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AlA I 2•ally1-2-1soproprlacetem1de 

• Delta Amino levullnio acid 

Co A • Coenq• A 

COPRO Ill • Coproporphyrlnocen III 

cvto. c I Cytochrome C 

Cyto. P•450 • Cytochnme P-450 

DDC • ),~d1ethox,carbo"Jlt 
1, 41hJ4rocoUld!ne. 

DTT • D1th1othre'tol. 

PBO • Porphob111noaen 

PROI'OR III • Protoporphyrlnocen 

VROPOR 111 ' VroporphJrinogen III 
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Recent case report indicates tha.t cothora living in 

oommun1t1ea with polJV1nyl chloride (PVC) production 

fac111tlea B1ve birth to~~xoeas numbers of children with 

congen1 tal malformotiona ( 1). 1imbr7C)tox1o1tr of at,rene 

ls reported reoentl)' at the level of 20-100 pJ!'JJle/egg (2). 

This level ie quite h1gb to oxpeot 1t as en environmental 

contaminant. However, the posa1b111ty ot oontaminat1ons 

with etNrene. as en occupational and. envlronaerrtal agent 

can not be ruled out. Intact. the recent report wama 

that general population HN also be expoeed to stJI'Gfte 

because of ita usage in var1oua household plostlo items. 

like polystyrene foam cups and foo4 containers.' a8 at»rene 

18 found to be leaching into water and alcohol ( .3). 

OUr epeoUlatlon la that, etNrene may produce toxicity 

even at sublethal dose during embryonic development • elnce 

embryos are l!lOre suacepU.ble clue to lack of proper home

ostatic mechan1am, Ver,r little attention hae boen pa14 to 

study the effect of environmental pollutants during embryonic 

development. ln the present 1nvest1cat1on. chick e~brNO 1e 

ue&d ae a model eystea to study the effect of kno~ quantltr 

of etNrene (5•100 nmolelkf!-Ggg wt .• ) as 1t can be inJected 

directly into the lnoubatlng eege, to ellmlnate the var1ebloe 

of maternal 1ntluenoe. · .t:orcover, the relet1velr eaoN access 



of pollutants to tho chick embeyo 1n compnr1son to 

mammals ~~has encouraaec1 us to use tho chick oabryo as 

a model system. Furthermore. the toxicity due to styrene 

treatment can bo assessed at progressive staeee of morpho

loeloal and biochemlool 41fferent1at1one. 

lt 1e reported elroad~ that blood formnt1on ln embryo 

proceed.a throuah several ataceo of dovelopmen1i (4, 5). and 

the relative activities of various ~nzymQe of heme blo• 

s,nthesls are aleo chanced dur1ne the course of. development 

( 6) • . Furthermore, amino levu11n1c acid &l'ftthetese • and 

attino 1evu11n1o acid dehydratase are reported to be the 

rate 11m1t1na enzymes of heme bloe~theeie pathway (7•9). 

Certain chcmloole (7, 9•11) aftd specific environmental 

stresses (12) are inown to alter the activ1t1es of these 

ensymea. Eor11e~ studies have also ahotm that thoro ls a 

relationship between ALA synthetaoe activity and an 
' 

alteration ln cytochrome P-450 linked hepatic· drue 

metabolizing en~Jmee (13-17). On the other hand, the 

binding ot styrene ox14e with hepatic cytochrome P-4so, 

-a heme protein, in \,in xitm condition ls reported. (18). 

Thus. the pooeibillty of lnteractlone o~ styrene with 

the enzymss involved in heme b1oeynthes1a process cannot 

be excluded. Therefore, 1t ls ot our intereot to study if 

any harmfUl effect of st,rene cun be deteot~d 1n chick embr,o 
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at sublethal decca ond to correlate the b1oohem1cal baela 

of stNrene toxicity in relation to heme bioe~es1a, 

spec1ol1J at the level of ALA metabolism. Our a1m la to 

understand whothcr styrene exposure hee snJ effect on 

ALA metabolism which ultimately may control the heme bio-. 
synthesis. As an integral part of the programme, we have 

etu41ed the hepatic level, the ect1vlty of AU e,nthetase, 

reeponaible for the formation of ALA ae well as the enzyme 

ALA dehydratase which utilizes ALA. 

Us ina the observations ln this study, we propose 

to use chick embrJO as a model oyotem tor evoluet1n6 the 

teratocenec1 ty of unknown compounds. Our atucty can be 

extrapolutcd to humans aleo ao there le already e report 

on common teratoeenic roaponse of avian and rodent embryos (19). 

The present study reveals some lntorestins facts 

concerning the control system operetin6 in the pathway 

ot heme b1osynthes1e. ln future, we proposo 'to study in 

the following dircctionet 

1. · Further determination ot home and cytochrome P•4SO 

content from atJrene treated chick embryo. 

2. Various othor enzymes ot heme bloa;yntheois pethW&Yt namely, 

uroporphyr1noeen synthetase, uroporphyrinoaen decarboxy

lase end heme synthetase. Attempts will be made to 

spec1ft the role of heoe b1os»nthes1s in the control of 

cytochrome P•4SO formation. 
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Now a days, the Browlng contamlnstlon of the environ• 

ment w1 th d.lfterent hazardous pollutants like styrene and 

etyrene oxide is a matter of 1nereas1ne awareness. Recently, 

there is a report that mothers, l£v1ne in col'b!!iuni tloo w1 th 

FVC (polyvinyl chloride) production tao111t1es. give birth 

'to en excess number of children with congent1e1 detects (1). 

Intact, there 1e a possibility of contamination wlth etJrene, 

a precursor of many thermoplastic polymElrs (poly-styrene), 

aa 1t is widel¥ uee4 in household items. Laree number of 

1nduatr1al workers are exPOsed durlng the ayi'Jthoe.lo and 

polymer1sat1on phase. Structurally styrene has a resemblance 

with vinyl chloride, which has recently been shown to be 

carcinoeen1o (20, 21), claetoeen1c (22) and mutagenic (2), 24). 

In ma~1an system etyrone is converted into styrene 

oxide (phenyl e'thJlene oxide) by microsomal mot'looxygenase 

system (25, 26). StNrcne oxide has been detcoted as a 

volatile component in tobacco concentrate (2?)_, as a by-product 

in commercial aamplee of styrene chlorohydr1n ( 28) • end 1n 

effluent water from various latex tr.anufocturing plants ( 29). 

It 1a used as an intermediate 1n the preparation of agricultural, 

cosmetics, coatings and the treatment of textile and fibres. 

Both styrene and styrene oxide have muteBenio activity in 

bacterial ayetem (24, )0). Styrene can bo characterized es 

a potent mutagen 1n production of forward cutation in ma~lian 
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somatic oelle 1n culture ( Jl). It is raore active than the 

well ltnown mutaeonic aeent e'thJl methene sulfonate ( 32). 

StNrene oxide 1o on epoxide and is potentlallN an alkylatlng 

at;ent. Alkene and orene oxides have been suceeeted to be 

ultimute toxicant& which covalently bind to cellular macro

molecules, leaditl6 to coro1noeenes1s ())}, mutonenosis ()4), 

end c,totox1c1tr (35). 

Recently, lt has been reported that the exposure of 

styrene and styrene oxide to nroeophile melanoaaster induces 

recessivo-lethals frequency ()6). The use of phenobarbitone 

as o pretreatment results in a further increase 1n the 

recessive-lethal frequency after exposure to styrene and 

styrene oxide. Transient neurolog1cel impairments as well 

as eye an4 naeal irritation in human ,volunte.ra oro reported 

when they ore exposed to )76 ppm ot strrene upto 7 hre (37). 

