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ABSTRACT

Aim/Background: \We investigated the composition and structure of
intracellular polysaccharides in cucumber seeds (CSs) and their effect
on Sprague-Dawley (SD) rats and potential activity for fracture healing.
Materials and Methods: Polysaccharides are its main watersoluble active
ingredient. The SD rat tibia fracture model was established by surgical
method, and the healing effect of cucumber seed polysaccharides (CSPs)
on SD rat tibia fracture was preliminarily explored. Through histopathological
observation, determination of rat serum indicators alkaline phosphatase (AKP),
acid phosphatase (ACP), BGP Xray imaging observation, and
micro-Computed Tomography (CT) imaging observation at different periods.
Results and Conclusion: The results showed that CSP enhanced the activity
of osteoblasts, increased the metabolic rate of osteoclasts, increased the
secretion of AKP BGP, and ACP, shortened the fracture healing time of SD rats
and effectively promoted the healing of tibial fractures in SD rats.

Key words: Cucumber seeds, extraction of polysaccharides, fracture
healing, polysaccharides, SD rats

SUMMARY

e The results showed that CSP enhanced.

e CSP has a great potential in promoting fracture healing in SD rats.The activity
of osteoblasts, increased the metabolic rate of osteoclasts,increased the
secretion of AKP BGP, and ACE shortened the fracture healing time of SD
rats and effectively promoted the healing of tibial fractures in SD rats.

Abbreviations used: CS: Cucumber seed; CSP: Cucumber
seeds polysaccharide; DDP: Dieda Pill; AKP: Alkaline phosphatase;
ACP: Acid phosphatase; BGP: Osteocalcin; BV: Bone volume; TV: Total volume.

INTRODUCTION

A fracture is a complete or partial break in the continuity of the bone
structure. It is more common in children and the elderly, and it also occurs
in young and middle-aged people."! With the increase in global ageing,
the incidence of fractures is on the rise with the increase of fractures.
Fracture healing is a complex physiological process with the formation
of local hematoma and local inflammation.”’ The healing process
involves the proliferation, differentiation and matrix mineralization of
osteoblasts. Traditional Chinese Medicine (TCM) promotes fracture
healing by controlling inflammation, promoting blood circulation, and
stimulating bone regeneration.”’ Some TCMs have shown therapeutic
effects on fracture healing in clinical and animal studies, to some extent,
it is reasonable to assume that some TCMs influence the process of bone
metabolism and bone formation.? Cucumber seed (CS) mainly contain
sugars and glycosides, triterpenes, phytosterols, fatty acids, amino acids,
and other components.*® Furthermore, CSs are often used for fractures,
tendon injuries, rheumatic arthralgia, fatigue and cough, and CS is the
dried riped seeds of Cucumis satiuus L., a medicinal and food homologous
plant of the Cucumber family, also known as Halisu. In summer and
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autumn, CS was obtained by drying. It is sweet in taste, flat in nature, and
belongs to the liver and lung meridians. The chemical components in CS
mainly contained polysaccharides, glycosides, amino acids, phytosterols,
triterpenes, fatty acids, and other chemical components.” There are
many studies on the small molecular components in CS, however, there is
almost no research on its macromolecular polysaccharides. Furthermore,
in this paper extracted cucumber seed polysaccharide (CSP) from CS,
and preliminarily studied the effect of CSP in promoting fracture healing
in SD rats. Further deepen the understanding of the pharmacological
effects of the traditional Chinese medicine CSP, to provide a reference

This is an open access journal, and articles are distributed under the terms of the
Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which
allows others to remix, tweak, and build upon the work non-commercially, as long as
appropriate credit is given and the new creations are licensed under the identical terms.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

Cite this article as: Zhang Z, Zeng Y, Peng D, Xing N, Bai H, Li Y, et al. Fracture
healing in SD rats' bioactivities of cucumber seed polysaccharides. Phcog Mag
2022;18:738-45.

© 2022 Pharmacognosy Magazine | Published by Wolters Kluwer - Medknow



ZHIHONG ZHANG, et al.: Promoting Fracture Healing in SD Rats

for the rational development and utilization of the active polysaccharide
in CS.

