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Abstract

AIM: The pathophysiology underlying gastrointestinal
complications of long-standing diabetes is poorly understood.
Recent evidence suggests an important role of intestitial
cells of cajal in controlling gastrointestinal motility. The aim
of this study was to clarify the changes of ultrastructural
characteristics of interstitial cells of cajal in stomach of
diabetic gastro-electric dysrhythmic rats.

METHODS: Rats were randomly divided into diabetic group
and control group, the model of diabetic rats was established
by peritoneally injection of streptozotocin. Electrogastrograms
were recorded and intestitial cells of cajal in antrum were
observed by electrictelescopy after diabetic model rat was
established for 3 mo.

RESULTS: In the rats of diabetic group, the gastro-electric
dysrhythmia was increased compared with control group,
the abnormal rhythm index and the cofficient of variation
of slow wave frequency were significantly higher than those
of normal rats. The number of the gap junctions of interstitial
cells of cajal in antrum of diabetic rats was significantly
decreased, and the remaining structures were damaged.
The organelles were also damaged, and vacuoles were
formed.

CONCLUSION: It is possible that changes in ultrastructural
characteristics of interstitial cells of cajal in stomach are
one of the mechanisms underlying gastro-electric dysrhythm
in diabetic rats.
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INTRODUCTION

Gastric motility abnormity occursin up to 30- 50% of patients
with long-standing diabetes. Symptoms of diabetic gastropathy
can range from mild dyspepsia to recurrent vomiting and
abdominal pain and may progress to irreversible end-stage
gastric failure known as gastroparesis. Gastroparesis serioudy
affectsquality of life. Thereis deterioration in glycemic control
and incapacitating symptoms such as malnutrition, water and
electrolyteimbalance, and aspiration may occur. However, the
pathophysiology of diabetic gastropathy and gastroparesis,

including impaired fundic and pyloric relaxation and impaired
electrical pacemaking, istill not delineated!*2. It is generally
considered that diabetic gastropathy and gastroparesis may
be due to visceral autonomic neuropathy, hyperglucose and
smooth muscle degeneration.

Interstitial cells of cajal (ICCs) are aunique class of cells
dispersed in gastrointestinal tracts of mammals. In the region
of gastric corpus and antrum, multipolar interdtitial cellsof cgja
form two dimensional networks, and have been mistaken for
neurons, glial cells, smooth muscle cells, macrophages and
fibroblasts. Infact they are mesenchymal in origin. Asintertitial
cells of cajal develop, they assume major gastrointestinal
motility. Interstitial cells of cajal are the pacemaker cells
responsible both for initating slow wave activity in
gastrointestinal musclesand for active propagation of electrical
slow wave. These cells also mediate motor inputs from the
enteric nervous system.

Studies have a'so suggested that many gastrointestinal motor
disorders have changes of number and/or structure of
interstitial cells of cajal®?. In this study, we established the
model of diabetic rats by peritoneal injection of streptozotocin,
and intended to investigate the reason of gastric-electrical
dysrhythmias by recording the gastric electrical activity and
characterizing the ultrastructural features of interstitial cells of
cgjd intheantrum.

MATERIALS AND METHODS

Animals

Fifty 2-mo-old healthy Wigtar rats (weighing 100-160 g) of either
sex wereobtained from Animal Center of Third Military Medical
Univisity and were divided randomly into control group (n=20)
and diabetic group (n=30). After fasted overnight, diabetic
group rats were injected intraperitoneally with streptozotocin
(60 mg/kg) and control group ratswereinjected intraperitoneally
with saline. Blood glucose concentration, weight, appetite and
urine volume were measureed every two weeks. In thistest,
diabetic group animals were considered as diabetic if blood
glucose levels exceeded 16.9 mmol/L and were eliminated if
blood glucose levelsremained <16.9 mmol/L.

