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Abstract

AIM: To investigate the effect of a Chinese medicine,
Kaiyu Qingwei Jianji (KYQWJJ) used for diabetic
treatment, on the morphometry and residual strain
distribution of the small intestine in streptozotocin (STZ)
-induced diabetic rats. Correlation analysis was also
performed between the opening angle and residual
strain with the blood glucose level.

METHODS: Forty-two male Wistar rats weighing
220-240 g were included in this study. Thirty-two STZ-
induced diabetic rats were subdivided into four groups
(7 = 8 in each group), i.e. diabetic control group (DM);
high dose of KYQW3]J (T1, 36g/kg per day); low dose
of KYQWIJ (T2, 17 g/kg per day) and Gliclazide (T3,
50 mg/kg per day). Another ten rats were used as non-
diabetic control (CON). The medicines were poured
directly into stomach lumen by gastric lavage twice daily.
The rats of CON and DM groups were only poured the
physiological saline. Blood glucose and plasma insulin
levels were measured. Experimental period was 35 d.
At the end of experiment, three 5-cm long segments
were harvested from the duodenum, jejunum and
ileum. Three rings of 1-2 mm in length for no-load and
zero-stress state tests were cut from the middle of
different segments. The morphometric data, such as
the circumferential length, the wall thickness and the
opening angle were measured from the digitized images
of intestinal segments in the no-load state and zero-
stress state. The residual strain was computed from the
morphometry data. Furthermore, the linear regression

analysis was performed between blood glucose level with
morphometric and biomechanical data in the different
intestinal segments.

RESULTS: The blood glucose level of DM group was
consistent 4-fold to 5-fold higher than those in CON
group during the experiment (16.89 + 1.11 vs 3.44 %
0.15 mmol/L, P < 0.001). The blood glucose level in the
T1 (16.89 + 1.11 vs 11.08 + 2.67 mmol/L, P < 0.01)
and T3 groups (16.89 + 1.11 vs 13.54 = 1.73 mmol/L, P
< 0.05), but not in T2 group (P > 0.05) was significantly
lower than those in DM group. The plasma insulin
levels of DM, T1, T2 and T3 groups were significantly
lower than those in CON group (10.98 + 1.02, 12.52 +
1.42,13.54 + 1.56,10.96 + 0.96 vs 17.84 £+ 2.34 pmol/L
respectively, P < 0.05), but no significantly difference
among the groups with exception of CON group. The
wet weight/cm and total wall thickness of duodenum,
jejunum and ileum in DM group were significantly higher
than those in CON group (wet weight (g/cm): duodenum
0.209 + 0.012 vs 0.166 * 0.010, jejunum 0.149 + 0.008
vs 0.121 + 0.004, ileum 0.134 £ 0.013 vs 0.112 £
0.007; Wall thickness (mm): duodenum 0.849 + 0.027
vs 0.710 £ 0.026, jejunum 0.7259 + 0.034 vs 0.627 +
0.025, ileum 0.532 + 0.023 vs 0.470 + 0.010, all P <
0.05), T1 and T3 treatment could partly restore change
of wall thickness, but T2 could not. The opening angle
and absolute value of inner and outer residual stain
were significantly smaller in duodenal segment (188 %
11 degrees, -0.31 + 0.02 and 0.35 + 0.03 vs 259 = 15
degrees, -0.40 = 0.02 and 0.43 £ 0.05) and larger in
jejunal (215 + 20 degrees, -0.30 £+ 0.03 and 0.36 + 0.06
vs 172 = 19 degrees, -0.25 + 0.02 and 0.27 = 0.02)
and ileal segments (183 + 20 degrees, -0.28 + 0.01 and
0.34 £ 0.05 vs 153 £ 14 degrees, -0.23 £ 0.03 and 0.29
= 0.04) in DM group than in CON group (P < 0.01). T1
and T3 treatment could partly restore this biomechanical
alteration, but strong effect was found in T1 treatment
(duodenum 243 + 14 degrees, -0.36 = 0.02 and 0.42 +
0.06, jejunum 180 % 15 degrees, -0.26 + 0.03 and 0.30
= 0.06 and ileum 163 £ 17 degrees, -0.23 £ 0.03 and
0.30 = 0.05, compared with DM, P < 0.05). The linear
association was found between the glucose level with
most morphometric and biomechanical data.

