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ABSTRACT 
Microplastics (MPs) are established contaminants of coastal ecosystems. Present investigation is aimed to assess comparative toxicity of polystyrene microplastic (PS-MP) and expanded polystyrene microplastic (EPS-MP) in the coelomocytes ofAstropecten indicus, a common seastar ofDigha coast of Bay of Bengal, India. The coastal water of Digha, a tourist spot of attraction, bears the ecotoxicological risk of contamination by various agents, including expanded and nonexpanded microplastics of industrial origin. Coelomocytes of seastar perform multiple physiological functions, including pathogen engulfment, cytotoxicity, and respiratory gas exchange, and are considered immune effector cells in echinoderms. We report an adverse shift in total count, phagocytic response, cytotoxicity and oxidative potential of the coelomocytes of A indicus Uiltler 

th~ exposures of 0.5 and 1 mg 1-1 PS-MP and EPS- lvfP for 7 and 14 d. Experiment dat EPS ~iP in coelomocytes h\ a suggested a higher level of cytotoxicity of - . 'W coIItparison to that of PS-ivIP. Seastar is considered as a keystone sp~cie:, plavs . fun tional homeostasis 04 V an lID.portant role in maintaining the c MPs may ecosyste U f t I water by n . m. nrestricted contamination o coas a . tal endp · t'ers1stent . star Experunen lilllnunophysiological stress in sea · 
liDF,CEn 
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'd d effective monitoring tool lo assess ecotoxicil~p 
be canst ore ns . ]· l . l ,vi 8 ltt 

, ·ms shanng tho samo IEI >1lfl • 8e11at 
and alike orgams , . . -. 

rd . A ·Lronecton indicus, Bay of Bonga}, suporoxide anion No 
Keywo S, s l' I I son. 
INTRODUCTION 

l t. (MPs) pollution have been identified as a serious ecot . 
Microp as 1cs " . . . oX1coJ • 

f marine environment. MPs origmate from diverse hulll C>gi~ 
concern or an acu . 
including beach littering, road run off ~ewage, waste dumping and '0.1 \liffea 

f . . 1 , activity Uambeck et al., 2015; Seb1llo et al., 2016). According t G arfiia 
lS 1ery , · . 0 UZef 

et al. (2018) , secondary MPs in marine environment are generated d U 

hotolvtic exposure, mechanical wave and leaching of plastic debris d' Ue to 

t th; ocean. Expanded polystyrene (EPS) is used in material pac~~ 

product.ion of lightweight concrete, buoys, floating docks, net floats a d rg, 
stand in coastal region (Sulong et al., 2014). Plastic debris have been r: 

0 
oat 

along the shorelines of Northern hemisphere (Obbard, 2018), Pacific (Ep rled 
. 8ger et 

al., 2020), Atlantic (Hidalgo-Ruz et al., 201~) and Med1terr~1~ean ocean (De La 

Fuente et al., 2021). Eriksen et al. (2014) estimated over 5 trillion tons of Plastic 

pieces floating in sea globally. 

Sea.star, Astropecten indicus (Phylum: Echinodermata: Class: Asteroidea: 0rde. 

Paxillosida), a generalized feeder is geographically distributed along the coa~ 

of Soutl1-East Asian countries including the coast of Bay of Bengal, India (Loh 

and Todd, 2011 ). Coastline of India, including Bay of Bengal is reported to be 

contaminated by various types of !v1Ps (Tiwari et al., 2019). According to these 

authors, human population size near the shoreline may be the cause of variable 

degree of MP pollution of coastal water. Being deuterostome, echinoderms bear 

evolutionary importance and exhibit a central role in maintenance of ecosystem 

integrity (Pinsino and Matranga, 2014). Coelomocytes, the immune cells of 

echinoderms, are free moving cells recorded in coelom and water vascular 

system (Smith, 2010). Pinsino and Matranga (2014) claimed coelomocytes of 

sea urchin as sentinels of environmental stress and sensitive 'cellular model' for 

immunotoxicological investigations. Purple sea urchin (Paracentrotus lividus) is 

also reported to be a novel cellular biosensor of environmental stress (Pinsino 

et al, 2008). 

