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Styrens 1a extensively used in the sanufaeturs of
various piaﬁiiw, synthotic rudbers, latexes and resine
and pay be considered am an ocoupationsl health hesard
agent. The general population ney alse be expossd to
styrens since it appears as a contaminant in drinkd
water, clgaretts omoke, cosl gas, conl tar end petrol
produged by orscking processses,

Zlobina g% al. (1) have reported the cawes of

- pathological bisth’s smong women employed &in Rumsisn

polystyrene production plants,  Embrystoxicity of styrers

is elsp reported very racently at the leval of 20100 umole/
#gg. Furthormore, from oup laboratory £t has besn shown (2)
that styrens sven at very low 1sval (5+100 nmole/Xg) produces
lathality of chick enbryo, although mo visual mslforagtion
has been detectod. Stewart s Al. (3) has reported transiemt
neurological impairment with styrene exposturs, Styrens is
also known as sutagenic agent (O, 5). In the present study,
chick endbryo 1o used as & sodel systam %o atudy the sffect

of known quantity of otyrens sxposure {8100 vmole/kg egg wt,)
at sublethal doas during diffsvent stages on eabryenic
developmant a% it can be dtuaﬁar injected into the incudating
eggs to wlininute the voriadles of ssternal infliuences, The
chick embryc is also sanily accessible to pollutsnts ae
compared %o mapmals, Singe the avisn sand rodent esbryo resct



‘ mmpm brain has boon corroletod with brain o }[,

; The seduletion of the levels zm;

lurenie mm koo altered t!,xuﬁff;exft

ont {Bs1k) end on node
;. the aeﬁ?&w of

3 " %4 : ghed §n %ha gsera
snsor petiont {2233 m mﬁ&&mﬁm nimxieme ot

hysturonidont on difforentiaotion process ia vt a&marly

defined at prosent, - |

Purther, acloos reletionship ewlots botwsen thyroidne
oetion and hysluroncte cotabellsm, chondrezenssic m
brain develepmsnt, Normal skelotal development is |
dopendont  on the action of thyroexine (23). Chondro "‘ enis
An yitep is stimulnted by thyroxine (25) which is Enown to
antagoniee 4o hynlurenats {25}, I% hos boen mramm




N sl 06 at ‘ﬁhﬂ E&?ﬁi ﬁf
adron _If:,_fia ' Thors! ’}" ve, §¢ i
srene may Ampale %mifzs mmﬁ@mﬁa
" ut* mﬂ@ at the love) gf hyalevonio
10 may sediate through thyroxd

 Sinoe tho posaibility of aﬁgmm.&mézfa@%m_ 8t

eublethal done with brain development connot be suled
outy it &g aﬁ‘ivmw intorest to may whethor styrens |
dow Jevel can produce any harsmful effect on “i:mim
devolopment in chick enbrye, if 1t hos been inmtm
' ﬁﬁr:.m ditforont dovelopmental stages, An mxm» w&u

be glven to correlate the bloohemicel basis M etyrons
vwura) toxbofty with alteration in brain ayazumamm
aotivity. Our aim 36 to understond the mlna of brain
hyaluronidase on otyrens boxlelty during embryonli
devolopment and %o oxamine whothes it csn ms correlated
with the onget of w:ain development, A4 m integral
part of the progrommd, m zmw atudied the ,ﬁ,ﬁﬂm
action of ntyrens on brain hyaluronidnce, ammaa from
15 dey 614 normal chick mmu

1
i
I
i
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| ve will be invelved vory shortly in debersining
the Zevel of apid mucopolysecchorides 1ike hyaluronic
a0id and chondroitin sulphate, ae well an %%w gyrthess o
fng ond degrodative onoynesin broin and othep tisoues of
gtyrene expoced ehick enbrye, Purther Mﬁ%ﬂ on this
aspect will revesl the role of hyaluvonic a@%ﬁ. on

disforontiction provesy and i’kﬁ@&iﬁh and o

|
|



- Now g days due to heavy imww&&mm%#am the
environmontal contaminstion with different %aimanw are
besoning & perdous henlth huzardous wﬁmﬁm Styrens (phenyl

ithylens, vinyl bengens) the prooursor of mﬁg therneplastio
gmafm, is @ﬂtmﬁmsiy produced ond used m avge quantities,
- Styroms 46 used in toys, spplisnoes, h:mawms plastie,
synthetic yubber ete, Lavge number of workers ure directly
exposed to 4t during its mﬁ:mﬂa and mimr&saﬁm phages.
General m&ﬁaﬁ&m are oxpused W inhaling sty
the use of vordous plastic $toms e84 ﬁ&a@ﬂt ‘ o foan
eupe and fuod containcrs which %ﬂtaﬁ.ﬂ aa»ma ppn of
- styrene, with leoching of €,02435 ppw into mmm S0
sleoho} (28)s Structurally styrone reserblos xwim '#ifm
thloride which S shown to be putegenie {43, ﬁ) slastogenic
{29) and gaveinogenic compounds (30,51)¢ ~RiAIst::‘ls'géz‘H@:;, there
is a voport that methors iiving in somsw .ﬁ@} wﬁ,ﬁ; PV
(Podyvinyl chloride) production faollitles give birth to
an extons number of shildren with tongentia m&i‘am%am (3&3;

Styrens Lo qw&iﬂ&iy antaboslised aftey mwm aneous
adminiotration to rats, 85% of the dose being @&i ated
within 26 he The major portion (715) appesrs ot water
goluble motaboliten in the urins {33)s Little g.# axsreted
$n foces (3%) whllet 15% is exhaled as CO, and a‘sa unehanged




styrone in the ratis of Mil, An important mm&gim Y 3
styrene metabolites is recovered se sendellc a@&ﬂl e
@hmmyMWa seid in Gooupa! iemiiy éﬁ@?ﬁaﬁd hﬁm&

