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The interstitial cells of Cajal (ICCs) are pacemakers in the 
gastrointestinal tract and transient receptor potential me-
lastatin type 7 (TRPM7) is a candidate for pacemaker 
channels. The effect of the 5-lipoxygenase (5-LOX) inhibi-
tors NDGA, AA861, MK886 and zileuton on pacemaking 
activity of ICCs was examined using the whole cell patch 
clamp technique. NDGA and AA861 decreased the ampli-
tude of pacemaker potentials in ICC clusters, but the rest-
ing membrane potentials displayed little change, respec-
tively. Also, perfusing NDGA and AA861 into the bath re-
duced both inward current and outward current in TRPM7-
like current in single ICC, respectively. But, they had no 
effects on Ca2+ activated Cl- currents. The 5-LOX inhibitors 
MK886 and zileuton were, however, ineffective in pace-
maker potentials in ICC clusters and in TRPM7-like current 
in single ICC, respectively. A specific TRPC3 inhibitor, 
pyrazole compound (Pyr3), and a specific TRPM4 inhibitor, 
9-phenanthrol, had no effects in pacemaker potentials in 
ICC clusters and in TRPM7-like current in single ICC. 
These results suggest that, among the tested 5-LOX inhibi-
tors, NDGA and AA861 modulate the pacemaker activities 
of the ICCs, and that the TRPM7 channel can affect intesti-
nal motility. 
 
 
INTRODUCTION 
 
Interstitial cells of Cajal (ICCs) are the pacemaking cells in the 
gastrointestinal (GI) muscles that generate the rhythmic oscilla-
tions in the membrane potential known as slow waves (Huiz-
inga et al., 1995; Sanders, 1996; Ward et al., 1994). Slow 
waves propagate within ICC networks, conduct into smooth 
muscle cells via gap junctions, and initiate phasic contractions 
by activating Ca2+ entry through L-type Ca2+ channels. The 
pacemaker activity in the murine small intestine is due mainly to 
periodic activation of nonselective cation channels (NSCCs) 
(Koh et al., 2002) or Cl- channels (Huizinga et al., 2002; Zhu et 
al., 2009). ICCs also mediate or transduce inputs from the en-
teric nervous system. Because of the central role of ICCs in GI 

motility, loss of these cells would be extremely detrimental. 
Research into the biology of ICCs provides exciting new oppor-
tunities to understand the etiology of diseases that have long 
eluded comprehension. We have suggested that, as a primary 
molecular candidate for NSCC responsible for pacemaking 
activity in ICCs, transient receptor potential (TRP) melastatin 7 
(TRPM7) is required for pacemaking activity of murine small 
intestine (Kim et al., 2005). Therefore, TRPM7 is a potentially 
promising new target for pharmacological treatment of GI motil-
ity disorders.  

TRP channels were first cloned from Drosophila species and 
constitute a superfamily of proteins that encode a diverse group 
of Ca2+-permeable NSCCs (Clapham, 2003). The TRP family is 
divided into seven subfamilies: classical TRPs (TRPC), which 
display the greatest similarity to Drosophila TRP; vanilloid TRPs 
(TRPVs); TRPMs; mucolipin TRPs; polycystin TRPs; NOMPC 
(no mechanoreceptor potential C) TRP; and ankyrin 1 TRPs. 
TRPM7, a member of TRPM ion channel subfamily, is a widely 
expressed bifunctional protein with both ion channel and α-
kinase domains (Nadler et al., 2001; Runnels et al., 2001).  

Recently, Chen et al. (2010) suggested that the 5-lipoxy-
genase (5-LOX) inhibitors, NDGA and AA861 were potent blockers 
of the TRPM7 channel capable of attenuating TRPM7’s func-
tion, and making them effective tools for the biophysical charac-
terization and suppression of TRPM7 channel conductance. 
However, the effect of the 5-LOX inhibitors on pacemaking 
activity of ICCs has not been investigated. Therefore, we un-
dertook to investigate the effect of the 5-LOX inhibitors and 
other specific TRP channel blockers in the pacemaking activity 
of ICCs.  
 
