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Abstract

This study was conducted to enrich and purify the active constituent in Polygonum cuspi-
datum, and to study its anticancer activity. Extraction conditions of Polygonum cuspidatum
were optimized by investigating the macroporous resin model, flow rate and ethanol con-
centration. MTT assay and electron microscopy were used to analyze the inhibitory effect of
Polygonum cuspidatum extract on human SW480 cells. During the investigation of enrich-
ment and purification process, the optimal conditions for enrichment of Polygonum cuspi-
datum extract with D101 macroporous resin were identified to be a 3-fold amount of 75%
ethanol, and a flow rate of 2 BV/h. Under electron microscope, nuclear morphological
changes are seen in SW480 cells treated with Polygonum cuspidatum extract; apoptotic
characteristics are significant, and apoptotic bodies are formed eventually. MTT assay re-
sults showed that the inhibitory effect of Polygonum cuspidatum extract on SW480 cells in-
creases with the increase of concentration and prolongation of action time within the ex-
perimental concentration range, which proves a dose- and time-dependence of action. Poly-
gonum cuspidatum extract has a marked inhibitory effect on human colon cancer SW480
cells.
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| ntroduction as ischemic heart disease and hyperlipidemia dtingro

effects [7-8].
Traditional Chinese medicine Hu Zhang is the drmats
and rhizomes of Polygonum cuspidatum Sieb.et Zlicc. Resveratrol is a stilbene compound with high pgfari
is bitter, slightly cold, and enters the liver,Igiidder and ~ Conventional extraction and purification methods re
lung meridians. It possesses wind-expelling andediu ported in the literature include organic solventrastion,
sis-promoting, stasis-dissipating, pain-relieving,preparative HPLC extraction, supercritical extractand
cough-suppressing and phlegm-resolving functioris [1 macroporous resin extraction [9-10]. Originated tlie
and is mainly used for joint arthralgia, damp-hgain-  1970s, macroporous adsorption resin is a new argani
dice, amenorrhea, abdominal mass, expectoratioterwa high polymer adsorbent, which is characterized édg-r
and fire burns, traumatic injury, carbuncle, sares, At  tively stable nature, selective adsorption, mildatption
present, Polygonum cuspidatum is mainly found irconditions, easy regeneration, and repeated uyabili
China's eastern, central, southern and southwegtexn ~ recent years, macroporous adsorption resin has been
inces and regions [2]. widely used in the pharmaceutical industry, espgcia

the purification and enrichment of functional cdtosints
Polygonum cuspidatum mainly contains anthraquinone traditional Chinese and natural medicine.
and stilbenes. Modern pharmacological studies have
shown that Polygonum cuspidatum has anti-tumoriMaterialsand Methods
anti-inflammatory, anti-viral and hepatoprotectisifects
[3-6]. Polygonum cuspidatum is rich in resveratvahich  Instruments and reagents
possesses marked tumor suppressive activity. dt lsds Resin (Chemical Plant of NanKai University), rotary
blood viscosity lowering, blood flow maintainingoro-  evaporator, thermostatic water bath kettle.,@@ubator
nary heart disease and atherosclerosis suppressinggll  (NBS, USA), SW-CJ-2F clean bench (Suzhou Purifica-
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tion Equipment Factory), RPMI 1640 medium (Gibco,Quantitative determination method

USA), MTT (Sigma, USA), flow cytometer (BECK- Absorbance of resveratrol in solution was measussag
MAN-COULTER, USA), propidium iodide (PI) (Sigma, a spectrophotometer, and detection wavelength \WWés 3
USA). Ethanol, hydrochloric acid and sodium hyddexi nm with ethanol as the reference.

were all of analytical grade.