(%4 35)« Thore is also evidence for mgmmm. | -
nippuric scid cxoretion upon intensive humen éxgzsézm {36)s
It 1o estoblished now thet epoxidation in liver mﬁwmama,
is the primory step in styrene motaboliom and Mﬁm&
styrene oxide which acts ae bisioglend procurtor Iﬁﬁ’

| pandsiie ould, ph inylgiycoxyiie ecla ana hippuric seld
{37)» 'The in vilzp oxidation of styrome inte pheny
glyoel is evident in microsomes in the prosence ¢f &

FADPH gemorating system (38)s ] |

Styrenc oxlde (phenyl ethylene oxide) has been
detocted as & volatile conponent of tobacoo etsmmtmﬁe
{39} 88 a by product in cormeveinl samples of mrm
chlorchydrin (40) and in offluent watw from wﬁws

1latex mwmufacturing plants {&11,@ it is aaaa as @ repctive
diluont An cpoxy tecing (42) and o8 on mammaz in %hu
 proparetion of sgrieultursl and blologlesd m&ma.
cosmetien, coatings and in trostment of *keras%&laa and: fidbres,

Both styrm and styrens oxide have m@aamiﬁ wﬁva
in paeteriel a;vam (#3; E)s Styrene miﬁeg is W‘%ﬁﬁeﬁiﬂ
wumw metabolic activation, to Salronclls Svehimuciun
{43, mm whue styrene has been mpaﬂa& %o im‘e ﬁcsm

|




mitagenic activity, but only after motabolie sotivetion

(43, 43), Styvens Lo choractericed as a potent mitagen
in preduction of forword mm&m in memmalion comstic
tella {n culture (45). It is nove active than muitogenie
sgent athyl smothane aulfonnte (U6), Styrene oxide :@s

an epoxide and is potontielly on ﬁmgmm ngonts The
ultinate toxicente alkens end srene oxide have beon |
mgzeated to bind covalently %o sacromelecules leading |
o sorcinogenic (47)s mubagenosis (48) and eytotoxleity (49).

The alstritution of styrene (577 sinole) and styrene
paide (46 umole) was studled in diffevent orgons and was
found to bs mere concentroted in liver, brain, kidney

and ducdenun than thet in ¥ood, lunge and epinal ”m
{50)s Recently, it has been reported thet Precophila
slanozaster wers cxposed to styrenc ond ﬁma ‘”‘MQ
ndg &nﬁzmaﬁ revonsive lsthols frequently (51)s The W‘
of phorobarbitone as n pretreatment further incrensed the
recensive lethalo frequency after exposure 6 styrens and
styrene oxide, |

The augnentation of astyrone toxiclty by phenobarbitone
is dup to accelerated formstion of the more toxie interw
sedinte atyrone oxtde (37) from styrens.



- elght hours £5%%. Blestrophysiolegt

: pﬁmmﬁism %riaga amw Wm&m M mgrma %xiahy
iﬁi}m

. Asute esposurcs o aﬁw&m caueen ¢ redugtien *ﬁf
amémﬁs in the hlood {53)« 1% souoces irritation of |
eye, nancl, and mueus menbrune of Uppor respiratery tract,
nose ond meuth, fellowed by nomsen, O¥ampe end death due
te respirvatory senter par ,.1:-'1;1%%3» fm&:ﬁm&& o wégaﬁa%é
expotivrs may lead to dermatitis dui ting of mkin,
Aniunls oxpessd o 2500 rpn ghowed weakness m stupor,
. followed by iuww@inaﬁam tromor; coms end death in
cal ﬁm@nga ol a

- . iowge mmm of waﬁgam with low level of Wm

vm@wm ﬁeﬁaﬁm mﬁ% sleetee m@ha&%mhic thw
v woll m mw&am& a@mﬁaﬁaﬁ volookty in the poripheral
| nawes (:;3; 56% M ﬂg wi m‘m mc&ﬁaﬂ transient |
- non m&ical &@ﬂmn% 88 woll a8 eye am nanal ireitotion
" in humen w&xma@m ﬁﬁpﬁa&d m 6 ppm of a%yrm for upto
‘?hwraﬁ
 styrone mmzda. third in yank w volume in the
'miim%iaﬁ @f giaatia mmmﬁm aftw paw@ hyLong |
péﬂ.wm ¢h3,arm§;, w: mmaing}& i*w g4t
Mm Wm:h rmwm ﬁ?&&%&ﬂh Mma few ﬁ%nfai% on etyrone




toxieity hm:%w éma sn-adult sndmels o% o high Jevel
_ﬁf mmm eXposure ond very ii%ﬁa atmem&m ha been
g&veﬁ to find the toxieity ef s‘&yrm gt mbmmmi donee
s the ox peyss However, thars is ons report (57) thet
styrens and styrene oxids eon produse maiformotion
- 60% doath of the embryos, it they ave injeeted ot 50
Jnels and 25 m&ajega mapmtﬁmmm T6 evaluato the
&:‘mw%ximﬁy of inhaled sty ene, Ragule (58) axpesod
vognont rats for & h/day to 9,;35: 142 or 12 ppe of the,
G und throughout m@aﬁ@m An imrﬁaéea mnmmﬁ est
'mm%ﬁm wae reported et the 1@& of oxpotres But
the incldence of fotel malformutione wos unaffetted.
Zlebing gg & (1) veportad & high imzam@ of 'pa#hn!mimi
M,ﬁhﬁ’ mm@ pmmm ma&n mrxing in polystyrons plonta
in Russia. The influencs of hazardpus. sgent otyrons
~ gauses gonersl endocrinel dysfunstion of tho pituitery,
*ﬁhymi& and advonal glands -fiz?is