Gastric-electrical activity recorded

Gastric-electrical activities of control and diabetic group rats
wererecorded afte 3 mo. After fasted over 12 h, ratswere operated
under anaesthesia with 3% soluble pentobarbitone (30 mg/kg)
intraperitoneally. A pair of stainless platinum wires was
implanted in deep muscular plexus of antrum. The wireswere
arranged in an arching line along the greater curvature about
0.5 cm apart from pylorus. The distance between electrodes
was about 0.3 cm apart. The electrodes were affixed to the
serosa by nonabsorbable sutures in the seromuscular layer of
stomach. Teflon-insulated wires were brought out from nape
through the anterior abdominal wall percutaneously. After
surgery, the ratswere transferred to arecovery cage for aweek.
After fasted overnight, rats underwent anaesthesia with 3%
soluble pentobarbitone (30 mg/kg) intraperitoneally. Wireswere
connected with a gastro-electrical activity amplifier, and
recorded parameters were adjusted. All recorded signals were
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displayed and simultaneously recorded on computer. Gastric-
electrical activity recorded lasting for 60 min. All recorded
signalswere analyzed by computer. In this study, the frequency
of normal rat gastric dow wavewas4.41+0.91/min and itsnormal
range was 2.63-6.19/min. Gastric slow wave was defined as
bradygadtriaif itsfrequency waslower than 2.63/min and had a
duration of longer than 1 min and form of dow wavewasruled
and rhythm wasin good order. Gastric dow wave was defined
astachygastriaif its freguency was greater than 6.19/min and
had aduration of longer than 1 min and form of dow wavewas
ruled and rhythm was in good order. Gastric slow wave was
defined as dysrhythmias if its form of slow wave was not
ruled and rhythm was in bad order and had a duration of
longer than 1 min.

Morphological studies

After gastric—electrical activity was recorded, the abdomen
was opened immediately and antrum was removed (antrum
was cut apart 0.5 cm from pylorus) and fixed containing 3%
glutaraldehyde and 4% paraformaldehyde. The specimenswere
rinsed twicein 0.2 mol/L saccharum-phosphate buffer and post-
fixedin 10 g/L osmiumtetroxidefor 2hat 4 C. The specimens
were then rinsed in distilled water, block-stained with saturated
urany! acetate solution for 3 h, dehydrated in a grade series of
acetone and embedded in epoxy resin 618. Ultrathin sections
were cut and double-stained with urany! acetate and lead
citromalic for observation under JEOL-2000EX electron
microscope.

Statisitical analysis

Values in the text were expressed as mean+SE. Statistically
significant differencesweretested using an analysis of variance.
A P vaue <0.05 wastaken as statistically significant.

RESULTS

Gastric-electrical activity

Sowformof normal ratswasregular (Figurel), themean frequency
of control rats was 4.41+0.91 cpm (range: 2.63-6.19 cpm), the
abnormal rhythm index was 18.00+4.96% and the cofficient of
variation of dow wave frequency was 10.00+6.46%. Compared
with normal rats, diabetic ratshad lesschance of normal rhythm,
the mean frequency was 4.03+1.23 cpm (range: 1.62-6.44 cpm),
its dowform was irregular (Figure 2). The abnormal rhythm
index was 30.62+7.38% and the cofficient of variation of dow
wave frequency was 23.50+2.98%. Both of them were
significantly higher than those of normal rats (P<0.01).

Figure 1 Electrgastrogram of normal rats.
Figure 2 Electrgastrogram of diabetic rats.

Ultrastructural features of interstitial cells of cajal in rat antrum
Inthenormd rat antrum (Figure 3), interstitial cellsof cajal were
located within the circular muscle layer (ICC-CM) and in the
myenteric region (ICC-AP) and werein closely associated with
small nerve bundles. These cellswereinterconnected with each
other and neighboring smooth muscle cells via a number of