Tho threshold limit value (TLV) tor styrene 1s considered 

as S0-100 ppm (38). The distribution ot styrene (577 pmole) 

and styrene oxide ( 46 ~mole) was studied in dJ.fferent or cans 

and was found to be more concentrated in liver, brain, kidney 

and deodenum than that in blood, lunas and splnal caret ( )9) • 

It has been reported recently (40) that the acute 

exposure of styrene at higher concontrat1one ~Y produce 

irritation of the mucous membranes of tho upper respiratory 

tract, nose end mouth, followed by symptoms of naus1a cramps 
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en4 deeth due to respiratory center paralplts. fbe 

repeated contact may produce a dry • acalJ and dermat1 tis. 

Blootrophye1olog1cal 1nvest1aat1one of a lareer n.umbei' of 

\YOrkers with low lovel ot et,reno exposure describe subtle 

electroenoepbalograpblo changes as well as decreased 

conduction velocltJ 1n tho peripheral nervee (41, 42). 

All those above atudlea on styrene tox1c1 ty have 

been made 1n adul't animals at a hlgb level of stnen,e 

eapoeure. Surprislnslr 11ttlo att.,nt1on has been cJ.ve.n 

·to investigate the toxlclt» ot etrrene at sublethal doaea 

to the embryo. However, there 1e one recent report (2) • 

1ndicatlng thct styrene end styrene oxide oan produce 

malformation and 60% death of the embrsoe, 1f thef are 

inJected at SO ~le an4 25 pmole/ecg respect1velJ• 

Zloblna .11 Al• (4)) reported a hlBh lncldenoe of patholo

s1cal blrths among prearumt women worklnc ln pol~st~ene 

plants 1n Rueeia, To evaluate the embryotodc1ty of 

inhaled st~ene. Regule (44) exposed pregnant rate for 

4 hr dally at the level of 0.35. 1.2 or 12 ppm throuehout 

gestation and en increased ra~e of absorption, was reported 

at ell levels of exposure. C11n1cal manifestation of 

hypermenuotrual &Jftdi'Ome ls also reported in the female 

workers ot polyot;vrene plants ( 4S). 

All these above flndlnas eugceat tbe· possible 

embrJOtoxiclty of stJrene, although the actual mochaniam 
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ls still to be clarfled. In avian, especially in chick 

eobryoe, teratoeens act 1n a specific cuannore leadlftB to 

~tal formations ( 46) from the interference wl th looalleed 

metabolic needs. Cell d1v1eion and d1tferent1at1on in 

the 4ovclopina embryos involve an increase ot enzyme 
' . 

activity and protein synthesis. The enZJmes porticlpeting 

1n the embryonic development Jl&Y be more susceptible to 

toxic levels or those agents which are able to permeate 

the placental ;barrier. The rate O! permeability of esents 

depend on the l hysical and chemical properties• as tlell as 

11p14 aolub111ty and degree ot ionization to reach tho 

developing embryo. In the present 1nveot1got1on, chick 

embryo is used as a model system to study tho interaction 

ot stJrene with embryonic development. lt oeems from the 

different obcervat1ona that chick emb~ 1s used extensively 

tor the s-tud lee on nor_mel embryonic dovelopmEint. ih1e system 

has some odVantaees since known quantities of substances 

can be ln~eoted 41rectly into incubetlns eggs avoidinG 

troubleaome variables of m..<:Jternal influence. 

on the other hand, it 1e reported that cytoohrom~P-45o 

P-ItS& linked monoosygenase, known es drua metabolizing 

enzymee are absent or ver.r low in normal chick embryo liver 

(47). but can be induced by aenobiotics at an oerlJ etsaoe 

of fetal development (48). In support of this v1ew, styrene 
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haa boon found to bind predominantly to phenobarbital 

induced cytochrome P•4SO tn ret liver microsomes ( 49). 

~oreover, lntraperiton1ol adm1n1strot1one of styrene 

oxide, causes a loss of liver microsomal cvtoohrome P-460 

P•QSG and decreased the ability of liver mlcrosocee to 

metabolize drUgs (50). Th1e indicates that 0tyran~ ~Y 

interact w1 th a heme protein, cytochrome P•450. It 18 

also known that a majcr traction ot heme S)~thca1E¢d in 

the liver la ut111ced for the formation of cytochromeP-lf50 

P-450 (51). These observations eugeest that an altered 

cytochrome P-4.50 level due to styrene interaction might 

bo a reflection of impaired heme bios,ntheais. Further

more, the cellular heae ·levels are lar(lOlJ controlled b)' 

the relative activ1t1ee of ALA synthetase and ALA dehydra

tase ( ?•9) • A number of fti"'Upa have postulated that ALA 

e,nthetase £BY be a s1cn1f1oont foetor ln the reaulation 

Of heme OOntalning enZJmes( 85, 86) • fhU8, Ota' interest 

is to study 'the effeo' of styrene on chick embryo liver 

ALA synthetase and the next enz~me ALA dehydratase. 

ALA e,nthetaae io tho tirst step in heme blo· 

eyntheeio pothwoy Which allows the condenoatlon of 

gluc1ne with aucc1nyl-CoA (52-54) to form ALA. 'Ih1e 

mitochondrial en~e 1a ot particular interest oince 1t 

hae an inducible nature 1n.malt!!l811an liver (10, 55·6o). 

A variety of substances have boen oho-.m. to induce ALA 



aynthetase including drugs (&4, 11) and oterolde (7, 10). 

The increesecS s~thotaee aotivl ty is 1n correspondence 

with 1ncreae1na level of microsomal ox14ase activity (80). 

Such increase in hepatic aotivitl of ALA aNft'thetaee lead 

to porpbpoln aooumulotion and excretion. Th1& 1a firat 

obterved ln 196) 1n guinea pine treated ora11N with {DDC) 

3e5-d1ethoaycarbonyl, t,4-41hydrocoll1d1ne (10). The 

a.mount of ALA a~thetane in both tho cytosol and the 

mitochondrial fraction of cock liver is greatlJ increased 

by the admln1etrat1on of 2·a11Jl-2-1eopropJlacetam14e (11), 

bu~ this can be altered by cobalt 1n~ect1on, which produces 

biph.aaic chanaea 1n ALA &Jflthetaae actl v 1 ty t~l 'th an 1n1 tlal 

depression of ALA srnthoteoe followed 1n several hours by 

modernte increase in formation of enzyrce ( 87 • 88). 

Stu41ee 1n cultured chick oobryo liver cells (?) 

have shown that the 1nduot1on of ALA synthetase bf drucs 

ie senoitive to inh1b1tora of m;A and protein SJnthesis. 

lt has been, therefore. postulated that alternation in 

en~ activity with different druse results due to ohanaea 

in the rate of enaNme SNfltheoia (?). However1 other workers 
-

claim that the effect of chemical as inducer ls to activate 

pre-ex1et1ng ALA synthetase (90). 

ALA aynthetaoe has also ahown to be inhibited bi it's 

end proctuct. heme ( 61, 89 • 70, 71). Accordine to their!., heme 
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may replete hepatic ALA s)lnthotaee with the help of 

(1) represa1on of the s,ntheele of enzyme or (11) 

prevention of the transfer of newl7 syntbeelne4 enzyme 

from oytosol to m1 tochon4r1a 1 or ( 111) end-product 

1nh1b1t1on of ALA synthetase. Experiments involving the 

uoo ot protein e,nthesle 1nhlb1tore 1n chick embr~ 

llver cell culture ( 62·64) nuooeat that the moot important 

meohaniama is repression of ALA &Jftthetaee by heme et 'the 

tranelatlonal stace of protein ernthee1s. Howovor, s 

direct 1nh1b1t1cn of tho ALA oynthetase by heme hoe also 

been reported with partle111 purified preporet.lono of 

tho liver enzyme (65, 66). Since heme synthetase. the 

lest enz)'me ln the pa.thway lo in close assoc1at1on wl th 

the ALA synthetase at or near the mltochondrlal inner 

membrane (67, 68, 69), the poso1b111ty should be ccno1clere4 

that end-product 1nh1b1t1on may. also play a port in the 

reeulatlon of ALA motab011em (10). 