MATERIALS AND METHODS

Plant materials and reagents

Dried CS was purchased from the Hebei Anguo Medicinal Materials
Market in 2019 and was identified by professor Jizhu Liu of Guangdong
Pharmaceutical University (GDPU). The samples were packed and
stored in an airtight container at room temperature. The alkaline
phosphatase (AKP) kit (20201012) and acid phosphatase (ACP)
kit (202001012) was purchased from Nanjing Jiancheng Biological
Engineering Research Institute (China). Osteocalcin (BGP) kit
(2020081113) was purchased from Jiangsu Meimian Biological
Engineering Research Institute (China), D-Mannose (Man),
L-rhamnose (Rha), D-glucose (Glc), D-galactose (Gal), D-xylose (Xyl),
L-fucose (Fuc) were obtained from Sigma-Aldrich (St. Louis, MO, USA).
Unless otherwise stated, all of the other reagents were of analytical grade.

Extraction from CS

The extraction of polysaccharide was described below. Briefly, CS was
defatted by ethanol (80%, v/v) at 100°C three times (2 hr each time)
and then extracted by 700 mL of water at 100°C three times (2 hr each
time). The extracts were concentrated and cooled at room temperature.*!
Then 85% ethanol was added to extracts until the final concentration
reached 75% (v/v) for the precipitates. After being incubated at 4°C
three times (48 hr each time), the precipitates were obtained by
centrifugation (4000 rpm for 15 min).”’ The precipitates were washed
three times (30 min each time) alternately with absolute ethanol and
acetone. After that, the dialysis liquid was collected and lyophilized to
obtain CSP.

Molecular weight determination

The molecular weight of CSP was detected by the High Performance
Liquid Chromatography (HPLC)- Evaporative light Scattering Detector
(ELSD). A series of dextran standards (Mw: 10,40,70,500 and 2000 kDa)
with concentration 2 mg/mL were utilized to draw the exclusion curve.
The chromatographic conditions were based on the other research and
the liquid flow rate was 0.7 mL/min.""! A standard curve with the Ig
value (x) of the molecular weight of each standard as the abscissa was a
draw and the retention time (y) as the abscissa. In addition, the CSP was
dissolved in water to prepare a sample solution with a mass concentration
of 2 mg/mL for measurement. Ultimately, the aqueous layer was filtered
through a 0.45 um membrane and analyzed by HPLC.!']

Monosaccharide composition analysis

The monosaccharide composition of CSP was
high-performance liquid chromatography via the
derivatization of 1-phenyl-3-methyl-5-pyrazolone (PMP).!"!

detected by
precolumn

After 15 mg of polysaccharide sample was placed in a 10 ml stoppered
test tube, the 2 ml of 2 mol/L TFA solution was added into the tube,
which was hydrolysis at 120°C for 160 min. The hydrolysate solution
was obtained finally."” The remaining TFA was removed by distillation
under reduced pressure. During the period, methanol was added, and
the distillation was repeated 3-4 times until there was no sour taste, and
double-distilled water was added to dilute to 2 ml.

After taking 1 mg standard monosaccharide reference substance and
2 ml mixed monosaccharide reference substance, they were placed in
5 ml centrifuge tubes, respectively. After 400 ul of the above solution was
taken out, 200 ul 0.5 mol/L PMP methanol solution and 200 pul 0.3 mol/L
NaOH solution were added into each centrifuge tube in turn. The mixed
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samples were placed in a 70°C water bath for heating and reaction
for 30 min." Then 200 wl 0.3 mol/L HCI solution was added to the
solution to neutralize. After that, equal volumes of isoamyl acetate and
chloroform were added successively to extract four times. Ultimately, the
aqueous layer was filtered through a 0.45 um membrane and analyzed
by HPLC.!"¥

The chromatography was conducted using Waters Acquity Arc (USA)
equipped with a SunFire C18 (5 um, 4.6 x 250 mm) and a 2489 UV
detection wavelength of 254 nm. The mobile phase was a acetonitrile (20%
~23% ~24% ~30%) and 0.1% formic acid water, the flow rate was
1 mL/min, and the sample injection volume was 10 uL.l"

