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국문초록 

 

Effects of Protein Kinases on the Spontaneous Activity in 

Gastrointestinal Tract 

: 위장관 자발적 활동도에 대한 protein kinases 효과 

 

이  미  정 

지도교수: 전 제 열 

조선대학교 대학원 의학과 

 

 

Protein kinases는 세포내 조절인자로서 다양한 생리 및 병태생리

적 세포내 반응들을 초래하며 위장관내에서도 평활근의 수축과

정에 참여하여 운동성을 조절하는데 깊이 관여하고 있다. 카할 

사이질 세포 (Interstitial Cells of Cajal; ICCs)는 위장관 평활근에서 

자발적 수축을 초래하는 향도잡이 세포로서 위장관 운동 조절에 

중요한 역할을 하고 있다. 본 연구는 위장관 카할 사이질 세포

에서 발생되는 자발적 향도잡이 전압 (pacemaking potentials)에 
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대한 protein kinases의 작용을 연구한 내용으로 다음과 같은 실험 

결과들을 얻었다. 

 

1. Tyrosine kinase 억제제인 genistein과 herbymicin A는 대장 

카할 사이질 세포에서 발생되는 자발적인 향도잡이 전압 

발생을 차단하였다. 

2. Mitogen activating protein kinase (MAPK) 억제제들에서 PD 

98059 (p42/p44 MAPK 억제제)는 대장 카할 사이질 세포의 

자발적인 향도잡이 발생에 대해 아무런 영향을 보이지 

않은 반면, SB203580 (p38 MAPK 억제제)과 JNK inhibitor II 

(c-jun NH2-terminal kinase 억제제)들은 자발적인 향도잡이 

발생을 차단하였다.  

3. Protein kinase A 억제제인 KT5720, protein kinase G 차단제

인 KT5823 과 protein kinase C 억제제인 chelerythrine과 

bisindolylmaleimide 들은 대장 카할 사이질 세포의 자발적

인 향도잡이 발생에 대해 아무런 영향을 보이지 않았다.  
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4. 소장 카할 사이질 세포에서 발생되는 자발적인 향도잡이 

발생에 대해 tyrosine kinase 억제제, MAPK 억제제, protein 

kinase A 억제제, protein kinase G 억제제 및 protein kinase C 

억제제 모두 자발적인 향도잡이 발생에 대해 아무런 영

향을 보이지 않았다.  

  

이상의 실험결과들로부터 내인성 tyrosine kinase와 MAPK가 대장 

카할 사이질 세포에서 자발적 향도잡이 전압 발생에 기초적으로 

작용하여 관여하고 있는 반면 소장 카할 사이질 세포의 자발적 

향도잡이 전압 발생에는 관여하고 있지 않는 것으로 생각되며, 

소장과 대장의 자발적 향도잡이 전압 발생에 있어 그 기전이 다

를 수 있음을 알 수 있었다. 

 

 

핵심단어: 카할 사이질 세포, 향도잡이 전압, tyrosine kinase, 

MAPK, 대장, 소장
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INTRODUCTION 

 The smooth muscles of gastrointestinal (GI) tract represent spontaneous 

mechanical contractions by electrical cyclic depolarization of the 

membrane, which are termed as slow waves. Slow waves control the 

frequency and timing of smooth muscle contraction1. The cause of slow 

waves are due to interstitial cells of Cajal (ICCs) located within the GI 

wall. ICCs generate spontaneous pacemaker potentials and transmitted 

into smooth muscles via gap junctions, thereby recorded with slow waves 

in smooth muscle cells2. ICCs are connected with each other through gap 

junctions and formed network in GI tract3, 4. When pacemaker potentials 

were reached at the threshold in smooth muscle cells, external Ca2+ 

entered cells through the opened voltage-dependent Ca2+ channels and 

triggers a muscle to contract5. Together with ICCs are closely associated 

with varicosities of the enteric nerves, which mediate inhibitory and 

excitatory nerve signal to smooth muscles6, 7. ICCs also serve as stretch 

receptor8. These mean that ICCs play an important role as a basic 

determinant to regulating GI motility. Many articles reported that GI 

motility disorders are closely related with the disruptions of ICCs9, 10.  

