251, Sinclatir, P. R. and S. Granick. 1974, Uroporphyrin formation
induced by chlorinated hydrocarbonus (lindane, polychlorinated
biphcnyls, tetrachlorodibenzo-p-dioxin). Requirements f[or ens
dogenous Lron, proteln synthesis and drug-mectabolizing activity,
Biochemical and Biophysical Rescarch Communfcations G1(1): 124-133,
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UROPORPHYRIN FORMATION INDI'CED BY CHMLORIMATED JYDROCARIONS

(LINDANE, POLYCHIORINATED BIFHENYLS, TETRACHLOMODIARNZO-p-DIOXINY,
)

REQUIREMENTS FOR ENDOGENOUS IRNN, PROSEEM SYNTHES1S AND
DNRUG-METAROLIZING ACTIVITY
Patar R, Sincleir and 5. Grenick

Rockefellar Univerafty
Newv York, N. Y. 10021

Received September 18,1974

Susmary: The chlorinated hydrocerbons, lindens (gamma-bexechlorocyclohexsns),
polychlorinetcd biphanyls and 2,3,7,B-tetrachlerodibenzo-p-dioxin, induce chick
enmbryo liver cell® fn culturs to repidly sccusulete uroperphyrin 111. This is in
warkod contrast to the daleyed affcct in suimals, The induction is depcudunt on
protein synthasis (cycloheximide inhibited), endogsnous ixou (cheletovrss {rtibited)
ond perhaps cytochrome P-450 (SKP-525A inhibited). Evidence was olinlned fur sn
unstehls intermadiste that 18 generated im the liver from chlorinatad hydiecicbows
which inhibits uroporphyrinogen docerboxylase thus causing uroporphiyrin toe
sccumriate, The dats suggast thet tho fntermediste may bc a hydromylatvd derivative
of tho ehlorinated hydrocarbon.

Many chemicals, including berbituretes, steroids eml chloeviratod hydrocarbons
will tnduce #n increass in porphyrin accumulation by chick cabryo liver cells in
eulture {1,2). This incrasss in eccumuletion 13 precedad by en increase in the
sctivity of Lhe enzyme, delts-aminolevulinic ecid synthelasss.

Thmans, other wammals ond some birds accumulete lergs emounts of uroporphyrin
in their livers efter trestment with chlorinated hydrocerbons (3,4,5,6,7). however,
the affect ie delayud, varying from suversl deys in the cese of birds, to scveral
wooks fer mammale. 1In this paper wo will show thet Ltha cultured cells respond
repidly to the chemicals te spacifically accumulate uroporphyrin. This accumulation
is dopendent on both protein synthesis end emdoganous iron. Our results suppeat
thet thcae cells may mctabolize the chlorinated hydrocarbons te sctive melalolites
which inhibit the enzyme, UROgen decarboxylase

Materinls end methods: The chlorinated hydrocerbons used were: lindanc {garra-

hexachlorocyclohexane) 99.5% from Shell Company; Aroclor 1254, 8 mixturc of

Abbruviations: URD, uroperphyrin; COPRO, coproporphyrin; PHOTO, pirutuporpliyring
ALA, deolts-aminolevulinic ecid.

Fogryeivhs o, JYPE By Acadeang Fres Toe,
Al eaghes wef rrjrentung tpon e qery foene reserved. 123

MONS 200704



g

Vol 61, Ma. 1, 1974 BIOCHEMICAL AND B8:OPHYSICAL RESEARCH COMMUNICATIONS

chiorinated biphenyla predominantly 4.5 snd 6 chlorines per wolecule, from Monsanto;
2,4,5,2',4",5"-hexachlorobiphenyl from Analsbs; and 2,3,7,8-tetrachloredibenzo-p-
dloxin from Dow Chemical Company. All excapt the dioxin were disselved in sthanol.
The dioxin was dlesolved in acctone. One to two microliters of solvent ware sdded
per ml of culturs medium. Desferrioxamine was Deefcral from Ciba and was frashly
prepared in ssline from the ampoule; the sceivity decrsases wvhen the pouder i
exposcd to moist sir but lees so in s dessicator at 4°, Rhodotoculic scid was &
gift from Dr. H. Akers of this university, SKP-525A (2-diathylesincethyl 2,2-
Jdiphenylvalerate HC)) wes & gift from Smith Klins end Franch laborstoriss.