MATERIALS AND METHODS  

 
Preparation of cells and cell cultures  
The mice used were treated ethically according to the Guide-
lines for the Care and Use of Animals approved by Pusan Na-
tional University. Balb/c mice (8-13-days-old) of either sex were 
anaesthetized with ether and killed by cervical dislocation. The 
small intestines from 1 cm below the pyloric ring to the caecum  
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were removed and opened along the mesenteric border. The 
luminal contents were washed out with Krebs-Ringer bicarbon-
ate solution. The tissues were pinned to the base of a Sylgard 
dish and the mucosa was removed by sharp dissection. Small 
strips of intestinal muscle (consisting of both circular and longi-
tudinal muscles) were equilibrated in Ca2+ free Hank’s solution 
containing 5.36 mM KCl, 125 mM NaCl, 0.34 mM NaOH, 0.44 
mM Na2HCO3, 10 mM glucose, 2.9 mM sucrose and 11 mM N-
(2-hydroxyethyl)piperazine-N-2-ethanesulfonic acid (HEPES) 
for 30 min, and the cells were then dispersed with a solution 
containing 1.3 mg/ml collagenase (Worthington Biochemical, 
USA), 2 mg/ml bovine serum albumin (Sigma-Aldrich, USA), 2 
mg/ml trypsin inhibitor (Sigma-Aldrich) and 0.27 mg/ml ATP. 
The dispersed cells were plated onto sterile glass coverslips 
coated with 2.5 mg/ml murine collagen (Falcon/BD, USA) in 35 
mm-diameter culture dishes and cultured at 37°C in a 95% O2-
5% CO2 incubator in smooth muscle growth medium (SMGM; 
Clonetics, USA) supplemented with 2% antibiotics/antimycotics 
(Gibco, USA) and 5 ng/ml murine stem cell factor (SCF; Sigma-
Aldrich). ICCs were identified immunologically by incubation 
with anti-c-kit antibody [phycoerythrin (PE)-conjugated rat anti-
mouse c-kit monoclonal antibody; eBioscience, USA] at a dilu-
tion of 1:50 for 20 min. Since the morphology of the ICCs dif-
fered from those of other cell types in the culture, it was possi-
ble to identify them by phase contrast microscopy after incuba-
tion with anti-c-kit antibody. 
 
Patch-clamp experiments  
The physiological salt solution used to bathe cells (Na+-Tyrode) 
contained 5 mM KCl, 135 mM NaCl, 2 mM CaCl2, 10 mM glu-
cose, 1.2 mM MgCl2 and 10 mM HEPES, adjusted to pH 7.4 
with NaOH. The pipette solution contained 140 mM KCl, 5 mM 
MgCl2, 2.7 mM K2ATP, 0.1 mM NaGTP, 2.5 mM creatine 
phosphate disodium, 5 mM HEPES and 0.1 mM ethylene gly-
col bis(2-aminoethyl ether)-N,N,N’,N’-tetraacetic acid (EGTA), 
adjusted to pH 7.2 with KOH. In case of single ICC, the cells 
were bathed in a solution containing 2.8 mmol/L KCl, 145 
mmol/L NaCl, 2 mmol/L CaCl2, 10 mmol/L glucose, 1.2 mmol/L 
MgCl2 and 10 mol/L HEPES, adjusted to pH 7.4 with NaOH. 
The pipette solution contained 145 mmol/L Cs-glutamate, 8 
mmol/L NaCl, 10 mmol/L Cs-2-bis(2-aminophenoxy)-ethane-

N,N,N ’,N ’-tetraacetic acid, and 10 mmol/L HEPES-CsOH, ad-
justed to pH 7.2 with CsOH. The whole-cell configuration of the 
patch-clamp technique was used to record membrane poten-
tials (current clamp) of the cultured ICC, and an Axopatch I-D 
(Axon Instruments, UK) was used to amplify the membrane 
currents and potentials. Command pulses were applied using 
an IBM-compatible personal computer and pClamp software 
(version 6.1; Axon Instruments). The data were filtered at 5 kHz, 
displayed on an oscilloscope, computer monitor and with a 
Gould 2200 pen recorder (Gould, USA), and analyzed with 
pClamp and Origin (version) software. All experiments were 
performed at 30°C. 
 
