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ABSTRACT

In vitro, in vivo antitumor and immunomodulatorytigity of the ethanolic extract of the simple asaid
Microcosmus exasperatus was assessed against Baltgnmphoma Ascites (DLA) cells. 100% toxicity was
observed at a concentration of 0.80 mg/ml. Theaektat 50, 100, 150 and standard drug Vincristin8at mg/kg
body weight was administered to different groupsuafor induced mice. The results showed significadtiction

in weight of body, relative organs, solid tumorwok, packed cell volume, viable cells, WBC, nehitgpserum
Gamma Glutamyl Transpeptidase (GGT), cellular Ghitzne (GSH) and an increase in median survivaktfitife
span, non viable cells, haemoglobin, RBC, lymplgcgbsinophil, bone marrow cellularity;esterase positive
cells, antibody titer and plaque forming cells sleen. Restoration of NO levels was observed erifi day. The
activity was comparatively greater than that obseror the standard drug in all the parametersddstThe above
results indicate the presence of bioactive compsuwyith antitumor property in the ascidian studied.
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INTRODUCTION

Cancer is a class of disease in which a cell aoapof cells undergo uncontrolled growth, invaséond metastasis.
It can affect any individual at any stage and deweh any organ of the body. Rapid developmentesistance to
multiple chemotherapeutic drugs and many disordesing due to radiation therapy has made the Bdarmovel
drugs a priority goal for cancer treatment. Thede#for new metabolites from marine organisms keasited in the
isolation of more or less 10,000 metabolites [1dnymof which are endowed with pharmacodynamic mtagse So,
scientists have turned their attention to develafe slrugs from marine natural products. In recerdry, many
bioactive compounds have been extracted from vargnimals like tunicates, sponges, soft corals, heras,
nudibranchs, bryozoans, sea slugs and other marganisms [2,3]. Over the last 100 years ascidiens been
shown to be a prolific source of natural producithywromising biochemical potential [4]. Ascidiaesived natural
products have yielded promising drug leads, amohigtwET 743 fromEcteinascidia turbinatavas approved as a
drug with the trade name Yondelis against refracteoft-tissue sarcomas [5]. Didemnin B from the ifgm
Didemnidae is efficient in the treatment of panticeaancer in animal models [6]. Cytotoxicity ofcadians to
various cell lines have been reported world widee €rude methanolic extract of ascidRmlyclinum indicumand
its column fraction PI-8 showed cytotoxcity agaicstvical cancer cells (HeLa) with ansh®f 77.5 pg/ml and 1.12
png/ml [7]. Anticancer activity of the methanolicteact of Polyclinum madrasensievealed significant anticancer
effect against EAC bearing Swiss albino male mije The crude methylene chloride extractRof madrasensis
exhibits in vitro cytotoxic effect on the Hela cell lines [9]. Théhanolic extract ofPhallusia nigra showed
significant antiproliferative, antitumour and imnamodulatory activity against DLA and EAC tumor kiegrmice
[10,11,12]. The present study evaluates ithevitro and in vivo antitumour and immunomodulatory activity of
ethanolic extract oMicrocosmus exasperatus commonly occurring simple ascidian of Tuticocioast against
DLA tumor bearing mice.
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MATERIALS AND METHODS

Specimen collection and identification:Samples oMicrocosmus exasperatwgere collected from the Tuticorin
harbour area. Identification up to the species!levees carried out based on the key to identificatad Indian
ascidians [13]. A voucher specimen AS 2279 was siggubin the national collections of ascidianshia museum of
the Department of Zoology, A.P.C, Mahalaxmi CollégeWomen, Tuticorin.

Systematic position: Microcosmus exasperatuselongs to Phylum: Chordata, Subphylum: Urocherdéilass:
Ascidiacea, Order: Pleurogona, Suborder: Stolidothi, Family: PyuridaeGGenus:Microcosmusand Species:
exasperates

Experimental animals: Adult Swiss Albino mice weighing 20-25 g were obtd from the Breeding section,
Central Animal House, Dr. Raja Muthiah Medical @gé, Annamalai University, Chidambaram, Tamilnatle
animals were kept in air-controlled room, fed witbrmal mice chow and water ad libitum. The experitaavere
conducted according to the rules and regulatiorsnahal Ethical Committee, Government of India.

