spot with Rf value 
of 0.7 [hexane: acetone (2:8 v/v)] by repeated 
column chromatography (CC) on Sephadex 
LH20 afforded 4-hydroxybenzoic acid. Repeated 
CC on silica gel of fractions containing the spot 
with Rf value of 0.5 [hexane: ethyl acetate (8:2 
v/v)] followed by preparative TLC afforded 
cholest-4-ene-3-one. Lauric acid and palmitic 
acid were purified from the respective fractions 
by recrystallisation from hexane/methanol. 
Biocompounds isolated were identified using 
co-TLC comparing synthetic compounds and 
purified biocompounds from the extraction 
process. Chemical structures of all compounds 
were elucidated by using spectroscopic data of 
Electron impact–Mass spectrometry (EIMS) 
and Nuclear Magnetic Resonance Spectroscopy 
(NMR). EIMS were recorded by Shimadzu 
GCMS-QP5050 (Shimadzu, Kyoto, Japan). NMR 
data were recorded using BrukerAvance400 
MHz (BrukerAvance, Massachusetts, USA). 
The isolation, purification and identification of 
the biocompounds were all done in Institute 
of Marine Biotechnology, Universiti Malaysia 
Terengganu (UMT), Malaysia.

its two inactivation mechanisms; fast N-type 
and slow C-type (25, 26) which helps in many 
physiological processes including the quantal 
release of neurotransmitters (27), neuronal 
excitation, cardiac action potential, muscle 
contraction, hormonal secretion, transporting 
electrolytes for epithelial, cell volume and cell 
proliferation in neuronal and non-neuronal cells 
(28). Research showed that the contribution 
of the inactivation components of potassium 
voltage-gated channel Kv1.4 can inhibit the 
excitement of action potentials, reducing 
irregular high frequency depolarisation in 
neuronal disorders such as epilepsy and fits (29). 

The channel consists of 6 transmembrane 
and one pore which are grouped into voltage-
sensor domain (S1–S4), a pore domain or 
selectivity filter (S5–S6) and a re-entrant P-loop 
region (S4–S5 loop) (30, 31). The opening of the 
pore is regulated by the movement of the voltage 
sensor domain in monitoring the K+ current 
flow and balance (32). The opening and closing 
of the selectivity filter is vital in influencing the 
membrane potential and signaling of inactivation 
and activation of the channel (28). 

In this study, we isolated compounds from 
D. asper using column chromatography (CC) 
and thin-layer chromatography (TLC). The 
compounds identified were then studied to see 
their effects on Kv1.4 channel separately. This 
manuscript reports on one of these compounds: 
4-hydroxybenzoic acid identified from D. asper 
shoots by in-vitro study using X. laevis oocytes.

Materials and Methods

The flowchart of the experiment 
methodology is attached as Appendix A. 

Purification and Characterisation of 
Biocompounds from Dendrocalamus 
asper Shoots

A total of 44 kg of bamboo shoots from 
Dendrocalamus asper were harvested from 
Post Brooke village in Gua Musang Kelantan 
at longitude 101.4882616000 and latitude 
4.6745201000 on the 14th May 2014. The 
shoots were identified by Assistant Botanist, 
Muhammad bin Deraman, from the South 
Kelantan Development Authority (KESEDAR); 
the voucher specimen was labeled DAPB52014 
and kept at the Department of Neuroscience 
School of Medical Sciences, Universiti Sains 
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placed in modified ND96 solution (in mM: 96 
NaCl, 2 KCl, 1 MgCl2, 1.8 CaCl2, 5 HEPES, 1 Na-
Pyruvate, 0.01 mg/mL Gentamycin, pH7.5) in 
an incubator at 18 °C overnight (35–38). Only 
stage 5–6 developed oocytes were selected 
under the anatomy microscope Nikon SMZ1000 
(Nikon, Tokyo, Japan). About 5 ng/µL of Kv1.4 
potassium channels was injected into each oocyte 
(33, 38). The injected oocytes were stored in the 
modified ND96 solution in an incubator at 18 °C 
for at least 48 h (37, 39).