Selection of resin type
Cedllsand drugs Practicality of different types of resins was inigated
Human colon cancer SW480 cells were purchased fromy static adsorption method. Each 5 g of diffetgpes of
Shanghai Yuanmu Biotechnology Co., Ltd. Polygonunyesins were accurately weighed, and packed indharm
cuspidatum was purchased from Anguo Medicine Markeby wet method. 30 ml of resveratrol (0.90 mg/mL)swa
which was identified as the roots and rhizomes @ slowly added to different resin columns, and aaiert
gonum cuspidatum Sieb.et Zucc. Resveratrol, wilua volume of supernatant was aspirated at set interial

rity of >98%, was purchased from Sigma, USA. measure the absorbance of resveratrol. Desorptitn r
_ was calculated, resveratrol adsorption and desorpti
Resin pretreatment performances of various resin models were detewnine

Resin was soaked with 95% ethanol for 24 h. Aftdlyf and the optimal volume fraction of desorption ldjui
swollen, the resin was packed in the column by wegthanol, was investigated.

method, and washed with 95% ethanol until the eluat

was not white, turbid when added with water. Thibe, Results

resin was washed with distilled water until no ethlavas

detectable, and set aside. The results showed that the resveratrol adsorpioth

desorption capacities of D101 macroporous resiohesh
Preparation of Polygonum cuspidatum sample solution 65.548 mg/g and 59.6254 mg/g, respectively, ancehire
Coarse Polygonum cuspidatum powder (40 mesh) wagpn rate was 92.54%. After comprehensive constitera
extracted at 60 with 8-fold amount of 60% ethanol D101 macroporous resin was selected for the engahm
solution for 1 h twice, then the filtrates were ¢oned, and purification of Polygonum cuspidatum extrahwn
and solvent was removed to obtain the sample saluti in Table 1.

Table 1. Resveratrol adsorption and desorption performances of different macroporous resins

. . Equilibrium adsor ption capacit Desor ption capacit Elutingrate

Resin model Polarity q (mg/gr; capacity p(mg/g)ap y (%)
D-101 Non-polar 65.548 59.6254 92.54
HP-20 Non-polar 63.684 58.2275 85.69
XDA-5 Non-polar 64.669 57.5698 96.84
LSA-10 Non-polar 63.598 56.6681 95.32
LSA-40 Moderately polar  52.357 50.3247 83.66
AB-8 Weakly polar 67.259 65.2114 97.62
HPD500 Polar 50.365 42.3547 82.65
HPD600 Polar 48.627 43.6522 83.59
ADS-7 Highly polar 29.654 25.3245 85.65

Investigation of enrichment and purification process  solutions was determined by spectrophotometryovegd

with D101 macroporousresin by calculation of desorption rate, shown in FiglrAs
_ _ can be seen from the experimental results, diffeften
Influence of adsorption rate on adsorption results rates had an evident influence on the adsorptisualteof

Polygonum cuspidatum extract with a mass concémtrat polygonum cuspidatum extract. Absorption efficiendy
of 0.84 mg/mL was taken, and sample solution fla¥es D101 macroporous resin decreased with the increfise
were controlled at 1, 2, 3, 4 and 5 BV/h, respetyiv  flow rate; at a flow rate of 5 BV/h, its Polygonuraspi-
Sample was first eluted with 3 BV of water, andnthe datum extract adsorption rate already dropped t6356.
desorbed with 5 BV of ethanol (75%). Desorptionusol After taking into account the actual production ditions
tions were collected, and resveratrol content Bodetion  and considering all factors, flow rate was set 8/#h.
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Figure 1. Influence of different adsor ption rates on adsorption results
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Figure 2. Influence of different ethanol concentrations on extraction efficiency of Polygonum cuspidatum extract

Influence of different ethanol volume fractions on ex-  The data showed that the cumulative percentagdedac
traction efficiency of Polygonum cuspidatum extract 96.24% when 3-fold amount of ethanol was useduteel
20 g of pretreated D101 macroporous resin was bicke 10 ml of Polygonum cuspidatum extract (concentratib
the column, and 20 ml of Polygonum cuspidatum extra 0.84 mg/ml), basically reaching the elution endpoin
solution with a mass concentration of 0.858 mg/mdsw shown in Table 2.

loaded. During elution, Polygonum cuspidatum extrac

was washed with 5-fold amount of 15%, 35%, 55%, 750/beterminati0n of Opt|ma] dution volume

and 95% ethanol, respectively, and at a flow rdt€ o 10 ml of the above Polygonum cuspidatum extraat-sol
BV/h. POIygonum Cuspidatum extract content wasrdete tion was accurate|y drawn, and adsorbed on D101
mined as per the method in section “Quantitativeerde  macroporous resin column for 40 min, then washet ai
mination method”. 4-fold amount of distilled water, and then eluteifhva