Piperonyl butoxide wes 967 end wes s gift from FMC Corperstion.

The composition end guality of porphyrins extractad from cells or howoganates
in IN perchloric scid (squacus):methanol (1:1) wers dstarmined fluoromstricelly om
the Nicechi~Perkin Elmer spectrofluorometer using the filtars and phototuba
described previoualy (B). This procedura yislds & 2-banded spectrum with peaks st
sbout 605 and 660nm., The ratics of the peak haighte at thass wvavelangthe parmit
FROTO to be simply dill‘.illgull.hld from URO and/or COPRO. The actusl identificetiom
of URO was confirmed by thin leyar chromatography oa silice gal by tha karosens/
chicroform (2:8) aystem., After dstarmining the retios of the pesk haights, and the
fluorcacence yield gt 660nm of standerd scluticns, this method cen ba used to sasily
give the % composftion of PROTO va. URC and/or COFRO and tha quantity of porphyrins
in mfxeures. The method will ba doscribed in datefl in e subssquent publication.

ie detarmine ths isomer compositiom of the URO's thay wars decarboxylated to
COPRO (9) and chrowatcographed on Eastwan Chromagraas (silice gal) (10).

RESULTS
The chlorineted hydrocerbons causs the celle to sccumulsts uroporphyris. Ireg ig

involved. Taeble 1 shows that 2 of tha tested chlorinated hydrocerbons, lindans and

2,4,5,2',4',5' -hanachilorebipheayl, sa tha lation of URO., Thie 18 in contrast
to allylisopropylacntamida and othar inducare which csuss the sccusulation of mainly
PROIO. Incubstion of tha cslls with eny tastad inducer togsthar with a chalator

of iron (o.g. desferrioxswine) ceused the accumulation of PROTO rethar than URO.
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TABIE 1
Effect of chlorinated hydrocerbons on
‘ chick cmbryo liver calla in cultura
?.'. Troatment Porphyrin “"1 Typc of
: pmolo/mg ﬂi‘ porphyrin -
- ! .. " l
: None 12 PROTO
-
;:\ Deafcrrioxamine (1.5mM) 18 PROTO
E Allylisoprepylacotamide (20Qug/ml) 900 807 PROTO*
oy
; Allyligopropylacatanmide
+ Deaferrioxamina 1700 PROTO
Lindana (Iug/ml) 280 URO
Lindana + Deaferrioxamina 1100 PROTO
Tlaxachlorobiphenyl (2ug/ml) 90 URO
Hexachlorobiphenyl + Decfarrioxamine 250 PROTO
* and 20% URO + COPRO
Primary chick embryo liver calls were culturcd ss doscribed (11). The
last chango of medium was to the completaly defined Ham-F12 modium
containing insulin, Chemicala wera added and porphyrin assayed in cells
and medium aftoer a furthar 16 hr incubation.
In other words, eddition of the chelator romoved the block in the biosynthotic chain
so that PROTO accumulated, The other chlorinated hydrocarbons described in this
papsr alao block porphyrin aynthesls at the URO step, Of tha chelstors tested,
sffective and non-toxic onesg in appropriate concontrations were: dosferrioxarmine
{1.5aM), CaMg EDTA {equimolar Caz‘, mz*, EDTA) (10uM), B-hydroxyquinoline sulfonate
{0.1mM), and thodotorulic scid (1.5=M).
Anothst affect of the chelator of iron,indepandant of the affect on the kind
i of porphyrin accusmlated, is to increase the total porphyrin, i.e, to causc 2
potentiation, This {s duc to an incrcass in the total activity of the enrvie,
delta-aminolevulinic acid synthetase {11).
T Active metsbolism of .the cells {s required for URO-produstion, In thesc expevinents
P A 126 MON
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TABLE IT . -
Requiremants for URQ accumulatien {n ths presence R C