Ca2+ activated Cl- channel expression in human embryonic  
kidney-293 cells 
Human embryonic kidney (HEK)-293 cells transfected with 
pEGFP-N1-mANO1 construct were grown on glass coverslips 
with Dulbecco’s modified Eagle medium supplemented with 
10% fetal bovine serum. Whole-cell patch-clamp experiments 
were performed at 21-25°C 24 h after induction by using cells 
grown on glass coverslips. The bath solution contained 146 
mmol/L HCl, 10 mmol/L HEPES, 10 mmol/L glucose, 1 mmol/L 
MgCl2, 1 mmol/L CaCl2 and 150 mmol/L N-methyl-D-glucamine 
(NMDG), adjusted to pH 7.4. The pipette solution contained 134 
mmol/L HCl, 5 mmol/L HEPES, 10 mmol/L glucose, 1 mmol/L 
MgCl2, 1 mmol/L CaCl2 and 150 mmol/L NMDG, adjusted to pH 
7.2. 
 
Drugs  
Nordihydroguaiaretic acid (NDGA) was purchased from Calbio-
chem. AA861 and zileuton were purchased from Biomol (USA). 
The other drugs were purchased from Sigma-Aldrich. For stock 
solutions, all drugs were dissolved in distilled water or dimethyl-
sulfoxide (DMSO), and stored at -20°C. The final concentration 
of DMSO in the bath solution was always < 0.1%, and did not 
affect the recorded traces. 
 
Statistics  
All data are expressed as mean ± S.E. Student’s t-test for un-
paired data was used to compare control and experimental 
groups. A p value < 0.05 was considered statistically significant. 
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Fig. 1. NDGA decreases the ampli-

tude of pacemaker potentials in ICC

clusters. (A) In current clamp mode (I

= 0), the addition of NDGA (0.01-10

µM) decreased the amplitude of

pacemaker potentials. (B) The histo-

grams summarize the decrease of

amplitude with NDGA concentration.

(C) The histograms summarize the

change of resting membrane poten-

tials with NDGA concentration. 
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RESULTS 

 
NDGA decreases the amplitude of pacemaker potentials in  

ICC clusters 

To understand the relationship between 5-LOX inhibitors and 
modulation of pacemaker activity in ICCs, we examined the 
effects of NDGA on pacemaker potentials in ICC clusters. In 
current clamp mode (I = 0), ICC had a mean resting membrane 
potential of -60.1 ± 1.3 mV and produced electrical pacemaker 
potentials (n = 34). The frequency of this pacemaker potential 
was 18 ± 2 cycles/min with an amplitude of 25.3 ± 1.5 mV (n = 
34; Fig. 1A). The addition of NDGA (0.01-10 µM) decreased the 
amplitude of the pacemaker potentials, but the resting mem-
brane potentials exhibited little change (Fig. 1). The amplitudes 
were 24.6 ± 0.9 mV at 0.01 µM NDGA (n = 4), 18.1 ± 1.1 mV at 
1 µM (n = 3), and 1.2 ± 0.9 mV at 10 µM (n = 4) (Fig. 1B). The 
resting membrane potentials were -60.7 ± 2.0 mV at 0.01 µM,  
-60.1 ± 1.5 mV at 1 µM, and -61.1 ± 1.3 mV at 10 µM (Fig. 1C). 
NDGA, however, did not have any obvious effects on their fre-
quency (Fig. 1A). NDGA from 0.01-10 µM effectively inhibited 
the amplitude of pacemaker potentials of ICCs. Concentrations 
of NDGA >10 µM produced no further inhibition. The IC50 of 
NDGA on pacemaker activity in ICC clusters was 2.6 µM (Fig. 
2A). To investigate the effect of NDGA in pacemaking activity, 
we performed whole-cell voltage-clamp recordings in cultured 
single ICC. Single ICC was identified with phycoerythrin-bound 
anti- c-kit antibody. A voltage ramp from +100 mV to -100 mV 
evoked an outward-rectifying cation current at positive poten-
tials with standard bath solution and with pipette solutions lack-
ing magnesium adenosine triphosphate (Fig. 2B). These fea-
tures are very similar to those associated with the recently 
cloned TRPM7 channel (Nadler et al., 2001). Perfusing NDGA 
(10 µM) into the bath reduced both inward current and outward 
current in TRPM7-like current in single ICC (n = 5) (Fig. 2B). 
Recently, Zhu et al. (2009) suggested that Ca2+-activated Cl- 
conductance is involved in slow wave current in ICC and that 
ANO1 participates in pacemaker activity. Therefore, we investi-
gated the effect of NDGA in Ca2+-activated Cl- conductance. 
We overexpressed Ca2+-activated Cl- channels in HEK293 cells. 
Whole cell currents were recorded using patch-clamp tech-
niques. To determine the current-voltage (I-V) relationship, we 

