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M ODULATORY |NFLUENCE OF SPIRULINA FUSIFORMIS ON
7,12-DMETHYLBENZ (A)ANTHRACENE |NDUCED PAPILLOMAGENESIS
IN THE SKIN OF MICE

Anshu Mittall, Ashok Kumat and A.R. Rad

1Radiation and Cancer Biology Lab., Dept. Zoology, Univ. Rajasthan, Jaipur, India
2Cancer Biology, Lab., School of Life Science, JNU, New Delhi, India

ABSTRACT used as a popular health food supplement in the form of
. . o algal cakes, tablets, and capsules being marketed by
The chemopreventive properties of $pirulina pharmaceutical companies (Carmichael, 1994).

fusiformis (blue green algae) suspension in olive oil ) . : -
on 7,12-dimethylbenz(a)anthracene (DMBA) induced The B-carotene (provitamin A) content 8pirulina

skin papillomagenesis in female Swiss albino mice are is several times higher than that of carrots (Henrikson,
being reported. A significant reduction in the values of 1989), and is known to be a potent antioxidant, inhibit-
tumor incidence, tumor burden and cumulative num-  ing several types of cancers (Bendich, 198@jrulina

ber of papillomas was observed in mice treated oraIIy is also known to contain the enzyme Superoxide dis-
with Spirulina fusiformissuspension continuously at mutase (SOD), which is found to quench free radicals,

pre-, peri- and post-initiation stages of papillomagen- . . S .
esis as compared to the control group. Treatment of products formed during metabolic activation of certain

Spirulina fusiformissuspension by oral gavage for 15~ chemical carcinogens. _
days resulted in a significant decrease in the Based on these properties, we tested the modulatory

cytochrome P-450 content of the liypr< 0.01). Con- effect of Spirulinasuspension on mouse hepatic detox-

versely, glutathione S-transferase activity was jcation enzymes of cytochrome P-450, glutathiGne

observed to be significantly elevr?lted as compare_d with transferase (GST) and the endogenous sulfhydryl

the control group(p < 0.1) following treatment with . . . .

Spirulina fusiformissuspension. content. Al-so, its presgmptlvg role in chemoprevenpon
of DMBA-induced skin papillomagenesis in Swiss
albino mice was studied.

INTRODUCTION

Spirulina fusiformigRECON Ltd., Bangalore], a blue MATERIALS AND METHODS
green algae, is a cyanobacterium belonging to the

Oscillatoriaceae. It is known to have a high content of\Nimals

protein (Kapoor, 1994) and natural bio-chelated vitaRandom bred, female Swiss albino mice (7-8 weeks

mins, especiallg-carotene. (Prescott, 1978; Seshadri2!d) were obtained from the Animal Facility (JNU,

1991). It is also rich in essential fatty acids and naturd\eW Delhi). The animals were given standard mice

pigments. It has no proven toxicity and hence is beinff€d (Hindustan Lever, India) and tap watedibitum
he dorsal skin on the back area of the animals was

shaved 3 days before the commencement of the exper-

Keywords: Chemoprevention, skin papillomagenesiir-  jment and only those animals in the resting phase of the
ulina fusiformis reduced glutathione, cytochrome P-450, glu'hair cycle were chosen for the study

tathioneStransferase.

Chemicals

Address correspondence to: Dr. A. Kumar, Radiation and®MBA,  croton oil, 1-chloro-2,4-dinitrobenzene
Cancer Biology Laboratory, Department of Zoology, Univer-(CDNB), 5-dithiobis-2-nitrobenzoic acid (DTNB),
sity of Rajasthan, Jaipur-302 004, India.
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reduced glutathione, and bovine serum albumin (BSA340 nm. The reaction mixture without the enzyme was
were obtained from Sigma (St. Louis, MO). DMBA used as the blank. The specific activity of glutathione
was dissolved in acetone at a concentration of 108-transferase is expressed as nmoles of GSH-CDNB
Hg/50 ul. Croton oil was diluted in acetone to give a 1%onjugate formed per minute per mg protein using an

dilution. extinction coefficient of 9.6 mMt cm—1.
The protein content was measured according to
Preparation of Spirulina Bradford’s (1976) method using BSA as a standard.