of diffevent chlorinsted hydrocarbonsr

in chick embryo liver cells {n culturs A '
Expt. Addition Porphyrin Requirad for - Y
URD gccusulation - .
1 AlAw PROTO '
2 ALA + Chlorinated HC ' URO Chlorinated RC S A e
3 “ALA ¢ Chlorinated liC 4+ Chelator PROTO Endogenous {ron
4 AlA + Chlorinatad HC + Cyclohexiaide PROTO Protain aynthaais
5 ALA + Chlorinated HC & SKF-525A PROTO Cytochrome P-450
dependant metaholism
13 AlA + Chlorinated NC 4+ PROTO Cytochroma P-450
Piperonyl butoxida dapandant metabolism
7 AlA + Chlorinated IC + Heme uro Induction of
ALA-synthatsss

not raquired

* The individual chlorinated hydrocarbons in pp/ml that ware used were: lindane
(3); 2,4,5,2',4', 5'-hexachlorobiphenyl (2); Aroclor 1254 (3); tetrachlorodibanso-
~p-dioxin {0.03).
sk The concantrations in ug/ml used were: for ALA, 25; for cycloheximide, 0.1; for
iEKF-525A, 5; Ffor piporonyl butouide, 5; for hemse, 5. Culturs conditions and
“gheletor concentrgtiona wers as described in lagand to Tabls 1.

{Tehla I1) exopenous ALA was given eo that porphyrin production was not dapendant
on the activity of the collular AlA-gynthotess. Tha total porphyrin from ALA

whether URO or PROTO was sbout the sama regardless of the treatment. 1. The sccumula-

tion of URO by the celle ves dependent on protein synthasis bacsuse cycloheximids

(and emctine) blocked: VRO formation (expt 4). 2. Endogenous {ron {a requirsd bacsuse ST . '

in the presence of éhlmu of iron, PROTO, rathot then URO is formed (axpt 3).

3. The ivhibition by 5KF-525A snd piperonyl butoxide (axpte 5,6) suggests that the S : B
compounda sct via metabolism possibly {nvolving cytochrome P-450 wince thass ars ok )
r, -
cuompounds knownm to Inlithit drug melabollien (12). &, The chlorinated hydrocarbons . ‘-'.
.- -_-‘..:.'_.‘-vj

Rl atia ~5f b, n e el "




RPN

""3 ERD A B ,
‘\,.:L’\ .“.-: DA ‘:;{_.._ T ‘-_ - .
1 : e e = ot S i gl Y e, . 0 S . b A S il s s
.
ity
— Vol. 61, No. 1, 1974 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICAVIONS
K.

s A wq el o
WAty AT ’

have 2 effects: they cavae induction of syntheais of ATa-synilietase, an effect whic
iw blocked by home (11}, and thay csuse URD accumulstion from added AlA, an effect

wvhich ia not blocked by hewme (expt 7),

Evidence for a labile intarmedigle generated “ vi#. mm in liver homogenatas,

and required for URC formation. Livar howogasatas frem watveated chick embcyos

vhen incubated with ALA sccusulated PROTO (Table II1). Addirion of chlorinated
hydrocarbona plus AlA to the homogenate from untreatad embrycs did not effect the
porphyrin producad. Howevar, as ssen in Table 111, when chick eabryos wars previ-
ously tregted with Aroclor 1254 and their livers waras homogenized end incubgted with
AlA, & short-lived cosmpenant (or activity) eppsared to ba preseat in the homoganata
which ceusad URO to accumulata. The short life of this component was shown by pre-
incubating the frash livar homoganats for 1 hr. bafora addition of ALA. Thie prain-

eubation ceuasd the loss of the ability of tha homoganate to fore URD from AlA, f.e.

TABLE III
Bvidance for labile compound that causas
URD sccumslatiom by liver homogenatas

from thick ambryos pretreated with Aroclor

Pratreatmant of Praincubation Porphyrin
sabryo of howogenats sccunulated
bafors addition of AlA aftar addition
of AlA
- - PROTO
- + PROTO
AROCLOR - URO
AROCLOR + PROTO

16~day chick ambryos wers injected with l5mg Aroclor 1254 in

0. 2ml dimathyl sulfoxida. Aftar 1.5 days homogenatea wvars
preparad In 0.25M aucrose, 50w tries chloride (pH 7.4) and pre-
incubated or not for lhr, 37°. Incubation volume was 0.2ml
containing 125ug wet weight of 1fiver, ALA (Jug) wes added to
&1l tubas after praincubation pariod snd tubas wers incubated
for another lhr, 37°.
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wiien AlA was added 1 hr. after preincubation, tha porphyrin that vas formed was PROTO.

