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Abstract

The current study has been designed to unveil tieeptive effect oPhyllanthus niruri extract (PNE) on
two stage skin carcinogenesis and oxidative danma@wiss albino mice. Single topical application7of
12-dimethylbenz (a) anthracene (DMBA), followed digton oil thrice weekly produced 100% incidence
of tumors in carcinogen control animals (Gr. 11l b6 weeks. On the other hand, oral administratibn
animals with PNE (1 week before of DMBA applicati&rcontinued until the end of experiment, Gr. IV),
significantly reduced the tumor incidence, tumordan, tumor volume and weight and the number of
tumors but prolong the latent period of tumor aoence, as compared with carcinogen control animals
Furthermore, administration of PNE protected addins losses provoked in levels of glutathione, /it
total proteins and activity of catalase and supemxdismutase in skin and liver of animals by the
application of DMBA/croton oil, concomitantly, thkevels of lipid peroxidation were also reduced
significantly. P. niruri administration profoundly reverted back the pathalal changes observed in skin
and liver of cancerous animals. From the resltsiruri extract proves to scavenge free radical and found
to be a potent chemopreventive agent against claémabuced skin carcinogenesis.

Keywords: carcinogenesishyllanthus niruri, cancer chemoprevention, tumor incidence, reactygen
species (ROS), antioxidant enzymes

1. Introduction

An increasingly important health problem in the ldois the rising incidence of genetic diseases that
include age related neurodegenerative diseasebpeascular diseases and cancer. Ironically, thigartly
due to the increasing longevity of the populatihjch results from better living and working conalits
(Migliore and Coppede’™ 2002). Even if the etiolagythese diseases is not completely understoodfobut
the sake of improved human health and the qualityife, it will be essential to obtain a better
understanding of the key biochemical mechanismsriskdactors for such chronic diseases. Free aglic
are found to be involved in both initiation and mation of multistage carcinogenesis. These highly
reactive compounds can act as initiators and/ompters, cause DNA damage, activate procarcinogens,
and alter the cellular antioxidant defense syst&ntioxidants, the free radicals scavengers, howeaer
shown to be anticarcinogens. They function as thshibitors at both initiation and
promotion/transformation stage of carcinogenesid protect cells against oxidative damage. (Yin sun
1990).

The attractiveness of naturally occurring compoufmiscancer chemoprevention has escalated in recent
years. An ideal chemopreventive/therapeutic agentidvrestore normal growth control to preneoplastic
cancerous cells by modulating aberrant signalingvways and/or inducing apoptosis. It should tatbet
multiple biochemical and physiological pathways dived in tumor development, while minimizing
toxicity in normal tissues (Mansaa al. 2005; Mukhtar and Ahmad 1999a; Mukhtar and Ahm&g9b;
Yance and Sagar 2006).
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Among the human diseases treated with medicinaitplaancer is one of the most important genetic
disease. Every year, millions of people are diagdosith cancer, leading to death in a majority lod t
cases. According to the American Cancer Societygcan Cancer Society 2006), deaths arising from
cancer constitute 2-3% of the annual deaths redova®ldwide. A large number of chemotherapeutic
agents used in cancer treatment have been discbfrera natural products. Similarly, several laborags
throughout the world have directed considerablertfftowards discovering new chemopreventive agents
from natural products because of their wide bigtabictivities, higher safety right kind of planatarial
which is therapeutically margins and lesser cobtsthis regard the genuBhyllanthus includes 500
temperate and tropical species many of which agal usedicinally in different countrie®hyllanthus
niruri L., belonging to family Euphorbiaceae, is a commueed found in both cultivated fields and
wastelands in India. It is an annual herb with heigarying between 30 and 60 cm. Its roots, leafrass,
milky juice, and whole plants are used as medididgtikar and Basu 1935). Fruits are useful for
tubercular ulcers, wounds, sores, scabies andworgn (Agharkar 1991). The fresh root is believedéo

an excellent remedy for jaundice, dropsy and genitary infections (Chopra et al. 1956). The infusbf

the root and leaves is a good tonic and diuretierwkaken cold in repeated doses (Ambasta 1986;
Satyavati et al. 1987). In different parts of Indéspecially, in Chhattisgarh state, it is usedaasch
traditional medicine (Caius 19869. niruri has shown clinical efficacy in viral Hepatitis Brfwhich no
effective specific therapy is available (Paranjp8D). Fresh juice and powder of dried plant arelusest
frequently in Ayurvedic preparations (Sastry andréthekar 1990)P. niruri is still widely used in herbal
medicine in South America, remaining the most papulemedy for gallstones and kidney stones
throughout the continent (Taylor 2003). In Peruvigmbal medicine, it is also used for hepatitisnany
infections, and as a diuretic (Devi 1986). Theralso reports of a host of other activities ofaddnt parts

of P. niruri and its constituents (Taylor 2003; Bagalkotkaale2006).

