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ABSTRACT

The antitumor and cytotoxic activities of methaneixtract of Phyllanthus polyphyllus (MPP) were laated using
mice and human cancer cell lines. The anticancepprty of MPP was assessed against Dalton's adgitiphoma
(DAL) tumor model by evaluating survival time, héohagical parameters, lipid peroxidation (LPO), @nidant
enzymes like superoxide dismutase (SOD), cata@a&)( glutathione S-transferase (GST), glutathipeeoxidase
(GPx), solid tumor mass, and in vitro cytotoxid#ort-term). MPP (200 and 400 mg/kg) upon oral adstration
increased the survival time and reduced the saliddr volume significantly in a dose-dependent marPacked
cellular volume (PCV), protein, and hematologicargmeters were restored which were altered by tumor
inoculation. MPP reduced the levels of LPO, GPx,TG&nd increased the levels of SOD and CAT signifly.
MTT assay was used to evaluate the cytotoxic &ctiding human cancer cell lines like cervical cancells
(HeLa) and breast carcinoma cells (HBL-100). MPRwhRd IG, values of 170 and 13/ml on HelLa and HBL-
100 cells respectively. MPP was found to possegsfigiant antitumor and cytotoxic activity on DAhcihuman
cancer cell lines.

Keywords: Phyllanthus polyphylludpalton's ascitic lymphoma, survival time, solid fmmvolume, hematological
parameters, HeLa and HBL cell lines, MTT assay

INTRODUCTION

Cancer is the leading cause of mortality worldwated the failure of conventional chemotherapy in migjor
reduction of mortality indicates that new approachee critically needed. The approach of chemofhyesarves as
an effective alternative to control malignancy [Ifj. experimental studies of cancer chemotherapggmgts are
made to identify the agents which can exhibit anga@mbination of the following characteristics: fijevent the
tumor initiation, (i) delay or arrest the tumoneéopment, (iii) extend cancer latency periods) (flecrease cancer
metastasis and mortality, and (v) prevent recugeat secondary tumors. The focus of research irceran
chemotherapy in recent times includes the ideatifi, characterization, and development of newcean
chemopreventive agents [2].

Plants have played a vital role as source of effeanticancer agents, and it is significant thaf6of currently
used anticancer agents have derived from natuteites, including plants, marine organisms, and aniganisms
[3,4]. Plant-based medicine has definitely foundobke in cancer treatment, and the mechanism ofdntmn
between cancer cells and many phytochemicals rexs diadied extensively [5].

Previous studies showed that, various Phyllantipesies have been reported to work against tumats@inave
cytotoxic activities [6-8]. Based on ethnopharmagidal information, the present study was carriatito assess
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the antitumor and cytotoxic activity together withtioxidant status of methanol extractRifyllanthus polyphyllus
(MPP) against Dalton’s Ascitic Lymphoma (DAL) ineei and human cancer cell lines like cervical cantia cells
(HeLa) and human breast carcinoma cells (HBL-100).

MATERIALS AND METHODS

Plant material and extraction: Leaves oPhyllanthus polyphyllusiere collected from the Kolli Hills, Tamil Nadu,
India and were taxonomically identified and autieated by Botanical Survey of India, CoimbatoremllaNadu,
and India. The leaves were dried and pulverizee: péwder was then treated with petroleum ethedé&waxing
and to remove chlorophyll. Then the powder was pddk a soxhlet apparatus and was extracted usatgamol
(solvent). The extract was then concentrated umdeuum and dried in a desiccator (yield, 5.2% w/and
suspended in 5% gum acacia for antitumor studies.

Animals: Swiss male albino mice weighing 20-25 g were preddrom Tamil Nadu Veterinary College, Chennai,
India. They were housed in standard microlon cages maintained on a standard laboratory diet anierveal
libitum. The experiments were approved by the Institutiémémal Ethics committee (IAEC).