Echinoderms are ancient and successful invertebrates which are in constant 

exposure of environmental stresses like toxicants and emerging pollutan 

(Pinsino and Matranga, 2014). They are indicators of environmen 

toxicities of sediment metals and polychlorinated biphenyls (Coteur et 

Z003). hmmme-associated parameters like superoxide anion, nitric 0 

phenoloxidase, superoxide dismutase, catalase and glutathione-S-~ 

are reported as biomarkers of chemical toxicity in many aquatic invarte 
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Port a s 
1 

. . NO d . . P agocyt1c efficaMJ J re , of superox1de amon, an activities of PO son CAT -J, 
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. P. Present expernnenta en pomts bear hnnmnological . 'f• . 
EPS-M · d 1 . 11 . s1gm 1cance 

10 n evolutionary an eco og1ca y important deuterostome fth seastar, a 1 1 d o e coastal 
. f Bav of Benga . Pro onge contamination of coastal w t b PS region o J • • a er y -:Mp 
d Eps-MP is apprehended to cause dwmdlmg of population of A • d' . 

an L • in wus m 
t al habitat of Bay of Bengal. its na ur 

UATERIALSAND METHOD 2, JYJn 

2.1. Physical characterisation of PS-MP and EPS-MP 

PS-MP (GAS number: 9003-53-6) was purchased from HIMEDIA, India and EPS 
styrofoam was collected from local market. EPS-MP was prepared manually by 
rubbing the source matorial over sand paper of 80 grit (NH Brand, India). The 
determination of the hydrodynamic particle diameter of PS- MP, and EPS-MP 
were carried out. 

2.2. Collection, transportation, and laboratory acclimation 
of experimental starfish 

Adult healthy seastar A. indicus was collected from Digha coast (21.6222° N, 
8
7.5066° E) of West Bengal, India, by net trawling method and transported 

to the laboratory with sea water. Seastars with average diameter of 2.4 ± o.3 
cm, were acclimatized in glass aquaria consisting artificial sea water (ASW) 
au

d 
sand sediments ivith adequate aeration and filtering system at a density of 
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, 3 L of sen wnlor nl conslnnt lomperature ra 
'n\811 pol nge (ls 

sin.glo spoci 'U) and pH (8.0-8.1) fo:r 7 days. ·22ff\ 
salinity (33 PS "I, 

. tal exposure of PS-MP and EPS-MP 
2 3 E.xper1men . . . . 
· · f erimental replicates each consisted of 5 seastars 

A uiuber o 5 exp -1 • d EPS Per ~t 11 d ··tl O 5 and 1. mg L of PS-MP an .. J l -MP soparafe] t efJle, 
t ·oato w1 1 • . y ior 7 

were 1 
· 'th a parallel set of control without any toxin. illldtf 

days along Wl 

. numeration and determination of viability of coe] 
2•4. Collecbon, e oni0CJ'fea 
of experimental seastar . 

. tal seastar specimens were bled and the coelomic fl 'd 
Expernnen c c 

1 
u1 ~ 

. ll ollected in precooled coelomocyte cu ture medium (CQ.,f. as 
asephca Y c l .r M Cl · 2 Illij 
EGTA, 20 mM HEPES, 0.5 :tv~ NaCl anc 5 mN1 g 2; pH ~-9) (Pinsino et al. 

2007) to prevent anticoagulation. The total coelomocyte density was detel'lnin , 

microscopically using Neubaue_r's haemocytometer. Coelomocyte viability~ 

checked by staining the cells with trypan blue dye. 

2.5. Determination of phagocytic response of coelomocytes 

The phagocytic response was estimated by challenging the coelomocytes 

with yeast suspension in a prestandardised ratio of 1:10 over grease free sllde 
and incubated at 27 °C in a humid chamber for 3 h (Gautam et al., 2o2o}. 

Postincubated monolayer was rinsed with CC:M and stained with Giemsa1s stain 
and observed under microscope (Axiostar Plus, Zeiss). Number of adherent 
coelomocytes involved in phagocytosis were determined microscopically by 
considering at least 200 fields (Adamowich and Wojtaszek, 2001 ). 