Treatment of fracture healing using CSP
Animals

Forty male SD rats (180 + 200 g) were purchased from Guangdong
Medical Laboratory Animal Center (SCXK2018-0002). Animals were
kept under a 12 hr light-dark cycle at 24 + 2°C, with 50% + 5% relative
humidity and were freely given access to water and standard chow.
The experiments were carried out according to the rules for use of the
laboratory animals issued by the GDPU and protocols were approved by
the Animal Ethics Committee of GDPU.

Model establishment and treatment

The SD rats were adapted to the environment for one week and then
modeled. The rats were fasted and watered 12 hr before modeling.
The SD rats were given an intraperitoneal injection of pentobarbital
sodium (50 mg/kg, 3 mg/ml) for anesthesia, and penicillin was injected
intramuscularly into SD rats in the operation group at 50 g/kg. After
the anesthesia takes effect, the rat was placed in the right prone
position and fix it. The hair of the rat’s left leg tibia was removed by
depilatory cream. The skin of the depilated area was disinfected by using
iodophor [Figure 1a]. A 1.5 cm long longitudinal incision in the skin was
scratched [Figure 1b], and the muscles around the tibia of the rat were
bluntly separated by using tweezers to expose the tibia clearly and then
using two curved tweezers to support the fully exposed tibia [Figure 1c].
Ultimately, the tibia was cut completely with an orthopedic vision. An
appropriate length of Kirschner with 1 mm diameter was inserted from
the fractured end to the proximal end of the tibial diaphysis into the
medullary cavity; passing the tip of the Kirschner wire from the greater
trochanter of the tibia. The two ends of the fracture were reduced and
the Kirschner wire was threaded back from the bone marrow cavity
after reduction. Before suturing the muscle and epidermal surgical
site, the surgical bone was moved.!'"”? After confirming that the site to
be operated is firmly fixed, the excess part of the Kirschner wire was
bending and cut it off. Rinsing with normal saline, before suturing
layer by layer [Figure 1d], and give an intramuscular injection of
gentamicin sulfate to the surgical site for three consecutive days for
anti-inflammatory and to prevent infection.

The random number method was used to group 40 SPF male SD rats after
adaptive feeding for 1 week. Group a was treated as a sham operation
group (no model was made and normal saline was given). Group b is
the model group (modeling and administration of saline). Group c is the
Dieda Pill group, administered at 0.6 g/kg/day(s), as the positive control
group. The d1 group is the CSP high-dose group, and the administration
does is 0.6 g/kg/day(s). Group d2 is the CSP low-dose group, and the
dosage is 0.075 g/kg/day(s). CSP and Dieda Pills were converted into a
rat’s drug dosage according to the clinical dosage of an adult (based on
a bodyweight of 60 kg). Dieda Pills and CSP powder were prepared into
suspensions with distilled water. The rats in the administration group
were given gastric administration on the second day after the model
was established, and the rats were given intragastric administration
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Figure 1: a: Perform skin preparation; b: Cut the skin; c: Fully expose the femur; d: Insert the Kirschner wire, reset the broken end of the fracture, and perform

suture

once a day at 9 oclock in the morning for 28 consecutive days to obtain
materials. The blank control group and the model control group were
given normal saline, and blood was taken from the orbit on the 7, 14, and
21 days after administration for serum index determination.

X-ray examinations

After 7 and 21 days of the first postoperative administration, 3 mice in
each of the CSP high-dose, low-dose group, model group, and Dieda pill
group were taken for routine orthotopic rat tibia X-ray imaging. X-rays
of the left hind limb were taken under pentobarbital sodium anesthesia,
with 5000 V parameters and 6.0 sec exposure time. Observe the location,
type, and shape of the fracture line."*!