TEVC Test

TURBO TEC-03X amplifier (NPI Electronic 
GmbH, Tamm, Germany), Digidata 1440A 
(Molecular Devices, LLC, Sunnyvale, California, 
USA), and pCLAMP 10.3 software (Molecular 
Devices, LLC, Sunnyvale, CA, USA) were used 
for data recording. The data were filtered at 
100Hz and sampled at 500Hz. Glass pipettes 
were pulled with vertical puller Narishige 
PC-10 (Japan) and filled with 3M KCl, with a 
resistance of 0.6–1.5 MΩ (40, 41). Perfusing 
solution was gravity-driven (ALA-VM4) across 
the bath chamber (ALA Scientific Instruments, 
Westbury, NY, USA). ND96 was used as the 
working physiological solution (in mM: 96 NaCl, 
2 KCl, 1 MgCl2, 1.8 CaCl2, 5 HEPES, pH 7.5). For 
Kv1.4 potassium channel test, the oocytes were 
voltage clamped at –80 mV. Steps of +20 mV 
were added to attain +80 mV. The data clamped 
at +60 mV were used for the calculation of 
Kv1.4 responses. The current traces obtained 
during each perfusion were recorded. There 
were 3 different solutions used to bathe/
perfused the impaled oocytes 1) 0.1% DMSO  
2) 4-hydroxybenzoic acid 1 µM/ 10 µM/100 µM/1 
mM or 2.5 mM in ND96 3) 4-hydroxybenzoic 
acid 1 µM/10 µM/100 µM/1 mM or 2.5 mM 
+ 12.5 mM TEA + 5 mM 4-AP in ND96. The 
peak amplitude of the potassium current at the 
beginning and the final amplitude at the terminal 
of Kv1.4 response was calculated offline using 
pCLAMP software, and the ratio of the final/peak 
amplitude was determined as an index of the 
Kv1.4 current. 

Data Analysis

The experiment was arranged into control 
group (0.1% DMSO vehicle), positive drug 
group (ND96 + 4-hydroxybenzoic acid), and 
the blockers (12.5mM TEA and 5 mM 4-AP  
+ 4-hydroxybenzoic acid). Therefore, each 
oocyte will be perfused with 3 different solutions 

Drugs

4-hydroxybenzoic acid was purchased 
from Sigma Aldrich (cat. no = 240141-50 g, > 
99% purity; Sigma-Aldrich, St. Louis, Missouri, 
USA), and dissolved in dimethyl sulfoxide 
(DMSO) in 1 mM, 10 mM, 100 mM, 1 M, and 
2.5 M. Tetraethylammonium (TEA) (Sigma 
Aldrich, USA) and 4-aminopyridine (4-AP) 
(Sigma Aldrich, USA) were dissolved in DMSO 
in a concentration of 12.5 M and 5 M. For 
4-hydroxybenzoic acid, TEA, and 4-AP, dilutions 
were made just prior to the experiment at a ratio 
of 1:1000.

cDNA Cloning and in vitro Transcription

cDNA of Kv1.4 were cloned in pCMV 
vector in DH5α competent cells. QIAprep Spin 
Miniprep Kit (Cat. No. 27104) was used for 
purification of the plasmid cDNA, followed 
by determination of cDNA concentration 
using spectrophotometer NanoDrop 2000 
(ThermoScientificTM, Massachusetts, USA). 
Linearisation of plasmid DNA was performed 
and in vitro transcription was carried out with 
T7 Transcription Reaction Kit (RiboMaxTM 
Large Scale RNA production system), followed 
by DNase I treatment. The cRNA was isolated 
and purified with RNeasy Mini Kit (Cat. No. 
74104) and the concentration of the cRNA was 
determined using NanoDrop 2000. The solutions 
were separated into final 4 µL Kv1.4 aliquot (the 
final concentration for Kv1.4 cRNA was 5 ng/µL), 
and stored at −80 °C (28, 33–34). 