2.6. Estimation of antioxidant molecule generatiom 

Superoxide anion generation was estimatod by following the principle 

reduction of nitroblue tetrazolium (NBT) (Takahashi et al., 1993). Nitric o · 

(NO) generation in coelomocytes was estimated by reacting the cells wit 
reagent (solution of 0.1 % naphthyl ethylenediamine dihydrochioride 

sulfanilamide in 5% concentrated orthophosphoric acid) (Green et al. 

2.7. Preparation of coelomocyte lysate 

Lysate of coelomocytes was prepared by incubating 106 number 
with 5 mL of 0.1 

% TritonX-100 at 4 °Cf 12 h 111. · S or ours to ensure complete ce ysis. u 
centrifuged at 650 £ . • 
. 8 or 15 mmutes at 4 °C and the supernatan,. 
: a prechilled glass vial. Activities of PO SOD CAT and GST 

om the collected supernatant. , ' 
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1 (19- · 1nnrato 11 · fo11 of proo • r.'stinta 
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· • · f SOI) (EC z,9, P f the act1v1ty o ,._ . 1.15.1.1) in 11 t·on o ( ) . h 18 coelorn csti1J1a l ft J' S'ong ot: al. 2009 wit: . minor modiJ1'cati ocyte lysate wa, P l a o. ' ons A :ti , .,,cord0< · stirnated in the lysates of coelomocyt f · c Vtly of CAT (F.C 1" ') was e es o A ind' 1,11,1•\ with hydrogen peroxide as substrate. GST (EC ~.s./c:us afta.r ~u et al· (199 ) f (last:ar coolomocytes was determined (H b' 18) act1v1ty in too s, a igetal 1974) the lysa -chloro-2, 4-dinitrobenzene (CDNB). ., using the 
bstrate 1 

sll 

t. tical analyses 10. Sta .ts 2· . d data were checked for normality and homogen 't . 
Obtai~e kherjee et al.' 2016). As all the acquired data were :1 y td1smgb Bartlett's test (N.tll - , al . f . oun to e normal · t,. c one-way an ys1s o variance (ANOVA) (Tang et al 2020) t ll ' ara1ue n ' . . . ·, 10 owed P k y's multiple comparison test (GraphPad Prism version 5 f . d by T1l1 Ped Software, La Jolla California, USA) for each tox1·n or wmtro~s, Grap 1 a L ,• , • • concen ahon and after each expernnental day for deternunmg the significance between 

t 1 and treated sets. Data were presented as mean + standard d . 1. 
con ro · - ev1a ion (S.D) (n==5). Asterisk (*) in the data represented significant difference from 
the control. Dissimilar letters between the data represented the significant 
difference between the PS-MPs and EPS-MP exposure sets. Differences were 
considered significant at p* <0.05. 

3.RESULTS 

3.1. Physical characteristics of PS-MP and EPS-MP 
The average hydrodynamic size of PS-MP and EPS-MP were recorded as 653.3 
d.nm and 7401 d.nm (Z-average) (Figure 1A, B). The peaks ofDLS of PS-MP and 
EPS-:tvIP at highest intensity (99 %) were recorded as 248.3 ± 38.9 d.nm and 
398.6 ± 25.7 d.nm (Figure 1A, B). Surface charge of PS-MP and EPS-MP ware 
recorded as -0.159 m V and -34.8 m V (Figure 1C, D). 
FESEM images of PS-1-'IP (Figure 1E) exhibited distinct spherical structure of 
MP having an average diameter of 2.04 ± 0.36 µ,m. The FESEM images ofEPS­
MP (Figure lF) exhibited uneven porous structure with an average size of 1·54 
:±: 0,155 llllll. 