Thus once the blocking cffect caused by tho short-lived componant has been removed,

synthesis to PROTO procecds. Tha fect that PROTO is formed {ndicates in eddition e ~. ,.
that no Jamage of enzyues from ALA to PROTO has baen ceused by the chlorinsted . - Ct . ‘ \
hydrocarbon or its mctabolitas. . % o -A-_ .
The liver homogcnates from control and Aroclor-treated embryos both contsined . ,'_~: .,
very little porphyrin end it was PROTO. In tha embryos, axcess ALA is evidgntly . —'-.
required to observe the effect of th.o short-livad component {n blocking at ths URO step. ' : ol

Effect of chlorineted phencls on URC production in livar homogenates, Rats end mica

completely mctabolite lindenc to & mixture of di-, tri-, tetre- and pante- chlore- ' .
phenole (13,14,15) end in part matebolizs chlorinatad biphanyle to the hydroxylated

derfvetives (16,17). Tho possibility occurred to ua thet & phenol matabolite might be

TABLE 1V
Effect of phanols on URC production from AlA

by livar homoganatas

Addition Porphyrin eceumuleted
T OAl PROTO
AA + 2,4, 6=trichlorophancl rROTO
ALA + tetrechlorophenol 45% PROTO*
ALA + pentachlorophencl uRo
AlLA + 2, 4-dinltrophenc] VRO
AlA + pentechlorophenol + chelaetor uro ) _
ALA + pentechlorophenol + l'hz* URo _— o .‘
AlA + pencachlorophonol + diphenylemine uRo . f_'""l. RN
* and 55% URO 21
Liver howopgensates from untreated embryoa wors prapared ss in legond R
to Teble 111, Ehenols were lmM sdded in lul of scstono. Cholators Lk
were decferrionamine (1. 5mM); EDTA (10mM): and a,o-dipyridyl (0.5eM). 2T

Diphenylaaing end Mn“* were laM, P
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AT gt I e T




el

LR L

Vol. &1, No. t, 1974 BIOCHEMICAL AND BIOPHYSICAL RESEARCH CONMUNICATIONS

the actual blocking compound or rcliated to it. Ws thernfore tcsted cortein phenol,
(1mM) plue ALA (0, 15mM), added directly to liver homogenatee from untrested chick
cubryos prepared as described in tho legend to Table II1, The 2,4,6-trichlorephans)
causod THOTO accusulation. In contrest, tha tetrechlorophenol ceussd 451 PRETO o+ 55
lil(d formatfon. Pontschlorophenol and 2,4-dinftrophenol ceussd only URQ accummlatlos,
TFerhiaps the elactron-withdrawing groups such ae chloro- or aitre- on the sromstic iz,
function to stabilizo soma intormediats required for blocking at thba URO step.

URD formation in the homoganato conteining AlA end pentachlorophencl ia got
affcetod by tha sddition of & number of chelators of iren (1.5eM desforrioxamine,
10mM EDTA, 0, 5wM g,o-dipyridyl). ‘therofore fron is net necessary for this psrticuls:
reactfon. Thie resction is differsnt {rom the reaction that occurs in the cultured
cclles in whiich the chliorinated liydrocerbons requirs the presanco of fron to produce
URC (‘Table II, expt 3). Attsmpis to sack f{or the presence of & redical penerated .y
tlic chilorinercd phenols wers unsncccasful. Hengancse ious end diphenylanine heve ber
used te block lipid poromidetion that is penerated by frae radicels in rst live:

wmicresomos (I18). When Inz’(huj or diphanylamine (laM) were incubated together with

the chlorophencls in a2 liver homogansta they did not prevent URC asccumuletion free AL

Homogcnates of ombryonic hoart treated diractly with pontachlorophencl
accumulated just as much URO in tha prasenca of AlA as did the livar homopanates.
Thia shows that the pentachlerophanol raaction ia not apecific to tha livar. Cyto-
chromo F-450 ia probably vory low in heart homogenste. 1f ¢ytochrome P-450 is lov
it would seggast that cytochrome P-450 may not be involved in tha pentachlorophancl
reactfion t;iolul: the aynthesia of heme at the URD atep.