Surgery and cRNA Expression on 
Xenopus Oocytes 

A female frog was anaesthetised for 
approximately 15 min with 1.25 g MS-222 in 
1/5 of 500 mL tap water buffered with 1.75 g 
sodium bicarbonate. In the lateral paramedian 
area of the lower abdomen, an 8 mm incision 
was cut into the skin. The layer of the muscles 
was separated in order to enter the abdominal 
cavity. Approximately 5 lobes of oocytes tissues 
were extracted and muscle and skin layers 
were sutured separately. The oocyte lobes were 
placed into a modified OR-2 solution (in mM: 
82 NaCl, 5 HEPES, 1 MgCl2, 2 KCl, 1 Na2HPO4, 1 
ascorbic acid, pH 7.5) and cut into small pieces. 
Small pieces of oocyte tissue were treated with 
type II collagenase (1 mg/mL) on a rotator for 
60 min at room temperature (22 °C–24 °C). 
The digested oocytes were washed with up to 
2 L modified OR-2 solution. The oocytes were 
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concentrations. Therefore, perfusion with 0.1% 
DMSO solution was also carried out as control 
for the experiment. The ratio of final/peak of the 
recorded Kv1.4 current response was similar to 
those of Imbrici et al.’s paper (37). The final and 
peak ratio values were calculated with pCLAMP 
software. Enhancement of the Kv1.4 potassium 
channel is indicated by a decrease of the ratio 
values while an increase of ratio indicates 
blockage of the channel. For 1 µM, 10 µM, 1 mM, 
and 2.5 mM 4-hydroxybenzoic acid, there was a 
significantly more opened Kv1.4 channel. Figure 
2 shows an example of current traces obtained 
during perfusion of each 3 solutions on 10 μM 
4-hba (all current traces recorded on other 
concentrations are similar).  

containing the same concentration of 4-hba, and 
each concentration will be repeated ≥ 6. Each 
solution was applied for an equilibration period 
of several seconds before recording was initiated. 
Dose-response curves were generated and the 
data fitted by non-linear regression analysis 
using SigmaPlot software (SPSS, Inc., Chicago, 
USA). As fast inactivation is a characteristic of 
Kv1.4 response, a decrease of the ratio means an 
increase of the Kv1.4 current, while an increase 
of the ratio means a decrease of the current. 
Statistical significance was calculated using the 
unpaired student t-test with P < 0.05; the data 
were given as mean ± SE from at least 6 oocytes 
and ≥ 2 oocytes batches. Dose-response curves 
were generated and the data fitted by non-linear 
regression analysis using SigmaPlot12 software 
(SPSS, Inc., Chicago, IL, USA). 

Results

Purification of the Biocompounds

Two phenolic compounds, 
4-hydroxybenzoic acid and 
p-hydroxybenzaldehyde, a ketosteroid, cholest-
4-en-3-one and common fatty acids; lauric 
acid and palmitic acid were isolated from the 
dichloromethane extract of Dendrocalamus 
asper bamboo shoots. The NMR data of 
4-hydroxybenzoic acid were: 1H NMR (MeOD, 
400 MHz): δ 7.88 (2H, dd, J = 8, 2 Hz), 6.81 
(2H, dd, J = 8, 2 Hz); and 13C NMR (MeOD, 125 
MHz): δ 170.1, 122.7, 133, 116.1, 163.4. The EIMS 
data showed the fragmented ion at m/z 138 
[M+], 137 [M-H+], 121, 93, 63. Both the NMR 
and EIMS spectroscopic data supported the 
structure of 4-hydroxybenzoic acid. The co-TLC 
of a standard 4-hydoxybenzoic acid (4-hba) with 
the purified 4-hydroxybenzoic acid also further 
supported its identification, and it is present 
as one of the major compounds in chloroform 
extract of D. asper (Figure 1).

