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In vitro and in vivo anticancer activities of a novel
antibiotic

Chen Xiaoxi

Basic Medicine College, Zhejiang Chinese Medicine University, Binjiang District, Hangzhou City, Zhejiang Province,
Postcode: 310053, People’s Republic of China. E-mail: chenxiaoxi@hotmail.com. Tel: 0086-0571-86613774.

Accepted 24 March, 2011

IC5 for nine cancer cell lines was determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide (MTT) assays. In KM mice bearing sarcoma S180 that was treated with subcutaneous (s.c.)
injection of antibiotic BS, marked cures were obtained. In terms of tumor weight, the treated/control =
0.43. The conclusion is that BS merit further investigation as a potential anti-cancer candidate drug.
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INTRODUCTION

Global cancer rates could increase by 50% to 15 million
by 2020 (WHO, 2010). Chemotherapy is one of the
potent treatments for prolonging the patient’s life (Sirinet,
2010). Natural products have afforded a rich source of
compounds that has found many applications in cancer
chemotherapy. Over 70% of the anticancer compounds
are either natural products or natural product-derived
substances (Karikas, 2010) and the therapeutic applica-
tion of microbial metabolites provides the opportunity for
the discovery of anticancer agent (for example, Diso
razole A1, doxorubicin, bleomycin, mitomycin, lipopeptide
and dactinomicines) (Grever, 2001; Elnakady et al., 2004).
In the process of screening the bacteria that can
antagonize Xanthomonas oryzae pv. oryzae (a pathogen
of rice), we happened to obtain a strain of Bacillus sublilis
(named bacteria BS) that could secret a novel antibiotic
(named BS). We found that BS had better in vitro
anticancer activity, so we were interested whether or not
BS had antitumor potential in vivo. The purpose of the
paper is to assay the BS’s in vitro anticancer activity via
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide (MTT) method and to evaluate the BS’s in vivo
anticancer activity via sarcoma S180 mouse model.

Abbreviations: MTT, 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide; s.c, subcutaneous.

MATERIALS AND METHODS
Culture medium, animal, cell line and microorganism
KMB culture medium

The volume of BBl company peptone (20 g), glycerol (15 ml),
KoHPO (1.5 g) and MgSO; (0.75 g), was adjusted to 1000 ml by
distilled water, sterilized at 121°C for 20 min. Quartz sand was
immersed in acidic potassium dichromate solution for 24 h to
oxidize the organic substance (the acidic potassium dichromate
solution: K>Cr207 (37 g) plus 300 ml was heated and stirred until
potassium dichromate was dissolved). After it was cooled, 300 ml
(98%) sulphuric acid was gradually added. The quartz sand was
eluted with distilled water for 10 h to remove metallic ion and
oxidizing substances. Then, it was sterilized at 180°C for 2 h.

Animal

KM mice (half male and half female, 6 to 8 weeks old, 20 to 25 g)
were purchased from the National Rodent Laboratory Animal
Resources, Shanghai Branch, People’s Republic of China.

Cell lines

The cells of mouse sarcoma S180 were generously provided by the
Pharmaceutical Department of Zhejiang Chinese Medicine Univer-
sity, P. R. China. BS-producing-bacterium or bacteria BS (a strain of
Bacillus subtilis) was isolated from the egg plant leaf derived from
the suburb of Hangzhou city, Zhejiang province, P. R China. The
fungus (Rhizoctonia solani) was generously given by the
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Table 1. Cell growth inhibition by BS against 15 cancer cell lines.

Cell line 1Cs0 (Hg/ml)

S 180 0.021

A549 0.039
KB 24.7

SGC-7901 0.0079
HCT-116 0.050
Hela 0.012
BEL-7402 0.0076
PC-3 0.16

Skov3 0.084

The results are expressed as mean from three independent
experiments; all cell lines were human cancer cells except mouse
sarcoma S180.

