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Recent case report indicates that mothoers living in
communities with polyvinyl chloride {(PVC) production
facilities give birth tqﬁgxeesa nunbors of children with
congenital malformotions {(1). Lmbryotoxicity of styrene
is reported recently at the level of 20-100 Pmnle/bgg (2),
This level is quits high to oxpeat it es an environmental
contaminant. However, the possibility of contaminntions
with styrene, as an occupational and environmental agent
can not be ruled out. Infact, the rceent report varns
thet genersal population msy also be exposed to styrene
because of its usage in verious household plastic items,
1ike polystyrene foam cups and food containers, as styrenc
is found to be leaching into water and alcohol (3).

Qur speculation is that, styrene may produce toxicity
even at sublothel dose during embryonic developnont, since
embryos sre pore susceptible due to lack of proper howme-
ostatic mechanism. Very 1ittle attention has boen paid to
atudy the cffect of environmental pollutants during ecdryonic
development, In the present investigation, chick ecdbryo is
used as a model system to study the effect of known guantity
of styrene (5100 nmole/kg.ege wte) as it can de injected
directly into the incubating cege, to eliminate tho varlablos
of matcrnal influence. ' [Lorcover, the relatively eacy sccess



of pollutants to tho chick erbryo inveemparlsan %o

marrals “has encouraged us to use the chick onbryo as

8 rodel gystem, Furthermore, the toxicity due to gtyrene
trestment can be secessed ot progrecsive stages of morpho-
logicsl and biochemicsl differentiations, |

It ie reported alrcady that blood formotion in exbryo
proceeds through sevaral otages of development (4, 5), and
the relative sctivities of vaxieua engynes of heme bHiow-
synthesis are also changed durings the course of developmont
(6)s Furthermore, emino levulinic acid synthetace, and
arino levulinic acid dehydratece are reported to bé the
rate limiting enzymes of heme bicsyntheois pothway (7-9).
Certain chemiocnle (7, 9~11) and specific environmentsl
stresses (12) ore known to altor the activitieo of these
engymes, Earlier studies have also shown that there is a
relationship between ALA synthetase activity and an
alteration in éytochromm P-450 1linked hepatic drug
metabolizing enzymes (13-~17). On the other hand, the
binding of styrenc oxide with hepatic cytochrome P-430,

.a heme protein, in .ipn yitrg condition is reported (18).
Thus, the pocsibility of intoractions of styrenc with

the ensymes involved in heme biosynthesis process connot

be excluded, Therefore, it e of our interest to ctudy if
any harmful effoct of styrene ¢sn be detectad in chick emdryo



at sublethal doocs ond to correlate the blochemical basis
of styrene toxicity in relation to heme biosynthesis,
speciolly at the level of ALA metambolisme. Our sin is to
understand whothor styrene sxposure has sny offect on

ALA metabolism which ultimately may control the henme blo~
synthesiss As an integral part of the programme, we have
studied the hepatic level, the sctivity of ALA synthetase,
responsible for the formation of ALA as well as the ensyme
ALA dehydratase which utiliszes ALA,

Using the observations in this study, we pfnpuse
to uce chick enmbryo as a model cystem for evaluating the
teratoeenecity of urknown compounds., Our study can be
extraprolatcd to humans sleo as there ke alreedy & report

on common teratogenic rooponse of avien and rodent embryos (19).

The present study reveasls sose interesting fects
concerning the control system opersting in the pathway

of heme blosynthesis, In future, we propose to study in

the following dircotions:

1+ Further determinotion of heme and cytochrome P«450
content from otyrene treatcd chick embryo.

2, Various othor encymes of heme biosynthesis psthway; namely,
uroporphyrinogen synthetase, uropdrphyrinosen decarboxy«
lase and heme synthetase, Attempts will be made to
specify the role of hene biosynthesis in the control of
cytochrome P-~450 formation.



LHTRODUCTION 4

Row a days, the growing contamination of the environe
nment with different hazardous pollutents like styrene and
styrene oxide is a matter of incressing awarecnesc. Recently,
there is a report thot mothors, living in communitien with
FVC (polyvinyl chloride) production faocllities, give birth
to an excess nuobor of children with congential defects (1).
Infact, thers is & possibility of contamination with styrene,
8 precursor of many thermoplastic polymors (poly=-styrene),

s 1t 18 widely used in household items. Large number of
industrial workers are expoeed during the asynthesic and
polyrmerication phase, Structurally styrene has a resemblance
with vinyl chloride, which has récently been shown to be:
carcinogenic (20, 21), clastogenic (22) and mutsgenic (23, 24).

In marnalian system styrone is converted into styrene
oxide {phenyl ethylene oxide) by microsomal monop xygenase
systen (25, 26). Styrcne oxide has been detected as a
volatile component in tobacco concentrate (27),8s a by-product
in conmercial samples of styrene chlorohydrin (28), end in
effluent water from various latex manufacturing plants (29).
It 1s used as an intermediste in the preparstion of agricultural,
cosmetics, coatingas and the treastment of toxtile and fibdbres.
Both styrene and styrene oxide have mutagenic activity in
bacteriel system (24, 30). Styrene can be characterized as

a potent putagen in production of forward rutstion in wmarmalian
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soratic cells in culture (31). It is core active than the
well known mutsgenic sgent ethyl methane sulfonote (32).
Styrene oxide is an epoxide and is potentially an slhkylating
aszent, Alkene and arene oxldeo have been suggected to be
ultizite toxicants which covalently bind %o eellular macro-
colecules, leading to corcinogenesis {(33), nutagencois (34),
and cytotoxicity (35).

Recently, it has been reported that the oxposure of
styrene and styrene oxide to prosophila celanogaster induces
recossive-lethals frequency (36). The use of phenobarblitons
88 ¢ protreatment results in a further increase in the
recessive-lethal frequency efter exposure to styrene and
styrene oxide. Transient necurologicsl lmpeircents as well
68 eye and nasal irritation in human ;volunteers are reported
when they are exposcd to 376 ppm of styrene upto 7 hrs (37).
The threshold limit value (TLV) for styrene is considered
as 50100 ppﬁ (38), The distribution of styrene (577 peole)
end styrene oxide (46 umole) wes studied in different organs
and was found to be morse concentrated in liver, dbrain, kidney

and deodenum than that in blood, lungs and spinal card (39).

