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Phyllanthus niruri

is a useful medicinal weed for herbalist and it holds a reputed position in

both Ayurvedic and Unani system of medicine. The aim of this work was to evaluate the

chemopreventive effect of hydro-alcoholic extract of the whole plant of , in 7-

9 weeks old male Swiss albino mice, on two stage process of skin carcinogenesis induced by a

single topical application of 7, 12-dimethylbenz (a) anthracene (DMBA) and two weeks later

promoted by repeated application of croton oil till the end of experiment (i.e. 16 weeks).The

oral administration of at 1000 mg/kg/b.wt./day during peri and post-initiational

phases of papillomagenesis showed significant reduction in tumor incidence, tumor yield,

tumor burden and cumulative number of papillomas as compared to carcinogen treated

control. The average latent period significantly increased from 7.93 weeks in the control group

to 10.52 weeks in the administrated group. Furthermore, a significant

increase in reduced glutathione(p<0.001), catalase (p<0.001) and protein (p<0.001) level in

skin was observed in the P.niruri administered groups as compared to carcinogen treated

control, whereas MDA formation in lipid peroxidation was inhibited significantly by

extract (p<0.001). The results from the present study suggest the chemopreventive effect of

in DMBA induced skin papillomagenesis in Swiss albino mice.

Cancer is a group of diseases with similar characteristics.

Cancer can occur in all living cells in the body and different cancer

types have different natural history. Epidemiological studies have

shown that 70-90% of all cancers are environmental. Lifestyle

related factors are the most important and preventable among the

environmental exposures. Non-communicable diseases including

cancer are emerging as major public health problems in the world.

These diseases are lifestyle related, have a long latent period and

needs specialized infrastructure and human resource for

treatment. The risk factors of the major non-communicable

diseases are tobacco, dietary habits, inadequate physical activity

and alcohol consumption. This offers the prospect for integrated

primary prevention strategies.

Chemical carcinogenesis in murine and possibly human skin is a

multi step process including initiation, promotion and progression

[1, 2]. In mouse skin, a single topical application of 7,12-

dimethylbenz [a] anthracene (DMBA) effects initiation while

promotion is accomplished by repeated topical applications of a

promoter such as 12-O-tetradecanoylphorbol-13-acetate (TPA)

[3,4]. In contrast to initiation, this is irreversible and possibly

unavoidable because of continuous exposure to chemical and

physical carcinogenic agents, the process of promotion is

reversible [4,5].

The reversibility of tumor promotion therefore provides an

opportunity to interrupt or delay the development of altered

lesions resulting in tumor formation. One approach to cancer

chemoprevention involves the administration of natural and

synthetic nutrient or non-nutrient compounds in order to examine

their potential role in the prevention of initiational and/or

promotional stages of carcinogenesis [6]. A number of these

chemopreventive agents are capable of modulating the

biotransformation system enzymes, which play an important role

in the activation, conjugation and subsequent excretion of

xenobiotics including carcinogens [7]. Some epidemiological

studies show a protective effect of vegetables and fruits against

cancer [8]. An attractive hypothesis is that vegetables and fruits

contain compounds that have a protective effect independent of

that of known nutrients and micronutrients. This is supported by
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2. Materials and Methods

2.1. Animals care & handling

2.2.Chemicals

2.3. Preparation of Extract (PNE)Phyllanthus niruri

2.4. Experimental Design

The following parameters were taken into consideration:

2.5. Tumor study

The whole plant P. niruri was collected after proper

identification (Voucher No. RUBL 20247) by a competent botanist

from the Herbarium, Department of Botany, University of

Rajasthan, Jaipur. The whole plant was powdered in a mixture and

the hydro-alcoholic extract was prepared by refluxing with the

double distilled water (DDW) and alcohol (3:1) in a round bottom

flask for 36 hrs at 60ºC. The liquid extract was filtered, cooled and

concentrated by evaporating its liquid contents in oven and

collected. The powdered extract, termed Phyllanthus niruri

extract (PNE), was redissolved in DDW prior for the oral

administration in mice. The required dose for treatment was

prepared by dissolving the extract in DDW at a dose level of 1000

mg/kg body weight.

A total of 40 animals were randomly divided into the

following 4 groups to evaluate the anticarcinogenic potential of

extract against DMBA-induced skin papillomagenesis in

mice. The dorsal skin of the animals in the back area was shaven 3

days before the commencement of the experiment and only those

animals in the resting phase of hair cycle were chosen for the

study.