The quanti tatlve c:leterm.lnntion of .ALA le of importance 

not onl.v in the measurement of ALA synthetase aotlvl ty bUt 

also 1n the dlasnoela of several olinlcal disorders 1nc1ud• 

1ntl 1ntem1 ttent porpJr18 ( 72•? 5) • 

The elevation ot ALA hea been reported both ln plasma 

(?6-?9) and urine ( 80) ot lead poisoned animals. The . 
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1nh1b1torr effect of lead in ALA oyntheteae r.ae reported 

earlier, whereae, recent studlea have ohown an octlvetion 

of the enzyme by leacl (64, 8)). 

ALA is further motebo11eect. by tho enzyme ALA clchyclra.,.. 

tase (E.c. 4.2.1.24). 'luo ttOleoulea of ALA are condenee4 

to produce poTphobll1not.en (PBG) • Precence of e1thor 

reduced glutoth1one (OSH) or <llthlotbretol (DT~) is 

required for the act1vnt1on of the enzyme arot~m of ALA 

def)yt\ra'taae ( 91). This enzJme plays an important role 

in the formation of porphyrins. hemes end chloX"Ophylls. 

It is o sulf~ral enz~e. found 1~ tho OJtoplasm of ell 

aerobic oells. ALA dehydratase has been extensively studied 

1n e number of enlmale (92, 9)) ancl m1crcorgan1oms (94-96). 

ALA dehydratase 1s.w14ely accepted as the most 

eenol t1vo indicator ot lea<l poisoning ln man and · 

animals ( 97-100) •• It is well known tha't low concentrations 

of lead effectivelN inhibits this enzyme (9. 101·105)• The 

other studies also indicate the inhibitory role of heavy 

metals llke, eercur~. cadmium, copper, silver afttl other 

thlol acente (106). 

In contrar7 to that, the act1vlty of ALA 4eh)'dratase 

hoe increased in the liver of en1mele treated with porphyro• 

genic druse, e.n. , ),5-diethoxycarbonyl, 1 ,4-41hy4roco111d1ne 

(DDC) 1 2•ollyl•2·~S~prop:rlacetemlde (AlA) e114 arlseotulvin 
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(59. 107·109). It has been shown rectmtl)' that tho 

ALA dehydratase Is e stnc-clepend enzJmo (108-110). 

Earlier studios ebow that line can activate ALA dehydra

tase both J.D xJ.D ancl J.D vim (toe. 110). However, 1n 

contrast to ALA dehydratase from other epocles, the 
. . 

mouse ensNJne is ectivoted b)' EDTA, Hg2+ end Pe2+ lens 

(92). ALA dehydratase is also 1ncreaoe4.cone1ctorably in 

the blood of rate poisoned by succcsslve injection of 

phy.nylhydraelne and roaches a reaximum corrcapondine to 
~-

the numbor of reticulooytca (113). lt 1a ovldent that 

blood lettlnas 1n rete could stimulate erythropoiesis 

end a subsequent lnoreese in the activity of ALA tlohJdrotase 

due to a sreater number of c1rculet1ng retlculoc~tes (8). 

The third important step in heQe b1oey.nthes1s la the 

enzyme heme s,nthetese which catalyses the lncorporotlon 

of ferrous ion into the porphyrin rlne structure ( 114). 

In the present 1nvost1catlon, the development end 

mortality of ohiok embr,o, treated wlth varying cublethal 

doses of atyreno at different developmental atoeee heve 

been stu41ed. A dlatlnct correlation between toxicity 

developl!ent and b1oohemloal bae1e of 1t has »et to be 

established. Attempt haa been made to understand tho 

biochemical basle of st~ne tox1c1tJ, epeclally at the 
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level of ALA metaboliso. Furthermore. our interest 

has been extended to oorrele~& the embryotox1clty ot 

st)'rene wl th al terat1on of ALA metabolism. In future • 

we propose to study the 1nteract1on of atyrone w1th 

other enzymes 1nvolve4 in heme b1oeynthee1s and aloo 

at tho level of hemeprote1n, c,-tochrome P-4.SO. 
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Amino levu11n1c acid, p•dimethylamlnobensaldehyde, 

ethvlacetoacetete, trlsme base, ClJC1ne, bovine ee~ 

albumin, dlthlothretol, porphob111noeen were purchased 

trom Sigma ChemJ.cal co., u.s.A. and some of the other 

chemlcale were purchased. from BDH (AR crade) • Fol1n 

c1ooal tcu reagent was purchased from B.t.ochemioal Un1 t, . 

Patel Chest Institute, Delhi. EtbJl acetate (E. ~erck), 

and other chem!cala were obtained from commercial sources 

ln h18hest purity eva1lab1le.:..,·. Strrene r:ae purchased 

from SISCO. t.11otoe)'1:"1ft6e has bee~ purchased from 

Hamilton & co., Sw1tzerlanct. 

ii•lnS•uoaa at ua lisa • 
Freshly laid, wh1 te lechom strain seJ'O dON old eooe 

were obtained trom lfovt. Poultry Farm, Satbat'i, tJew Delhi. 

Immediately after br1ne;1ng the eooe into laboratol")' • they 

were cleaned thoroughly with wet cotton, weighed end marked 

properly tor future experiment., After that,. they were placed 

1n BOD incubator, the temperature ot wbloh wae alread)' 

maintained at ,.,Oc. The bum1d1 ty of incubator was maintained 

at 6S% by keeping a trav. full/of water 1n presence ot a 

hrarome.oter. 

Eaga were rotated manuallJ once a clay and were oxem1nec1 

throueh the candler e•er,r day for their proper growth. and 

v1ab111ty. Unfort111zed and dead egse ~ere discarded on 



)rd dey of incubation and the rest were incubated tor 
21 days~eee 1 t le mentioned. 

&jliOJ).i 
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IIIISIID' AI Sbt AbiPk tmbriPI It£ dl!llRP"DS at ISJXIDI 
Spad.q1Sx • 

InJections of styrene, dissolved ln ethanol and then 

diluted with olive oil at varying oonoentrationa of s.o nmole. 

to 100 runole/Jtg. eoo wt. 1n so pl were e1ven on 41fferent 

dare of development ( jrd, ?'th and. 14th daJ). These doses 

can also be expressed ee o.sa to 10.4 ppm. Control eene 
were e1ven the same amount of solvent 1nJect1cn on the same 

day of incubation. For a1v1na an inJection the eoos were 

wiped with d1ct11le4 alcohol, dried and placed on the 

candler. With the help of pasa1ng 116ht from the oondler, 

the oeg shell was scrapped en4 made a thlrmer hole with the 

scalpel. InJections were made into the yolk sao of embryos 

wlth the help of mJ.crosJZ"inae. lmmed.1atel,, after giving 

inJection, scrapped area was covered with surgical tape 

to prevent contamination. Sterile syringe. scalpel were 

usecl throughout the experiment. ·At'ter glvlng the 1nJeot1on, 

eooa were kept in tho incubator with dnimwn disturbance. 

Then, ther were examined throueh candler tor the mortal1 tJ 

ever,r4a~. Bither after hatchins on ·21st day or tho day 

when morta11tN woe oboorved, embrJOe were opened ond examined 

visually for v1ob111'ty, eise. erov;th and maltorat1ons. 
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IIISIJm:Lia · UDdll: dD'•DI IIPOIUEI t 

For studylns the effect of otyrene exposure on 

16 

ALA metabOliem. the embryoa were 1nJcat.ed on ?th er 14th 

day of incubation w1 th different concentratlono of st~no 

(.S. 2S, SO end 100 tlmole/kg. ecs wt.). Embryos were opened 

on 18th day of incubation and liver was collected· for 

fUrther eaperimen~a. 

wuouanns ·a% be:oaSJ.c AJtA ;t,a;pl , 

Hepatic ALA concentrations were measured according 

to the method of Granick 14 .11• (1l,S) mod1f1o4 .bJ Piedra 

.11 Al• ( t 16).. After 4eprote1nls1"6 11vor hol!:Osenato, 

supernatant wae allowed to react with 0.2 m1 of ethyl 

acetoacetate 1n preoence of 1 ro acetate buffer pH 4.6 1n 

a bo111ng water bath for about 10 minutes. .Af'tor attaining 

the room temperawre, 3 ml of ethylacetate was ad4cd and. 

tubes were shaken tor to seoa and then centrifuged at 

4,ooo x s to extract the amino levullnlc ao14 p,rrole. 