| A{I& ﬁmﬁa ﬂmmﬁmmm mm that ambm@axw&ty
yrens, amangh the sctual meohmniem is atill net clear,
In the ﬁ#vezap&m anbiryds ‘Eha cell division amd aimmmwa
ﬁm}{ﬁm 5 tm inerense of ansynn mt&vmsf andt protein |
6y fsthezmz@ The rote of gamam&%y of toxie agents depund
on the ;xh;aimﬂ gnd chendeol properties, os wall ao Jipid
mmbﬂity and. dmx‘m ot i«ﬁnﬂﬁﬂ‘!}m and mosbreave ;zegmah&liw
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26 ronoh the &t&wﬁw&r@ BTy, ‘ﬁw m; %ﬁ%ﬂgm o

partisipating in the ﬁ;f‘ é-éxri&ﬁﬁ m more susceptis

Be o %’m t@m agmm vhieh puraeate tho pimamai

- woprder. In the present iwae%gmmm it io our interest
%o atudy the offett of styrene on mm davﬁ@m@ﬁ% and

pitempt will bo made %6 correlate wi% hiaahsmi«sai mpee‘&

of shondrogencais,

mzvpmgma&ﬁ éﬁ an organ of %Mﬁ ;ha -3 mm::&ax
| and specific sories of events lecding %o & uniqus, functilonel

@m&ﬁ&w@iﬂn of geliviar and extyocelilular ﬁimﬁ% A
atetinetive sepect of recent studies of the role of
extracellvier materfals in porphogemosle and difforsntiation

iz the wttenpt ‘ﬁ@ deal with krown glyo m&mﬁymm

, x{;f’?,‘-,ﬁsaﬁmgﬁ;y&ma are Mghxy ﬁhame@ wﬁmaiﬁmg
mmpmmi of reponting diosatcharide units ahiah benr either
8 tarboryl or sulphats group of both and which extcept for
2 Keraten sulphato; consiot of uronie ocid and hexosanine
‘meletios, - Hysluronate, ehrondroftin, chondroitineb and
6esulphate, Germaton ﬁﬁiﬁﬁ&%ﬁg kerotan gulphate, heparen
suﬂ.phata and hem&n are naturslly exioting glycosenin.
Elmmma tei% the oxception of wamm%; &lyo :m&mglycmﬂ
: d& mﬂ: mmazly @szzs‘t m 5 Bl m&ataé wﬁﬁmﬁ&mz‘wa chain




are nked wezmw to protein (59564), In tel
te 'azm &mewmm M hgﬁismmiﬁ aéiﬁ uam psrphegencs

m@ &n ﬁwmﬁ@mm am mw&%y as,m iﬂ yﬁwﬁﬁm@&ﬁaﬁ

ma&r m W@éﬁl&ﬁﬁm

zm%w @w@w;aiag b 2in amﬁaﬁm ‘grestor ambwits
ﬁf g&mmmmmm {éﬁa‘?@h &azxg@zﬁ amazs 3 4 mwmaumr

m@ Mgm@ mﬁ@r @@mm‘# (&m %g %; ?2; than

st ) mimaa
am ttm aoy deteot
h and 1h turn the

&m amwgm;mﬁ duronate 't x
dheiched tn epbryonie or mnwmmﬂ ) coRprteon
" adurt ticsves gmmam rain, has! %@m n?% .
&weﬁﬂgﬁ‘bwéwﬁ?&?& P04 ?3“?3), -yl “
pajor role im t‘ha mgaimﬁ.ﬁn @f @mwﬁ M m.;r

§n chiox amhm {?3@‘ ﬁmwﬁ
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#axly stoges of éw:&iamm of the ohick oendrys cornta
{26) and vertedral coluan {79) and of regencration of the
asputotod rewt 1iod blastems (80). Thue by studying
‘hyslurennte metabolion ot diserste ptages in curly
developnent ot tinee and in ticoves vhers striking morphos
 gonetie cell movementu or 4ifferentistions orc toking ploce,
clope correlotions betweon hysluromste synthesle and sell
ﬁm m between hyalurenidase activity and osil
 diffeventlation ord expected, |

Hay ond Revel (81) have deecribed the course of
evente during esrly tormpnl morphogencsis is ohick embryo
in detail, ¢ is interesting tu noto that the leading
ﬂmﬁﬁm mepenchymal colls alweys move adjasent o the
sornand, @;»m ralium (81)s which ds the sourse of hyslurcnate.
The appecrance of hysluronidace setivity in corneal tiseue
sodncides with the cecpntion of migration snd deswelling (26)
which folleows the fupther development slong with the change
in aggw fycosaninoglycan from hysluronste €5 sulfated

yooasninoglycan subssquently (82, 83). In support o2
%&a viow, it has boen ghown furthor (79) thot the ansyme
hysluronidaoe appenvs precisely et thot time when cell
bepins to produce cortiloge matrix gﬁw soneluding thely
rigrotion around the notochords Pratt gt ale. (64) have

shown thet a major component of the oxtracellulsy aag@xix |
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Lo ure aﬁ mma ;‘ng ﬁﬁ
h&amwmﬁe smé mw &mma,@ti@m tsrrelote %m mﬁu&%&m
' e aa.uamf with 2 large mmaa &a w&m of

migratien, Cartilage reaifforemtistion i
ﬁ?&&mﬂiﬁﬁﬁﬁ a:etiv&gg ts pasioal.