The Enhancement Effect of 
4-hydroxybenzoic Acid on Kv1.4

Synthetic 4-hydroxybenzoic acid was 
purchased from Sigma-Aldrich (St. Louis, MO, 
USA) and dissolved in DMSO. The experiment 
doses of 4-hydroxybenzoic acid were 1 µM, 10 
µM, 100 µM, 1 mM, and 2.5 mM in ND96. The 
stock solutions were prepared in DMSO at 1000 
times the targeted concentrations. It gives a final 
0.1% DMSO concentration upon dilution of 2 μM 
stock solution with 20 mL ND96 for each 4-hba 

Figure 1. Co-Thin Layer Chromatography 
(TLC) analysis of crude chloroform 
extract of Dendrocalamus asper 
bamboo shoots comparing synthetic 
4-hydroxybenzoic acid (4-hba) with 
its isolated biocompound. Single 
overlapped spot seen on the same Rf 
value proved that the biocompound 
is 4-hba
Note: TLC were done on TLC sheets Merck 
1.05735 silica gel 60 F254, solvent system 
Hexane: Acetone (4:6 v/v), observed under 
UV254
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groups. For 1 µM, 10 µM, 100 µM, 1 mM, and 
2.5 mM 4-hydroxybenzoic acid added with 12.5 
mM TEA + 5 mM 4-AP, the mean ± SE of the 
normalised increase of the ratio of final/peak 
of Kv1.4 were: 3.8849 ± 1.4672 (n = 7), 1.9510  
± 0.9592 (n = 8), 1.5071 ± 0.9338 (n = 7), 0.4866 
± 0.1468 (n = 7), and 0.0805 ± 0.0203 (n = 7), 
respectively (P < 0.001) (Figure 3B).

For 1 µM, 10 µM, 100 µM, 1 mM, and 
2.5 mM 4-hydroxybenzoic acid groups, the 
differences of the time of the starting for the 
enhancement effect of 4-hydroxybenzoic acid 
on Kv1.4 were 1.5000 ± 0.3416 (n = 6), 1.0000 
± 0.0000 (n = 7), 1.4000 ± 0.2449 (n = 5), 
1.0000 ± 0.0000 (n = 10), and 1.3333 ± 0.2108 
(n = 6); P-values were all > 0.05. But the P-value 
between the 1 µM and 1 mM groups was 0.073, 
the value nearest to 0.05 (Figure 3C). It showed a 
tendency of the faster effect of 4-hydroxybenzoic 
acid on the Kv1.4 channel with the increase of the 
concentration of that chemical. 

The enhancement effect disappeared 
after several minutes. This could be observed 
from Figure 3D of the time of the maximum 
effects of the 4-hydroxybenzoic acid on Kv1.4. 
In 1 µM, 10 µM, 100 µM, 1 mM, and 2.5 mM 
4-hydroxybenzoic acid groups, the times of 
the maximum effect of 4-hydroxybenzoic acid 
on Kv1.4 were 4.1667 ± 0.4773 (n = 6), 4.5714  
± 0.2974 (n = 7), 4.0000 ± 0.4472 (n = 5), 
3.7000 ± 0.3958 (n = 10), and 4.5000 ± 0.3416 
(n = 6). The P-values were all > 0.05. 

The mean of the normalised decrease of the 
ratio of final/peak of Kv1.4 ± SE were: 0.4762 
± 0.1376, 0.3632 ± 0.1030, 0.2933 ± 0.0844, 
and 0.2065 ± 0.0714; while P = 0.026 (n = 7), 
0.010 (n = 8), 0.002 (n = 7), and 0.002 (n = 6), 
compared with each DMSO control, respectively. 
For 100 µM 4-hydroxybenzoic acid, the 
enhancement effect on Kv1.4 was not significant; 
the normalised decrease of the ratio was 0.2367 
± 0.1531, P = 0.383 (n = 7) (Figure 3A).

The perfused solution was turned off once 
the current trace returned to the equilibrated 
level (resting potential), which usually takes 
about 3 min. ND96 was continued to perfuse 
the system and bath the oocytes for another 
several minutes to ensure that 4-hba has been 
completely washed out before the addition of 
blockers. Two blockers of potassium channel, 
12.5 mM TEA + 5 mM 4-AP were added in 
different doses of 4-hydroxybenzoic acid. In 
all groups, the addition of 12.5 mM TEA + 
5 mM 4-AP significantly blocked the effect of 
4-hydroxybenzoic acid on Kv1.4. The ratios 
of the final/peak of the Kv1.4 response for all 
doses of 4-hydroxybenzoic acid increased. 
The largest values of the ratio were selected 
from 1–5 min after the application of the two 
blockers, and the highest response mostly came 
from the 5th min of blockers application. These 
responses obtained at the 5th min of blockers 
application were compared with the responses 
from the 5th min of 4-hydroxybenzoic acid 

