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Abstract

One of the most promising strategies for cancer prevention today is chemoprevention using readily available
natural substances from vegetables, fruits, herbs and spices . Among the spices, saffron (Crocus sativus, L) a member
of the large family Iridaceae, has drawn attention because apart from its use as a flavouring agent, pharmacological
studies have demonstrated many health promoting properties including radicalccavenging, anti- mutagenic and
immuno-modulating effects. In the present study the effects of an aqueous infusion of saffron on two stage skin
papillogenesis / carcinogenesis in mice initiated by 7-12 dimethyl benz[a] anthracin (DMBA) and promoted with
croton oil were investigated. Significant reduction in papilloma formation was found with saffron application in the
pre-initation and post-initation periods, and particular when the agent was given both pre- and post-initation. The
inhibition appeared to be at least partly due on modulatory effects of saffron on some phase Il detoxifying enzymes
like glutathione-S-transferase (GST) and glutahinoe peroxidase (GPx), as well as catalase (CAT) and superoxide
dismutase (SOD).
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Introduction , , ,
protective effects of saffron extract together with cysteine

Saffron, the dry stigma of the plant Crocus sativus Land vitamin E against cisplatin induced toxicity in rats.
popularly used as a spice and food colorant, has been usd@wever, to our knowledge there has been no systematic
in traditional medicines for treatment of many disease§ytotoxicity analysis of saffron compounds, crocin, crocetin,
including tumors. The chemical components of saffroricrocrocin, and safranol performed separately. In the present
include the coloured carotenoids, crocin and crocetin, angtudy we the examined the anti carcinogenic effects of
the monoterpene aldehydes, picrocrocin and saffran@dueous infusion of saffron, administered orally using two
(Abdullaev 1993, Tarantilis et al, 1995; Escribano et al, 1996stage skin carcinogenesis model in mice. Since phase I
Lozano et al, 2000). In addition saffron contains proteinsdetoxification enzymes play a major role in the onset of
sugars, vitamins, flavonoids, amino-acid, minerals and gunfg@rcinogenesis by helping eliminating the damaging agents,
(Abdullaev 1993, Rios et al 1996). A number of reports havénodulatory effects of saffron treatment on a number of
indicated anti-tumor properties of saffron extract in vivo€nzyme species in the same model were also ascertained.
(Salomi etal 1991, Abdullaev et al 1992, Abdullaev et al
2002). Anti-promoting and non-mutagenic activity of saffronMaterials and Methods
extract has also been reported (Salomi et al 1991). It has
also been shown that crocins can protect from the adver&separation of Test Material
effects of hepatocarcmogemc Compounds (|_|r| and Wang CommerCIaIIy available saffron was purchased from the
1986) and that crocetin, the deglycosylated crocin derivativ&30vt. of Kashmir Emporium, Kolkata and stored &t éntil
can inhibit intracellular nucleic acid synthesis (Abdullaevuse. An infusion was prepared by soaking 0.1 gm saffron in
1994) In vitro pro"feration of promyek)cytic leukemia cells 12.5ml of lukewarm distilled water for 10 minutes followed
is inhibited by crocins and crocin derivatives (Tarantitis ey straining. The infusion was administered orally at a dose
al, 1994). Another study (el Daly 1998) demonstrated®f 200 mg/kg body weight /mouse.
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Selection of the Dose for Treatment buffered formalin and dehydrated with graded alcohols
Saffron infusion at different doses ( 50 - 500mg/kg bodtarting from 50% ethyl alcohol to absolute alcohol. Then

weight by oral gavage were administered to normal mic¢he tissues were embedded in paraffin after clearing in

Based on body weight, skin texture, food intake and genergylene. Serial microtome sectionsy()4were stained with

behavior observed for 7 days, the dose selected was 208ematoxylin and eos{iKehar and Wahi1967.

mg/kg body weight/day/mouse (maximum dose not

producing change in any of these parameters). Methods for Biochemical Assays
Liver tissue was sampled for biochemical assays after 2
Chemicals weeks and 12 weeks from all groups for the estimation of

DMBA ( 7-12 dimethylbenz [a] anthracene), croton oil,lipid peroxidation (LPO) and to measure the activity of
CDNB (1-chloro-2-4-dinitrobenzene, GSH (glutathione),phase Il detoxification and other enzymes - glutathione-S-
GR (glutathione reductase), NADPH ( nicotinamide adenintansferase (GST), glutathione peroxidas (GPx), catalase
dinucleotide phosphate reduced form), Pyrogallol, TBACAT) and superoxide dismutase ( SOD).

