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Study on compounds analysis and anti colorectal cancer efficacy of Quercus Infectoria galls’ different

polar solvent extracts

Aliya Elham', Abdulaziz Arkin!, Gulina Kalimanjan', Arfidin Anwar', Wenjie Luo', Mubarak Iminjan'”

1Department of Pharmaceutics and physical chemistry, College of pharmacy, Xinjiang Medical University, Urumgi 830011, China;

Abstract

Background: Quercus Infectoria galls (QIG) has multiple therapeutic properties and are widely used in Traditional Medicine (TM) as an
anti-inflammatory agent for inflammatory bowel disease (IBD). QIG aqueous extract has been verified to inhibit the proliferation of Colorectal
cancer (CRC) cells but there is no relevant research on the contribution of material basis of QIG towards the efficacy at present. This research
aims to clarify the pharmacodynamic discrepancy of different polar solvent extracts of QIG and the underlying link between material basis and
anti CRC efficacy.
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Methods: Four different QIG extracts and residues was prepared by using a modified method and the effective compounds polyphenols, tannins
and gallic acid (GA) was determined by analytical methods including Thin Layer Chromatography, Ultraviolet-visible spectrophotometry, High
Performance Liquid Chromatography and Infrared spectroscopy. Then GA and four different QIG extracts’ anti CRC activity against human
HCT-116 and Caco-2 cells were tested in vitro by CCK-8 assay, wound-healing assay and apoptosis assay, at the end entropy weight method was
used to comprehensively assess the anti CRC activities for discern the most active one among the four different QIG extracts.

Results: The content determination experiment shows that the content of active compounds in the four extracts increased with the increase of the
polarity of the extraction solvent. The content of polyphenols, tannins and GA in aqueous extracts ranks first, reaching 562.66 +8.45 mg-mL",
463.85+4.62mg-mL"!, 169.86+3.24mg-mL"!, respectively, followed by methanol, ethanol, and acetone, and the content order of them in
residues is opposite to that in extracts. The in vitro pharmacodynamic experiments showed that all four extracts and GA could inhibit the
proliferation and migration, induce apoptosis of CRC cells in different degrees. The entropy score of ethanol extract ranks first (0.5546 and
0.5436), followed by methanol (0.2264 and 0.1989), acetone (0.1961 and 0.1011) and aqueous (0.0596 and 0.1454). After the intervention of
ethanol extract, the proliferation inhibition rate of ethanol extract on HCT-116 and Caco-2 cells reached 76.55% and 78.8%, migration inhibition
rate reached 76.48% and 64.85%, and the induced apoptosis rate increased by 20.1% and 12.6%, respectively. Therefore, it is verified that QIG
ethanol extract possess the strongest inhibitory effect on CRC cells. In addition, GA also showed strong anti-cancer activity as the main
compound of QIG.

Conclusions: These findings will lead to further studies on the bioactivity-guided isolation of compounds from the ethanol extracts of QIG, and
provide a basis for the research of mechanism.
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Introduction

Colorectal cancer (CRC) is one of the most common malignant tumors of the digestive system with high incidence rate and high mortality rate
worldwidel!l. According to global cancer statistics, the incidence rate of CRC ranks third in the world in 2020, with about 1148515 people
diagnosed with CRC every year?l. Surgical resection, adjuvant chemotherapy and targeted therapy are the main means of clinical treatment of
colon cancer, but the recurrence rate and metastasis rate are high in the treatment process, and the overall prognosis is not ideal’®). In addition,
the pathogenesis of CRC has always been a key issue in the field of cancer research, and the inflammation and cancer transformation as a
potential cause of cancer has attracted more and more attention of researchers!). In recent years, Traditional Medicine(TM) shows good
bioactivity and plays important anti cancer role in anti proliferation, pro-apoptosis, anti metastasis, anti angiogenesis, and regulate autophagy,
reverse multidrug resistance, balance immunity and enhance the efficacy of radiotherapy and chemotherapy!®..

Quercus infectoria Olivier (also known as the Gall Oak or Quercus lusitanica; family Fagaceae) grow galls as a result of infections by the
Cynips gallae tinctoriae wasp. These plants are mainly found in Greece, Asia Minor, Syria, and Iran. Quercus infectoria galls (QIG; also known
as Galla Turcica) is rich in polyphenols, and possess antioxidant, damage repair, anti-inflammatory and antibacterial effects in TM!1. QIG
alleviates inflammatory injury by reducing the secretion of inflammatory factors, and enhances the antioxidant activity of colon tissue by
scavenging free radicals!®. Traditional Uygur Medicine Xipayi Guyinye!® is mainly composed of QIG, and this drug has been reported to
improve the imbalance between pro-inflammatory factors and anti-inflammatory factors, restore colonic epithelial cells and repair the injured

(199 Previous studies have confirmed that patients with inflammatory bowel disease (IBD) have a significantly increased risk of CRCI! 121,

site
Oral non steroidal anti-inflammatory drugs can reduce the incidence of intestinal tumor and the risk of canceration of IBD, which verifies the
certain existence of the mechanism of inflammatory cancer transformation*!4l. As an effective drug for the treatment of IBD®I!3! QIG is
considered to be a potential natural drug of CRC, and its aqueous extract has been verified to inhibit the proliferation of CRC cell in vitrol'®!7],
However. there is no relevant research on the contribution of material basis toward the anti CRC efficacy at present. This research aims to clarify
the pharmacodynamic discrepancy of different polar solvent extracts of QIG and the underlying link between material basis and anti CRC

efficacy.