applied a ramp pulse from -100 mV to +100 mV for 2 s. How-
ever, NDGA had no effect on Ca2+-activated Cl- conductance 
(Figs. 2C and 2D).  
 
AA861 decreases the amplitude of pacemaker potentials in 

ICC clusters 

To understand the relationship between AA861 and modulation 
of pacemaker activity in ICCs, we examined the effects of 
AA861 on pacemaker potentials in ICC clusters. The addition of 
AA861 (0.01-10 µM) decreased the amplitude of the pace-
maker potentials, but the resting membrane potentials exhibited 
little change (Fig. 3). The amplitudes were 24.8 ± 1.0 mV at 
0.01 µM AA861 (n = 4), 13.8 ± 0.9 mV at 1 µM (n = 4), and 1.3 
± 0.9 mV at 10 µM (n = 4) (Fig. 3B). The resting membrane 
potentials were -60.5 ± 1.0 mV at 0.01 µM, -60.3 ± 1.1 mV at 1 
µM, and -61.0 ± 1.5 mV at 10 µM (Fig. 3C). AA861, however, 
did not have any obvious effects on their frequency (Fig. 3A). 
AA861 from 0.01-10 µM effectively inhibited the amplitude of 
pacemaker potentials of ICCs. Concentrations of NDGA >10 
µM produced no further inhibition. The IC50 of NDGA on pace-
maker activity in ICC clusters was 3.2 µM (Fig. 4A). To investi-
gate the effect of AA861 in pacemaking activity, we performed 
whole-cell voltage-clamp recordings in cultured single ICC. 
Single ICC was identified with phycoerythrin-bound anti- c-kit 
antibody. A voltage ramp from +100 mV to -100 mV evoked an 
outward-rectifying cation current at positive potentials with 
standard bath solution and with pipette solutions lacking mag-
nesium adenosine triphosphate (Fig. 4B). Perfusing AA861 (10 
µM) into the bath reduced both inward current and outward 
current in TRPM7-like current in single ICC (n = 4) (Fig. 4B). 
Next, we investigated the effect of AA861 in Ca2+-activated Cl- 
conductance. We overexpressed Ca2+-activated Cl- channels in 
HEK293 cells. Whole cell currents were recorded using patch-
clamp techniques. To determine the I-V relationship, we applied 
a ramp pulse from -100 mV to +100 mV for 2 s. Similar to the 
results obtained with NDGA, AA861 had no effect on Ca2+-
activated Cl- conductance (Figs. 4C and 4D). However, another 
5-LOX inhibitor, MK886, had no effect on pacemaker activity in 
ICCs (Fig. 5A). Also, perfusing zileuton into the bath did not 
inhibit inward current and outward current in TRPM7-like cur-
rent in single ICC (Fig. 6A). But, MK886 inhibited Ca2+-activated

Fig. 2. Effects of NDGA on pace-

maker potentials in ICC clusters, on

TRPM7-like current in single ICCs,

and on overexpressed Ca
2+

-activated

Cl
-
 channels in HEK293 cells. (A)

Concentration-dependent inhibition of

pacemaker potentials in ICC clusters.

