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ABSTRACT

The anti-tumor agent, (Z)-3-(chloromethylene)-6ecbthiochroman-4-one, could inhibit tumor cell gferations.
However, the anti-tumor activity in vivo is pootipderstood. So we research the anti-tumor actiwityitro and in
vivo, and the probable anti-tumor mechanism systeadty in this study. The results showed that toenpound
CMCT was effective with tumor as the concentratiependent in vitro and in vivo, and the toxicolagyCMCT
affecting body weight, WBC, organ and bone in mias lower than DDP. It would be specially mentiotieat ILS
of the S180 ascites tumor models was 90.22% addbe of 10 mg/ (kg-d) by peritoneal injection; tdion, the
result showed that CMCT could induce cell thapapt@sd inhibit tubulin aggregation to play an eiiot role
against tumor. All in all, The compound of CMCT ethpossessed obvious anti-tumor activity and lotogicity
deserved further research on its anti-tumor mecsianieeply.
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INTRODUCTION

Tumor remains a deadly disease and there is a grestical need for finding new anti-tumor agents.
Thiochromanone is heterocyclic compounds contairsalfur atoms, its extensive biological activitiagracted
more and more attention recently[1]. Research ssgof thiochromanone and its analogues showtthati good
anti-tumor activity[2-4]. Mark H. Holshouser poidteout most of 3-substituted-thiochromanones hadogical
activities such as inhibiting ehrlich ascites tumgrowth and P-388 lymphocytic leukemia growth[5,6].
Thiochromanone analogues synthesis of Jiangli Sadd inhibit the activity of cathepsin L[7] . Arthere is a
close relationship between the occurrence of cathdpand tumor[8,9]. These years\ series of thiochromanones
were synthesized in our laboratory[10,11], and dheshemicals was reported to be cytotoxic agents
against tumor cells in vitro[12,13]. But their atdimor activity in vivo have not reported.

Most of the chemotherapy play a role of anti-turbgrinducing cell apoptosis. When the chemotheragyy the

body, drugs acted on drug target, such as DNA[fulin etc[15,16 ], and induced the target cejuim Then

target cell turned the injury into signals that aemsmitted to the checking points of cell cyétaally, To achieve
the purpose of inducing tumor cell apoptosis ardbiting cell proliferation. In the clinical apphtion, antimitotic
agent occupied the important position through adliig the formation of tubulin and the dynamic d&rade of
tubulin protein dimer. Drugs with anti-tumor activican inhibit the tubulin aggregates, also cannmoie

aggregation. For example, vincristine could inhilbicrotubule assembly and induce tubulin self-ais¢imn into

coiled spiral aggregates[17]. And taxol inhibitée growth of tumor by interfering with tubulin sttures that help
chromosomes to separate during cell division[18,19]

Thiochroman-4-one derivatives are heterocyclic coumgls which include a sulfur atom in their molecstieicture
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and exhibit a wide range of biological activitiegZ)-3-(chloromethylene)-6-chlorothiochroman-4-q@MCT, Fig.
1) is a new compound synthesized in our laboratargurrent work, we investigated its anti-tumotiaty in vitro
and in vivo, and the probable anti-tumor mechanism.
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Fig. 1 (2)-3-(chloromethylene)-6-chlorothiochromar4-one (CMCT)

EXPERIMENTAL SECTION

Medicines and reagents

Dulbecco's modified eagle medium (DMEM), rosweltkpeemorial institute (RPMI) 1640, and dimethylfsuide
(DMSO) were provided by Beijing Solarbio Scienc&&chnology Inc. ; Fetal bovine serum (FBS) was joied by
U.S. HyClone Inc. ; Trypsin and 3-[4,5-dimethylthid-2-y]-2,5-diphenylterazolium bromide (MTT) wepeovided
by U.S. Aniresco Inc. ; Heparin Sodium was purchdsem Tianjin Biochemical Pharmaceutical Inc.; Acidplatin
for injection (DDP) was purchased from Qilu pharsnéec. ; Phosphate-buffered saline (PBS) was pexphay our
self; CMCT was synthesized by our laboratory thaswissolved in DMSO for in vitro studies and ia thixture of
cremophor EL- water for in vivo studies.