Considering the myriads of phytochemicals and theutic potential ifPhyllanthus niruri, the aim of this
investigation is to study and evaluate the praveneffect of the plant hydro-alcoholic extract on
DMBA/croton oil mediated carcinogenic response axidative damage in mammals.

2. Materials and Methods
2.1 Animal care and Handling

The animal care and handling was approved by atitition and was done according to guidelinesget
the World Health Organization (WHO), Geneva, Switzed, and the Indian National Science Academy
(INSA), New Delhi, India. The study was conductedrandom-breed male Swiss albino mice (7-9 weeks
old) weighing 24 + 2 gm. These animals were houegublypropylene cages in the animal house under
controlled conditions of temperature (25°C + 2°@ydight (14 light :10 dark). The animals were f&d
standard mouse feed procured from Aashirwad InigisstChandigarh (India), and watat libitum. Four
animals were housed in one polypropylene plastie @ontaining saw dust (procured locally) as begldin
material. As a precaution against infections, tsttine hydrochloride water was given to these atém
once each fortnight.

2.2 Chemicals

The initiator, 7, 12-dimethylbenz[a]anthracene (DABand the promoter croton oil were procured from
Sigma Chemicals Co., St Louis, USA. DMBA was digedl at a concentration of 1Q@y/100 pl in
acetone. Croton oil was mixed in acetone to giselation of 1% dilution.

2.3 Preparation of Phyllanthus niruri extract (PNE)

The whole plantP. niruri was collected after proper identification (Mouchdo. RUBL 20247) by a
competent botanist from the Herbarium, Departmématany, University of Rajasthan, Jaipur. The vehol
plant was powdered in a mixture and the hydro-adtiotextract was prepared by refluxing with the dieu
distilled water (DDW) and alcohol (3:1) in a roubdttom flask for 36 (12x3) hrs. at 40°C. The liquid
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extract was filtered, cooled and concentrated @aperxating its liquid contents in oven and collectddhe
powdered extract, termedehyllanthus niruri extract (PNE), was redissolved in DDW prior foe tbral
administration in mice. The required dose for tresit was prepared by dissolving the extract in D&tV
dose level of 500 mg/kg body weight.

2.4 Experimental Design
2.4.1 Determination of the effect of P.niruri on BW induced carcinogenesis

Group I: Vehicle treated control / Normal (n = X0)nimals of this group received topical applicatiofn
acetone (10Ql/ mouse) on the shaven dorsal skin, and doubtéledswater (equivalent to PNE i.e.1Q0
/ mouse) was given by oral gavage for 16 weeks.

Group II: PNE treated control / Drug alone (n = 1@nimals of this group were put on a normal died an
administeredPhyllanthus niruri extract at a dose @50 mg/kg/b. wt. /day orally once in a day for 1€eks
study period.

Group llI: Carcinogen treated Control (n = 20These animals were treated with a single doseMdBR
(100 pug/100ul of acetone) over the shaven area of the skin. im@eks later, croton oil (1% in 1Q0 of
acetone) was applied as a promoter 3 thrice a wetlkthe end of the experiment (i.e. 16 weeks).

Group IV: PNE treated Experimental (n = 10) — Anisnaf this group were administer&d niruri extract
(250 mg/kg/b. wt./animal/day) by oral gavage staytfrom 7 days before of DMBA application and
continued until the end of experiment (i.e. 16 vek

The following parameters were taken into considenat

(i) Cumulative number of papillomas: The total nwenlf papillomas appeared till the termination lod t
experiment. (i) Tumor incidence: The number of enicarrying at least one tumor, expressed as a
percentage incidence (iii) Tumor yield: The averagenber of tumors per mouse (iv) Tumor burden: The
average number of tumors per tumor bearing mous8&ige of tumor & Weight; (vi) Body weight; (vii)
Average latent period: The time lag between thdiegpn of the promoting agent and the appeararice
50% of tumors was determined. The average latembg@vas calculated by multiplying the number of
tumors appearing each week by the time in weeks #fe application of the promoting agent and dingd

the sum by total number of tumors.