3.2. Total I coe omocyte count 
Adverse shift f , di recorded ex O total coelomocyte count of A m cus was 

Posure of 0.5 and 1 mg of PS-MP and EPS-MP per liter of ASW fo:r 
linP,Cf:n B 

, U, OES, ID.fNH & DOUP 
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. ld f total coelomocyte count was estimated , 1 west yie O as 7 8 ,. ·e 2A), 1he o d 2 + 0.931 x 100 cells mL-t upon HXposure of 1 . t (F1gu1 L·' an 4. - n1g L o ells 111 t· l ~ 0 73 x 10 c 1P f 14 d respec 1ve Y· . d EPS-N or 
of ps-MP an 

yti. c response 
3,3, Phagoc f 1 uocytes of starfish A. inclicus markedly de . . onse o coe o1 creased Phaaocyt1c iesp . f PS-MP and EPS-MP for 7 and 14 d (Figu 

o entration o re 2BJ 
at each cone . d' s ,,vere recorded as 63.2 ± 1.82 and 55 + 1 37 · ytic 111 ice • - · UJ>o 
MiuiJDUIIl phagoc V of PS-MPs and EPS for 14 d respectively. ll. 
exposure of 1 mg 

'd anion generation 
4 Superox1 e 3
· · fish A. indicus under the exposure of 0.5 and 1 Ing of p 

C 1 lllocvtes of star d d xh'b't d . 'f' S. oe o - 1·t ASW for 7 an 14 e I I e s1gru icant incre d EPS- :tvIP per 1 re ase in. MP an . f roxide anion (Figure 3A). Coelomocytes exposed to 1 the generation ° supe . . . lllg 
d EPS-MP for 7d resulted m maxrnmm generation of superoxid L"1 of PS-:tvfP an o 11 1 • t 1 8 

d d 0 01855 ± 0.00113 OD10 ce s· mum e· and 0.01968 ... anion, recor e as . . -
0.00 

09 OD 106 cells·l minute·' respectively. 

3.5. NO generation 
. t 1 h'ft 1·n NO generation was recorded in the coelomocytes of seast Detnmen a s I ar 

A. indicus under the exposure of 0.5 and 1 mg of P.S-MP and.EPS-MP per litre of 
ABW for 7 and 14 d (Figure 3B). Maximum generation of NO m the coelomocytes 
of seastar were recorded as 0.18936 ± 0.011 µ,M nitrite 106 cells-1 minute·t and 
0_2328 ± 0.0009 µM nitrite 106 cells-1 rninute·1 upon exposure of 1 mg L·' PS­
:tvIP and EPS-MP for 14 d respectively. 

3.6. PO activity 

Decrease in PO activity was observed in the coelomocytes of starfish A. indicus 
under the exposure of 0.5 and 1mg of PS-MP and EPS-1'1P per litre of ASW for 
7 and 14 d (Figme 3C). Coelomocytes exposed to 1 mg L·1 of PS-MP and EPS­
:MP for 14d yielded lowest activity of PO, estimated as 0.24768 ± 0.011unit mg 
proteirr1 and 0.2157 ± 0.0129 unit mg proteiri-1 respectively. 

3.7. SOD activity 

Inhibition in SOD activity was recorded in the coelomocytes of starfish A. 
indicus under the exposure of 0.5 and 1 mg of PS-1-1P and EPS-MP per litre of 
':8W for 7 and 14 d (Figure 4A). The highest inhibition in the activity of SOD 
m the coelomocytes of A. i.ndicus were estimated as 0.0822 ± 0.00288 unit mg 
protein·

1 
minute-

1 
and 0.0642 ± 0.00204 unit mg protein-1 minute·1 under the 

exposure of 1 mg L-
1 
of PS-MP and EPS-1-fP per litre of ASW for 14 d respectively. 

354 

HDF. CED, BU, OES, RMNH & 



tic 16 more cytotoxic ... fcl'oplas 

.,nYJIIB 111 -----------------~""~•~IIOdaJ,rr~~~a,..~~--
!YP 

dedP · oJl'Str - --IICIDI 
OJI 

thrity · d' d th Cf\1' lie t fish A. 1n wus un er e exposure of 
O 5 3.8, Jlocytes of s :: litre of ASW for 7 and 14 d Yielded •l~~nd lrng of PS­

coelord p:PS-IviPFP rre 4B). Maximum depletion In !he •ctiVitycafnt depletion 
aJl ·ty ( Igt d d ° CAT in the tvff 'f actiVl A . dicus were recor e as 0,02572 ± o.