Biotechnological Institute of Zhejiang University, P. R. China.

Fermentation, BS extraction and purification

At 37°C, for ten days, bacteria BS was cultured on the surface of
the quartz sand that was immersed in KMB culture medium, while
the surface of the quartz sand is not covered with the liquid culture
medium (previous work had shown that bacteria BS could produce
more BS if it was cultured on the solid medium). Thereafter, the
quartz sand, which had absorbed BS secreted by bacteria BS, was
immersed in the water to be distilled. The condensed water was
collected and passed through active carbon chromatographic
column, which was then eluted with ether. The eluted ether was left
at room temperature (25~30°C) overnight to evaporate ether. The
remainder was chromatographed on silica gel column which was
eluted with ether. Fraction with the greatest activity was further
chromatographed on silica gel column and then eluted with normal
pentane: ether=1:4. The normal pentane and ether were both
evaporated at room temperature (25 ~ 30°C). In the aforementioned
purifying process, the bio-activity was tracked by an inhibition zone
of a fungus (R. solani). The activity was finally confirmed by the
MTT method (the test cell used was mouse sarcoma S180).

Cytotoxicity assays

The inhibitory effect of BS on nine cancer cell lines was assessed in
a 96-well microtiter plates by measuring MTT dye as described by
Scudiero DA and Shoemaker RH (Scudiero et al., 1988). However,
ICso was determined by the Logit model.

In vivo antitumor effects

In vivo antitumor work was performed at the Animal Center of
Zhejiang Chinese Medicine University, P. R. China. Cells of
sarcoma S180, 1x10’/mL, 200 pl per mouse, were implanted by
subcutaneously (s.c.), respectively on day 0. Treatments were given
on days 1, 2, 3, 5, 6 and 7. BS, as well as 5-FU, was respectively
injected at intervals by s.c., that is, injected at 0, 20, 40, 60, 80, 100
and 120 min. For each s.c. injection, the dose was 3 mg/kg for SB
or 6 mg/kg for 5-FU. Tumor volume was measured every other day,
that is, on day 2, 4, 6, 8, 10, 12 and 14 with vernier, and it was
calculated by: V = 0.5 x a x b? (a = length, b = width) (Sawaoka et
al., 1999). After treatment was completed on day 14, all tumors
were respectively isolated and measured for tumor weight.
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Figure 1. The BS’'s anticancer efficacy (tumor weight of
treated/control).

RESULTS
In vitro cytotoxicity

By MTT assay, ICs, for BS against nine cancer cell lines
Ho, was determined, with KB human cancer cell having
the largest ICsy (24.7) and BEL-7402 human cancer cell
having the smallest IC5 (0.0076) (Table 1). Thus, the
difference of ICsq between these two cancer cells was
more than 3000 times. This meant that different cancer
cells had different sensitivity to BS.

In vivo antitumor activity against sarcoma S180

KM mice bearing sarcoma S180 were treated with BS
and 5-FU, respectively. Both treatments yielded signifi-
cant therapeutic effects and no mouse died. In the case
of BS, in terms of tumor weight on day 14,
treated/control=0.43 (Figure 1), while in the case of 5-FU,
in terms of tumor weight on day 14, treated/control =
0.35. After the treatment with BS, tumor weight of
treated/control = 0.43 while after the treatment with 5-FU,
tumor weight of treated/control = 0.35 (the figure for 5-FU
was not shown).

DISCUSSION

The BS’s in vitro antitumor activity against nine cancer
cell lines had been determined by MTT method, while the



BS’s in vivo antitumor activity against sarcoma S180 had
been confirmed by mouse cancer model. However, all
mice had survived the effective dosage of BS. These
indicated that the BS merited further investigation as a
potential anti-cancer candidate drug.

