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The changes on the regional distributions and frequencies

of two types of chromogranin, chromogranin A (CGA)

and bovine Sp-1 chromogranin (BCG)-immunoreactive

(IR) cells in gastrointestinal (GI) tract of osteoporotic

Sprague-Dawley rat induced by ovariectomy were studied

by immunohistochemical methods. The experimental animals

were divided into two groups, one is non-ovariectomized

group (Sham) and the other is ovariectomized group

(OVX). Samples were collected from each part of GI tract

at 10th week after ovariectomy or sham operation. CGA-

IR cells were restricted to the stomach regions with

various frequencies regardless of ovariectomy except for

the fundus of OVX in which no cells were detected. In

addition, BCG-IR cells were also restricted to the pylorus

and duodenum regardless of ovariectomy. A significantly

decrease of CGA IR cells was detected in OVX compared

to that of Sham in both fundus and pylorus, and BCG-IR

cells were also significantly decreased in the duodenum

(p < 0.05). However, in the pylorus, BCG-IR cells in OVX

showed similar frequency compared to that of Sham. In

conclusion, the abnormality in density of chromogranin, a

generally used GI endocrine cell marker, detected in this

study may contribute to the development of GI symptoms in

osteoporosis such as impairments of calcium and some lipids,

frequently encountered in patients with postmenopausal

osteoporosis.
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Introduction

Osteoporosis is caused by an imbalance between bone

resorption and bone formation, which results in bone loss

and fractures after mineral flux. The frequency of fractures

significantly increases in osteoporosis, and hip fractures in

senile patients are a very serious problem because it often

limits the patients’ quality of life. The postmenopausal

osteoporosis model using ovariectomized rat is useful for

evaluation of osteoporetic drugs, because several parameters

clearly decrease by the ovariectomy within 4 weeks after

operation [33]. In addition, the ovariectomized rat bone loss

model is suitable for studying problems that are relevant to

postmenopausal bone loss, because ovariectomy that induced

bone loss in the rat and postmenopausal bone loss share

many similar characteristics including decreased intestinal

absorption of calcium [12]. 

Gastrointestinal (GI) endocrine cells dispersed in the

epithelia and gastric glands of the digestive tract synthesized

various kinds of gastrointestinal hormones and played an

important role in the physiological functions of the alimentary

tract [1]. Until now, the endocrine cells are regarded as the

anatomical units responsible for the production of gut

hormones, and a change in their density would reflect the

change in the capacity of producing these hormones [6].

Chromogranin (CG) belongs to a family of large anionic

proteins, the members of which are known to be present in

the secretory granules of a broad spectrum of amine and

peptide-producing cells of adrenal medulla and gastrointestinal

endocrine system, as well as in some neurons of the

peptidergic and catecholaminergic nervous system of

several mammals [9,26]. CGs have been found to occur in

large variety of endocrine organs and cells outside the

adrenal medulla, and they have been claimed as common

“markers” of all neuroendocrine cells [3,8]. The appearance,

regional distribution and relative frequency in GI tract of

normal rat species are well recognized [2,10]. In addition,

the changes of distribution and frequency of CG-immunoreactive

(IR) cells in some diseases are also well demonstrated

especially in some cancer status [14], colonic inertia [34],

chronic constipation [16], familial amyloidotic polyneuropathy

[7,24], antral atrophic gastritis [15] and some inflammatory

bowel disease [5]. In addition, these GI CG-IR cells are also

changed after vagotomized [29] and with ageing in human
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[28]. A significantly decrease of GI endocrine cells in the

ovariectomized osteoporotic rats using silver techniques was

previously reported [18,19], and the distribution and

frequency of GI endocrine cells were varied with feeding

habits [30]. Osteoporetic patients and/or animals show quite

different feeding habits [32]. However, there was no report

dealing the changes of GI CG-IR cells at osteoporotic status

in spite of some clear disorder of gastric absorption of

calcium ion [13], lipids [21] and osteoporosis induced by

ovariectomy or post-menopause is directly related to some

endocrine system especially to estrogen [25,27].

The purpose of this study is to observe the changes of

regional distribution and frequency of GI endocrine cells in

a postmenopausal osteoporotic rat induced by ovariectomy

using two types of CGs (Chromogranin A; CGA and bovine

Sp-1 chromogranin; BCG)-generally used endocrine markers

in the immunohistochemistry. In this study, each part of GI

tract is sampled at 10th week after ovariectomy or sham-

operation.

Materials and Methods

Experimental animals

Twenty Sprague-Dawley (SD) female rat (6-wk old upon

receipt; Charles River, Japan) were used after acclimatization

for 7 days. Animals were allocated 5 per polycarbonate cage

in a temperature (20-25oC) and humidity (30-35%) controlled

room. Light: dark cycle was 12 hr: 12 hr and feed (Samyang,

Korea) and water were supplied free to access. Half rats

were ovariectomized group (OVX) and remainders were

sham-operated group (Sham).