CONCLUSION: KYQWJJ (high dose) treatment could
partly restore the changes of blood glucose level and the
remodeling of morphometry and residual strain of small
intestine in diabetic rats. The linear regression analysis
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demonstrated that the effect of KYQWIJ on intestinal
opening angle and residual strain is partially through its
effect on the blood glucose level.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Dysfunction of upper gastrointestinal tract (GI) is
common among diabetic patientsm. As many as 75%
of patients visiting diabetes clinics report significant GI
Symptomsm]. Common complaints include dysphagia,
early satiety, reflux, abdominal pain, nausea, vomiting,
and diarrhea™. As with other complications of diabetes,
the duration of the disorder and poor glycemic control
seem to be associated with more severe GI problemsmj.
Histologically, many experiments have demonstrated
prominent proliferation of GI wall layers, especially
mucosa in the small intestine and esophagus of
diabetes”. Many studies have shown that DM causes
morphological changes and biomechanical remodeling
in the esophaguslw’]”, stomach™ and small intestine!™'".
Recently, Frokjer et al in a human study found an increase
in esophageal wall thickness and altered deformation to
the distension with reduced longitudinal shortening and
the radial stretch in insulin dependent diabetes mellitus
(IDDM) patients (unpublished data). The biomechanical
remodeling of the GI tract likely plays an important
role in the GI disorder of diabetic patientsm. Therefore,
it is important to study the biomechanical properties
of the small intestine in diabetic animals. Remodeling
of the structural and biomechanical properties can be
measured as changes in the residual strain and stress-strain
distributions. Residual strain is defined as the strain in the
no-load state (where external forces are zero) in reference
to the zero-stress state.

To the best of our knowledge, only few studies related
to the residual strain in diabetic small intestine have
been studied". Previously we have demonstrated that
gliclazide treatment could partially restore the changes of
biomechanical parameters of small intestine in the diabetic
rats'”. Regarding the Kaiyu Qingwei Jianji (KYQW]JJ),
several previous studies have demonstrated that it could
decrease blood glucose level, decrease blood lipid level,
increase sensitivity of insulin and decrease resistance
of insulin""". However, no study has been performed
about the effect of KYQW]J on the morphometric and
biomechanical properties of small intestine in diabetes.
Therefore, the goal of the present study was to investigate
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the effect of KYQW]J on the remodeling of the zero-
stress state of the small intestine. The gliclazide is serving
as positive control in the present study.

MATERIALS AND METHODS

Animal model and groups

Fifty male Wistar rats weighing 220-240 ¢ were included
in this study. Forty rats were made diabetic by a single
intraperitoneal injection of 60 mg/kg streptozotocin (STZ,
Sigma Company). This dose resulted in a fasting serum
glucose level greater than 11.1 mmoL/L in 80% of rats
after 4 d of injection; the remaining 20% were finally not
used in this study. Another 10 rats of similar age and body
weight from the same vendor were used as non-diabetic
control (CON). Thirty-two diabetic rats were subdivided
into four groups (# = 8 in each group), i.e. diabetes
mellitus control group (DM); high dose of KYQW]J (T1);
low dose of KYQW]J (T2) and Gliclazide (T3).

Drugs and administration methods

KYQW]J was composed of Radix Bupleuri, Radix et
Rhizoma Rhei, Rhizoma Pinelliae and Rhizoma Coptidis,
and provided by China-Japan Friendship Hospital.
Gliclazide was purchased from Hua Ju pharmaceutical
factory (Tanjun, China). The medicines were injected
directly into stomach lumen by gastric lavage twice daily
and the dosage was 36 g/kg for T1, 17 g/kg for T2 and
50 mg/kg for T3 respectively. The rats of CON and DM

groups were only poured the physiological saline.