Histopathological observation

After putting the paraffin sections in xylene I for 20 min, they were taken
out and put in xylene II for 20 min. Then they were taken out and put
in anhydrous ethanol I for 5 min, putting them in anhydrous ethanol
II for 5 min, then taking them out and putting them in 75% alcohol for
5 min, and finally washing them with tap water. The slices firstly were put
after the above treatment into hematoxylin staining solution for 3-5 min.
After washing with tap water, the differentiation solution was taken for
differentiation treatment, rinsing with tap water, adding the blue-back
solution, and rinsing with running water. To take the slices and put them
in 85% ethanol for dehydration for 5 min, and then put the slices in 95%
ethanol for dehydration for 5 min. Staining in eosin staining solution
for 5 min, absolute ethanol I was first added to the slices and soaked
for 5 min, then soaked the slices in absolute ethanol II for 5 min, and
finally, absolute ethanol III was added to soak for 5 min. Xylene I was
used for transparent treatment for 5 min, and then xylene II was added
to the transparent treatment for 5 min. The above-mentioned processed
slices are mounted with neutral gum. Finally, using a microscope for
microscopic examination and image acquisition and analysis.!'®!

Determination of AKP and ACP levels in serum by
micro-enzyme assay

At 7, 14, and 21 days after the first administration, the blood was taken
from the orbit of the rat in vivo, centrifuged to take the supernatant, and
stored at -20°C for the determination of AKP and ACP levels. The specific
operation steps are as follows. Take out 5 uL serum sample and add 50 uL
of buffer and matrix solution to mix thoroughly. When adding samples,
the speed and strength of the sample should be noted and adding sample
to the bottom to avoid an incomplete reaction. The plate was placed in
an air bath at 37°C for 15 min and then 150 uL of chromogenic reagent
was added. Gently shake the plate to mix well. The absorbance OD
value of each well was measured by a microplate reader at a wavelength
of 520 nm, and finally, the AKP content in the serum of fractured rats
was calculated. The 4 uL of the serum sample was mixed with 40 uL
of buffer and 40 UL of matrix solution to react. The above-mentioned
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orifice plate was put in a 37°C air bath for 30 min and then added 80 uL
of lye and 80 uL of the color developer to each hole, and gently shaking
it. After standing for 10 min, the OD value of each well was measured
by a microplate reader at a wavelength of 520 nm, and finally, the ACP
content in the serum of the fractured rat was calculated.!"

Enzyme-linked immunoassay to determine the
level of BGP in serum

At 7, 14, and 21 days after the first administration, the blood was taken
from the in vivo orbit of the rats, centrifuging and taking the supernatant,
and stored at -20°C to determine the level of BGP in the serum. The
specific operation steps are as follows. Blank wells, standard wells,
and sample wells are to be tested on the enzyme-labeled coated plate.
Firstly, 50 WL of the standard substance was added to the enzyme-labeled
coating plate, then adding 40 UL of the sample diluent to the test sample
well, and then adding 10 uL of the test sample to it. After adding the
sample, gently shake and mix at the bottom of the well of the microtiter
plate, and take care not to touch the wall of the well as much as possible.
The plate was placed with a sealing film at 37°C for 30 min. Use distilled
water to dilute the 30-fold concentrated washing solution 30-fold before
using. After tearing off the sealing film, the liquid was discarded in each
well and spun dry, and fill each well with washing liquid. Let it stand
for 30 sec and then discard, repeat 5 times and pat dry. The 50 pL of
enzyme-labeled reagent was added to each well except the blank well.
The plate was sealed again with the sealing film and incubated at 37°C
for 30 min. After tearing off the sealing film, the liquid was discarded
and spun dry. The washing solution was filled in each well, then it was
discarded after it stood for 30 sec. After adding 50 pL of developer A to
each well, 50 uL of developer B was added to it. After gently shaking and
mixing, the well plate was developed in the dark for 10 min at 37°C. The
50 UL of stop solution was added to each well to terminate the reaction.
After the reaction was terminated, the blue turns yellow. The blank holes
were used for zero adjustments, and the absorbance (OD value) of each
hole was measured at a wavelength of 450 nm. The measurement was
completed within 15 min after adding the stop solution.