large gap junctions. Interdtitial cellsof cgja in rat stomach were
characterized by abundant mitochondria. Numerous caveolae
were observed on cell membranes. The nucle were big and
irregular, heterochromatins were often observed on the nuclear
membrane and its strucure was clear. Their cytoplasm was
usually less, and one or more processes were observed.
Intermediate filaments, golgi apparatus, rough (RER) and
smooth (RER) endopl asmic reticulum were abundant. Variation
in the ultrastructural features of the intestitial cells of cgjal in
different regionswas also observed. ICC-CM was characterized
by dense cytoplasm, no basal laminacould be clearly identified.
| CC-AP was characterized by numerous caveolae and adistinct
basal lamina. Intheantrum of diabetic rats(Figure 4), interdtitial
cells of cajal were fewer. The number of the gap junctions
between interstitial cells of cajal and neuron cells, between
interstitial cells of cgja and smooth muscle cells, and between
themselves were decreased significantly. The remaining
structures of those gap junctions were also damaged. Basal
lamina was discontinuous and not distinct, some were apart
from cell membrane and formed cavum. The organelles-
mitochondriaand ribosome, for example, wereaso significantly
decreased. Mitochondriawere swollen, vacuolesand cytoplasm
were dissolved, vacuole and myelin figures were formed.
Endoplasmic reticulum was dilated, cytoplasm was dissolving,
vacuoleswereformed and distributed along plasma membrane,
perinuclear space was broadened.

Figure 4 Interstitial cells of cajal of stomach in diabetic rats.

DISCUSSION

Despite reports of diabetic gastroparesis without autonomic
neuropath, this disease, and, particularly, impaired electrical
pacemaking, are usually considered to be the result of systemic
and/or enteric neuropathies. Recent studiesin spontaneously
diabetic BioBreeding/Worcester rats and in streptozotocin-
diabetic ratshave demonstrated decreased nitric oxide synthase
expression and reduced nitrergic motor inputs to the stomach,
as well as impaired intracellular signaling in response to
excitatory neurotransmittersin gastric smooth muscle. Clearly,
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these defects may contribute to the many abnormal features of
diabetic gastropathy. However, it isunclear how impaired neural
inputs (especially impaired inhibitory inputs) or impaired
smooth muscle response to cholinergic stimulation could result
in the loss of dow-wave activity, which has been observed in
both humans and animals with diabetes.

Interstitial cells of Cajal were originally described in the
gut more than hundred years ago by Ramén y cajal®. He
characterized “interstitinal neurons’ as*“ primitive accessory
components that perhaps modify smooth muscle contraction,
subject themselvesto regulation from principal neurones’. Cajd
provided us with detailed pictures of methylene blue-stained
networks of interstitial cells of cajal, which were described as
spindle shaped or stellate cellswith long, ramified cell processes
and large, oval, nuclei with sparse perinuclear cytoplasm, and
intercalated between autonomic nerve endings and smooth
musclecells. Interdtitial cellsof cgja werefound within discrete
locations within the tunica muscularis throught the
gastrointestinal tract and classified into five types according
to different locations, i.e., ICC-AP (Auerbach’ s myenteric
plexus) located between the circular and longitudinal muscle
layers, ICC-DMP (deep muscular plexus) located between the
inner thin and outer thick sublayers of the circular smooth
muscle, ICC-SMP (submuscular plexus) located at the
submucosal border, ICC-CM located within the outer thick
circular muscle layer; and ICC-LM located within the
longitudinal muscle layer.

Many studies have indicated that each organ manifests a
unique pattern of distribution of interstitial cells of cgja. Inthe
stomach of rats, we observed interstitial cellsof cajal located in
close association with small nerve bundles within the circular
musclelayer (ICC-CM) and in the myenteric region (ICC-AP),
no intergtitial cellsof caja were found at the most inner region
of the circular muscle layer, submucosal border and deep
muscular plexus.

Though there are a large number of methods for
indentification of interstitial cells of cgjal, such as methylene
blue staining, zinc-iodide osmic acid (ZI10)-staining and
immunohistochemistry using antibodies against kit proteink.
The “gold-standard” for indentification of interstitial cells of
caja isgtill acombination of structural featuresin transmission
electron microscopy. Although some structural varations have
been described to be between species and between various
regions of the gastrointestinal tract, the Interstitial cells of cajal
ultrastructure are characterized by a combination of the
following features. numerouly large and often elongated
mitochrondria profiles, large bundlesof intermediate filaments,
absence of thick filaments, presence of surface caveoli variably
developed basal lamina, synapse-liked contacts between
Interstitial cells of cajal and tertiary nerve bundles, well-
developed smooth endoplasmic reticulum and often also rough
endoplasmic reticulum, close apposition or gap junction contact
with smooth muscle cells.