- 0, .
Desorption rate of Polygonum cuspidatum extract in> fold amount of 75% ethanol;, eluent flow rate wis

creased with increasing concentration of ethandiemw BV/h. A'_[otal of five portions were collected withBV as
the ethanol concentration reached 75%, enrichmiéint e one portion.

ciency changed little; and A value reached maximum

when Polygonum cuspidatum extract content was aluteAnti-SWA480 cell activity of Polygonum cuspidatum extract
with 95% ethanol. After comprehensively consideringCell culturing

factors such as industrial production cost andtgaf&% SW480 cell lines were cultured in a 10% FBS-comtgn
ethanol was selected as the optimal enrichmentezenc RPMI 1640 medium, and subcultured routinely in &37
tration for Polygonum cuspidatum extract contehoven 5% CGQ, incubator. Logarithmic phase cells were col-
in Figure 2. lected for later use.
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Table 2: Influence of different eluent dosages on Polygonum cuspidatum extract content

Eluent dosage Polygonum cuspidatum extract content (mg/10ml) Cumulative percentage (%)
1BV/h 5.42 64.56
2 BV/h 2.18 90.43
3 BV/h 0.49 96.24
4 BV/h 0.27 99.56
5 BV/h Not detectable

Determination of cytotoxicity of Polygonum cuspidatum  mmol/L), and control group was added with equivalen
extract by MTT assay volume of culture medium. After culturing for aneth/2
After trypsinization, concentration of the logartit  hin a 37C, 5% CQ incubator, supernatant was discarded,
phase SW480 cells was adjusted to S#f0. Then, the and each well was added with A0 of 0.5 mg/mL MTT
cells were seeded in a 96-well culture plate, aftied  solution, and cultured for an additional 4 h. Nesttper-

in a 37C, 5% CQ incubator for 12 h. The 96-well culture natant was discarded, and each well was added1izh
plate was randomly divided into six groups, andheaculL of DMSO, and shaken for 10 min. After mixing uni-
group had 8 replicate wells. The wells were addé&tt w formly, absorbance value was measured, and cabiinh
different concentrations of Polygonum cuspidaturneest  tion rate was calculated.

solution (20 mmol/L, 40 mmol/L, 60 mmol/L and 80

Table 3. Inhibitory effect of Polygonum cuspidatum extract on proliferation of SW480 cells

Concentration (mmol/L) 24h 48h 72h
20 3.25+0.24 4.16+0.12 5.64+0.15
40 18.45+0.26 26.57+0.21 38.94+0.28
60 26.79+0.23 37.41+0.22 51.32+0.26
80 45.62+0.18 52.29+0.18 57.33+0.20
0 0 0 0
TEM observation reticula, and chromatin in swollen nuclei were nivaaited,

Well grown SW480 cells were passaged in 10 mL caltu showing varying degrees of degenerative deformation
flasks, and incubated in a 87 5% CQ incubator for 24  Typical apoptotic cells were visible; cell bodidsrank,
h. Then the medium was discarded and in one flask w cytoplasm condensed, nucleoli disappeared, heteroch
added 60 mmol/L Polygonum cuspidatum extract, whilénatin was marginated, and apoptotic bodies weratéabo
in the other flask was added blank medium to sesvthe be formed.
control. After culturing for 48 h, cells were trypzed
routinely, centrifuged, and fixed in 2.5% glutaetigde Discussion
solution at 4C for 2 h. After washing with PBS, the cells
were fixed in 1% osmium tetroxide, PBS washed twiceMacroporous resin is a macromolecular adsorbertt wit
gradient dehydrated with ethanol, impregnated, eltd@ macroporous structure, which does not contain exgda
in epoxy resin, and prepared into ultrathin sedtidor  groups. As a new adsorbent gradually developea she
TEM observation. 1960s, it is a class of high-molecular polymersrabigr-
ized by adsorption, which has organic matter cotmaen
Under the electron microscope, nuclear morpholofjy otion and separation actions. Depending on its fraonke
human SW480 cells was regular, in a round shapea)-me materials, it can be divided into three categorgsar,
branes were intact, with a large humber of mictowih neutral and non-polar ones.
their surface. Nuclei contained rich euchromatid sw
heterochromatin, and no marked chromatin marginatioResveratrol molecules have a polyphenol structunéch
was seen. Nuclear fission was present, with meltipl- are weakly polar. In general, resins with strongoagtion
cleoli; there were a large number of mitochondwhijch capacity are characterized by relatively difficdisorp-
were mostly oval, and had integrated structureamegies tion. Therefore, the resin to be used is not oetyuired to
like endoplasmic reticula, mitochondria and lysossm have large adsorbing capacity, but also high déisorp
were visible. Cells in the treatment groups werelem;  rate, in order to ensure the maximum recovery tiv@c
membranes started to foam; mitochondria, endoptasmeonstituents.
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In this paper, nine different types of macroporoesins 3. Bhatia N, Agarwal C, Agarwal R. Differential re-

