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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
of Astropecten indicus, a common seastar of Digha coast of Bay of Bengal, India.
The coastal water of Digha, a tourist spot of attraction, bears the scotoxicological
tisk of contamination by various agents, including expanded and nonexpanded
microplastics of industrial origin. Coelomocytes of seastar perform multiple
PhySiOlogical functions, including pathogen engulfment, cytotoxicity, arfd
**Spiratory gag exchange, and are considered immune effectf)r cells in
*chinoderms, W report an adverse shift in total count, phagocy’tlc TRl
Vlotoxicity anq oxidative potential of the coelomocytes of A. indicus ultder t:m
*XPosures of 05 ang 1 mg L* PS-MP and EPS- MP for 7 and.14 d. Experimen
a suggesteq higher level of cytotoxicity of EPS-MP in coelon‘loc
“Mparisop that of PS-MP. Seastar is considered as a keystone spect
Plays ap mportant ole in maintaining the functional homeostasis
“05yston, Unrestricted contamination of coastal watel: W Iﬁjs
% immunophysiological stress in seastar. Experimen
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INTRODUCTION

Microplastics (MPs) pollution have -been i‘c'ie'mtified asa s.el'ious eco
concern for marine environment. MPs originate from diverse huﬂlan i ica)
including beach littering, road run off éewage, waste dumping and nlxm-ie'
fishery activity (Jambeck et al., 2015; S.ebllle et' al., 2016), ACCOrding o l?ﬂno
ot al. (2018), secondary MPs in marine environment are genepatgy ;
photolytic exposure, mechanical wave and leaching of plastic delyg b Ug t,
‘0 the ocean. Expanded polystyrene (EPS) is used in materia] Packgo-
production of lightweight concrete, buoys, floating docks, net float and b,
stand in coastal region (Sulong et al., 2014). Plastic debris have begy ol I:at
along the shorelines of Northern hemisphere (Obbard, 2018), Pacific (Eggere
al., 2020), Atlantic (Hidalgo-Ruz et al., 2012) and Mediterranean 0cean (Delj
Fuente et al., 2021). Eriksen et al. (2014) estimated over 5 trillion topg of plasg
pieces floating in sea globally.

tO)d(:ol ’

Seastar, Astropecten indicus (Phylum: Echinodermata: Class: Asteroidea: Ordep
Paxillosida), a generalized feeder is geographically distributed along the Goas';
of South-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 bg
contaminated by various types of MPs (Tiwari et al., 2019). According to thes
authors, human population size near the shoreline may be the cause of variablg
degree of MP pollution of coastal water. Being deuterostome, echinoderms bear
evolutionary importance and exhibit a central role in maintenance of ecosysten
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 const

exposure of environmental stresses like toxicants and emerging pollutant
(Pinsino and Matranga, 2014). They are indicators of environmental
toxicities of sediment metals and polychlorinated biphenyls (Coteur
2003). Immune-associated parameters like superoxide anion, mitric:
phenoloxidase, superoxide dismutase, catalase and glutathione-S-trans
are reported as biomarkers of chemical toxicity in many aquatic invert
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5, MATERIALS AND METHOD

1. Physical characterisation of PS-MP and EpS-Mp
; IMP (CAS number: 9003-53-6) was purchased from g
Pts- foam was collected from local market, EPS-MP was Prepared manually by
styrofoam we

bbing the source material over sand paper of 80 grit (NH Brand, India). The
TuppDL =

determination of the hydrodynamic particle diameter of PS- MP, and EPS-MP
were carried out,

IMEDIA, India and EPS

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

Adult healt}
87.5066° E)
0 the labhorg
tm, wepg 3¢
d sapg gq

1y seastar A. indicus was collected from Digha coast (21'6222;:1’
of West Bengal, India, by net trawling met}‘lod and t;;n:pf o
tory with sea water. Seastars with ayerags .d%ameter ;ate; (XSW)
climatized in glass aquaria consisting a?tlﬁmalt seaat a density of
diments with adequate aeration and filtering system :
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single Sl)ezl;\SLI)pall(i pH (8.0-8.1) for 7 days. m'zza

salinily (3¢
Es perimﬁn‘-al exposure of pS-MP and EPS-MP
203' \'

i  replicates each consisted of 5 seasty iy

of § experimenta ; S Por b
A number 0 05 and 1 mg L7 of PS-MP and EPS-MP Soparately I.o:‘;ﬂtqmq
¥ h a parallel set of control without any toxin, nd 14

Collection enumeration and determination of viability of coelomg,.,
2.4. L0 )

of experimental seastar |
Experimental seastar specimens were bled and the codl .