It has been reported recently (40) that the acute
exposure of styrene st higher concentrations may produce
irritetion of the mucous membranes of the upper respiratory

tract, noss and mouth, followed by symptoms of nausia cragps



and death due to respiratory center paralysis. The
ropeatcd contact moy produce 8 dry, scaly and dermatitis,
Bleotrophysiological investigations of a larger number of
workers with low lovel of etyrene exposoure describe subdtle
electroencephalograrhic changes as well as decremsed
conduotion veloeity in the peripheral nerves (41, 42).

A1l those nhove otudiesm on styrene toxicity have
been mode in adult enimals et 8 high level of ctyrene
exposure, Surprisingly little attontion has bsen given
"0 invostigate the toxicity of otyrens at sublethsl doses
to the emhbryo. However, there is onc recent report (2),
indicating thot styrenc and styrene oxide can produce
palformation and 605 death of the embryos, if they ore
injected at 50 ,.unole and 25 pumole/ecg respectively.
Zlobina 2% ple. (43) reported a high incidence of pstholo-
glcal births acong pregnant women vorking in polystyrene
plante in Hussla, To cvaluate the embryotoxicity of
inhaled styrene, Regule (44) oxposed pregnant rots for
4 hr deily at the level of 0.35, 1.2 or 12 ppm throughout
gestation and an incressed rete of absorption, was reported
at all levels of exposure., Clinical manifestation of
hypermenuctrual syndrome is alsoc reported in the female

workeors of polystyrene plants (435),

All these above findings suggest the  possidle
endbryotoxiclity of styrene, although the actual mochanien



is still to be clarfied, In avian, espceially in chick
ecbryos, teratogens act in g spocific mennors leading to
ralformotions (46) from the interference with locoligzed
metabolic nceds. Cell divieion and differentiatlon in

the doveloping ombryos involve an increase of cnayme
activity and pro%ein eyntheéia. The enzymes participsting
in the endbryonic dovelopment may be more susceptibdle to
toxic levels of those agents which sre able to perneate

the plecental barrier. The rate of permeabllity of agents
depend on the ; hysical and chemical prbpgrtiea.'aa well as
1ipid soludility and degree of ionization to reach the
developing enbryo. In the present inveotigation, chick
epbryo is uged as a model system to study the interaction

of styrene with emdryonic dovelopment, It scems from the
different obcervations that chick embryo is ﬁsed extensively
for the studies on normal embryonic development. This systen
has some sdvantages since known quasntitiecs of subsisnces
can be injected directly into incudbating eges avoidlng
troublenome variables of maternal influenc@.

On the other hand, it is reported that eytochrome P-450
P=450 linked nmoncoxygenase, known ss drug metabolizing
engzymes are absent or very low in normal chick embryo liver
{47), but can be induced by xenoblotics at an early stages
of fetal development {48). In support of this view, styrene
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hao boen found to bind predominantly to phenobarbital
induced cytochrome P=-450 in rat iiver nicrosomes (49).
loreover, intraperitonisl administrotione of styrene
oxide, causes a8 loes of liver microsomal cytochromep4s0
P=450 and dec¢rcased the ability of liver microsoree to
patabolize drugs (50). Thisc indicates that styronc zay
intoract with a heme protein, eytochrome P-450. It is
also known thot a major fraction of heme synthesized in
the liver is utiliced for the formation of cytochromep-450
P-456 (51). These obsorvations suggest that an altered
cytochrome P=-450 level due to styrene interaction might
be a refleati&n of impaired heme biosynthesis, Further-
more, the cellular heme levels are largely controlled by
the relative activities of ALA synthetase and ALA dehydra-
tase (7-9). A number of groups heve postulated thot ALA
synthetase ray be a significoent factor in the regulation
of heme containing enzymes{85, 86). Thus, our intorest
is to study the effect of styrene on chick embryo liver
ALA aynxﬁeteso and the next engyme ALA dehydratase,

ALA synthetase 1o tho f£irst step in heme blo-
synthesis pothwoy which allows the condensation of
glycine with succinyl-CoA (52~54) to form ALA. This
mitochondrial enzyme is of particulsr interest since it
has an inducidble nature in wmarmalian liver (10, 55+60),
A voriety of substences have boen ghown to induce ALA



synthetase including drugs (L4, 11) and sterolids (7, 10).
The incressced synthotase potivity is in correspondence
with 1nereaaing,1eval of nlcrosomsl oxidase activity (80).
Such increase in hepatic activity of ALA synthetase locd
to porphyrin secuzulation end excraotion., This is first
observed in 1963 in guinea plgs treated orslly with (DDC)
3. 5-diethoxycarbonyl, 1,4%-dihydrocolliidine {(10), The
amount of ALA synthetose in both the oytosol and the
mitochondrisl fraction of cock liver is grently increased
by the adminictration of 2-pllyl-2-isopropylocetanide (11),
but this can dbe sltercd by cobalt injoction, which produces
biphasic changes in ALA synthetase sctivity with an initial
depression of ALA synthotase followed in several hours by

roderate increase in formation of enzyre (87, 8B).

Studies in cultured chick cobryo liver cells (7)
have shown that the induotion of ALA synthetase by drugs
is sencitive to inhibitors of RIA and protein synthesis,
It has been, therefore, postulsted that alternation in
enzynme activity with different drugs results due to changes
in the rate of ensyme synthesis (7). However, other workers
clain that the effect of chemical as inducer is to sctivate
pre-existing ALA gynthetase (90).

ALA synthetace has aleo shown to be inhibited by it's
end product, heme (61, 89, 70, 71). Accordinz to them, heme
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pay rogulate hepatic ALA synthetase with the help of

(1) repression of the synthesis of engyme or (41)
prevention of the transfer of newly synthesized engyme
from oytosol to mitochondriaj or (1ii) end-product
inhibdbition of ALA synthotase. Experiments involving the
uco of protein synthesis inhibltore in chick emdryo

1liver cell culture (62~64) oupgest that the most important
nechenisns is repression of ALA synthetase by hemo at the
translaticnal gtage of protein synthesis. Howover, a
direot inhibition of the ALA synthetase by heme has also
been reportod with partislly purified preporations of

the livor encyme (65, 66).~ Since heme synthetsse, the
last enzyme in the pathway is in close assoclation with
the ALA synthetase at or nesr the mitochondrial inner
menmbrane (6?. 68, 69), the possibllity should be considered
that cnd-product inhibition may aslso play a port in the
regulation of ALA metedolien (70).