2 m1 of the upper laver and equal volume of md1t1ed 

Ehrlich reaeent was added. 1'he absorbance was ooasured 

at 553 nm after 10 minutes. 

iaS,IIS1Qn at RJRlaln • 

Protein was aeeared by the method ot Lowr,v al Al• (11?). 



' 

Busent• »•e' • 
fEPS!iD £1Bf1Dlt 

Reagent A • _aj r;a2co3 1n o.t NaOH, 
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fleecent B • o.~::, cuS04.4H2o ln 1S3 sodium OJ' potassium 

tartarate, 50 m1 of reaaent A was mlxecl 

w1 th 1 ml of reagent B. 

fslln Ciaoal.Sgu tti&IDS • A lllxture consiotlna of 

10 am Na-tuneotate (Ne2wo4.2H2o). 7 ml of water, s.o m1 of 

85~; phosphoric ao1d and 10 m1. of concentrated hydrocblor1c 

ao14 was renuxett eently for 10 boun. 15 ga 11thlum sulfate, 

S m1 of water and a few drops of bromine rl8tor were added. 

The mixture v:as boiled for 15 minutes w1 thout condenser 

to remove excess brordne. Then, lt was coaled, diluted to 

100 m1 and filtered. The reogont should not have a ereenlah 

tint. 

h'AAI£1un • 
To o. 25 m1 of solution containing bovine senm albuml.n 

{25- 200 ug), 2.5 m1 ot protein reagent was added and after 

10 minutes, e further addition of o.2S m1 of folin's reagent 

was made. After 10 minutes, the absorbance wae measured 

at 66o nm. The colour produced is proportional to the 

concentration of protein in the solution aa&aJed• ~he 

standard curve ls shown 1n Fig. 1. 

AI§IX AI bltA lmilliSIII IA.tiY~lS;x tru ~!YU a 

Hepatic ALA SNJ'lthotase activity of ch1ck embryo wae 
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measurec.t accor41ng to the method of Piedra ll .11• ( 116). 

ALA ernthetaae catelrses an 1rrevera1blo conJugation of 

auccln,l Co•A and glycine to from ALA, ALA &Jnthetase 

activity is measured. by the rate ot toraat1on of ALA. 

B•JJUDSI MD!d • 

o.9$i NaCl solution containlne. o.s m&l EDTA and 10 m&l 

'l'r1o-HC1, pH ?.~. 

SO It~ Tr1s-HC1 buffer. pH 7.2. 

16 5l EDTA. 

£Uulsne <zgg dll • 1.2016 sm of glycine was 41asolved 

1n 10 tnl ~t 0.03 ro Trls-HCl bUffer, pH. ?.2. 

15~. ~A 1 25 em of Trichloroecet1o eo1d was dissolved 

in 100 m1 of d.1st1Ue4 water. 

1 0 acetate buffer, pH 4.6. 

2r»Aid»£A1 

Chick liver was pooled and bomoaen1~e4 rap1dlJ with 

3 volumes of o.~,.; t~aCl solution conta1n1ns o.s ~1 BM'A 

and 10 mro Tr1s-HC1. pH ?.4 to make 250.bomoeenate snd 

was u.sccl as enz;vme source. The incubation mixture 

contained {in paola) 1n a final volume of 2.0 mlt 6}yc1ne, 

200t RDTA, 20t 'l'r1s-HC1 {pH ?.2) • 150 an4 o.s m1 of ena)'me 

preparation. For carrying ~he blank the contents ~ere mixed 

ln a vortex mixture and o. S m1 ot 25~:; i'CA wee added :in the 

beg1nnlne of incubation. 
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Incubation was tcrmlnated by 8441t1on of o.s m1 of 

2S~j 'ICA. After centrifuging tor 10 mlnutea at 6,600 a fi• 

1 m1 of the clear supernatant was further aseaJe4 tor 

ALA formed.. 

iiSI.IIISiOA Gi: , ABDA lt!aa:l .I.NA acJ.d • 

i\LJ\ was detormined: accordlna to the method of 

Granlck -& al• (115)• mod1f1e4 by Piedra .U Al• (116) b)' 

Ehrlich reaction. 

BI•BinSD 1Jie4. 

§Sqgk AlrA aoJ,u<J;lpna 8. 380 IJ8 of pure cr)'S'tal ALA 

HC1 wae dissolved ln 100 m1 of dJ.et111ed water to set S mli.1 

solution. 

fqparaSliD a( miiWIA J:ibdiJJb, DDiiDS• t.o gm of 

P-41ae:thylem1nobenza14eh,-4e was d.leaolvecl 1n about ,30 m1 of 

6].aolo1 aoet1o ao1d. e,o m1 of ?oe,Z perchlorlo ec14 was 

added and the solution was diluted to 50 ~ wlth acetic 

acid. The reaaent l.o unstable and shoUld be usfld on the, 

48)' on which 1 t was made and reaalnder waa dlsoordect. 

1Ct1 acetate buffer, pH 4.6. 

Ethyacetoaoetate•·s.porte4 f~m Siems Chemical co., u.s.A. 
Bthylacetate a E. Merck. 

la:DIIU&:It 

1.5 ml of sample containing ALA was cnsde upto '+.0 m1 

with 100 acetate butter, pH 4,6. Then o.a m1 of ethylaoeto-
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acetate was acl<le4 and allowed to react lh e bo111ng water 

bath £or 10 rdnutes. After coo11ng1 3 r4. of ethyl acet1.1te 

was added and tubee were shaken tor 10 seoe and centrifuged 

a1 4,ooo x g to extreot the amlno-levullnic-aold·p~le. 

2 m1 of the upper lerer and equal volume of mo41t1ed 

Ehrlich reagent wes-e m1xe4 together arut the abeorballOe at 

553 run wns raeacurccl after 10 mJ.nutee, aplnst a blank 

conta1n1ng 2 m1 of ethyl acetate and 2 m1 of 2hr11oh 

reaaent. The standard curve tor ALA 1e ahown 1n Plg. 2. 

ALA aynthetaoe was exp~eeae4 ea p mole ot ALA torm~ms 

prote~90 m1n •t 31°c • 

.&1111 sat liJII' .aw ste.b.:DinS•e• • 
The cnzJm& ALA dehJdrataae ae41otea 1rrevere1b17 

the 4ehfdratat1ve cycl1zat1on of ALA to porphobilinogen. 

For aaeeylng 'the deh)"dratase act1v1t7, liver homogenate 

was made 1n 0.02 Ill phosphate butter, pH 6. 7 conts1n1ng 

0.15 H KC1 ( 118). The assay of ALA dehydratase io baaed 

on aeasurement of the amount ot porphob111noeen produced 

trom the substrate ALA with the help of ~11184 Ehrlich 

reaeent as described by Granick AS Al• (11S). 'he reac~lon 

wae carried out in presence of dithlothretol (DTT) • ae an 

activator. because rectuoe4 .torm ot glutathione le an 

eaaen11a1 component for ALA dehJdratase activity. The 

reaction was stopped by the addi tlon of TCA containing H&Cl2 
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and centrifuged. An aliquot of the supernatant was added 

to Ehrlich's reagent and the resulting Ehrlich colour ealt, 

a condenaatlon product of p-d1methylam1nobenaa1dehJde with 

pozophob111nocen waa meaSUl"'d at 553 run. The HBCl2 1n the 

iCA mixture was used to remove eulfhydryl compounds from 

reaction mixture 1n order to avoid frequent 1ntoract1on of 

1t with the £hr11ch reagent. The pH ot the reaction lll1xturo 

was chosen 6.5 beoauee 1t 1e the optlll\UO pH of ALA deh)1lrataae 

and also conversion of pozophoblllnoeen to uroporpbob111nDgen 

becomes ne811n1ble as the eneyme, llPG 1 &Jnthetese, respona1• 

ble for this co~ereion has optimum, pH 7.8~. Sodium phosphate 

was used because tho potassium forms an insoluble perchlorate 

salt with the Ehrlich reaeent which tntorferce with colour 

reaction. 