00091 
k . 

cf\ of ' Jn • 1 th mg prote1n-1 of ...-.ocytes O 00097 k mg protein- upon e exposure of 1 mg L-1 of PS-MP eloj~• 61 -+- • • 1 
co o23 - 4 d respective y. do. ...,.-p for 1 
aJl £PS- 1Y.L 

aJld tivity 

3_
9
. c:;Sf ac GSf activity was recorded in the coelomocytes of starfIShA. indicus se u1 V crea 

:posed to of PS-MP and EP~-MP per li".'9 of ASW for 7 and 14 d (Figure 4C). 
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Figure 2. 

1i I t (A) and phagocytic index (B) of coclomocytcs of A. indicus exposed to 
0 ota coun 1. f 'fi . I " ,5 

and 1 mg of PS-MP and EPS-MP per 1tre o arh 1c1a sea water ,or 7 and 14 d. The 
data arc presented as mean ± SD (n=5). 

l~hJll_CLDiJil 
,__. u--c:_• ...... ~ c--, ....... ~ ...., ... ....... .--

I ~~tLLJU~ 
(-- ....... .. ..... . ..... ....,. , ... . .. ... ·--

Figure 3. 
Generation of superoxide anion (A), nitric oxide (B) and phenoloxidase actMty_(CJrl 
coelo~~es of A. indicus exposed to 0.5 and 1 mg of ~MP and EPS-MP per litre J 

artificial sea water for 7 and 14 d. The data are presented as mean:!: SD (a::::5). 
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Figure 4. 

Activity of superoxide dismutase (A), catalase (B) and glutathione-S-trans£. (q . f A . 1. d 1erase in the coelomo~yte~ o , me 1cus expose to 0.5 and 1 mg of PS-MP and EPS-MP per 
litre of artificial sea water for 7 and 14 d. The data are presented as mean 

± SD (n=5). 

4. DISCUSSION 
Plastic debris are considered as hazardous wastes for their buoyancy, durability, 
sorption capacity and nonbiodegradability (Rochman et al., 2013). EPS buoys is 
the commonest beach debris of South Korea, followed by fishing ropes, plastic 
bags and food wrapper (Eo et al., 2018). Toxic additives like plasticizers, UV 
stabilizers, colorants and thermal stabilizers reported to be leached in higher 
concentration from EPS (Andrady and Rajapakse, 2016) in comparison to 
those of non-expanded polystyrene (Thaysen et al., 2018). Feng et al. (2020) 
reported differential accumulation of N1Ps in the coelomic fluid, gonads and 
gut of 4 species of sea urchins of Bay of North China. According to them, gut 
accumulated highest number of :t\.1Ps followed by coelomic fluid and gonad. 
This suggests ingestion as the major mode of particulate entry of plastic in sea 
urchins. The size of the ingested :t\.1Ps is reported to be ranged betwee~ ~~ p,lll 
taffo 4.7 mm. According to Bergami et al. (2019), short term exposure o 

ected th • arcti ea urchin, Stsren n e mnate immune parameters of Ant c 5 

eumayeri. 
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1 
d . significant decrease o tota coelomocyt ..... ~ d resu te 1D . . , 8 Cou 

for 7 and 14 . 2A). The exposure of EPS for 7 and 14 d yielded I Ill 
in A. indicus (Figur~ arison to PS-MP exposure, which indicated h?Wer 

t count Ill comp . h . . lgher coelowocy e . .. ·t f EPS in A. ind1cus. P agocytos1s 1s considered 
f . nunotox1c1 Y O • h as a level o ID11 • · spouse of coelomocytes against pat ogen and t . . 1 · te 1mmtme re. · . 0xm 

class1ca mna oc tic activity of coelomocytes of Antarhc sea urchin · 
Impairment of phag y f mL 1 fl 

. ported under the exposure o 5 µg . uorescent PS 
S umaven was re ) A d. . • ne - d 24 h (Bergami et al., 2019 . ccor mg to the auth 
COOH for 6 an . h h ors, . . f PS-NP after 6 and 24 h m t e p agocytes of S. neuma"' . 
internahzat10n o . d . b'l-'t t th Jeri . . comJJromisatwn an 1na 1 1 y o pa ogen destrucu resulted m mununo . on 

