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Abstract
Objective: This study investigated the effects of Terminalia chebula Retz. (TC) and its two processed
products Rubia cordifolia L. per Terminalia chebula Retz. (RTC) and Euphorbia �scheriana Steud per
Terminalia chebula Retz. (ETC) on the secretory activity of somatostatin cells in the small intestine in
mice.

Methods: A total of 168 twenty-day-old SPF Kunming mice were randomly divided into seven groups, i.e.,
the control (saline, 0.1 g/kg), high TC, RTC, ETC and low TC, RTC, and ETC groups, and administered
drugs for 28 days. The cellular localization and expression of SS in the small intestine were assessed by
immunohistochemistry after drug delivery for 7, 14, 21 or 28 days.

Results: The somatostatin SS protein was widely distributed in the small intestines of mice.
Immunoreactivity gradually decreased in the duodenum to the ileum. SS immunoreactivity was
signi�cantly lower in the high TC, RTC, ETC and low RTC, and ETC groups compared with the control
group after drug delivery for 28 days. The e�cacy of RTC was better than that of ETC and obviously
better than that of TC. The e�cacies of high dosages of TC and its processed products were better than
those of low dosages of the drugs. SS cells of various shapes, including cone-, spindle-, and ellipse-
shaped SS cells, were observed. A large number of SS cells were found in the intestinal gland epithelium
and intestinal lamina propria in the control group, and these cells were widely distributed in epithelial cells
in the intestinal mucosa and intestinal gland epithelium in the experimental groups.

Conclusions: This study indicates that TC and its processed products play an important role in inhibiting
the secretion of SS to different degrees. The effect of the RTC at a dosage of 4.0 g·kg–1 BW is the best.

Introduction
Terminalia chebula Retz. (TC) is known as the "king of Tibetan medicine" in Tibetan medicine and
Mongolian medicine due its various effects, i.e., its inhibitory effects on free radicals and its antitumor,
bacteriostatic, spasmolytic and detoxi�cation effects [1–2]. In recent years, many scholars have found that
Terminalia chebula Retz. (TC) extract has good preventive and therapeutic effects on gastrointestinal
diseases, implying that TC has a certain regulatory effect on digestive function. However, the effect of TC
on the digestive tract has not been su�ciently studied[1, 3]. The utilization rate of TC when applied directly
is low, and Tibetan medicine processing is usually adopted to enhance its e�cacy[4]. In this study, Rubia
cordifolia L. per Terminalia chebula Retz. (RTC) and Euphorbia �scheriana Steud per Terminalia chebula
Retz. (ETC) were obtained by the ashed method and the boiled method. RTC is a mild drug that is mostly
used for the treatment of mild illness, and its medicinal properties are mild. ETC is a strong drug that is
mostly used to treat serious diseases, and its drug properties are very strong[5].

Somatostatin (SS) cells are important endocrine cells in the digestive tract that inhibit the secretion of
many gastrointestinal hormones[6]. Extensive functional and morphological research has demonstrated
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the pivotal role of SS in the regulation of a wide variety of gastrointestinal activities[7]. In this experiment,
we selected TC as the research object and used immunohistochemistry to study the effects of RTC and
ETC to determine the in�uences of different processed products of TC on SS morphology, distribution
and secretion, broaden the clinical application and optimize the processing of these products, and
promote their development and application in the clinic.

Materials And Methods

Plant Materials
Terminalia chebula, Rubia cordifolia L. and Euphorbia �scheriana Steud were obtained from a local
supermarket in Sichuan (China) and authenticated by associate professor Fan QJ of the Department of
Pharmacy at Sichuan Agricultural University, Sichuan, China.

Preparation of Processed Products
For drug processing, improvements were made to the methods reported by Mao and colleagues[8].

Preparation of RTC: Rubia cordifolia L. was burnt to ash. TC and Rubia cordifolia L. were mixed in a 1:3
ratio with wheat wine. The mixture was heated in a pot to 75°C. Then, an appropriate amount of TC was
added, and the �re was quickly extinguished. The TC was soaked in the pot at 25°C for 1 day. On the
second day, the TC was removed and kneaded. Then, the TC was washed with distilled water 3 times and
dried at 70°C for 30 h.

Preparation of ETC: TC and Euphorbia �scheriana Steud were mixed at a ratio of 1:1, water was added at
a ratio of 1:15, the mixture was boiled for 30 min, and the liquid was extracted and preserved. The TC was
added to the solution and soaked at 25°C for 2 days. Then, the TC was placed in the abovementioned
solution, simmered until the liquid evaporated and dried at 60°C for 35 h.