Experimental animals and tumor cell

Eight-week-old Kunming mice were purchased fromegkpental Animal Center of Hebei Medical University
Human lung adenocarcinoma cell line A549, humaratwpa cell line HepG2, human cervical carcinomaloed
Hela,, humanstomach adenocarcinoma cell line B@&-human breast adenocarcinoma cell line MCRsihan
melanoma cell line A375, human gastric cancer tek MKN45,human hepatocellular carcinoma cell line
SMMC-7721 , murine liver cell lines H22 and mursecoma cell lines S180 were donated by Chinesde¥ag of
Science Cell Institute.

MTT Assay

Cell viability assays were performed using the Mi@thod as described by Mosmann. The human tumisrwete
grown in PRMI 1640 supplemented with 10% heat-ivatéd FBS and 1% penicillin (100 units/mL), st@pt/cin
(100 mg/mL), 2-mercaptoethanol (50 uM), and sodpyruvate (1 mM) in a humidified atmosphere of 95atb
and 5 % CQat 37°C. The cells were harvested in log phase dshimg with PBS, trypsinization and centrifugation
Collected cells was seeded in 96-well plates ¢ils /100pL/per well ), and incubated for 12 hien treated by
adding Serial dilutions of CMCT (last concentrati@n0, 1.0, 2.5, 5.0, 10.0 and 20.0 ug/mL) or DRBu@/mL).
after 24 hrs, 20 puL MTT (5 mg/mL) was added andsogkre incubated for additional 4 hrs, then 1500f1DMSO
was added. Subsequently, the optical density (OMag read at a wavelength of 490 nm using a p&sidar. Each
experiment was repeated at least three times. Tbetly inhibition rate was examined and 50% inhiti
concentration (1) was calculated.

H22 tumor-bearing mice assay

Mice were inoculated with H22 cells subcutaneowslgn injection volume of 0.2 mL, 2.0X€ells/mouse on day
0, and divided randomly into 5 groups: negativeugrgositive group(DDP), and 3 CMCT (1,3 and 10rgdday)
groups, each group had 10 mice with half male aififamale. Mice were ministered once a day from tlaand
continued for 10 days. The diet, weights and grosfttumor were observed every day. Long diameteafa short
diameter (b) of tumor were examined by vernierpealithen tumor volume (TV) was calculated as: {V2) x ab
(mn?), and the tumor growth curve was drawn.

On day 11, Blood was collected from the retro-aibiteins of the eyes under anesthesia, white béatid(\WWBC)
was determined by haematometer. Then the thymusersp kidney and tumor were removed and
weighed. Afterwards, marrow was extracted from fthigne, with the bone marrow nucleated cell (BMNCgat
count method counting. Finally, the inhibitoryegatias calculated as: Inhibitory rate = (1-T/C) x%¥)0n which
T/C was the rate of average tumor weight of thaté® group to that of the negative control grobp.drgan index
of H22 tumor mice were calculated as: Organ indé©rgan Weight /Body Weight) x100%. And the boneanma
DNA inhibition rate was received as: DNA inhibitioate = (1- O.D. of treated group / O.D. of negatoontrol
group) x100%.
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S180 ascites tumor-bearing mice assay

Mice were inoculated with S180 cell intraperitonaskn injection volume of 0.2 mL ( 2xX6ells). In this study,
the mice being divided randomly into 4 groups reedia single dose of CMCT once a day from day pdrjtoneal
injection administration or the mixture of cremoplid -water in the same way as CMCT group, and ol for
10 days. Everyday, the survival status of mice alzserved, and the deaths was recorded, it wasy&0vd@en mice
survived for more than 30 days. Test was evalubtedalculating ILS of the treated (T) and contr@l) @roups
expressed as ILS= (T/C- 1) x100%. In the acutecttyxtesting, the mice

Apoptotic Cells Analysis by Flow Cytometry

Cells were inoculated in 6-well plates, and thedeatserial dilutions of CMCT (last concentratiorn,510.0 and
20.0 umol/L) or DMSO after overnight. 24 hours tatbe cells were harvested in log phase by washitiyg PBS,
after that stained by Annexin-V and propidium iaifPl). At last, the detection results of flow aytetry was
analysed using cell Quest/Pro.