Acute toxicity: The acute toxicity of the extract of Polyphylluswas evaluated in mice as per OECD guidelines.
Mice received alcohol extract at various dosesZB®0 mg/kg) orally. They were observed for thadeymptoms
continuously for first 4 h after dosing, and fityathe number of survivors was noted down after 2k tthe toxicity
study, no mortality occurred within 24 h under tbsted doses of MPP.

Cells: DAL cells were obtained from Amala Cancer Resed&ehtre, Thrissur, India. They were maintained by
weekly intraperitoneal inoculation of 46ells/mouse [9].

Effect of MPP on survival time [10]: Animals were inoculated on day 0 with 1f1@lls/mouse, and treated orally
with MPP 24h after inoculation at doses of 200 488 mg/kg/day. The control group was administeréth the
same volume of distilled water. All the treatmewtsre done for 9 days and observed for 45 days.idieslirvival
time (MST) of each group (n=6) was noted. The amidur efficacy of MPP was compared with that of 5-
Fluorouracil (Dabur Pharmaceutical, Gaziabad, In8i&U, 20mg/kg/d i.p. for 9 days) as a referen@ndard.
MSTs of the treated groups (T) were compared wiiTil of the control groups (C). The increase indijan was
calculated using the following formula.

T-C
Increase of life span =  x100
C

Where T = number of days survived by treated arsraatl C = number of days survived by control arémal

Effect of MPP on hematological and antioxidant paraeters [10]: In order to determine the influence of MPP on
the hematological status of DAL bearing mice, therfgroups (n= 6) of mice were compared on the tldthafter
inoculation. The four groups comprised (1) tumoaraiting mice, (2 &3) tumour bearing mice treatechwitPP
(200 and 400mg/kg/day p.o. for first 9 days), adpdontrol mice. Using retro orbital plexus methbtbod was
drawn from DAL mouse and the white blood cell (WB&unt, red blood cell (RBC) count, haemoglobirgtein
and packed cell volume (PCV) were determined [1]Ll-ABer blood collection, animals were sacrificadd livers
were removed and preserved in tris HCI buffer pH)7A 10% liver homogenate was utilized for estimg lipid
peroxidation (LPO) [14], and antioxidant studiesclsuas superoxide dismutase (SOD) [15], catalasé, [16
glutathione peroxidation (GPX) [17], glutathionel&nsferase (GST) [18].

Effect of MPP on solid tumors:Mice were divided into three groups (n=6). Tumoelis(1x16 cells/mice) were
intramuscularly injected into the right hind limb @l the animals. Mice of group | were tumour aoht Group |l
and Il received MPP (200 and 400mg/kg) orally Soalternate days. Tumour mass was measured fréhdayl of
tumour induction and was repeated evefyday for a time period of 30 days. The volume afiour mass was
calculated using the formula V = 4/3° where r is the mean of and g which are two independent radii of the
tumour mass [19].

Effect of MPP on cytotoxicity in vitro: Short-term cytotoxicity was assessed by inculgatin 16 DAL cells in
phosphate buffer saline (1 ml) with varying concativns (50-800 pg/ml) of the MPP at®3Z for 3 h in CQ
atmosphere. The viability of the cells was detesdiby trypan blue exclusion method [20].
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Cytotoxic studies: Human cervical carcinoma cells (HeLa) and humaradirearcinoma cells (HBL-100) were
obtained from National Centre for Cell Science @undia). Stock cells of these cell lines werdauneld in RPMI-
1640, penicillin (100 1U/ml), streptomycin (100ud)mand amphotericin-B (5ug/ml) under a humidified
atmosphere of 5% carbondioxide a’@7until confluent. The cells were then dissociaited.2% trypsin, 0.02%
EDTA in phosphate buffer saline solution. The stackure was developed in 25 Erissue-culture flasks, and
cytotoxicity experiments were carried out in 964weicro titer plates (Tarsons India, Kolkata, India

Cell lines in the exponential growth phase were heds trypsinized, and then resuspended in complditere
media. Cells were plated at10,000 cells/well invg8} microtiter plates and incubated for 24 h, dgriwhich a
partial monolayer formed. They were then exposedhtious concentrations of the extract (31.25-500)gand 5-
FU. Control wells received only maintenance mediiliine plates were incubated for a period of 72 874€ in a
humidified incubator with 5% carbondioxide. At tead of 72 h, determination of cellular viability svdone by
MTT assay [21].