B•DStldl UD&Uh 

0.2 M_ sodium phosphate buffer, pH 6.? containing 

o.ts 111 1tc1. 

0.1 m sodium phosphate bUffer, pH 6.5. 

&. Iii AU UA a 1.67 ma. of ALA HOl woe ti1oeolvo4 in 

2.5 m1 of o.t ~ sodium phosphate butter, pH 6.s. 
&a m"~ JUSJllp;tbtiSRl• ?.15 mg of DTi' was dissolved 1n 

2S m1 of o.t ~ sodium phosphate buffer. pH s.s. 
tpA-IJaQJ.2 u~uSJaD • 4 gm ot TCA and 2.7 gms of 

HgC12 wore dissolved. 1" tOO m1 ot the distUlcd water. 

iip41(ipst Ebi1J.Gb. EM&ODl• 1 gm of !)-dlmothylemlno• 

benzaldehyde wae d.lssolved ira 30 m1 ot . .tJlaoJ.al aootlc sold 

Tk-4s6 
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an4 th.m 8 ml of ?0)3 perohlorlo aclcS was added. It was 

mnde upto 50 m1 \Ylth ecetlc acid. It was prepare<l ~uet 

before the addition ot the reagent. 

faaart • 
Chick .llvor wae pooled an4 homocenlzed rapidlN 1n 

o.o2 Ll sodium phosphate butter, pH 6.7 containina o.tsm 

KCl to make 2~ horn.oaenote end wao used as enzyme source. 

The aasa7 mixture contained (1n pmolee) in o total volume 

ot 500 ,.1• A"l.J., o.z, 41th1othretol, 2.0, aod.J.um phosphate h'J/&

(pH 6.5) to.O· and enzyme. After incubation for the 

1 hr e't )1°Ct the reaction wae stopped by ad.dlne 2 ml of 

TC.A·H6C12 solution. After centr1fuaet1on tor 10 mine, 

t.S fl1 ot tho eupematatlt wao taken tor the spectrophoto

metric eetlmatlon of porphob111nocen by Ehrlich reaction. 

Standard zero minute enz,.e control and dlth1othretol 

control were assayed in the same manner. 

idlma;tion of ICAEPbDhilinoean. Jlx Eb~iob E'IP:S'RD • 

B11eam• utA• 
4 mro porphobilinogen. 

0.1 11 sodlum phosphate buffer, pH 6.5. 

Mdlf'ltd JibrJlph x:ei\CD1i• 1 gm ct P-dlmethrlamlno

ben~ldehyde was dissolved 1n )0 m1 of glncial acetic acld 

and then a.o m1 of 101; perchlor1c eclc.t was addec:t. It woe 

prepared eve:r;:y 5.tima··. freshl.y. 
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f£PQtdJIU • 

To 1.5 m1 sample containing porphobilinogen, t.S ml 

of freshly prepared modified Ehrlich reagent wee added. 

After 10 minutes, the absorbance at 553 run was measured 

1n epectrephotomoter. Tho colour produced in this 

reaction ls proportional to porphob111nonen content of 

the solution assaJad. The standard curve 1e 61Ven in 

Fig. ). 

ALA deh~retaoe act1v1tr le expressed as p mole of 

porphobll1nosen formed/mg of protei~ at ~c. 
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D.a!tlPRIW'S and mgr:tgJ.lSX of pb1Qh, llltD'A MDclftr ssxana 

~EIISUDS t 

Growth retardation and improper development 1n 

st1rene treetod chick embr,oe was observed as there 

was reduction ln s1 ze end weight a a compared to tho 

controle (F1ae. 4-6). However. there wee no visual 

appearance of malformations (Pia. 4). The offeot of 

st,rene 1n~ectlon (5-100 nmole/kg. egg wt.) on ?tb or 

14th 4QJ of development on the length of embryo -ae 

shown in Fig. s. The embryos were opened on 18th day 

of incubation an4 length was measured and exprosae4 

eo percent decrease from normal value. Tho lenath of 

18 clay old control embeyo waa 9 em. but when 5, 2S, 

.SO and 100 nmole/kg. GB& wt. of st7rene weo 1n~ected on 

7th day of the development, the len&th of the embeyo was 

reduced by 10%, 16%, 18% and 2~ respectively. S1rn11er1J, 

when tho same donee of styrene w~s lftjeoted on 14th day 

or development, the length on 18th day was observed •1th 

the reduction of ~~. ~. 1~ and 1~. St,rene treated 

embrJoa have aleo lost the body we1cht (F16• 6). The 

welch't ot 18 da)' old embr)toe wao J6.S p, but ;when 

(5, 25, 50 and 100 N!IOle/kg. egg wt.) of styrene wee 

1njecte4 on ?th clay of the developreent tho welgh't of the 

er:beyos wae decreased by 1~, 23$)., 2~ end :3«) rospectlvely. 



Fig. 4• TJpicel development of 14 day chlok embeyo 
1n3eoted w1 th at7rene on ?th day ( C • COfttrol t 
IC • injected control, 2, 2S, SO and 100 rur:ole 
ot styrene/kg. eeg wt.). 
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U1m11ar1J• when styrene (5-100 nmole/.ktt. esg wt.) was 

1n3eotecl on 14th Clay, the weight on 18th 4ar;wae obtained 

with reduction of ~;, cy,S, 1,;:. and 15~. Thie data ouegesta 

thnt embryos were pining resistance towards external 

agent~ with the agaa. 

The effect of varying oonoentrationa of st,-rene 

injection to chick embr,o dur1nc different daye of develop

aent ()rd. 7th an4 14th daJ) on mortality rote of ohlck 

embr,vo 1a presented in (Tables l•II1). ln each experiment, 

one group of eooa was kept as uninJected control an4 to 

another IJ!'i>up of eoos, the same amount of col vent (used 

tor styrene solution) waa inJected on the same daJ• These 

eggs were considered as injected controlo. 

The effect of vory1nc concentration• of st1rene 

(S-100 nmole/k6• eec wt.) inJection to ) day old. embryo 

ln. the morta11 t1 rate was shown 1n Table 1. A 6Ntiual 

1ncreeee in the death rate of chl.ck embryos was observed 

with increasing concentration of styrene. ln th.e unlnjeoted 

control croup, all the embr.voe were allve thi'Ouehout the 

experiment, whereas 1n inJected controls 8,3% of the embryos 

were survived. Bce1dee, tho rise 1n death.rete with 

1ncreaatnc concentration of st7rene injection, tho time 

required for the deoth wao also vor1e4 aocordinal' with 

different doses. The ombr.Joe that received leas amount ot 



L.Li,i_.C.T OF C~Jllif;E li:JtCTIOf: ON L:OI\~Al.,lfY Of 3 DAY OLD 

CHIC1i Et:J3RYO 

Treatment 
wlth ot}'rene 
(nmole/kg.egg wt.) 

Control 

Control (1n3ected) 

' 
2.5 

50 

100 

Rete ot eorte11 ty 
of oblpJs IIDJ>r:Yi0 

Dead . e111bryo )$. 

0 

1? 