Protein kinases are important regulators of cell function. Diverse 
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substances represent their cellular actions through protein kinas A (PKA), 

protein kinase G (PKG), and protein kinase C (PKC) that are activated by 

intracellular cAMP, cGMP, and diacylglycerol second messenger, 

respectively in GI tract11. Especially tyrosine kinase and/ or mitogen-

activated protein kinase (MAPK) pathways are intracellular signaling 

cascade that play an important role in the mediation of diverse 

physiological and pathological cellular responses including 

gastrointestinal (GI) smooth muscle contractions12-16. Protein tyrosine 

kinases are classified into two groups: receptor tyrosine kinases, such as 

epidermal growth factor receptor or platelet-derived growth factor 

receptor (PDGFR), and non-receptor tyrosine kinases, such as the Src 

family kinases17, 18. The MAPK family consists of three main forms in 

cells: p42/p44 MAPK, p38 MAPK, and c-Jun N-terminal kinase (JNK)19. 

The tyrosine kinase and MAPK pathways are activated by various 

extracellular and intracellular stimuli, such as G-protein coupled receptor, 

cytokines, growth factors, lipopolysaccharides, and intracellular another 

protein kinases20-22. In addition, the MAPK pathways are activated by 

down-stream regulators of receptor tyrosine kinase and non-receptor 

tyrosine kinase23. Tyrosine kinase and/or MAPK signaling pathways play 

an important role in the contractile response not only of normal intestinal 
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smooth muscle but also of inflamed intestinal smooth muscle. Thus, 

recently it has been suggested the possibility that MAPKs signaling 

pathways represent ideal targets for generation of novel therapeutics for 

patients with GI motility disorders24. The pacemaking mechanism of 

ICCs is closely associated with between intracellular Ca2+ and 

pacemaking ion channels. Transient receptor potential (TRP) channels or 

Ca2+-activated Cl- channels are candidate as pacemaker channels25, 26. 

Both channels are also influenced by tyrosine kinase and MAPKs in 

several cells27, 28. Recently, it was reported hyperpolarization-activated 

cyclic nucleotide gated (HCN) channels were participated in generating 

pacemaker potentials in colonic ICCs and suggested as a possible 

pacemaker channels in colonic ICCs29. However, there is no report on the 

role of tyrosine kinase and MAPK in modulation of pacemaker activity in 

ICCs until now. Thus, in the present study, I studied the role of MAPK 

and tyrosine kinases in generating of pacemaker potentials of colonic 

ICCs using MAPK inhibitors and tyrosine kinase inhibitors and 

compared the effects to small intestinal ICCs. 
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MATERIALS AND METHODS 

Preparation of cells  

 

The protocols and animal care used in these experiments were in 

accordance with the guiding principles approved by the ethics committee 

of the Chosun University and the National Institutes of Health Guide, 

South Korea for the Care and Use of Laboratory Animals. Mice had free 

access to water and a standard mouse diet until the day of 

experimentation. Balb/C mice (5–8 days old) of either sex were 

anesthetized with ether and killed by cervical dislocation. The colon from 

below the cecum to the rectum was removed, and the middle portion of 

the colon was used. The small intestine from ileum to jejunem was used. 

The colon and small intestine were opened along the mesenteric border. 

The luminal contents were washed with Krebs–Ringer bicarbonate 

solution. The tissues were pinned to the base of a Sylgard dish and the 

mucosa was removed by sharp dissection. Small strips of the colonic and 

small intestinal muscle were equilibrated in Ca2+-free Hank’s solution for 

30 min, and the cells were dispersed with an enzyme solution containing 

1.3 mg/mL collagenase (Worthington Biochemical Co, Lakewood, NJ, 
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USA), 2 mg/mL bovine serum albumin (Sigma, St. Louis, MO, USA), 2 

mg/mL trypsin inhibitor (Sigma), and 0.27 mg/mL ATP. Cells were plated 

onto sterile glass coverslips coated with murine collagen (2.5 mg/mL 

Falcon/BD) in 35-mm culture dishes. The cells were then cultured at 

37°C in a 95% O2/5% CO2 incubator in smooth muscle growth medium 

(SMGM; Clonetics Corp., San Diego, CA, USA) supplemented with 2% 

antibiotics/antimycotics (Gibco, Grand Island, NY, USA) and 5 ng/mL 

urine stem cell factor (SCF, Sigma). 