P.niruri

Group I: Vehicle treated control / Normal (n = 10) -

Group II: PNE treated control / Drug alone (n = 10) - Animals of

this group were put on a normal diet and administered

extract at a dose of 1000 mg/kg/b. wt. /day

orally once in a day for 16 weeks study period.

Group III: Carcinogen treated Control (n = 10)

Group IV: PNE treated Experimental (n = 10) Animals of this

group were administered extract (1000 mg/kg/b.

wt./animal/day) by oral gavage starting from 7 days before of

DMBA application and continued until the end of experiment (i.e.,

16 weeks).

The following studies were performed.

Animals of this

group received topical application of acetone (100μl/ mouse) on

the shaven dorsal skin and double distilled water (equivalent to

PNE i.e.100μl / mouse) given by oral gavage for 16 weeks.

These animals

were treated with a single dose of DMBA (100 μg/100 μl of

acetone) over the shaven area of the skin of the mice. Two weeks

later, croton oil (1% in 100 μl of acetone) was applied as a

promoter 3 times per week until the end of the experiment (i.e., 16

weeks).

Phyllanthus niruri

P. niruri

i. Cumulative number of papillomas: The Cumulative number

of papillomas appeared till the termination of the

experiment.

The animal care and handling was approved by our

institution and was done according to guidelines set by the World

Health Organization, Geneva, Switzerland, and the Indian

National Science Academy, New Delhi, India. The study was

conducted on random-breed male Swiss albino mice (7-9 weeks

old) weighing 24 ± 2 gm. These animals were housed in

polypropylene cages in the animal house under controlled

conditions of temperature (25°C ± 2°C) and light (14 light: 10

dark). The animals were fed a standard mouse feed procured from

Aashirwad Industries, Chandigarh (India), and water ad libitum.

Four animals were housed in one polypropylene plastic cage

containing saw dust (procured locally) as bedding material. As a

precaution against infections, tetracycline hydrochloride water

was given to these animals once each fortnight.

The initiator, 7, 12-dimethylbenz [a] anthracene (DMBA) and

the promoter croton oil were procured from Sigma Chemicals Co.,

St Louis, and USA. DMBA was dissolved at a concentration of 100-

μg/100 μl in acetone. Croton oil was mixed in acetone to give a

solution of 1% dilution.

During the 16 weeks of experimentation, mice were

observed daily and weighed weekly. Papillomas appearing on the

shaven area of the skin were examined and recorded at weekly

intervals in all the above groups. Only those papillomas which

persisted for two weeks or more, with a diameter greater than 2

mm, have been taken into consideration for final evaluation of the

data. Skin papillomas, which regressed after one oberservation,

were not considered for counting.
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in vitro and in vivo studies, which show that naturally occurring

plant compounds may inhibit various stages in the cancer

process. In this particular context, phytochemicals and natural

products containing antioxidants, has been suggested for cancer

prevention.

It has now been established that the plants, which naturally

synthesize and accumulate some secondary metabolites, like

alkaloids, glycosides, tannins, and volatiles oils and contain

minerals and vitamins, possess medicinal properties. Among

such plants, is a useful medicinal plant belongs

to family commonly known as bhoomi amalaki,

stone breaker and It is a small, erect, annual herb

that grows 50 60 cm in height. It is indigenous to the rainforests

of the Amazon and other tropical areas throughout the world,

including the Bahamas, southern India and China. It grows and

spread freely much like a weed. It is a rich source of

phytochemicals, including many which have been found only in

the . Many of the “active” constituents are

attributed to biologically active lignans, glycosides, flavonoids,

alkaloids, ellagitannins, and phenylpropanoids found in the leaf,

stem, and root of the plant.

is used for so many purposes in herbal

medicine systems; in clinical research over the years, the plant

has demonstrated anti-hepatotoxic, [9] antilithic, [10] analgesic,

[11]hypotensive ,[12] antispasmodic , [13]antiviral ,

[14]antibacterial, [15] diuretic, [16] anti-mutagenic,

[ 1 7 ] h y p o g l y c e m i c , [ 1 8 ] h e p a t o p r o t e c t i v e a n d

hypocholesterolemic activities. is a perfect

example of a highly beneficial medicinal plant which deserves of

much more research. Therefore, the present study has been

designed to assess the in vivo chemopreventive efficacy of

extract during the peri-initiation and/or

during the tumor promotion stage and determining the

mechanistic role that biotransformation system enzymes may

have in modulation of skin papillomagenesis pattern.