Figure 2. The figure shows an example of current traces of the oocyte when perfused with 0.1% 
DMSO (red), 10 μM 4-hba (black) and 10 μM 4-hba + blockers (blue). Inset plotted graphs 
represent the highest current value in bar graph. The oocytes were voltage clamped at −80 
mV. Step command was added up by 20 mV to +60 mV for the recording of Kv1.4 channel
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a contribution to inhibit the neuron excitement 
(43). The parameters of our Kv1.4 channel 
recording were similar to that cited in the 
literature (37). The index of the opening of Kv1.4 
channel is the decrease in the ratio of the final/
peak, which indicates more inactivation, while 
the increase in the ratio showed the block of the 
Kv1.4 channel showing less inactivation. We 
hypothesise that the enhancement of the Kv1.4 
channel expressed in oocytes is a model to treat 
epilepsy; its main blocker, 4-AP, is a drug to 
induce epilepsy (44).

Discussion

Kv1.4 Potassium Channel and Its 
Inactivation 

Kv1.4 channel current recording is 
characterised by peak that is always upright, 
going from −80 mV to +80 mV. The classic 
Kv1.4 channel is recorded at +60 mV. The 
Kv1.4 current has a fast N-type inactivation, 
and a slow constant C-type inactivation when 
compared with Kv1.1 potassium channel (42). 
Therefore, the component of Kv1.4 is considered 

Figure 3. The effects of five different doses of 4-hydroxybenzoic acid on Kv1.4 potassium channels. 
A: the decrease of the ratio of final/peak of Kv1.4 potassium channel by 5 doses of 
4-hydroxybenzoic acid compared with their vehicle (0.1% DMSO), Hill slope of 0.1799 and 
IC50 around 10 µM; B: the increase of the ratio of the different doses under 12.5 mM TEA 
+ 5 mM 4-AP, compared with their ratio at 5th min of 4-hba; C: the earliest times under 
different doses of 4-hydroxybenzoic acid of which ratios showed a decreasing tendency (at 
10 µM and 1 mM4-hydroxybenzoic acid) compared with their vehicles; D: the times under 5 
doses of  4-hydroxybenzoic acid which ratios were the biggest.*P < 0.05, **P < 0.01
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As 4-hba is a low acid phenol with a pka 
of 4.58, perfusion of the compound on Kv1.4 
channel produces a slightly acidic environment 
which can enhance the inactivation, and helps 
to lower the membrane potential as targeted. 
All phenols are classified as anti-oxidant at 
varying degrees depending on their chemical 
structure and functional group. Though not as 
strong as salicylic acid, 4-hba exhibits a stronger 
anti-oxidation property compared to its other 
functional group (56, 57). Therefore, due to its 
anti-oxidative property, 4-hba can interfere with 
the oxidation of the cysteine and methionine 
residues at the channel pore and influence the 
development of N and C-type inactivations. 

Figure 3A shows that the dose response 
curve has a Hill slope of 0.1799, and an 
IC50 around 10 µM, which explains the 
insignificant value obtained at 100 µM, as its 
higher concentration is toxic and fails to elicit 
any further reaction on the Kv1.4 channel. 
However, the values become significant again 
at 1.0 mM and 2.5 mM. The passive and 
dormant endogenous ion channels present 
(Na+, K+, Cl-, Ca2+) within the oocytes could 
have been unintentionally activated by factors 
such as enhanced hyperpolarisation, higher 
depolarisation current, acidic extracellular pH, 
and higher ionic concentrations (58). As the 
endogenous Cl- channel is the most abundant 
(59, 60) and is important for repolarisation, 
the activation of the channel will help to lower 
the membrane potential. Hence, it is able to 
produce significant values even at concentrations 
exceeding the IC50 value. Although the effective 
window of 4-hydroxybenzoic acid on Kv1.4 is 
very wide, the effective dose of 4-hydroxybenzoic 
acid should not be so high in vivo during 
treatment. 