Preparation of powder and extract: Epibionts, coral, shell fragmentdhering to the test of the animal was
removed, washed several times with filtered se@mvalried at 45C and powdered. Ten grams of the powder was
soaked overnight in 100 ml of 70 percent ethandlfitered. The filtrate was centrifuged at 10,0pén at 4 C for

10 minutes. The supernatant was collected and eatgubto get a residue, which was usedroritro studies. For

in vivo animal experiments it was re-suspended in 1% geawia blended with vanillin and administered oraty
different concentrations.

In vitro cytotoxic activity: DLA cells (1x10 cells) were incubated with various concentratidh%, 0.10, 0.20,
0.40, 0.60, 0.80 and1.00 mg/ml) of extract in alfivolume of 1 ml for 3hr at 3T. The viability of the cells was
confirmed by trypan blue dye exclusion method [54,1

Experimental protocol: Healthy Adult Swiss Albino mice were weighed andidiéd into five groups of six each.
Group | acted as tumor control, Group I, Il andreceived 50, 100, 150 mg/kg of extract and Gryugtandard
drug Vincristin 80 mg/kg body weight. DLA cells veemaintained as ascites tumors in Swiss albino.riice cells
were aspirated, washed thrice in normal saline tealinsing a haemocytometer and cell suspensionefllion
cells/ml was prepared. One ml of this suspensios wjected intraperitoneally for 9 days. On thd" Hay, body
weight of the animal was noted. 24 hours afterldise dose of the drug, one set of the animals waceficed and
the weight of the vital organs such as spleen, thgyiver and kidney were recorded and expresseélative organ
weights.

Solid tumor volume: Tumor was induced by injecting DLA cells (1X¥I&lIs/animal) subcutaneously to the right
hind limb of the animals for five groups. The iiaafi the tumor were measured using Vernier Calizrs days
intervals for one month starting with"18ay. The volume of the tumor was calculated ugliegformula

V=4/3T]r12r?

where ‘r1’ and ‘r' represent the major and minoardeter respectively [16]. This was compared wittraated
control (Group ).

Median survival time and Percentage increase in & span (% ILS): MST was assessed by recording the
mortality daily for six weeks and percentage inseem lifespan (% ILS) was calculated [17].

MST% = Median survival time of treated groupMedian survival time of control group< 100
Median survival time of control group

Median survival time (MST) = (Day of first deathDay of last death)2

Increase in lifespan = %: x 100

where T = Treated and C = Control

Packed cell volume:The mice were dissected and the ascitic fluid wakected from the peritoneal cavity. The
volume was measured using a graduated centrifuge amd packed cell volume determined by centrifyigah
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10,000 rpm for 5 minutes. The HCT was read at ¢ipedf the packed red cells to the nearest 0.5%.r&hding
obtained for each tube was recorded on the sheet.

Viable and non viable cell count:The cells were stained with trypan blue (0.4% inmal saline) dye. Those that
did not take up the dye were viable and that whdgk the stain are non viable. The viable and viable cells
were counted using Neubauer chamber.

Hematological parameters:Blood was collected from caudal vein of the expenial mice after thirty days and
parameters such as haemoglobin, RBC, WBC and diffizl count was recorded [18].

Bone marrow cellularity and p esterase activity: Experimental animals treated for 5 consecutive dagse
sacrificed 24 hours after drug treatment. The boelds were collected from the femur, made into kncell
suspension and the number determined by using legomoeter [19]. Bone marrow cells from the above
preparation was smeared on clear glass slide amedtwith Harri’'s Hematoxylin to determine the repecificp-
Esterase activity by the azodye coupling method. [20

Circulating antibody titer: Swiss Albino mice were divided into five groupsténimals. Group | was immunized
with SRBC (0.1 ml, 20%). Group I, lll and IV weteeated with different dose of extract and the tastup with
Vincristin along with 0.2 ml SRBC for 5 consecutitays. Blood was collected from caudal vein evétylay after
drug administration and continued for a period @fdays. Serum was separated, heat-inactivate@°at Sor 30
minutes and used for the estimation of antiboay {21] using SRBC as antigen.