Statistical analysis: All values were expressed as mean+SEM. The datastaistically analyzed by one-way
ANOVA, followed by Tukey multiple comparison testdadata for solid tumors were analyzed by Dunrest. tP
values<0.05 were considered significant.

RESULTS

Effect on mean survival time (MST): The effect of MPP on the survival of tumour-begrimice exhibited MST
for the control group to be 21d, while it was 325@.38%) and 35 d (66.66%) respectively for theugrtreated
with MPP (200 and 400 mg/kg/d p.o.). The results @most comparable to that of the standard drtkgJ) 5for

which the MST was 38 d (Table 1).

Effect on hematological parametersHematological parameters of tumour-bearing miceeweund to be altered
significantly from normal group on the day 14 (Tald). There was a decrease in Hb, RBC, and lymgesdp
malignancy, along with an increase in WBC, espBcia¢utrophils, protein, and PCV. At the same tiimierval,
MPP (200 and 400 mg/kg/d p.o) treatment changedettaltered parameters significantly <P0.001), to near
normal in a dose-dependent manner.

Effect on antioxidant parameters: The levels of lipid peroxidation in liver tissue rgeincreased significantly, by
21.28 + 1.14, in DAL control group as comparedhe hormal group (P<0.001). After administrationM®PP at
different doses (200 and 400 mg/kg) to DAL-bearninige, the lipid peroxidation levels were redutsdl8.31 +
0.97 and 12.9 + 0.83 respectively as compared tb B#atrol group (P < 0.001) (Table 3).

The levels of superoxide dismutase (SOD) in therivof DAL bearing mice decreased (P<0.001) in @spn
with normal group. After administration of MPP &etdose of 200 and 400 mg/kg, increased levelsQid s
compared to that of DAL control group were obser(2d0.001). The catalase (CAT) level in DAL contgobup
decreased (P<0.001) as compared with normal grotgatment with MPP at the dose of 200 and 400 mg/kg
significantly increased CAT levels respectively wiommpared to that of DAL (P<0.001) (Table 3).

Inoculation with DAL drastically increased the G&fd GPx content in DAL control group as compareth wi
normal group (P<0.001). Administration of MPP asél® of 200 and 400 mg/kg to the DAL-bearing micerekesed
GST and GPx levels respectively as compared with Baéntrol group (P<0.001) (Table 3).

Effect on solid tumors and short-term cytotoxicity: The solid tumour volume was increased by 6.05 5 (i3
DAL bearing mice, and treatment with MPP decredged.01, P<0.05) the tumour volume significantlytd5 +
0.13 ml and 4.25 + 0.21 ml respectively, in a ddspendent manner at the end of 30 days (Tableh#) sfort term
in vitro cytotoxicity study showed the §gof MPP to be 120 pg /ml.

Effect on human cancer cells:The cytotoxic activity of MPP on human cervicat@aoma (HelLa) and human
breast cancer (HBL-100) cell lines were evaluated/d T assay. When the cells were treated for 74th warious
concentrations of methanol extract (31.25-500 )g/thke relative cell survival progressively decezhin a dose-
dependent manner. Theggbdf MPP was found to be 48 and 44ug/ml on HeLalBd-100 cell lines respectively,
comparable with or slightly weaker than those &5{2.5 and 1.3pg/ml). Among the tested cell lireedract of PP
was more selective cytotoxic against HBL-100 dak than HelLa (Table 5).
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Table 1. Effect ofP. polyphyllus treatment on the survival of Tumour Bearing Mice

Treatment MST (d) | Life Span (%)
Tumour control (Saline 2 ml/kg, p.of) 21 +1.12 -
5-FU (20 mg/kg, i.p.) 38 +1.40 80.95
MPP (200 mg/kg p.0) 32+1.67 52.38
MPP (400 mg/kg p.0) 35+1.26 66.66

n = 6 animals; Days of drug treatment = 9
4P< 0.01 vs Tumour control
Data were analyzed by using one way ANOVA follduyeDunnett test.