The quantitative determination of ALA is of irportance
not only in the measurement of ALA synthetose sotivity but
also in the diegnosis of several clinlcsl dicorders includ-
ing intermittent porpyria (72+75).

The elevation of ALA has been reported bdoth in plasma
(76-79) and urine (80) of lead polsoned animals, The
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inhibitory offcct of leoad in ALA synthetose was reported
earlier, wheraea.:recent studies hove schown an octivation

of the enzyme by lead (64, 83).

ALA is furthor metaboliged by tho enzyme ALA dehydra-
toge {E.C. 4.2,1.24), Tho rolecules of ALA are condensced
to produce porphobilinosen (PEG), Prescence of either
rcduced gluéo&hicne (GSH) or dithiothretol (DTT) is
required for the activotion of tho onsyme system of ALA
dehydratace {91). This enzyme plays an important role
in the formation of porphyrins, hemes and chlorophylls.

It is o sulfydrsl ensyme, found in thc oytoplacm of ell
asrobic cells. ALA dehydratnse has been extenqively studiecd
in a8 number of enimals (92, 93) end microorganicms (94-96),

ALA dehydratase is widely acceptcd as the oot
sencitive indicator of lead poisoning in man and
animals (97-100) «» _It_ia well known that low concentrations
of lead effectively inhibits this enzyme (9, 101-105). The
other studies also indicate the inhibitory role of heavy
metals liké. rercury, csdoium, copper, silver ané other
_thiol egents (106). |

In contrary to that, the notivity of ALA dehydratase
hoe incrcased in the liver of animals treated with porphyro-
genlic Adrugs, Ce.fss 3,5~diethoxycarbonyl, i,4«dihydrocollldine
{pDC), 2-31131-2~§sppropylaeetamida (AIA) snd griseofulvin
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{59, 107-109), It hoe boen shown recently that tho

ALA dehydratase is 8 sincedepend enzyme (108-110).
Earlier studics show that sinc can activate ALA dehydrae-
tase both in yivo and jin vitro (108, t110), However, in
contrast to ALA dehydratase fronm othor'speoies, the
mouge enzyme is activataﬁ by EDTA, Hga* end Fez’ icns
(92). ALA dehydratase is slao increaccd considerably in
the blood of rats poleoned by successive injection of
p@zgylhydrazine gnd reaches a maximum corresponding to
tég nucbor of reticulooytcs (113). It is evident thet
dlood lettinge in rets could stirulate erythropoiesis
end 8 subsequent incorease in the activity of ALA dchydratase
due %o a greater numbor of circulating reticulocytes (8).
?hé third inportant step in heme blosynthesis isc the
enzyre heme synthetasse which catalyses the incorporation
of ferrous ion into the porphyrin ring structure (114).

In the present invostication, the development and
rortality of chiok embryo; treated with varying cudblethal
doces of styrenc at different developmental etopges have
been studied, A distinot correlotion between toxicity
developrent snd biochemical baeis of 1t has yet to be
established, Attempt has been made to understand the
biochemical bacis of styrene toxicity, specially st the
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level of ALA metabolism, Furthermore, our interest
has been extended to correlste the embryotoxicity of
styrens with alteration of ALA metabolism. In future,
we propose to study the interaction of styrene with
other enzymes involved in heme blosynthesis and also
at tho level of hemeprotein, cytochrome P-450.
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Amino levulinic acid, pedimethylaminobengzaldehyde,
ethylacetoacetate, trisma base, glycine, bovine serum
elbumin, dithiothretol, porphobilinogen were purchaaed
from Sigma Chemicel Co., UsS.A. 2nd some of the other
chenmicsls wore purchased from BDH (AR crasde), Folin
ciocaltceu resgont was purchased from Bilochermicsl Unit,
Patel Chest Institute, Delhi. Ethyl acetate (E. Lerck),
and other chemicals were obtained from cormereial sources
in highest purity availabile. . Styrene vas pnréhased
from SISCO, Uiorosyringe hes been purchased from
Hamilton & Co., Switszerland.

Eaintanance of the Eceg o

Freshly laid, white legchorn strain serv doy old ecggs
were obtained from Govt., Poultry Farm, Satbari, New Delhi.
Inmediately after bringing the epgs into laboratory, they
vere cleaned thoroughly with wet cotton, weighed end marked
properly for future experiment. After that, they were placed
in BOD incudbator, the temperature of which wes already
maintained at 37°C, The humidity of incubator was maintained
at 655 by keeping a tray, full’of water in preccnce of a
hygromoeter,

Lgge were rotated manually once & day and were oxamined
through the candler every day for their proper growth and
viability. Unfortilized and dead eggs were discarded on
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3rd dey of incubation and tho rest were incubated for
21 daysunlees it ie mentioned.

Injections of styrene, dissolved in ethanol and then
diluted with ollve oil at varying concentrations of 5,0 nmole
to 100 nmole/kg. ege wt. in 50 Ml were given on different
days of development (3rd, 7th and 1i4th day). Thoce doses
can also de expressed es 0.52 to 10.4 ppm. Control eggs
were given the same amount of solvent injecticn on the asame
day of incubation, For giving an injection the eggs were
wiped with dlotilled alcohol, dr&eﬁ and plsced on the
candler. Uith the help of pessing light from the candler,
the egg chell was sorapped gnd made a thinner hols with the
scalpel, Injections were mande into the yolk mac of embrycsv
with the help of m&cros&ringe. Imrediately, after giving
injection, scrapped area was covered with surgical tape
to prevent contamination. Sterile syringe, scalpel wére
ugsed throughout the cxperiment, After giving the injection,
eggs were kept in the incubator with minimum distu:bance.
Then, they were examined through candler for the mortality
everyday. Elther after hatching on "2ist day or the day
when portslity wes obocrved, embryos were opencd ond examined

visually for viability, sise, growth and malformations.
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For studylng the effect of gtyrene exposurs on

ALA mctabolism, the embryos were injceted on 7th er ti4th
day of incubation with different concentrations of styreneo
(5, 25, 50 and 100 nmole/kg. erg wt.)., Enbryos wore opened
on 18th day of inecubation and liver was colloeted for

further experimants,

Hepatic ALA concentrations were measured according
to the method of Granick g% gl. {(115) modificd by Pledra
8t 81l. (116), After deproteinicing liver homogenato,
supernatant was alloved to react with 0.2 ml of othyl
acetonceotate in precence of 1 Il acetate buffor pH 4.6 in
a8 holling wateé bath for about 10 minutes. Aftor attaining
the roonm temperature, 3 ml of ethylacetate was added and
tubes were shaken for 10 secs and then centrifuged at
4,000 x g to extract the anmino levulinic acid pyrrole,

- 2 ml of the upper layer and equal volume of rodifled
Ehrlich reasent was addeds, Tho abesorbance was noasured
at 553 nom after 10 minutes.

