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The present study evaluates the modulatory potential of
chlorophyllin (CHL) on the murine skin papillomagenesis
pattern and its influence on the levels of biotransfonnation
system enzymes. Topical application of CHL (100 mg/kg
body weight/day) during peri-, post- or peri- and post-initi-
ational stages of 7,12-dimethylbenz[<z]anthracene (DMBA)-
induced papillomagenesis, significantly (P < 0.01) reduced
the (i) tumor burden to 3.68,3.56 and 333 (positive control
value: 5.89); (ii) cumulative number of papillomas to 59,57
and 60 (positive control value: 112); and (iii) incidence of
mice bearing papillomas to 88 %, 88 % and 90 %, respectively
(positive control value 100%). CHL treatment alone or
during peri-, post-, or peri- and post-initiational stages
significantly elevated the glutathione S-transferase (GST)
and -SH levels in the liver and skin tissue of the murine
system. The potential of CHL in modulating the process of
carcinogenesis is suggested by the altered levels of biotrans-
fonnation system enzymes. The implications of the bio-
chemical changes and inhibition of tumor incidence by CHL
are discussed.

Introduction

One approach to cancer chemoprevention involves the adminis-
tration of natural and synthetic nutrient or non-nutrient com-
pounds in order to examine their potential role in the prevention
of initiational and/or promotional stages of carcinogenesis (1).
A number of these chemopreventive agents are capable of modu-
lating the biotransformation system enzymes which play an
important role in the activation, conjugation and subsequent
excretion of xenobiotics including carcinogens (2).

The significant role of chlorophyllin (CHL*), the sodium
copper salt of chlorophyll, as a food additive (3) and in the
treatment of geriatric patients (4) has been duly recognized. In
vivo CHL exerts profound action as an anticlastogen (5) and
radioprotectant (6) in murine system. Under in vitro conditions
CHL acts as the modifier of mutagenecity (7). Inhibition of
metabolic activation enzymes (8), scavenging of free radicals
(9) and complex formation with reactive moieties of promuta-
gens (10) have been suggested as the probable mode(s) of action
of CHL. In view of the antimutagenecity and radioprotective
ability of CHL, its (i) chemopreventive efficacy on murine skin
papillomagenesis model; and (ii) potential role in modulating

•Abbreviations: CHL, chlorophyllin; DMBA, 7,12-dimethylbenz[a]-anthra-
cene; BSA, bovine serum albumin; CDNB, l-chloro-2,4-dinitrobenzene;
G-250, coomassie brilliant blue; DTNB, 5,5'-dithiobis(2-nitrobenzoic acid);
GSH, glutathione reduced; NADH, nicotinamide adenine dinucleotide reduced;
GST, glutathione S-transferase; Cyt. i>5, cytochrome b$; Cyt. P-450, cytochrome
P-450.

the biotransformation system enzymes in liver and skin tissue
of mice has been undertaken in the present study.

Materials and methods
Animals

Random bred male Swiss albino mice (8 weeks old) obtained from Jawaharlal
Nehru University Animal Facility (New Delhi, India) were maintained in an air-
conditioned room and provided with standard food pellets (Hindustan Lever
Ltd., India) and tap water ad libitum.

Chemicals

Bovine serum albumin (BSA), l-chloro-2,4-dinitrobenzene (CDNB),
chlorophyllin (CHL), croton oil, 7,l2-dimethylbenz[a]anthracene (DMBA),
coomassie brilliant blue (G-250), 5,5'-dithiobis(2-nitrobenzoic acid) (DTNB),
glutathione reduced (GSH), nicotinamide adenine dinucleotide reduced
(NADH) and 5-sulfosalicylic acid were obtained from Sigma Chemical Co.,
St Louis, USA. All other chemicals used were of highest available punty
grade obtained from local firms.

Experimental design

Experiment 1: Chemopreventive potential of CHL on mouse skin papillomagen-
esis. Group 1: Animals were topically treated with a single subcarcinogenic
dose of DMBA (50 |ig/100 Hi acetone). Two weeks after the carcinogen
treatment, thrice weekly application of croton oil (100 jll of 19b croton oil in
acetone) was given for 18 weeks to serve as positive control group.

Group 2: Animals received topical treatment of CHL (100 mg/kg body
weight/100 |il acetone/day) 1 week before and 2 weeks after the application
of DMBA. Croton oil was applied as for Group 1.