In this work, four different QIG extracts and residues prepared by using a modified method reported in literatures and the material basis



study of them was made by analytical methods including thin layer chromatography (TLC), ultraviolet spectrophotometry (UV), high
performance liquid chromatography (HPLC) and Infrared spectroscopy (IR), Then the in vitro anti CRC activity of QIG extracts and GA against
human HCT-116 and Caco-2 cells were tested in CCK-8 assay, wound-healing assay and apoptosis assay, then entropy weight method was used
to asses the anti CRC activities of the extracts. In the in vitro experiment, 5-FU acted as a positive control drug, and pharmacodynamic study of
GA was carried out simultaneously. Finally, this study aims to help finding the relationship between the content of active components and anti
cancer effect. We hope our results can provide experimental basis for further in vivo experiments and the application of QIG in CRC therapy as a
complement and alternative medicine.

Material and Methods
Plant material

QIG were purchased from Baicaotang Medicine Co., Ltd.(Urumgqi, China), and identified based on their physical appearances!'®! and
authenticated at Dept. of Natural medicinal chemistry, College of Pharmacy, Xinjiang Medical University( Urumgqi, 830011, China).

Microscopic identification of QIG powders

QIG were washed, dried and pulverised, and the powders were permeabilized with chloral hydrate to make powder tablets, and then observed
under microscope.

Extraction of the plant material

Acetone, methanol, ethanol and aqueous extractions were prepared using a modified method reported in literatures!!**"). QIG were washed, dried
and pulverised before dissolved, and heating reflux in respective solvents at a ratio of 100 g of dried crude powder per 800 mL of absolute



solvent for 3 times, 0.5h each time. The extracts were filtered using Whatman filter papers, then put the dregs in the dark and dry them at room
temperature. The acetone, methanol, ethanol and aqueous filtrates were concentrated using a rotary evaporator at 55 °C. The resulting pellets
were pounded to dryness at 50 °C for two days to produce powdery and brown crude extracts. The crude extracts and residue were weighed and
stored in sealed vials at 4 °C for further use.

Determination of polyphenols and tannins by UV-Vis.

Determinations of phenolic and tannin compounds in QIG extracts were made by UV-Vis (Shimadzu, JP) means (A = 760 nm) following the
method recorded in Chinese Pharmacopoeia (2020 Edition). The results of the polyphenols and tannins content were expressed in GA
equivalents(Solarbio, Beijing, China). The results were calculated from the equation of the calibration curve prepared for GA standard solution
in the concentration range 2.56-15.36 pg-mL™! (2.56, 5.12, 7.68, 10.24, 12.8, 15.36). The content of tannins is equal to the content of total
polyphenols minus the content of the polyphenols which is not adsorbed by casein. Each sample was diluted appropriately to the range of the
standard curve. All analyses were performed in triplicate.

TLC Identification of GA

After preparing Img-mL™' GA standard solution, Smg-mL" extracts and residues sample solution, the samples was spotted on polyamide
thin-layer plate, put into the mobile phase (methanol: chloroform = 2:1) to develop, took out and dried in the dark, then developed color with 2%
ferric chloride ethanol solution, Observe whether the extracts and residues of each group contain the same rate of flow (RF value) as GA
standard solution.

HPLC detemination of GA



(a) Instrumentation.

Determinations of GA in QIG extracts were made by HPLC (Agilent, USA) means following the modified method recorded in Chinese
Pharmacopoeia(2020 Edition). HPLC system used for the optimized method consisting of a column oven, a quaternary pump, an automatic
injector, and a diode array detector. system wascontrolled by Chromeleon 7.2 software (all from Agilent).

(b) Chromatographic conditions.

A Waters Cig column (250 mm % 4.6 mm, 5 um particle size) was used as the stationary phase. The mobile phase consisted of 0.05% phosphoric
acid methanol (93:7 v/v) with isocratic elution was delivered at a flow rate of 1.0 mL-min™'. mobile phase was prepared daily and filtered with a
0.45 pmmembrane filter (Millipore Corp., USA). Column temperature was set at 35°C. And, samples were analyzed at a wavelength of 271 nm
and injected at 10 pL injection volume.

(c) Preparation of stock, working, and standard curve solutions.
Standard stock solutions (0.1 mg * mL!) of GA were prepared by dissolving an accurately weighed 6 mg of reference standards in 10 mL of

deionised water in a 10 mL volumetric flask. Solutions were kept at 20°C until use. For the linearity studies, a 5-point calibration curve was
prepared by diluting the working standard solution with deionised water and the range of this calibration curve (from10.0 to 160.0 ug-mL™).

(d) Validation of method.

Method validation of quantitative analysis was performed on parameters such as linearity, precision, recovery, and specificity of GA. linearity of
response was performed using plotting peak areas against the concentration of the injected standard. Method precision was evaluated based on



intraday and interday variability. Intraday variability was conducted by injecting the triplicate determination of quality control samples
(400pug'mL! ) six consecutive times in the same day. Interday variability was realized by using the same quality control samples for six
successive days. Relative standard deviation (RSD) values were calculated for the integration area and considered to be the measure of precision.
Accuracy of the method was determined by addition of known amounts of GA standard drugs ( at level of 50, 100, and 150% levels) into
infusion samples in triplicate. In this work, the mean recovery of the GA concentration was 100 + 2% for acceptance. The specificity of the
method was proved by injecting the standard and sample solution. There was no interference with the retention times of analyte peaks. The
optimized method was able to separate the possible formulation peaks and diluent peaks from the retention times of the analytes. Both the limits
of detection and quantitation (LOD and LOQ) values were calculated by using slope and Y-intercept. according to ICH recommendations 2",
Relatively low LOQ and LOD values confirm high sensitivity of the introduced HPLC method.

(e) Application to drug product samples

This validated assay was used to quantify the amount of GA in different QIG extracts and residues. Accurately weigh 0.8g of each extract and 4g
of drug residue , put them into 25mL brown flask respectively, add distilled water, dissolve them with ultrasonic wave for 15 min, and constant
volume to scale at room temperature. Take 1.0mL each solution and place it in 250mL brown measuring bottle, add distilled water to set the
volume to the scale. The solution was filtered through a 0.45 1 m membrane filter.