(thiobarbituric acid) and DTPA (diethylene triamine penta LPO was estimated in the liver microsomal fraction by
acetic acid) and pyridine, were purchased from Sigmthe method of Okawa et al. (1979). The levels of lipid
Chemicals Co, St. Louis, MO, U.S.A. Sodium dodecyperoxides formed were measured using thiobarbituric acid
sulphate (SDS) was purchased from Gibco BRL, U.S.Aeactive substance (TBARS) formed /mg protein by an
and hydrogen peroxidesolution (HO,) (30%), acetic extinction co-efficient of 1.56x2M™ cm.™

acid (CHCOOH), n-butanol and potassium chloride (KCL) ~ GST activity was assayed by the method of Habig et

from Merck (India). al (1974) following the increase in absorbane¢ 340nm
using 1-chloro2-4-di-nitrobenzene (CDNB) as the
Experimental Animals substrate. Specific activity of the enzyme was expressed as

Female Swiss albino mice aged 5-6 weeks, and weighirigrmation of 1-chloro-2-4-dinitrobenzene-glutathione
20-22 gm at the commencement, were housed in plasi€DNB)-GSH conjugate per minute per mg of protein.
cages with stainless steel wire lids (6 mice per cage). The GPx activity was measured by the method of Paglia et
housing facility was maintained at @ The animals al. (1967 ) in the post mitochondrial fraction.The reaction
received standard food pellets (Lipton India Ltd.) and watemixture contained NADPH and glutathione reductase.The
ad-libitum. To induce carcinogenesis the mice received threkecrease in absorbance following addition gOHwas
topical applications of 100 n mol DMBA in 1@0acetone recorded at 340 nm. Enzyme activity was expressed as
at an interval of 2 days on the shaved skin (initiatorjhmoles of NADPH utilized /minute /mg protein using molar
followed by 10@ 1 gm% croton oil in acetone (promoter) extinction co-efficient of NADPH at 340 nm of 62001
after a week at the same site twice weekly for 8 weekscnit.

CAT activity in liver was assayed by the method of Luck
Treatment Groups (1963). The enzyme activity was determined

The normal control group (NC) received only distilledspectrophotometrically at 250 nm and results were expressed
water every day during the treatment period, while the as units/mg protein where the unit was the amount of enzyme
carcinogen control group (CC) was given three topicaihat liberates half the peroxide oxygen fron®Hin 100
applications of DMBA and then croton oil followed by seconds at 25C.
distilled water. The animals of Group—A (pre treatment) were SOD activity was assayed by the methodMéarklund
administered saffron infusion orally once daily for 2 week®t al. (1974). Partial extraction and purification of SOD
prior to the application of DMBA-croton oil. Group-B was performed as described by McCord etal. (1969 ).
(pre+post treatment group) was administration the saffroBOD was determined by quantification of pyrogallol auto
infusion starting 2 weeks prior to the application of DMBA-oxidation inhibition and the results expressed as units/mg
croton oil and continued until the sacrifice. Group-C (posprotein. One unit of enzyme activity was defined as the
treatment) was administered saffron infusions starting afteamount of enzyme necessary for inhibiting the reaction by
2 weeks of application of DMBA/ croton oil. 50%. Auto oxidation of pyrogallol in Tris-HCL buffer

(50mM,pH-7.5) was measured by increase in absorbance at
Morphological Observation of Papilloma Development 420 nm.

Body weights and papilloma counts in mice of groups Protein was measured by the method of Lowry et al.
NC, CC, A, B, and C were recorded at an interval of 71951) using bovine serum albumin (BSA) as a standard.
days till sacrifice. The first set of mice (Set-1) were sacrificed
after 2 weeks and the second set (Set-1l) after 12 weelStatistical Analysis
Each set consisted of 12 mice. The affected skin was Data from different experimental groups were analysed

collected for histology. and expressed as mea8D. The difference in data from
different groups were statistically analysed by Student’s t
Preparation of Skin for Histology test. A value of p < 0.05 was considered significant for alll

Affected skin and skin with papilloma were fixed in 10%experiments.

Asian Pacific Journal of Cancer Prevention, Vol 5, 20041



lla Das et al

ReSU|tS Incidence of Papilloma
Effects of Aqueous Infusion of Saffron on Body Weight . //'
Gradual increase in body weights was noted in al\g . e

animals upto 8 weeks except in those from the CC groufa £ = // -
At 12 weeks a sharp difference in body weight was noteté'& . //' /4,,;—;/'
between the NC and CC groups. Near normal values wels ~ *| A "
noted in the treatment groups A and B (Figure-1). ﬁ:_/

weeks of promotion
Effects of Aqueous Infusion of Saffron on Development ¢ e—cC  GA—xG8 o]
Papillomas

Papillomas started to appear on the region of skigigyre 2. Effect of Aqueous Infusion of Saffron on

receiving topical application of DMBA and croton oil from |ncidence of Skin Papillomas at Different Time Points
the 3" to 6" weeks. Percentages of mice with papilloma

continued to increase until #2veek in the CC group. Effects of aqueous infusion of saffron on GST

