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Abstract:

Absorbable oxidized cellulose hemostatic materials are widely used in hemostasis of

veins, capillaries or smaller arteries because of their wide sources, low cost, and high

biocompatibility. However, in view of the different application sites, the hemostatic

effect of absorbable oxidized cellulose in different surgeries may be different, and its

hemostatic effect in patients with colorectal cancer still needs more research to

confirm. Therefore, this article explores the in vitro degradation of the absorbable

regenerated oxidized cellulose material and its hemostatic effect in colorectal cancer

surgery. Explore the in vitro degradation products that can absorb oxidized cellulose.

The 44 patients undergoing colon cancer surgery were selected and randomly divided

into control group (22 cases, absorbable oxidized cellulose material to stop bleeding)

and observation group (22 cases, ordinary Sterile gauze to stop bleeding). The

intraoperative blood loss, 3 days postoperative drainage volume, total drainage

volume, and operation time of the two groups were recorded. The recovery of

intestinal function after operation in the two groups was observed. The in vitro

complete degradation time of the absorbable oxidized cellulose material is about 12
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days. The degradation products are glucose and cellobiose, which are safe and

harmless to the human body. The intraoperative blood loss, drainage volume, total

drainage volume, and operation time of the observation group were significantly

lower than those of the control group (P <0.05), and the postoperative intestinal

function recovery of the observation group was better than that of the control group (P

<0.05). In addition, there was no significant difference in the incidence of adverse

reactions between the observation group and the control group (P > 0.05). Absorbable

oxidized cellulose material has a good hemostatic effect in colorectal cancer surgery,

and does not increase the risk of adverse reactions in patients after surgery. It is

worthy of popularization and application.

Keywords: Absorbable oxidized cellulose material; Degradation in vitro; Colon

cancer; Intraoperative blood loss

Colon cancer is a common malignant tumor of the digestive tract, which mostly

occurs at the junction of the colon and rectum. According to relevant epidemiological

survey data, colon cancer shows different aggregation in different countries. The high

incidence of colon cancer in China is 41-65 years old1,2. The pathogenesis of colon

cancer is not yet clear, but its high-risk factors have gradually been discovered.

Studies have reported that people with a family history of colon cancer, pelvic

radiotherapy, intestinal polyps, alcoholism, and smoking have a significantly higher

risk of colon cancer3. In addition, the imbalance between fat and dietary fiber in the
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daily diet can also increase the risk of colorectal cancer4. Early colon cancer has no

obvious symptoms. As the disease progresses, symptoms such as difficulty in

defecation, changes in stool characteristics, abdominal pain, abdominal masses, and

intestinal obstruction will occur. Severely ill patients may also be accompanied by

systemic cachexia such as chronic blood loss, ascites, and supraclavicular lymph node

masses5,6. This is because colon cancer can spread along the intestinal wall and

infiltrate the deep tissues of the intestinal wall, and spread through the blood to the

lung, liver, bone, and peritoneum, causing systemic symptoms and directly

endangering the life and health of patients. Surgery is one of the main ways to

effectively treat colon cancer. For patients with early colon cancer, radical resection of

colon cancer can achieve good therapeutic effects, but the control of perioperative

bleeding is still a major clinical problem7,8. Bleeding during radical resection of colon

cancer is a common phenomenon, but if bleeding cannot be controlled in a timely and

effective manner, it will not only affect the effect of the operation, but also easily

cause related complications. Therefore, finding effective intraoperative hemostatic

materials has become a hot spot for clinicians.

Absorbable hemostatic material is a kind of biomedical material that can quickly

stop bleeding at the wound site and can be absorbed by the body within a certain

period of time9. The biggest advantage of the absorbable hemostatic material is that it

can be degraded in the patient's body after hemostasis, which reduces the secondary

damage to the patient caused by removing the dressing after hemostasis. With the

rapid development of absorbable hemostatic materials, more and more biodegradable
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materials are used in clinics. At present, the common types of absorbable hemostatic

materials include polysaccharides, natural polymer materials, synthetic polymer

materials, bioceramics, and biomedical metal materials10-12. Whether its degradation

products will harm the health of patients has been widely concerned by relevant

departments, doctors, and patients. However, there is still a lack of detailed research

on the degradation time and degradation products of absorbable regenerated cellulose

materials in China. As one of the polysaccharide materials, cellulose has a wide range

of sources and high biocompatibility, and it has become a hemostatic material trusted

by clinicians13. However, because the absorbable hemostatic material is degraded in

the patient's body, this study analyzed the in vitro degradation time and specific

degradation products of the absorbable regenerated cellulose material. In addition, this

study used absorbable regenerated oxidized cellulose materials for colon cancer

surgery patients as the research object to explore the effect and safety of absorbable

regenerated cellulose materials in colon cancer surgery hemostasis.

