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Abstract

We report the chemopreventive activity ofAcacia nilotica (Linn.) gum, flower and leaf aqueous extracts, on 7,12—
dimethylbenz(a)anthracene (DMBA) induced skin papillomagenesis in male Swiss albino mice. Animals were divided
into following groups: Group | (Controls) given DMBA and croton oil, with no extract ; Group Il (treatment) animals
treated with Acacia nilotica gum (Group ll-a) (800 mg/kg body weight), flowers (Group 1l-b) (800 mg/kg body
weight), or leaves (Group lI-c) (800 mg/kg body weight) during the peri- and post initiation periods of DMBA and
croton oil application. A significant reduction in the values of tumor burden, tumor incidence and cumulative number
of papillomas was observed in mice treated by oral gavage with ti#&acia nilotica gum, flower and leaf extracts as
compared with the control group. The latency period in treatment Group-Il (b) and Group-Il (c) was significantly
increased as compared with the control group. A significant reduction in the frequency of micronuclei was also
observed in mice treated by oral gavage with the aqueous extracts, along with significant decrease in total chromosomal
aberrations in the form of chromatid breaks, chromosome breaks, centric rings, dicentrics, acentric fragments and
exchange. Treatment withAcacia nilotica flower (Group 11-B) and leaf (Group II-C) aqueous extracts by oral gavage
for 15 days resulted in a highly significant decrease in the lipid peroxidation (LPO) level in the liver, but this was less
evident with the gum (Group 1I-A) . Conversely, reduced glutathione (GSH) content was observed to be significantly
elevated as compared with the control group with leaves (Group II-C) and flowers (Group II-B). The chemopreventive
and antimutagenic activity of the leaf extract ofAcacia nilotica was most significant followed by the flower extract
and then by gum.
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Introduction eczema, wound healing, burning sensation and as an
astringent, demulcent, anti-asthmatic.The tender twings are
Laboratory studies and epidemiological evidence leadsed as toothbrushes. It has been reported that various parts
credence to chemoprevention strategy in attenuating the riskthe plant are rich in tannins (ellagic acid, gallic acid, tannic
of developing cancer in human beings (Bertram et al., 1983rid), stearic acid, vitamin-C (ascorbic acid), carotene, crude
Boone eta |., 1990). Many nutrient and non-nutrient dietargrotein, crude fiber, arabin, calcium, magnesium and
constituents of plant origin have evidence ofselenium (Basu etal., 1947; Swain,1965; Gupta and Bokadia,
chemoprevention by inhibiting and/or suppressing 00975; Singh and Pandey, 1980; Singletone,1981; New, 1984;
reversing cancer incidence trend evoked by multitude dReed,1985; Srivastava et al.,1986; Chakraborti and
factors including environmental chemical carcinogens. Banerjee,1988; Siddique, 1989; Tybirk, 1989; Marohasy,
Acacia nilotica (Linn.) belonging to the Leguminosae 1995; Mohanty et al.,1996; Sotohy et al., 1997).
family and sub-family Mimosaceae has been subjected to Tannins are plant polyphenolic compounds that are
long term clinical trials in folk medicine (El-Tahir et contained in large quantities in food and beverages (tea, red
al.,1999). The bark, root, gum, leaves and flowers have fourwine, nuts, etc.) consumed by humans daily. It has been
use for skin diseases, diarrhoea, dysentery, cough, diabetelpwn that various tannins exert broad cancer
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chemoprotective activity in a number of animal modelsnethod of Ohkhawa et al (1979), with absorbance read at
(Nepka et al.,1999). Therefore the present study was32 nm using a UV-VIS Systronics Spectrophotometer.
undertaken to evaluate the anticancer and antimutagenic

activity of Acacia nilotica (Linn.) gum, flower and leaf Experimental design

agueous extracts on DMBA and croton oil induced skin  (A) Tumor Induction: Experiments were designed to

papillomagenesis in Swiss albino mice. see the effect of Acacia nilotica extracts on DMBA induced
skin papillomagenesis. A two stage skin carcinogenesis

Materials and Methods model was used as reported earlier by us (Qiblawi and
Kumar, 1999). Group I (Control) — all the 9 animals of this