IR Analysis of extracts and residues

Take 2.0mg of each sample, add 200mg of dry potassium bromide powder, grind it evenly with agate research bowl, place it in the mold, make
transparent sheet with tablet pressing machine (pressure about 80-100KN), and then put KBr sheet containing sample into sample frame of
infrared spectrometer ( IR-Prestige21.Shimadzu, JP) for determination. Both the sample and KBr should be dried and ground to a particle size of
less than 2 1 m, to avoid the influence of scattered light.



Cell lines and treatment

HCT-116 (CRC human cell line) and Caco-2 (CRC human cell line) were purchased from Procell Life Science&Technology Co,.Ltd. (Shanghai,
China) and the passage number of them in this experiment was between 4 and 5. Cell medium was DMEM (BI, Israel) containing 100 IU-mL"!
penicillin (Beyotime Biotechnology, Shanghai, China) and 10% fetal bovine serum (BI, Israel). The cell incubator maintained 5% CO; and
37 °C.

CCK8 Assay

CRC cells (5x10°-mL") were added to a 96-well plate with 100 ul of cell suspension per well. 5-fu (Solarbio, Beijing, China) was selected as the

positive drug in this experiment. After treating the cells with QIG extracts (0.05-0.5mg-mL™"), GA(0.02-0.2mg-mL™"), 5-fu  (0.005-0.1mg-mL™)
at different concentrations for different times(12-72h), CCK-8 reagent (Biosharp, Shanghai, China) was added with 10 pl each pore. Then the

mixture was incubated in a 37°C incubator for 1.5 h, and the absorbance was tested with a microplate reader at 450 nm. Cell inhibition rate

calculated using Eq(1)

Absorbance

(test sample - blank )
Absorbance

Cell inhibition (%) = 100 (1)

(negative sample - blank)

Wound-healing assay

When the HCT-116 and Caco-2 cells were cultured into confluent monolayers in a six well cell culture cluster, a 10ul sterile tip was used to
draw multiple lines on the cell layer and different concentrations of QIG extract (0.1, 0.3, O.Smg-mL'l), and GA (0.1, 0.15, 0.2mg'mL'1) were



added to cells. The average level of cell migration was analyzed after obtaining an image at Oh, 24h with an 10x objective lens of an inverted
microscope (Nikon, JP).

Apoptosis assay

Cells were digested with 0.25% trypsin after treatment with QIG extract (0.3 mg * mL') and GA (0.1, 0.15, 0.2mg-mL"") for 24 h, and then
collected by centrifugation at1500 rmin’'. After that, they were washed twice with PBS and dyed with Annexin V-FITC and PI for 20 min under
4 °C without light. The level of apoptosis was assessed by flow cytometry (Becton-Dickinson, USA).

Statistical analysis

The statistical significance between groups was performed with SPSS 26.0 using one-way ANOVAs. It was regarded as statistically significant
by P values < 0.05. The data were expressed as mean+sd of three independent experiments.

Entropy weight

Entropy can measure system uncertainty, and entropy weights can represent the relative importance of factors*>. Assuming that n extracts were
selected as samples and m evaluation indexes were designed, the dataset related to the extracts would be presented through the matrix x; where i
=1,2,...,n;j=1,2,..., m; x; is the value of the ith extract with regard to the parameter j; then the data are standardized using Egs.(2a,2b). Mj
and mj are the maximum and minimum rate values of index j, respectively, in which Eq(2a) use for positive index, Eq(2b) use for reverse index.
Next, The entropy value for index j named e; could be defined using Eqs. (3-4). The weight of each parameter was finally estimated using Eq.
(5-6), where w; is the index weight of jth parameter, and » is the number of the evaluation indicator. Finally the index weight w;and p;; are
multiplied to get the comprehensive score of each evaluation object using Eq. (7).



Results

Microscopic identification of QIG powders

The microscopic characteristics of QIG powder are shown in Fig. 1. QIG powder is light yellow, the thin-walled cells are oval or irregular, and
the pore pattern is obvious; the round or rectangular cell cavity of the stone cells is large, with a diameter of 5-10 um. The brown globules are
integrated or single, 5-20 um in diameter. The starch grains are round or oval, and the umbilical points are fissure or herringbone, with a
diameter of 15-30 pum. Calcium oxalate clusters with a diameter of 20-35 um are present; the conduit is multi-threaded. The wall of the
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Fig.1 The microcosmic structures of QIG powders(X 100). A:Brown starch granules; B: Calcium oxalate cluster; C: Parenchyma cell; D: Spiral vessel; E:

Nonglandular hair

Extraction yield of the QIG extracts and residues

The temperature of each solvent is controled at acetone (58 °C), ethanol (80 °C), methanol (65 °C), aqueous (100 °C) according to their own
boiling point. The extraction yield (%) recorded is illustrated in Table 1 based on the nature of the solvents used. The methanol extract produced
the highest yield (77.96% of the dry powder), followed by the ethanol extract (75.48%), the acetone extract (70.17%) and the aqueous extract

(68.86%).

Polyphenols and tannins’ analysis

According to the standard curve(y = 0.0628x + 0.0495, R = 0.9999) drawn by GA standard solution, the content of polyphenols and tannins in
the four extracts and residues were calculated in Table 1.Tannins and polyphenols are water-soluble components, so the content of tannins and
polyphenols increases with the increase of solvent polarity. The content of this component in QIG extracts is aqueous > methanol > ethanol >
acetone, which is opposite in the residue, and the content in crude drug is basically the same after conversion.
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TLC identification of GA

The results of TLC are as shown in Fig. 2(A,B). GA is contained in all extracts and residues, and the content of GA in residues is significantly
less than that in extracts.

Fig.2 Results of thin layer chromatography of each sample. A:extracts.B: residues. From left to right were methanol, ethanol, acetone, aqueous samples and GA

standard solution in both plate.