" eallyjeallectct fn precooled coelomocyte culture medium (CCM: Wa"
;IS(?F); 20 mM HEPES, 0.5 M NaCl and 5 mM MgCl2; pH 7.9) Pinsiy, y
2007) toprevent anticoagulation. The total coelomocyte density wag determ, "y
microscopically using Neubauer’s haemocytometer. Coelomocyte e .
checked by staining the cells with trypan blue dye.

9.5. Determination of phagocytic response of coelomocytes

The phagocytic response was estimated by challenging the Coelom0cytes v
with veast suspension in a prestandardised ratio of 1:10 over grease fres i
and incubated at 27 °C in a humid chamber for 3 h (Gautam et al,, 2020], 4
Postincubated monolayer was rinsed with CCM and stained with Giemsa’s stain

and observed under microscope (Axiostar Plus, Zeiss). Number of adhereﬁ\
coelomocytes involved in phagocytosis were determined microscopically
considering at least 200 fields (Adamowich and Wojtaszek, 2001).

2.6. Estimation of antioxidant molecule generatiom |
Superoxide anion generation was estimated by following the prin
reduction of nitroblue tetrazolium (NBT) (Takahashi et al., 1993). Nitr
(NO) generation in coelomocytes was estimated by reacting the cells

reagent (solution of 0.1% naphthyl ethylenediamine dihydrochlori
sulfanilamide in 5% concentrated orthophosphoric acid) (Green et a

2.7. Preparation of coelomocyte lysate

Lysate of coelomocytes was prepared by incubating 10° number
with 5 mL of 0.1

% Tri?on X-100 at 4°C for 12 hours to ensure complete cell 13’ sis
?entrlfllgefl al 650 g for 15 minutes at 4 °C and the supern
lflrl aprechilled glass vial, Activities of PO, SOD, CAT and G

om the collecteq Supernatant, "
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10 gtatistical analyses
2.10.

te 10_01 Jloro-2, 4-dinitrobenzene (CDNB).

1ed data were checked for normality anq homo
i e ;

ObttﬁzMukherjee et al., 2016)‘. As all the acquired data were found to be normal
tzsrau.uetric, one-way analysis of variance (ANOVA) (Tang et al, 2020) followeg

o multiple comparison test (GraphPad Prism version 5 for windows
y 1Pz;d Software, La Jolla California, USA) for each toxin concen’rratior;

Grapl . 3 AR
nd after each experimental day for determmmg the significance between
a were presented as mean + standard deviatiop

geneity using Bartlett's

sontrol and treated sets. Dat

5D) (0=5). Asterisk (*) in the data represented significant difference frop
the control. Dissimilar letters between the data 1o

‘ presented 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
domand 7401 d.nm (Z-average) (F igure 1A, B). The peaks of DLS of PS-MP and
EPS-MP at highest intensity (99 %) were recorded as 248.3 + 38.9 d.nmn and
3986 £ 25.7 d.nm (Figure 1A, B). Surface charge of PS-MP and EPS-MP were
recorded as -0.159 mV and -34.8 mV (Figure 1C, D). :

FESEM images of PS-MP (Figure 1E) exhibited distinct spherical structure of
MP having ap average diameter of 2.04 + 0.36 ym. The FESEM images of EPS-

Ilﬂ; Figuro 1 ) exhibited uneven porous structure with an average size of 1.54
= U155 mpy, :

3.
2. Tota] coelomocyte count

YeIse shift of total o indlicus was m@oxd i
elomocyte count of A. indicus was :
"posur of 0.5 and 1 mg of PS-MP and EPS-MP por liter of ASW 2 i
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0.931 x 10° cells mL* upon OXposurg of ‘;s 784
nlg

i

). ‘he lowest yi
nl? and 4.2 :
0.73 x1 -0g MP for 14 d respectively.

ponse

oG ic res :
3.3. Phag il £ coelomocytes of starfish A. indicus marked]y dec

ic response O : Ig
PhagO(;thoncentration of PS-MP and EPS-MP for 7 and 14 { (F igurg e
at each o indices were recorded as 63.2 * 1.82 and 55 1 B

e hagocyti &) i
Mlmm:;;n o}; ;aglg I of PS-MPs and EPS for 14 d respectively, / Upop
expOSl