Animals group were treated with DMBA (100g/ 50 ul acetone /

Random bred male Swiss albino mice (8-9 weeks oldnimal) on day 0 and then 2 weeks later, 0.1ml croton oil
were obtained from the animal facility (JNU, New Delhi). (1% in 100ul acetone) was applied on the same area. This
The animals were provided with standard mouse feetleatment was continued thrice weekly till the termination
(Hindustan Lever Ltd. India) and tap water ad libitum.  of the experiment (16 weeks). Group Il (Treatment) —

Animals of this group were sub-divided and given extracts
Chemicals of various parts of Acacia nilotica ( 9 animals in each group),

7,12-dimethylbenz(a)anthracene (DMBA), croton oil,Group Il (a) gum, Group Il (b) flower and Group II (c) leaf

reduced glutathione (GSH), 5,5-dithiobis-2-nitrobenzoiq800 mg/kg body weight / day) by oral gavage continuously
acid (DTNB), thiobarbituric acid (TBA), sodium dodecy! at peri and post-initiational stages of papillomagenesis. The
sulphate (SDS), 1,1,3,3-tetramethoxy propane (TMP), Metaroton oil treatment was given thrice weekly 2 weeks after
phosphoric acid (MPA),colchicine, giemsa stain, fetal calDMBA application for 16 weeks.
serum (FCS), methanol, acetic acid, saline, may-grunwald's The dorsal skin on the back area of the animals were
stain were obtained from Qualigens, Himedia Laboratorieshaved 3 days before the commencement of the experiment
Ltd. India and Sigma Chemicals Co. (USA). The carcinogerand only those animals in the resting phase of the hair cycle
DMBA, was dissolved in acetone at a concentration ofvere chosen for the study. During the 16 weeks of the
100ug/5Qul. Croton oil was diluted in acetone to give a 1 %experiments, mice were observed weekly and were weighed

dilution. daily. The mice were carefully examined once a week for
the presence of skin papillomas and the number of
Preparation of Acacia nilotica (Linn.) extracts papillomas on each affected mouse was recorded.
Acacia nilotica Linn. [RUBL-19898] gum, flower, leaf Parameters studied were: 1. Tumor incidence, the number

were collected locally and identified at Herbarium, Dept. obf mice carrying at least one tumor, expressed as percent
Botany, University of Rajasthan-Jaipur. Gum, flowers andnhcidence; 2. Diameter of each tumor; 3. Weight of tumors

leaves were air-dried in shade without direct exposure tof each animal at the termination of the experiment; 4. Tumor

sun rays and powdered. Gum was dissolved in doubleurden, the average number of tumors per tumor bearing
distilled water (DDW) just before oral administration. mouse; 5. Body weights of the mice measured daily; 6.

Flower and leaf were distilled in a round bottom flask usingAverage latent period, the time lag between the application
double distilled water (DDW) at 60°C.The procedure wa®fthe promoting agent and the appearance of 50% of tumors
repeated thrice for 12 hrs duration and the leftover residy@rashar etal. 1994), computed by multiplying the number

after the third distillation was filtered and the remainingof tumors appearing each week by the time in weeks after
distilled water was allowed to evaporate. Thereafterthe application of the promoting agent and dividing the sum

remaining material was dried in oven and collected. For by the total number of tumors -

dose level of 800 mg/kg body weight, the aqueous extract
was dissolved in the vehicle, double distilled water (DDW)

and 0.1 ml of the gum, flower and leaf extracts was givewhere F is the number of tumors appearing in each week, X
orally to each mouse by oral gavage daily till the terminatiois the number of weeks and n is the total number of tumors.
of the experiment.