Antibody producing cells: To determine the effect of the extract on the amhbproducing cells, half of the
experimental animals from the above treatment waificed on different days starting from the dhitay after
immunization up to the"®day. Spleen was processed to single cell suspeasio the number of plaque forming
cells (PFC) was determined by the Jerne’s plagsayd22].

Serum Gamma Glutamyl Transpeptidase (GGT) and Nitrc Oxide (NO) levels:Blood was collected from
experimental animals on thd'510", 15" day and the serum was used for the estimation@T @nd NO levels
[23,24,25].

Cellular Glutathione (GSH) and Nitric Oxide (NO) levels: Blood was collected at different time point&" (20",
15" day) and the cells (1xi@ells/ml) were sonicated for 30 seconds and usethéestimation of GSH and NO
[24,25,26].

Statistical Analysis: Values are expressed as mean + SEM. The statiatie#ysis was done by one-way analysis of
variance (ANOVA) followed by Dunnett’s test. P-vatuless thaf.05 were considered to be significant.

RESULTS AND DISCUSSION

Effect on in vitro cytotoxic activity to DLA cells: The extract was found to be toxic at different eication to
DLA cells. Concentration of 0.05, 0.10, 0.20, 0.4060 and 0.80 mg/ml showed 16, 39, 64, 79, 84 Hol
percentage cytotoxicity (Figure 1). A comparisortl# cytotoxicity revealed that the extract is lesdc than that
of the ethanolic extract é¢fhallusia nigra[10].

Effect on organ weight: There was a significant decrease in the body weiftiteated groups compared to the
control. A highly significant decrease was obseriredroup 1V treated with 150 mg/kg of extract (Tafi). This
observation is supported by studies using varidast@xtracts [27,28]. An increase in the relativgan weight of
the immunologically important organ like spleen dimgmus in the tumor control can be attributedhirtincreased
activity and production of immunocompetent cellepdto and renomegaly noted may be due to accuowlafi
fluids. The administration of the extract indichi dose dependent decrease in the weight of thehgid organs
which may be because of the bioactive componergsepit in the extract supporting the activity of timmune
system. The reduction in weight of liver and kidrgytreatment may be the result of removal of tdlis by the
action of the extract. The relative organ weighaibthe vital organs were restored to normal eatiment with 150
mg/kg body weight of extract. Similar reduction halso been observed on treatment with the standarg
indicating the same mechanisms of action as thetrafristin with the extract.

Effect on tumor volume: A significant reduction in tumor volume was obsehan 20", 25" and 36' day in the
treated mice compared to control (Figure 2). Thieagk administration reduced tumor volume indicgdimhibition
in the growth and multiplication of tumor cells whi may be due to the decrease in the ascites detidg as a
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direct nutritional sourcer the presence of compounds inhibiting mitosis,AD8ynthesis or replication via enzyme
pathways [29].

Effect on median survival time, life span, packed &l volume, viable and non viable cell countMedian
survival time and percentage life span of miceaéased (27.14 days) in the treated groups. Life sparased by
90.58% when compared to normal control. An increasthe median survival time and life span indisatke
activeness of the extract screened. Packed celm®(0.91ml) and viable cell count (5.24%&6lls/ml) decreased.
Non viable cell count (2.46x%@ells) increased significantly (Table 2). This magy due to cytotoxic effect on
tumor cells or by leading to macrophage activatind inhibition of vascular permeability by the extras has been
evidenced in plants [30,31].