HPLC determination of GA

The chromatograms of the standard solution , sample and blank are as Fig. 3. The negative control solution has no interference at the
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corresponding position of the chromatographic peak of the control solution, which is indicated that GA can be determined under this

condition.The characteristic parameters for regression equations of the proposed HPLC method are given in Table 2. The values of LOD in the
developed method were 0.29ug-mL!, and LOQ values were 0.91ug-mL! with %RSD less than five (accepted criteria in less than 10%).The
precision data for both inter- and intraday analysis of GA in the quality control samples at three levels is depicted in Table 2. The results of
precision and accuracy were found to be within the acceptable limits , which indicated that the new method is precise and accurate. The
determination results of GA content in each sample are shown in Table 1.

Table 1 The extraction yield (%) and content of components of the QIG crude extracts and residues prepared with different polar solvents

QIG Solvent weight (g) Yeild (%) Polyphenols (mg-g!) Tannins (mg-g!) GA (mg-gh
Extract Acetone 35.085 70.17 371.91%2.64 310.48+1.44 68.28£0.678
Ethanol 38.98 77.96 447591 2.64 371.99+4.08 71.183£0.408

Methanol 37.74 75.48 524.83+1.27 438.4540.33 82.1612.21
Aqueous 3443 68.86 562.66+8.45 463.8514.62 169.861+3.238

Residue Acetone 11.25 22.5 289.811.20 161.00£2.30 7.27+0.08

Ethanol 10.79 21.58 22481241 121.29£2.68 6.78£0.06

Methanol 10.53 21.06 164.8910.78 76.21+2.86 6.31£0.02

Aqueous 13.66 27.32 59.0410.64 10.161+2.54 8.03£0.08
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Crude drug Acetone 50.02 92.67 661.721+2.98
Ethanol 50.04 99.54 672.40£3.18

Methanol 50.05 96.54 689.71+0.53

Aqueous 50.01 96.18 621.70£7.98

471.58+1.25
493.29+1.76
514.64x3.16

474.01£2.16

75.55%0.68
77.96+0.36
88.47+2.24

177.88£3.18

T T T T T
Q 5 0 B -2} =

Fig.3 The chromatograms of stander, sample and blank. Note: standard (——), sample (——) and blank (—)

Table 2 Analytical parameters for GA

Analytical parameter Value

Wavelength 271nm
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Retention time (min)

Theoretical plate (mean +
SD)

Linear range (ug-mL™")
Linear equation

Correlation (1)

Detection limit

(ug-mL ™)
Quantification limit
(ng'mL™")
Recovery
Accuracy (%)
RSD (%)
Intraday
Precision RSD (%)
Interday

11.717

4973.38+3.58

10~160

Y=32.802X-33
9.88

0.9991

0.29

091

98.87

2.6

1.2

1.8
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IR analysis

The IR spectra of the raw medicinal powder, extracts and residues are shown in Fig.4(A, B, C). The spectrum shown in the figure is very
complex and including multiple characteristic absorption peaks. A series of high intensity characteristic absorption was found in 1750-1400cm™
region. The peak at 1708 cm™! is related to the stretching vibration of C = O in gallic phthalein group. Because of the stretching vibration of C =
C group and the deformation and in plane bending of aromatic skeleton and C—H, characteristic peaks of which appear at 1612 cm™'. 1535 cm’!
and 1446 cm™, 1309 cm'and 1203 cmare related to the in plane bending vibration of —CH2 and —CH3. The absorption peak at 1029 cm™ is
attributed to the stretching vibration of C—O. The peak at 871 cm™ may be related to the out of plane bending vibration of C—O. In addition, the
absorption peak of C—C stretching vibration was appeared at 759 cm’!. Table 3 lists the detailed peak out position of each sample and the
expansion change of functional groups at that location. It can be seen that the characteristic peak does not produce obvious displacement or
change, nor a new or disappeared diffraction peak, which is because there is no appearance of a new functional group or a certain reaction of the
original functional group.With the change of extraction solvent, some characteristic bands show that the absorbance or wave number still slightly
change. By comparing the infrared absorption spectra of extracts and residues extracted by different polar solvents, the characteristic absorption
band in the wave number range between 3000 cm™ and 3500 cm™'changes to low intensity peak , and the peak type becomes wider, which may
be caused by the stretching vibration caused by gallic acid, methyl gallate and tannins in the extracts and residues. These changes indicate that
the increase of solvent polarity may affect the -OH bond in the molecule. In addition, the polarity of the extraction solvent does not affect the
molecular structure of C—H bond. In conclusion, although the extraction solvent has an effect on the proportion of its components, it has no

effect on the main molecular structure of the medicinal materials, and will not cause the fundamental change of chemical structure.
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Fig. 4 IR spectra of QIG powder, extracts and residues. A:Infrared spectrogram of QIG powder. B:1 ~ 4 are the infrared spectra of QIG acetone, ethanol, methanol and

aqueous extract, respectively. C:1 ~ 4 are the infrared spectra of QIG acetone, ethanol, methanol and aqueous residue, respectively.

Table 3 Wavenumber assignments of FTIR spectra of QIG powder, extracts and residues.

QIG QIG extract QIG residue
Assignment
Powder Acetone Ethanol Methanol Aqueous Acetone Ethanol Methanol Aqueous
3217-3414 3344-3360 3344-3360 3321-3340 3282-3340 3332-3383  3309-3383 3309-3383 3232-3383 -OH stretching vibration
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CCK8 assay

Table 4 show that QIG extracts and GA have different degrees of inhibition on the proliferation of two kinds of CRC cells after incubation at
different concentrations and time. It increases with the increasing of concentration (P < 0.05) and the extension of time (P < 0.05). According to
the data in Table 5, the IC50 values of each test drug on two kinds of CRC cells are different, among them the IC50 values of QIG acetone,
ethanol, methanol and aqueous extracts on HCT-116 cells after 12, 24, 48 and 72 hours are range from 0.313~0.988 mg-mL!, 0.131~0.53
mg-mL, 0.107~0.379 mg-mL"' and 0.1~0.262 mg-mL"!, respectively; and the IC50 values on Caco-2 cells are range from 0.966 mg - mL'
~1.382mg-mL"!, 0.404~0.522mg-mL"!, 0.246~0.341 mg-mL"!, 0.122~0.312 mg-mL"!. So the ethanol extract showed the strongest anti CRC
activity and others. Additionally ,GA also showed strong anticancer activity as one of the important component of QIG. The maximum inhibition
rate and IC50 value of GA on HCT-116 and Caco-2 cells were 86.54% and 0.07 mg-mL!, 80.3% and 0.083 mg-mL"' respectively after 72 hours
of treatment. The preliminary results can provide a reference for further research in the future, and can also provide ideas for the treatment of
colon cancer.