. h nism. Exposure of FITC labeled M1crococcus leuteus caused efficacy by t e orga 1 f E 
. ha ocytic activity in the coe omocytes o uropean starfish 

decrease JI1 P 8 . · t' · d' t d · . b (Coteur 2002). Present mvestiga 1011 m 1ca e unpairmeut m· Astenas ru ens • 
. . activity of A. indicus under the exposure of PS-1v1P and EPS £or mnate urunune 

d 14 d. EPS induced phagocytic activity of coelomocytes was recorded to 
~ea~wer in comparison to exposure of PS-MP. Result may indicate higher level 

of immunotoxicity of EPS-i'v1P. 
Go alakrishnan et al. (2009) reported that generation of superoxide anion by the 
im!mnocytes is correlated with the oxidative burst in the phagocytic cells of 
marine gastropod Haliotis diversicolor. Su peroxide anion upon conjugation with 
NO generates a strong bactericidal oxidant molecule, peroxy:nitrite (ToITeilles 
and Guerin, 1999). Chemical stress induced shift in generation of superoxide 
anion and NO may lead to oxidative damage in organism. Hyperproduction 
of superoxide anion was reported in coelornic fluid and respiratory tree of sea 
cucumber Apostichopus japonicus exposed to desiccation related stress for 0, 3, 
6, 12 and 24 h (Cui et al., 2020). We report increase in generation of superoxide 
anion and NO in the coelomocytes of A. indicus under the exposure of 0.5 and 
1 mg L-1 of PS-MP and EPS-MP for 7 and 14 d (Figure 3A, B). Exposure ofEPS­
ivfP resulted in higher oxidative stress on the coelomocytes of A. indicus was 
iTitli~ativ: to immune suppression in the same species. PO plays a major role 
fungi5fatic, bacteriostatic and antiviral activities in invertebrates Uohanson 
Soderb~l, l996). According to Nappi and Ottaviani (2000), PO is a poten 
cytotoXIc enzyme ca bl f . . . . . di t tor pa e o generatmg toxic qlllilo1d mterme a es 11 
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rded alteration in PO activity in tl 
We reco d ie ooelo 

f 11se, sure of 0.5 an 1 mg L-1 of PS-Mp Inocytoa of A 
de e I O ox.P0

• • and EPS lndJou }el' t 1. d' ation of nnmunocompromisatio1 f ' -MP (Fi • 
011< ' . l ill IC • • l O A. ind' . suro 3C), 
rl'jJiS is aI :xposure of EPS-MP y1oldod lugher de . ious 111 co11ta1t11 
i . t. 'fh1:1 e f PS-MP. gtee of shift . p nated 
1iab1ta . , to that o . in O activity i a~~oD n 
coJJlP 1 (Z012), claimed that determinatio f 

d et a . n o anlio 'd 
tv-farka idered as a tool to monitor environ1n tal x1 ation response 

be cons f en toxicity A JllaY (Z003), the excess o superoxide anio . l · ccording to 
. gs tone d C A, n is c ienucall 

LiVJll •f'ed by SOD an nT. Dolmatova et 1 (2 Y neutralised 
d detoXl 1 a . 018) rep rt d 

all f lead downregulated CAT activity in th l O e that the 
sure o e p iagocytes of l 1 h 

e»'P0 t ft·audatrix. Increased activity of SOD a d r A• 
10 at uroid 

11 tac a n 1Jt1T were d 
£11P8 

. tentacles, peristome and coelomic fluid of sea b recor ed in 
testine, 1 1 cucum er Apostich ill . bv feeding chame eon p ant Houttuynia opus 

. poJ11CUS J 

,a 5 food supplement (Dang et al., 2019). Experim t 1 cordata a d d . . en a exposure of PS-
d EPS-:tvIP for 7 an 14 resulted m significant decre f SOD MP an f . . . . . ase o and CAT 

. 'ti' es in coelomocytes o A. mdwus, md1catmg MP ind d . achVl . . . uce suppression 
t. xidant defence potentrnl m same specrns (Figure 4A B) Ex of an 10 . • • • . , • posure of 