60 

66 

Dea'th occurred 
on the da7 

.. 
1?•18 

10·11 

?•8 

6 

6 

• &Zortal1 ty was checked ev.ry 48)' theough candler and was 

confirmed v1oua1)7 by openln6 'the embr7o• A rd.nlmum of 

30 eoos were use4 1n each eroup. 



at)'rene (5 and 25 nmole/k6• eeg wt.) died on ?•11th day 

ot development. Whereas embr,Jos receiving o h1chor 

concentration ot styrene (SO and 100 nllole/kg. eoo wt.) 

died on 6th day of development. · ThJ.e clearly 1ft41cotes 

that stJrene, injected to the ~'JOlk sac of tho fertlllaed 

ecfh had an en'try into the embeyo. Also varying concen

trations of styrene (5•100 Mole/kg. eeg wt.) 1n3ect1on 

were tested on ?tb day of development (Table %1). In 

this experiment, too, the death of ot7rene trcatoct chick 

embeyo was linearly prcpon1onal to the 1noreaa1na 

conoentrat1on of st)rrene. ln this case, .:J3 enct t:»S death 

rate was o·baerved 1n un1n~ooted control and 1n~octed control 

embr,ros respectively. Besides, decreased v1ab11lty, there 

waa alot of difference 1n time, that \'las required for the 

death. The ocbryo • where lese doses of otyrene ( 5 end 25 

nmole/Jre· ees wt.) wee Given. death Qccurred en41?th an4 

19th ciay of incubation, but with b16her dooes of t~trrene 

(so end 100 n.mole/kg • eeg wt.). there woe sn advanceztel'lt o; 
death l.e. on 9•1Sth day of deYelopment. 

In the Table III, the effect of samt coneentrotlone 

of et~rene ,jo chick embr,vo was studied on the t4th da7 of 

development. In this experiment, 1~. 16% encl 2~ rnortal1 t.r 
was observed in 5• 25 end 50 nmole of s-tyrene lnJeotec.t ohJ.Clt 

embryoe respectively. The maximum mortslltr ot ~ was 



EFFECT OF STYREI'm 1NtJECT10fl ON wORfALlft OF 1 DAY OLD 

CHICK &t~B.i\YO 

Treataent 
wl th etpene 
(nmolet~tc• •oo wt.) 

Control 

Control ( 1n3eoted) 

5 

25 

50 

100 

Rete mortelltJ of 
Qb1Qk -· • Dead embeyo ~ 

~ 

' I 

. ·- 13 I 

)2 

43 

~ 

10 

Death occurred 
on the clay 

21 

21 

18-19 

17•18 

1)-15 

9--10 

• Eortallty was checked evor;y cla)' tM'oUB;h candler and wac 

confirmed vlaually bJ open1ng the embeyo. A minimum ot 

30 egee were uaed in eaoh 6rDUp. 



EFFECT OF SfYREfai 117JECT10N OR I-~RTALITY OF 14 DAY OtD 

CHICK &lBRYO 

Treatment 
w1 th styrene 
( nmol fVJt8. eoo wt. ) 

Control 

Control ( 1n3eote4) · 

s 

2.5 

50 

100 

Rate ot mortalij¥ 
o( lbS.als •ruae . · . 

Deacl ernbr;vo SS 

0 

0 

16 

16 

2) 

Death occurred 
on the clQ 

-
-
21 

20 

19 

17·18 

·~ortalltJ was cheeke4 every day through candler and was 

confirmed visuellJ by opening the embryo. A minimum ot 

30 eeae were used 1n each aroup. 
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obtained with 100 nmole otyrene 1n~ect1on. No death was 

observe4 in both tho groups of un1nJecto4 control ond 

inJected control. Apart from the death rote, thore was 

considerable VDrlotion 1n the time requ1remont for the 

occurance of death. These results lmllcate that 14 clay 

old embryos were less susceptible to styrene 1ntox1cat1on 

es compared to 3 day end ? dey old embr,ros. 

w50 values of styrene tested on 3 dQ', 1 day and. 

14 day old embr,ro were determined as(25t 50 and 100 nmole/ 

ks. 066 wt.) respectively. Dose response data was dependent 
'I. 

critically on the ace of emb%110• Experiments were oarr1e4 

in which dlfteren't doses of styrene wae injected lnto 

the eega on either )r4 or ?th or t4tb d~ of development 

and percO'ntaeo ot Uve embeyo 1n exper1mentalggrroupo were 

plotted asainet the da.y on which 1n3ect1on ,.,.., given (Pie. ?) • 

As shown 1ft F1g. ? , the same dose of a't)Tene was s»re toxic 

at the 1n1tlal &ta6ea of development than the later etegea. 

alnoe S nmole styrene inJection appeared to produce 4q~. 

6tt: and. 84~ live embryos on )~, ?th and 14th clay respect-

! vely. Similar pattem of mortal! ty 1n response \tyreno 

inJection on different incubation days 1.e. ?th and 14th 

at the level of 25, 50 and 100 nmolo/ke. ega ot. \VaG obte1ne4. 

However, wutimum embryos upto ~ remained alive 1n the 

case of 5 ant\ 25 nmole styrene, v.hereae m am 66S) of 
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embryos survived with 50 arid 100 nmole of B't)'rene \"lhen 

inJection wee made on 14th day ot development. fheeo 

experimental evidences aloo 1n41cnte that the mortalitJ 

ot the c:uabeyo at tho eome dose of ot)trene was veey rnuch 

clependent on tho ace of embrJo. 

AmJ.ng ~au11n1s aaiG miSDlmlllm 1&DAAr ux.aDt ADQUV£1• 
'rhe hepatic ALA level of chick emb.eyo treated with 

at,-rene on ?th anc:t 14th dey of developmen't was m.eaoure4 

(Tables IV and V). Those results of fable IV ahow that 

ALA level haa decreased to an extent or 14%, 25~~. 7/SS and 

S£6) ot normal value sienltlcantlJ in the liver of embl")'os 

treated with atrrene at the level of 5. 25, 50 and 100 

nmole/kg. egg wt. respectively on 7th day of 4ovelopment. 

Slmilarl)', decreased ALA level wee observed 1n ohlck 

embr,ro liver exposed with same doses of styrene on 14th 

day of dev•lopment (Table v). From Tables 1V and V • 1 t 

waa evident thot fall ln ALA level due to otrrene exposure 

wae marke4 1n ? clay old emb170 os compared to that of 

14 de¥ old. A 1~. 25%t W and S~ decrease ln ALA level 

waa found 1n s. 25, ,SO and 100 runole/k4h 066 wt. ot et)'rene 

treated ? day ctold chick eobeyo, whereas 11sJ, 1~. 21}> aft4 

~ fall of ALA level was observed with tho same dose ot 

styrene treatmen't on 14th dey ot development. 



HLPA~IC ALA U.YEL lH SftRbfill TRMTtD '7 DAY OLD 

CHICK F.$:DRYO 

a 
P value Treataent 

p mole~ ifl~mg prote[n1 
· 

Decrease 
w1th e~ SJ> 
(nmole • esc n.) < 

Control ?sa.o i. o.so b - -
tontnl (inJected) 154.8 ~ 0.30 - -

5 653·5 !. 0.20 14 0.001 

25 S?t.4 i. 0.30 25 o.oot 

50 480.o ~ o.40 o.oot 

100 ,,,.,. t. o.so 56 0.001 

a - represent& eean valuoe of ALA level % Std. error. 

b • total number of embr,Joa ln each croup were not lese then 12. 



lmPA'XlC ALA LEVEL lli STXRm~ TREATED 14 DAY OLD CHIClt 

EJUBRYO 

'lreata&nt a neoroaee . , . i b ltUAE~t1 In wl1h axrene ~ 
(nmole g eoo wt.) 

p mo • ot ~:PB prote 

contJ:Ol ?54.6 :. o,~~eb -
Control (inJected) 753•0 .t O,jO 

6?3.0 % o.4o 11 

2S 617.1 ~ o.so 12 

50 552.6 !t o.40 2? 

