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ABSTRACT 

Background: The Interstitial cells of Cajal(ICC) were named by the Nobel Prize winner, the Spanish 

neuroanatomist Santiago Ramony Cajal (1852-1934). Interstitial cells of Cajal are mesenchymal 

cells in the stroma of the gut smooth muscle that are present between the nerve and smooth muscle 

and function as pacemaker cells because of the active generation of depolarized electrical slow waves 

of the smooth muscle system. In the human digestive tract, ICC are found in or around the myometrial 

lining of the esophagus, stomach, small intestine and large intestine. Mechanical ileus causes 

compensatory hyperperistalsis to resolve the initial obstruction, and ultimately results in 

decompensated peristalsis. The aim: We aimed to investigate the changes in the number of ICC cells 

in the clinical picture of mechanical ileus. Methods: The study population included 90 bowel 

resections accepted by the pathology department for mechanical ileus and 24 bowel resections from 

autopsy without digestive tract disease. Twenty-four autopsies (20-30 years) without digestive tract 

disease (from the body), small intestine (20 cm above ileum) and large intestine (from the ileocecal 

region) were obtained, and H-E and silver nitrate staining (Silver staining) specimens were prepared 

according to the conventional tissue sampling technique and the number of normal cord stromal cells 

under ×400 light microscope was calculated. H-E stained samples of bowel resection specimens from 

patients with mechanical ileus and silver nitrate stained samples were calculated as the number of 

Interstitial cells of Cajal (under ×400 light microscope, distributed between the cricoid and the 

longitudinal muscles) according to the site of development of the gastrointestinal tract and the 

number of days of the first defecation. At this time, pathological examination was performed on the 

lesion center and surrounding histopathology microscopically, and the interpretation of the changes 

in the number of Interstitial cells of Cajal was performed around the lesion because the anterior 

intestinal layer was completely necrotic in the lesion center and no normal structure was found. 

Results and Conclusions:  The changes in the number of normal ICC cells in the gastrointestinal 

tract and ICC by GI site in mechanical ileus are as follows : 1) Normal ICC in the gastrointestinal 

tract was significantly enriched in the gastric corpus (22.0/ under ×400 light microscope) and ileum 

(26.2/ under ×400 light microscope). 2) Mechanical ileus was associated with significantly higher 

numbers of Interstitial cells of Cajal when it occurred in the small intestine and ileocecal region than 

in the large intestine, and the longer the first defecation period (coarctation ileus) the significantly 

lower number of Interstitial cells of Cajal. 
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INTRODUCTION    

      Interstitial cells of Cajal (ICC) were named 

by the Nobel Prize winner, the Spanish 

neuroanatomist Santiago Ramony Cajal (1852-

1934). Interstitial cells of Cajal are 

mesenchymal cells in the stroma of the gut 

smooth muscle that are present between the 

nerve and smooth muscle and function as 

pacemaker cells because of the active 

generation of depolarized electrical slow 

waves of the smooth muscle system[3,5,11]. 

ICC are smaller in size, similar to or smaller 

than adjacent smooth muscle cells, with 

spindle-shaped or star-shaped and abundant 

cellular processes dividing[1,7,10,16]. 

Interstitial cells of Cajal contain large oval 

nucleus surrounded by weakly stained 

cytoplasm. 

In the human digestive tract, ICC are found in 

or around the myometrial lining of the 

esophagus, stomach, small intestine and large 

intestine[3,10,17,19]. 

        The cycle of activity of Interstitial cells of 

Cajal as pacemaker cells varies in different 

regions of the gastrointestinal tract, 3 times in 

the stomach, 12 times in the duodenum, 10 

times in the ileum, and 3 times in the colon. In 

abdominal surgery, mechanical ileus is one of 

the most frequent diseases caused by both 

strangulation and obstructive causes and 

surgical intervention is required.  Mechanical 

ileus causes compensatory hyperperistalsis to 

resolve the initial obstruction and ultimately 

results in decompensated peristalsis. 

Currently, we are looking at the dynamics of 

changes in ICC in gastrointestinal motility 

disorders and trying to tailor the changes in 

response to increased bowel motility and 

inhibition[2,12,15]. We aimed to investigate 

the changes in the number of ICC cells in the 

clinical picture of mechanical ileus. 