EPS-t-.-1P exhibited a higher tox1c1ty m A. mdicus in comparison to that of its 

Xpanded counterpart. none 
GST is enzymatically inv~lved i~ de~oxification process of all eukaryotes 
(Nicosia et al., 2014). CST ~s phys10log1cally associated with the reduction of 
oxidative stress (Hermes-Luna and Storey, 1993). Acute exposure of PS-MP 
caused decrease in GST activity in coral Pocillopora demicornis (Tang et al, 
2018) . Chloropyrifos inducod shift in the activity of GST of digestive gland of 
bivalve Scapharca inaequivalvis was reported by Antognelli et al., (2006). We 
reported, suppression of GST activity in the coelomocytes of A. indicus under 
the exposure of 0.5 and lmgL·1 of PS-MP and EPS- :MP for 7 and 14 d (Figure 
4C). Experimental findings suggested potential inhibition of detoxification 
potential in A. indicus. Exposmo of EPS yielded higher grade of toxicity in A. 
indicus compared to that of PS-MP exposure. 

PS-MP is a polymor of styrene conjugated with carboxyl group, whereas 
EPS is synthesized by treating polystyrene with air and chemical additives 
like benzene derivatives and HBCDD, a hazardous additive. Ultrastructural 
analyses of PS-MP and EPS-MP revealed that the PS-MP is a smooth surfaced 
~uucl material \'\.1th an average diameter of 2±0.042µ.m. Contrarily, EPS-MP are 
ll'regular shaped, large sized granules with extensive surface porosity (~i~re 
lEl, F]. Higher decn•ee of cellular toxicity of EPS- MP may be correlated wt1thti~alts 
re ati o-- d I chin po en ve size, structural complexity, iITegular morphology an ea 8 
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i 1 nddilivos. Howevor, more ros0nrch ls to be c 
of toxic chotn cu arrfed oUt ha 

dh•oclion, . . . . • 1 · ,. . , . , • " 
. l . and soll.1.ng of d1vm.so p asllc-mc1d0 1torns are 1 U t'()stncloc uso . . d' d d' c 1ar11ct 

n . 1,Jl stic debris are often ispose uectly to coastal 8'1atfc, .. 
D. ha coast. a . f Water • 18 . . Use of large sized plastic nets or capture fishery . c~ 

tanunahon. is an .... _-., 
con, . ce followed by the fislrnrmen ~f Bay of Bengal. Tiwari et al. (2019 ,88e-o14 
prach., · . . . I'<>l·llastic:s from beach sand samplos of tho shore}' ') 'SOfa,_, 

olystyroue nnc . . • . ine of B "" 
P 1 Th' . ·tudy also indicated that the beaches of Indrn are contain. ay rt 
Benga . is s . 1 . . tnat9<1 

lar and film shaped nucrop ashc particles. This co t "lflt 
fibrous, granu . . . . n <Uninatt ..... 

b 1 ted with various anthropogemc achv1hes along this c -·auq 
may e core a oasfal 

. t al (2020) reported presence of fibrous, particulate and fr area, 
Hossam e · · a8ln 
microplastics in the gastrointestinal tract of tiger and brown shrun 8med 

tl l Bay of Bengal While enlisting the coastal fauna of Digha Ps It 
nor 1en · C<>as( ft 
Bay of Bengal, Sarkar et al. (:01~) reported presence of A. indicus alon8With 

other seastars. Thus, this spec10s 1s ass~med. to be exposed to. both primary and 
secondary microplast~cs. Immunophys10l~g1cal par~et.e~·s hke density count, 

phagocytosis, cytotoxic molecule ge~erahon and ox1dat~'\I e ~tress response are 
reported as effective markers of envll'onmental contammabon (Pinsino et al 
2008). Considering the even distribution of A. indicus and its physioiogir.ai 
sensitivity towards microplastic, experimental parameters are assumed to 

be useful for ecotoxicological monitoring of plastic pollution in coast of BitJ 
of Bengal. Moreover, echinoderms are coelomate deuterostome and b 
evolutionary importance in the phylogeny. Present investigation would th 
provide a useful information base for effective monitoring of ecotoxicity 
immunophysiological status of seastar inhabiting the coast of Bay of Beng 
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