Experimental animals
A total of 168 21-day-old SPF Kunming mice (obtained from Chengdu Dashuo Technology Co., Ltd.,
certi�cate no: SCXK 2008-24) were randomly divided into seven groups: the control, high TC, RTC, ETC (4
g/kg) and low TC, RTC, and ETC (1 g/kg) groups (n = 24 in each group). The mice were housed in a SPF
animal room at 23–25°C and provided a standard diet and tap water ad libitum throughout the 28-day
experimental period. The experimental groups were given prepared solutions containing different
concentrations of the drugs, while the control groups were administered an equal volume of saline by
gastric perfusion once per day. All animal procedures were approved by the Sichuan Agricultural
University Animal Care and Use Committee. Each group was given the prescribed dose by gavage, while
the blank control group was given an equal volume of saline.

Main reagents
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An SABC immunohistochemistry kit (product code: SA1020), a rabbit anti-SS polyclonal antibody
(product code: BA0124), and DAB chromogenic reagent (product code: AR1022) were purchased from
Wuhan Boster Biological Technology Co., Ltd. (China).

Immunohistochemical Staining
On the 7th, 14th, 21st and 28th days of the experiment, the rats were dissected according to the animal
dissection guidelines of Sichuan Agricultural University 1 h after the last administration. Segments of the
duodenum, jejunum and ileum (1 cm) of 6 mice from each group were taken, �xed with 4%
paraformaldehyde for 24 h, and embedded in para�n. Then, the tissues were sliced into serial sections
with a thickness of 5 µm with a Leica RM 2135 para�n slicer.

Immunohistochemical staining was performed according to the instructions of the SABC
immunohistochemistry kit. After dewaxing, the slices were washed with 0.01 mol/L phosphate buffered
saline (PBS, pH 7.4) 3 times. Then, the slices were heated in a microwave, subjected to antigen retrieval
and incubated with 3% H2O2 for 30 min. The primary antibody was a rabbit anti-SS polyclonal antibody
(1:100), and PBS was used instead of primary antibody in the negative control group. The slices were
incubated with primary antibody for 17 h at 4°C and for 30 min at 25°C. Then, they were washed with
PBS 3 times. The slices were incubated with secondary antibody (biotinylated goat anti-rabbit IgG, 1:100)
for 30 min, washed with PBS 3 times, and developed with diaminobenzidine. The slices were
counterstained with hematoxylin, dehydrated, and mounted.

Observations and Statistical Analysis
The stained slices were observed under an Olympus BH-2 microscope. A total of 10 �elds (400X) from
each tissue section were randomly selected for cell counting. The integrated optical density (IOD) and
mean gray value of SS staining in each �eld (400X) were measured with a Jiangsu JETDA801
morphological image analysis system.

The cell density data are expressed as the mean ± standard deviation. Duncan’s multiple comparison
method and t tests were performed in this study (P < 0.05 indicates a signi�cant difference). SPSS 20.0
software was used for statistical analysis of biological data.

Results

TC and its processed products reduced the number of SS
cells in the intestinal glands and lamina propria
The results showed that SS cells were distributed in duodenal, jejunal, and ileal segments (Fig. 1a ~ f).
The number of SS cells in each intestinal segment was decreased in the drug-treated groups compared
with the control group (Table 1). In the duodenum and jejunum, SS cells were mainly located between the
intestinal mucosal epithelial cells and the intestinal glandular epithelium, but fewer cells were observed in
the intestinal lamina propria (Fig. 1a ~ d). In the ileum, SS cells were mostly distributed in the intestinal
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glandular epithelium and lamina propria, and only a small number of them were distributed among
epithelial cells in the intestinal mucosa (Fig. 1e ~ f). In the control group, SS cells were mainly distributed
in the duodenal glandular epithelium, the intestinal glandular epithelium of jejunum and ileum, and the
intestinal intrinsic membrane. In the drug administration groups, SS cells were mostly distributed among
intestinal mucosal epithelial cells, and a few were distributed in the lamina propria. After drug
administration, the secretion of SS in the small intestinal glands and the intrinsic membrane of the
duodenum and jejunum was reduced in both the high and low RTC groups. Moreover, the secretion of SS
in the ileal glandular epithelium in the high ETC group was decreased (Fig. 1).
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Table 1
SS cell number in the small intestine (n/0.064 mm2)