ﬁ%ﬁmﬁﬁaﬁg hue been fusloted fron
ﬁi’iem {86}y uring la?‘@%?i &ﬁm iﬁmmh Broin
hoprt i?ﬁ)} serun (93) Mves (98) Wﬂa G%M neural
oreet - ?5; ) liver iﬂé) and mﬁ&i ﬁ'mma and m to aﬁt
at &n endo “:"fswﬁmasa sapable of ﬁmﬁmﬁm hyaluronate
and amw&%&n sulfates to fore & mm M @&igommharwm
mngim m %ﬁﬁm % ﬂm&&ﬁmﬁiﬁm w&gm@ Thewe
| ii&gesaeﬁmriaéﬁ aw redueed Yo @miiw m&w w mgiym!.s
: &ﬁ%g ,& sig;&iﬁ'msm @mt of hysl [dose has i*am in
ﬁw éw ami oroems M“ rahﬁim booring Brown ﬂma *hmor
WQM In @amm)ﬂhw m‘wmﬁmﬁw {106) hos ﬁm'im Re
‘ﬁm @eammé mmw of iimﬂmﬁmmé in the aum of
mﬁ# hﬁaﬁng mmg %z‘éww, dogreased mtlvi%y of %;&
ﬁmm hﬁﬁ mn @amwa &a the sora of cancer ;@aﬂm (23)@
m:amgn; maml stu&&«ea mxm been made, théﬂ@l& il mechanien
m* m&mém act&m on tmr mmm m m&s&m@m ors
YRR m’g ka@wm .
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¥ iﬁ%&éﬁﬁﬁg sheervation has boen made by Toole
{25) thut thyrexine can sntagonize the action #f hyalure:
and &t can be correlated with the depedence of brain
sprent on thyresine, Corneal morphogencoie is alse
assoolnted with hysluronidase activity and the loos of
hyaluronato {(26)« The akin of hypothyreid rate sontaine
slovated lavel of hyal snnte; provobly due to dgamwea
degradotion whiok gan e rectified with thyroxi ﬁﬁm&ﬂiﬂw
ptration. Normal skeletsd davelopment iz depondont on the
action of thyroxine {23) and shendvogancsis 3n
‘stisnlated by this hermone (28), It 4s propoocd by
Toola {7) that developmental sequences can be medisted
. ?Ernﬁ? by morphegenetic maé ﬁxﬂm Mah sells acoumulate
| &y pmumwim and mﬁgmﬂm at a mﬂ@&m immmrx and
in the mm&mﬁ nusboy snd tshmatwisaﬁ by hya&mﬁa%
‘pmﬁwﬁem This has h@m f@nm& b,y tm sadond y!mm of
' mrﬁ ai;mmw%&m m& is mwmﬁeﬁm by hyaimma-
| &saﬁ mﬁv&ty; | o
: ﬁ‘!m qumtim%n 0%’ srain hfyammﬁiéam m M‘ &mﬂm&
_ ne the phate of overt diffsrentistion
An ’bmm wa ”ﬂm &mfimm alwraﬁnm in levels at brain
hyaiurﬁﬂ&ﬁﬁﬁ& in styrane oxposed shisk eubryo nay Sﬁaﬁwm
: IMﬁity oy gﬁ,:-,;.;imgmuy @r wmmgmiaﬁy of tosi Wma@
'mhamtax-é. ln %zm pmm& mm%imﬁm; m pmpﬂﬁ& to atuaar

+ - s . HE [
i i L A S
. . N . N \
. +
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vero exposures made on both mm&
(7 duy) ard 1&%@@ stags (14 dey) ﬁﬁ enbryonic aa%igpmt,
‘on the level of brain hysluronidaee, Attempt will bo
pade %o correlate the development of brain with the
appearance of  hysluronidase in styrent exposed chick
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Fyaluronic acid, pedinethylavinsbonga

:m'mz xﬁmm feptotyigluconaninge wors purchased fron
sﬁ.gm Chemical awpﬁw@ UsSeAs A few of the othes

fﬁmﬁ;m %amia atié {3?« Herek).

 peid, hydrochiorie anid were brou Mt from commered

. eourtes, Styrens wng purchused fn &iﬂmﬁm‘m@
hni baen &w&ﬁaﬁéﬁ_ Trom xmz & Gy Switserlord,

Tha mgh; %M@a zegmm i¥ain gero day old Gpms
re Wronght i’mn Govey %ﬂm Parey Sotbard, New Delhi,
Tho egen were cleaneds welghed and Darked properly for the
te  The 6ges wers ineubated ot 5790 and 60%
hunidity in BOD incubator, The K .":;"Jﬁzty wae m&&ﬁ%&ﬁeﬁ
isy kooping H& tray, full of water in prosence 62 a hygrometer,

Bges were P mally oncd o doy ond wers oxanined
hrousgh the sandiey everydey for thely proper gyowth snd

| vmmmg Unfertiliced and dend egge were disuarded on

3¢ 8oy of incubation and the rost were Intubated

28 doys unlens it is sentionod,
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Iﬂ&&ﬁﬁﬁm ar ‘styrens, diesolved in othonol and the
dliuted with olive oil &t verying wmmtrat&ms of S48 &
100 rmolo/ke o4 wﬁg in 50 mi wers given on wmrm éoyn
of development (7th and S4th dey), Thess doses can aiso
Yo mr%m B 0.5210.% ppry  Condrel @@gs were. g&w&:
the pame ampunt of celvent imjection on the tame day of
tneubation, For giving an Injection, the eges wers thoroughly
wiped with distilled saloohol amd pleced on the sandler to
' storming the wa&%&m of the amhms ) %ha% f z«s&m’ﬁﬁh wag
snde on the &hé&i diroctly ﬁvw the epbryod, xusmmm wors
given into the yolk sas of eudryos with the help of sleroe

ssonnfter glving the injoctions the cggs were |
ad M% surgienl taps % provent the contaminntion,
| i1e syringe, sealpel vove used threughout the axperiment,
Aftoy aﬁ.vmg the injectionn the opgoe wers Xept in the
ingubator with minioum dlsturbonce. They wers condled every |
day for dotesting thelr moytolity. Broins wers disectsd ous
' 4oy and welght of the brain were moted,