Average latent period ZFX
N

Where F is the number of tumors appearing each wéedk the numbers of weeks, and N is the total
number of tumors.

2.4.2 Determination of the effect of P. niruri on enzyamalysis of liver and skin

The animals from all the groups were sacrificedénvical dislocation 16th week after the commenagme
of treatments and their liver as well as dorsah skifected by tumors were quickly excised and wdshe
thoroughly with chilled 0.9% NaCl (pH 7.4). Bothettissues (liver & skin) were then weighed andtbhbt
dry. A 10% tissue homogenate was prepared fronpaneof the sample in 0.15 M Tris-KCL (pH 7.4), and
the homogenate was then centrifuged at 2500 rprhCfaninutes. The supernatant thus obtained was take
for estimation of following biochemical parametef$ie level of reduced GSH was estimated as an acid
soluble non-protein sulfhydryl group by the mettoddvoronet al. (1979). The level of lipid per oxidation
was estimated spectrophotometrically by thiobarhlitacid reactive substances (TBARS) method, as
described by Ohkhawat al. (1979). Superoxide dismutase activity was assdygdhe method of
Marklund and Marklund (1974) and the results wexpressed as U/mg protein, where U is the unit of
enzyme activity defined as the amount of enzymeessary for inhibiting the 50% auto oxidation of
pyrogallol. Auto-oxidation of pyrogallol in Tris-HCbuffer (50 mM, pH-7.5) was measured by the inseea
in absorbance at 420 nm.

Catalase was assayed on a UV Spectrophotometdfair by monitoring the decomposition of®4, as
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described by Aebi (1984). The activity of the eneywas expressed as U/mg of tissue, where |Unimle

of H,O, reduced/min/mg tissue. For the tissue ascorbic @6tdC) determination, the fresh organs were
weighed, homogenized in acetate buffer (20mg/ mt) extracted with cold 4 per cent trichloroacetidla
centrifuged, and filtered. Ascorbic acid was detesd by the method of Roe and Kuether and measaged
mg/ml. Protein estimation was determined by thehwoetof Lowryet al (1951) using bovine serum
albumin as a standard.

2.4.3 Effect of P. niruri on histopathology of Skin

Skin of all the animals were excised out and fike®ouin’s fixatives for 24-28 hr. and processedthg
usual method of paraffin embedding. Sections @hbthickness were taken through microtome, stained
with hematoxylin & eosin and were evaluated fohp#tgical changes using binocular light microscope.

2.5 Satistical Analysis

The results are expressed as the mean + standard Hre data from biochemical determinations were
analyzed using the Student'dést.

3. Results
3.1 Effect of P. niruri on papilloma formation

Table 1 and 2 show the results of the protectifecenf P. niruri on DMBA induced skin carcinogenesis.
Animals of all groups did not show any significamriation in body weight during the entire expenre
and there was no mortality. No noticeable signilredss e.g. weight loss, diarrhea, alopecia weteated

in mice of PNE treated control (Gr. Il) group. Sianfly no papilloma has been observed in the vehicle
treated control (Gr. 1) as well as PNE treated rgroup (Gr. 1) whereas the incidence of papillbwas
different in DMBA-croton oil treated group (Gr. 1100 %) as compared with the DMBA-croton oil-PNE
treated group (Gr. IV 40 %). Cumulative number apilomas was 62 in carcinogen treated control (Gr.
I11) which was significantly reduced to 15 in PNieated experimental group. The tumor burden and yie
(3.75 and 1.5 respectively) was considerably rediuncePNE treated experimental group as compared to
carcinogen treated control group (6.2). The avetageor weight of the carcinogen treated control was
1.37 gm whereas it was only 0.38 gm for the PNEté&@ experimental group. The average latent period
was observed as 10.66 in PNE treated experimenteipgwhich was found to be lesser (i.e.7.93) in
carcinogen treated control Group.

3.2 Effect of P. niruri on enzyme analysis of liver and skin
3.2.1 Reduced glutathione

In the levels of GSH 98.04 and 97.13% decrease @@01) in liver and skin of animals of carcinogen
treated control group (Gr. 1), and a 55.12 and38% decrease (g 0.001) were observed in both the
tissues of animals treated with DMBA/croton oil/PMdE compared with vehicle treated control animals
(Gr. I). There was an average 2192.30 and 1907 ié@%ase (= 0.001) in the GSH levels in liver and
skin of animals treated with DMBA/croton oil/PNE felation to both the tissues of carcinogen tabate
control animals. (Fig. 1)