Methods

Degradation experiment of absorbable cellulose material

Absorbable cellulose materials (surgicel snow absorbable hemostat) were purchased

from Johnson & Johnson, America. 1 g of absorbable cellulose material was cut and

put into a dialysis bag (Shanghai Green Bird Technology Development Co., Ltd.). 7

mL of 3% hydrogen peroxide solution was added to the dialysis bag (Hebei Jianning

Pharmaceutical Co., Ltd.). After removing the air bubbles in the bag, the dialysis bag
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was placed in a beaker containing 3% hydrogen peroxide (120 mL). The beaker was

placed in a constant temperature shaker (37°C, 100 rpm), and the 3% hydrogen

peroxide in the beaker was replaced every 48 h. The hydrogen peroxide in the beaker

was freeze-dried on the 3, 6, 9, and 12 days to obtain the freeze-dried powder in the

dialysis bag. The degradation products remaining in the dialysis bag were taken out,

frozen and dried, and the degradation products that can absorb the cellulose material

are obtained after drying.

Characterization of absorbable cellulose materials before and after degradation

In view of the fact that each molecule has a unique infrared absorption spectrum due

to the difference in its composition and structure, we use an infrared spectrum

analyzer (Thermo Fisher Scientific, USA) to analyze the structural changes before and

after the degradation of the absorbable cellulose. The resulting degradation product

was crushed, ground, and tableted as the sample to be tested (the amount of tableting

was about 2 mg). The sample was placed to be tested in the spectrometer. The

scanning range is 0-4000/cm, and the sample to be tested is scanned and analyzed. In

addition, in order to observe the surface characteristics of the degradation products,

we grind the freeze-dried powder in the dialysis bag into powder and spread it evenly

on the conductive glue. Then the conductive glue was placed on the aluminum foil

slide, and a scanning electron microscope (China Tesken Co., Ltd.) was used to scan

after spraying gold.

Analysis of molecular weight and content of degradation products

The samples to be tested on the 3rd, 6th, 9th, and 12th days were taken out and
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filtered with a micron filter membrane (0.45 μm), and the molecular weight of the

filtrate was detected by a mass spectrometer. molecular weight including

number-average molecular weight (Mn), weight-average molecular weight (Mw),

peak molecular weight (Mp).

10.28 mg of glucose (Sinopharm Group Chemical Reagent Co., Ltd.) was

dissolved in 10 mL of purified water, and the volume is adjusted to 50 mL with

acetonitrile (Shanghai Lingfeng Chemical Reagent Co., Ltd.) to obtain a glucose

control solution. 10.16 mg of cellobiose (China National Pharmaceutical Group

Chemical Reagent Co., Ltd.) was dissolved in 10 mL of distilled water, and the

volume was adjusted to 50 mL with acetonitrile solution to obtain a cellobiose control

solution. 10.40 mg of glucuronic acid was dissolved in 2 mL of distilled water, and

the volume was adjusted to 50 mL with acetonitrile solution to obtain a glucuronic

acid control solution. 10.08 mg of the degradation product was dissolved in 2 mL of

distilled water, and the volume of the acetonitrile solution was adjusted to 10 mL to

obtain a sample solution. The above four solutions are filtered with a micron filter

membrane (0.45 μm), and then measured with a chromatograph after filtration. The

content of glucose, cellobiose, and glucuronic acid in the sample solution was

analyzed by comparing the infrared spectrum of each solution.

Patients

From January 2020 to December 2020 in the first people's hospital of Qinzhou,

Guangxi, 44 patients undergoing colon cancer surgery were selected and randomly

divided into control groups (22 cases, 11 males, 11 females, age 27-80 years, average
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The age was 58.04±14.82 years) and the observation group (22 cases, 13 males and 9

females, aged 29-80 years old, with an average age of 57.54±14.77 years old). After

analyzing the general information of the two groups of patients, there was no

statistically significant difference (P >0.05). All patients participating in the study

were fully informed about this study and signed an informed consent form. The ethics

committee of our hospital was fully aware of this study and approved the study.