Table 2. Effect ofP. polyphyllus on Haemotological Parameters

Treatment Hb RBC WBC Proteins PCV Differential Count %
(9 %) (million /mm?) | (10%cells/ mnt) (g %) (mm) Lymphocytes | Neutrophils | Monocytes

Normal mice 15.6+ 0.28 4.6+ 0.12 7.5 0.25 7.2+ 0.33 16+ 0.57 72+ 1.31 27+ 1.6 1+ 0

T”mo(“1r4b§§;'sr‘)g M g7:0.10 2.6+ 0.07° 202425 | 132+1.0° | 26136 | 22:1.45 | 76%2.10° 2:0
MPP ,C ,C € ,e C C

(200 mg/kg p.o) 11.3+0.35" 3.9+ 0.1¢ 14.1+ 0.62 10.8+ 0.2 20+ 2.30 67+ 1.3 32+ 1.0 1+0
MPP ,C C d C c c

(400 mg/kg p.o) 13.5+0.42 4.2+ 0.18 11.08+ 1.04 8.6+ 0.12 18+ 2.C° 69+ 1.7 30+1.4 1+0

N = 6 animals in each group; Days of drug treatiner®; Values are expressed as mean + SEM.
3P< 0.001;°P< 0.01 vsNormal mice;°P< 0.001;°P< 0.01; ®P< 0.05 vs Tumour mice.
Data were analysed by one way ANOVA followed by ahkultiple comparison test

Table 3. Effect ofP. polyphylluson LPO, Antioxidants and GST Levels in DAL-InducedTumour Bearing Mice

Treatment | n?&iz) LPO SOD Catalase GPx GST
Normal (saline)| 2 mikg| 8.5t 0.16 3568 1.06 | 1.840.008 | 18.7%51.12 | 0.2& 0.004
Tumor control -~ [ 2128114 | 2075097 | 0.78& 0.007 | 49.6% 1.37 | 0.53 0.00Z7

P polyphyllus |200 | 1831097 | 2832 1.36" | 093 0,006 | 31.16: 113" | 0.4% 0.003°
400 | 12.9- 0.8 | 31.4% 1.47° | 1.29 0.008° | 24.5(- 1.4%< | 0.32+ 0.006*

N = 6; values are expressed as mean + SEM.
3P< 0.001;°P< 0.05;°P< 0.01 vs. Normal®P< 0.001;°P< 0.01 vs. Tumor Control
Data were analysed by one way ANOVA followed byyrakultiple comparison test
LPO: u moles of MDA/ min/mg protein; SOD: unitsyimg protein; CAT: g mole of @, consumed/ min/mg protein
GPx: u moles of GSH oxidised/min /mg protein; G8Mmoles of CDNB conjugation formed/min /mg protein

Table 4. Effect ofP. polyphylluson solid tumor volume

Dose Solid tumor volume (ml)
Treatment (mg/kg) | 15" day 20" day 25" day 30" day
Tumor control (saline) - 3.88+0.12 | 4.12+0.10 | 5.72£0.16 | 6.05 0.35
MPP 200 2.39£0.10 | 3.45+£0.23 | 3.83£0.17 | 4.45£0.1%
400 2.16+£0.13 | 3.24£0.1F | 3.77£0.14 | 4.25+0.2F

N = 6 animals; Values are expressed as mean + SEM.
3P<0.01;°P<0.05 vs. Tumour Control.
Data were analyzed by using one way ANOVA folldwyeDunnett test.

Table 5. Cytotoxic effect ofP. polyphyllus on Human cancer cell lines

compound | Hela HBL-100

P ICso(ug/ml) | ICso(ug/mi)
MPP 48 44
5-FU 25 13

Average of 3 determinations, 3 replicates
ICso, Drug concentration inhibiting 50% cellular growtbllowing 72 h of drug exposure.