  day Control
group

high

TC
group

LOW

TC
group

high RTC
group

LOW

RTC
group

high ETC
group

LOW

ETC
group

duodenum 7 5.52 ± 
1.00

4.78 ± 
1.02

5.12 ± 
1.08

4.01 ± 
1.10**

3.88 ± 
2.01**

4.28 ± 
1.99**

4.63 ± 
0.94*

14 7.46 ± 
1.05

6.25 ± 
1.01**

6.54 ± 
1.04*

5.23 ± 
1.01**

5.30 ± 
2.00**

5.47 ± 
1.10**

5.97 ± 
0.84**

21 8.55 ± 
1.06

7.41 ± 
0.50**

7.64 ± 
1.02*

5.66 ± 
0.80**

6.02 ± 
1.30**

6.19 ± 
0.96**

7.05 ± 
0.80**

28 9.91 ± 
1.11

8.04 ± 
0.40**

8.67 ± 
0.20**

6.20 ± 
0.20**

6.60 ± 
0.10**

7.06 ± 
0.84**

7.69 ± 
1.03**

jejunum 7 4.78 ± 
1.10

3.18 ± 
0.73**

3.83 ± 
2.02

2.39 ± 
1.05**

2.80 ± 
0.52**

2.81 ± 
2.20**

4.90 ± 
1.12**

14 6.19 ± 
1.10

4.36 ± 
0.61**

4.57 ± 
0.35**

3.23 ± 
0.93**

3.67 ± 
0.47**

3.82 ± 
0.73**

4.24 ± 
1.25**

21 7.10 ± 
2.01

5.14 ± 
0.40**

5.94 ± 
0.73**

3.77 ± 
0.78**

4.49 ± 
1.18

4.62 ± 
0.73**

4.81 ± 
1.38**

28 7.92 ± 
1.03

5.85 ± 
0.32**

6.62 ± 
0.25**

4.26 ± 
0.30**

4.98 ± 
0.52**

5.18 ± 
0.64**

5.63 ± 
0.39**

ileum 7 3.13 ± 
1.02

2.45 ± 
0.48*

2.78 ± 
0.69

1.87 ± 
0.94**

2.03 ± 
0.41**

2.14 ± 
0.38**

2.27 ± 
0.93**

14 4.12 ± 
0.91

3.22 ± 
0.59**

3.55 ± 
0.48

2.47 ± 
0.98**

2.61 ± 
0.43**

2.82 ± 
0.36**

3.23 ± 
0.95**

21 4.95 ± 
1.03

3.84 ± 
0.61**

4.45 ± 
0.43

2.91 ± 
1.08**

3.19 ± 
1.43**

3.22 ± 
0.56**

3.63 ± 
0.86**

28 5.77 ± 
1.09

4.24 ± 
0.30**

5.03 ± 
0.37**

3.17 ± 
1.00**

3.82 ± 
1.39**

3.80 ± 
0.58**

4.23 ± 
0.55**

Notes: The data are presented as the means ± standard deviations (n = 24). * indicates a signi�cant
difference between the control group and the experimental group (P < 0.05); ** indicates an extremely
signi�cant difference between the control group and the experimental group (P < 0.01).

 

TC and its processed products reduced the SS immune
response in the small intestine
Figure 2 shows that TC and its processed products had a decreasing effect on the IOD of SS
immunoreactivity in endocrine cells in the small intestine, and the decreasing effect gradually increased
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with prolongation of drug administration. After 7 days of administration, the IOD of SS immunoreactivity
in the small intestine in the low and high RTC groups was signi�cantly decreased (p < 0.01). After 7 and
14 days of administration, the IOD of SS immunoreactivity in the small intestine in the high and low ETC
groups was signi�cantly decreased (P < 0.01). The IOD of SS immunoreactivity in the small intestine in
the high and low TC groups was also signi�cantly decreased (P < 0.01). After 14 days of administration,
the IOD of SS immunoreactivity in the small intestine in the high RTC group was signi�cantly lower than
that in the low TC group (P < 0.01). After 21 days of administration, the IOD of SS immunoreactivity was
signi�cantly lower in the high RTC group than in the high TC group (P < 0.01). Moreover, the IOD of SS
immunoreactivity in the low RTC group was signi�cantly lower than that in the low TC group (P < 0.01).
The IOD of SS immunoreactivity in the small intestine in the high ETC group was signi�cantly lower than
that in the low TC group (P < 0.01). After 28 days of administration, the IOD of SS immunoreactivity in the
small intestine in the high RTC group was signi�cantly lower than that in both the high and low ETC
groups (P < 0.01) and signi�cantly lower than that in the high TC group (P < 0.01 or 0.01 < P < 0.05).
Furthermore, compared with that in the low TC group, the IOD of SS immunoreactivity in the small
intestine in the low ETC group was signi�cantly decreased (P < 0.01).