 

 

 

SUBJECTS AND METHODS 

       The study population included 90 bowel 

resections for past 5 years, accepted by the 

pathology department for mechanical ileus at 

the Pyongyang University Hospital of Medical 

Sciences and 24 bowel resections from autopsy 

without digestive tract disease. The sex and 

age composition of patients with mechanical 

ileus showed that 40 (36.8%) in men, 60 

(27.3%) in women, 40 (28.9%) in men and 

women and a mean age of 42.3 years, with 

male to female ratio of 1.7:1. Twenty-four 

autopsies (20-30 years) without digestive tract 

disease (from the body), small intestine (20 cm 

above ileum) and large intestine (from the 

ileocecal region) were obtained and H-E and 

silver nitrate staining (Silver staining) 

specimens were prepared according to the 

conventional tissue sampling technique and the 

number of normal cord stromal cells under 

×400 light microscope view was calculated. 

       H-E stained samples of bowel resection 

specimens from patients with mechanical ileus 

and silver nitrate stained samples were 

calculated as the number of Interstitial cells of 

Cajal (under ×400 light microscope view, 

distributed between the cricoid and the 

longitudinal muscles) according to the site of 

development of the gastrointestinal tract and 

the number of days of the first defecation. 

       At this time, pathological examination was 

performed on the lesion center and 

surrounding histopathology microscopically, 

and the interpretation of the changes in the 

number of Interstitial cells of Cajal was 

performed around the lesion because the 

anterior intestinal layer was completely 

necrotic in the lesion center and no normal 

structure was found.  
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      The significance test was performed by 

Student’s t-test for the mean of the study 

results and by Chi-square test for the 

percentage of the study results.  

        The clinical pathological diagnosis of 

mechanical ileus were performed according to 

clinicopathological diagnosis and treatment 

guidelines published by the Ministry of Public 

Health, DPRK. 

RESULTS 

Table 1.Number of  Interstitial cells of Cajal  for normal gastrointestinal tract. 

Classification Cases 

Cells per normal gastrointestinal tract 

( X ±SE) 

Gastric 

corpus 
Ileum 

Transverse 

colon 

Number of cells 24 22.0±2.8 26.2±3.1 6.4±0.8 

P  <0.05 <0.05 ― 

       As shown in Table 1, the number of ICC per normal gastrointestinal tract was significantly higher 

in the corpus and ileum. 

Table 2. Pathological diagnosis of mechanical ileus 

Classification Cases 
Inflammation 

Necrosis Tumor 
Necrotic Tuberculotic 

Strangulated 

ileus 

Adhesive 

ileus 
32 

9* 

(28.1) 

1 

(3.1) 

17* 

(53.2) 

5 

(15.6) 

invagination 14 
5* 

(35.7) 

1 

(7.1) 

5* 

(35.7) 

3 

(21.4) 

obstructive ileus 44 
14* 

(31.8) 

2 

(4.6) 

21* 

(47.7) 

7 

(15.9) 

                              (); % *; P<0.05 (compared with pathological diagnosis) 

      As shown in Table 2, all mechanical ileus cases had significantly more necrotic inflammation and 

necrosis on pathological diagnosis, individually. 

Table 3.  Changes of the number of ICC  in the site of gastrointestinal in mechanical ileus 

Classification Cases 
Interstitial cells of Cajal number ( X ±SE, n) 

Small intestine 
Iloececum 

colon 

Jejunum Ileum Ascending Transverse Sigmoid 

S
tr

a
n

g
u

la
te

d
 i

le
u

s A
d

h
es

iv
e 

 i
le

u
s 

32 

8.8*∆ 

±0.8 

(4) 

6.4*∆ 

±0.6 

(6) 

3.4*∆ 

±0.4 

(19) 

- 

2.8*∆ 

±0.3 

(1) 

1.6 

±0.2 

(2) 

in
v

a
g
in

a
ti

o
n

 

14 

10.1*∆ 

±1.1 

(1) 

- 

5.6*∆ 

±0.7 

(11) 

2.8* 

±0.3 

(2) 

- - 

obstructive ileus 

 

44 

22.8∆ 

±2.0 

(7) 

22.6∆ 

±1.8 

(7) 

19.4∆ 

±1.6 

(23) 

13.8∆ 

±1.2 

(5) 

5.6 

±0.4 

(2) 

- 

 (); cases, *; P<0.05 (compared with obstructive ileus), ∆; P<0.05 (comparison with gastrointestinal 

tract sites). 
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       As shown in Table 3, compared with obstructive ileus, there were significantly fewer ICC in all 

developing regions of the gastrointestinal tract in the case of Strangulated ileus, and significantly 

more ICC in all mechanical ileus, individually, in the upper developing regions compared with the 

lower developing regions. 