100 503.2 t. o.6o 

a • Represents aean •a1u• ot ALA leYel .t Std. error. 

P \l'alue 

< 

... 

-
o.oot 

o.oot 

o.oot 

o.oot 

b - Total nUilber of embr:;oa in each aroup were not lese than 12. 



Since there la en alteration in ALA level wi tb 

styrene treatment, the enzyme ALA synthetase. rosporie1ble 

tor ALA formation ~ao studied. The ettoot ot otyrone 

(5-100 nmole/kg. ee1 wt.) inJection to ? 4&7 end 14 da7 

old embr,ro on hepntlo ALA aynthe~oae was shown ln Tables 
of. 

VI and VII. !bore was slgnltlcant 1nh1blt1on i'LA Sl'ftthetase 

activity 1n styrene treote4 chick embrJO as cocparca to 

that of control. t:oreover, the 1nh1blt1on of hepctlc 

IJ..A sJnthetose aotlvl '' was 1ncreased proportlonolr wl th 

the concentration of oty.rene 1n~ect1on as there was 

further 1nblb1t1on of ALA synthetase ectlvlty with 100 

nmole than wlth s. 25 end SO nmole ot otrrene inJection. 

Again. from the comparison between the Tables VI and VII, 

1 t was found that the degree ot lnhibltlon of ALA synthe

tase actlvl'tJ ':due to styrene expoaure was lese ln 14 dey 

old embryo as OO"P&Ncl to 1 4ay old embryo. 

!able VIII ehowe the effect or styrene 1njec~lon. 

61ven to ? dey o14 em~r10 on the scttvltJ ot hepatic 

ALA 4ehfdratase, the next step ot the heme b1osrnthes1s. 

The reaul ta from this experiment auuesta the st1mulatoJ7 

role of atyrene on hepatic ALA deh)'drataae. It has been 

also ehown that the etimulatlon of the enzyme ect1v1tJ hae 

increased w1 th lncreasine concentration of B't)'Z"ene injection. 

ALA 4ehyd.retaee sctlvltJ' in 14 daJ old styrene treated 



Tf&'l'ED CHICK Br.JlRYO 

Treatment AL6 IXDS,ISI~saSiliD a lfthl• P value 
with ~ne p moie of ALAoe llg proteliVbltlon 
( maol a eoo wt.) S 0 dnute.a a"t YJ C ~ < 

Conti"'l 82S.O .t o.6ob • -
Contft)l (1n,ectecl) ?62.0 ~ 0.3() • • 

s SS?.o t. o.to ,, o.oot 

25 3?0.0 to o.so 56 o.oot 

so 352.0 .t. 0.30 59 o.oot 

tOO t48.o :. o.to 82 o.oot 

a • Represents aean veluee of ALA level .t. Std. error. 

b - Total number ot embr)'oa 1n each aroup were not leoa than 12. 



HEPATIC ALA SYtmtETASE AC1l'IVlTY lfl 14 DAY OLD SftRBrm 

TREATED CH1Cl{ ~YO 

---------------------------------------------------------Treatment 
w1 th s'Q'rene 
(nmole/ks egg wt.) 

Control 

Control (1n3ecte4) 

s 

25 

tOO 

-
881.0 ~ 0.,30 -

32 

593.0 t. o.ao 

a - Represents meal'l valuee ot ALA level %Stet .• error. 

-
-

· o.oot 

o.oot 

0.001 

o.oot 

b • Total number of embryos in each group were not lees than 12. 



Treatment A*A ,dtllara::,: -ldi¥iSZ8 Stlmule• P volua 
w1th e~ene p mole . ton il8 prcttelii/ tlon fJ 
( nmole 6 864 wt.) tbrat~C < 

Control 6?2.28.1 4.o~b - -
Co~trol (1n3eo,e4) 693.15.!. t.o~ - -

5 820.00 !. s,oo 22 c.oot 

25 929.65 ~ ,.oo 38 o.oot 

946.42 ~ ?.oo 41 o.oot 

100 1110.93 t ,.oo 6S o.oot 

a • Represents mean value ot ALA level :t Std. error. 

b. Total number of embl')'oe it'l eeoh 8l"'UP were not lees then 12. 



chick emb.eyoa hoe been presented 1n Table IX. The 

similar trend in stimulation of ALA dehydratase by 

et,rene treatment has been contlraed in 14 day old 

chick emb170, el though there was lees etimuleti.on. 

occurred. 
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The present reeul ts aU{lgeat that s1Jrene tox1o1t,-

1n ch1ok ernbr)'o le b1gi\1J llnkecl up td th ALA metaboliem. 

It 4ecreasea the activity of ALA aynthetase whloh 1a 

responsible tor the formation of ALA end lt stimulates 

ALA deh,Jdrataee activity, which 1e reeponeJ.ble for 

ALA degradation. So • ul t1mntely the reduction ln ALA level 

hae been procoeded under this experimental cond.l tlon. 



ALA DEHYDRA'i'ASE ACTIVITY IN 14 DAY OLD SftRW'm 

TREA'lED CRICK &iBRYO LIVER 

Treatment 4W. sllbfDd~ aaSilift Stlmula-
with o~rene p mole orae ms prote t1on $S 
( nmole g egg wt. ) 1 hr at YfOC 

contnl 691e12 :!:. o.2ob -
Cont¥'01 (injected) 692.?0 ~ o.to -

5 ?86.o6 t. o.to ' 
25 904.J31 o.to 

so 928.t4t. o.to 

100 1095.17 t. o.to 58 

a • Represents mean volue of ALA level ~ St4. error. 

P value 

< 

-
-

o.oot 

o.oot 

o.oot 

o.oot 

b • Total number of emb%70 in each croUp were not less than. 12. 
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The preoent 1nvestlgat1on has revealed some of tb.e 

cellular reaotiona l.n responee to strrene toxloltN durlns 

embryonic development ln chick. These reeulte suegest . 

that otyrene even at very low level ( 5-100 nmole/ke• eM 

wt.), equivalent to 0.52•10,4 ppm, 1e pPOVed ~ ba lethal 

to embryo. Treatment of eeb%70B with varr1na concentn• 

tiona of styrene at different staneo of development 

1n41c~tes that as concentration of the ctrreno lncroaoes, 

the BrOwth of 'the live embryo 1s stunted. The erov.rth 

retardation of styrene treated embrroa 1a also ftported 
/)4Jr 

earlier by Va1nlo .81 &l• (2) wlth the inJection of otyrene 

to air apace at 25-100 umole/eru.h Al thoueh fLY ot styrene 

ls considered ae 50•100 ppm. since it doee not pl"'d.uce 

any tox1c1tJ to adults. our results cleorlr lndlcate that 

it .,.,. act oe a teratogen at this level. 

Furtbet'IDOre, these experiments reveal that 'lhe 

tod.cl t)' of a~e 1e veey much dose dependent, ae well 

ae the age ot embeyo ls a or1t1cal factor. The moat 

ausoeptlble period tor tbe teratoaeftlc action of ety.rene 

la obeerve4 to be the earl.7 stages ot embnonlo develop• 

ment. Thereafter. embr,votoxiclt,r declines ver.v rapidlJ 

to 1 ta lowest level on the 14th day.. The lower dose of 
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at~rene exposure m&J be lethal durtne 1nlt1al staeea of 

development ( )-? 4&1) • whereas the e8flle amount of st)'rene 

treatment hae no effect on embr,oe 4ur1ns later atoeea of 

4evelopme1'\t (1,. day). RecentlJ', Valnlo Jd. Jll• (2) report 

that the embrroe ere moat susceptible to stJrene and 

styrene oxide during early development upto cia)' 7, but 

then eurv1val1t)' 4eo11n.es again on 9th dar. The present 

. stud)' also confirms that 14 day old embryo haa a cl\en~e 

to reduce the tox1o1 tr in comparison to ) ;and ? daJ old 

embrJO, it lt 1e oapoaed to et)'l"Gne. The oneposslble 

explanation can bo pu't foJ!'WSrd 1e that the proper homeo

static mechanism is not developed durlne earl)' staaes of 

embr;von1c dovelopment. Another posslbll1 t,- le tbet drug 

metabollsins enzrmee, responsible for pollutant deera4at1on, 

are absent or present at ver)' low level in normal chick 

embr,vo liver, but can be 1nduced by xenob1ot1ca at tho 

earl)' eteees of fetal development. Furthermore, due 'to 

deposition ot ot)'rone or its metabolite 1n t!'le liver after 

the exposure, 1t mie)lt also inhibit some of the prime 

ent,.ea. Which ere neoeeeary tor growth ehd development 

of embrro. 