Group 3: The treatment pattern of DMBA and croton oil simulated Group
1. Topical application of CHL was given during promotional stage which
initiated from the time of croton oil treatment.

Group 4: Animals were topically treated with CHL throughout the experi-
mental period including 1 week before and 2 weeks after DMBA application
followed by the application of croton oil in the promotion stage.

Group 5; Animals received CHL (100 mg/kg body weight/100 nl acetone/
day) treatment alone during the experimental period. The animals were not
treated with DMBA and croton oil protocol for tumor induction, in order to
serve as the negative control group.

Three days before the commencement of the experiment, the dorsal skin in
the interscapular area was shaved and animals showing no hair regrowth were
used in the experiment. The body weight of each animal and the papillomas
appearing on the shaved area of the skin were recorded at weekly intervals.
Animals were sacrificed 21 weeks after the commencement of the treatments.

To evaluate the statistical significance of the data, in terms of tumor burden,
cumulative number of papillomas induced and percentage of mice with
papillomas between control and experimental groups, ANOVA was performed.

Experiment 2: Modulatory influence of CHL on mouse liver and skin
detoxication system. The animals were sacrificed by cervical dislocation and
their liver as well as skin tissue was excised, after thorough perfusion with
chilled normal saline (0.9%), and 10% (w/v) homogenate of each tissue per
animal was obtained using buffer containing 0.154 M KCI and 50 mM Tris-
HC1 (pH 7.4). A part of the homogenate was used for -SH group assay and
the rest was centrifuged at 10 086 g for 20 min. The resultant supernatant
was further centrifuged at 105 907 g for 60 min. The supernatant obtained
through this second centrifugation formed the cytosolic (soluble) fraction and
was used for the glutathione S-transferase (GST) assay. The pellet formed in
the differential centnfugation (microsomal fraction) was resuspended in the
homogenizing buffer to be used for assays of cytochrome bs (Cyt. i j ) and
cytochrome P-450 (Cyt. P-450). All the steps were carried out at 0-4°C.
Protein contents in cytosolic and microsomal fractions of each sample were
determined by the Bradford (II) method using BSA as standard. The cytosolic
GST activity was determined spectrophotometrically following the procedure
described by Habig et al. (12). The activities of Cyt. P-450 and Cyt. b5 were
measured spectrophotometrically according to the procedure of Omura and
Sato (13) in the microsomal suspension of 0.5-1.0 mg protein/ml. The
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Fig. 3. Percentage of mice with papillomas documented during the
observation period. Treatment schedule of the groups is specified in
Materials and methods.
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Fig. 4. Modulation of hepatic GST level (mean ± SE) by CHL in mice.
Treatment schedule of the groups is specified in Materials and methods.
n = 6; *P < 0.05; **P < 0.01.

estimation of -SH content was done by Ellman's (14) method as modified by
Sparnins el al. (15).

Results

Experiment 1: skin papillomagenesis study
The different treatment schedules of CHL did not appreciably
alter the mortality rate and the average body weight gain in
the murine system (Table I).

The tumor burden (Figure 1), cumulative number of papil-
lomas induced (Figure 2) and the percentage of mice with
papillomas (Figure 3) during the observation period have been
depicted to compare the CHL-induced alterations on the pattern
and extent of murine skin papillomagenesis.

Topical application of CHL during peri- (Group 2), post-
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Fig. S. Modulation of hepatic -SH level (mean ± SE) by CHL in mice.
Treatment schedule of the groups is specified in Materials and methods,
n = 6; **P < 0.01.
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Fig. 6. Modulation of -SH level (mean ± SE) by CHL in skin tissue of
mice. Treatment schedule of the groups is specified in Materials and
methods, n = 6; *P < 0.05.

(Group 3) or peri- and post-(Group 4) initiational stages of
DMBA-induced papillomagenesis, significantly (P < 0.01)
reduced the tumor burden to 3.68, 3.56 and 3.33 respectively
(positive control value 5.89) while the cumulative numbers of
papillomas were reduced to 59, 57 and 60 respectively (positive
control value 112). However, the papilloma size between the
positive control (Group 1) and experimental groups (Groups
2-4) did not vary significantly (Table I). The mice assorted in
Groups 2-A and given two stage protocol for tumor induction
revealed 88% (16 mice out of 18; Group 2), 88% (16 mice
out of 18; Group 3) and 90% (18 mice out of 20; Group 4)
skin papillomas while the respective figure for positive control
(19 mice out of 19; Group 1) was 100%.