Table 4. Changes of the number of ICC  per day of first defecation in mechanical ileus ( X ±SE) 

Classification Cases 
first defecation 

period(day) 

number of 

Interstitial cells of 

Cajal(n) 

Strangulated 

ileus 

Adhesive ileus 32 5.8±0.6* 4.6±0.5* 

invagination 14 5.4±0.6* 6.2±0.7* 

obstructive ileus 44 3.6±0.4 16.8±1.4 

                                                                *; P<0.05 (compared with obstructive ileus) 

      As shown in Table 4, the first defecation period was significantly longer in the case of 

Strangulated ileus ileus compared with obstructive ileus, individually, and the number of ICC cells 

was significantly lower. 

 

DISCUSSION 

       Ileus(Intestinal obstraction) is syndrome 

that causes difficulty in the passage of 

intestinal contents by variety of causes and is 

classified as functional or mechanical ileus by 

cause and pathogenesis. Functional ileus are 

divided into spasticity and paralytic ileus and 

mechanical ileus are divided into obstructive 

and binocular ileus. In abdominal surgery 

clinical practice, mechanical ileus is frequent 

disease caused by adherent biting and 

overlapping causes requiring surgical 

intervention. Interstitial cells of Cajal were 

named by the Nobel Prize winner, the Spanish 

neuroanatomist Santiago Ramon y Cajal 

(1852-1934). ICC was first found in the 

gastrointestinal tract and acts as pacemaker to 

generate electrical rhythms that cause smooth 

muscle contraction[4,6,9].  

      We compared the number of ICC in the 

normal gastrointestinal tract and the number of 

ICC in different gastrointestinal sites during 

mechanical ileus in 114 cases including 90 

resected bowel specimens and 24 resected 

bowel specimens without digestive tract 

disease in the last 6 years.  The number of cases 

of mechanical ileus classified and the mean age 

of the study population were significantly 

higher in male compared to female in 37.5% 

and male in female in synaptic compared with 

62.5% in male and 35.7% in female in 

overlapping and 63.6% in male compared to 

36.4% in female in obstructive (P < 0.05). This 

indicates that the age at onset of ileus is 

clinically greater in the 40 years of age and the 

incidence of ileus is higher in men compared 

to women. 

       Our observation of the number of cells per 

gastrointestinal tract of ICC showed that the 

number of cells present was significantly 

higher in the gastric corpus and ileum 

compared to the colon, with 22.0 cells present 

in the gastric corpus, 26.2 cells in the ileum and 

6.4 cells in the transverse colon (P<0.05 Table 

1). This is in good agreement with the literature 

data that the cycle of activity of Interstitial cells 

of Cajal as pacemaker cells varies in different 

regions of the gastrointestinal tract, three times 

in the stomach, 12 times in the duodenum, 10 

times in the ileum and three times in the colon. 

According to the literature, the pathogenesis of 

mechanical ileus is as follows. Obstructive 

ileus is caused by tumor compression, 

obstruction, inflammation, scarring, and 

intestinal causes, foreign body, ascarid worm, 

adhesions from extramural causes and tumor-

induced compression. Strangulated ileus is 

form of ileus accompanied by blood 

circulation disorders and neuropathy which is 

characterized by the presence of volvulus, 
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adherent bite, herniation, overlap and 

nodulation, and is a severe course. Adhesive 

ileus is usually a non-invasive but in some 

cases it is a frequent occurring cause of 

approximately 80% of the commitment. The 

causes are the same as those of adhesive ileus 

which include coarse surgery, peritonitis, 

intraperitoneal bleeding and intraperitoneal 

tuberculosis. Intussusception is common form 

of intussusception that occurs when the bowel 

enters the adjacent bowel with the mesenteric 

membrane and occurs predominantly in 

children under 2 years of age. 

        There are many functional reasons in 

children which are easily caused by the 

immaturity of intestinal and mesenteric 

development, the difference in caliber of the 

large intestine and small intestine and the 

difference in motility of the small intestine and 

the limited mobility of the enteric peristalsis. 