For atudying the effoct of siyrene expoeure on brain
mmzm&m @gfgﬁviwg ke enbryse were injected en Yith oy

LY ] B
IR TR N



a ’

14th aay of im%a'%&wn wm*h é&ﬁf@mﬁ& soneentration of

| tyrens (5. 254 50 e 100 nmole/ig tce wmh &a‘kﬁ?m '
weye aponed on 18th sr 19th of incubation and Bral
eolietted for furbther @mzw @m mlmnmm& mtgxﬂm

2 hyn! ﬁmmm& &@%&V&w w eh_wk erbryos tns
clenalty & Teole {68). Hysluronie

done mﬁﬂ‘&y ia ﬁat&mﬂmﬁ by the mmﬁ%m 6T the
3 in sldgosacshapiden m’&mam

Heslugonic noias 0.8 ma/ml of hysiuvonie acld (Siges
%& ﬂmﬁ@ 1) m Oullt m&m fornate tufter, pH aa.'?
@ﬂ‘%ﬁiﬂiﬂ& ﬂﬁiﬁkgﬁ@tw

The broin of 19¢h day old ohick enbryos wore a&mwed
out ema mﬁ in ic&s For *hha asaoy of hgmluwnimw; the
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Sghed end homogeniced in 10 volumes of 0,038

sodiun formate Buffer pH 3.7 containing 0505M FeGl. The

g mm:m%e was ceptrifuged ot 25,000 x ¢ for 20 mimetes
in ServalleRCeS, vhith resuited §n the separation oF brain

' %wiﬁmﬁmaﬁﬁ (mmm m the proalipitate), The ym@%g
sentolning the ensyms 4 spended in the o8

form wm»; z@i m contain {; 0u15M ReCL ond mw

Triton-X for six hours st @elé%@ This @‘x‘w%im raw uped

The ingubation mixture sontaining 0.5 al of
hysivyonic seld (0.6 mg/bl of 01N sodium formate buffor,
PH 367 containing O.15H NoGl) and 0.4 nml of ensyme propares
tion wos fneubated for oix hours in o water bath reintaining
the %empersture at 37°C. Tho blonk consisted of 0.0 ml of
enzyme proparation oin G.1% Tritonex tugpension and 0.8 nd
of G.1 B sodion formate buffor; ﬁi 347 containing 0,15 W
KaCl, Enzymatic renotien wes termineted by doiling the
tubas at 100°C for thres mimutes, The onsypatie aetivity
of Mlank wan terminoted ot zers minute, H@iewﬁ of temiﬁm
refducing Neadetyl hexonoming as a rémilt of h;mimniwau
sotion was moensured nccording *o Reissis &t 2\, (d02)




wa@: m@@am,. and the @H wan wgmmﬁ 0 9.2 %ﬁﬁ ﬁa@ﬂ,
Seme borate salt cryetsilised eut on standing. The
 Gupernatont wee used for sesa¥s |

incthyla Boarp ,"’",‘anmm m f\.‘i'm}mﬁ in ﬁi@ i of
glaﬁmﬁ. geetic sold whish tontained 12,58 (%&W por
volume) 18 N HCL (amslytic resgont)s This resgent aould
" be stored at 2° for & month whthout aignificont doteriorss
%ion ghortly before use it wos diluted wmh nine volunes
of glaclel scetic aoid, '

€} BeAsotyizlucsiaming Ro grmm the gtandard

solution @f ﬂ*ﬂsamwlﬁmﬁam:m beddiz g of M@&%ﬁlﬁ
‘ sapine was dlsselved in 10 sl of distilied water,

mwﬁtyigiua&amin& was estimoted scoording to
Relenie g% Ak ,-‘t ;m)@ To 0«5 81 of vamplen sontaining
different concertration of Nescetylgluconomine Ouf sl of
Ruwtetreborate 46 added, The tubes ere hented in a vi@omﬁs&y
bolling waterbath for oxaetly 3 sinute e ‘
water. 3 ml of DMAB reagent arc then added ond £mediately
after pizing tho tubss are plecod in  bath at 36+36°C,
Aftoy ymemew 20 minutos the tubes sre cosled in tap
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water and resd witheut delasy at 578 mu, The colour produced
in this resction le propertiornl %o the mm sontent of

the selution sssayods The stendard Surve for Nepsotyle
glusonaning Le given in Fig« 1.

mmm vinsg amm h@* the method of Lowry gt ,gza
iwﬁi}(i@%h

Reagent A 1+ 2 NG00, in Ot RoOH,

Reagent B 1+ 0,57 CuSO,Mi,0 in 1% sodium or
potaseiun torterate, 50 ml of reagont A
was mixed with 1 ml of rengent B,

Eolin Cioenlten Reagenss Almixture consisting of 10 gn
ﬁaﬁmg&%aw (Waﬁ%,z&%g@} 7 ol ot woter, 5.0 nl of BSS
pheuphoric aeld and 10 ml of concentrated hydrechloric acld
wos rofiuxed gently for 10 hours, 15 am 1ithiun sulfate