DISCUSSION

The reliable criteria for evaluation of an anticandrug are prolongation of lifespan of the anif2&]] and decrease
in WBC count of blood [23]. Our study results shawincrease in life span accompanied by a reduétidVBC
count in MPP treated mice. These results cleanyatestrate the antitumour effect of MPP against DAL.

Myelosuppression and anaemia are the most commallgons encountered in cancer chemotherapy [24, 25].

Occurrence of anaemia in tumour bearing mice istlndsie to decrease in production of RBC or haewioigl, and
this may happen either due to iron deficiency arhalytic or other myelopathic conditions [26]. Tireant with
MPP restored the haemoglobin content, RBC counVdB& count to near normal. This demonstrates thaPMas
a protective action on the haemopoietic systemheurupon analysis of hematological parametersjmim toxic
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effect was seen in mice treated with MPP in DALrbeamice, hematological parameters were restavetbtmal
by MPP administration (9 days).

Production of excessive free radicals result irdative stress, which causes damage to macromotelikdelipids,
and can lead to lipid peroxidatidn vivo [27]. Increased lipid peroxidation causes degermradf tissue. Lipid
peroxide formed in the primary site is transfertieugh the circulation and provokes damage by agapng the
process of lipid peroxidation [28]. Malondialdehydlee end product of lipid peroxidation has bequorted to be
higher in carcinomatous tissue than in non diseasgdns [27]. Glutathione, a potent inhibitor ofopkastic
process, that is seen particularly in high conegians in liver, is known to have key functionstire protective
process as it plays a vital role as an endogenuticxalant system.

All oxygen metabolizing cells contain SOD and casal, which act as free radical scavenging systeprdiding
defence against the potentially damaging reactvaté superoxide and hydrogen peroxide [29]. Loss of
mitochondria and loss of Mn SOD activity in DAL ksehight lead to a decrease in SOD activity in Dié¢aring
mice. The inhibition of CAT and SOD activities asresult of tumor growth was also reported [30]. i&m
observations were found in the present study witl Dbearing mice. Treatment with MPP at differentsds
increased the levels of SOD and CAT significamlyidose dependent-manner.

Plant derived extracts comprising antioxidant gphes showed antitumor activity in experimentalraals [31] and
cytotoxicity towards tumor cells [32]. These antdants exhibited antitumor activity either throughoptosis-
induction [33] or by neovascularisation inhibitif4]. The role of free radicals in cancer is walicdmented [35,
36]. The lowering of lipid peroxidation, GST, GPxdiincreasing of SOD and catalase levels in MP&edoegroups
indicates its potential as an inhibitor of DAL irwhdl intracellular oxidative stress.

In DAL -bearing mice, there was a rapid and regidarease in ascitic fluid volume. The direct ntitrial source
for tumor growth is ascitic fluid; it meets the ntibnal requirements of tumor cells [37]. MPPatment decreased
the volume of solid tumor and the viable cancera@alint, and increased the lifespan. It may be keoled that MPP
decreases the nutritional fluid volume and theralngsts tumor growth and increases the lifespaerellwvas a
reduction in solid tumor volume in mice treatedhwiiPP (P<0.001). The present study reveals thagxiract was
cytotoxic towards DAL. MPPs were found to be cykitoagainst human cancer cell lines. Among theetesell
lines, extract of PP showed greater cytotoxicitgiagt HBL-100 cell line than Hela.

Preliminary phytochemical screening indicated thespnce of alkaloids and flavonoids in MPPs. Flaids have
been found to possess antimutagenic and antimaligeféects [38, 39]. Moreover, they have a chemognéve
role in cancer through their effects on signal schrction in cell proliferation [40] and angiogersegi1]. Antitumor
and cytotoxic properties of the extract may be tulese compounds.

CONCLUSION

The results of the present study clearly indicaaicant antitumor and cytotoxic effects of thestinanolic extract
of the leaves oPhyllanthus polyphyllusFurther studies to characterize the active ppiesi and to elucidate the
mechanism of action are in progress.
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