The IOD of SS immunoreactivity in the small intestine in the high TC group was signi�cantly lower than
that in the low TC group (P < 0.01 or 0.01 < P < 0.05). After 14, 21 and 28 days of administration, the
effects of high doses of Terminalia chebula and its processed products on the IOD of SS
immunoreactivity in the small intestine were signi�cantly stronger than those of low doses of these
drugs.

The results of grayscale analysis (Fig. 3) showed that TC and its processed products had an increasing
effect on the average grayscale value of SS immunoreactivity in endocrine cells in each segment of the
small intestine and that the increasing effect was gradually enhanced with prolongation of drug
administration. After 7 days of administration, the gray value of SS immunoreactivity in the small
intestine in the high and low RTC groups was signi�cantly increased (P < 0.01). The gray values of SS
immunoreactivity in the small intestine in the high and low ETC groups were signi�cantly increased after
21 and 28 days of administration (p < 0.01). The gray value of SS immunoreactivity in each segment of
the small intestine in the high TC group was signi�cantly increased after 28 days of administration (P < 
0.05). The gray value in the SS immunoreactivity in the small intestine in the high RTC group was
signi�cantly higher than that in the low TC group after 7 days of administration (P < 0.01). After 14 days
of administration, the gray value of SS immunoreactivity was signi�cantly higher in the high RTC group
than in the high TC group (P < 0.01). After 21 days of administration, the gray value of SS
immunoreactivity was signi�cantly higher in the high RTC group than the low ETC group (P < 0.01). After
28 days of administration, the gray value of SS immunoreactivity was signi�cantly higher in the high RTC
group that in the high ETC group (P < 0.01 or 0.01 < P < 0.05). The gray value of SS immunoreactivity in
the small intestine in the low RTC group was signi�cantly higher than that in the low TC group after 7
days of administration (P < 0.01). After 28 days of administration, the gray value of SS immunoreactivity
was signi�cantly higher in the low RTC group than in the high TC group (P < 0.01). After 28 days of
administration, compared with those in the low TC group, the gray values of SS immunoreactivity in each
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segment of the small intestine in the high and low ETC groups were signi�cantly increased (P < 0.01).
Compared with that in the low TC group, the gray value of SS immunoreactivity in the small intestine in
the high TC group was signi�cantly increased after 28 days of administration (P < 0.01 or 0.01 < P < 0.05).
Overall, after 7, 14, 21 and 28 days of administration, the effects of high doses of TC and its processed
products on the gray value of SS immunoreactivity in the small intestine were signi�cantly stronger than
those of the low doses of these drugs.

Discussion

Effects of TC and its processed products on SS
immunoreactivity in the small intestine
Somatostatin is a neuropeptide and a key regulator of the growth axis[9]. It is widely distributed in many
tissues and organs of many animals, especially in the gastrointestinal tract and pancreas[10]. The effect
of somatostatin on the gastrointestinal tract is complex; it inhibits the exocrine function of the stomach,
pancreas and bile, decreases motility and in�uences absorption. Furthermore, SS inhibits the release of
gastrointestinal hormones, resulting in alterations in the secretion of gastrointestinal hormones related to
the digestive and absorption functions of the gastrointestinal tract[11]. In mice, somatostatin receptor
subtype 1 (SSTR1) modulates the basal inhibition of growth hormone release [12]. SSTR2 plays an
important role in the physiological function of the gastrointestinal tract [13]. In the present experiment, we
found that the number of SS cells in the small intestines of mice increased with the prolongation of drug
administration. This is consistent with the results of Zhang Sujuan [14], who showed that the number of
somatostatin-immunoreactive cells in the gastrointestinal tracts of mice during early postnatal
development increased signi�cantly with age. SS can inhibit many kinds of gastrointestinal hormones
and enzymes and gastrointestinal motility. It is widely distributed in the small intestines of mice, but its
density is low, which is bene�cial for the release of other gastrointestinal hormones in the small intestine,
especially 5-HT. In addition, it can balance the content of 5-HT.