3.4, Superoxide anion generation

Coelomocytes of starfish A. indicus under the exp?s}n-e of 0.5 and 1 i
MP and EPS- MP per litre ASW for 7 and 14 d exhibited significant Ingreggg ‘
the generation of superoxide anion (Figure 3A). Coelomocytes exposed fo 1 mln
L* of PS-MP and EPS-MP for 7d resulted in maximuim generation of Superox'd8
anion, recorded as 0.01866 + 0.00113 OD10° cells? minute? and 0-019681 f
0.0009 OD 10¢ cells” minute™ respectively. %

3.5. NO generation

Detrimental shift in NO generation was recorded in the coe]omooytes of seas
A. indicus under the exposure of 0.5 and 1 mg of PS-MP and EPS-Mp per lihea;
ASW for 7 and 14 d (Figure 3B). Maximum generation of NO in the Coelomocyt:
of seastar were recorded as 0.18936 + 0.011 uM nitrite 10° cells? mipygg1 an;
0.2328 + 0.0009 uM nitrite 10° cells” minute™ upon exposure of 1 g [1 p§
MP and EPS-MP for 14 d respectively. g

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-MP per litre of ASW fg
7 and 14 d (Figure 3C). Coelomocytes exposed to 1 mg L* of PS-MP and EPSf
MP for 14d yielded lowest activity of PO, estimated as 0.24768 + o 011unit

protein” and 0.2157 + 0.0129 unit mg protein-! respectively. : 4

3.7. SOD activity

l’I;iljbition in SOD activity was recorded in the coslomocytes of starfi A0l
Asvf/ufso 1tl;der dthe expo.sure of 0.5 and 1 mg of PS-MP and EPS-MP per litre of
in the coeloario 1: : (Flgur.e 4A) The highest inhibition in the activity of SOD
cytes of A. indicus were estimated as 0.0822 + 0.00288 unit mg

0642 + 0.00204 unit i minute unaui

éxposure of 1 a : mg protein? minute? under the
mg L of PS-MP and EPS-Mp per litre of ASW for 14 d respectively:
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Figure 2.
Total count (A) and phagocytic index (B) of coelomocytes of A. indicus exposeq oo
and 1 mg of PS-MP and EPS-MP per litre of artificial sea water for 7 and 14 d Th(;
data are presented as mean * SD (n=5).

| v 'll
ol
" 2 : Yo e
1L
B - | i i
g Cmon ‘~;- hagh ™
Figure 3.

Generation of superoxide anion (a),
coelomocytes of A. indicus exposed
artificial sea water for 7 and 14

nitric oxide (B) and phenoloxidase Mﬁmy(qg
to 0.5 and 1 mg of PS-MP and EPS-MP per lifre
d. The data are presented as mean * SD (0=5)
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Figure 4.

Activity of superoxide dis.mu.tase (A), catalase (B) and glutathione-S-transferase ©
in the coelomocytes of A. indicus exposed to 0.5 and 1 mg of PS-MP and EPS-MP per
Jitre of artificial sea water for 7 and 14 d. The data are presented as mean

* SD (n=35).

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 acoumnulation of MPs in the coelomic fluid, gonads and
8utof 4 species of sea urchins of Bay of North China. According to them, gut

cumulated highest number of MPs followed by coslomic fluid and gonad.

this suggets ingestion as the major mode of particulate entry of plastic in s¢a
be ranged between 2.7 g

;‘::hins_ The size of the ingested MPs is reported to =
aff4.7 m. According to Bergami et al. (2019), short term ex?os;l; §ir.
*tted the innate immune parameters of Antarctic sea urchi,
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[mpairmen
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odiated
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ted under the exposure of 5 ug mL? ﬂllorescent Ps.
(Bergami et al, 2019). According to the ayg

» d 24 h :
C(fJOHalifs;ﬁgnagf PS-NP after 6 and 24 h in the phagocytes of S. neyy
intern