are selected for static adsorption experiment ambigh- sponses of skin cancer-chemopreventive agents
tion experiment. The results find that the resvetadd- silibinin, quercetin, and epigallocatechin 3-gallain
sorption and desorption capacities reach 65.548; mitogenic signaling and cell cycle regulators inriaun
59.6254 mg/g, respectively, for D101 macroporowsinte epidermoid carcinoma A431 cells. Nutr Cancer 2001;
and elution rate is 92.54%. After comprehensivesitbn 39: 292-299.

eration, D101 macroporous resin is selected foicknr 4 Zhang HF, Dou CG, Gu FF. Advances in research of
ment and purification of Polygonum cuspidatum eottra heat-clearing and detoxifying pharmacological efec.
Through the investigation of enrichment and puaifion g;lpl\ai;/t%?ir:il:;nZgggPIggtlérgé-‘]G(;_l(J)mal of Chinese Medici-
process, optimal conditions for enrichment of Polygm T : .
cuspidatum extract with D101 macroporous resin arg Huang C. Resveratrol suppresses cell transformation

) o ) and induces apoptosis through a p53-dependent path-
identified as: 3-fold amount of 75% ethanol, arahflrate way. Carcinogenesis 1999; 20: 237-242.

of 2 BV/h. 6. Kuo PL, Chiang LC, Lin CC. Resveratrol-induced
) ) i o apoptosis is mediated by p53-dependent pathway In

Colorectal cancer is one of the major malignansies- Hep G2 cells. Life Sci 2002; 72: 23-34.

ously harming human health worldwide. According to7.  jung WJ. Sirtuins; novel targets for metabolic afge

statistics [11], detection rate of colorectal canwmks in drug development. Biochem Biophys Res Commun

second in women, and third in men. At presentmigsn 2008; 373: 341-344.

clinical treatments are basically the same witreotten- 8. Baur JA, Sinclair DA. Therapeutic potential of resa

cer therapies, which are suppression of tumorgrelivth trol: the in vivo evidence. Nature Reviews Drug Dis

and proliferation through radiotherapy and chemmetpe covery 2006; 5: 493-506.

But due to poor drug targeting, serious damageused 9. Wang H, Dong YS, Qin JQ, Wang YJ, Xiu ZL. Isolation

to patients' body, and tumor metastasis, prolii@nasand and purification of resveratrol from fermentatioroth

deterioration occur occasionally, seriously affegtithe of Polygonum cuspidatum. Chinese Traditional and

cure and quality of life of patients. Natural méxkc ex- Herbal Drugs 2010; 2: 223-227.

tracts with anticancer activity are commonly used i 10. Chen YB, Chen K. Study on extraction of resveratrol

clinical settings as a postoperative adjunctiveapy for Food Science 2007; 28: 197-199.

11. Jemal A, Bray F, Center MM, Ferlay J, Ward E, For
man D. Global cancer statistics. CA Cancer & Cli
2011; 61: 69-90.

cancer patients, in order to relieve the patieptsh.
Therefore, the research and development of Chinese
medicine preparations with anticancer activity hdee
come a hot research topic among researchers.
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are significant, and apoptotic bodies are formeenaw

ally. MTT assay results show that compared withcie-

trol group, different concentrations of Polygonuosjui-

datum extract solutions can inhibit the growth wor

cells, and have certain inhibitory effect on growthhu-

man SW480 cells. The inhibitory effect of Polygonum

cuspidatum extract on SW480 cells increases with th

increase of concentration and prolongation of actime

within the experimental concentration range, whibbws

dose- and time-dependence of action.
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