Protein was assayed by the method of Lowry £t al. (117).
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Beagenia used..’

Exoleln xoogents

Reagent A s 2 r:a2093 in 0.1 RaOH,.

Reagent B 1 0.5 CuS0,,4 0 in 15 sodium or potassium

tartarate, 50 ml of reagent A was mixed
~ with 1 ol of reagent B,

Felin Cilooplitoy resgent '+ A mixture consicting of
10 gn NHa-tungotate (Razwog.zaao). 7 nl of water, 5.0 ml of
85:: phosphoric acid and 10 ml of concentrated hydrochloric
aclid wos refluxed gently for 10 hours. 15 gm lithium sulfate,
5 mnl of water ond a few drops of bromine watcy ﬁere added.
The mixture was boiled for 15 minutes without condenser
to remove excees bromine, Then, it was cotled, diluted to
100 1 and filterocd., The repngent should not have a greenish
tint,

Exeseduxe s |

To 0.25 ml of solution containing dbovine sorum albumin
(25 - 200 ug), 2.5 ml of protein roagent was edded and after
10 minutes, & further addition of 0,25 ml of folin's rcagent
was made. After 10 minutes, the absorbance was messured
at 660 nm. The colour produced is proportional to the
concentration of protein in the solution asassayed, The
gtandard curve is shown in Pig, 1.

Hepatic ALA gynthotase actlvity of chick embryo was



OPTICAL DENSITY AT 660 nm

1 L i 1 A 1 | |

25 50 75 100 125 150 175 200
- CONCENTRATION OF PROTEIN ()ug)

Fig. 11 Standard curve for protein,
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measured sccording to the method of Fiedra gt pl. (116).
ALA synthetace cataiyses an irreversible conjugation of
succinyl Co«A and glycine to from ALA, ALA synthetsse
activity is measured by the rate of formation cf ALA .

Seagents vged @

0,95 NaCl oolution containing 0.5 mil EDTA and 10 mid
Tris-HC1, pH 7.4 | |

50 mi! Tris-HC1 duffer, pH 7.2.

16 mii EDTA, |

Slxgine (200 z#) 1,2016 gn of glycine was diosolved
in 10 a1 of 0,03 [ Tris-HC1 buffer, pH. 7.2.

25&,29&_; 25 gn of Trichloroscetic acld was diesolved
in 100 o) of distilled water,

1 I1 acetate dbuffer, pR 4,6,

Exgceduros ‘

Chick liver was pooled and homogenised rapidly with
3 volumes of 0.95 NeCl solution conteining 0.5 mil EDTA
and 10 o Tris-HC1, pH 7.4 to make 257 homogenate snd
wae uscd as enzyme source, The incubation mixture
contained (in pmnlc) in a final volume of 2,0 ml; glycine,
200y EDTA, 203 Tris~HCl (pH ?12).v150 and 0,5 nl of encyme
preparation, For carrying the blank the contento were mixed
in a vortex mixture and 0.5 ml of 255 TCA wes added in the
beginning of incubation.
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Incubstion wos torminated by addition of 0.5 ml of
250 TCA. After centrifuging for 10 minutes at 6,600 x g,
‘1 ml of the clesr supernatant was turther'assayed for
ALA formed,

ALA was determined according to the method of
Granick g% al. (115), rodified by Fledra g% al« (116) by
Ehrlich resction,
Beagents useds

' Stock ALA molution: B8.380 mg of pure orystal ALA
HCl was dissolved in 100 nl of distilled water fo got S mil
selution,

sparotion of modified Ehrligh reagents 1.0 gm of
p~dimethylaminobenszaldehyde was dissclved in sbout 30 ml of
glaciol acétic acld, 8.0 nml of 705 perchloric acld was
added and the solution was diluted to 50 m} with acetic
acid. The reagent ic unstable and should be used on the

day on which it vias pade and remainder was discorded,

1l acetate dbuffer, pH 4.6,
Ethyacetoacotafeaihported from Sigms Chenical Co., UeS.A.
Bthylacetste s E. Herck.
Exggedurgs
1.5 ml of sample containing ALA was made upto 4.0 ml
with 101 acetate buffer, pH 4,6, Then 0.2 nl of ethylaceto-
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acetate was added and allowed to react in a bolling water
bath for 10 minutes, After cooling, 3 ml of ethyl acetote
was added and tubes were shaken for 10 secs and centrifuged
at 4,000 x g to extract the amino-lavul&nic-acid-pyrrole.

2 1l of tho upper layer ond equal volume of modified
Ehrlich reagent were mixed together snd the absorbance ot
553 nn wos meacurcd after 10 minutes; agsinst a blank
containing 2 ml of ethyl scetate and 2 ml of Ehrlich
reagent. The standard curve for ALA is shown in Pig. 2.
ALA synthetace was expressed es p mole of ALA formed/mg
protein/s0 min at 37°c.

Aseay.of AAver ALA denvdratass ¢

The cnzyme ALA dehydratase mediaotes irreversidly
the dehydratative cybliaation af ALA to porphobilinogen,
For assaying the dehydratase activity, liver homogenante
was made in 0,02 I phoaphﬁte buffer, pH 6.7 containing
0.15 1 KC1 (118). The sseay of ALA dehydratese io based
on measurenment of the amount of porphoblilinogen produced
from the substrate ALA with the help of modified Ehrlich
reagent as described by Granick gt ale (115). The reaction
was carried out in prescnce of dithiothretol {(DTT), aes an
activator, bdecsuse reduced form of glutathione is an
essential component for ALA dehydratase activity, The
reaction was stopped by the addition of TCA containing HeCl,
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end centrifuged. An aliquot of the supernatant was pdded

to Ehrlich's roagent and the resulting Ehrlich colour salt,

& condensotion product of p-dimethylaminobenssidehyde with
porphobilinocen was measurcd ot 553 nms The HeClp in the

TGA mixture was used to remove sulfhydryl compounds from
reaction mizxture in order to avold frequent intoraction of

it with the Ehrlich reagent. The pH of the rcaction mixture
was chosen 6,5 becsuce it i8 the optimum pH of AlA dehydratase
and also conversion of porphobilinogen to uroperphobilinogen
becomes negligible as the enzyme, UFG I synthetaose, regponsie-
ble for this conversion has optimum, pH 7.8.,. GBSodlum phosphoto
- was used because the potsssium forms an insoludble perchlorate
salt with the Ehrlich reagent which intorferes with colour

reaction.