 

Patch-clamp experiments 

 

The whole-cell configuration of the patch-clamp technique was used to 

record pacemaker potentials in ICCs that showed the network-like 

structures in culture (2–3 days). Pacemaker potentials were amplified 

using Axopatch 200B (Axon Instruments, Foster, CA, USA). The data 

were filtered at 5 kHz and displayed on a computer monitor. The results 

were analyzed using pClamp and GraphPad Prism software (version 5.0, 

GraphPad Software Inc., San Diego, CA, USA). All experiments were 

performed at 30°C. 
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Reagents 

 

The cells were bathed in a solution containing 5 mM KCl, 135 mM NaCl, 

2 mM CaCl2, 10 mM glucose, 1.2 mM MgCl2, and 10 mM HEPES, 

adjusted to pH 7.2 using Tris. The pipette solution contained 20 mM 

potassium aspartate, 120 mM KCl, 5 mM MgCl2, 2.7 mM K2ATP, 0.1 

mM Na2GTP, 2.5 mM creatine phosphate disodium, 5 mM HEPES, and 

0.1 mM EGTA, adjusted to pH 7.2 using Tris. 

The drugs used were PD98059, SB203580, JNK inhibitor II, genistein, 

herbimycin A, daidzein, KT 5720, KT 5823, chelerythrine, and 

bisindolylmaleimide. All drugs were purchased from Sigma Chemical.   

 

Statistical analysis 

 

Data are expressed as the means ± standard errors. Differences in the data 

were evaluated using the Student’s t test. A P-value < 0.05 was 

considered to indicate a statistically significant difference. The n values 

reported in the text refer to the number of cells used in the patch-clamp 

experiments. 
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RESULTS 

 

Pacemaker Potentials in Colonic and small intestinal ICCs 

The patch clamp technique was tested with ICCs that had network-like 

structures in culture (2-3 days). Under a current clamp, ICCs generated 

pacemaker potentials in colonic and small intestinal ICCs (Figure 1 A and 

B). In colonic ICCs, the resting membrane potential, amplitude, and 

frequency were –47.2 ± 3.8 mV, 38.2 ± 6.8 mV, and 11.3 ± 2.4 

cycles/5min, respectively (n=24). In small intestinal ICCs, the resting 

membrane potential, amplitude, and frequency were –51.4 ± 2.8 mV, 28.2 

± 2.4 mV, and 14 ± 2 cycles/min, respectively (n=18) (Figure 2A, B, and 

C).  
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Figure 1. Typical traces of pacemaker potentials in current clamping 

mode in colonic ICCs (A) and small intestinal ICCs (B) from mouse. 
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Figure 2. Summarized data of the control pacemaker potentials in 

colonic and small intestinal ICCs. The values in the resting membrane 

potential are summarized in (A). (B) and (C) are the summarized data of 

amplitude and frequency, respectively in control colonic and small 

intestinal ICCs. 
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Effects of tyrosine kinase inhibitors on pacemaker potentials in colonic 

ICCs 

 

To investigate whether tyrosine kinase involves in generating pacemaker 

potentials or not, genistein and herbimycin A, tyrosine kinase inhibitors, 

were tested. Both genistein (100 mM) and herbimycin A (10 mM) 

decreased the pacemaker potential frequency of colonic ICCs and 

hyperpolarized the membrane (Figure 3A and B). However, daidzein (10 

mM, n=5), an inactive form of genistein, had no effects on pacemaker 

potentials (Figure 3C). The values of the pacemaker potential frequency 

induced by genistein (n=7) and herbimycin A (n=6) were significantly 

different from control values. However, the values of the resting 

membrane potential induced by genistein and herbimycin A were not 

significantly different from control values even though they 

hyperpolarized the membrane (Figure 4A and B). These results suggest 

that endogenous tyrosine kinase involves in generating pacemaker 

potential in colonic ICCs. 
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Figure 3. Effects of tyrosine kinase inhibitors on the spontaneous 

pacemaker potentials in colonic ICCs. Under current clamping mode, 

addition of 100 mM genistein (A) and 10 mM herbimycin A (B) decreased 

the frequency of the pacemaker potentials. However, 10 mM daidzein, an 

inactive form of genistein, had no influence on the pacemaker potentials 

(C). 
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Figure 4. Summarized data of the tyrosine kinase inhibitors on 

pacemaker potentials in colonic ICCs. The values in the resting 

membrane potential by 100 mM genistein, 10 mM herbimycin A, and 10 

mM daidzein are summarized in (A). (B) is the summarized data of 

frequency by genistein, herbimycin A, and daidzein. 