Hemostatic effect of absorbable cellulose material in colon cancer surgery

Patients in the observation group used absorbable oxidized fiber materials to absorb

blood and tissue fluid around the incision. The control group used traditional sterile

gauze to absorb blood. And when suturing the surgical incision, the patients in the

observation group selected a suitable absorbable oxidized cellulose material to cover

the incision for about 15 s according to the size of the wound, and the incision could

be sutured when the hemostatic material closely adhered to the incision. The patients

in the control group used traditional sterile gauze to stop bleeding and then took out

the gauze and sutured the incision. The intraoperative blood loss, 3 days postoperative

drainage volume, total drainage volume and operation time of the two groups were

recorded.

Intestinal function recovery and adverse reactions in the two groups of patients

According to the patient's bowel sound recovery time, the first postoperative time of

exhaust, and the first postoperative time of defecation, the postoperative recovery of

bowel function in patients with different hemostatic materials was evaluated

The occurrence of intraoperative hypertension/hypotension and
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tachycardia/bradycardia, as well as the occurrence of adverse reactions such as

postoperative acid reflux, anorexia, indigestion, and wound oozing. In addition, for

patients with wound bleeding or infection, nano-silver dressings were used to

intervene. Nano-silver ion dressings can absorb several times its own volume of liquid,

reduce the frequency of dressing changes after surgery, and promote wound healing in

patients14,15. At the same time, the nano-silver dressing has the effects of anti-infection

and promoting angiogenesis, which is beneficial to the proliferation of wound

granulation tissue16. All methods were carried out in accordance with relevant

guidelines and regulations.

Statistical analysis

In this study, SPSS v.25.0 and GraphPad Prism v.8.0 software were used to analyze

the acquired data. Quantitative data are expressed in the form of mean±standard

deviation, and t-test is used for comparison between the two groups. The qualitative

data is expressed in the form of n(%), and the chi-square test is performed. When the

theoretical frequency is between 1 and 5, the chi-square value is corrected. All data

comparisons are statistically significant with P <0.05 as the difference.

Results

Characterization of absorbable cellulose materials before and after degradation

It can be seen from Fig.1 that the infrared absorption spectra before and after the

degradation of the absorbable cellulose material are different, but the number of

different units is relatively small. It is speculated that this may be due to the weak
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oxidation of the hydrogen peroxide solution used in this study. Although the structure

of the fiber material has changed, no new structure has been produced, or the new

structure has not reached the detection limit of infrared spectroscopy. It can be seen

by scanning electron microscope (as shown in Fig.2) that the woven structure of the

absorbable oxidized cellulose material before degradation is complete and the surface

is smooth (Fig.2(a)). After degradation, the woven structure is obviously damaged,

and the surface appears porous (Fig.2(b)). This indicates that the surface

characteristics of the absorbable oxidized cellulose material changes significantly

after degradation.

Molecular weight and content of degradation products

The molecular weight of the degradation liquid in the dialysis bag on the 3th, 6th, 9th,

and 12th day was detected. As time increases, the number average molecular weight

(Mn) and peak position molecular weight (Mp) of the degradation products in the

dialysis bag show a downward trend (as shown in Table 1 and Figure.3). And the

downward trend of Mn and Mp tends to be flat on the 9th and 12th day, so it is

speculated that the time required for the complete degradation of the flake-speed yarn

in this study is about 12 days. When analyzing the content of degradation products, it

was found that there were a small amount of glucose (14% content) and cellobiose

(16% content) in the degradation products that can absorb oxidized cellulose, but the

presence of glucuronic acid was not detected.

Hemostatic effect of absorbable cellulose material in colorectal cancer surgery

When comparing the intraoperative hemostatic effect of absorbable oxidized cellulose
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material with ordinary hemostatic gauze for colorectal cancer patients (as shown in

Table 2), it was found that the intraoperative blood loss, drainage volume, total

drainage volume, and operation time of patients in the absorbable oxidized cellulose

material group were significantly lower than those of ordinary hemostatic gauze (P

<0.05). This indicates that the absorbable oxidized cellulose material can quickly

absorb the blood and tissue fluid produced during the operation, which helps to

improve the doctor's surgical field of vision.