Beagents used:

0.2 K sodium phosphate buffer, pH 6,7 containing
C.15 i KC1.

0.1 & sodium phosphate buffer, pH 6.5,

2.0 ALAHEl: 1.67 mg of ALA HCl was diosolved in
2,5 £l of 0.1 I sodium phosphate buffer, pH 6.5,

20 m¥ Dithiothretols 7.75 mg of DTT wos discolved in
25 ml of 0.1 [i sedium phosphote buffcr, pH G.5.

ACA-HECL. golution ¢+ 4 gm of TCA and 2,7 gus of
HegCl, were disscolved in 100 m) of the distilled water,

Eodificd Ehxlich reagents 1 gn of nedimethylamino=
benzaldohyde was dissolved in 30 ml of - slacial acotic acid

Yh-45¢
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and then 8 ml of 707 perchloric acid was added. It was
made upto S50 ml with scetic acld. It wae prepsred Jjust
before the addition of the reagent, '

Eregedurs »

Chick livor was pooled snd homogcenliged rapidly in
0.02 11 sodiun phosphote buffer, pH 6.7 containing 0.15%
KC1 to make 205 homogenate and woe used at ensyne source.
The assay mixture contained (in peoles) in a total volume
of 500 uls ALA, 0,29 dithiothretol, 2.0y sodiun phosphate h% L
{pH 6,5) 10,0 and engyme, After incubation for the
1 hr at 37°c, the reaction was stoypéd by adding 2 ] of
TCA-HaCl, solution. After centrifugation for 10 nine,
1.5 nl of the supernatsnt wag taken for the spectrorhoto-
motric estimation of porphobilinogen by Ehrlich reaction.
Standard zero minute ensyme cont:ol and dithiothrotol

control were assayed in the sare manner,

b il porphobilinogen,

0«1 I sodiun pgosphate dbuffor, pHl 6.5.

Eodified Zhrlich reasents 1 gm of p-dimethylamino-
tenzaldehyde was diseolved in 30 ml of glselsl scetic acid
ond then 8,0 ml of 70y perchloric acld was added, It was

prepared every itime’.fréshly,
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Brocedure

To 1.5 mlvaample contalning porphobilinogen, 1.5 ml
of frashly prepared modified Ehrlich reagent was added.
After 10 minutes, the absorbance at 553 nh was measured
in spectrophotometer, The colour produced in this
reaction is proportional to porphobilinogen content of

the solution assayed. The standord curve is given in
FiB. 3.

ALA dehydratace nctivity is expressed as p mole of
porphobilinogen formed/mg of protein/hr at 37°C.
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evaloprent b

Arsatment o
Growth retardation and improper development in

styrene trested chick embryos was observed as there

was reduction in size and weight as compared to tho
controle (Flgs. 4-6)., However, there waes no visual
appearance of mplformations (Fige 4). The cffect of
styrene injection (5100 nmole/kg. egg wt.) on 7th or
14th day of development on the length of enmbryo was
ghown in Fig. 5. The enbryos weore opened on 186th day
of incubotion and length was measured and exprossed

as percent decrease from normal velue, The length of
18 day o0ld control ecbryo was 9 em, but when 5, 25,

50 and 100 nmole/kg. ezg wt. of styrene was injected on
7th dey of the development, the length of the embryo was
reduced by 103, 167, 1875 and 227 respectively. Similarly,
when tho same doses of etyrene was injeoted bn 1h4th day
of development, the length on 18th day was oboerved with
the reduction of &5, 95, 13 and 155, Styrene trested
erbryos have also lost the body welght (Fig. 6). The
weigcht of 18 day old embryos was 36,5 gm, dbut .when

(5, 25, 50 and 100 nmole/kg. egg wt.) of styrene was
injected on 7th day of the developrent the weight of the
echryos was decreoased by 165, 235, 265 end 307 rospectively.



Fig &s Typlcal development of 14 day chick epdryo
‘ injected with styrene on 7th day (Cs control,
IC 1 injected control; 2, 25, 50 and 100 nmole
of styrene/kg. egg wte).
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Uimilerly, when styrcne (5-100 nmole/kg. egg wt.) was
injected on 14th day, the weight on 18th day, was obtained
with reduction of &, §5, 1% and 15%. Thie data cuggests
thot embryos were gaining resistance towarde external
asgents with the sges.

The effect of varying concventrations of styrene
injection to chick embryo during different days of develop-
ment {3rd, 7th and 14th day) on mortality rote of ohick
emdryo is presented in (Tables I-II1). In each experiment,
one group of eggs was kept as uninjected control and to
another group of eggs, the same amount of polvent (used
for styrene sblqtion) was injectecd on the seme day. These

eges were consldered gs injected controls,

The effect of vorying concentrations of styrene
{5-100 nmole/kg. ege wt.) injection to 3 day old emdryo
in the mortality rete was ghown in Table I. A gradual
increase ih the death rate of chick enmbryos wans observed
with increasing concentration of styrene, In the uninjected
control group, sll the embrycs were alive throughout the
sxperiment, whereae in injected controls 83% of the embryos
were survived, Beesides, the rise in death.rate with
incressing coneentration of styrene injeotion, the tinme
required for fhe deoth was also voried eaccordingly with

different doees. The ombryos that received lecs amount of



LT OF STYRERE IRJLCTION O KOKTALITY OF 3 DAY OLD
CHICH LEERYO

Treatment Rate of mortslity Beath cccurrcd
with styrene * on the day
{nmole/kg.og8 wte) Dead  embryo %