Micro-CT examinations

(1) The sample was taken out of the paraformaldehyde fixing solution
and wrapped with plastic film to keep moisture. It was put into a 19 mm
diameter sample tube, putting cotton around the bone tissue to fix it.
The sample perpendicular was saved to the sample tube when fixed and
then put into the scanning instrument (SCANCO MEDICALUCT100)
for scanning. (2) Perform Micro-CT (SCANCO MEDICALuUCT100)
detection on the sample. When scanning, the X-ray beam scans
perpendicular to the surface of the sample. The scanning parameters
selected by WCT100 are: scanning energy intensity: 70 KVp, 200 UA,
8 W; filter: 0.5 AL; CT value is corrected at 1200 mgHA/cm; image
matrix: 8192X 8192; FOV (field of view) 20.48 mm, resolution 10 wm,
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Sampletim (exposure time) 300 ms; (3) After the scan was completed,
the Micro-CT system will automatically reconstruct the sample in
two dimensions, open the SCANCOUCT Evaluation Promgram V6.6
software to perform data analysis and three-dimensional reconstruction
of the sample: According to bone fracture Position, draw a circle with a
diameter of 5 mm as the Region of Interest (ROI), and select 8 mm as the
fracture position. Set the bone threshold to 120-1000; after the threshold
is set, perform data analysis and three-dimensional reconstruction. After
the 3D image comes out, open the WCT Ray V4.2 software to rotate to a
uniform angle, and export the 3D image after loading.2*2!!

Statistical analysis

The experimental data were compared between groups and calculated
by GraphPad Prism 7.0 software. One-way analysis of variance is
obtained by comparison between groups, and P < 0.05 indicates that the
data is significantly different. The number of samples in each group of
experiments is 23, and the experimental data results in each group are
expressed as mean * variance (XK + SD), and are calculated by Microsoft
Excel 2019 software.??!

RESULTS

Molecular weight determination

HPLC was used to detect the polysaccharide molecular weight. It is
widely recognized as the most authoritative test to date. Figure 2 shows
the standard curve plotted from the molecular weights and retention
times of five dextran. The molecular weight range of CSP obtained by
substituting the retention time of CSP into the standard curve of dextran
is 1.1 x 107 ~ 2.53 x 107 kDa.

Monosaccharide composition analysis

The monosaccharide composition analysis of the PMP pre-column
HPLC results indicated that CSP was composed of mannose, ribose,
rhamnose, galactose, glucose, arabinose, glucuronic acid, and
galacturonic acid in Figure 3. The results further suggested that CSP
was a heteropolysaccharide. Furthermore, the results showed that
galactose, arabinose, glucuronic acid, and galacturonic acid were the
most abundant monosaccharides.

X-ray examinations observation

After seven days of administration, the SD rats in each treatment group
had obvious clearances at the tibial fractures, indicating that no ossified
callus was formed. In Figure 4b, after 21 days of the administration,
there was a wide transparent area between the fracture ends of the SD
rats in the model group, and the hematoma at the operation site was
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Figure 2: Dextran standard curve chart
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not completely absorbed. In Figure 4d, CSP high-dose group produced
callus outside the cells, and the hematoma was basically absorbed and
replaced by granulation tissue. When the bone-like tissue and trabecular
bone appear, the fracture ends become blurred, the amount of callus
increases and deepens, and the gap between fractures is not obvious. In
Figure 4e, the CSP low-dose group was absorbed, and the gap between
the fractures was more obvious. After 21 days of the administration,
the fracture ends of SD rats in the Dieda Pill group in Figure 4c (21d)
were blurred, and the bone density increased significantly. The degree of
fracture healing in the high-dose CSP group Figure 4d was similar to that
in the Dieda Pill group.