HCT-116 and Caco-2 cell strains were isolated from the colon tissues of white male CRC patients over 70 years old. The growth of normal
HCT-116 cells was scattered, the cell morphology was spindle, and the adhesion was relatively weak, as shown in Fig. 5 (A). The normal Caco-2
cells were aggregated and grew, and the cell morphology was clear and round, while the cells were closely connected and adhered firmly, as
shown in Fig. 5 (E). The morphological changes of two kinds of colon cancer cells were observed under microscope after incubation with
different concentrations of ethanol extract for 48 hours. The experimental groups (ethanol extract concentration 0.1, 0.3, 0.5 mg-mL') showed
different degrees of damage. With the increase of the concentration of active ingredients, the number of adherent cells decreased significantly.
HCT-116 cells gradually increased in shrinkage, abscission and roundness. The cells began to condense into spheres and lost their fixed cell
morphology, as shown in Fig. 5 (B, C, D). Caco-2 cells showed different degrees of fragmentation, increased cell fragments, formed irregular
clusters, and lost the original regular tight junction, as shown in Fig. 5 (F, G, H).
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Fig.5 Morphology of two kinds of CRC cells before and after intervention with ethanol extract(X100). A. B, C and D were the morphology of HCT-116 cells at
0,0.1,0.3 and 0.5 mg - mL"!, respectively; E, F, G and H were the morphology of Caco-2 cells at 0, 0.1, 0.3 and 0.5 mg - mL"!, respectively.

Table 4 QIG extracts on the growth inhibition rate of -2 HCT-116 and Caco-2 cells (%)

C HCT-116 Caco-2
Extract .
(mg emL") 12h 24h 48h 72h 12h 24h 48h 72h
5-fu 0.1 47.14+1.21" 60.74+0.88"  87.49+0.89""  91.55+]1.39* 30.243.12"  59.78+1.27"  81.46+0.98"  84.71+3.28"
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GA

acetone

ethanol

0.02

0.05

0.1

0.15

0.2

0.05

0.1

0.2

0.3

0.4

0.5

0.05

0.1

0.2

0.3

0.4

5.62+1.23%

9.66+2.21"%

14.64+2.657%

31.38+2.29"#

42.63+2.82"%

16.87+1.69"#

19.3+2.25™#

34.97+3.117#

39.37+1.66"

44.17+1.417%

48.24+1.41™

11.56+3.87"#

25.37+3.85"

31.29+2.07°#

45.13+£3.26"%

49.67+1.58™

11.73+1.28™#
24.68+1.48"#
37.35+1.2"#
49.5441.75"#
60.0121.26"*
19.24+2 46" #
30.02:£4.4™*#
46.41+2.63"#
63.52+2.49™
65.3242.18™
67.94+1.24™
29.12.83"#
45.76+1.6"
49 .4+1.48"
68.36+2.44"

73.82+1.53™

10.240.69"#*
31.06+1.51"#
46.86+1.517#
62.39+0.86"**
78.35+0.98""#
21.53+5.77"#
37.245.127%
49.44+5.53"#
62.97+1.94#
64.98+2.9"#
69.06+1.32"#
34.68+6.26"" "
46.41%5.7"#
66.72+3.45"#
70.1£2.73"#

74.71£1.967

20.4441.227%

32.75+1.157#

58.43+0.937#

70.62+0.98™

86.54+1.02"#

30.08+3.527#

50.25+4.15"#

56.1+2.14"%

67.98+2.17"#

71.2542.647#

73.17+1.38"#

35.93+2.8"%

50.61+1.76™%

63.16£1.43"

72.49+1.09™#

73.91+3.09™
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3.02+0.62"#
12.3£1.29"#
19.24+0.74"
22.04+1.05"%
27.99+0.57"#

3.92:+1.41%
9.65+1.64 "
11.25+0.85*##
15.14+1.517#
22.89+1.27"#
31.67+0.27"#
12.4743.53##

15.4+1.91°#
19.45+0.92°#
23.84+1.57"#

34.49+1.32™

7.1£0.48™#
14.49+1.17"%
28.25+1.58"#
41.05+0.67"%
48.37+0.92"#
13.55+3.75"#
24.58+1.19"#
30.5624.95"#
39.324+4.98"#
45.13+4.36"
50.76+3.79"#
11.83+1.57##
25.23+3.96"#
29.743 45"
44721474

49.52+1.94™#

11.54+1.427%
23.054+2.59%
42.19+1.7%

59.47+2.77%
76.2+1.76"

15.3542.21"#
27.65+1.19"#
33.8+1.127#

50.742.78"##

55.12+0.82"#
62.71+2.46"#
22.76+1.52"#
31.79+2.39"#
43.07+1.23"#
55.56+1.72"#

59.21+1.55"#

15.51+0.74%
31.59+2.44"
53.41+1.71%
66.01+0.71"

80.3+2.08"
24,4241 85"
54.05+3.84"#
58.3+0.99"#
72.58+3.37"#
73.8143.02"##
78.0242.727#
38.13+3.8"##
41.4245.49*##
45.6143.31°#
69.03+4.68"#

68.52+4.08™##



0.05
0.1
methan
ol 0.3
0.4
0.5
0.05
0.1
0.2
aqueous
0.3

0.4

0.5

51.29+4.0"