3.2.2  Lipid peroxidation

The level of LPO in liver and skin of animals treditwith DMBA/croton oil (Gr.1ll) was increased b9@
and 239.39 % (i 0.001), whereas animals treated with DMBA/crotdfPOIE (Gr. 1V) exhibited only
53.00 and 16.01% increase<@®.001) with respect to vehicle treated controhaals. In general, a 69.08
and 65.81 % decrease in the level of LPO was obsdeiw the liver and skin of animals treated with
DMBA/croton oil/PNE (Gr. IV) in comparison with thHePO levels in both the tissues of DMBA/croton oll
treated animals. (Fig 2)

3.2.3  Superoxide dismutase
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In the activity of SOD a decrease of 35.36 and &.fp< 0.001) was observed in the liver and skin of
DMBA/croton oil treated animals (Gr. Ill), whereasimals treated with DMBA/croton oil/PNE exhibited
a 12.32 and 11.17% decrease<(p.001) as compared with the animals of normal (5fThere was an
average 35.66 and 41.07% increase<(0.001) in SOD in both the tissues of animals @eaivith
DMBA/croton oil/PNE as compared with the level iMBA/croton oil-treated animals. (Fig. 3)

3.2.4 Catalase

As compared with vehicle treated control animals. (I3, the activity of CAT in liver and skin of

carcinogen treated control animals (Gr. Ill) exteédia 83.79 and 78.93% decrease (p.001), whereas

38.70 and 30.57 % decrease<(0.001) was measured Bniruri treated experimental group (Gr. IV). In
general, there was nearly 278.15% and 229.61%aser€p< 0.001), in the activity of CAT in the liver

and skin of animals treated with DMBA/croton oil/lBENGr. 1V) as compared with the activity in the
DMBA/croton oil treated animals(Gr.lIl).(Fig. 4)

3.2.5 Vitamin C

As compared with vehicle treated control animals. (5 the activity of Vit.C exhibited a 30.54% and
37.68% decrease @ 0.001) in liver and skin of carcinogen treatedtominanimals (Gr. IIl), while such
decrease was recorded as 7.88 and 10.05 %0(@01) inP.niruri treated experimental group (Gr. IV). In
general, there was an 32.62 and 44.35% increas®@01), in the activity of CAT in the liver andislof
animals treated with DMBA/croton oil/PNE (Gr. IV3 @ompared with the activity in the DMBA/croton oil
treated animals(Gr.111).(Fig. 5)

3.2.6 Protein

Total proteins level in liver and skin was found lie decreased to 77.04 and 67.26%<(p.001) in
carcinogen treated control group (Gr.lll), and t3.37 and 15.04 % (& 0.001) in PNE treated
experimental group (Gr. 1V) as compared with vehitkated control animals (Gr. 1). An average iasge
(p<0.001) of 216.44% and 159.51% in the total pritéevel was noted in both the tissues of animfls o
PNE treated experimental group IV in relation te gotein level of carcinogen treated group.( Bjg.

3.3 Effect of P. niruri on histopathology of Skin

The histopathological examination of the skin ofcag@ogen control animals showed hyperkyratosis (i.e
the thickening of keratinized layer over the epidis), epidermal hyperplasia, atypical nuclei (egdar and
hyperchromatic), interdermal proliferation, dernrafasion and keratin pearls throughout the epidermi
Some of the cells break through the basement merapthe process has become invasive. This invasive
tumor cells exhibit enlarged nuclei with angulatszhtours. All of these symptoms were found to be
minimal in PNE treated group of animals (Gr. IV)gF7 A-E).

4. Discussion

Production of reactive oxygen species (ROS) andsemently oxidative stress cause development of
cancer (Guyton and Kensler 1993). The involvemdrftee radicals in both the initiation as well &t
promotion stage, the biochemical events relatezhth stage and the metabolic alterations assoaciatied
cancer development (Boutwell 1974) have been hggtdid with the help of two-stage skin carcinogenesi
Plants, vegetables, herbs, and spices used irafaktraditional medicine have been accepted cuyrast
one of the main sources of cancer chemopreventigasares. Therefore, the present study has been
designed to evaluate the preventive effect of tlydrdralcoholic extract ofPhyllanthus niruri on
DMBA/croton oil mediated carcinogenic response anitlative damage. The results show a significant
increase in tumor latency by administration of PNE DMBA initiated and croton oil promoted
carcinogenesis. This may be due to the delay iptbmotion phase by PNE administration. Besides i
decrease in tumor weight and size, significant ¢édn in tumor incidence, tumor burden and cumuéati
number of papillomas was observed in the group &fRNME was given alongwith carcinogen treatment.
Even in another study conducted in our laboratBiyE increased tumor latency and decreased tumor
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volume and efficiency of tumor conversion. (Shaehal. 2009).