Effect on hematological parameters:Haemoglobin and RBC content increased in treatedpg. There was a
significant reduction in the total WBC content imo@p IV treated with 150 mg/ kg body weight of #eract. In
the differential count, the lymphocytes increasdtere as neutrophils and eosinophils showed a deziaareated
mice (Table 3) which indicates stimulation of th@emopoetic system. Suppression of the myeloid di@esnd
development of anaemia is a major problem obsedveithg chemotherapy [32]. The anaemia encounterédnior
bearing mice is mainly due to reduction in RBC emoglobin percentage and this may occur eitherused iron
deficiency hemolytic or myelopathic conditions [33]. Treatrhemth the extract ofMicrocosmus exasperatus
brought back the haemoglobin content, RBC and WRIC abunt near to normal values. Low Neutrophitlan
Eosinophil content indicated that they started tfiggh off tumor progression. Similar results havemeeported on
treatment with the extract &hallusia nigraandPolyclinum madrasensiadicating a same mode of action [10,34].
Effect on Bone marrow cellularity and p-Esterase activity: Bone marrow is a primary lymphoid organ involved
in the continued proliferation and turnover of ocells and differentiation of stem cells. Extraetated animals
showed significant increase in bone marrow celitylat29.14x16 cells/femur) andp-Esterase positive cells
(1298/4000 cells) (Table 4). This observation iaths the presence of bioactive compounds bringbttaan
enhancement of the differentiation of stem celld mmmunological response [35].

Effect on circulating antibody titer: The total antibody production increased signifibabl the administration of
the extract (Table 5). The maximum antibody titalue of 224.17 was observed on"iday in Group IV treated
with 150 mg/kg body weight. In the control animtie antibody titer value was only 124.55 on the esaiay. The
stimulatory effect of the extract on the humoramnaof the immune system is indicated by an incrdasthe
circulating antibody titer [36].

Effect on antibody forming cells: In group IV the maximum number of plaque formindl<¢197.73 PFC/10
spleen cells) was observed where as in the cotiteohumber was 135.61 PFC{ipleen cells on the sixth day
(Figure 3). A higher PFC may be due to an elevatgibody titer. The activation of humoral immunspense by
the extract might have increased the plaque forroallg in spleen [35,10].

Effect on serum GGT and NO levelsOn the 18 day an enhanced level of GGT in the serum of cbttrmor
bearing mice (89.23 nmol p-nitroaniline/ml) was ete&d. There was a significant reduction (44.54 Inpo
nitroaniline/ml) after the administration of theteact of Microcosmus exasperatable 6). The intra and extra
cellular Glutathione concentration is maintained ®%T and it has been reported to play importané rol
antioxidant defence, detoxification and inflammat{@7]. An oxidative stress during tumor inductioright have
increased the GGT level as an adaptive mechanistdosg dependent decrease of GGT observed on thdais
may be because of the transfer of Gamma Glutanmghdpeptidase (GGT), from glutathione to amino aeidd
dipeptides [38]. The serum NO level was found tartaximum (31.27uM) on the 15th day of tumor progi@s in
the control, which was reduced to 20.37uM in grdMWp Important physiological response and apoptasis
regulated by NO which is lipophilic, highly diffude short lived messenger [39,40]. The reductioN® may lead
to an increase in cell death.

Effect on GSH and NO levels:The GSH content was maximum 18.43+0.56 nmol/mgeimoon the 16 day of
tumor growth in the control whereas in the treageslip the level decreased to 8.98+0.33 and 6.11+6n2the 1%
day (Table 7). The major non-protein thiol, GSHréguired for tumor cell proliferation and metaboiig36].
Cancer cells have higher GSH levels than the sodiog normal cells, which is characteristic of heghcell
proliferation rate. A significant reduction of GSH group IV is indicative of the antiproliferativeature of the
extract. Moreover GSH has been proved to be thaemastioxidant which strengthens the immune sysbgm
producing T cells and changing the level of reactixygen species in isolated cells grown in lalwsyatvhich may
play a role in reducing cancer development [41,42the control NO level increased gradually and ¥eaund to be
highest (19.38+0.27) on 'Hlay of tumor progression. In group IV the NO lewgls restored to normal 7.22+0.15.
NO is supposed to exert anti cancer activity bgralg the oxidation reduction status in tumor cgli].
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Table 1: Effect on relative organ weight of tumor hduced mice

Group Dose (mg/kg Relative Organ Weight (9/100 g body weight) after@ days
body weight) Body weight Spleen Thymus Liver Kidney
| Tumor control 41.26+1.68 0.87+0.054 0.43+0.011 3M43 1.99+0.034
Il 50 36.54+1.04 0.51+0.016 0.41+0.013 3.1740.1 103146
1] 100 27.11+0.84* 0.47+0.024* 0.34+0.017| 2.84+0.1] 08%#0.011
[\ 150 23.94+0.71* | 0.41+0.018** 0.26+0.034* 2.29+0%34 0.87+0.024*
\Y Vincristin (80) | 20.18+0.34** |  0.39+0.016** 0.24+0.81 2.0440.13* 0.78+0.017**

Data represented as mean +SEM, (n=6). Significane®veen DLA control and extract treated group. £ B.05; ** P < 0.01.