8.55+3.14"
11.3543.36"
23.13+1.89"#
31.07+7.917#
36.76+2.6"
40.76£2.6#

3.32+1.37%
5.97+1.78"#
12.58+0.52""%
22.4+1. 727
23.35+2.017%

31.99+0.83"*#

75.44+2.53"
12.1742.1°%
33.59+4.16"#
48.142.62°#
60.76+3.52"
63.79+3.01"
70.07+3.4*
7.55+0.68"
16.19+1.24"%
27.05£1.17"%
35.72+2.25"%
42.55+1.86"

48.40+1 8%

76.44+3 52"
29.842.55
36.16+4.04"#
52.1942.74"#
64.3542.45"#
65.7+2.58"#
72.63+1.51"#
15.42£1.22"%
34.66+2.12"%
39.08+0.79™%
48.27+0.66"
50.79+1.07"#

60.43+1.89**#

76.55+1.88""##
37.94+2 48"
48.81+4.14"
60.85+2.18"#
66.95+2.06"*
69.57+2.27"#
73.3141.85"#
22.72£1.05"%
36.28+2.22"%
42.94+0.75"
52.97+0.96"#
53.79+1.77"%

64.49+1.89**#

38.93+3.7"
7.45+2.56"
8.1245.35™#
16.76+1.86"##
21.31£5.76"#
25.17+1.27%#
34.41£3.63™
1.71£1.09%
4.61£1.74"
6.38+0.79™#
13.48+1.77%
25.73+0.94"#%

31.99+0.83™

55.59+1.68"##
7.84+1.61"#
23.53+2.69"
31.5242.27"#%
38.6+2.437
41.41£2.617%
48.17+2.37"#
3.85+0.637%
10.32+0.97#
16.4+1.9"#
27.7620.69"
45.43+0.84™%

48.40+1.8™

65.14£2.17"#%
12.6£1.977#
28.27+1.53"#%
38.75+3.43™#
46.91+1.85#
53.4+1.627%
60.37+2.0"%
6.94+0.74™%
15.12+1.25™#
28.15+1.45"#
28.161.45™#
59.03+0.717#%

60.43+1.89"*#

78.8+1.14™#
15.63+2.6"#
31.1242.66"##
50.7242.417%%
64.05+3.67"
65.43+1.447%%
72.21£2.69"
15.7243.47#
25.16+4.6"%
31.742.397%
45.75+4.96"
59.9242.78"##

64.49+1.89"

Note: Mean values were tested for normality before proceeding to the parametric test; one- way ANOVA followed by Tukey pairwise comparisons at 95% confidence.

Value of P < 0.05 was statistically significant. At the same time, compared with the blank control group, * P < 0.05, ** P <0.01, compared with the positive control
group (5-FU) # P < 0.05, ## P <0.01.
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Table 5 IC 50 values of Caco-2 and HCT-116 cells.

IC50 (mg-mL™1)
CRC Cell Extract
12h 24h 48h 72h
5-FU 0.218 0.103 0.055 0.048
HCT-116 Acetone 0.548" 0.214" 0.192" 0.126™
Ethanol 0.313™ 0.1317 0.107™ 0.1"
Methanol 0.726" 0.212" 0.172" 0.105"
Aqueous 0.988™ 0.53™ 0.379™ 0.262™
GA 0.29" 0.148™ 0.095™ 0.07"
5-FU 0.642 0.142 0.066 0.056
Caco-2 Acetone 1.33" 0.51" 0.313" 0.122"
Ethanol 1.193" 0.404™ 0.246" 0.134™
Methanol 1.382" 0.53" 0.328™ 0.204™
Aqueous 0.966™ 0.522™ 0.3417 0.312"
GA 0.54" 0.214™ 0.108™ 0.083™

Note:The IC50 value calculated by SPSS 26. Compared with 5-fu, * P <0.05, ** P < (.01
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Wound-healing assay

The wound healing assays indicated that the scratches of the control group were almost cured after 24 h, while the scratches of QIG-treated

groups were sustained especially at the concentration of 0.5 mg * mL!. According to Fig5 (A, B), For the two kinds of CRC cells, the migration

distance of ethanol extract was the shortest in extracts. Fig.6 and Table 6 show the migration of cells after intervention by tested drugs.

Table 6 Effects of tested drugs on migration of two CRC cells

Migaeration rate(%)

Drug Concentration (mg-mL™"
HCT-116 Caco-2
Blank 0 100+2.44 10010.38
5-fu 0.1 17.934£1.95%* 6.48 1 1.69**
GA 0.1 70.14+1 .45%*## 82.87 £ 1.76%*
0.15 57.3242.41 % 61.762.15%##
0.2 20,0741 7**## 43,74 157+
QIG Acetone extract 0.1 76.27+3.02% 85.33 3.3 %
0.3 43,885 7**# 73.87 3,51
0.5 26.4+] 5% 53.8612.97%*

24



QIG Ethanol extract

QIG Methanol extract

QIG Aqueous extract

0.1

0.3

0.5

0.1

0.3

0.5

0.1

0.3

0.5

53.51£2.12%*#
33.02+1.47%*#
23.5242 9%
77.08+2.94 %
34.68+3.43**#
27.6+2.68%*#
74.3+4 59+
59.842.01 **##

39.06+3.13**##

73.87 £ 1.96%*##
52.28 1 1.99%##
35.151£1.39%*#
789 4292 %
57.0142.87%#
46.6110.99**#
84.8810.59**#
61.284+0.81**#

40.14 4 1.19%*#

Note: At the same incubation time, compared with the blank control group, * P < 0.05, **P < 0.01, compared with the positive control group (5-FU) # P < 0.05, ##P

<0.01.
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Fig. 6 QIG could inhibit migration of CRC cells. After administration with low (0.1 mg-mL"!), middle(0.3 mg-mL™!) and high(0.5 mg-mL"!) concentration of QIG, and
low (0.1 mg-mL™"), middle(0.15 mg-mL") and high(0.2 mg-mL"") concentration of GA, migration of HCT -116 and Caco-2 cells for 24h was examined with an inverted
microscope( X40). A. B: The migration distance of two CRC cells were assessed by GraphPad Prism 5.