Since the compounds exhibiting antioxidant andfai-iaflammatory activities are expected to be efffiee
anti-tumor promoting agents (Surh 2002), the prestrly confirms that the phytochemical fractionPof
niruri, containing lignans, phyllanthin, hypophylanthiftavonoids, glycosides and tannin constituents
(Murugaiyah et al. 2007 and Bagalkotkar et al. 0®ibit the formation of mouse skin tumors. A
laboratory study reported that Phyllanthus seenfgt@ the ability to inhibit two of the pro-inflanatory
enzymes (COX-2 and iNOS), making it potentially fukén the fight against inflammatory diseases such
as cancer (Keimer et al. 2000). Previous studiespemed the antidiabetic, hypolipidemic, and antiaxit
properties ofPhyllanthus niruri in normal, insulin-dependent diabetes mellitusON), and non-insulin-
dependent diabetes mellitus (NIDDM) animals throegtaluating the effects on carbohydrate and lipid
metabolism and antioxidant activities. (Jasminlef@07). Hepatoprotective activity of the phylians
extract was also demonstratéd vivo by the inhibition of the carbon tetrachloride (QCF induced
formation of lipid peroxides in the liver of rathlgrish and Shivanandappa 2006). Data from theskestu
and the present study suggest that the antioxidetivity of P. niruri is likely to be involved in the
reduction of ROS induced by DMBA/croton oil therghfibiting tumor development.

Histopathology of the skin and tumors observed@dt weeks after DMBA/ croton otreatment showed
severe hyperkyratosis (i.e. the thickening of keiztd layer over the epidermis), epidermal hypesia,
atypical nuclei (enlarged and hyperchromatic), roeemal proliferation, dermal invasion and keratin
pearls, suggestingqivasive squamous cell carcinoma. On the other hartdct basal cell layer and
dysplastic lesions characterized berpgpillomas were observed in DMBA/croton oil/PNEatied animals
(Gr. IV). This direct evidencghows that PNE application inhibits the carcinomenfationand conversion
efficiency of papillomas into frank squamasl carcinoma.

Oxidative stress is associated with the peroxidatibcellular lipids which is determined by measneat

of TBA-reactive substances. Lipid peroxidation iscreased during the carcinogenic process and
malondialdehyde (MDA), a product of lipid peroxidat was observed to be mutagenic and carcinogenic
(Apaja 1980 and Basu 1983). The concentrationpidl Iperoxidation products may reflect the degree of
oxidative stress in carcinogenesis. In the presardy we evaluated TBA-reactive substances (MDA) to
determine the protective activity of PNE from oxida damage in carcinogenesis. The level of TBA
reactive substances in the liver and skin of mies significantly decreased with PNE administratidren
compared to the DMBA-induced tumor bearing carcerogontrol mice. The decreased level of TBA
reactive substances results that PNE can debilitate pathological conditions of carcinogenesis by
inhibition of lipid peroxidation. The phytoconstitnts responsible for the inhibition of lipid perdation
may be due to the presence of flavonoids suchtas guercetin, queritrin, etc., present in thenplextract
(Bagalkotkar et al. 2006).

Antioxidants are the body’s first resource for patton against the diverse free radicals and atkiglative
factors (Cross et al. 1987). The antioxidant systemmprises various functional components including
different antioxidant enzymes, together with thbssances that are capable of reducing ROS or ptiagen
their formation. Among them, SOD and CAT enzymes ianportant scavengers of superoxide ion and
hydrogen peroxide. These enzymes prevent generatiohydroxyl radical and protect the cellular
constituents from oxidative stress (Scott et aB1)9rhe non-protein thiol GSH serves as a scaveofjer
different free radicals and is one of the majoredeks against oxidative strestalliwell and Gutteridge
1999. Vitamin-C is necessary for the recycling of gione and is an effective quencher of reactive eryg
species. The pronounced effect of Vitamin-C in dasing the incidence and delaying the onset of
malignant tumors has already been reported (Paudl@®l). The present study showed the significant
reduction p < 0.001) in the activities of antioxidant enzym88&0D & CAT) and non-enzymatic antioxidant
system (GSH & Vit.C) in DMBA treated carcinogen tohgroup (Gr. lll) as compared to the PNE treated
experimental group (Gr. 1IV) that could be respolesifor increased TBARS levels observed during
DMBA-induced oxidative damage. Our result is supgdrby findings reported previously for liver and
skin of mice (Leemol and Kuttan 2001; Chaudhargple007).The data obtained in experiments proved
that the components d®hyllanthus niruri extract (PNE) might act as scavengers of reactxggen
species, and hence could inhibit microsomal peadiod, membrane destruction and enzyme damage
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(Czinner et al. 2001).