resulted in immunocoim

hors,

W, ayeri
promisation and inability to pathogen destructiOH

efficacy by the organism. Exposure of FITC labeled Micrococcus leuteys causeq
decrease in phagocytic activity in th? coel'omc‘myt?s ?f Eur?pean Starfigh
Asterias rubens (Coteur, 2002). Present investigation indicated impairment 4
innate immune activity of A. indicus un(%ex.’ the exposure of PS-MP and Eps i
7 and 14 d. EPS induced phagocytic activity of coelomocytes was recorded t
be lower in comparison to exposure of PS-MP. Result may indicate higher Jeyg]
of immunotoxicity of EPS-MP.
Gopalakrishnan et al. (2009) reported that generation of superoxide anion by the
immunocytes is correlated with the oxidative burst in the phagocytic cells of
marine gastropod Haliotis diversicolor. Sup eroxide anion upon conjugation with
NO generates a strong bactericidal oxidant molecule, peroxynitrite (Torreilles
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 coelomic 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
1mg L* of PS-MP and EPS-MP for 7 and 14 d (Figure 3A, B). Exposure of EPS-
MP resulted in higher oxidative stress on the coelomocytes of A. indicus W
mdi(?ative to immune suppression in the same species. PO plays a major roleh‘
gﬁiﬁ:ﬁc’lﬁ;ﬂ;ﬁzstatic ‘and antivira'l activities in invertebrates qoham(:n “
n e ccording to Nappi and Ottaviani (2000), PO is a poté
yme capable of generating toxic quinoid intermediates for
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cardatil1 ]LEPS-MP for 7 and 14 d resulted in signify
an

Nﬂ;‘q'ti o5 in coelomocytes of A. indicus, indicating MP induced suppression
acu

fioxidant defence potential in same species (Figure 4A, B). Exposure of
oi) Sri\lp exhibited a higher toxicity in A. indicys in comparison to that of its
. panded counterpart.

Experimenta] exposure of PS-
cant decrease of SO and CAT

noﬁnek. enzymatically involved in detoxification Process of all eukaryotes
[GI\?;O;; et al., 2014). GST is physiologically associated with the reduction of

idative stress (Hermes-Lima and Storey, 1993). Acute exposure of PS-MP
OMddd decrease in GST activity in coral Pocillopora demicornis (Tang et al,
;?;1126] Chloropyrifos induced 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 u‘nder
the exposure of 0.5 and 1mgL™* of PS-MP and EPS- MP f?r 7 and 14 d (‘Flg1:11‘6
4C). Experimental findings suggested potential inhibition of deto'x%flca.mon
potential in A. indicus. Exposure of EPS yielded higher grade of toxicity in A.
indicus compared to that of PS-MP exposure.

PSMP is a polymer of styrene conjugated with carboxyl group, gg?t;‘ea:
EPS is synthesized by treating polystyrene with air and .chemlcal addi vzl
lke benzene derivatives and HBCDD, a hazardous additive. Ultrasml(;mfad
analyses of PS-MP and EPS-MP revealed that the PS-MP is a SITIOOEﬂ};Ss};/rI;(;re
'und materia] with an average diameter of 2+0.042um. Contmng ,o sity (Figure
tmegulap shaped, large sized granules with extensive surface p clated with its
£ F), Higher degree of cellular toxicity of EPS- MP may - TOHChingp
Elatiyg Size, structural complexity, irregular morphology and e
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¢ and selling of diverse plastic-made items g
astic debris are often disposed directly to coqgy
Use of large sized plastic nets for cap‘ture fishery in gy o8
1ica followed by the fishermen of Bay of Bengal. Tiwarj f al, (2019 k

PICUBENEEE e astics from beach sand samples of t} ; “‘ﬁﬁ

Jystyrene microplastics rom _ 16 shore]jpg of

%Zr?gal. This study also indicated that ‘t'he' bela(_:h.es of In‘dla are C(?mamiﬂated _'
fibrous, granular and film shaped microp e%s’uc }')a'rt}cles. This comamm:% ‘
may be corelated with various anthropogenTc activities 'along this coqyy L

Hossain et al. (2020) reported pre?ence of flbI‘OllS., Particulate ang ﬁ'agm

microplastics in the gastrointestm‘al‘ tract of tiger and browp g ted
northern Bay of Bengal. While enlisting the coastal fauna of Digha COasth :
Bay of Bengal, Sarkar et al. (2013) reported presence of A. indjgyg Al ”oﬁ

other seastars. Thus, this species is assumed to be exposed to both Primage..
secondary microplastics. Immunophysiological parameters like density g,

phagocytosis, cytotoxic molecule generation and oxidative stress Tespongg gy,
reported as effective markers of environmental contamination (Pinsing gf
2008). Considering the even distribution of A. indicus and its thSiOIOgl
sensitivity towards microplastic, experimental parameters are assumed
be useful for ecotoxicological monitoring of plastic pollution in coast of
of Bengal. Moreover, echinoderms are coelomate deuterostome and
evolutionary importance in the phylogeny. Present investigation woul
provide a useful information base for effective monitoring of ecotoxicit
immunophysiological status of seastar inhabiting the coast of Bay of B
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