Tox1o1t7 of styrene to ohiok ••br10 is ehowed olearlJ 

by ~wth retardation, wel(lht lose and increase in the rate 

or mortall ty • but there was no appearanoe of malforma,lon 

ae 1n the case of Vilnlo .IS ~. ( 2) • Th1a might be possible 

due to the tact that malformations are observed onl)' with 
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higher concentration of st1rene, inJected to the air 

apace. In the present 1nvent1aotion, otyreno is injected 

at very low concentrction to the NOlk sac of emb~• 

The depletion of microsomal OJtoohrome P-4so, a 

heme protein, with stJrene and stJrene oxide exposure 

hee been reported earlier (SO), although how it regulates 

the hemeproteln level is not cler111ed. The present dudy 

clearl,- 1nd1cetee that styrene oan interfere with heme 
I 

b1osrnthea1s at the level of ALA ll0tabo11am 'by rectuo1ng 

its hepatic concentration. A schematic presentation of 

the possible effect of styrene on heme bioB.Jnthesls steps 

le ahown in 1?16• 8. At least two steps of heme bioaynthesla 

me)' be affected. by stJrene 1ntox1dat1on and thus roeul. te 

in decreasing the concentration of ALA. This deproaaion 

1e caused b)' two faotorst t.ln'Uy bJ' 1nh1b1tlrlg ALA eJWthe

tose. the rate 11mltlng en~e of heme bloay.nthesls end 

eecondlr by the a~imulatlna ALA debydroteoe act1v1tv. 

responalble for 1\'S.;A 4eeredation. ~oreover, such el terat1ona 

1n ALA metabolism can be correloted wl th styrene tox1c1 tJ' 

developed, ee ~here 1e a direct relationship between the 

reduction in ALA level end the ttOrta11tJ rate. 

Inhibition of AtA e,nthetase aot1v1tr b¥ at1rene has 

llOt been shown earlier. Hor.te\f&r, e direct ifth1b1 t1on ot 
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the ALA synthet:aae bJ heme has alrea4N reported •1 th 

part1e11J purified preparation of the liver en~me 

( 61, 70, ?1, 89). ~rke4 reduction ot JJJ. ewnthetase 

act1v1 tJ was also found by ferrous ton ( 119) and lead 

(120). RecentlJt the.depletlon of certain amino ac14s 

llke, serine, threonine bJ chron1o exposure ot S'tl'rene 
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has been reported ( 121). F\Jnhe%"810re• the 1ncrenoE:4 

urina17 excretion of hippuric ac1t1, from the styrene 

exposed humane (122) an4 rabbit& (12') eugaeet thet 

hippuric eclcl 1s the terminal met~bo11te or detoxitle4 

product of styrene (vinylbenzene). CJ;yclne, whether 

der1ve<l from the outside or from endOBenous ocurce, 1s 

known to be ma ~or amino ao1d • usecl f'or hippuric ao14 

(aroyl gl.yclne) £ormation. All these above observotlone 

eucaeat that level of glJC1ne, the subetrate of ALA &Nnthe-
•• > \_ 

tase, may be a llml t1ft6 factor w1 th st)'Z"Ule exposure, 

which ult1matel~ decreaaes the s.r.nthetase activit~. ln 

h.ture, we propose to stuclJ the 1nhlblto17 role ot st)'rene 

and it's mo\ebo11te on.~ s,ntheteae. 

Contrary to 'the lnhlbl tion of ALA synthetase by 

styrene exposure. ALA dehydratase, 'the next enQ"mo 1n 

the pathwars of heme b1o&¥nthea1e was aot1vatc4 b¥ styrene 

treatment. In the literature, otlmulat1on of ALA dehydratase 

act1v1 t7 has been reported w1 th porphJ:ronenlo clrues (59. 

10?•109), bUt exact Mchanlam 1e not known. Styrene ia 
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known to reduce liver slutath1one level ( 124). therefore, 

1 t is not ~oeslble tor us to speculate that e'tyrene ma)' 

stimulate 4ehy4~tase ectlvltJ 4ue to 1ncrease4 ava11· 

ab111tr of reduced 6lutath1one, an essential component 

ot this eneyme. In future, we propooe to atud1 the role 

ot proteJ.l'l G)tnthesie on the ettmulatlon of dehydratase 

activity in presence of etyrene. 

Furthermore. 1 t has boon reported. recentl.l bJ 

r,:e11k .11 Al• (t2.S) that ~ supplementation can stimulate 

hemeprotein aynthoa1s in Frl~d Leukemic oell. As ebown 

in the preaent inveet1satlon, styrene can reduce the 

hepatic ALA level. Tbue, etJrene can interfere with 

hemeproteln formation, reaulting in decreaoe4 level of 

cytochrome P•4SO Which le an essential component tor the 

initial step of strrene metabolism. Our interests will 

be extenc1e4 1n fu'ture to study the role of at)rrene on 

cytochrome P-450 formation. 
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!be interaction of e~rene exposure dUring 41fteren~ 

developmental etuBes of chick ecbryo was etucUcd in relation 

to appearance of 'toxicity and mortality. Styrene at very 

low level. like 5-100 nmole/ke eeg tit. (equivalent to 

0.52 to 10.4 ppm) were lnjectc4 into the yolk sac of embrJO 

on 3rd. 7th end 14th day of development. Styrene treated 

embryos wore reduced. 1n s1 ze end body weie.ht _ from control, 

althouah. there was no visual appearance of oaltorm.'ltions. 

ocorta11ty of styrene treated chick embryo was increased 

with 1noreas1ne concentration of styrene exposure and 1t 

was dependent on the &fie ot embeyo. w50 values of styrene 

also 1norease4 with the·ege of embryos, tn50 values of 

nrrene wao dotenained as 25, 50 and.> 100 n mole/kg eeg wt. 

on Jrd, 7th and 14th day. ~hese data clearly indicate that 

styrene may produce embeyotoxlc1 t)', t4hen 'they ere exposed to 
I 

sublethal doses. 

Atteapt has been made to correlate tho tox1c1ty 

developed with the alteration in ALA metabolism which la 

known to be the ngulato17 step in heme synthesis. It 

has been observed that hepatic ALA level 1n atyrone 

treated chick embryo was decreased as compared to that of 

controls. In support of this observation, ALA synthetase 

wae rounc1 to be lnh1b1 ted 1n the liver of chick embryo 

exposed with styrene, Qithor on 7th dey or on t4th day o~ 
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incubation. Furthermore, 'the c1egree of .1nh1b1t1on of 

ALA synthetase activit¥ waa also dependent on the dose 

of e<tyrene injection. Contrar,v to ALA s,nthetaoe, the 

stimulation ot ALA dehydratase. the next enzJmo of heme 

biosynthesis pathway was observed with st;vreno exposure. 

luoh ~tirnul£tion woo also dependent with concentrotlon 

ot styrene 1n3ect!on. Those results eueeest tho possible 

1«pa1rment of heme b1oa,vnthesia at the level of ALA metabo

lism with styrene exposure. 
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