Tubulin Activity Analysis

Tubulin was extracted and isolated from swine braiadvance, and determine the content of it adogrtb the

direction of BCA protein quantitation kit, confirthe purity of tubulin by SDS-PAGE electrophore&teferring to

previous report [20], ATP solution was put into fherified tubulin (last concentration:100 mol/lthen seeded
into 96-well plate and kept under 37°C. Detected @D data of tubulin per 3 min, and down regulatieel

temperature to 0°C when the OD data remained umeltarThe plate was read at 350nm per 3min. paelitamxd

colchicine was choosed as positive control.

Statistical Analysis

Results are expressed as the mean + S.D. of vahtaged in triplicate from at least three diffearenperiments.
Using SPSS17.0 for Windows statistic software,edéhces between groups were compared by Studetet&t;t
Results were considered significant statisticdllgrobability of the difference occurring by chaneas less than 5
in 100 (<0.05).

RESULTS AND DISCUSSION

The cytoxicity of CMCT on 8 kinds of tumor cell lines
The results of thén vitro cytotoxic effects on 8 kinds of tumor cell linefiea 48 hrs revealed by MTT assay.
Regression analysis was performed on the cell itialilata and the resulted equation was used topotenthe
inhibition concentration required to produce ICBQig. 2.

30 1

é]'iilill

A375 A549 BGC-823 Hela HEPG-2 MCF-7 MKN45  SMMC-7721
Human tumor cell lines

Fig. 2 The IC50 of CMCT on 8 kinds of tumor cells
The experiments were repeated three times andesiresults were consistently obtained. Error bardicate the standard deviations (S.D.)

1C50 Cug/ml)
o

CMCT Inhibiting the growth of H22 solid tumor

Analyzing the results of CMCT in H22 transplantethcutaneously models on daily intragastric admiaiiin, the
growth of tumors in the treat group was signifitasuppressedp&0.05). With an increasing size of CMCT dose,
inhibition of H22 transplanted subcutaneously msad¢lCMCT increased. When CMCT was used as a lose db
delayed the tumor growth only moderately (Fig.2)ehigh dose of CMCT had the same effects on tigrmwth as
DDRP initially, but it was slightly lower than DDRn&lly. Experimental data (Table 1) showed that itif@bition
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rates in 3 repeated experiments were 18.26%, 29atidé1.30%, respectively.

w N B
[6;] o (&)}
| I I |
.\\0
N

£ /
L 304 3
g 4
§ 254 < ./ 4
s 20- //. v 5
5 207 74
S 154 ’/ //
2 o] 0/: v
= i /u/v/
0.5 1 (e
4 ?V/
0.0 - o—éO/Q/t
-0.5 T T T T T T T T T T
0 2 4 6 8 10

Days after administration

Fig.3 The growth curve of mice implanted tumor H22
1-negative control group, 2-1 mg/kg group, 3-3 rggjkoup, 4-10mg/kg group, 5-positive control group

Table 1: Inhibition of mice implanted tumor Hx, of CMCT ( X £s)

Body weight/g Tumor Inhibitory
Group BW FBW FBW/IBW  \eightig rate /9%
negative control  19.16 £0.96 25.77+2.15 1.29 720.63 —
positive control  19.83 +0.87 21.14 + 1°831.07 1.30+£0.45 51.43
1 mg/kg 19.81+0.81 22.69+1'931.14 218+0.75 18.26
3 mg/kg 19.38+0.71 24.07+132 124 1.89 +0.629.21
10mg/kg 19.53+0.87 25.55+1%291.31 1.57+0.54 41.30

n=10; Compared with the negative control grdtp<0.05, “p <0.01
IBW:Initial body weight; FBW:Final body weight

The results (Table 2) indicated that the low doS€MCT could increase the spleen index a little paned with
negative control group. And the results showed @MCT could notably enhance WBC, the thymus indec &ne
spleen index of H22 transplanted subcutaneouslyetead different extent compared with positive cohgroup.
CMCT could cause bone marrow inhibition, howeveV|NBC and DNA of CMCT groups increased compared with
positive control group.