In adults, there are many organic causes such 

as tumors (cancer, polyps, etc.) and foreign 

bodies. In our comparative clinical diagnostic 

pathology of mechanical ileus, necrotizing 

inflammation and necrosis were significantly 

more frequent in 28.1% and 53.2% adherent, 

35.7% in overlapping, 31.8% and 47.7% in 

obstructive, individually (P<0.05, Table 2). 

       On the other hand, mechanical ileus was 

also associated with tuberculosis and tumors 

on pathological diagnosis, with 3.1% and 

15.6% of adhesive ileus, 7.1% and 21.4% in 

overlapping adults, individually and 4.6% and 

15.9% in obstructive adults, individually 

(Table 2). Thus, both of the mechanical ileus 

cases had predominant proportion of necrotic 

and necrotic inflammation on pathological 

diagnosis with small number of cases of 

tuberculosis and neoplastic disease. Interstitial 

cells of Cajal act as electrical pacemakers, 

generating autonomic electrical slow waves in 

the gastrointestinal tract. Electroslow waves 

are transmitted from ICC to smooth muscle 

cells resulting in depolarization which results 

in influx and contraction of calcium ions. 

      As a result, slow waves cause 

gastrointestinal contractions which are the 

basis of peristalsis and segmental 

motion[8,13,18]. We compared the number of 

Interstitial cells of Cajal underlying the 

development of peristalsis in mechanical ileus 

by site-specific gastrointestinal development, 

8.8 for adhesive cements in jejunum, 10.1 for 

intussusception, and 22.8 for obstructive ileus 

which were significantly less for the 

development of Strangulated ileus than for 

obstructive ileus(P<0.05). 6.4 adhesive ileus 

and 22.6 in obstructive ileus were significantly 

less in adhesive ileus compared with 

obstructive ileus (P<0.05), 3.4 adhesive ileus, 

5.6 in invagination and 19.4 in obstructive 

ileus, significantly less in the presence of 

obstructive ileus (P<0.05, Table 3). Also, 2.8 

cases in the ascending colon and 13.8 cases in 

the obstructive colon were significantly less in 

the obstructive ileus compared with 

obstructive ileus (P<0.05), 2.8 cases in the 

transverse colon and 5.6 cases in the 

obstructive colon which were significantly less 

in the adhesive compared to obstructive ileus 

(P<0.05 Table 3). 

      On the other hand, according to the site of 

occurrence of gastrointestinal tract, there were 

significantly greater numbers of jejunum (8.8), 

ileum (6.4), ileocele (3.4), and transverse colon 

(2.8), jejunum (10.1) and ileocele (5.6) in the 

presence of adherent strangulation, and 

jejunum (5.6). The results of the above study 

indicate that the site of induction of mechanical 

ileus is the jejunum, ileum and ileocecal region 

and that there is a large number of changes in 

the number of ICC in these areas, among which 

there is a large reduction in ICC in 

Strangulated ileus ileus and relatively small 

reduction in ICC compared to Strangulated 

ileus ileus in obstructive ileus. We compared 

the number of Interstitial cells of Cajal for 

mechanical ileus clinically, the first defecation 

period was 5.8 days for adhesive ileus, 5.4 days 

for intussusception, and 3.6 days for 
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obstructive ileus which was significantly 

longer in the case of Strangulated ileus 

compared with obstructive ileus (P<0.05). 

      The number of ICC was significantly less 

in Strangulated ileus compared with Occlusive 

ileus with 4.6 in adhesive coarctation, 6.2 in 

invagination and 16.8 in Occlusive ileus (P < 

0.05, Table 4). This is study that demonstrates 

that Interstitial cells of Cajal function as direct 

carriers of the development of intestinal 

motility with clinical and histopathological 

changes in the number of days of first 

defecation and the number of ICC being 

inversely correlated suggesting that ICC are 

more prone to dysmotility in Strangulated ileus 

than obstructive ileus. 

 

CONCLUSION 

     The changes in the number of normal ICC 

in the gastrointestinal tract and ICC by GI site 

in mechanical ileus are as follows : 

       1) Normal ICC in the gastrointestinal tract 

was significantly enriched in the gastric corpus 

(22.0) and ileum (26.2). 

      2) Mechanical ileus was associated with 

significantly higher numbers of Interstitial 

cells of Cajal when it occurred in the small 

intestine and ileocecal region than in the large 

intestine and the longer the first defecation 

period(strangulated ileus) the significantly 

lower number of Interstitial cells of Cajal. 
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