13 

 

Effects of MAPK inhibitors on pacemaker potentials in colonic ICCs 

 

To investigate whether MAPK involves in generating pacemaker 

potentials or not, specific MAPK inhibitors were tested. When the 

pretreatments of ICCs with PD 98059 (a selective p42/44 inhibitor), SB 

203580 (a selective p38 inhibitor) or JNK inhibitor II (a selective JNK 

inhibitor), the generation of spontaneous pacemaker potential was 

blocked and decreased the pacemaker potential frequency by SB 203580 

(10 mM) and JNK inhibitor II (10 mM) but not by PD 98059 (10 mM, 

n=8) (Figure 5A, B and C). The values of the pacemaker potential 

frequency induced by SB 203580 (n=8) and JNK inhibitor II (n=9) were 

significantly different from control values. However, the resting 

membrane potential induced by SB 203580 and JNK inhibitor II was not 

changed (Figure 6A and B). These results suggest that endogenous p38 

and JNK MAPKs involve in generating pacemaker potential in colonic 

ICCs. 
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Effects of PKA and PKG inhibitors on pacemaker potentials in colonic 

ICCs 

 

To investigate whether protein kinase A (PKA) or protein kinase G 

(PKG) involves in generating pacemaker potentials or not, specific PKA 

and PKG inhibitors were tested. When the pretreatments of ICCs with 

KT5720 (a selective PKA inhibitor) and KT5823 (a selective PKG 

inhibitor), both KT5720 (10 mM) and KT5823 (10 mM) did not show any 

influence on spontaneous pacemaker potentials (Figure 7A and B). The 

values of the resting membrane potential and the pacemaker potential 

frequency and induced by KT5720 (n=8) and KT5823 (n=9) were not 

significantly different from control values (Figure 8A and B). 

 

 

 

 

 

 

 



15 

 

 

-46

-47

0

-4

-49

2

(mV)

(mV)

(mV)
PD98059 10 Mm

SB203580 10 Mm

JNK II inhibitor 10 Mm 2 min

2 min

2 min

C

B

A

 

 

 

Figure 5. Effects of MAPK inhibitors on the spontaneous pacemaker 

potentials in colonic ICCs. Under current clamping mode, addition of 10 

mM PD98059 (A) had no influence on the pacemaker potentials. 

However, addition of 10 mM SB203580 (B) and 10 mM JNK inhibitor II 

(C) decreased the frequency of the pacemaker potentials. 
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Figure 6. Summarized data of the MAPK kinase inhibitors on pacemaker 

potentials in colonic ICCs. The values in the resting membrane potential 

by 10 mM PD98059 (A), 10 mM SB203580 (B), and 10 mM JNK 

inhibitor II are summarized in (A). (B) is the summarized data of 

frequency by PD98059, SB203580, and JNK inhibitor II. 
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Figure 7. Effects of PKA and PKG inhibitors on the spontaneous 

pacemaker potentials in colonic ICCs. Under current clamping mode, 

addition of 10 mM KT5720 (A) and 10 mM KT5823 (B) had no influence 

on the pacemaker potentials. 

 

 

 



18 

 

 

-40

-30

10

-50

15

-60

0

5

R
M

P 
(m

V
)

F
re

q
ue

n
cy

 (
cy

cl
es

/5
m

in
)

A

B

C
ontr

ol

Contr
ol

K
T5720

K
T5720

K
T5823

KT
5823

 

 

Figure 8. Summarized data of the PKA and PKG inhibitors on 

pacemaker potentials in colonic ICCs. The values in the resting 

membrane potential by 10 mM KT5720 and 10 mM KT5823 (B) are 

summarized in (A). (B) is the summarized data of frequency by KT5720 

and KT5823. 
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Effects of PKC inhibitors on pacemaker potentials in colonic ICCs 

 