Phyllanthus niruri

Euphorbiaceae

Chanca piedra.

-

Phyllanthus genus

Phyllanthus niruri

Phyllanthus niruri

Phyllanthus niruri
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2.8.LPO estimation

2.6.Biochemical Study

2.7.GSH estimation

2.9.Catalase Assay

The level of LPO was estimated spectrophotometrically by

thiobarbituric acid reactive substances (TBARS) method, as

described by Ohkhawa et al (1979) [20]. Briefly, thiobarbituric

acid (0.6%), sodium dodecyl sulphate (0.1%), and trichloroacetic

acid (20%) were added to 0.2 ml of the tissue homogenate 10%

prepared as described above. This mixture was heated for 60

minutes, cooled, and extracted with N-butanol-pyridine (15:1),

and centrifuged. The optical density (OD) of LPO was recorded at

532 nm. The content of LPO is expressed as n mole/mg of tissue.

Biochemical alterations were studied in animals of all the

groups at the time of the termination of the experiment (i.e., the

16th week). At the end of the 16th week, the animals were killed

by cervical dislocation and dorsal skin affected by tumors was

quickly excised and washed thoroughly with chilled 0.9% NaCl

(pH 7.4). The tissue (skin) was then weighed and blotted dry. A

10% tissue homogenate was prepared from part of the sample in

0.15 M Tris-KCL (pH 7.4), and the homogenate was then

centrifuged at 2500 rpm for 10 minutes. The supernatant thus

obtained was taken for estimation of reduced glutathione (GSH)

and lipid peroxidation (LPO).

The level of GSH was estimated as total nonprotein

sulphydryl group by the method of Moron et al (1979) [19].

Homogenate were immediately precipitated with 100 L of 25%

TCA and the precipitate was removed after centrifugation. Free

endogenous-SH was assayed in a total volume of 3 ml by the

addition of 2 ml of 0.6 mM 5, 5 dithio-bis (2-nitrobenzoic acid)

(DTNB) prepared in 0.2 M phosphate buffer (pH 8.0) to 0.1 ml of

the supernatant and the absorbance was recorded at 412 nm

using a UV-VIS Systronics spectrophotometer. Reduced GSH was

used as a standard. The levels of GSH are expressed as mole

GSH/gm tissue.

m

m

-

i. Tumor incidence: The number of mice carrying at least one

tumor, expressed as a percentage incidence.

ii. Tumor yield: The average number of papillomas per mouse.

iii.Tumor burden: The average number of tumors per tumor

bearing mouse.

iv. Diameter: The diameter of each tumor was measured.

v. Weight: The weight of the tumors of each animal at the

termination of each experiment was measured.

vi.Average latent period: The time lag between the application of

the promoting agent and the appearance of 50% of tumors was

determined. The average latent period was calculated by

multiplying the number of tumors appearing each week by the

time in weeks after the application of the promoting agent and

dividing the sum by total number of tumors.

Average latent period =      FXe

Where F is the number of tumors appearing each week, X is the

numbers of weeks, and n is the total number of tumors.

2.10.Protein estimation

2.11.Statistical Analysis

The catalase was assayed by the method of Aebi [21]. The

change in absorbance was followed spectrophotometrically at

240 nm after the addition of H O

skin homogenate prepared in 50 mM

phosphate buffer and centrifuge for 10 min.

O reduced/min.

2 2

2 2

(30 mM) to 100 μl of the

supernatant (10% of

) in 50 mM phosphate

buffer (pH 7).The activity of the enzyme was expressed as U/mg

of tissue, where U is μ mole of H

Protein estimation was determined by the method of Lowry

et al (1951) using bovine serum albumin as a standard [22].

The results are expressed as the mean ± standard error. The

data from biochemical determinations were analyzed using the

Student's t- test.

The findings of the present study are furnished in Tables 1

and figure 1-8.The gain in the body weight in mice was not

affected either by the carcinogen or by phyllanthus extract (PNE)

administration. A gradual increase in body weight was noted in all

animal groups that were near to normal values of the vehicle

treated control animals. The vehicle treated control animals

(Group I) as well as the PNE alone administered (Group II) did not

show any tumor incidences.

In the PNE treated experimental group IV, in which

extract was given by oral gavage at a dose of 1000 mg/kg. body

wt./animal, mice showed a significant decrease in tumor number,

diameter and weight as compared with that of the carcinogen

control group. In the carcinogen treated control (group III), in

which a single topical application of DMBA was followed 2 weeks

later by repeated application of croton oil, skin papillomas

appeared in all the animals (100 % tumor incidence) from week 7

onwards. The cumulative number of papillomas as induced

during the observation period of 16 weeks was 62. The tumor

yield as well as the tumor burden was found to be 6.2.