. " -

Control 0 -
Control {(injected) 17 17«18
5 ‘ 60 10-11
25 66 78
50 66 6
100 77 6

'Eortality was checked evry day theough candler and was
confirmed viqually by opening the eabryo. A ninimum of
30 egps were used in each group.
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styrenc(5 and 25 nmole/kg. scg wt.) died on 7-11th day

of developrent, Uvhereas enbryos receiving s nigher
concentration of styrene (50 and 100 nkole/kg. egg wt.)
died on 6th day of development. Thisc clesrly indicotes
that styrene, injected to the 'yolk sea of the fortilised
ecgs hed an entry into the embryo. Also varying'coheen~
trations of styrene {5-100 nkole/kg. epg wt.) injection
were tested on 7th day of development (Tadle I1). In
this experiment, too, the death of ntyrenme trcated chick
embryo was linesrly proportional to the increasing
concentration of styrene. In this case, 3% end 137 death
rate was observed Iin uninjected control and injected control
enbryos respectively. Besides, decreased viahility. there
was alot of difforence in time, thot was requircd for the
death, The ccbryo, whers less doses of otyrene {5 end 25
nmole/kg. egg wt,) wie given, death gceurred endi?th and
19th dsy of incubation, but with higher doses of ctyrene
(50 end 100 nmole/kg . ¢gg wt.), there woe an advancement of
death i.e. on 9-15th day of development,

In the Table XII, the effect of samhk concentrations
of styrene do chick eébryo was studied on the 14th day of
development. In this expericent, 167, 167 snd 23° rortality
wae observed in 5, 25 and 50 nmole of styrene 1njectéd chick
eobryos raapactivelys The maximum mortallty of 345 was



IADLE 1L

EFFECT OF STYRENE INJECTION ON LORTALITY OF 7 DAY OLD
CHICK E&BRYO

Treatnent Rate mortality of Death occufred
?:::ISt G?n:ﬁﬁ wty) beéd enbryo ; | on the dey
Control K 3 21
Control (iuaectedi 13 21
5 | 32 18~19

25 ' 53 17-18

50 — | 64 13-15

100 o 70 9-10

Fortslity wss checked every day through candler snd wae
confirmed visually dy opening the embryv. A minimun of
30 epge vere used in each group.



ZABLE 11X

EFFECT OF STYRERE IRJLCTIOR ON LORTALITY OF 14 DAY OLD
CHICK EMBRYO

‘

Treatoont Rote of mn:taligw Benth ocourred

with styrene . on the day
{nmole/kg. egg wt.) Dead embryo
Control ' 0 -
Control (injected) . 0 -
5 16 21

25 16 <0

so 23 | 19

100 o | 17-18

*rortality was checked every day through candler and was
confirmed visually by opening the embryo. A oinimum of
30 ecgs were used in each group,
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obtained with 100 nmole siyrene injection. ﬂo.death vac
obgserved in both tho groups of uninjectcd control and
injected control, Apsrt fron the Geath rotes thore was
considersble veriotion in the timo requirement for the
occurance of deasth, These resulte indicate that 14 day
old cmbryoe were less susceptible to styrenc intoxication
as compared to 3 day and 7 day old embryos.

LDgg vaelues of styrene tested on 3 day, 7'dey and
14 day old embryo we&a detormined as{25, 50 snd 100 nmole/
kg. ogg wt.) respoctively. Dose rosponse data was dependent
oritically on the nre of embryo. Bxperimenta ﬁére carricd
in which different doses of styrene was injected into
the eggs on either 3rd or 7th or 14th day of dovelopnent
and percontage of live epbryo in experimentalggroups were
plotted againet the day on which injection was given (Fig. 7).
As sghown in Flg.v7. the same dose of ptyrene was more toxic
at the initial stages of development than the later stages,
since 5 nmole styrene injection appesred to produce 407,
68 and Bhﬁ live emdbryos on 3rd, 7th and 14th doy rospect=
ively, Sinmilar pattern of mortality in raapaneeﬁ%tyrene
injection on different incubation days i.e. 7th end 1i4th
st the level of 25, 50 and 100 nmolo/kg. egs wt. was obtained,
However, mnximum embryos upto 847 remanined alive in the
cese of 5 and 25 nmole otyrene, vhereas 775 and 667 of
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enbryos survived with 50 snd 100 nmole of atyreone when
injection wes mnde on 14th day of developrent, These
expcerimental ovidences also indicote thot the mortality
of the cobryo at the some dose of ntyrene was very much
dependent on the age of erbdbryo. ' '

The hepatic ALA level of chick embryo treated with
styrene on 7th and i4th day of development wos meacured
{Tables IV and V), Those results of Table IV show that
ALA level has deoreased to an extent of 1457, 25I, 373 and
56 of normel value significsntly in the liver of embryos
trested with styrene at the level of 5, 25, 50 and 100
nmole/kg. ege wt., respectively on 7th day of docvelopment,
Similarly, decrecased ALA level was observed in chick
enmbryo liver oxpoced with sate doses of atyrone on 14th
day of development (Table V), From Tablea IV and V, it
was evident thot fall in ALA leve) due to styrenc oxposure
was marked in 7 day old embryo o8 corpared to that of

14 day old. 4 145, 257, 375 and 560 decrease in ALA level
was found in 5, 25, 50 and 100 nmole/kg. egg wt. of styrene
treated 7 day dold chick embryo, whereas 115, 139, 279 and
345 £all of ALA level was observed with the came doce of
styrene trenteent on 14th day of developrent.



JABLEIY

RLPARIC ALA LEVEL IR STYREKNE TREATLD 7 DAY OLD
CHRICK E&BRYO

. : : '
gﬁ:% e - mle% T i}ecgenso P v:lue
Control 75840 & 0.50° - -
Control (injected) 754.8 & 0,30 - -
5 ‘ 653.5 & 0.20 .Sb 0.001
25 571.4 % 0,30 25 0,001
50 480.,0 &£ 0,40 37 0.001
100 335.4 2 YQ;SG 56 0.001

a « represents meen valucs of ALA level 2 Std, error.

b = total number of embryos in each group were not lcss then 12,



SABLE..Y.