Conclusion

This study demonstrated that 
4-hydroxybenzoic acid identified in 
Dendrocalamus asper bamboo shoots could 
enhance the activities of Kv1.4 potassium 
channels, contributing to the reduction of 
membrane excitation. These findings provided 
us new leads to further identify and examine 
other compounds found in D. asper bamboo 
shoots with potential antiepileptic properties as 
bamboo is one of the important medicinal plants 
in traditional Chinese medicine. This is the first 
report on 4-hba identified through the extraction 
of D. asper on Kv1.4 channel expressed in  

4-hydroxybenzoic Acid on Kv1.4 
Potassium Channel

The effects of 1 µM, 10 µM, 100 µM, 1 mM, 
and 2.5 mM 4-hydroxybenzoic acid on Kv1.4 
could all be significantly blocked by 12.5 mM 
TEA + 5 mM 4-AP. According to references, 
the contribution of the block effect of TEA 
is much less than that of 4-AP (37, 45). The 
time of the effect of 1 mM 4-hydroxybenzoic 
acid is significantly faster than the 1 µM 
4-hydroxybenzoic acid. It showed a dose 
response of the enhancement effect of Kv1.4 by 
4-hydroxybenzoic acid. In addition, the time of 
maximum effect of 4-hydroxybenzoic acid has a 
tendency to be faster in higher dosages (except 
for the effect of 2.5 mM 4-hydroxybenzoic acid 
with P > 0.05). 

The inactivation of Kv1.4 is controlled 
by N and C-types which results in the non-
conducting phase of K+ movements across the 
cellular membrane and repolarisation of the 
membrane potential. However, these inactivation 
mechanisms have been shown to be affected 
by many factors such as pH, extracellular K 
ion concentrations and oxidation. The “ball 
and chain” permeation mechanism of N-type 
inactivation occurs by blocking the pore by the 
“ball” preventing the movement of K+ (46). Rapid 
N-type inactivation is important in developing 
the C-type, which is hypothesised to involve 
the selectivity filter, conformational changes, 
mutations of the pore, quinidine binding (39), 
intracellular pore closure (47), and osmotic 
pressure (48). An increase in extracellular K+ 
concentration enhances the activation of the 
Kv1.4 channel by binding to the selectivity filter. 
When the “ball” blocked the pore, the efflux 
of K+ is prevented, reducing the extracellular 
K+ concentration. Thus, the selectivity filter is 
emptied from K+ binding and collapsed (49, 50), 
initiating inactivation. According to Claydon et 
al. (51) and Li et al. (52), the selectivity filter is 
also affected by acidic solution (low pH). As the 
released of H+ competed against the binding 
to the selectivity filter, it signaled lower K+ 
concentration within the selectivity filter causing 
the filter to collapse and hence enhancing 
the inactivation mechanism. In addition, the 
inactivation mechanisms of Kv1.4 channels can 
also be affected by oxidation. The existence of 
cysteine (53) and methionine (54, 55) near the 
terminals could disrupt the inactivation signaling 
at the pore, thus enhancing the activation of the 
channel and causing prolonged depolarisation. 
This effect can be reversed with anti-oxidation. 
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Appendix A

Extraction, purification and identification of bamboo shoots extract using column 
chromatography and TLC

Biomolecular work – cDNA cloning and cRNA purification of Kv1.4 channel

Surgery of Xenopus laevis for oocytes extraction

Injecting selected oocytes with cRNA of Kv1.4 channel

Voltage clamp current recording of the injected oocytes (after 2–5 days injection), n ≥ 6

50 mL ND96 0.1% of DMSO 
in ND96

4-hydroxybenzoic acid 
(1 µM, 10 µM, 100 µM, 1 
mM or 2.5 mM) in ND96

4-hydroxybenzoic acid 
(1 µM, 10 µM, 100 µM, 1 
mM or 2.5 mM) in ND96

Data Collection: pClAMP 10

Statistical Analysis: Student t-test

The flowchart of methodology applied in this study