Recovery of bowel function in the two groups of patients

When comparing the postoperative intestinal function recovery of the two groups of

patients (as shown in Table 3), it was found that postoperative gas and defecation

were earlier in patients who used absorbable oxidized cellulose materials than patients

who used ordinary hemostatic gauze (P <0.05). At the same time, the incidence of

adverse reactions such as postoperative acid regurgitation, anorexia, indigestion,

wound oozing, etc. between patients using absorbable oxidized cellulose materials

was not significantly different from that of patients using ordinary hemostatic gauze

(P >0.05). In this study, the two groups of patients did not experience high/low blood

pressure, tachycardia/bradycardia, etc. during the operation. For patients with wound

bleeding from the surgical incision (4 cases in total), nano-silver dressings were used

for application. No patients had wound infections.

Discussion

With the widespread application of laparoscopic surgery in the treatment of colorectal

cancer, the amount of intraoperative blood loss and the occurrence of postoperative
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complications have been reduced. However, any surgery has certain risks, and the

bleeding during laparoscopic surgery cannot be ignored17. Quick and effective

hemostasis can not only improve the doctor's surgical vision, but also promote the

recovery of patients after surgery. Although there are many common absorbable

hemostatic materials, most of the materials still have certain shortcomings. For

example, materials such as fibrin glue, microfibrous collagen, and medical hemostatic

gelatin are of animal origin, which can easily cause allergic reactions in patients18,19.

Cyanoacrylic hemostatic materials will release cyanide when degraded, which can

cause inflammation in the patient's body and cause difficulty in wound healing20.

Absorbable oxidized cellulose hemostatic material is a kind of large natural polymer

material widely existing in nature. Because of its advantages of wide sources, low

cost, and high biocompatibility, it has become a hot spot in the study of hemostatic

materials. Surgicel snow absorbable hemostat produced by Johnson & Johnson (USA),

as a typical absorbable oxidized cellulose hemostatic material, is mainly used for

hemostasis in veins, capillaries or smaller arteries. A number of studies have shown

that the absorption of oxidized cellulose has a good hemostatic effect and can be

absorbed by human tissues. However, in view of the different application sites, the

hemostatic effect of absorbable oxidized cellulose may be different, and its hemostatic

effect in patients with colorectal cancer still needs more research to confirm.

In this study, the purchased absorbable oxidized cellulose was degraded in vitro,

and it was found that the difference in infrared spectra before and after degradation

was not significant. It is speculated that this may be due to the weak oxidation of the
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hydrogen peroxide solution used in this study. Although the structure of the fiber

material has changed, no new structure has been produced, or the new structure has

not reached the detection limit of infrared spectroscopy. Scanning electron

microscopy revealed that the woven structure of the absorbable oxidized cellulose

material before degradation was complete and the surface was smooth. After

degradation, the woven structure is obviously damaged, and the surface appears pores.

The above results indicate that the surface characteristics of the absorbable oxidized

cellulose material changes significantly after degradation, but no new structure

appears. The complete degradation time of the absorbable oxidized fiber material is an

important factor affecting its safety in use. When comparing the molecular weight of

the degradation solution in the dialysis bag on the 3rd, 6th, 9th, and 12th days of

degradation, we found that as time increases, the Mn and Mp of the degradation

products show a downward trend. And the decline trend of Mn and Mp tended to be

flat on the 9th and 12th day. Therefore, we speculate that the time required for the

complete degradation of the Snowflake Speedy Yarn in this study is about 12 days.

When analyzing the content of degradation products, it was found that there were a

small amount of glucose and cellobiose in the degradation products that can absorb

oxidized cellulose. This suggests that the degradation products that can absorb

oxidized cellulose will not cause irritation and harm to the human body, and the safety

is high.

In order to understand the application value of absorbable oxidized cellulose

materials in colorectal cancer surgery, we compared the perioperative bleeding and
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adverse reactions in patients using absorbable materials and ordinary materials.

Through comparison, it is found that absorbable oxidized cellulose can stop bleeding

in colorectal cancer surgery significantly faster than ordinary hemostatic gauze.

Further comparison found that the intraoperative blood loss, drainage volume, total

drainage volume, and operation time of patients in the affected material group using

absorbable oxidized cellulose materials were significantly lower than those of patients

using ordinary hemostatic gauze. The above results suggest that the absorbable

oxidized cellulose material has a good hemostatic effect in colorectal cancer surgery.

When comparing the postoperative recovery of intestinal function between the two

groups of patients, it was found that the postoperative gas and defecation were earlier

in patients who used absorbable oxidized cellulose materials than those who used

ordinary hemostatic gauze. This indicates that patients who use absorbable oxidized

cellulose materials for hemostasis have recovered good intestinal function after

surgery. At the same time, patients use absorbable oxidized cellulose materials, and

the incidence of postoperative adverse reactions will not increase. A total of 4 cases of

postoperative wound oozing occurred in the two groups of patients in this study.