HEPATIC ALA LEVEL IR STYRENE THEATED 14 DAY OLD CHXICK
"ELBRYO

Troatment “’T‘W‘L“'ﬁr Decrcase P value
with erene p mole of ng prote Y

(nmole/ks ece m.)_ <
Control 75%.,6 3 0,46° - -
Control (m.‘leeied) 753.0 & 0,30 ' S - -
-] 673.0 & 0.0 11 0.001
25 677.1 £ 0.50 12 0,001
50 552.6 & 0440 27 0.001_
100 503.2 2 0.60 3 0.001

a « Representg mean ¥alue of ALA level % Std. error.
b « Total number of cmbryos in each group vere not loss than 12.
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Since there is an elteration in ALA lovel with
styrene trcatment, the engyme ALA synthetase, rosponsible:
for ALA formotion wap studied, The offcet of otyrcne
{5-100 nrole/kg. esg wt.) injection to 7 day snd 14 day
0ld embryo on hepotlc ALA synthetnse was shown in Tableo
VI and VII. Thore wes significant inhibition’ALa synthetase
gotivity in styrenc treateq chick embryo as ¢comporcd to
that of control. Loreover, the inhibition of heputic
ALA synthetasoc activity was incrcased proportionaly with
the concentrotion of otyrene injoction as there was
further inhidition of ALA synthetace sctivity with 100
noole than with 35, 25 and 50 nmole of otyrene injection,
Again, from the comparison between the Tobles VI ond VII,
it was found that the degree of inhibition of ALA synthee
tase activity 'due to styrene exposure woe lens in 14 day
014 embryo as sowpered to 7 day old embryo.

Teble VI1I shows the effect of styrene injection,
given to 7 day old e@i}ryﬁ on the activity of hapatic
ALA dehydratase, the next step of the heme blosynthesis.
The results from thls experiment suggests the stimulatory
role of styrene on hepatice ALA dehydratase. It has been
also shown that the stimulation of the ensyme activity has
increased with increasing concentration of styrene injection,
ALA dehydratase sctivity in 14 day o0ld styrene treated



ZABLE..X2

HEPATIC ALA SYRTHETASE ACRIVISY I 7 DAY OLD STYRENE
TREATED CHICK ENBRYO

Trestment ——TMMQ‘M Inhi- P value
with etyrene p mole of ALA ogg Bg prote bi;ion <

gmnol ¢ scg wt.) 90 minutes at 37

Control 825.0 & 0.60° " "
Control (injected) 762.0 % 0,30 - -
5 557.0 £ 0.10 33  0.001
25 | | 370.0 £ 0.50 56 0.001
50 352,0 £ 0.30 59 0.001
100 148.0 & 0.10 82  0.001

a - Represents mean velues of ALA level # 5td, orror.

b = Total number of embryos in each group were not leos than 12,



HEPATIC ALA SYNTHETASE ACTIVITY IR 14 DAY OLD STYRENE
TREATED CHICK ELBRYO

Treatment ...mmnma.’mmxf Inhi- P value
with otyrene p mole ALA formed/mg bition

{nrmole/kg egg wte) protein/o0 min at 379C <
Control | 939.7 % 0,20° - -
Control (injected) 881.0 £ 0.30 - -
5 6368.0 & 0.20 | 32 - 0.001
25 - 593,0 2 0.20 37 0.001
50 361.0 & 0,20 | 61 0,001
100 293.0 = 0,50 & 0,001

8 - Represents mean values of ALA level 2 Std, error,

b « Total rumber of enbryos in each group were not less than 12,



TABLE Y11k

ALA DEHYDRATASE ACTIVITY IR 7 DAY OLD STYRENE TREATED
CHICK LIIBRYO

Treatment A dehvd: 8 Stimula- P volue
Tty DR Y R T
Control 672,28 & 4.00° - -
Control (injeoted) 693.85_2. 1.00 - -
5 820.00 % 5.00 22 07.001
25 929.65 £ 3.00 38 c.001
50 oL6.42 & 7,00 41 0,001
100 1110.93 £ 3.00 6s 0.001

a - Represents mean value of ALA level % Std. error.

b « Total number of enmbryos in each group were not lecs thon 12,
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chick cmbryos hos been presented in Table IX, The
sinilar trend in stirulation of ALA dehydratase by
gtyrene treatment has been confirmed in 14 day old
chick embryo, although there was less stimulation.

ocourred,

The pregent results suggest that styrene toxfoity
in chick embryo is highly linked up with ALA metabolism,
It decreases the activity of ALA synthetase which is
roaponsible for the formation of ALA end it stimulates
ALA dehydratase sectivity, which ie responsible for
ALA degradetion. So, ultimntely the reduction in ALA level
has been procccded under this experimental condition. |



TABLE 13

ALA DEHYDRATASE ACTIVITY IN th DAY OLD STYREFRE
TREATED CHICK ENBRYO LIVER

Stimula~- P value
tion &8

Trestment
with ctyrens

(nmole/kg egg vwt.) <
Control 691,12 £ 0.20° - -
Control (injected) 692,70 £ 0.10 - -
[ 786,06 £ 0,10 3 0,001
25 904,33 £ 0,10 20 0,001
50 | 928,14 3 0.10 34 0,001
100 1095.17 & 0,10 58 0.001

a - Represents mean value of ALA level % Std, error.
b = Total number of embryo in each group were not less than 12.
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The precent investigotion has reveaslced some of the
celluler reactions in responce to styrene toxicity during
embryonic development in chick, These resulte suggest
that otyrene even at very low lovel (5-100 nmole/ke. ega
wt.), equivalent to 0.52-10.4 ppm, ic proved to be lethal
to embryo. Treantment of erbryos with verying concentrae-
tions of styrene at different ctages of development
indicstes that as concentration of the otyrenc incrosces,
the growth of the live embryo is stunted. The grovth
retardotion of styrene treated embryos is also reported
earlier by Vainio gt gl. (Z)Mvgith the injection of ctyrene
to alr space at 25-100 umole/epg. Although TLV of styrens
is considered as 50-100 ppm, since it does not préduce |
any toxicity to adulte, our results cleorly indicsnte that
it may act as aGtefatoaan at this level.