Experimental procedures

Weight and blood glucose levels were measured 5 d, three
weeks and five weeks after initiating the experiment. The
plasma insulin level was measured when the experiment
finished. Experimental period was 35 d.

After 35 d, the animals were anesthetized with sodium
pentobarbital (50 mg/kg ip). Following laparatomy, the
calcium antagonist, papaverine (60 mg/kg) was injected
into the lower thoracic aorta through a cannula (22
G/25 mm) in order to abolish contractile activity in the
GI tract. After obtaining smooth muscle relaxation, the
whole small intestine was harvested. The most proximal
segment was close to the pylorus whereas the most distal
segment was close to the ileo-cacal valve. The length of
duodenum and whole jejunum and ileum in vitro was
measured. Within a short time, the residual contents in
the lumen were gently cleared using saline and the wet
weight of duodenum, jejunum and ileum was measured.
Three 6 cm-long segments from duodenum, jejunum and
ileum were harvested. The duodenum was taken from the
descending part, 1 cm down the pylorus; the jejunum from
5 cm distal to the ligament of Treitz, and the ileum from
5 cm proximal to the ileo-cecal valve. Then the segments
were placed immediately into cold aerated Krebs solution
containing 6% dextran. Three rings, 1-2 mm in length,
were cut from the middle part of each segment for no-load
and zero-stress state tests. The rings were photographed
in the no-load state using a video camera (SONY CCD
Camera, Japan) and then cut radially on the anti-mesenteric
side to obtain their zero-stress state. A 60-min-period
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Figure 1 The blood glucose levels in different groups, compared with DM group
(P <0.01).

was allowed for equilibration and the specimens were
photographed again. The selection of this time period was
based on pilot experiments.

Data analysis
The morphometric data were obtained from the digitalized
images of the photographs of the segments in the zero-
stress and no-load states. Measurements were done using
SigmaScan software (Jandel Scientific, Germany). The
following data were measured from each specimen: the
circumferential length (C), the wall thickness (h), and the
opening angle at the zero-stress state. The subscripts i, o,
n, and z refer to the inner (mucosal) surface, outer (serosal)
surface, no-load state and zero-stress state condition. The
data from triplet of rings were averaged before further
analysis.

The measured data was used for computation of
residual strains defined as:

Residual Green’s strain at the mucosal surface:

C

( i-n )2 _1
Cifz
e, =——= —
2 M
Residual Green’s strain at the serosal surface:
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—ony2 |
( C )
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Thus, from the circumferential lengths at the no-load
and zero-stress state, we can compute the circumferential
residual strain, at the mucosal and serosal surfaces in the
sense of Green strain. Green strain is used when large
deformations are encountered as in this study. Negative
strain implies that the tissue is in compression whereas
positive strain implies extension.

The association between the glucose level with
opening angle and residual strain in different groups with
referenced to the DM group were performed using the
linear regression analysis.

Statistical analysis
The data were representative of a normal distribution
and accordingly the results were expressed as mean £ SD

Different groups

Figure 2 The serum insulin levels in different groups, compared with DM group
(P <0.05).

unless otherwise stated. Analysis of variance was used to
detect difference among the different groups (Sigmastat
2.0TM). Linear regression analysis was used to demonstrate
possible association between the blood glucose levels and
opening angle and residual strain (Sigmastat 2.0TM). The
results were regarded as significant when P < 0.05.

RESULTS

The blood glucose and plasma insulin level

The changes of the blood glucose level during the
development of diabetes are shown in Figure 1. The blood
glucose level of DM group was consistent 4-fold to 5-fold
higher than those in CON group during the experiment (I
=19.4, P < 0.001). Compared with DM group, significant
lower of blood glucose level was found in the T1 and T3
groups (F'=16.1, P < 0.01 and = 5.8, P < 0.05), but not
in T2 group (FF = 0.8, P > 0.05). The plasma insulin level
was shown in Figure 2. The plasma insulin levels of DM,
T1, T2 and T3 groups were significantly lower than those
in CON group (P < 0.05), but no significantly difference
was found among the groups with exception of CON
group (P> 0.05).