5 m) of voter and a fow drops of bromine water were added.
The mixturs wae bodled for 15 minutes without &éndenser
romovo excess bromines Then 1t was cooled, diluted

to 100 wl and filtered, The resgent should not have @
ma&a&sh tint,

To m 28 ml of solution wnf:a&nmg bovine serun albumin
(254200 1)y 245 o} of ‘protein wagmﬁ &mﬁ added and after
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10 minutes, s further addition of 0,25 ol of folin®
veagent wes mode, Aftor 10 nlruted, tho aboorbance was
peasured et 660 nm, The colour produced i9 pre Mﬁﬁm&
%6 the wzmmmm of &ﬁﬁ"bﬁiﬁ in ﬁm solution ﬁﬁﬁ&?&ﬁ@
The standsrd eurve Lo shown in Flg. (2).

ptudy the effeet of Ln witre sdditf ot 61
on the sotivity mf hyal

mmmm%m 62 styrens {w nsle)s ALY othey @@am@
mental prossdures ave the same ot desoribed sarifer, .
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R mi %»Lﬁ.f?i day of intubats ’ 20 %ﬁ@t ﬁf .
ﬁm represented dn Teble 1. The shick embryos were

on m or on then day of incubtation and wy wers
mwiﬁm on 10th doy of Lncubntion m the welght of the
broin wap moteds It has boen shown thot 3‘&3?&'@%‘&% trentment
on both the days i?‘t?l er mm éay} 62 A sﬁm
on tﬁw reguetion in brain w ‘_.fl,-; 1% S

obeerved w m@mm with varying szammmﬁm 52 styren

treatnont on t4th day.  In centrary to 7 day old Wm ,

| e\ma’%ﬁ chick esbryo, 1% has poen ﬁi‘a[f rved Shet gm&gemw

of what dose of gtyrenc used, the same degveo of roduotion

broin wolght wos obtoined, ﬁw@&& thors wmg " a@t@ﬁt&m
oy 4n the braine The desrenss i

of 7th dey and ﬂiﬂi doy otyrene troated shig

an M@aﬂm ot mmmzmy of styren

doua, Bals. _‘:iiﬁ@ nublenskg, ege wt (ﬁqmvazm 16 0.5261048 mm;,

This mz is umﬁﬁﬁ by the provicus findings fyem our

M‘bwatﬁfy (23 mah indicates the growth mmmm At

. - -
" El s \
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e

BRAIR WEIGHT OF 10%h DAY CHICK EHBHYO TREATED wiTH
STYRENE OR PIH 0K 1408 DAY |

e

 Treatmont with t of brain (gn)

~ ,_,"_[?.15'[._';Am’kﬂ'@m mﬁ- ‘&d wi:%h

ﬁa&@ﬁ’% - 08636 |

5 S a8 0.6190
25 | v Be7130 06548
50 0.6389  0u6s32

160 | | 046156 - D.0726

b AMm mhexei‘aﬁ

Sroups . ,




contrifuged ot zﬁﬁ@ﬁ & m 20 rinutes. The w w was
sxtracted vith the detergent TritoneXe100 ,m.m in ico
foy 6 hours. The ensyne activity obloined in thls fraction
is eim#&emﬁy ‘Righor %&&a the homogenate, Throughout
the crperiment; this mmm has beon unod ac an sngyne

' thon ot &ﬁf&nlm
cubotrate concentxotion i But due to fnstoblilty of enzyme
and other foctors, the rete may shange appreciably within

& ghort perded of intubntions The ¢time course of brein
hyalurenidane activity ic ohown &n Flg 3. 1t csn Do seen
thot the rote of remction, ocatalysed by this ennyms S constant
for ghovt 6 houps,
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ﬁyﬁm aﬁa zmir«amﬁ @ﬁ'@m on the aetivity m‘? the engyne
and Doy every enuyme thore fs g s or a pH rango within
vhich the ensymo 1o moot active. The effoct of P on the
rate of tyolurenidese activity vories with the souree of
poymes the 8slt concentration and the teot mothed.

Brain hyalurcnidase &@%&%%’3@ wan dotormined ot verious
PH values os chown in Fige &, The soto of tuffer used were
raoely sedium oestote (pH 3.5 ond 5,0) sodlun formete
(PR 3404 3471 B0t 843) ond potuseiun gheophete buffor
{pH 740)e The onzyme exhibits a pH optime at 3475 The
study indicates Slearly that brain Wﬁimﬁma@é het & pH
9@§m at 347, unlike that of testieular hyalurenidac

o i? Aay 63.@ ma@k mﬁm; ﬁx‘%ﬁ‘ﬁﬁﬁ with styrens ot varying
sonicentration feom 5100 nmole/kg on 7th duy of dovolepnent
was mosoured {Toble XI)s The rosults of Tadle I chowed

that the brain hyeluronidese wep inhibited oignificantly
to on extont of PU%, 97%, 77% and 6OF of normal value with
the trestment of otyrens at the lsval of 5, 25, 50 wsd

100 m&a/kg‘ rospoctively, injected on 7th doy of ﬁm&lagmt,
Horaover, it wae ploe found thot with m nmole. Styrer
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b « Totnl number of subryos &n fach Ww not
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f....;‘u,_s moole) agdition in yitw

tregtment, the moxin ‘
hysiuronidase nctivity was obtained,

oetivitys of 10 day old ﬁhiﬁk enbrys was ma&m %%ﬁa IIX).
4s shown in Zoble IXI, o a sxpesure to 14 mf 014 chick
subrye insreased thol asm hyadur gnifie
 pant) totparsd to nopeal mrm on day 19 of Incubation,
" The mﬁm mim&m&m {ﬁ?%} of brain hynluroniduse woe
@iﬁaﬁm m%u 5@, inele of atyroso injsotion, nade. on 14th
| nou ingly, no stimvlatery effect on
brotn wammr&ﬁma has been obaerved with 100 nmole az‘