P.niruri

Mice of group IV, given a continuous treatment of

orally at peri- and post initiational phases, showed a significant

reduction in the incidence of tumors (40 %) as well as the

cumulative number of papillomas (19), tumor yield (1.9) and

tumor burden (4.7) (Fig. 1-4) as compared to carcinogen treated

control group. The results also indicate that could prolong

the average latency period of tumor occurrence. The latency

period was found to be 7.93 week in the carcinogen treated

control group, whereas it was significantly higher i.e. 10.52 weeks

in PNE experimental group.

P.niruri

P.niruri

A significant increase in glutathione (P < 0.001), catalase (P <

0.001) and protein (P < 0.001) level was noted in the skin of PNE

administered animals (Group IV) than the carcinogen treated

control animals (Group III) (Fig. 6-8). On contrary, the formation

of malondialdehyde, measured as index of lipid peroxidation

level, revealed a significant (P < 0.001) decrease in

administered animals (Group IV) as compared to carcinogen

control (Group III) (Fig. 5).

P.niruri

3. Results
N
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Table 1. Chemopreventive effect of P. niruri extract (PNE) against DMBA-induced skin tumorigenesis in mice*

Treatment Group Body Weight (g) Tumor Size (mm) Tumor weight (gm)

Initial

25.52±1.72

25.96±1.73

24.63±1.03

25.60±1.64

Group I Normal

Group II PNE alone

Group IV PNE

experimental

*Treatment schedule of the groups is specified in materials and methods.

Group III Carcinogen

control

33.20±1.24

33.17±1.03

32.19±1.25

30.81±2.29

-

-

16

44

-

-

-

-

-

-

3

18

0.528

1.672

10.52

7.93

6-9 mmFinal 2-5 mm

Average latent period (Weeks)

161
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Figure -1. Variation in the tumor incidence during DMBA-induced

skin tumorigenesis with or without P.niruri extract

administration.

Figure -3. Variations in the tumor yield during DMBA-induced

skin tumorigenesis with or without P.niruri extract

Figure- 4. Variations in the tumor burden during DMBA-induced

skin tumorigenesis with or without P.niruri extract

administration.

Figure -2. Variation in the cumulative frequency during DMBA-

induced skin tumorigenesis with or without P.niruri extract

administration.
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Figure- 5. Variations in the lipid peroxidation (LPO) level in skin

during DMBA-induced skin tumorigenesis with or P.niruri extract

administration *p≤0.001

Figure-6. Variation in the glutathione (GSH) level in skin during

DMBA-induced skin tumorigenesis with or without P.niruri

extract administration *p≤0.001

Figure-8. Variation in the protein level in skin during DMBA -

induced skin tumorigenesis with or without P.niruri extract

administration *p≤0.001

Figure -7. Variations in the catalase (CAT) level in skin during

DMBA-induced skin tumorigenesis with or Without P.niruri

extract administration *p≤0.001

There has been considerable scientific evidence,

epidemiologic and experimental, accumulated in the past two

decades indicating that modifications in lifestyle, including diet,

can have a major effect on the risk for numerous cancers [23, 24].

Of particular relevance is the consistent cancer-protective effect

reported for individuals consuming increased quantities of fruits

and vegetables compared with those with low intakes. This

cancer inhibitory action by a variety of human nutrients derived

from plants as well as of nonnutritive plant-derived constituents

(phytochemicals) has been confirmed in different animal tumor

models [25, 26] and has led to an increased emphasis on cancer

prevention strategies in which these dietary factors are utilized.

The present data reveal the modest protective effects of hydro

alcoholic extract of phyllanthus niruri on the two stage protocol of

the skin papillomagenesis by the observed decreased the tumor

burden by 24%, the cumulative number of papillomas by 69%,

and the incidence of skin papillomas by 60% in PNE experimental

group (Group IV) as compared to the carcinogen control (Group

III).

A significant increase in tumor latency (10.52 week) by

administration of P.niruri extract in Swiss albino mice initiated by

DMBA and later promoted by TPA was also observed. This may be

due to the delay in promotion stage as it is found the extract has

antioxidant activity and could scavenge oxygen radicals and thus

prevent tumour promotion [27]. Even the papilloma size (Table

1) was observed to be significantly smaller in the PNE

administered experimental group (Group IV) as compared to the

carcinogen treated control (group III).