Observation made after 12 weeks of treatment revealed that Activity of GST in mouse liver was found to be lower in

incidence of papilloma in the carcinogen control group wa§C than NC.The enzyme activity significantly increased in

90%. Reduction in incidence of papilloma was noted in al6roups A and B by 1.16 fold (P<0.01) and 1.51 fold

treatment groups. (Figure-2). (P<0.001), respectively after 2 weeks. After 12 weeks the
In Set-l animals which were sacrificed after two weekdigures were 1.30 fold (P<0.05) and 1.52 fold (P<0.001).

of DMBA application no papillomas were visible. In Set Il The results of treatment in Group C were not significant in

animals appearance of papillomas was delayed from‘the ®ither case ( Figs 5 & 6).

week to the Pweek in Gr Aand Gr C and t& @veek in

Gr B. Treatment with saffron delayed the onset of papillomaEffect of aqueous infusion of saffron on GPx activity

as well as the reduced the incidence as compared to group Like GST, GPx was also found to be lower in the CC

CC. The most potent effect of treatment was noted in Gr Broup in comparison to the NC group. Fig 7 & Fig 8 show

(pre+ post treatment group). significant increase in the activity of this enzyme in Groups
Effect of Aqueous Infusion of Saffron on LPO LPO in mice liver after 2 weeks
Lipid peroxidation in liver, expressed as TBARS 016

produced, was found to be reduced from that seen in the 014

CC group following treatment. It can be noted from Fig.-3 012
and Fig.-4 that the best effect of saffron in preventing o

. . .. . . . 0.08
carcinogen-induced lipid peroxidation was produced in Gr o
B where saffron treatment started before application of 0o
DMBA-croton oil and was continued for up to week 12. 00
After treatment for 2 weeks, a significant inhibition in lipid 000

NC cc GrA GrB GrC

peroxidation was noted as revealed by decrease in LPO by,

1.42 fold (P<0.001), 1.15 fold (P<0.001) and1.11 fold_. .
(P<.01) in Gr B, Gr A and Gr C respectively. A similar Flgure 3. Effects of Infusion of Aqueous Saffron on LPO

trend was also noted after 12 weeks of treament. Considerigb Mouse Liver after Treatment for 2 Weeks.Data are

all treatment groups the most significant effect was foun eantSD

rMTEL RSy protein
g ¢
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Figure 1. Effects of Saffron Infusion on Body Weights 1 ,ean+sSD

72 Asian Pacific Journal of Cancer Prevention, Vol 5, 2004



Saffron Prevention of Murine Skin Carcinogenesis

Activity of GST in mice liver after 2 weeks Activity of CAT in mice liver after 2 weeks
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Figure 5. Effect of Aqueous Infusion of Saffron onthe Figure 9. Effect of Aqueous Infusion of Saffron on
Activity of GST in Mouse Liver. Data are meanSD the Liver Activity of Catalase. Data are meanSD

Activity of GST in mice liver after 12 weeks Activity of CAT in mice liver after 12 weeks
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Figure 6. Effect of Aqueous Infusion of Saffron on the Figure 10. Effect of Aqueous Infusion of Saffron on
Activity of GST in Mouse Liver. Data are meanSD the Liver Activity of Catalase. Data are meanSD

Activity of GPx in mice liver after 2 weeks Activity of SOD in mice liver after 2 weeks
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Figure 7. Effect of Aqueous Infusion of Saffron in Mouse Figure 11. Effect of Aqueous Infusion of Saffron on the

Liver GPx Activity. Data are meafSD Activity of SOD in Mouse Liver. Data are meafSD
Activity of GPx in mice liver after 12 weeks Activity of SOD in mice liver after 12 weeks
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Figure 8. Effect of Aqueous Infusion of Saffron on GPx Figurel2. Effect of Aqueous Infusion of Saffron on the
Activity in Mouse Liver. Data are meanSD Activity of SOD in Mouse Liver. Data are meanSD
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A and B by 1.10 fold (P<0.1) and 1.16 fold (P<0.001) afteigeneration of free radicals in vivo may be considered to have
2 weeks and 1.16 fold (P<0.001) and 1.30 fold (0.001) aftehe potential for chemoprevention. The present study
12 weeks. The 1.11 fold increase noted in Group C washowns that saffron treatment could significantly reduce
however, insignificant. lipid peroxidation in mice exposed to DMBA and croton
oil.
Effect of Aqueous Infusion of Saffron on CAT GST is thought to play a physiological role in initiating
Activity of the enzyme catalase was also noted to béhe detoxication of many alkylating agents (Wood, 1970)
increased in Group A by 1.26 fold (P< 0.01) and in Group Band environmental chemicals including mutagens and
by 1.40 (P<0.001) after treatment with saffron for 2 weeksarcinogens (Kramer et al., 1988). Their main function is
in comparison with the carcinogen control group. After 12he conjugation of GSH to a variety of electrophilic
weeks the enhancement was 1.15 fold (P<0.01) and 1.2@mpounds. GST reduced the covalent binding of epoxides

fold (P<0.001) (Figs 9 &10). of carcinogens with DNA and other macromolecules and
this reduction in DNA binding was found to be effective in
Effect of Aqueous Infusion of Saffron on SOD decreasing carcinogenesis caused by the carcinogens. GPx