byrene injestion indfcoting that styrens

ihoe we ma aoen ﬂw aﬁm&a&aw S‘ﬁi& af styrens o
wroin hyalurenidaoe with 25 &ﬁﬁ 50 nmels/ip etyrens ﬁn;}eﬁ%i@m
our interest wos to oxeming ¢ typene 4 :
on broin hyniluzonidass setivity. The aﬁ’ﬁ‘m of aty
- \solated Syem 1M dq\' o(
 on brain hyalurenidsse activity
hag Besn vepressnted in Fig, S, It is evidont fvom Pig. S,

that styrene Ltaslf has coms stimvlotory role on Draln




EFFECT OF SYYRENE EXPOSURE 70 14 DAY OLD CNXCK EMBAYO ON BRAIN

HYALURONIOASE OF DAY 19.
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 The present study hos revesled some of gelliular
ronctions in ropponze to atyrenstoxicity during erbryenie
- developnont in ehicks Thoge results suggost *&z@éé 'ﬁmem
even ot vory iow level tsawa nesleficss o6 wts) oquivelent
0 0524204 pps immi»ms tzw&am&n developrent 62 the embyyo.
,'A; et al. {57) have sieo rﬁ?@fﬁﬁ@ |
grovwih mmrﬁﬁim of shick embrys with the injection
tyrene %@ ah? space at aéﬁm&mme/ﬁ; to  Fron our
S:af%s*amwa W\iﬁmz;z it hes been shown thet styrene o
the lovel 5-100 nmole/kg incresces the mortelity of ehiek
pmbrys {2), In the yrzmm @%iﬁi!{ﬁ; ‘we have found thot
during the initiol stages o2, emwm dovelopment 1ike
doy 7, Styrone san impalr thebrain development and such
impairment is dose dependent, Buty due to Styrens exposure
on day 14, the csme degree of reduction in brein welght is
obteined in chick enbryo with styrene cxposure gﬁ m level
of 54100 nmole/kgs The TIV of gtyrens s ammwﬁd 86 »
§6§1€6‘§pm@ since &tlﬂaaa'ﬂ@tfymaﬂnam\any t&xiﬁiﬁy‘ﬁ& adults,

adults st this im& but it con bo ?ma@ﬂw@ ‘8@ the a_:m‘wa

Studies on brain hya&i:m&mam aﬁiﬂim‘y from ohisk
spbrye trooted w&‘m styrens on day 7 opr M indicats the
styrenc induced slterstion in brain hyalur

snidoces Styrens



when 4t is mﬁmﬁaﬁ on Mﬁy w of fraub ,

due te styrene tmﬁmm on later m:ag@ of éa%lnpﬁm
{day 14) brain waimﬂimﬁg aotivity is intressod on

4oy 19 of ingubation. From our preseni otudles, it ie
further yevesled that even in ju 3ifzo, éﬁmitim styrens
(1«5 nmple) has & stimiatory yele on tho aetivity of
uronidose isolated from noroul 14 dey: o34 ehisk brain,

~ In tho present tmeam,@ﬂw; the levels of ayaimnxa
dsso in the brein of mmi eisi&k sminys duplivg 4ifferont
dovelopnental stages hove not becn deversined, Hewover,
* the ppesrance of hysluronidese uctivity in the cormesl
tiseue in the ohick embrye coinocides with maturation
process {26). The possible oxplenstion for the inhibition
of train hysiuronidocs due to styrens expomure off doy 7
is that styrene may inhibit further insresse of broin
hysluronidase whioh may be the regular Sourse of events

of rorral brain developmont. DBut o the later stage the B
sritioal lovel of Wysiurenidess muy &m@a&y hsm Been
atssinsd and styress has no m%i&ﬂ of
bradn waﬁwﬁ&aam | |

Furthey %ﬁﬁiﬁﬁ are ﬁwam%w to mmm m
atyrens con inhibit brain hyaluvonidaus during
gtoges which Lo abrent during the later stege of development,
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Sur rosults related to brain development sre in agreement
with the previous afining of Veinio 4% al. (57)s who have
shbwn that 7 day 61d enbryosd arxe Vvory much mmg‘swia to
atyvens %ﬁﬂi‘ﬁy snd ite %z&aﬁy declinas m@m&y on day
9 of immmm \ -

1t is known faot thet norpal brain aév%@m,@ is
dependent on thyroxing. Studies of cerobollar development
in athyreid rots hove Indicated thot lack of thyroxine
L psgudte In &aiayaﬁ and abervant diffarentintion of purkinie
snd externnl mmﬁa ealls os woll as dolayed wmm%mx af
the external gravmle cells (103, 104), It has beon shown
thet thyroxing alss Gsuses @ two fo1¢ enhangoment of
hyslurenidsse activity in tadpole brain (105) thus
highlighting ths potentiel interveletionship betwsen
thyroxine and hyaluronate mstabolism in morphogencais.
on the other hamg there ia a report of gamm endoarinal
dysfunction of the pituitery tmm, and a{imna& glands
vesulting fyon the infiuence of hasardous agmw 1ike
tyvene (27). This indicates that aﬁwma san izmswaw
with thyroxine loading to tho disturbance created in
sndoorinel balance, Thyroxine hus basn proposed a8 &
*tinor' for tuening off pxaxifﬁmﬁm nacessary for
 gubgoquent migration of the diffarontinted celis (10%),
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. &ﬁwmim '&a ﬁm awm findings m gan '?w
suggested that brain hysluronate may be affoeted by
sswmm Intexiention as o result of devrense the level
of hyaluronidose in the brain of D1 day styrone treated
chick emdbeyo. This depression aay be paused by styvens I
dus to @nﬁmﬁm dysfunction of the pitultary tﬁmﬁiﬁ {27)s
6n the othor hange thyroxine inducos hysluronidose awmw

cgrading hysluronste, Thovsfore,; the a&m-\ borse
of ;;im’twy %mm by atyrone expesure will ﬁlﬁ&mﬂww
dieturd the level of waimnmam ahd subneguently, the
train dovelopment mey be fupalives,