Oxidative stress arises when the balance between pro-

oxidants and antioxidants is shifted towards the pro-oxidants

[28]. DMBA is a synthetic polycyclic aromatic hydrocarbon (PAH),

which has been used extensively as a prototype carcinogen. The

main target sites for the potent carcinogenicity of this agent in

rodents are the skin and the mammary gland [29]. It is well known

that free radicals generate a cascade, producing lipid

peroxidation, protein oxidation, DNA damage and cell death, and

contribute to the occurrence of pathological conditions [30, 31].

In the present study the data indicate the protein damage in skin

may be due to oxidative stress generated by DMBA/croton oil. In

Group IV, oral administration of P.niruri significantly elevated the

level of protein as compared to Group III.
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4. Discussion
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During oxidative stress, MDA and/or other aldehydes are

formed in biological systems. These can react with amino acids

and DNA, and introduce cross linkages between proteins and

nucleic acids, resulting in alterations in replication, transcription

[32]. and leading to tumor formation. Significant decrease in MDA

levels by PNE administration indicates reduced oxidative stress

due to increase in GSH and the antioxidant enzyme catalase, thus

indicating its protective potential against skin carcinogenesis.

Similarly, the findings of the present study also show depletion of

GSH with concomitant increase in TBARS level in Group III by

DMBA/croton oil alone treatments. In Group IV, oral

administration of PNE significantly elevated the level of GSH in

skin of mice. Further decrease of GSH with enhanced lipid

peroxidation is observed in DMBA/croton oil treated mice

suggesting that cells deficient in thiol groups undergo fast lipid

peroxidation, as GSH is one of the guarding factors against

oxidative stress [33].

Among such numerous biologically active phytochemicals

present in , lupeol, a pentacyclic triterpene, has received

much attention due to its wide spectrum of medicinal properties

that include strong antioxidant, antimutagenic, anti-

inflammatory and antiartheritic effects both in the in vivo and in

vitro studies [34,35,36]. It is observed that lupeol treatment to

mouse skin resulted in the reduced tumor incidence, lower tumor

body burden and a significant delay in the latency period in tumor

appearance [36]. It is found that lupeol inhibits DMBA-induced

mutagenesis in the skin of Swiss albino mice and exhibit its

blocking and suppressing mechanisms of action. Ellagic acid, a

component of that triggers apoptosis, induces G1

inhibition of cancer cell division and prevents destruction of the

p53 gene by cancer cells [37]. Phyllanthin, a diaryl butane lignan,

isolated from showed a significant protection against

CCl4-induced elevation in transferase levels and significantly

increased protein level [38]. ROS formed during DMBA

metabolism can diffuse from the site of generation to other

targets within the cells or even propagate the injury outside to

intact cells. These ROS produce deleterious effects by initiating

lipid peroxidation directly or by acting as second messengers for

the primary free radicals that initiate lipid peroxidation [39].

Thus, it is essential to provide a suitable range of antioxidants to

quench the ROS before they could spread and cause serious

damage to mitochondrial DNA, protein and lipids leading to

degenerative diseases like cancer [40]. Gallic acid and ellagic acid,

present in has also been reported to have antioxidant

activity and cancer chemopreventive properties [41]. It has been

reported earlier that has potent free radical scavenging

activity and could scavenge superoxides and hydroxyl radicals

and can inhibit lipid peroxides. Thus, compounds exhibiting

antioxidant and/or anti-inflammatory activities are expected to

be effective anti-tumour promoting agents [42].

P.niruri

P.niruri

P.niruri

P.niruri,

P.niruri

flavonoids and other substances. Therefore, the result of the

present study, suggest that extract has potential

anticarcinogenic and anti-oxidative properties in experimental

animals and may be act as a potent chemopreventive agent.

P.niruri
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It can thus be postulated that the cancer chemopreventive

effect of the active bioconstituents of in the present study

could be due to one or more of the following mechanisms: (i) by

blocking the carcinogen (DMBA or NOR-1 or DEN) so that it can

not pass through the plasma membrane, (ii) by induction of

enzymes that detoxify carcinogens (iii) by inhibiting

competitively DNA adduct formation (iv) by scavenging reactive.

In general, the beneficial effects of medicinal plants such as

may be attributable to one or more

phytochemicals, present in them including antioxidants,

P.niruri

Phyllanthus niruri

5. Conclusion
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