Average latent period £FX / n

(B) GSH Content and LPO Levels: Experiments were
Parameters for Biochemical Study designed to test the modulatory influencécdcia nilotica
I. Reduced glutathione (GSH) assays: The hepatic levektracts on mouse hepatic LPO (Lipid peroxidation) level
of reduced glutathione (GSH) was determined by the meth@hd GSH (reduced glutathione) content.The effect of Acacia
as described by Moron etal. (1979). The absorbance wadotica gum, flower and leaf agqueous extracts on GSH
read at 412 nm using a UV-VIS Systronicscontent and LPO level in the mouse liver in the following
Spectrophotometer. Glutathione was emplyed as a standaydups: Group | (Control), all the 9 animals of this group
to calculataxmole GSH /mg tissue. were placed on a normal diet and were givenil@®duble
Il. Lipid peroxidation (LPO) assays: The lipid distilled water (vehicle) by orally for 15 consecutive days;
peroxidation levels in liver specimens were measured usir@roup Il (Treatment), Animals of this group were sub-
Thiobarbituric Acid Reactive Substances (TBARS) and thelivided (9 animals in each) on normal diet and treated orally
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with Acacia nilotica gum at 10Ql (Group 1IA), flowers cumulative number of papillomas as induced during the
(Group Il B)) or leaves (Group Il C) for 15 consecutive daysobservation period was 43.56. The average number of
The body weights of mice were recorded daily. tumors per tumor bearing mouse (tumor burden) was
4.77+0.09 and the average latent period was X185

(C) Cytogenetic Study: Cytogenetic damage in the bon#eeks.
marrow cells were studied by chromosomal aberrations and Mice of the treatment group Il (a), Il (b) and Il (c) given
micronuclei induction. a continuous treatment of Acacia nilotica gum, flower and

(i) Chromosomal aberration analysis. Animals were leaf extracts orally at peri and post-initiational phases,
administered (i.p.) with 0.25% colchicine to arrest theshowed a significant reduction in the tumor incidence as
dividing cells at metaphase. The animals were sacrificegompared with the control group (681713, 66.%1.06,
after 75 minutes by cervical dislocation and the bone marroi6.7£0.75 %, respectively) (p<0.001). The cumulative
cells from femur were flushed with 0.56% KCI and incubatediumbers of papillomas during the observation period
at 37C for 20 min. Suspension was centrifuged and thé17=0.72, 180.86 and 141.03) were significantly less than
pellet was kept in acetic acid-methanol (1:3) for 1 hr anéhe control group (p<0.01). The average weights of tumors
centrifuged. Pellet was resuspended in acetic-methanavere also significantly reduced to 1317, p<0.005;
incubated for 10 min and centrifuged. This cycle wa$7.8:6.03, p<0.001; and #@.13, p<0.001 mg.
repeated thrice. The final cell suspension was dropped on In the control group-I the first tumor appeared at week 6
pre-chilled slides, flame dried and stained with 4% Giems#hereas in the treatment group Il (a), Il (b) and Il (c) the
(Sigma, USA). Well spread (100) metaphases were examinégpearances of tumors were considerably delayed (weeks
per animal to score the aberrations (Tjio and Whang, 1962}, 9, 11) respectively. All the treatment groups Il (a), Il (b)
Chromosomal aberrations were scored under a binoculand Il (c) animals showed a marked reduction in the size of
microscope. A total of 400 metaphase plates were scoredife papillomas  with respect to control.
animal. Different types of aberration like chromatid breaks, The animals treated orally witkcacia nilotica gum(ll-
chromosome breaks, centric rings, dicentrics, acentria), flower(ll-b) and leaf(ll-c) extract showed a significant
fragments and exchanges were scored. When breakgduction in the frequency of micronuclei (160876;
involved both the chromatids, it was termed “chromosom@a1.1x0.83; and 7.180.67, all p<0.005) as compared to the
type aberration”, while “chromatid type aberration” involvedcontrol group (26.20.98). All the treatment groups (ll(a),
only one chromatid. If the deleted portion had no apparedk(b), 11(c) also showed a significant reduction in the total
relation to a specific chromosome having two centromeregshromosomal aberrations (82505; 63.61.14; 39.21.07
known as dicentric, chromosome whose ends have joine@ll p<0.005) in the form of chromatid breaks, chromosome
to from a circle with a centromere, it was termed centri®reaks, centric rings, dicentrics, acentric fragments and
ring type aberration. Chromatid interchange involving tweexchanges as compared to the control group-I (¥37438).
or more chromosomes with either symmetrical or Inthe biochemical study, the group-I (control) value for
asymmetrical distortion of the usual chromatid pattern calleliver lipid peroxidation (LPO) was 13:8.43 nmole/mg and
a exchange (Savage, 1975; Bender et al., 1988). reduced glutathione (GSH) content was 38®B&2umole