Table 2: Effects on immune system of H22 transplaatl subcutaneously models of CMCT X +s)

Organ index (mg/g) Inhibition rate of

Group WBC(141) Thymus index Sir?(lj?e?(n Kidney index BMNC (10) DNA(%)
negative control  9.71 £ 0.67 3.27 £0.59 13.35243. 7.52+0.34 10.58 £ 0.50 —
positive control  5.63+0.99 2.31+0.58 1044157 7.07+0.36 6.02 £ 0.51 18.78
1 mg/kg 9.03+0.62 3.03+0.50 13.49 +£2.52 7.45+0.63 8.96 = 0.62 13.17
3 mg/kg 7.24+075 2.85+0.67 13.37+1.84 7.36 £0.73 8.34 + 0.46 15.72
10mg/kg 6.36£0.837 2.65+0.46 13.26 £2.32 7.26 £0.50 7.73+6.59 17.54

n=10; Compared with the negative control grdtp<0.05,":p <0.01

CMCT prolonging survival time of S180 ascites tumoibearing mice

ILS of the S180 ascites tumor models were 43.612]18B6, 90.22% at the dose of 1, 3, 10 mg/ (kg ) b
peritoneal injection administration, respectiveable 3). From the data, CMCT prolonged survivaietiof the
S180 ascites tumor models significantly peritorieg@ction administration. Compared with the negatoontrol
group, food-taking, weight and mental state in@G&CT group were the same.
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Table 3: Effect on survival time of Sgotumor-bearing mice (X £s)

Group MST (days) Long term survivors 30 days ILS (%
negative control 13.3+£7.2 1 —
1 mg/kg 19.1+£9.1 3 43.61
3 mg/kg 229+7.1 6 72.18
10 mg/kg 25.3+6.0 8 90.52

n=10, MST: the survival time of mice, ILS: increaséfe span
Compared with negative control grodpp <0.05 ,”: p <0.01

CMCT inducing apoptosis on HepG-2 Cell Line
These results suggested that different doses of TM&used different degrees of apoptosis and inbibiof

proliferation. CMCT could induce HepG-2 cells apmgi$ in concentration-dependent manners to plagffisient
role against the tumor, which you can see by coimgadhe apoptotic rate.
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Fig.3 CMCT induced apoptosis of HepG-2 cells detead by flow cytometry
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CMCT inhibiting tubulin polymerization

It is clearly observed that CMCT decreased the ©fdhe reaction system. The result suggestedGMET could
strongly inhibit tubulin polymerization in a condeation-dependent mannéhat was better than DMSO.

Several previous studies had shown that thiochromamlerivatives exhibited a wide range of biolobaaivities,
especially anti-tumor effect. In our laboratorysegies of its analogs, with antibacterial and &untior activity, were
designed and synthesized[2,10]. However this stualythe first to experimentally demonstrate that¢tbmpound
could inhibit tumor growth in subcutaneous transpiey tumor model of H22 and ascitic tumor modeSaBo0.

Firstly, we observed the effects of the anti-turpbarmacodynamic action of CMCT through the expenisief

inhibiting cell proliferation of the tumor cell ivitro. The results showed CMCT possessed of inbripiaction to 8
kinds of tumor cell lines.
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Fig. 4 The effect of CMCT on tubulin polymerizatian

Secondly, animal experiments results indicate @iCT significantly inhibited the growth of transpted solid
tumor H22, and there was no discomfortto any ef@CT group animals compared with negative control
group, although there were some changes in WBC,ceras organ, and bone marrow. And
prolonged the survival time of mice with ascitesntw S180. Particularly necessary to point out th& of the
S180 ascites tumor models was 90.22% at the doke ofg/ (kg-d) by peritoneal injection, that wag do the very
well effect against tumor of CMCTANd then the anti-tumor effect of CMCT may comenfirds inhibiting tubulin
polymerization which caused proliferation suppression and apoptiosiuction of tumor cell line. According to
other literatures, vincristine[17] and taxol [188rked on tubulin that have been shown to havetamor effects.
So CMCT inhibiting tubulin polymerization may play efficient role in Its tumor inhibition effeddnd we chose
tubulin as the main researching direction. Throtlgh analysis of experiment results, CMCT may ieffice the
changes of cell cycle and induce apoptosis by #tlevay of tubulin polymerization inhibition whick able to lead
to chromosome mitotic.
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