Spirulina fusiformigpowder was obtained from RECON

Ltd.. Bangalore, India. For the dose level of 800 mg/kddetermination of Glutathione (GSH) Content

body weight,Spirulinawas suspended in the vehicle, Hepatic levels of glutathione were determined by the
olive oil. Spirulina suspension (0.05 ml) was given to method as described by Moron et al. (1979).

each mouse by oral gavage daily. Homogenates were immediately precipitated with 0.1

ml of 25% trichloroacetic acid and the precipitate was
Preparation of Homogenate and Supernatant removed after centrifugation. Free -SH groups were
Fraction assayed in a total 3 ml volume by the addition of 2 ml

Animals were killed by cervical dislocation and theof 0.6 mM DTNB prepared in a 0.2 M phosphate buffer
entire liver was then perfused immediately with cold(pH 8.0) to 0.1 ml of the supernatant and the
0.9% NaCl and thereafter carefully removed, trimmedibsorbance was read at 412 nm using a Shimadzu UV-
free of extraneous tissue and rinsed in chilled 0.15 M60 spectrophotometer. Glutathione was used as a stan-
Tris HCI buffer (pH 7.4). The liver was then blotted dard to calculate pmoles GSH/g tissue.

dry, weighed quickly and homogenised in ice cold 0.15

M Tris HCI buffer (pH 7.4) to yield a 10% (w/v) Statistical Analysis

homogenate. This was then centrifuged at 100Q@p  Statistical significance of difference between control and
for 20 min. The resultant supernatant was transferreeixperimental groups was determined by Studée'st.

into pre-cooled ultra-centrifugation tubes and cen-

trifuged at 105,00 g for 60 min in a Beckman ultra-

centrifuge (model L 870 M). The supernatant (cytoSOEXPERIMENTAL DESIGN

fraction), after discarding any floating lipid layer and

appropriate dilution, was used for the assay of totala) Tumor Induction

cytosolic glutathion&-transferase enzyme whereas theEffect of Spirulinasuspension on DMBA-induced skin
pellet representing microsomes was suspended jmapillomagenesis.

homogenizing buffer and used for assaying cytochrome

P-450 content. Group A: (control) n = 10All the animals of this group
were treated with DMBA (100 pg/50 pl acetone/ani-
Assay Methods mal) on day 0 and two weeks later, 0.1 ml croton oil

Determination of cytochrome P-450 contebieter- (1% in 100 ul acetone) was applied on the same area.
mined in microsomal suspension by the method oThis treatment was continued three-times weekly until
Omuro and Sato (1964) by recording the difference ithe termination of the experiment.
absorbance between 450 nm and 490 nm and using an
absorption coefficient of 91 mmdicm—1. Group B: (treatment) n = 10All the animals of this
group were treated witlspirulina suspension (800
Determination of glutathione S-transferase (GST)mg/kg body wt) for 15 days before the treatment with
activity. The cytosolic glutathion&transferase activ- DMBA on day 0 and also throughout the entire exper-
ity was determined spectrophotometrically at 37°Gmental protocol. The croton oil treatment was given
according to the procedure of Habig et al. (1974). Théhree-times weekly until the termination of 16 weeks of
reaction mixture (3 ml) contained 1.7 ml of 100 mMthe experiment.
phosphate buffer (pH 6.5), 0.1 ml of 30 mM glu- During the 16 weeks of experiment, mice of both
tathione and 0.1 ml of 30 mM CDNB. After preincu- the groups were weighed weekly and also at the time of
bating the reaction mixture at 37°C for 5 min, theautopsy. They were carefully examined once a week for
reaction was started by the addition of 0.1 ml dilutedhe presence of skin papillomas and the number of
cytosol and the absorbance was followed for 5 min gbapillomas on each affected mouse was recorded. Skin
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papillomas were defined as lesions with a diameteapplications of croton oil, skin papillomas appeared in
greater than 1 mm that were present for at least twall (100%) animals and the cumulative number of
consecutive observations. papillomas induced during the observation period was
41. The mean number of tumors per effective mouse
(b) Cytochrome P-450 Content, GST Activity and was observed to be 7.2. Mice of the treatment group,
GSH Content given a continuous treatment $pirulina suspension
The effect ofSpirulinasuspension on cytochrome P- orally at pre-, peri- and post-initiational phases,
450 content, GST activity and GSH content in theshowed a significant reduction in the incidence of
mouse liver was investigated in the following twotumors (70%) as well as the cumulative number of
groups. papillomas (32) and the mean number of tumors per
effective mouse (4.61) (Figs. 1-3). However, even
Group 1 (n = 10) Mice were placed on a normal diet though the tumors appeared later (7th week) in the
and were given 50 pl olive oil (vehicle) by gastric intu-treatment group than in the control group (4th week),
bation for 15 days, daily. the average latent period of the treatment group (11.2
weeks) did not differ significantly from the control
Group 2 (n = 10) Animals were placed on a normal group (10.6 weeks).
diet and were orally fed 50 ul &pirulinasuspension Gastric intubation wittspirulinasuspension for 15
for 15 days, daily. days resulted in a decrease in the hepatic cytochrome P-
The body weights of mice were recorded initially 450 contentff < 0.01). Conversely, GST activity was
and at the end of the experiment. observed to be significantly elevated in the treatment
group than in the control group € 0.1). Reduced glu-
tathione content in the liver showed no significant dif-
RESULTS ference in the groups (Table 1).