(i) Micronuclei assay: The femurs of mice were /mg. In the treatment groups, animals treated orally with
dissected out and the bone marrow was flushed out, vortex&dacia nilotica flower (Group 11-B) and leaf (Group 1I-C)
and centrifuged. The pellet was resuspended in a few dropgueous extract at the dose level of 800mg/kg body weight/
of fetal calf serum. Smear were made on a pre-cleaned,déy for 15 days resulted in a highly significant decrease in
slides, air dried and fixed in absolute methanol. The slide§e hepatic LPO levels 16:8.29 and 7.780.46,p<0.005,
were stained with May-Grunwald’s and Giemsa stairwhereas non-significant decrease in the hepatic LPO level
(Sigma,USA). Micronuclei appeared in normochromatigvas observed in Acacia nilotica gum (Group II-A) treated
erythrocyte (NCE) and polychromatic erythrocyte (PCE)animals 11.80.22, as compared to the control group. Highly
At least 2000 erythrocytes were observed and counted. Thignificant increase in the GSH contents was observed with
micronuclei in them were recorded and micronuclei per 1008cacia nilotica leaf treatment 6241.07 (p<0.005), with a

cells were calculated (Schmid,1975). less prominent but significant increase with the flower
extract 45.£1.00 (p<0.050), whereas non-significant
Satistical analysis elevation was observed with the gum treatment,+4B85.

The statistical significance of differences between control
and experimental groups was determined by the Studenf3iscussion

t-test or the chi-square test.
Our studies show chemopreventive activity of aqueous