These 4 patients all used nano-silver dressings to intervene after bleeding occurred in

the wound. After the intervention, the wound recovered well and no infection

occurred. This may be due to the limited absorption capacity of traditional sterile

gauze for wound discharge, and frequent dressings need to be changed, which reduces

the temperature of the patient’s wound and affects the proliferation of wound skin

cells. In addition, the traditional sterile gauze does not fit the patient's wound
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completely, which can easily lead to bacterial invasion and cause complications such

as wound swelling and infection. The nano-silver dressing can absorb the overflow of

several times its own volume, which reduces the frequency of dressing replacement

after surgery, and is beneficial to promote wound healing in patients21,22. In addition,

nano-silver dressings are a new type of moist wound dressings, which can reduce

bacterial infections while keeping the wounds warm and moist, and have been proven

to promote wound healing23,24. Therefore, the patients with wound oozing in this study

all developed infections and the wounds healed well after intervention with nano

silver ion dressings.

Conclusions

In summary, through in vitro degradation experiments, we know that the complete

degradation time of absorbable oxidized cellulose materials under the oxidation of 3%

hydrogen peroxide solution is about 12 days. Its degradation products are glucose and

cellobiose, which will not cause harm to the human body. In colorectal cancer surgery

to stop bleeding, we found that absorbable oxidized cellulose can stop bleeding during

surgery significantly faster than ordinary hemostatic gauze. In addition, the

intraoperative bleeding, postoperative drainage, and operation time of using

absorbable oxidized cellulose materials were significantly lower than those of patients

using ordinary hemostatic gauze. The recovery of intestinal function after absorption

of oxidized cellulose is significantly better than that of patients who use ordinary

hemostatic gauze. Therefore, we believe that the absorbable oxidized cellulose

material has a good hemostatic effect on colorectal cancer in colorectal cancer surgery,
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and does not increase the risk of adverse reactions in patients after surgery.
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Table 1 Molecular weight information of degradation products at different times

Time
(d)

Elution
volume (mL)

Mn (Da) Mw (Da) Mp (Da)

3 8.62 ± 0.46 9163.52 ± 579.64 10396.21 ± 826.94 11084.29 ± 923.51
6 8.84 ± 0.51 8631.29 ± 532.06 11069.83 ± 795.61 9176.34 ± 725.31
9 9.53 ± 0.62 7128.44 ± 420.37 11752.26 ± 846.92 4993.28 ± 528.94
12 9.66 ± 0.64 6859.28 ± 374.85 8129.06 ± 351.09 4582.55 ± 465.39
Note: Mn: Number-average Molecular Weight; Mw: Weight-average Molecular
Weight; Mp: Peak position molecular weight.
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Table 2 Hemostatic effect of absorbable oxidized cellulose material in colorectal

cancer surgery

Grouping
Operation
time (min)

Intraoperative
blood loss
(mL)

Postoperative abdominal drainage volume
(mL)

Total
drainage
volume
(mL)

Postoperative
1d

Postoperative
2d

Postoperative
3d

Observation
group
(n=22)

179.62 ±
48.85

242.39 ±
59.16

215.16 ±
30.03

85.13 ±
17.56

56.73 ±
14.38

358.24 ±
64.32

Control
group
(n=22)

216.75 ±
46.59

363.24 ±
60.06

288.24 ±
37.06

120.37 ±
20.24

76.15 ±
15.67

487.11 ±
73.14

t 2.580 6.724 7.186 6.169 4.283 6.206
P 0.013 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
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Table 3 The patient's postoperative bowel function recovery

Grouping Exhaust time (h) Defecation
time (h)

Adverse reaction
rate (%)

Observation group (n=22) 51.29 ± 10.06 84.28 ± 19.37 2 (9.09)

Control group (n=22) 59.82 ± 13.47 98.06 ± 20.13 7 (31.82)
t/χ2 2.380 2.314 3.492
P 0.022 0.026 0.062
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Figure.1 Infrared absorption spectra before and after degradation of absorbable

cellulose materials
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(a)

(b)

Figure.2 Characterization comparison of absorbable cellulose materials before and

after degradation. (a) Scanning electron micrograph of absorbable cellulose material

before degradation. (b) Scanning electron micrograph of absorbable cellulose material

after degradation.
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Figure.3 Molecular weight information of degradation products at different times