BS is a metabolite secreted by a newly isolated B.
subtilis. B. subtilis is the best-characterized member of
the gram-positive bacteria (Kunst et al., 1997) and some
of this strain can produce bioactive substance (U.S.
environ-mental protection agency, 1997), among which,
some are anticancer substances (for example,
lipopeptides, surfactin and glutamines) (Mazza, 1994;
Kim et al., 2007; Pasupuleti, 2009). However, it has not
been documented that B. subtilis-derived anticancer
substance has been developed as a clinical drug.
Obviously, before B. subtilis-derived anticancer substan-
ces are developed as clinical anticancer drugs, many
effective anticancer substances should be collected, as
much as possible, from B. subtilis and more basic
research should be done. However, the work of this
paper constitutes part of such efforts.

ACKNOWLEDGEMENTS

This work was supported by (1) Natural Science Fund
Project of Zhejiang province, P. R. China (Project code
number: Y2101176), (2) Medical Science Research Fund
Project of Health Bureau of Zhejiang Province, P. R.
China (Project code number: 2004A062), and (3) Medical
Science Research Fund Project of Health Bureau of
Zhejiang Province, P. R. China (Project code number:
2002A070).

REFERENCES

Elnakady YA, Sasse F, Linsdorf H, Reichenbach H (2004). Disorazol
A1, a highly effective antimitotic agent acting on tubulin
polymerization and inducing apoptosis in mammalian cells. Biochem.
Pharmacol. 67(5): 927-935.

Xiaoxi 8139

Grever MCB (2001). Cancer drug discovery and development. In: DE
VITA, V.H.S. and ROSENBERG, S.A., eds. Cancer: Principles and
practice of oncology. Philadelphia, Lippincott Raven, pp. 328-339.

Karikas GA (2010). Anticancer and chemopreventing natural products:
some biochemical and therapeuticaspects. J. Buon. 15(4): 627-638.

Kim SY, Kim JY, Kim SH, Bae HJ, Yi H, Yoon SH, Koo BS, Kwon M, Cho
JY, Lee CE, Hong S (2007). Surfactin from Bacillus subtilis displays
anti-proliferative effect via apoptosis induction, Cell Cycle Arrest and
Survival Signaling Suppression. 581(5): 865-871.

Kunst F, Ogasawara N, Moszer |, Albertini AM, Alloni G, Azevedo
V, Bertero MG, Bessiéres P, Bolotin A, Borchert S, Borriss R, Boursier
L, Brans A, Braun M, Brignell SC, Bron S,Brouillet S, Bruschi
CV, Caldwell B, Capuano V,Carter NM, Choi SK, Codani
JJ, Connerton IF, Danchin A (1997). The complete genome sequence
of the gram-positive bacterium Bacillus subtilis. Nature, 390(6657):
249-256.

Pasupuleti V (2009). Glutaminase: An anticancer enzyme from Microbe.
http:// www.pharmainfo.net/venkatpasupuleti/glutaminase-anticancer-
enzyme-microbe.

Sawaoka H, Tsuji S, Tsujii M, Gunawan ES, Sasaki Y, Kawano S, Hori M
(1999).Cyclooxygenase inhibitors sup-press angiogenesis and
reduce tumor growth in vivo. Lab Invest. 79(12): 1469-1477.

Scudiero DA, Shoemaker RH, Paull KD, Monks A, Tierney S, Nofziger
TH, Currens MJ, Seniff D, Boyd MR (1988). Evaluation of a Soluble
Tetrazolium/Formazan Assay for Cell Growth and Drug Sensitivity in
Culture Using Human and Other Tumor Cell Lines. Cancer Res.
48(12): 4827-4833.

Sirinet P (2010). Anticancer and apoptosis-inducing activities of
microbial metabolites. DOI: 10.2225/vol13-issue5-fulltext-7.

US, Environmental Protection Agency (1997). Bacillus subtilis- Final

Risk Assessment.
http://www.epa.gov/oppt/biotech/pubs/fra/fra009.htm.
WHO (2010).

http://www.who.int/mediacentre/news/releases/2003/pr27/en/.