Histopathological observation

Figure 5a (x20) and (x100) are bone tissues that have not been modeled.
The Figure shows that there is no obvious fracture or damage in the
tissue, the thickness of the bone cortex is uniform, and there is no obvious
bone hyperplasia; hematopoiesis in the marrow cavity is rich in cells.
Figure 5b (x20) and (x100) are the model group. From the figures, it can
be seen that most of the bone marrow disappears, and connective tissue
hyperplasia and some necrotic materials can be seen; at the same time,
the local injury is uplifted, and a small amount of hyperplasia of bone
and a large amount of semicolon can be seen. There is no connection
on one side, and some necrosis is visible. Figure 5¢ (x20) and (x100)are
the positive drug group. It can be seen from the Figure that most of the
bone marrow disappears, and connective tissue hyperplasia can be seen;
proliferation of cartilage cells can be seen at the joint of the bone on
one side of the injury. The connective tissue and some bone fragments,
and individual pyogenic necrosis can be seen. Figure 5d (x20) and
(x100) are CSPs in high-dose groups. From Figure 5, some residual
bone fragments, connective tissue hyperplasia, and a large number of
neutrophil infiltration; two injuries of the side bones are connected by
connective tissue and cartilage, which can be seen that most of the bone
marrow disappears. Figure 5e (x20) and (x100) are CSPs in low-dose
groups. From the Figure, it can be seen that most of the bone marrow
disappears, and there are more residual bone fragments, connective
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Figure 3: HPLC analysis of PMP pre-column derivatives of (a) nine standard
monosaccharides. (1. mannose; 2. Ribose; 3. rhamnose; 4. galactose; 5.
glucose; 6. arabinose; 7. glucuronic acid; 8. xylose; 9. galacturonic acid)
and (b) CSP hydrolysate
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4

CiTel)

B(21<)

Figure 4: Tibia X-rays of rats at 7 days and 21 after operation (B: model group; C: positive drug group; D: cucumber seed polysaccharides high-dose group;

E: cucumber seed polysaccharides low-dose group)

tissue hyperplasia, and a large number of neutrophil infiltration. The side
bones are connected by cartilage tissue.

Detection of the ALP, ACP, and BGP in serum

It can be seen from Figure 6 that after seven days of the administration
that the serum AKP level of the model group was higher than that of
the blank control group (P < 0.05), and the positive control group and
the polysaccharide high- and low-dose groups were higher than the
model group (P < 0.05). After 14 days of the administration, the serum
AKEP levels of the rats in the positive control group and the high- and
low-polysaccharide dose groups were significantly higher than those
in the model group (P < 0.01). After 21 days of the administration, the
fracture sites of the rats in each operation group began to heal. The serum
AKEP levels of the rats in the positive control group and the high- and
low-dose polysaccharide groups began to decline, but they were still
significantly higher than the model group (P < 0.05).

It can be seen from Figure 7 that after seven days of administration, the
serum ACP level of rats in the model group was significantly higher
than that of the blank control group (P < 0.01), and the serum ACP
level of rats in the positive drug group and the high and low doses of
polysaccharides was higher than that of the model group (P < 0.05).
After 14 days of administration, the serum level of rats in the model
group was similar to that of the positive drug group, but the model
group is lower than that of the polysaccharides high-dose group. This
may be because the osteoclasts of the model group absorbed necrotic
bone and cleared the residue faster than the low-dose polysaccharide
group. After 21 days of administration, the serum ACP levels of
rats in the positive drug group and polysaccharides high- and
low-dose groups were significantly higher than those in the model
group (P < 0.01).

It can be seen from Figure 8 that after seven days of administration, the
serum BGP level of rats in the model group was higher than that of the
blank control group, and the serum BGP level of rats in the positive
drug group and the high- and low-dose polysaccharides groups was
higher than that in the model group but not significant. After 14 days of
administration, the serum BGP levels of rats in the positive drug group
and the high- and low-dose polysaccharide groups were significantly
higher than those in the model group (P < 0.05). After 21 days of
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administration, the serum BGP level of the rats in the positive drug group
and the high- and low-dose polysaccharides groups was higher than that
in the model group, but it is not significant. This may be because the
fracture site of the rat at this time has healed and the specific secretion
of osteoblasts and is caused by the gradual decline in the activity of the
protein.