The intestinal weight and wall thickness (Figures 3 and 4)
The wet weight per centimeter and the wall thickness were
increased during diabetes in the duodenum, jejunum and
ileum (P < 0.01). After treatment with T1, T2 and T3, the
wet weight per centimeter of different segments did not
change significantly. However, T1 and T3 partly inhibited
the wall thickness increase, in which the effect of T1 was
stronger (P < 0.05).

Biomechanical data

The opening angles and residual strains of the different
intestinal segments were shown in Figures 5 and 6. In
brief, the opening angles and absolute value of residual
strain were smaller in duodenum and larger in jejunum
and ileum in the DM group when compared to those in
CON group (P < 0.01). T1 and T3 treatment could partly
restore this biomechanical alteration, in which the effect
of T1 was stronger (P < 0.05). No significant effect in T2
treatment was found.
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Figure 3 The intestinal wet weight of different segments per centimeter long in
different groups, compared with DM group (°P < 0.01).
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Figure 5 The opening angles of different intestinal segments in different groups,
compared with DM group (°P < 0.05; °P < 0.01).

Association between blood glucose level with morpho-
metric and biomechanical data

Linear regression analysis indicated that the linear
association existed between blood glucose level with most
morphometric and biomechanical data (Table 1). The
examples of association between the glucose with opening
angle and inner residual strain in duodenal segment were
shown in the Figure 7. The high linear association existed
between blood glucose level with opening angle (» = 0.657,
P < 0.001, Figure 7A) and inner residual strain (» = 0.653,
P < 0.001, Figure 7B).

DISCUSSION

Studies of the gut in the streptozotocin model of diabetes
have almost entirely involved use of the rat. The form
of diabetes mellitus induced by parenteral streptozotocin
administration in rats is insulin-dependent (type I).
Without treatment with insulin, STZ-induced diabetic rats
become hyperglycaemic, polyphagic, polidipsic, poliuric
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Figure 4 The intestinal wall thickness of different segments in different groups,
compared with DM group (°P < 0.05; °P < 0.01).
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Figure 6 The inner (A) and outer (B) residual strain distribution of different
intestinal segments in different groups, compared with DM group (°P < 0.05;
°P <0.01).

and undernourished. In our studies, the blood glucose
level was 4-5 times higher in diabetic rats than in non-
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Figure 7 The examples of association between the glucose with opening angle (A) and inner residual strain (B) in duodenal segment.

diabetic rats. The major findings in our studies were that
the opening angle and residual strain were smaller in the
duodenum and larger in the jejunum and ileum in diabetic
rats compared to normal rats. After gliclazide and high
dose KYQW]J treatment, these biomechanical parameters
trend to back to normal state. Furthermore, we confirmed
previous data that the intestinal weight per-unit length
prominently increased in the diabetic rats M gliclazide
and high dose KYQW]]J treatment can partly reverse
the remodeling of intestine. High dose KYQW]J seems
better than gliclazide to reverse the morphometric and
biomechanical remodeling of intestine in STZ -induced
diabetic rats.

The small intestine is the longest section of the
digestive tract and consists of three segments, namely the
duodenum, jejunum and ileum, forming a passage from
the pylorus to the large intestine. The main functions of
the small intestine can be roughly divided into transport,
absorption and secretion. The movement of luminal
contents is facilitated by changes in the geometry of the
wall and lumen due to the motility. It is well known that
a bolus propelled in front of a peristaltic contraction
distends the gut wall', Therefore, it is important to know
the passive mechanical wall properties devoid of any
neurohumoral regulatory mechanisms. The biomechanical
properties of the small intestine depend on its structure.
Because significant structural remodeling of the intestine is
occurred in the diabetes””'”, therefore, the biomechanical
properties of the small intestine may be also changed.
To our understanding of knowledge, we consider the
zero-stress state and residual strain as the most relevant