Interstitial cellsof cgjal have ultrastructural distinction from
fibroblasts or smooth muscle cells. Some interstitial cells of
cajal may have muscle-like ultrastructural features, such asa
basal lamina, caveolae, subsurface cistern and gap junctions.
For this reason, some interstitial cells of cajal have been
considered as modified or specialized smooth muscle cells.
Howerer, the interstitial cells of cagjal do not contain the well-
organized contractile apparatus characteristic of muscle cells.
Someinterstitial cellsof cajal may have an appearance similar
tofibroblastsand lack clear muscle-likefeatures. However, even
in these cases, they are distinguishable from fibroblast-like
cells by a combination of features including a characteristic
electron density of cytoplasm, large gap junctions, abundant
intermediatefilaments, numerousmitochondria, well-developed
SER and flattened cisterns of RER. Furthermore, agreat number

of collagen fibers often distribute around fibrobalst cells.

Morphological observations have led to a number of
hypotheses on the possible physiological roles of intergtitial
cells of cajal*®¥, (1) These cells may be the source of slow
electrical wavesin gastrointestinal tract. (2) They participatein
conduction of electrical currents, and (3) They mediate neural
signals between enteric nerves and muscles.These hypotheses
have been tested by experiments. (1) Slow €electrical wavesin
gastrointestinal muscle stripswere absent when intertitial cells
of cajal were removed by dissection or lesioned by cytotoxic
chemicals. (2) Electrophysiological experimentson isolate cells
confirmed that interstitial cellsof cajal could generate rhythmic
electrical activity and also respond to messenger molecules
known to be released from enteric nerves. (3) In Ws/Ws mutant
rats, or in mice treated with antibody against the protein c-kit,
slow wave activity was impaired. (4) Slow wave passively
decayed asafunction of distance from the pacemaker appeared.
(5) After removal of interstitial cells of cajal, smooth muscle
cells continued to be excitable, but in the absence of interdtitial
cells of cgjal, smooth muscle produced action potential s rather
than slow wave-like activity. Studies have also suggested that
many diseases of gastrointestinal motor disorders have changes
in number and/or structure of Interstitial cells of cgjal®9. In
infants with hypertrophic pyloric stenosis, there was a
significant decrease in the number of intertitial cells of cgjal,
this decrease was prominent in the ICC-AP. In some patients
with pseudo-obstruction, there was a marked decrase in the
number of interstitial cells of cajal. Constipation was a very
prevalent motility problem, but its underlying mechanismswere
obscure. Studies found that the volume of interstitial cells of
cajd inthe colon of patientswith slow transit constipation was
significantly decreased compared with normal controls.

Normal gastric emptying requires the proper function of
the gastric electrical pacemaker system. Gastroparesis has been
associated with electrical abnormalities, and deviations from
normal slow-wave rhythm (dysrhythmias) have been reported
to result in delayed gastric emptying. In this study, we
established the model of diabetic rats by peritoneally injection
of streptozotocin, and recorded the gastro-electrical activity
after 3 mo. We discovered that in the rats of diabetic group, the
gastro-electric dysrhythmia was increased compared with
control group,the number of interstitial cells of cgjal in antrum
of diabetic rats was significantly decreased and the number of
the gap junctions of interstitial cells of cajal also was
significantly decreased, and the remaining structures were
damaged. The organelles-mitochondria and ribosome, for
example, were also significantly decreased. Mitochondriawere
swollen, myelin figures were formed. Endoplasmic reticulum
was dilated, cytoplasm was dissolved, vacuoles were formed
and distributed along plasma membrane, perinuclear space
broadened. This shows that degeneration of interdtitial cells of
cgjal isresponsiblefor gastro-electrical dysrhythmiasof diabetic
rats, the identification of abnormalitiesin interstitial cells of
cagjal in diabetic gastro-electric dysrhythm offers a potential
future therapeurapy.
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