Results extracts ofAcacia nilotica (Linn.) gum, flower and leaf on
DMBA and croton oil induced skin papillomagenesis in male
In the control Group-I, with a single topical application Swiss albino mice. Thus a significant reduction in the tumor
of DMBA followed 2 weeks later, by repeated applicationburden, tumor incidence, cumulative number of papillomas
of croton oil, skin papillomas appeared in all animals. Thavas noted, with a marked increase in the latency period as
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compared to the animals treated with single topicatells after 72 hours of treatment. Activation of the cdk
application of DMBA alone and croton oil. Significant inhibitory protein p53/p21 by ellagic acid suggests a role
reduction in micronuclei number and chromosomafor ellagic acid in cell cycle regulation of cancer cells
aberrations in the form of chromatid breaks, chromosom@arayanan etal.,1999). Epidemiological studies indicate that
breaks, centric rings, dicentrics, acentric fragments an@nnic acid, stearic acid, carotene and calcium may have
exchange was also apparent. chemopreventive activity for several type of cancers (Colditz
Several naturally occurring dietary or non-dietaryetal.,1985; Habib etal.,1987; Wargovich and Ball 1989).
constituents, as well as parts of several species of ediblitamin-C is necessary for the recycling of glutathione and
plants having pharmacological activity, may influence thes an effective quencher of reactive oxygen species. Anumber
hepatic biotransformation enzyme profiles that are involvedf laboratory studies has shown the pronounced effect of
in activation and detoxification of xenobiotic compoundsyitamin-C in decreasing the incidence and delaying the onset
including chemical carcinogens (Wattenberg,1983pf malignant tumors (Bissett etal.,1990; Pauling, 1991).
Bradifield and Bjeldanes,1984). Epidemiological studies and human intervention trials
The antimutagenic and chemopreventive activities oihdicate that Selenium may have chemopreventive activity
Acacia nilotica and Acacia auriculiformis were ealrier in human beings. In laboratory animal assays,
evaluated based on the development of preneoplastic lesiamt®emopreventive effects of inorganic and organic selenium
in response to the chemical carcinogen (Kaur etal., 20023)ompounds have been observed in mammary gland, colon,
Recent studies indicated that compounds with antioxidahting, pancreas and skin at all stages of initiation, promotion
or anti-inflammatory properties as well as certainand progression (Sugie etal., 2000).
phytochemicals can inhibit tumor initiation, promotion and  Glutathione (GSH) function as an important antioxidant
progression in experimental animal models (Perchellet and the destruction of hydrogen peroxide and lipid peroxides
Perchellet 1989; Chesson and Collins,1997). There isy providing substrate for the glutathione peroxidases
substantial evidence that reactive oxygen species (ROS) sy@PX). Glutathione also function as an antioxidant by
as superoxide anion (Q, hydrogen peroxide (J0,), promoting formation of the reduced forms of other
hydroxyl radical (OH and singlet oxygen are found to be antioxidants such as ascorbic acid and detoxification of
involved in both initiation and promotion of multistage xenobiotics, carcinogens and free radicals and maintenance
carcinogenesis (Cerutti etal., 1987). These ROS can act@simmune functions (Orrneius and Moldeus,1994).
initiators and/or promoter, cause DNA damage active Animal treated orally with Acacia nilotica gum, flower
carcinogen, alter the cellular antioxidant defense system aadd leaf aqueous extract for 15 days. These extracts were
phase-Il metabolizing enzymes (Marnette,1987; Sun, 1996und to enhance the specific levels of GSH.The decrease
Sultana etal.,1995Acacianilotica (Linn.) showed a marked level of LPO supported this possibility. Similar observations
anti-mutagent effect. Furthermore, it was more effectivihave been made by Khanduja et al(1999). They also reported
against indirect acting mutagens (Arora etal., 2003). decrease in lipid peroxidation (LPO) and increase in reduced
Acacianilotica (Linn.) gum, flower and leaf extract may glutathione (GSH) as one mechanism underlying
play an additional and synergistic antimutagenic role in thanticarcinogenic properties of ellagic acid.
presence of tannins(ellagic acid, gallic acid and tannic acid), One possible explanation for the close relationship
crude protein, crude fiber, arabin, calcium, magnesiumhetween chromosome breakage and carcinogenesis may be
selenium, stearic acid with three phenoilic components (vias follows. Most of breaks and gaps result from the inter
Kaempferol-3-glucoside, isoquercetin, leucocyanidin) Vitchange of DNA between chromosome or sister chromatids
C (ascorbic acid), carotene, alkaloids, saponins. (Kurita et al., 1965; Brgoger and Johansen, 1972). Nichols
The polyphenolic antioxidants, consumed as an integrélas suggested a possible relationship between chromatid
part of vegetables, fruits and beverages are suggestedbasakage and carcinogenesis with various chemical, viruses
possessing anticarcinogenic properties (Khanduja et ahnd radiations (Nichols,1969). This view is consistent with
1999). Ellagic acid is active in antimutagenesis assays aigligiyama’s observation that 7,12-dimethyl-benz(a)-
has been shown to inhibit chemically induced cancer in th@enthracene induced chromosomal aberrations and
lung, liver, skin and esophagus of rodents and TPA-inducddukemogenesis were equally enhanced in the erythropoietin
tumor promotion in mouse skin (Stoner and Mukhtarrich conditions (Sugiyama,1972). Sugiyama also
1995).The role of dietary polyphenols was investigated idemonstrated that various benz(a)anthracene derivatives
the promotional phase of carcinogenesis. Topical applicatiaamage chromosome of bone marrow cells and this is linked
of polyphenols simultaneously with phorbol-12-myristate-with sarcoma incidence (Sugiyama,1973).Chromosome
13-acetate (PMA) or mezerein resulted in significantnstability at a numerical or structural levels is a hallmark
protection against 7,12-dimethylbenz(a)anthracene induced malignant tumors and is particularly common in cancers
skin tumors in mice (Kaul and Khanduja ,1998). The effectef epithelial origin (Klausner, 2002).
of ellagic acid on cell cycle events and apoptosis were studied The micronucleus technique is a viable alternative to
in cervical carcinoma (CaSki) cells. Ellagic acid at achromosome aberration analysis for evaluating the
concentration of 10(-5) M induced G1 arrest within 48 hours;ytogenetic damage in cells induced by chemical and
inhibited overall cell growth and induced apoptosis in CaSkbhysical agents. Micronuclei are formed from acentric
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chromosome fragments or whole chromosome, lagginBradifield CA, Bjeldanes LF (1984). Effect of dieatry indole-3-
behind during the anaphase separation and hence excludedcarbinol on intestinal and hepatic mnooxygenase, GST and
from the daughter nuclei (Heddle and Carrano,1977; €poxide hydrolase activities in the r&bod Chem Toxicol,
Yamamoto and Kikuchi,1980). The bone marrow 22, 97Z'Sf-h 3 (1972). Tilee 38 95
micronuclei assay using mice has proven to be a usef@fgoger’ » Johansen, J. (1972). Titl€@®omosoma, 38, 95.