Micro-CT examinations observation

BV represents bone volume, which refers to the trabecular bone part. TV
represents tissue volume, which refers to the trabecular bone part and
the hollow part (excluding the bone part). It can be seen from Figure 9a,b
that the sagittal and coronal cross-sectional views of the model group.
The positive drug group and the polysaccharides high-dose group are
selected. After 28 days of the administration, the callus at the fractured
end of the rats in the high-dose polysaccharide group and the positive
drug group were increased, and the fracture line of the fractured end
was not obvious, however, the callus shaped fracture was close to the
healing. Three-dimensional reconstruction of the callus at the fractured
end of the middle tibia in the polysaccharide high-dose group Figure 9d
and the positive drug group Figure 9¢, the bone density and trabecular
shape of the two groups became thicker. Compared with the model
group Figure 9b, the callus plate-shaped trabecula was half in the
polysaccharides-administered group Figure 9d and in the positive drug
group Figure 9c, the trabecula was regular plate-shaped, and the fracture
line disappeared. According to Table 1, compared with the model group,
the bone volume/tissue volume (BV/TV) ratio of the polysaccharide
high-dose group and the positive drug group were significantly increased,
with significant differences (P < 0.05). It shows that CS polysaccharides
can effectively promote the increase of callus volume and the number of
osteoblasts, and effectively promote the formation of callus. Therefore,
the healing of rat fractures was promoted.

After the mechanical integrity of bone is lost, fractures will occur, and
local soft tissues and blood vessels will also be damaged.! Fracture
healing is an extremely complex process. There are a variety of tissues
and cells involved, mainly including osteoblasts and osteoclasts.!! The
activity of osteoblasts can be reflected by detecting the content of serum
BGP and osteoclasts. The activity of ACP can be reflected by detecting
the level of ACP in the serum. Fracture healing is mainly completed
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Figure 5: Pathological section of rat tibia A: Blank group; B: Model group;
C: Positive drug group; D: Cucumber seed polysaccharides high-dose
group; E: Cucumber seed polysaccharides low-dose group
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Figure 7: ACP changes in rats in different experimental groups (X + SD,
n = 8) (Compared with the blank group, P < 0.01 is **, P < 0.05%; compared
with the model group, P < 0.01 is *, P < 0.05 is *)
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+ SD, n = 8) (Compared with the blank group, P < 0.01 is **, P < 0.05%;
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Figure 8: BGP changes of rats in different experimental groups (X + SD,
n = 8) (Compared with the blank group, P < 0.01 is **, P < 0.05%; compared
with the model group, P < 0.01 is *, P < 0.05 is *)

in three stages.?! The first stage is the formation of a hematoma. The
occurrence of fracture is accompanied by the destruction of blood
vessels. Exposure of platelets outside the blood vessels leads to the
formation of hematomas. In the second stage, during the formation of
the blood callus, the inner and outer membranes of the bone ossify to
form the callus, which provides an initial structural scaffold for bone
formation.®® Macrophages in the fracture space guide mesenchymal
stem cells to differentiate into cartilage, and bone marrow mesenchymal
stem cells grow into osteocyte differentiation. In the third stage, the
bone healing period, the blood flow at the fracture site increases toward
the cartilaginous callus through a large number of blood vessels. In the
fourth stage, the plastic phase, the balance between osteoblasts and
osteoclasts initiates bone remodeling, slowly recovering the normal
shape of the bone, and finally healing the fracture site.

AKP is mostly derived from bone secretion, and part of them was
synthesized by bones, spleen, liver, kidneys and other organs. Osteoblasts
produce a large number of inorganic phosphate ions while synthesizing
AKP.? The synthesis of calcium phosphate in bone tissue is completed
by the combination of phosphate and calcium ions. The level of AKP in
the serum can reflect the activity of osteoblasts, and AKP is often used as
a marker to indicate the activity of osteoblasts. This experimental study
found that after 14 days of the administration, the serum AKP levels
of rats in the positive drug group and the CS polysaccharide high- and
low-dose groups were significantly higher than those in the model group.
CS polysaccharides can promote the healing of fractures by increasing
the activity of osteoblasts and the secretion of AKP.
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Figure 9: Micro-CT scanning analysis of tibial fracture callus in each group of rats (b); model group; (c) positice drug group; (d) the CS polysaccharide high-dose group