Bilateral ovariectomy

All rats were anesthetized with Ketamine hydrochloride

(60 mg/2 ml/kg) and Xylazine hydrochloride (2.5 mg/2 ml/

kg) combination and subjected to operation. Bilateral

ovariectomy was performed by removing both ovaries in the

abdominal cavity, and sham operation (ovary identification)

was performed in case of sham.

Tissue preparation and staining 

After phlebotomy, each region of GI tract, fundus,

pylorus, duodenum, jejunum, ileum, cecum, colon and

rectum was collected from all experimental animals at 10th

week after ovariectomy and/or sham-operation after 18hrs

fasting to GI empty. Collected samples fixed in Bouin’s

solution, then embedded in paraffin, sectioned (3~4 µm) and

stained with hematoxylin-eosin stain for confirming normal

architecture of each region of GI tract.

Immunohistochemical staining

Each representative section was deparaffinized, rehydrated

and immunostained with the peroxidase-anti peroxidase

(PAP) method [31]. Blocking of nonspecific reaction was

performed with normal goat serum prior to incubation with

the specific antisera (Table 1). After rinsing in phosphate

buffered saline (PBS; 0.01 M, pH 7.4), the sections were

incubated in secondary antiserum. They were then washed

in PBS buffer and finally the PAP complex was prepared.

The peroxidase reaction was carried out in a solution 3,3'-

diaminobenzidine tetrahydrochloride containing 0.01% H
2
O

2

in Tris-HCl buffer (0.05 M, pH 7.6). After immunostaining,

the sections were lightly counterstained with Mayer’s

hematoxylin and the IR cells were observed under light

microscope.

The specificity of each immunohistochemical reaction was

determined as recommended by Sternberger [31], including

the replacement of specific antiserum by the same antiserum,

which had been preincubated with its corresponding antigen.

Quantity analyses

The frequency of IR cells was calculated using automated

image analysis (Soft Image System, Germany) under

microscope (Carl Zeiss, Germany) in the uniform area of GI

mucosa among 1000 parenchymal cells. IR cell numbers

were calculated as cell numbers/1000 parenchymal cells.

Statistical analysis

Results are expressed as the mean ± SD. Mann-Whitney

U-Wilcoxon Rank Sum W test (M-W test) was used to

analyze the significance of data with SPSS for Windows

(Release 6.1.3; SPSS, USA) and a p-value of less than 0.05

was considered a significant difference.

Results

In this study, CGA-IR cells were restricted to the stomach

regions with various frequencies regardless of ovariectomy

except for the fundus of OVX in which no cells were

detected. In addition, BCG-IR cells were also restricted to

the pylorus and duodenum regardless of ovariectomy. Most

of these IR cells in the mucosa of GI tract were generally

spherical or spindle in shape (open type cell) while cells

showing round in shape (close type cell) were also found in

Table 1. Antisera used in this study

Antisera raised* Code Source Dilution

BCG† 805398 Dia Sorin, Stillwater, Minnesota, USA 1 : 1,000

CGA† A0430 DAKO Corp., Carpinteria, CA, USA 1 : 100

*All antisera were raised in rabbits; 
†
BCG: bovine Sp-1 chromogranin, CGA: chromogranin A
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basal regions of mucosa. According to the location of the GI

tract, different regional distributions and frequencies of

CGA and BCG-IR cells were observed. CGA- and BCG-IR

cells were mainly dispersed in the basal portions of gastric

and intestinal mucosa rather than surface epithelia regions

regardless of ovariectomy. CGA-IR cells were more numerously

detected in the pylorus compared to that of pylorus in both

sham (Fig. 1a~c) and OVX (Fig. 2a and b). In addition,

more numerous BCG-IR cells were detected in the pylorus

compared to that of duodenum in both sham (Fig. 3a~d) and

OVX (Fig. 4a~d). However, no CGA-IR cells were demonstrated

in the duodenum, jejunum, ileum, cecum, colon and rectum

in both sham and OVX. No BCG-IR cells were detected in

the fundus, jejunum, ileum, cecum, colon and rectum in this

study.

Quantity of CGA-IR cells: Among 1,000 parenchymal

cells, CGA-IR cells in sham were detected in the fundus and

pylorus with 4.50 ± 1.58 and 32.70 ± 10.13 cells/1,000

parenchymal cells, respectively. In OVX, CGA-IR cells

were detected with 21.60 ± 9.72 cells/1000 parenchymal

cells in the pylorus only. In the fundus and pylorus, CGA-IR

cells showed significant (p < 0.01 or p < 0.05) decrease in

OVX compared to that of sham (Fig. 5).

Quantity of BCG-IR cells: Among 1,000 parenchymal

cells, CGA-IR cells in sham were detected in the pylorus

and duodenum with 2.10 ± 1.20 and 3.20 ± 1.40 cells/1,000

parenchymal cells, respectively. In OVX, BCG-IR cells

were detected with 2.30 ± 1.25 and 2.00 ± 0.82 cells/1,000

parenchymal cells in the pylorus and duodenum, respectively.