To investigate whether protein kinase C (PKC) involves in generating 

pacemaker potentials or not, specific PKC inhibitors were tested. When 

the pretreatments of ICCs with chelerythrine and bisindolylmaleimide 

(PKC inhibitors), both chelerythrine (1 mM) and bisindolylmaleimide (1 

mM) did not show any influence on spontaneous pacemaker potentials 

(Figure 9A and B). The values of the resting membrane potential and the 

pacemaker potential frequency and induced by chelerythrine (n=7) and 

bisindolylmaleimide (n=6) were not significantly different from control 

values (Figure 10A and B). 
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Figure 9. Effects of PKC inhibitors on the spontaneous pacemaker 

potentials in colonic ICCs. Under current clamping mode, addition of 1 

mM chelerythrine (A) and 1 mM bisindolylmaleimide (B) had no 

influence on the pacemaker potentials. BIM: bisindolylmaleimide. 
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Figure 10. Summarized data of the PKC inhibitors on pacemaker 

potentials in colonic ICCs. The values in the resting membrane potential 

by 1 mM chelerythrine and 1 mM bisindolylmaleimide (B) are 

summarized in (A). (B) is the summarized data of frequency by 

chelerythrine and bisindolylmaleimide. BIM: bisindolylmaleimide. 
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Effects of tyrosine kinase inhibitors in small intestinal ICCs  

 

To investigate whether endogenous tyrosine kinase also involves in 

generating pacemaker potentials of small intestinal ICCs, genistein and 

herbimycin A were treated. However, in contrast with colonic ICCs, 

genistein (100 mM, n=6) and herbimycin A (10 mM, n=7) had no effects 

on spontaneous pacemaker potentials of small intestinal ICCs (Figure 11 

A and B).  

 

Effects of MAPK inhibitors on pacemaker potentials in small intestinal 

ICCs 

 

To investigate whether endogenous MAPK also involves in generating 

pacemaker potentials of small intestinal ICCs, PD 98059 (10 mM), SB 

203580 (10 mM) and JNK inhibitor II (10 mM) were treated. However, all 

drugs had no effects on spontaneous pacemaker potentials of small 

intestinal ICCs (Figure 12A, B and C). These results suggest that 

endogenous MAPK do not involve in generating pacemaker potentials in 

small intestinal ICCs.  
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Effects of PKA, PKG and PKC inhibitors on pacemaker potentials in 

small intestinal ICCs 

 

To investigate whether PKA or PKG or PKC involves in generating 

pacemaker potentials of small intestinal ICCs, KT 5720 (10 mM, n=7), 

KT 5823 (10 mM, n=6), chelerythrine (1 mM, n=6) and 

bisindolylmaleimide (1 mM, n=7) were treated. However, all drugs also 

had no effects on spontaneous pacemaker potentials of small intestinal 

ICCs (Figure 13A, B, C and D). 
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Figure 11. Effects of tyrosine kinase inhibitors on the spontaneous 

pacemaker potentials in small intestinal ICCs. Under current clamping 

mode, addition of 100 mM genistein (A) and 10 mM herbimycin A (B) as 

well as 10 mM daidzein had no influence on the pacemaker potentials.  
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Figure 12. Effects of MAPK inhibitors on the spontaneous pacemaker 

potentials in small intestinal ICC. Under current clamping mode, addition 

of 10 mM PD98059 (A), 10 mM SB203580 (B), and 10 mM JNK inhibitor 

II (C) had no influence on the pacemaker potentials. 
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Figure 13. Effects of PKA, PKG, and PKC inhibitors on the spontaneous 

pacemaker potentials in colonic ICCs. Under current clamping mode, 

addition of 10 mM KT5720 (A), 10 mM KT5823 (B), 1 mM chelerythrine 

and 1 mM bisindolylmaleimide had no influence on the pacemaker 

potentials. BIM: bisindolylmaleimide. 
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DISCUSSION 

The peristaltic GI motility is done by smooth muscle contraction and 

relaxation. The spontaneous contractions of GI smooth muscle are 

coupled to periodic activation of pacemaker channels in interstitial cells 

of Cajal (ICCs). In the present study, I found that endogenous MAPK and 

tyrosine kinase participate in generating pacemaker potentials in colonic 

ICCs but not in small intestinal ICCs.  

MAPKs and tyrosine kinases are important modulators of GI smooth 

muscle contractions. Muscarinic activation was coupled to Src tyrosine 

kinase and subsequent activation of p42/p44 MAPK in cultured canine 

colonic smooth muscle cells30. Bombesin contracted cat esophageal 

circular smooth muscle cells via tyrosine kinase pathway or p42/p44 

MAPK pathway31. Both p42/p44 and p38 MAPK pathways contribute to 

hypercontractility in experimental colitis16. LPS influence intestinal 

contractility via JNK MAPK pathway32. In small intestinal ICCs, H2O2 

inhibited the generation of pacemaker activity by activating ATP-

sensitive K+ channels through p38 MAPK, JNK MAPK, and tyrosine 

kinase and sphingosine-1-phospate depolarized the pacemaker potentials 

through JNK MAPK-dependent mechanism33, 34. These results suggested 
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that MAPK- and tyrosine kinase pathways are modulate the pacemaker 

activity of ICCs indirectly. The inhibitory mediation of JNK MAPK by 

H2O2 and the excitatory mediation of JNK MAPK by sphingosin-1-

phosphate are suggesting that JNK MAPK mediate cellular actions acting 

on cellular target indirectly rather than direct modulation of cellular target. 