Apoptosis assay

In order to define whether QIG suppresses cell viability by inducing apoptosis, HCT-116 cells and Caco-2 cells were administrated with QIG
extracts for 24 h and dyed with Annexin V/PIL. The apoptotic effect of QIG extracts was assessed by flow cytometry. Comparing with the control
group, the apoptosis ratio of HCT-116 and Caco-2 cells treated with QIG extracts (0.3 mg-mL™") significantly improved in different degrees (Fig.
7). Among them, the apoptosis rate of ethanol extract was the highest after intervention, which was 27% and 24.9% for HCT-116 and Caco-2
cells respectively, and the rest was methanol > acetone > aqueous. Additionally, Fig. 8 show that with the increase of GA dosage, the number of
apoptotic cells increased significantly. The apoptotic HCT-116 cells in low, medium and high dose GA groups increased from 14.0% in the
control group to 16.4%, 23.3% and 30.4%, respectively, and the apoptotic Caco-2 cells increased from 10.5% in the control group to 17.7%,
21.3% and 29.3% respectively . The results showed that GA had obvious apoptosis inducing effect on HCT-116 and Caco-2 cells, and the
apoptosis inducing effect in high dose GA group was more obvious.
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Fig.7 Apoptosis of two CRC cells treated by each extract. A ~ E was the apoptosis of HCT-116 cells in blank control group, acetone, ethanol, methanol and aqueous extract
groups after incubated 24 hours; F ~ J was the apoptosis of Caco-2 cells in blank control group, acetone, ethanol, methanol and water extract groups after incubated 24 hours;

the concentration of each extract was 0.3 mg-mL!. K. L: The apoptosis rate of HCT-116 and Caco-2 cells incubated with different extracts for 24 hours.
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Fig. 8 Apoptosis of two CRC cells treated by GA. A ~ D was the apoptosis of HCT-116 cells in blank control group, GA (0.1.0.15.0.2mg-mL™") after incubated 24 hours;

E ~ H was the apoptosis of Caco-2 cells in blank control group, GA (0.1, 0.15. 0.2mg-mL!") after incubated 24 hours; the concentration of each extract was 0.3 mg-mL-'. I,
J:The apoptosis rate of HCT-116 and Caco-2 cells incubated with different extracts for 24 hours.

Entropy weight

The entropy weight method was used to determine the objective weight of the index. According to the above CCK-8 assay, wound healing assay
and apoptosis assay, a series of index data were obtained, and then the entropy weight method was used as the weighting method of best
anti-CRC QIG extract evaluation. Based on Egs. (2-6), the results of the entropy weight method are given in Table 7, and the final
comprehensive score was calculated in Table 8. The result show that, for HCT-116 cells, the comprehensive score order was ethanol >
methanol> aqueous> acetone; for Caco-2 cells was ethanol > methanol > acetone > aqueous. The score of ethanol extract was the highest
(0.5546 and 0.5436). Therefore, this study proves that the ethanol extract has the strongest inhibitory effect on CRC cells.

Table 7 Objective weights based on entropy model
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HCT-116 Caco-2
Index factor
Index(ej) Index(g;j) Weight(w;) Index(e;) Index(g;j) Weight(w;)
12h IC50 (mg-mL™") 0.7432 0.2568 0.1123 0.6126 0.3874 0.1315
24h IC50 (mg-mL™!) 0.7883 0.2117 0.0926 0.4213 0.5787 0.1965
48h IC50 (mg-mL") 0.7834 0.2166 0.0947 0.5780 0.4220 0.1433
72h IC50 (mg-mL") 0.7907 0.2093 0.0915 0.7728 0.2272 0.0771
Migration rate at low concentration (%) 0.3335 0.6665 0.2915 0.5604 0.4396 0.1492
Migration rate at middle concentration (%) 0.7757 0.2243 0.0981 0.7758 0.2242 0.0761
Migration rate at high concentration (%) 0.7868 0.2132 0.0932 0.7450 0.2550 0.0866
Apoptosis rate (%) 0.7117 0.2883 0.1261 0.5886 0.4114 0.1397
Table 8 The final entropy score of each extract
Entropy score
Cell
Acetone Ethanol Methanol Aqueous
HCT-116 0.1961 0.5436 0.2264 0.0596
Caco-2 0.1011 0.5546 0.1989 0.1454
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Discussion