The estimated median inhibitory

concentration value for NDGA was

2.6 µM. (B) Representative TRPM7-

like currents in single ICCs at NDGA

10 µM. C. Representative trace of the

effect of NDGA on Ca
2+

-activated Cl
-

currents in HEK293 cells. NDGA had

no effect on the currents. (D) Repre-

sentative I-V relationships of (C). A

voltage ramp from +100 to -100 mV

was applied from a holding potential

of -60 mV. 
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Cl- conductance (Figs. 6B and 6C). Chen et al. (2010) sug-
gested that, among the 5-LOX inhibitors, zileuton is ineffective 
in suppressing TRPM7 channel activity. In the present experi-
mental system, zileuton also had no effect on pacemaker activ-
ity in ICCs (Fig. 7A). Perfusing zileuton into the bath did not 
inhibit both inward current and outward current in TRPM7-like 
current in single ICC (Fig. 8A). Also, zileuton had no effects on 
Ca2+-activated Cl- conductance (Figs. 8B and 8C). Taken to-
gether, our data suggest that NDGA and AA861 play an impor-
tant role in the modulation of pacemaker activity through 
TRPM7 channels in ICCs. 
 
Effects of specific TRPC3 and TRPM4 inhibitors on  

pacemaker activity in ICCs 

To reinforce the effects of TRPM7 channels on pacemaker 
activity in ICCs, we applied another specific TRP channel 
blockers. As shown in Fig. 9, we used a pyrazole compound 

(Pyr3), which selectively inhibits TRPC3 channels (Kiyonaka et 
al., 2009). Addition of 1, 2, and 5 µM Pyr3 in the culture me-
dium did not modulate the pacemaker activity in ICC clusters (n 

= 5; Fig. 9A). Also, Pyr3 had no effects on TRPM7-like currents 
in single ICC (Fig. 9B). As shown in Fig. 10, we used a 9-
phenanthrol, which is useful for studying the functional signifi-
cance of TRPM4 (Gonzales et al., 2010). Addition of 10, 30, 
and 50 µM 9-phenanthrol in the culture medium did not modu-
late the pacemaker activity in ICC clusters (n = 5; Fig. 10A). 
Also, 9-phenanthrol had no effects on TRPM7-like currents in 
single ICC (Fig. 10B). Taken together, the data indicate that 
TRPC3 and TRPM4 are not involved in the modulation of 
pacemaker activity of ICCs.  
 
DISCUSSION 

 
GI smooth muscles are spontaneously active, and generate 

Fig. 3. AA861 decreases the am-

plitude of pacemaker potentials in

ICC clusters. (A) In current clamp

mode (I = 0), the addition of AA861

(0.01-10 µM) decreased the ampli-

tude of pacemaker potentials. (B)

The histograms summarize the

decrease of amplitude with AA861

concentration. (C) The histograms

summarize the change of resting

membrane potentials with AA861

concentration. 

Fig. 4. Effects of AA861 on pace-

maker potentials in ICC clusters,

on TRPM7-like current in single

ICCs, and on overexpressed Ca
2+

-

activated Cl
-
 channels in HEK293

cells. (A) Concentration-dependent

inhibition of pacemaker potentials

in ICC clusters. The estimated me-

dian inhibitory concentration value

for AA861 was 3.2 µM. (B) Repre-

sentative TRPM7-like currents in

single ICCs at AA861 10 µM. (C)

Representative trace of the effect

of AA861 on Ca
2+

-activated Cl
-

currents in HEK293 cell. AA861

had no effect on the currents. (D)

Representative I-V relationships of

(C). A voltage ramp from +100 to

-100 mV was applied from a hold-

ing potential of -60 mV. 
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rhythmic slow electrical waves (Tomita, 1981). The slow waves 
originate in the ICCs distributed in the GI tract (Dickens et al., 
1999; Huizinga et al., 1995; Langton et al., 1989; Torihashi et 
al., 1995; Ordog et al., 1999; Ward et al., 1994). ICCs express 
c-kit immunoreactivity and form gap junctional connections with 
ICCs and with smooth muscle cells (Huizinga et al., 1997; Ko-
muro et al., 1992; Sanders, 1996). Many types of ICC with dif-
ferent immunohistochemical and electrical properties, such as 
myenteric ICC (ICCMY), intramuscular ICC, deep muscular 
plexus ICC and submucosal ICC, are distributed in the GI tract 
(Sanders et al., 1999). In animal models lacking ICC-MY, the 
slow waves in the small intestine are strongly attenuated, indi-
cating that these cells are indeed essential for pacemaking 