In the both groups, vhors styrens exposuré was mode
 either on Piv day oY on i%% 3 brain developnont

7o BRAGTRCY
hut poen obesyved, thoush the response in miat&m to |
hyaiurenidase wﬁvﬁ*&y was nod &amﬁ@ai ﬁn both the ¢asen,

; %i@ indicates thet o oritionl lovel of m&mﬁi&mﬁ Y1 mx
- &8 hysluronate content is cssontiel for mormsl bruin
developnent. | |

mm thia e the f&mﬁr&pam whore yaﬁymm toxfcity
oo besn studied in rolotion to brain hyslurcnidace, the
depletion of certnin amino coide like sorine, threonine

by chronic exposure of styrans indicating At‘s inveivement
‘with brein developmens (106) haw slvendy beon repvited, The




on 1hth doy ohew n significant inoresse braiwn hysluron
sotivity se sontrary % the ?th day injecicd ohick exbryos

in tho sorum w orgong of rabult aamztjm BrovwnePLlorts
 hn6 been cbooyved, In aﬂﬁ&t&m te 1% hga&mnmm hag
beon found os an anticoreinegenic agent (99), Howaver, the
mﬁhms;mj of thic effect of hyaluronidase ie not known.
Styrone inhibits hyslurenidsse m‘m mm msm on 74k
days The ﬁmé% of major motame um events take p:!.am %%wn
the 7¢th ond 10th doys of treptment {105)s Thue in ehich
both hynluvonate conbent and hyslurenidase aaﬁﬁmty are
gronter during the period of difforentintion {7)e Therefors,
1% cooms posoilkle that ot the ctoge (ibth day of incubation)
the gimwry thyrold may overdons tho inhibitory action
02 ctyrene and se & rosult thy&yaam& ot bmiu(ld"w"'dm
hmwem In this regards 3% iz interesting to note thot
thyroxine, eyelio AMP and thaophylline hove been shown to
- gtimuliote chondrolitin m;ﬁzets gynthecis in vorisus wstme
{25, *i”*i@?h

At this etanges, it con b0 sposulated that braln
~ hysluronidage in 14): dey styrene trsated chiek embrve may
ot in tontert with Beglusuronidese and PsNencotylglveosaninie
done to reduce the hynluronate to sonosacchnrides %&eb do
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no% have the inhibitery effect ﬁnkya;wmm {7)s A
Purthermors, it is alsc possible that on 7th dayy the

© level of Peglucuronidase is not encugh to renet slong |
 with hyeluronidase to convert hyaluronate to monpsovsharides,

The hyaluronidase of brain exhibites o sharp pH optisum
@‘B 5s% ond no activity can be ﬁ@m‘aw at mw PH BeB. Oup
renulte ave a&mﬁimﬁﬁ to the veports by ether sorkers
{975 98, amg i&i;a ifmvw@ it ntands im mmﬂt L)

sport of ‘ lovonidage (112) whene activity
shown :;-gme variation, between pH &_@5 and 57,

Though this study cupgeete that mrm SXPOSULrE €8N
“alter the pettorn of brein development and hyelurenidacs
m‘&iﬁm the astusl m@fs_; ndon by which it tan mediote AV's
effoct is still to be mmweas
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, The tmmatmm of styrene em&m ﬁwﬂag different
’.awala;am’eni stoces of chick w‘b&w wan md&aﬁ in relotion
%o oppearance of t@m&w wi%h brain hyaluronidacs &wm;
at very low iﬁ?&h like %100 mie/k@y sge whs {eguivelient
200,52 to mm ppu) wers injected into the yolk ose of
mbEye on m and :&#%h doy of devolopnent of the ﬁ}; Lok thm
snd droin welght and hyalus "
doy 19, In the tourse of our study we ound °
welght of brain of 7 day otyrens Trented chick ssbryr redus
- 'gnd 4% was dooe dependent. In sontract, though the reduction
in broin welght was obsorved in 14 day otyrens injected
thick ombrys, it wos not @ﬁa dopsndent, These remilts
Aindiceteos the anbeyotoxicity of styrene at very leir level.

iﬂw m&ﬁ 'ha'faiﬂ nidase iw&aﬁa fronm chick onbryo hes
| & shavp i optinum at ai? m&m ﬁmt t}m %eat&mlar hyaim»
Mﬁaﬂﬁs

1t wae further obsorved thet the bﬁ&iﬁ hyaluronidage
Yool An 7 dey styn w injected decressed as gompered to
t&éﬁ of controle and this inhivitory setien was mwﬂiwa&
ta the nommW&m of ptyrene inawmds trnry ,
the 144y day ai;smam treated ehick embrys shewed an imreaaa
in thé bra$n hyaimﬁmam Mvai as ¢ompured te that of normal.
K‘hs.e stimulation was oheerved tmiv at t!w lwﬂ uf 25 and
50 m&e{tv;g of atyrma &nﬁmﬁma |
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i-é‘s’f&aﬁzaf gtyrene on brain hysluronidace |
of 1h doy old nor: 12 brein was stusied, The m&mmw |
aetion of ﬁtyma {1e5 mwi on nornal wam*iiﬁiéaw has
besn W&i&&s These rosulis suggested That an -
&Merw% with roreal brain éevempmm and %!.5 mpaire
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