In this study, PD 98058 did not influence on pacemaker potentials of 

colonic ICCs, but SB 20356 and JNK inhibitor II suppressed the 

generation of pacemaker potentials and decreased the pacemaker 

potential frequency in colonic ICCs. In addition, pacemaker potentials 

were suppressed by genistein and herbimycin A but not by daidzein in 

colonic ICCs. However, tyrosine kinase inhibitors and MAPK inhibitors 

did not affect the generation of pacemaker potentials in small intestinal 

ICCs. Based on these results mean that endogenous p38 MAPK, JNK 

MAPK, and Src-family tyrosine kinase are participating in generation of 

pacemaking potentials in colonic ICCs. Whereas MAPKs and tyrosine 

kinase are working when external agents are acting only in small 

intestinal ICCs. However, from this study, I could not know the cause of 

different effects of tyrosine kinase inhibitor and MAPK inhibitors on 

pacemaker potentials between colonic ICCs and small intestinal ICCs. 

Even though, I think that the one possible cause may be the different 
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generating mechanism of pacemaker potentials between colonic ICCs 

and small intestinal ICCs. The pacemaking mechanism of ICCs is closely 

associated with intracellular Ca2+ oscillations. IP3-dependent Ca2+ release 

from endoplasmic reticulum and reuptake Ca2+ into mitochondria is 

linked to activate pacemaker channels35. Until now transient receptor 

potential channels and Ca2+-activated Cl- channels have been candidate as 

pacemaker channels in ICCs25, 26. However, recently, it was reported that 

hyperpolarization activated cyclic nucleotide-gated (HCN) channels 

participated in generating spontaneous pacemaker potential in colonic 

ICCs but not small intestinal ICCs from mouse29. HCN channels are non-

selective cation channels that maintain or determine the cell excitability 

in spontaneous active cells like as neuronal cells and cardiac cells36, 37. 

HCN channels activated by membrane hyperpolarization or directly by 

intracellular cAMP. Many intracellular molecules and protein kinases 

modulate HCN channel activities38, 39. It has been reported that p38-

MAPK modulate HCN channels via the direct phosphorylation of 

channel proteins or the indirect alteration of intracellular second 

messengers, such as membrane acidic lipids, cAMP and proton or 

transactivation of other protein kinases40, 41. Also, genistein suppressed 

HCN channels, thus it was suggested that tyrosine kinase might modulate 
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HCN channels through the direct phosphorylation of channel proteins42. 

Therefore, I think that modulation of HCN channels by endogenous 

actions of MAPKs and tyrosine kinases in colonic ICCs may possible 

different mechanism between colon and small intestine. However, further 

studies are required to clarify the relationship of MAPKs, tyrosine 

kinases and HCN channels. cAMP and cGMP are second messengers that 

act as inhibitory mediators in GI tract. Intracellular cAMP and cGMP 

activate PKA and PKG, respectively and followed cellular actions. Also, 

PKC is activated by diacylglycerol that synthesized by phospholipase C11. 

Besides, PKA, PKG, and PKC had been expressed in ICCs43-45, 

suggesting that these protein kinases can modulate pacemaker activity of 

ICCs. However, in this study, KT 5766 and KT 5788, inhibitors of PKA 

and PKG, as well as chelerythrine and BIM, inhibitors of PKC, had no 

effects on pacemaker potentials in colonic and small intestinal ICCs. 

These results suggest that PKA, PKG, and PKC are not involved in 

generating pacemaker potential in ICCs.   

 In conclusion, endogenous tyrosine kinases and p38 and JNK MAPKs 

participate in the generation of pacemaker potentials in colonic ICCs but 

not small intestinal ICCs. The target of MAPK and tyrosine kinase is 

therapeutic strategy for treatment of colonic motility disorders.  
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