activity in the GI tract (Huizinga et al., 1995; Maeda et al., 1992). 
ICCs are involved in physiological GI motility, and therefore 
have clinical importance in many bowel disorders, including in-
flammatory bowel disease, chronic idiopathic intestinal pseudo- 
obstruction, intestinal obstruction with hypertrophy, achalasia, 
Hirschsprung disease, juvenile pyloric stenosis, juvenile intesti-
nal obstruction, and anorectal malformation (Sanders et al., 
1999). Discovering the molecules involved in the generation of 
pacemaker activity in ICCs may lead to dramatic new therapies 
for chronic GI diseases that result in lifelong suffering. The 
pacemaker activity in the murine small intestine is due mainly to 
periodic activation of nonselective cation channels (NSCCs) 
(Koh et al., 2002) and we suggested that the electrophysiologi-

Fig. 5. MK886 has no effects on pacemaker poten-

tials in ICC clusters. (A) In current clamp mode (I = 0),

the addition of MK886 (5-50 µM) did not affect the

pacemaker potentials. 

Fig. 6. Effects of MK886 on TRPM7-like current in single ICCs and on

overexpressed Ca
2+

-activated Cl
-
 channels in HEK293 cells. (A) Represen-

tative TRPM7-like currents in single ICCs at MK886 50 µM. (B) Represen-

tative trace of the effect of MK886 on Ca
2+

-activated Cl
- 
currents in HEK293

cell. MK886 inhibited the currents. (C) Representative I-V relationships of

(B). A voltage ramp from +100 to -100 mV was applied from a holding

potential of -60 mV. 
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cal and pharmacological properties of TRPM7 and the NSCCs 
in ICCs were the same and, therefore, the TRPM7 protein is an 
essential molecular component of NSCC in ICCs (Kim et al., 
2005). Also, Zhu et al. (2009) suggested that Ca2+-activated Cl- 
conductance is also involved in slow wave current in ICC and 
that ANO1 participates in pacemaker activity.  

Recently, Chen et al. (2010) suggested that the 5-LOX inhibi-
tors, NDGA, AA861 and MK886 reduced the TRPM7 channel 
activity independent of their effect on 5-LOX activity. Also, ap-
plication of AA861 and NDGA reduced cell death for cells over-
expressing TRPM7 cultured in low extracellular divalent cations. 

In this study, we found that NDGA and AA861 decreased the 
amplitude of pacemaker potentials in cultured ICCs, but the 
resting membrane potentials had little change, respectively 
(Figs. 1 and 3). Also, perfusing NDGA and AA861 into the bath 
reduced both inward current and outward current in TRPM7-like 
current in single ICC, respectively (Figs. 2 and 4). However, 
surprisingly, MK886 did not affect the amplitude of pacemaker 
potentials in cultured ICCs and the resting membrane potentials 
had little changes. Also, in TRPM7-like current in single ICC, 
MK886 had no effect (Figs. 5 and 6). Another 5-LOX inhibitor, 
zileuton, also had no effects on pacemaker activity in ICCs (Fig. 

Fig. 7. Zileuton has no effects on pacemaker potentials in

ICC clusters. (A) In current clamp mode (I = 0), the addition

of zileuton (10-50 µM) did not affect the pacemaker poten-

tials. 

Fig. 8. Effects of zileuton on TRPM7-like current in single ICCs and on

overexpressed Ca
2+

-activated Cl
-
 channels in HEK293 cells. (A) Represen-

tative TRPM7-like currents in single ICCs at zileuton 50 µM. (B) Represen-

tative trace of the effect of zileuton on Ca
2+

-activated Cl
- 

currents in

HEK293 cell. Zileuton had no effects on Ca
2+

-activated Cl
- 
currents. (C)

Representative I-V relationships of (B). A voltage ramp from +100 to -100

mV was applied from a holding potential of -60 mV. 
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7). Although NDGA, AA861, MK886 and zileuton are all 5-LOX 
inhibitors, there were some differences in their characteristics. 
For example, NDGA and AA861 reduce cell death for cells 
overexpressing TRPM7, but MK866 is toxic to cells (Chen et al., 
2010). NDGA is a lipophilic reducing agent that blocks catalysis 
by reducing the active site iron in 5-LOX, whereas AA861 com-
petes with binding of arachadonic acid to the enzyme (Werz, 
2002; Yoo et al., 2009; Yoshimoto et al., 1982). The structurally 
unrelated indole-containing MK886 is also lipophilic, blocking 5-
LOX activity by binding to 5-LOX-activating protein (FLAP), a 
membrane protein that facilitates 5-LOX enzymatic activity by 
enhancing the delivery of arachidonic acid to 5-LOX (Peters-
Golden et al., 2003). Also, zileuton is an oral drug for asthma 
(Chen et al., 2010). Like this, there are structurally differences 
in 5-LOX inhibitors. Therefore, there might be the differences of 
the effect of various 5-LOX inhibitors on ICCs. However, the 
exact action mechanisms need to be investigated. 

