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INTRODUCTION

Thefield of gastrointestinal hormones has expanded at
a dizzying ratel™¥. Gastrointestinal hormones as
regulatory peptidesthat appear to be major components
of bodily integration and have important regulatory
actionson physiological function of the gastrointestinal
tract. The successful isolation of some gastrointestinal
hormonesand the devel opment of sensitive methodsfor
their detection have led to the unexpected finding that
they also exist in the brain. Recent studies’>® have
indicated that somedisordersof gastrointestinal tract are
related to gastrointestinal hormones. We explored this
relationship by measuring concentrations of gastrin,
somatostatin, G cell and D cell.

MATERIALS AND METHODS

We used healthy adult male Sprague Dawley rats
weighing220g+ 30g. Therats werehousedinindividua
cagesin atemperature-controlled room (23°C +2C)
withal2 hlight dark cycle. Theratswerefed standard
rat chow (provided by Experimental Anima Center, Firgt
Military Medical University) and water ad labium. Rats
were acclimati zed to the environment for 7 daysprior to
theexperiments.

Reserpine was obtained from the Hongqi
Pharmaceutical Factory (lot N0.960313). Si Junzi
Tang, composed of ginseng, bighead, Fuling and
Zhi Gancao, was prepared by routine method.
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Fifty ratswererandomly divided into five groups
of ten rats each. Group A, the negative control group
wasinjected with physiologicd saline, 0.5mL -kg*-d™,ip
and distilled water, 2 mL, twice daily,ig, for 14 days.
Group B wasinjected with reserpine, 0.5 mL -kg™*-d,ip
and distilled water, 2 mL, twice daily,ig, for 14 days.
Group Cwasreserpine (0.5 mL kg*-d?,ip) and S Junzi
Tang (2mL, twicedaily,ig), for 14 days. Group D was
first injected with reserpine and distilled water for 14
days (similar to Group B). Group D was then injected
withdidtilledwater (2mL twicedaily, ig) for 6 days. Group
E wasfirgt injected with reserpineand water for 14 days
(similar to Group B). Group E wasthen injectedwith S
Junzi Tang (2 mL, twicedaily, ig) for 6 days.

We collected samples of body fluids (intestinal
juice!®, gastric juicel’?, plasma) and tissues (gastric
antrum, jejunum, hypotha amus¥) after treatment was
finished for each group. All sampleswere stored at -70
‘C until analysis. All gastroduodenal sections collected
were fixed with neutral-buffered 10% formalin and
embedded in paraffin.

Gastrin levels in samples were measured with
radioimmunoassay kits from the Chinese Atomic
Energy Research Institute of Immunotechnology.
Somatostatin levels were measured with
radioimmunoassay kits from Dong-Ya Research
Institute of Immunotechnology. G cellsand D cells
of gastroduodenal mucosa were analyzed with
immunohistochemical technique (using polyclonal
antibody to gastrin and somatostatin) and the
Quantimet 500image analysissystem (Leica, USA).
Staining was performed using a streptavidin/
peroxidase kit (SP™, ZYMED, USA).
Immunostaining by replacing primary antibody with
PBS was also conducted as a negative control. G
cellsand D cells of gastroduodenal mucosa were
stained in continuous sections. Under magnification
%400, five randomly-selected cyclograms of each
section were entered into the main computer of
Quantimet 500 image analysis system from the
photograph system. The main computer system
analyzed graphs with corresponding software and
obtained data of cell number, even square and even
grey. Theratio of the cell number to square of G/D
cellswascal culated in continuous sectionsof G cells
and D cells stained as follows: ratio of number of
G/D cells= G cellsnumber / D cells number; ratio
of square on G/D cells = G cells square/ D cells
square.
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Statistical analysis

Data were expressed as mean + standard error of the
mean. Experimental resultswere analyzed by analysis
of variance and t tests for multiple comparisons.
Statistical significance was determined at P<0.05.

RESULTS

Levels of gastrin and somatostatin in body fluids
and tissues

Thelevesof gastrinin all samplestested from Group B
(treated with reserpine alone) were 20%-60% lessthan
GroupA (controls). Levelsof gastrinin Group D (trested
with reserpine, the water) were al so lessthan in Group
A, though higher thanin Group B. Levelsof somatostatin
were 50%-200% higher the Group B thanin Group A.
Levesof somatostatin were also higher than in Group
A, though not ashigh asin Group B (Tables 1-4).

Table 1 Gastrin in body fluids (n = 10, X+ s, ng/L)

Group Plasma Gastric juice Intestinal juice
A 168.40+38.01 48.72+12.55 147.36+31.47

B 109.46+40.88%  30.78+6.81° 96.58+14.362

c 150.38+31.75 51.17+7.56° 171.19+25.28°
D 119.48+30.21°  33.03+6.64* 122.57+31.61%
E 179.84+64.77%  54.29+7.05% 79.01+33.31%

3P<0.05 vs A,°P<0.05 vs B, °P<0.05 vs C, 9P<0.05 vs D.