In the duodenum, BCG-IR cells showed significant (p <

0.05) decrease in OVX compared to that of sham but similar

values are detected between sham and OVX (Fig 6).

Discussion

It is generally accepted that osteoporosis is metabolic and

hormonal disorder that is clearly related to estrogen [25,27]

and also osteoporetic patients and/or animals show quite

different feeding habits [32]. The GI endocrine cells were

generally divided into two types, one was round to spherical

shaped close type cells which were located in the stomach

regions, and the other was spherical to spindle shaped open

type cells which were situated in the intestinal regions. In

addition, the endocrine cells are regarded as the anatomical

units responsible for the production of gut hormones, and a

change in their density would reflect the change in the

capacity of producing these hormones [6]. CGs have been

found to occur in large variety of endocrine organs and cells

outside the adrenal medulla, and they have been claimed as

Fig. 1. CGA-IR cells in the fundus (a, b) and pylorus (c) of sham;
Most of CGA-IR cells were dispersed in the basal mucosa. PAP
method, a and c: ×150; b: ×300.

Fig. 2. CGA-IR cells in the pylorus (a, b) of OVX; Most of
CGA-IR cells were dispersed in the basal mucosa. PAP method,
×150.
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common “markers” of all neuroendocrine cells [3,8].

Although, the distributional patterns of these CG-IR cells in

the GI tract of Rodentia were seldom, Hawkins et al. [11]

reported that CGA-IR cells were demonstrated throughout

the whole GI tract of 7 species of laboratory animals

including mouse. However, it is also reported that single use

of CG is not suitable as a marker of endocrine cells in some

mice species because the relative frequencies of CG-IR cells

were not detected or lower than that of other types of IR

cells in case of some regions [17,20]. In addition, the

appearance of CG-IR cells was also changed by using

antisera in rat [10]. In this study, CGA-IR cells were

restricted to the fundus and pylorus of sham and to the

pylorus of OVX, and BCG-IR cells were also restricted to

the pylorus and duodenum of both groups.

In the present study, the changes of the CGA- and BCG-

IR cells in the GI tract after ovariectomy were observed by

immunohistochemical technique, the PAP method. Although,

the frequency detected in this study was lower than that of

previous study [2,10,11], CGA- and BCG-IR cells significantly

(p < 0.01 or p < 0.05) decreased in detected regions of GI

tract as results of ovariectomy under same conditions except

for duodenum in which similar values were detected between

sham and OVX. These results are well corresponded to that

of silver techniques - other endocrine markers in ovariectomized

osteoporetic rats [18,19]. It was generally accepted that the

changes of CG-IR cells were clearly related to digestive

status of animals. In colonic inertia patients, a significantly

Fig. 3. BCG-IR cells in the pylorus (a, b) and duodenum (c, d) of
sham; Most of BCG-IR cells were dispersed in the basal mucosa
of the pylorus and/or crypts of the duodenum. PAP method, a and
c: ×150; b and d: ×300.

Fig. 4. BCG-IR cells in the pylorus (a, b) and duodenum (c, d) of
OVX; Most of BCG-IR cells were dispersed in the basal mucosa
of the pylorus and/or crypts of the duodenum. , PAP method, a
and c: ×150; b and d: ×300.

Fig 5. Number of CGA-IR cells in the fundus and pylorus, and their changes after ovariectomy (OVX).
*p < 0.05 compared to that of sham.
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increase of CG-IR cells were demonstrated in colonic mucosa

[34] and they also increased in the rectum of patients with

chronic constipation [16], tumor [14], ulcerative colitis [5]

and Crohn’s disease [5]. In addition, a significantly decrease

of CG-IR cells were also observed in the abomasum of

vagotomized calf [29], patients with familial amyloidotic

polyneuropathy [7,24] and antral atrophic gastritis [15]. It

has been postulated that the changes in the GI endocrine

cells are a selective process to meet the new demands

exerted by the dramatic decrease in intestinal absorption [4]

and osteoporetic patients and/or experimental animals

shows impairment of absorption of calcium ion [13,23] and

increase of absorption of cholesterol and other lipids [21].

Therefore, the decrease of GI CG-IR cells may be responsible

for the malabsorption of calcium and lipids that occur in

patients with postmenopausal osteoporosis and these decreases

of endocrine cells are also detected with aging especially to

cells that release the hormone regulating GI motility [22].

In conclusion, ovariectomy induced severe quantitative

changes of GI CG-IR cell density, and the abnormality in

density of GI endocrine cells may contribute to the

development of gastrointestinal symptoms in osteoporosis

such as impairments of calcium and some lipids, frequently

encountered in patients with postmenopausal osteoporosis.

However, the target or individual changes of GI endocrine

cells are not clear. Therefore, elucidation of the changes of

individual GI endocrine cells using immunohistochemistry

will provide mechanisms for understanding GI disorder that

occurs in various diseases. Further detailed studies with

immunohistochemical will be needed.
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