TRPM7 or Ca2+-activated Cl- conductance is involved in 
pacemaking activity in ICCs (Kim et al., 2005; Zhu et al., 2009). 
To investigate the effects of 5-LOX inhibitors on Ca2+-activated 
Cl- conductance, we overexpressed Ca2+-activated Cl- channels 
in HEK293 cells. However, NDGA, AA861 and zileuton had no 

effects on Ca2+-activated Cl- conductances and MK886 inhibited 
Ca2+-activated Cl- conductances. These results are different 
from those of effects 5-LOX inhibitors in ICCs. However, the 
effects of 5-LOX inhibitors on TRPM7 channels are similar with 
those of effects in ICCs. Therefore, we think that TRPM7 is 
involved in pacemaking activity in ICCs. 

Until now, the exact functions of TRPM7 and Ca2+-activated 
Cl- conductances remain unclear. Mazzone et al. (2011) sug-
gested that Changes in Ca2+-activated Cl- conductances ex-
pression in ICCs may directly contribute to human diabetic 
gastroparesis. However, Kim et al. (2008) suggested TRPM7 
has an important role in gastric cancer cell death. The exact 
functions of TRPM7 and Ca2+-activated Cl- conductances in GI 
tract need to be investigated in future.  

A specific TRPC3 inhibitor, Pyr3, and a specific TRPM4 in-
hibitor, 9-phenanthrol, had no effects in pacemaker activity of 
ICCs and in TRPM7-like current in single ICC. Therefore, we 
think that TRPM7 has an important role in the modulation of 
pacemaker activity of ICCs.  

TRPM7 has been suggested to have a central role in cellular 
Mg2+ homeostasis (Schmitz et al., 2003), in central nervous 
system ischemic injury (Aarts et al., 2003), in skeletogenesis in 

Fig. 9. Effects of pyr3 on

pacemaker potentials in ICC

clusters and TRPM7-like cur-

rent in single ICCs. (A) In

current clamp mode (I = 0),

the addition of pyr3 (1-5 µM)

did not affect the amplitude of

pacemaker potentials. (B) Re-

presentative TRPM7-like cur-

rents in single ICCs at 5 µM

pyr3. A voltage ramp from

+100 to -100 mV was applied

from a holding potential of -

60 mV. 

Fig. 10. Effects of 9-phenan-

throl on pacemaker poten-

tials in ICC clusters and

TRPM7-like current in single

ICCs. (A) In current clamp

mode (I = 0), the addition of

9-phenanthrol (10-50 µM) has

no effects on the amplitude of

pacemaker potentials. (B)

Representative TRPM7-like

currents in single ICCs at50

µM 9-phenanthrol. A voltage

ramp from +100 to -100 mV

was applied from a holding

potential of -60 mV. 
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zebrafish (Elizondo et al., 2005), in the defecation rhythm in 
Caenorhabditis elegans (Vriens et al., 2004), in cholinergic 
vesicle fusion with the plasma membrane (Brauchi et al., 2008), 
in phosphoinositide-3-kinase signaling in lymphocytes (Sahni et 
al., 2008), in cell death in gastric cancer (Kim et al., 2008), in 
osteoblast proliferation (Abed et al., 2009) and in breast cancer 
cell proliferation (Guilbert et al., 2009). But, until now, the effect 
of the 5-LOX inhibitors, NDGA, AA861 and MK886 on these 
TRPM7 several physiological functions have not yet been in-
vestigated. Therefore, these effects should be explored.  

In conclusion, TRPM7 channel modulates intestinal motility 
and is a likely potential drug for pharmacological treatment of 
motor disorders of the gut. 
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