Table 1: Comparison of micro-CT detection parameters of each group (X+SD,
n=3) (Compared with the model group, P<<0.01 is*, P<<0.05 is*)

Group TV (mm?3) BV (mm?3) BV/TV

Model 49.8779+5.12 10.2574+6.14 0.2056+3.22
DDP 49.8779+3.22 22.7851%7.15 0.4568+5.32°
0.6 g/kg/d 49.8779+6.13 23.8292+1.27 0.4778+6.17*

ACP is derived from bones, blood cells, prostate, and other organs. It
is often distributed in the phagocytic area of osteoclasts and the space
between osteoclasts and bone. It plays an indispensable role in bone
resorption activities.?® During the fracture healing period, osteoclasts
play a role mainly by absorbing necrotic bone, removing residues, and
participating in bone reconstruction. This experimental study found that
the serum ACP level of SD rats in the high and medium doses of CSPs
increased significantly after 14 days of administration, and was also at
a higher level after 21 days of the administration, which indicated that
CS polysaccharides can enhance osteoclasts activity and promote the
absorption of local necrotic bone and promote bone reconstruction.

BGP is a specific protein synthesized and secreted by osteoblasts,
which can reflect the activity of osteoblasts and participate in calcium
regulation in the body. In the process of bone formation, it promotes
matrix calcification and accelerates the maturation of the bone matrix.**!
This experimental study found that after 21 days of administration, the
serum BGP level of SD rats in the CS polysaccharides group increased
significantly, indicating that CS polysaccharides can promote the
maturation and calcification of bone matrix after fracture.

DISCUSSION

This experimental study found that after seven days of administration,
the serum AKP level of rats in the positive control group and the high
and low doses of CSPs was higher than that of the model group, and did
not reach a very significant level. After 14 days of the administration,
the positive control group and the serum AKP level of rats in the CSPs
high- and low-dose groups were significantly higher than that of the
model group. Comparing the serum AKP levels on 7 days and 14 days
combined with X-ray images, it shows that 7 days is the period when
the fracture just starts to heal. The liver began to secrete AKP, but did
not reach the maximum level. It reached the maximum level at 14 days.
The results of micro-CT showed that the polysaccharide high-dose
group and the positive drug group had more callus at the fracture end
and the fracture line was close to healing. Through rat serum indicators
AKP, ACP, and BGP combined with pathological slices and micro-CT
imaging, the results show that CSPs have a good repair effect on SD
rats tibia fractures, significantly shortens the fracture healing time, and
promotes SD rats tibia fractures heal.

CONCLUSION

In summary, combined with histopathological observations, X-ray
imaging results analysis, micro-CT analysis and serum index analysis, it
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can be seen that CSPs promote the synthesis of osteoblasts, secrete AKP,
BGP, and osteoclasts secrete ACP, thereby increasing the growth rate.
After 14 days of administration, the serum AKP levels of the rats in the
high-dose CS polysaccharide group and the positive drug group were
significantly higher than those in the model group. The results showed
that CS polysaccharide promoted fracture healing by increasing the AKP
secretory activity of osteoblasts. After 21 days of the administration, the
serum ACP secretion of the rats in the high- and medium-dose groups of
CS polysaccharide was significantly increased, and bone reconstruction
was achieved by increasing the activity of osteoclasts and promoting
the absorption of local necrotic bone. BGP represents the activity
of osteoblasts, and the level of BGP in the CS polysaccharide group
increased significantly after 21 days of the administration, indicating
that CS polysaccharide can promote fracture healing by promoting the
maturation and calcification of the bone matrix. The number of bone
cells can effectively promote the healing of tibia fractures in SD rats. CS
polysaccharide has a significant improvement effect on fracture-related
biochemical indicators of SD rats and promotes the maturation and
calcification of the matrix in the late stage of fracture, which can
accelerate the rate of collagen synthesis and calcium salt precipitation
and improve the quality of the callus, thus promotes the healing of
fractures. The mechanism of CS polysaccharides in promoting tibial
fracture healing in SD rats needs further study.
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