thod f dicti th . icitvy of chemical erutti PA, Nygaard OF, Simic MG (1987). Anticarcinogenesis
method Tor predicting the carcinogenicity or chemica and Radiation Protection. Plenum Press, New York, 71-75.

substances. In our present investigation DMBA (PAHS:hakraborti N, Mandal L, Banerjee GC (1988). Chemical

increased frequency of micronuclei because Polycyclic composition of some common tree leaviesiian Vet J, 65,

aromatic hydrocarbons (PAHSs) are chemical compounds 145-9.

which require metabolic activation by microsomalChesson A, Collins A (1997). Assessment of the role of diet in

monooxygenase enzymes in order to become mutagenic and/ cancer preventiorCancer Lett, ?? 237-41.

or Carc|nogen|c (Kodama and Bock11970) Micronuclei a§0|dltz GA, Brauch LG, L|Pn|Ck RJ, et al (1985) Increased gr-een

well the extent of lipid peroxidation and antioxidants of the a:r:jd 319”0"" vlegtzj_eta})ArlﬁJlrg:tla}keNatndﬁw?)ezregj cancer deaths in an
. elderly population in Nutr, 41, 32-6.

glutathione redox cycle are useful surrogate markers forthg - .\ ‘s G, Khalid SA (1999). Antiplasmodial activity

study of initial steps in carcinogenesis and the effect o

) ) . of selected sudanese medicinal plants with emphasis on Acacia
chemoprevention (Ketterer, 1988). b-Carotene and Vitamin- jjotica. Phytother Res, 13, 474-8.

A reduce the occurrence of pathological micronuclei eveg| Hamss R, Idaomar M (2002). Antimutagens and anticarcinogenic

on continuous exposure to mutagens (Stich etal.,1998). Our agents, identifiction and mechanism of action of food

findings are also in line with the reports of other workers on  xenobiotics Therapie, 57, 512-7.

the genotoxic effect of DMBA (lto et al., 1986). Ferguson LR, Philpott M, Karunasinghe N (2004). Dietary cancer
Antimutagens and anticarcinogens are natural or and prevention using antimutageftsicology, 20, 198?7147-

synthetic substances able to inhibit or to reduced spontaneous 59. _ )

or induced DNA alteration.They react directly with mutagen upta SK, Bokadia MH (1975). Flavonoids from the flower of

. R Acacia arabicavijnana Parishad Anusandhan Patrika, 18, 41-
or on the process of their activation (El Hamss and Idaomar, 45 :

2002). D'_etary antimutagens may provide means of slowing;in NA Wood CB, Apostolov K, et al (1987). Stearic acid and

progression towards cancer and be more acceptable to the carcinogenesisr J Cancer, 56, 455-8.

population. Antioxidants have been suggested to scavengeddle JA, Carrano AV (1977). The DNA content of micronuclei

free radicals and prevent their interaction with cellular DNA.  induced in mouse bone marrow by gamma-irradiation: evidence

Small molecule of dietary antioxidants include ascorbic acid that micronuclei arise from acentric chromosomal fragments.

(vit. C), vit. E, glutathione, various polyphenols, carotenids ~Mutat Res, 44, 63-9. _

and selenium (Ferguson et al., 2004). Ito Y Maeda S, Sugiyama T (1986)._ Suppression of DMBA-
In conclusion, our results provide evidence that the induced chromosomal aberrations in rat bone marrow cells by

. L ! vegetable juiceMutat Res, 172 55-60.

Acacia mlo’qca gum, flower and leaf extraCtS' have 8Kaul A, Khanduja KL (1998). Polyphenols inhibit promotional

modulatory influence on the two-stage skin carcinogenesis - ppase of tumorigenesis: relevance of superoxide radhats.

and exhibit chemopreventive and antimutagenic activity, cancer, 32, 81-5.

probably through possession of antioxidative properties. Kaur K, Arora S, Hawthorne M, et al (2002). A correlative study

on antimutagenic and chemopreventive activityAoicia

References auriculifor A. Cunn. andAcacia nilotica (L.) Willd. Ex Del.