With the application and development of omics technology, some scholars divided CRC into goblet cell type, intestinal epithelial cell type, stem
cell type, inflammatory type and transforming type according to its pathological characteristics and characteristic expression profile!?*!. At the
same time, scientists found that the patients with inflammatory type of cancer are relatively sensitive to radiotherapy, and can achieve the
purpose of preventing the occurrence of cancer through oral aspirin and other anti-inflammatory treatment(®. IBD is a high risk factor for CRC,
and the risk of CRC in patients with chronic IBD is significantly higher than that in the general population?®!. Meanwhile, some literatures have
confirmed that the impact on CRC is not limited to IBD, and the occurrence and development of CRC is related to some occult inflammation 271,
The research of inflammatory bowel disease-related colorectal cancer has important value for the occurrence and development of inflammatory
cancer transformation and inflammation related colorectal cancer!?®!. Nowadays natural products as well as their combination therapy represent a
promising approach in the therapy of cancer. Polyphenols are abundant in nature. Because their structures contain phenolic hydroxyl groups,
they show a wide range of biological activities, such as anti-inflammatory anti-oxidant, anti-cardio cerebrovascular disease, anti-cancer and
anti-virus®. Free radical reaction is closely related to the occurrence and development of cancer. In the complex process of carcinogenesis,
peroxides may play an important role. Antioxidants can scavenge free radicals, interrupt or terminate the oxidation reaction of free radicals*"!. In
addition, polyphenols are easily oxidized to quinones and easily capture free radicals such as reactive oxygen. Therefore, polyphenols have
strong ability to scavenge free radicals and antioxidants can inhibit the occurrence of cancer metastasis by removing active oxides. The
occurrence of cancer is the result of multiple factors, and polyphenols can play an anti-cancer role through multiple mechanisms. Such as silybin
gallic acid inhibiting angiogenesis*!!, 5-arylthiothiazolidone inhibiting tyramide DNA phosphodiesterase 112, and catechin inhibiting met kinase
in human CRC cellst*?!. Additionally, Antioxidant represses the cancer metastasis through scavenging ROSP*#, Hence, scavenging abnormally
produced ROS can be considered to be one of the alternative methods for treating inflammatory diseases. However, high doses of natural
antioxidants such as polyphenol can induce side effects on health. Further, synthetic antioxidants are still controversial in regards to their safety
and their complicated synthesis!*]. In that perspective, we focus on polyphenol rich natural product QIG’s application as anti inflammatory, anti
oxidant and anti-carcinogen agent. The present study aims to screen the anti CRC potential of QIG extracts without compromising its
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toxicological aspects. At the same time, find out the potential relationship between material basis of QIGs extract and its pharmacodynamic
basis.

In this study, different polar solvent were used for extracting QIG powder in order to investigate its antioxidant effects difference of
compounds. The polar solvents with high polarity index, aqueous (P’ = 9), followed by ethanol (P’ = 5.2), methanol (P’ = 5.1) and acetone (P’ =
5.1) were used due to their ability to extract a broad spectrum of bioactive compounds present in the plant. This was confirmed by Mufioz %! in
the search for antimalarial compounds from Bolivian plants using several polar solvents. 5-FU is the earliest and most widely used anti
metabolic chemotherapy drug in clinic. Compared with other chemotherapy drugs, 5-FU has good curative effect on gastrointestinal cancer and
other solid cancer!®”), and acts as a positive control drug in most cancer drug research. Cell proliferation, apoptosis, cell migration, autophagy
and cell death are the most commonly used pharmacodynamic evaluation indexes at cell experiment. HCT-116 and Caco-2 are the main
common CRC cells. In this research, the proliferation, migration and apoptosis of HCT-116 and Caco-2 cells were detected by CCK-8, wound
healing assay and flow cytometry. According to the above process, a series of index data were obtained, and then the entropy weight method was
used as the weighting method of best anti-CRC extract evaluation. Meanwhile, it is the first time that entropy weight method is used to analyze
the results of in vitro experiments

There are many compounds in QIG. We chose the more representative polyphenols, tannins and GA for analysis through literature review!*8,
The result of analytical methods indicated that the contents of polyphenols, tannins and GA in extracts from high to low were aqueous >
methanol > ethanol > acetone, which were the highest in the aqueous extract, reaching 562.66 +8.45 mg-mL"!, 463.85+4.62mg-mL"!, 169.86+
3.24mg-mL!, respectively, and the content order of them in residues is opposite to that in extracts. Through the study of material basis, the
effective components in the residues were far lower than those in the extracts (which was only 1/10-1/5 of the extract), so just the extracts were
tested in pharmacodynamics experiment. In vitro pharmacodynamics experiment exhibited all four extractsthat could inhibit the proliferation and
migration, induce apoptosis of CRC cells in different degrees, and this is in agreement with the study by Zhang H''® in which aqueous extracts
of QIG exhibited a promising anti CRC activity in vitro against the HT-29 and CT-26 strain of CRC. The entropy score of ethanol extract ranks
first (0.5546 and 0.5436), followed by methanol (0.2264 and 0.1989), acetone (0.1961 and 0.1011) and aqueous (0.0596 and 0.1454). After the
intervention of ethanol extract, the proliferation inhibiting rate of ethanol extract on HCT-116 and Caco-2 cells reached 76.55% and 78.8%,
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migration inhibition rate reached 76.48% and 64.85%, and the induced apoptosis rate increased by 20.1% and 12.6%. Therefore, the
comprehensive assessment showed that the ethanol extract promising good selectivity compared to the other extracts, and is preferable for
further mechanism research. These findings will lead to further studies on the bioactivity-guided isolation of compounds from the ethanol
extracts of QIG, and the specific pathway of its in vitro efficacy should be clarify to lay a foundation for in vivo research.

The presence of phenolic compounds in QIG has been extensively quantified, with 50%—-70% polyphenols as principal compounds*®!. This
kind of water-soluble components is obviously the most in the aqueous extract, but in this anti CRC activity test, the ethanol extract of QIG
shows the strongest effect. In another antimalaria test, the acetone and methanol extract of QIG have the strongest effect!*!. These results
indicated that the efficacy of QIG does not completely depend on the content of polyphenols or tannins. This result may be caused by the
different proportion of components, and maybe the combination of polyphenols with other water-soluble substances has some synergistic
orantagonistic characteristics. This needs to be further explained from the mechanism of action of traditional medicine and the pathogenesis of
the disease, and it may also need to find the answer from nearly 30% of the components of QIG, which have not been found yet.

Conclusions

In summary, the compounds of different extracts of four kind of different polar solvent extracts of QIG were analyzed and the anti CRC activity
was detected In this study (Fig.9). Compound analysis result shows that aqueous extract contain the most active compounds. However, In
pharmacodynamic experiments, the ethanol extract but not the aqueous promising the strongest anti CRC activity. Therefore, for the effective
application of QIG in CRC prevention and treatment, the main bioactive ingredients in QIG ethanol extract should be investigated in the
following study. This research also suggests that the anti CRC effect of QIG is not directly related to the content of polyphenols compounds.
This research provides experimental basis for further mechanism research and the application of QIG in Inflammation associated CRC therapy
as a complement and alternative medicine.
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