Enhancement of SOD activity was significant in Groupalso plays important roles in cellular defence as well as
Aby 1.13 fold (P<0.05) and in Group B by 1.16 fold (P<0.01)maintenance of cellular membranes from oxidative damage
following treatment for 2 weeks but only significant in of free radicals by eliminating,B, (Sunde et al. 1980).

Group B observed after 12 weeks. CAT is a major peroxisomal enzyme. Peroxisomes is
involved in a number of important cellular metabolic
Discussion processes as well as detoxication gH(Singh et al.,1997;

Moser et al. 1996). More than 90% of oxygen consumed by

A wide variety of naturally occurring substancesthe mitocondria is converted to water,(J and the rest to
including spices (Unnikrisnnan. et al. 1990) have been showsuper oxide radical(O,) whereas the oxygen consumed by
to inhibit chemical carcinogenesis in animal modelsperoxisomes is converted tq®j and only a little amount
(Williams 1984, Wattenberg 1985, Boone et al. 1999)is converted to (XSingh et al., 1996)These reactive
Saffron, harvested from the dried dark red stigma of Crocusxygen species (ROS) are the normal by-products of
sativus.L flowers is used as a spice to add flavour to exotigellular metabolism and are checked by cellular defences
food preparations and also finds mention in Indian systemrovided by antioxidant enzymg&ingh et al., 1996). These
of medicine. Analysis of the chemical composition of saffronantioxidant enzymes provide protection to cell against ROS
revealed more than 150 volatile and several non-volatilee. O,and HO, by detoxifying them at the site where they
compounds of which approximately 40-50 constituents havere produced. So increased activity of GST, GPx and CAT
been already identified. (Zargan et al. 1971, Sujata et ain liver tissue from the mice treated with saffron and
1992, Tarantilis et al. 1997, Lozano et al. 1999). It has beetlecreased activity of these enzymes in the liver tissue from
reported that Saffron can inhibformation ofnew tumours  the mice treated with DMBA/croton oil suggested that
as well as reduce or shrink existing tumors. (Nair et al. 199%affron could influence host detoxificatin processes. SOD
1992, 1994). detected in a large number of tissues and organs, is also

In the present report we have demonstrated &hought to protect cells from damage by superoxide radicals
chemopreventive effect of saffron on DMBA-induced skin(llan et al. 1981). Superoxide radicazl»Gs the product of
carcinogenesis in female Swiss albino mice. Orabiological oxygen reduction as a result of electron transfer
administration of aqueous infusion of saffron was found texidase system. SOD catalyzes the one electron reduction
produce a remarkable reduction in the incidence of mousef oxygen to superoxide radical. This, @ harmful to the
skin papilloma which is a pre-neoplastic benign growthrespiring cells. SOD minimises the toxicity resulting from
Topical application of saffron extract was also reported tdhe mechanism against oxygen formation of free radicals
inhibit skin carcinogenesis and oral administration of saffror{llan et al. 1981). Increased activity of SOD in the tissue of
extract in the same dose reduced 20-methylchloanthremaice liver treated with saffron suggests certain role for
(MCA) induced soft tissue sarcoma in mice (Salomi.,ereactive free oxygen radical in two stage carcinogenesis
al.,1990; 1991). The anti-tumour and anti-carcinogeni¢Werts et al. 1986, Nishuira etal. 1992). Interestingly saffron
effect of saffron may be attributed to presence of a numbevas found to activate this enzyme also, which was depressed
of biologically active carotenoids like crocin, crocetin andfollowing carcinogen application, to almost near normal
picrocrocin in saffron (Abdullaev 2002). Free radicals andsalues or exceeded the normal values. The group receiving
lipid peroxidation are known to cause initiation andtreatment that was started before initiation with DMBA
promotion of carcinogenesis (Bauer et al. 1980). Lipidand continued throughout the experimental period produced
peroxidation is increased during the carcinogenic procedbe best effect.
(Hamburger et al., 1972) and malondialdehyde (MDA) a The increased activities of the Phase Il detoxication
product of lipid peroxidation was observed to be mutagenienzymes noted in this study was accompanied by lowered
and carcinogenic (Yay et al., 1979. Apaja, 1980, Basu et alipid peroxidation in the liver and reduced incidence of
1983). It is therefore implied that agents that can reducpapillomas. The experimental observation therefore suggest
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