Drug Chem Toxicol, 25, 39-64.

Arora S, Kaur K, Kaur S (2003). Indian medicinal plants as d<etterer B (1988). Protective role of glutathione and glutathione
reservoir of protective phytochemicalleratog Carcinog S-transferases in mutagenesis and carcinogeasat Res,
Mutagen, 23, 295-300. 202, 343-61.

Basu NM, Ray GK, De NK (1947). On the vitamin-C and carotend<handuja KL, Gandhi RK, Pathania V, Syal N (1999). Prevention
of several herbs and flowers used in Ayurvedic system of ©f N-nitrosodiethylamine-induced lung tumorigenesis by
medicine.J Indian Chem Soc, 24, 358-360. ellagic acid and quercetin in micéood Chem Toxicol, 37,

Bender MA, Awa AA, Brooks AL, et al (1988). Current status of ~ 313-8.
cytogenetic procedure to detect and quantify previoud<lausner RD (2002). The fabric of cancer cell biology, weaving

exposures to radiatioMutat Res, 196, 103. together the strand€ancer Cell, 1, 3-10. N

Bertram JS, Kolonel LN, Meyskens FL (1987). Rationale and<cdama, Bock FG (1970). Benzo(a)pyrene metabolizing enzyme
strategies for chemoprevention of cancer in hum@asger activity of livers of various strains of mic€ancer Res, 30,
Res, 47, 3012-31. 1846-9.

Bissett DL, Chatterjee R, Hannon DP (1990). Photo-protectivéurita Y, Yosida TH, Moriwaki, K (1965). Chromosomal
effect of superoxide scavenging antioxidants against ultraviolet aberrations in Yoshida sarcoma cells treated with 4-
radiation-induced chronic skin damage in the hair less mouse, Nitroquinoline 1-oxideJpn J Genet, 40, 365.

Photodermatol photo immunol Photomed, 7, 56-62. Marnette LJ (1987). The involvement of peroxyl free radicals in

Boone CW, Kelloff CJ, Malone WE (1990). Identification of tumor initiation and promotion. In: Anticarcinogenesis and
candidate chemopreventive agents and their evaluation in Radiation Protection, edited by Cerutti, P.A., Nygaard, O.F.,

animal models and human clinical trials. A revi€ancer Res, Simic, M. G. Plenum Press, New York, 71-75. _
50, 2-9. Marohasy J. (1995) Prospects for the biological control of prickly

Asian Pacific Journal of Cancer Prevention, Vol 7, 2006 631



Punar Dutt Meena et al

acaciaAcacia nilotica (L.) Willd. ex Del. (MimosaceaePl 42, 195-9.
Prot Quart, 10, 24-31. Stoner GD, Mukhtar H (1995). Polyphenols as cancer
Mohanty RB, Padhy SN, Dash SK (1996). Traditional phytotherapy chemopreventive agentsCell Biochem Suppl, 22, 169-80.
for diarrhoea diseases in Ganjan and Phulbani district of SoutBugie S, Tanaka T, El-Bayoumy K (2000). Chemoprevention of
Orrisa, IndiaEthnobotany, 8, 60-5. carcinogenesis by organoselenium compouddtealth Sci,
Moron MS, Depierre JW, Mannervik B (1979). Levels of GSH, 46, 422-5.
GR and GST activities in rat lungs and livgiochemBiophys ~ Sugiyama T (1973). Chromosomal aberrations and carcinogenesis
Acta, 582 67-78. by various benz(a)anthracene derivativgann, 64, 637-9.
Narayanan BA, Geoffroy O, Willingham MC, Re GG, Nixon DW Sultana, S., Perwaiz, S., Igbal, M., Athar, M. (1995). Crude extract
(1999). p53/p21(WAF1/CIP1) expression and its possible role  of hepatoprotective plarffolanum nigrum and Chicorium
in G1 arrest and apoptosis in ellagic acid treated cancer cells. intybus inhibit free radical mediated DNA damagé,
Cancer Lett, 136, 215-21. Ethnopharmacol, 45, 189.
Nepka C, Asprodini E, Kouretas D (1999). Tannins, xenobioticSun, Y. (1990). Free radicals, antioxidant enzymes and
metabolism and cancer chemoprevention in experimental carcinogenesis. Free Rad Biol Med, 8, 5839.