Table 2 Somatostatin in body fluids (n = 10, X £, ng/L)

Group Plasma Gastric juice Intestinal juice
A 17.93+4.46 9.70+2.14 13.43+3.08

B 32.56+7.912 29.21+4.582 25.74+4.16°

C 18.24+4.02° 11.69+2.53° 15.30+3.31°

D 20.87+4.68° 22.56:+4.992° 24.16+4.50%

E 16.98+3.53° 7.64%2.260 13.85+2.19

2P<0.05 vs A,’P<0.05 vs B, °P<0.05 vs C, 9P<0.05 vs D.

Table 3 Gastrin in tissues (n =10, X £ s, ng/g)

Group Gastric antrum Jejunum Hypothalamus
A 503.77+74.32 38.57+8.14 107.85+16.36

B 232.61+53.88°  22.47+3.02* 68.09+13.40°

c 493.75+91.20°  35.76+6.41° 102.79+12.29°
D 372.31+54.35%¢  28.46+5.48%° 89.95+11.112
E 535.67+57.58"  41.31+7.27 110.03+12.94vd

2P<0.05 vs A,’P<0.05 vs B, °P<0.05 vs C, 9P<0.05 vs D.

Table 5 G cells and D cells of gastric antrum mucosa (n = 10, X £ s)

Table 4 Somatostatin in tissues (n = 10, X+ s, ng/g)

Group Gastric antrum  Jejunum Hypothalamus
A 175.19+26.24 23.50+6.36 43.96+6.45

B 367.15+42.30°  47.31+10.97° 66.76+6.55%

c 207.23+34.08"  21.00+5.66" 45.56+5.57°

D 327.94+46.68%°  25.88+7.57° 59.45+6.022°

E 184.94+57.58*  17.61+5.12° 39.98+5.40

3P<0.05 vs A,°P<0.05 vs B, °P<0.05 vs C, 9P<0.05 vs D.

Levels of both gastrin and somatostatin in
Groups C (treated concurrently with reserpine Si
Junzi Tang) and E (treated first with reserpine then
Si Junzi Tang) were similar to those in Group A,
indicating that Si Junzi Tang may provideaprotective
effect against the functional disturbance caused by
reserpine.

Expression of G cells and D cells in
gastroduodenal mucosa

G cells of gastric antrum were mainly located in
the lower 2/3 of the mucosa and rarely in the upper
1/3. G cells appeared round, elliptical, fusiform,
triangular or irregular. They differed fromthetypical
endocrine cells of gastroduodenum in that they
produced long cytoplasmic and processed the end
with small bulbous expansions on the putative
effector cells. G cells gave off long cytoplasmic
and processed terminate on D cells and also on
enterochromaffin cells (Figures 1 and 3). D cells
of gastric antrum were mainly located in the lower
1/3 of themucosaand rarely in the upper 2/3 (Figure
2). Appearance of D cellswas similar to that of G
cells. G cells and D cells of the duodenum were
mainly distributed in theintestinal glandsand their
appearances were similar to those of the gastric
antrum. The number and even square of G cells
and D cells declined, whereas the even grey of G
cells and the ratio of the number and square on G/
D increased in functional disturbance of
gastrointestinal tract (Tables 5-7).

G cells D cells
Group
Number Square(x10°m2) Even grey Number Square(x10®m?) Even grey

A 103.60+12.33 98.05+7.06 125.41+2.29 15.67+5.21 70.49+8.96 124.04+3.14
B 40.33+£5.532 93.47+6.55 128.24+3.03° 5.70+1.322 45.41+5.27° 115.38+2.62°
C 72.70+£10.14% 94.31+£5.77 125.90+3.13° 11.20+2.55%° 61.05+7.112° 123.7243.10°
D 50.63+7.5420¢ 87.54+8.9283v¢ 123.15+4.093° 8.30+1.86%° 43.54+5.06%¢ 123.2742.26°
E 88.03+10.373 97.16+6.24¢ 125.39+2,22% 13.83+3.113cd 72.71+5.88b 124.4742.46°

3P<0.05 vs A,°P<0.05 vs B, °P<0.05 vs C, 9P<0.05 vs D.
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Table 6 G cells and D cells of jejunum mucosa (n = 10, X £ s)

G cells D cells

Group

Number Square(x10°m?) Even grey Number Square(x10°m?) Even grey
A 63.57+10.16 81.9949.75 125.44+3.14 7.80+2.58 60.56+7.26 125.82+1.70
B 29.43+7.112 78.49+6.94 130.24+2.01° 3.13+1.14 41.80+5.142 111.29+3.26°
c 54.83+10.03% 73.63+6.55® 124.58+2.31° 6.77+1.98" 53.92+6.86® 125.94+2.58"
D 35.37+9.16%¢ 62.18+6.072¢ 122.34%2.56%° 5.10+1.922° 44.5246.02% 123.80+2.96°
E 65.109.63¢ 77.44+7.69% 125.80+2.45 7.53+2.26" 61.77+10.27>¢ 125.47+2.76%cd
3P<0.05 vs A ’P<0.05 vs B, °P<0.05 vs C, P<0.05 vs D.
Table 7 Ratio of the number and square on G/D cells (n = 10, X £s)