After 7 days of administration, there was no signi�cant difference in SS immunoreactivity. After 14 days
of administration, with the prolongation of drug administration, the difference in SS immunoreactivity
between each group and the control group was increased, which may have been related to changes in the
drug concentration of TC and its processed products in the blood. Immunoreactivity in the high dose-
treated group was signi�cantly higher than that in the low dose-treated group after the same duration of
administration, indicating that the effects of TC and its processed products on SS show a certain dose-
effect relationship. If the dose is too small and the administration time is short, the regulatory effect is
not obvious. The immunoreactivity of SS in the small intestines of mice in the RTC groups was lower
than that in the ETC groups after the same period of administration, which indirectly indicated that RTC
had a stronger inhibitory effect on the secretion of SS than ETC. After 28 days of administration, the
immunoreactivity of SS in the small intestine in each treatment group was reduced to different degrees
compared with that in the control group. We speculated that TC and its processed products could
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signi�cantly inhibit the secretion of SS in the small intestines of mice, and the high dose of RTC (4 g/kg)
had the most signi�cant effect. We speculated that after being processed by Rubia cordifolia L. and
Euphorbia �scheriana Steud., the medicinal effect of TC was enhanced and that the secretion of SS cells
was inhibited to different degrees. This may have been because Rubia cordifolia L. and Euphorbia
�scheriana Steud changed the contents of some active components in TC, such as tannins and
polyphenols, or because the processed products interacted with each other to form new components.

Effects of TC and its processed products on the distribution
and function of SS in the small intestine
A large number of studies have shown that SS-IR cells not only regulate endocrine function but also
regulate digestive function by external secretion[15–16]. Some scholars have found that there are
substances expressed in the processes of SS-IR cells that contact adjacent cells, suggesting that SS-IR
cells have local paracrine regulatory function[17]. In this experiment, we found that the number of SS-IR
cells in each intestinal segment in the administration group was decreased compared with that in the
control group. Therefore, it was speculated that RTC and ETC have a certain inhibitory effect on the SS
endocrine pathway. A few spindle-shaped SS cells were distributed in the lamina propria, and their
processes pointed to the surrounding capillaries. In addition, some SS cells were cone-shaped or oval-
shaped and distributed among intestinal epithelial cells, and their processes pointed toward the lamina
propria. This provided a morphological basis for SS secretion and entry of SS into the blood circulation
through the lamina propria. We also found cone-shaped or spindle-shaped SS cells, which were located
between intestinal mucosal epithelial cells in many places in the small intestine, with processes that
extended into the digestive cavity or acinar cavity. This provided possible morphological evidence for the
exocrine function of SS. However, there was no signi�cant difference in SS cell density between the
control group and the administration group, indicating that drug administration had little effect on the SS
exocrine pathway.

Conclusions
In this experiment, we studied the effect of TC and its processed products on the secretion and
distribution of somatostatin in the small intestines of mice, which was �rst reported in China. The results
showed that two processed products of TC had different inhibitory effects on the secretion and release of
somatostatin in the small intestine and that the e�cacies both of the processed products were enhanced
compared to that of TC to different degrees. Therefore, processed products of TC have great potential
development and application prospects. Further analysis of the pharmacodynamic mechanism of
processed products of TC is the main future research direction related to TC.
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Abbreviations

TC Terminalia chebula Retz.

RTC Rubia cordifolia L.-processed Terminalia chebula Retz.

ETC Euphorbia �scheriana Steud per Terminalia chebula Retz.

SS somatostatin

g/kg gram/kilogram

g·kg–1 BW gram·kilogram–1 body weight

°C Celsius

h hour

min minute

Fig. Figure
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Figures

Figure 1

The SS cell local and morphology in the small intestines of each group (400×). a~b: SS cells in the
duodenum in the control group and the low RCT group at 28 days; c~d: SS cells in the jejunum in the
control group and the high RCT group at 14 days; e~f: SS cells in the ileum in the control group and the
high ECT group at 21 days.
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Figure 2

IOD of SS-IR cells in the small intestines. Note: In each histogram, small letters indicate a signi�cant
difference between the groups (P < 0.05), and capital letters indicate an extremely signi�cant difference
between the groups (P < 0.01) in the same segment of the intestine for the same drug.



Page 14/14

Figure 3

The gray value of SS-IR cells in the small intestines. Note: Same as in Fig. 2.