animals.Eur J Drug Metab Pharmacokinet, 24, 183-9. Swain, T. (1965). The tannins. In: Plant Biochemistry (J.Bonner-
New TR (1984). A Biology of Acacias. Oxford University Press,  J.Varner eds.), Acad Press, New York, 552-580.
Melbourne, pp.153. Tjio JH, Whang J (1962). Direct chromosome preparation of bone

Nichols WW (1969). Handbook of Molecular Cytology ed. A. marrow cellsStain Technology, 37, 17.
Lima-de-Faria. Elsevier Publishing C, Amsterdam & London,Tybirk K (1989). Flowering, pollination and seed production of

723. Acacia niloticaNord J Bot, 9, 375-81.

Ohkhawa H, Ohishi N, Yogi K (1979). Assay for lipid peroxidation Wargovich MJ, Ball AR (1989). Basic and clinical investigations
in animal tissue by thiobarbituric acid reacti@nalyt Biochem, of dietary calcium in the prevention of colorectal caness
95, 351-8. Med, 18, 672-9.

Orrneius S, Moldeus P (1994). The multiple roles of glutathion&Vattenberg LW (1983). Inhibition of neoplasm by minor dietary
in drug metabolismTrends Pharmacol i, 5, 432-5. constituentsCancer Res, 43 (Suppl), 2448-2452.

Pauling L (1991). Effect of ascorbic acid on incidence ofYamamoto KI, Kikuchi Y (1980). A comparison of diameters of
spontaneous mammary tumors and UV-light induced skin  micronuclei induced by clastogens and by spindle poisons.
tumors in miceAmJ Clin Natr, 54, 1252S-5S. Mutat Res, 71, 127-31.

Perchellet JP, Perchellet EM (1989). Antioxidant and multistage
carcinogenesis in mouse skifree Rad Biol Med, 7, 377.

Prashar R, Kumar A, Banerjee S, Rao AR (1994). Chemopreventive
action by an extract fror@cimum sanctum on mouse skin
papillomagenesis and its enhancement on the skin glutathione
S-transferase activity and acid soluble sulfhydryl lexeti
Cancer Drugs, 5, 567-72.

Qiblawi S, Kumar A (1999). Chemopreventive action by an extract
from Brassica compestris (var sarason) on 7,12-
dimethylbenz(a)anthracene induced skin papillomagenesis in
mice.Phytother Res, 13, 261-3.

Reed JD, Horvath PJ, Allen MS, Van Soest PJ (1985). In: Tannins
in Ruminant Feedstuffs, edited by Leinmuller E, Steingass H,
Menke, KM. Animal Research and Development vol. 33,1991,
pp. 9-62.

Savage JRK (1975). Classification and relationship of induced
chromosomal structural changé@dvied Genet, 12, 103.

Schmid W (1975). The micronucleus tédutat Res, 31, 9.

Siddique MB, Alam MM, Husain W (1989). Traditional treatment
of skin diseases in Uttar Pradesh, In#iieon Bot, 43, 480-6.

Singh V, Pandey RP (1980). Medicinal plantlore of the tribals of
eastern Rajasthan (Indid)Econ Tax Bot, 1, 137-47.

Singletone VL (1981). In: Tannins in Ruminant Feedstuffs, edited
by Leinmuller E, Steingass H, Menke, KM. Animal Research
and Development vol. 33,1991, pp. 9-62.

Sotohy SA, Sayed AN, Ahmed MM (1997). Effect of tannin-rich
plant Acacianilotica) on some nutritional and bacteriological
parameters in goatBtsch Tierarztl Wochenschr, 104, 432-5.

Srivastava TN, Rajasekharan S, Badola DP, Shah DC (1986). An
index of the available medicinal plants, used in Indian system
of medicine from Jammu & Kashmir stafecient ci Life, 6,
49-63.

Stich HF, Rosin MP, Homby P (1998). Remission of oral
leukoplakias and micronuclei in tobacco / betel chewers treated
with B-carotene anfl-carotene plus vitamin-Ant J Cancer,

632 Asian Pacific Journal of Cancer Prevention, Vol 7, 2006