No skin papillomas appeared in the animals topically treated
only with CHL (Group 5) during the observation period.

Experiment 2: biochemical studies
CHL treatment alone (Group 5) or during peri- (Group 2),
post- (Group 3) or peri- and post- (Group 4) initiational stages
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significantly (P ^ 0.01) elevated the hepatic GST (Figure 4)
and -SH (Figure 5) levels when compared with positive control
(Group 1) in munne system. Even in skin tissue of mouse,
the topical treatment of CHL (Groups 2-5 versus Group I)
could appreciably (P < 0.05) enhance the -SH content (Figure
6). However, the selected dose of CHL could not modulate
the skin and hepatic levels of Cyt. hs and Cyt. P-450 in the
experimental groups (Groups 2-5 versus Group 1, Table 11).

Discussion

Epidemiological, laboratory and clinical investigations have
suggested the role of dietary compounds as important modifiers
in the process of chemical carcinogenesis (2,16.17). Our
previous studies have also supported the crucial role of minor
dietary constituents including mace (18), black mustard (19).
garlic (20) and curcumin (21) in modulating the chemical
carcinogenesis in munne systems. A number of these dietary
compounds have been observed to influence skin carcino-
genesis in experimental animal models or in humans (2).

Chemical carcinogenesis in murine skin has been conceptual-
ized as a stepwise process, consisting of initiation, promotion
and progression (22) Biotransformation of most of the chem-
ical initiators to reactive electrophilic species and the generation
of free radicals during inflammatory response of tumor pro-
moters, assigns a clear role to modulators of biotransformation
pathways in the process of chemical carcinogenesis (2).

The findings of the present study suggest the potential of
CHL, an anticlastogen (5) and a radioprotectant (6). to act as
a blocking agent by modulating the pattern of murine skin
papillomagenesis and its probable correlation with the altered
levels of biotransformation system enzymes. Inhibitory effects
of CHL on PhlP-induced mammary carcinogenesis (23).
2-amino-3-methylimidazo|4.5-/|quinohne-induced tumongen-
esis (24) and aflatoxin B|-mduced hepalocarcinogenesis (25)
have also been observed in experimental animals.

It was interesting to observe the ability of CHL modulator
to result in the absence of skin papillomas in 10— \2c7c mice
during pen- (Group 2), post- (Group 3) or pen- and post-
(Group 4) initiational stages of carcinogenesis. This observation
was. in contrast to the positive control (Group I) where
none of the mice was found without skin papillomas The
chemoprcvcntive role of CHL was also substantiated via
appreciable decrease in the tumor burden by 56-62'??- and
cumulative number of papillomas by 50 -53^ in the experi-
mental Groups 2-4 as compared to the positive control.
Group 1.

As modulation of phase I and phase II enzymes of biotrans-
formation system projects it to be a cntical determinant of
chemical carcinogenesis (2). the observed augmentation in the
levels of GST and -SH in murine liver and skin tissue of
experimental animals (Groups 2—4) as compared to positive
control (Group 1) potentially may offer chemoprotection at
the (i) initiation level via scavenging the reactive moieties of
tumor initiator!s) which in turn could bind covalently to
cellular macromolecules (26); and (n) promotion level by
enhancing the availability of non-critical nucleophiles for
inactivation of electrophiles and reactive oxygen species gener-
ated by the phorbol ester present in croton oil (2) Furthermore,
the compounds possessing antioxidant or anti-inflammatory
activity including butylated hydroxyanisole (27), a-tocopherol
(28) and ascorbic acid (29) have also been reported to inhibit
the events associated with tumor promotion. The modulatory

efficacy ol' CHL on the mouse skin papillomagenesis and
xenobiotic detoxication system was observed to be similar in
the respective groups of experimental design (Groups 2—4
versus Group 1) which in turn suggests its chemoprotection
ability during both initiation and promotional stages of carcino-
genesis.

The unaltered levels of Cyt. In and Cyt P-450 on topical
application of CHL further support the chemoprotective role
of CHL by non-elevation of bioactivated electrophiles of
potential toxins in cellular milieu (30). Antimutagenic (5).
radioprotective (6) and antioxidant (9) potential of CHL against
environmental toxicants, its divergent mechanisms of action
(8.10) and absence of noticeable toxic effects either in humans
or animal species suggest it to be a potential chemopreventive
agent. Further studies evaluating the pre- and post-natal modu-
latory efficacy of CHL on biochemical events involved in
initiation and promotion of tumongenesis in murine system
are in progress.
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