Furthearmore, these cxperiments reveal that the
toxicity of styrene ie very much dose dependent, as well
as the age of embryo is a criticsl factor. The most
susceptible period for the teratogenic action of styrene
is observed to be the early atages of embryonie develop-
ment. Thereafter, embryotoxiclty declines very rapidly
to its lowest level on the i4th day. The lower dose of
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atyrene exposure may bé iethal during initial stages of
development (3.7 day), vhereas the same apount of otyrene
treatment hos no effect on ecbryos during later atoges of
development (14 day). Recently, Vainlo g% al. (2) report
that the ecbryvos ere most susceptible to styreﬁé and
styrene oxide during carly development upto day 7, dbut
then purvivality declines again on 9th day, The present
- study alse confirmes that 14 doy old embryo has a chonce
to reduce the toxicity in comparison %o 3 :and 7 day old
erbryo, if it is oxposed to styrene, The omepossible
explanation can be put forwsrd is that the proper homeo=
static mecheniom ie not developed during eanrly stages of
exbryonic dovelopment, Another possibility ie that drug
metabolizing enzymes, responsible for pollutant degradation,
aro sbsent or present at very low level in normal chick
embryo liver, but can be induced by xenobiotics at the
early stoges of fetal development. Furthermore, due to
deposition of ctyrene or its metabolite in the liver after
the exposure, 1t might also inhibit some of the prime
snsymes, which are necessary for growth ahd dovelopment
of embryo.

Toxicity of ctyrene to chick embryo is showed clearly
by growth retardation, weight loss snd increace in the rate
of mortality, but there was no appeaianne of malformation
as in the case of Vainlo gt al. (2). Thie night be possibdle
due to the fact that malformations are cbeerved only with
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highexr concentration of styrene, injected to the air
space. In the present investigation, sotyrene is injected
at very low concentrction to the yolk sac of embryo.

The depletion of mierosomal cytochrome P-450, &
hexe proteln, with styrene and styrene oxide exposure
hes been reportcd earlier (50), although how it regulates
the hemeprotein level 1s not clarified. The present study
clearly indicstes thot otyrene can interfere with heme
blosynthesic at the level of ALA motabolism by reducing
its hepatic concentration. A schematic presentation of
the possible effect of styrene on heme dbicsynthesic steps
ie shown in Fig. 8. At least two stepo of heme biosynthesis
may be affeocted by styrene intoxidation and thus rosults
in decreasing tho concentration of ALA., This deprecssion
is caused by two factors: fLirstly by inhibiting ALA synthe-
tose, the rote limiting engyme of heme blosynthesis end
secondly by the stimulating ALA dehydratace activity,
responaible for ALA degradation, Loreover, such slterations
in ALA meteboliem can be correloted with styrene toxieity
developed, as there is a direct relationship detween the
reduction in ALA level and the mortality rote.

Inhibition of ALA synthetase activity by styrene has
not been shown earlier. However, a direcct inhidbition of
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the ALA synthetese by heme haos already reported with
partially purified prepsaration of the liver enzyme

(61, 70, 71, 89). Rarked reduction of ALA synthetase
activity was also found'hy ferrous ion (119) and lead
(120). Reecently, the depletion of certoin amino ccids
1ike, cerine, threonine by chinnie exposure of styrene
has been reported (121). Furthermore, the incresced
urinary excretion of hippuric acid, from the styrene
exposed humans (122) and rabbite (123) suggest that
hippuric seid is the terminal motabolite or detoxified
product of styrene (vinylbenzene)., Ciycine, vhethor
derived from the outside or from endogenous source, is
known to be major amino acid , used for hippuric acid
{(sroyl glycine) formation. All these adbove observotions
sucgest thot 1@2@1 qr glycine, the substrate of AlA synthe-
tase, may be a 1im1t1n3 factor with styrsne exposure,
which ultimately decreasses the synthetase activity, In
future, we propoce to study the inhidbitory role of styrene
srd it's motabolite on ALA synthetasge,

Contrary to the inhibition of ALA synthotase by
styrene exposure, ALA dehydratase, the next ensyme in
the pathways of herme biosynthesis was activated by styrene
treatment, In the literaturs, etlmulatian of ALA dehydratase
activity has been reported with porphyrogenie druas (59,'
107-109), but exmct mechanlsm is not known, Styrene is
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known to reduce liver glﬁ%athiona level (124), Therefore,
i1t is not possible for us to speculate that styrene may
stinulate éehydruiaaa activity due to incroased avaeil-
ability of reduced glutathione, an essentisl ccm@onent
of this enzyme, In fudure, we propose to study the role
of protein synthenis on the stimulation of dehydratase
activity in prosence of styrene,

Furthermores, 1t has boon r@ported recently by
#elik et gl. (125) that AlA supplementation can stizulate
henpeprotein synthesis in Friend leukemic cell., As shown
in the present investigation, styrene cen reduce the
hepatic ALA level, Thus, otyrenoc can interfere with
hexmeprotein formation, resulting in decreasced lovel of
cytochrome P«450 which L& an essential conponent for the
initial step of styrene metabolism. Our intorests will
be extended in future to study the role of styrens on
¢ytochrome P=-850 formation.
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The internction of atyrene exposure during different
developnental stages of ehick embryo was etudied in relation
to appearance of toxicity and mortelity. Styrene at very
low level, like 5«100 nmole/ke egg wt. {equivalent to
0.52 to 10.4 ppm) were injectcd fnto the yolk sac of embryo
on 3rd, 7th and 1i4th day of development, Styrene treated
enbryos wore reduced in size and body welight from control,
slthough, there was no visusl appesrance of malformations.
Kortality of otyrene treated chick embryo was increascd
with increasing concentration of styrene exposure and it
wan dependent on the age of embryo. LDSO values of styrene
also increasecd with the age of embryos, LDSO values of
gtyrene vag determined as 25, 50 and > 100 n mole/kg egg wt.
on 3rd, 7th and 14th day. These data clesrly indicate that
ety;eno may produce embryotoxicity, when they are exposed!lo
subléthal doses,

Atterpt has been made to correlate the toxicity
developed with the slteration in ALA metsbolism which is
known to be the regulatory step in heme syntheslis, It
has been observed that hepatic ALA level in styrens
treated chick embryo was decreased ha compared to that of
controls. In support of this observation, ALA gynthetase
was found to be inhibited in the liver of chick embryo
expoged with styrene, either on 7th dey or on 14th day of
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incubation, Furthermore, the degree of inhibition of

ALA synthetase activity was also dependent on the dose

of styrene injection. Contrary to ALA synthetace, the
gtimuletion of ALA dehydratase, the next enzymo of henme
biosynthesis pathway was observed with styreno exposure,
Such stirmulction woo also dependent wizh concentration

of atyrene injection, These results suggest the pocsible
icpairment of heme biooynthesis at the level of ALA metabo-
1ism with styrene exposure.
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