Gastric antrum Jejunum
Group
Number (cells) Square Number (cells) Square
A 6.48+0.77 1.42+0.24 8.43+1.57 1.39+0.20
B 7.20+0.54* 2.05+0.37 9.82+2.71% 1.87+0.30%
C 6.47+0.69 1.55+0.26° 8.25+1.46° 1.38+0.21°
D 5.95+1.13P 2.01+0.30% 7.33+1.16° 1.18+0.25°¢
E 6.81+0.61¢ 1.29+0.1380¢d 8.53+1.87° 1.24+0.25°
3P<0.05 vs A ’P<0.05 vs B, °P<0.05 vs C, P<0.05 vs D.
DISCUSSION

Figure 1 G cells of gastric antrum were mainly located in the
lower 2/3 mucosa and rarely in the upper 1/3 mucosa.
Magnification x400

Figure 2 D cells of gastric antrum were mainly located in the
lower 1/3 mucosa and rarely in the upper 2/3 mucosa.
Magnification x400

Figure 3 G cells appeared round, elliptical, fusiform, triangular
or irregular. Magnification x1000

Gadtrinand somatogtatinarebothimportant gut hormones
(1221 Edkinsfirst discovered gastrinin 1905. However,
the existence of gastrin was questioned until themiddle
of the 19th century. Gastrinismostly distributed in the
mucosa of gastric antrum, the mucosa of the jejunum,
andthe centra nervoussystem. Gastrin hasawiderange
of biological actions?#!. The most potent actions of
gastrin are stimul ation of gastric acid secretioni®%land
antral smooth muscleactivity.

Somatostatin was originally isolated from extracts
of sheep hypothalamus as agrowth hormoneinhibiting
factor. In addition toitsmarked effect on GH secretion,
the peptide***¥ possessesasurprising rangeof biologica
effects paralleled by an equally wide but characteristic
anatomical distribution. Somatostatin also appearsto
inhibit the secretion of many gastrointestinal hormones
and may be an important regulator for gastrointestinal
functiong®+*7,

Uponfunctiona disturbance of thegastrointestinal
tract, we inferred?>?! that the inhibition of the release
of gastrin might lead to adecrease of basal and maximal
gastric acid secretion and inhibition of the secretion of
gastric proteinase and inner factor. We further
anticipated a decrease in blood flow to the upper
digestivetract mucosa, whichwould lead to areduction
in nutrition and proliferation of gastric mucosal cells.
Somatostatin®**¥ inhibited not only secretion of basal
gastric acid and gastric proteinase, but also the effect
of gastrin on gastric acid secretion. Some studies have
demonstrated that motilin** had a potent actions on
the smooth muscleof the tomach, theduodenum, and the
colon, which could enhance gastric emptying rate, colonic
motility and nutrition absorption. We observed that
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somatogtatininhibited thegastric emptying rate, colonic
motility and nutritional absorption by inhibiting motlin
secretion following administration of reserpine. We
inferred that decrease of gastrin release, increase of
somatostatin rel ease, and mutual regulatory disturbance
can lead to afunctional disturbance of gastrointestinal
tract. Treatment with Si Junzi Tang, appearedtoregulate
thelevelsof gastrin and somatostatinin body fluidsand
tissues. Following administration of Si Junzi Tang, both
gastrin and somatostatin remained or returnedto normal
level in the experimental functional disturbance of
gastrointestinal tract modd . Thisresultindicatesthat S
Junzi Tang may be used to treat disorders of
gastrointestinal hormones secretion.

Somatostatint® is also produced by endocrine-
like (D) cells of the gut and pancreas and by periphera
nerve cells. Its actions are not restricted to the
hypotha amo-hypophysed system, somatostatinmay dso
inhibit the release of several gastrointestinal and
pancreatic hormones and affect on gastric HCl and
pancreatic enzyme secretion. The bulk of evidence®
4 suggests that somatostatinis delivered directly onto
themembranesof G cdlsand parietd cells. Inagreement
withthecytochemical observationsof D cellsprocessing
termination on G cells. Studieson theisolated perfused
stomach have shown that infusion of somatostatin
antiserumresultsinabrisk increase of gastrinrel easeto
up to 70 per cent of maximally stimulated levels. These
datasuggest that G cellsmay be under tonic inhibitory
control by somatostatin.

The reserpine induced functional disturbance
caused the number of G cells, D cells, and the even
squareof D cellsto decline, whereastheeven grey of G
cellsevaluated and ratio of the number and square on
G/D increased®*%, These data suggest thet high levels
of somatostatin detectedin body fluidsand tissueswere
partly dueto therelease of somatostatin by D cdlls. High
levels of somatostatin resulted in adecrease of gastrin
release. This might explain the changes observed in G
cellsand D cdlls.

The study confirmed that changes of gastrin and
somatostatin are associated with gastrointestinal
disorder, which is one of the important causes for
pathogenesis of the gastrointestinal tract.
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