quantitative aspect of remodeling because it is a measure
of the non-uniformity of growth or resorption in different
parts of the intestinal wall. Furthermore, the structural
components of the intestinal wall must be measured at the
zero-stress state because in this state the morphology and
sizes of the cells and extracellular matrix are not distorted
by stress and strain. In our present experiment, during the
development of diabetes, the opening angles and absolute
value of residual strains were decreased in the duodenum
and increased in the jejunum and ileum when compared to
those in the controls. High dose KYQW]J and Gliclazide
treatment partly restored this biomechanical alteration,
the effect of the former is stronger. In the previous study
we have discussed the possible mechanism of effect
of Gliclazide on the diabetic intestinal remodeling"”.
Regarding the KYQW]]J, several previous studies have
demonstrated that it could decrease blood glucose level,
decrease blood lipid level, increase sensitivity of insulin
and decrease resistance of insulin'*"®. We confirmed in
the present study that KYQW]]J could decrease blood
glucose level in the diabetic rats. The linear regression
analysis demonstrated that the linear association existed
between blood glucose level with most morphometric and
biomechanical data. Therefore, the effect of KYQW]]
on intestinal opening angle and residual strain is partially
through its effect on the blood glucose level. These seem
to be the part mechanism for the effect of KYQW]J on
the diabetic intestinal remodeling. However, regarding
more detail mechanisms of effect of KYQW]J on the
diabetic intestinal remodeling, further studies should be
done.
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The changes in the opening angle of intestine during
the development of diabetes shown in this study suggest
that the morphological and biomechanical remodeling of
different layers are an important determinant of growth
and remodeling of the zero-stress state. Fung’s hypothesis
of non-uniform remodeling suggested that if the inner
wall grows more than the outer wall, the opening angle
will increase; whereas if the outer wall grows more than
the inner wall, the opening angle will decrease™. In this
experiment, since the changes in jejunum and ileum
primarily are in the mucosa layers, the inner wall grows
more than the outer wall and hence the opening angle
increased. Correspondingly, the outer residual strain
became more tensile whereas the inner residual strain
became more compressive in these two segments. But in
the duodenal segment, the opening angle and absolute
value of residual strain were decreased during the diabetes.
We have demonstrated that the all layers of duodenum
increased after experimental diabetes and the wall became
stiffer!", at this condition the biomechanical properties
of layers may determine the remodeling of the zero-stress
state. Because the wall becomes stiffer, the opening angle
may become smaller.

The GI wall structure or deformation changes in the
diabetes may alter the relative positions of the mechano-
sensitive afferents (zero setting of the mechanosensitive
afferents)””’. The biomechanical remo-deling in the
diabetes such as alterations of residual strain and stress
distribution” and increase the wall stiffness'™'" will alter
the tension and stress distribution of the mechanosensitive
P22 " As results, the perception and motility of
the GI tract will change as well. Hence, the morphological
changes and biomechanical remodeling of GI tract in the
diabetes is likely to affect the function of mechanosensitive
afferents in the GI wall and further affect the motor and
sensory function. After KYQW]]J treatment, the structural
remodeling of different segments was partly improved,
accordingly the biomechanical remodeling of these
segments was partly reversed. Therefore, the KYQW]J
should have the effect to improve motor and sensory

afferents

dysfunction of diabetic small intestine.

In conclusion, Chinese medicine of KYQW]J treat-
ment could partly restore the changes of blood glucose
and insulin levels and remodeling of morphometry and
residual strain of small intestine in STZ-induced diabetic
rats. The linear regression analysis demonstrated that
the effect of KYQW]J on intestinal opening angle and
residual strain is partially through its effect on the blood
glucose level. Therefore, it is possible to develop some
Chinese herbs, such as KYQW]]J, to improve the intestinal
dysfunction and further may be applicable in the clinics.
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