In the control group, in which a single topical applica-
tion of DMBA was followed 2 weeks later by repeated
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Fig. 1. Cumulative number of papillomas.
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Fig. 2. Tumor burden.
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TaBLE 1. Modulatory effect oSpirulina fusiformison the hepatic carcinogen metabolising enzymes.

Treatment aCyt P-450* content  PGST* activity CGSH conc.
Group 1 Olive oll 0.155 + 0.008 2358.83 £ 297.9 6.81 +0.36
Group 2 Spirulinasuspension in olive oil 0.117 + 0.006 2865.01 +331.6 6.68 £ 0.43

Results indicate mean + standard error mean.
aCytochrome P-450 content given in nanomoles /mg protein.
GST activity measured in n mole of GSH-CDNB conjugate formed/min/mg protein.
CGSH level expressed asmoles/gram liver.
*Values differ significantly ap < 0.01.
*Values differ significantly gp < 0.1.

DISCUSSION in turn leading to lesser production of reactive elec-
trophilic metabolites from carcinogens, hence offering a
Our data indicate a chemopreventive effect ofSpe-  protective role to the mouse.
ulina fusiformissuspension on DMBA induced skin  Further, increased level of GST activity detoxifies
papillomagenesis in female Swiss albino mice. Thdwydrophobic electrophiles either by binding them cova-
animals treated orally witBpirulina fusiformiduring  lently or by establishing their conjugation with GSH
the single DMBA treatment topically (100 pg/50 pl (Chasseaud, 1979) since electrophiles represent the
acetone) followed by repeated applications of croton oililtimate reactive carcinogenic forms of carcinogens.
(1% in acetone, three times per week) showed signifincreased level of GST activity detoxicates the chemi-
cant reduction in the cumulative number of papillomagal carcinogens.
and the values of the tumor burden as compared to the The endogenous sulfhydryl content in the liver
animals treated with DMBA and croton oil alone. showed no significant difference.

Many phytochemicals are known to modulate the Thus,Spirulina fusiformiswith no proven toxicity,
hepatic detoxication enzyme system which activate andan be used as a safe and effective chemopreventive
detoxify xenobiotics in the body including chemical agent for skin papillomas. Further investigation on dif-
carcinogens (Hodnan, 1989). ferent tumors is in progress.

The chemopreventive role &pirulina fusiformis
may be attributed to the presenc@afarotene and the
enzyme superoxide dismutase (Ben Amotz, 1987; HertcONCLUSIONS
rikson, 1989).

Carotenoids have been known to show chemoprén conclusion, our results provide evidence for the first
ventive properties in several types of cancer (Bendiclime that theSpirulina fusiformis(blue green algae)
et al., 1989) by acting as blocking agents (Wattenberguspension has a modulatory influence on the
1992; Ziegler, 1992). Being an antioxidant, it scav-cytochrome P-450 content and GST activity in the liver
enges free radicals derived from endogenous metabolihd exhibits a chemopreventive action on DMBA
processes or exogenous sources. Thus, they act as afttuced skin papillomagenesis.
initiators and block the formation of reactive carcino-
gens (Greenwald, 1993) thereby detoxifying them in
the process. It also induces the detoxication enzymeackKNOWLEDGEMENTS
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