Table 2: Effect on median survival time, percentagécrease of life span, packed cell volume, viabnd non viable cell count

Dose (mg/kg body Median Survival time Increase of life span| Packed cell Viable cells Non viable
Group weight) (Days) (%) volume (ml) 118 cells

cells/ml 1x1C cells/ml
I Control 14.24+0.24 - 3.14+0.017 13.34+0.74 0.8710.0

1] 50 21.54+0.38* 51.26* 1.84+0.024** 6.54+0.33* 0.99820*
I 100 24.93+0.74** 75.07** 1.13+0.014* 5.61+0.23**|  .38+0.018**
[\ 150 27.14+0.39*** 90.58*** 0.91+0.017***| 5.24+0.18* 2.46+0.011***
\Y Vincristin (80) 24.11+0.24** 69.31** 0.83+0.026*** 5.73+0.34** | 2.5740.014**

Data represented as mean +SEM, (n=6). Significame®veen DLA control and extract treated group. £ B.05; ** P < 0.01; *** P < 0.001.

Table 3: Effect on hematological parameters

Group Dose (mg/kg body RBC WBC Differential Count (%)
weight) Hb (gm %) (million/mm?®) (10 Lymphocytes | Neutrophils | Eosinophils
9 cells/mn) ymphocy p P

I Tumor control 8.33#0.11 3.05+0.17 13.66+0.84 35(B44 65.41+0.24 9.25+0.11]
Il 50 8.94+0.16 3.46+0.14 11.17+0.18 41.16+0.21 560183 2.71+0.07
I 100 9.79+0.21* 3.9440.11* 9.3940.31* 46.19+0.17F  .B0+0.14 3.70+0.03
Y 150 11.86+0.37** 4.21+0.27* 7.44+0.21* 50.16+0%4 | 43.24+0.22* | 6.60+0.12*
\Y Vincristin (80) 11.94+0.31** 4.13+0.18** 8.05+0.36* | 51.44+0.11** | 40.26+0.14**| 8.30+0.18*

Data represented as mean +SEM, (n=6). Significane®veen DLA control and extract treated group. € B.05; ** P < 0.01.

Table 4: Effect on Bone marrow cellularity andp-esterase activity

Group | Dose (mgikg body weight) ®°"CGEUIGCRIY | e postive cells 4000 cell)
I T. control 16.23+0.68 881428
I 50 19.44+0.73 1004+39*
1l 100 24.94+0.87* 1184x48**
v 150 29.14+0.64**+ 1298+24%+*
\% Vincristin (80) 27.36+0.88** 1264431 %+

Data represented as mean +SEM, (n=6). Significanesveen DLA control and extract treated group. € B.05; ** P < 0.01; *** P < 0.001.

Table 5: Effect on antibody titer

Antibody titer _
Days Treated Group | Group Il Dosgr(crﬂfz)/klﬁ = We(l‘;‘grrt])tlip \ Group V

T. Control 50 100 150 Vincristin (80)
3 14.36+0.13 18.27+0.14 20.36+0.24 22.14+0.14 200331

29.33+0.84 55.60+0.74 79.16+0.14 89.16+0.24 8018
9 68.68+0.39 81.17+0.23 99.17+0.27 116.34+0.21f* 09115+0.18**
12 124.55+1.04f 159.44+2.501 198.57+3.64* 224.17168 |201.66+0.28***
15 103.68+0.84 118.36+0.28 124.66+0.8¢% 133.68+2.04 120.11+1.93
18 73.26+0.80 81.36+0.34 84.67+0.49 76.17+0.2 BOL4
21 41.33+0.17 48.57+0.94 32.61+0.17 45.40+0.27 eHOB4
24 26.16+0.13 22.66+0.21 18.16+0.21 19.17+0.1 2B 7
27 20.11+0.14 16.13+0.11 13.61+0.14 14.21+0.17 4DA3
30 12.16+0.24 11.14+0.13 10.11+0.17 9.16+0.14 809Ka:

Data represented as mean +SEM, (n=6). Significamewveen DLA control and extract treated group. € B.05; ** P < 0.01; *** P < 0.001.
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Table 6: Effect on the serum GGT and NO levels

) GGT (nmol p-nitroaniline/ml) NO (uM)
Group Dose (mg/kg body weight)
5" day 10" day 18" day 5" day 10" day 18" day
Group | T. Control 29.12+0.67 64.89+1.34 89.23+1.31 14.56+0.25 26.27+0.91 31.27+0.1
Group Il 50 19.34+0.12 47.28+0.98 56.33+0.2L 10062% 19.99+0.73 28.72+0.61
Group Il 100 18.94+0.95 41.93+0.68 49.92+0.63* .Ant0.21* 19.92+0.17 21.42+0.73
Group IV 150 16.82+0.284 38.91+0.22*F 44.54+0.917*9.87+0.27** | 18.48+0.84**| 20.37+0.53*}
Group V Vincristin (80) 21.67+0.94] 43.88+0.94f 5940).25* 11.04+0.18 22.53+0.62 24.62+0.5

Data represented as mean +SEM, (n=6). Significamewveen DLA control and extract treated group. € B.05; ** P < 0.01.

Table 7: Effect on the cellular GSH and NO levels

GSH (nmol/mg protein) NO (uM)
Group Dose (mg/kg body weight)
5" day 10" day 18" day 5" day 10" day 18" day
Group | T. Control 6.91+0.317 18.43x0.56 12.01+0.]611.33+0.89 15.28+0.43] 19.38+0.2f
Group Il 50 7.98+0.2)f 12.29+0.78  10.06+0.14 8.1680. | 10.43+0.36 14.69+0.23
Group Il 100 7.27+0.63 9.78+0.23F 8.06+0.13F 6.91%4* | 8.24+0.19* | 11.45x0.27
Group IV 150 6.86+0.14 8.98+0.33* 6.11+0.21f* 4.1B27** | 4.98+0.21* | 7.22+0.15*
Group V Vincristin (80) 7.91+0.33 8.39+0.1* 5.2660** | 5.66+0.24** [ 5.69+0.42** | 6.23+0.44**

Data represented as mean +SEM, (n=6). Significamewveen DLA control and extract treated group. % B.05; ** P < 0.01.

Percentage Cyvtotoxicity ™
120
100
F 80
'E‘
':Ej 60 /
£
6’ 40 /
20 P
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0.05 0.1 0.2 0.4 0.6 0.5 1
Concentration (mg/ml)
N A
Figure 1: Cytotoxicity of ethanolic extract of Microcosmus exasperatusto DLA cells
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Figure 2: Effect onsolid tumor volume
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Figure 3: Effect on antibody forming cells
CONCLUSION

A comparison of the results obtained for the ethiarextract Microcosmus exasperatug a dose of 150 mg/kg
body weight with that of standard drug indicatesignificant antitumor and immunomodulatory activit
preliminary GC-MS studies of the ethanolic extraas shown the presence of compounds like Hexadstgt of
trichloroacetic acid, Tetradecanoic acid, n-Hexatedc acid, Trifluoro- 2,2-dimethylpropyl esteradetic acid, 26-
Nor-5-cholesten-34-o0l-25-one, Cholestan-3-ol, &9kttadecatrienoic acid, phenyl methyl ester, (2Z,N-[4-
bromo-n-butyl]-2-piperidinone, showing antioxidangnticancer, Cancer preventive, antimicrobial, i-ant
inflammatory, hepatoprotective, hypoglycemic, asttiimatic, antipyretic and antiandrogenic actisifé3]. Further
studies on the isolation of compound responsibietfe activity and the mechanism involved are ndddecome to
a definite conclusion.
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