Several phytochemicals have been tested in twasskin carcinogenesis model, and found to have
substantial potential to prevent cancer (Slaga 198#gh et al. 2002). Quercetin is one of such comept

of P. niruri extract. Our results and other reports (Herzag.2004; Hansen et al. 1997) suggest quercetin
might be one of the active compounds responsibtetife anti-carcinogenetic and apoptosis-induction
effects ofP. niruri extract. Ellagic acid is active in antimutagenessay and has been shown to inhibit
chemically induced cancer in the lung, liver, skind esophagus of rodents and TPA-induced tumor
promotion in mouse skin (Stoner and Mukhtar 1995)me lipids like ricinoleic acid, linoleic acid,
dotriacontanoic acid etc. are components of PNEs&Hatty acids may be responsible for the observed
anticarcinogenic effects of the present study. Nanea al. (1994) reported that the glyceride fratfirom
Coix seeds containing fatty acids i.e. palmitic, steaoileic and linoleic acid inhibit Yoshida sarcoma
growth in rats. They suggested that the glyceridmponents ofCoix seeds may be metabolized to
monolinoleic acid in vivo and this inhibits tumoeigesis. In the present study, perhaps a similahamésm
may be operating in the inhibition of skin carcieagsis by the PNE.

5. Conclusion

The anticarcinogenic and anti-oxidative activityhgfdro-alcoholic extract dPhyllanthus niruri (PNE) as
observed in our study is due to its stimulatoryeeffon both enzymatic and non-enzymatic antioxidant
systems in the experimental mice. Consequentlyfdimeation of tumors and oxidative damage inducgd b
DMBA/croton oil in the skin of mice is suppressedhahe administration of hydro-alcoholic extradt o
Phyllanthus niruri (PNE) due to the reduction in the level of reactixggen species (ROS) as indicated by
the reduction in the level of TBARS and the indaotbf recovery and repair process in the liver skid

of mice. The mechanism of action of the extractnsedo be (a) suppression of proliferation, (b)
suppression of activation of carcinogen, and (d¢}-@idant activity of the extract. The phytocheal
present in hydro-alcoholic extract 8hyllanthus niruri (PNE), responsible for these activities, may be
lignans phyllanthin and hypophyllanthin and othemponents as described above. (Khatoon et al.,)2006

Further studies are needed to elaborate whethee sther compounds presentRhyllanthus niruri are
also responsible for the protective effect agagastinogenesis and oxidative damage and the malecul
basis of their mode of action.
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Figure- 7 Photomicrograph showing histological mex of skin and tumors of mice of different groups
(A) Group -I skin, (B) Group- Il skin, (C) GroupV skin, (D) Group-lll tumor, (E) Group-IV tumor

E- epidermis, D- dermis, B- basal Lamina, HK- hyyyeatosis, E.H- epidermal hyperplasia, D.I.- dermal

invasion, S- sebaceous gland, K- keratin pearl

Table 1. Protective effect #fniruri on DMBA induced carcinogenesis in mice

Treatment groups Body weight (g) Tumor size Tumor  Average latent
Mean = SE (mm) weight period
(gm) (Weeks)
Initial Final 2-5 6-9

Gr. | Vehicle treated control  25.52+1.72  33.20+1.24 - - - -

Gr. Il PNE treated control 26.46+2.18 32.98+1.56 - - - -

Gr. Ill Carcinogen control 25.60+1.64 30.81+2.29 44 18 1.37 7.93

Gr. IV PNE experimental 25.72+1.58 33.06%1.30 11 4 0.38 10.66
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Table 2. Protective effect &niruri on DMBA induced carcinogenesis in mice

Treatment groups Cummulative Tumor Tumor yield Tumor burden
number of incidence (average number  (tumors/tumor
Papillomas (%) of tumors/mouse) bearing mouse)

Gr. | Vehicle treated control - - - -
Gr. Il PNE treated control - - - -
Gr. Ill Carcinogen control 62 100 6.2 6.2

Gr. IV PNE experimental 15 40 15 3.75
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