DLSCUSSION

Figura 1 susmarizas thce possible actiona of tho chlerinated hydrecartons in
tho blocking of- porphyrin formation at tha URD stap: 1. Thara is an induction of o
metobolizing system - this requires protein synthesis ainca it is blocked by cycle-
bhewimide, 2, The chlorinsted hydrocarbon 18 convertod to a metabolitc by a metebe:
1iring systcm containing cytochroms P-450, #ince known inhibiters of cytochrome r-439

sction (c.g. SKF-525A) prevent URC formation, 3. lren is requircd at some raaction
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UROGEN ! S SR
STNTHE TASE T
A UROGIN 11N o
COSYHTHETASE
N 1) swnp yRO 111

TRIACTON sKF-528 2

’
() 11 ~4—— [MUTABOL 1ZTNG] <— [REYAGE] £ UROGEN

i!_s_'“" : . P T T R L TLCTY

UCCARBOKTLASE
v {cyt P-4507} {eg Pents-
Chix chlorg- ;
{IRON) phenol) <
COPROGEN 111 L E
RO
Fig. 1. Sumsary of actiona of chlorinated hydrocarbona to cause URD accumulation, oo :
T woe ',‘.r ’ |
rtep for the formation of thio metabolite that cauasa UKD aecummlation, and 4. Tha - ,
rctabolite may ba & hydroxylated derivative of the chlorinated hydrocarbona aince . !
peat achlorophonol caused URC accusulation fn the homoganata,
Three ways way bo conmiderod by which the ehlorinated hydrocarbona can act et

probably via o metaholite {Pig. 1):
A) Inhibition of UROpon LIl coaynthotase. If this were the case then mainly
the YRO 1 {ecmer would have accumulatod which is reported to occur when supernstants
of homogenates of pig or husan liver are incubatsd with AIA plus ferrous izom (19). Lo

liowevor, the URO Lsomer ‘accwmulatod by the cultured cells or the liver homogeustes

f ve found to bo meinly tha III fesomer as woll as some I. Thoreforec inhibition of

cosynthelasa as a mcchanism of URD formation mey be rajacted. This conclusion is . o

consistent with the fact that rats treated with hexachlorobonzono sxcreta URD III

. LT
in the uring (20). -"‘.":" :
- o ' R

3) Thero may be a-very rapid direct oxidation of tho reduced UROgen III to URD S

tll. In tho caso whero pontachlorophonol was added to liver howogenates in the ' Y ',

presence of AlA, the product formed was URDgen &8 indicatod by the fact that no
{luoremcent porphyrin appesared, except after oxtraction and oxidation by fodine or S
{n tho pregence of Ifght, 7This result does not support tho idea that the metabolite
of clloriuated hydrocarbons generates s mechanise for rapid autoxidation of URCgen

to UROD, R

€) Only a third posaibility remains: the inhibition of tha NONS 200711
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cnxyma, UROgon decarbomylase. We have not s yot directly ‘av‘nltrlted that thts
chzyme is {nhibited., Inbibition of this anzyms would be m‘étnt with 1) the

© Rgd
findings of Taljaard st sl (21) thst the snsyme i oqm&iiﬂ:iuut in rats
troatod for sevcral weeks with both hexachlorobensens and lr:and 2) that leser
levels of the cnzyme hava boen found in rate treatod with hexschlorobanzene slone
(M. Tumio and 5. 5an Martin da Viale, parsons]l communication).

These findiugs support tha conclusion that the chlorinated hydrocsrbons arc
convearted by liver metabulism to produets that inhibit the any-me, UkOgan
docarboxylase. Buch products have tentatively bosn identified ss the hydroxyl
dorivatives of the parent compounds which aroc known setabolites, Howevar no
metabolites have yat boen rcported for the very chemically inert dioxin. 1t has
tharafors beon assumed that dioxin acte directly. The rapid affect on chick enbryo
1iver colls secn with dioxin suggests that this may be a very good systes for

investigating whathar it acte directly or via some sstabolits.

Acknowlodgomgnte: The authors wish te thank Ricardo Peldwan for technical
assistenca. Tho work was enpported by grant USPIS: CN-04922.

1. Grenick, 8, (1966) J. Bicl. Cham. 251, 1359-1375,

2. Cranick, 8. and Xappas, A. (19C7) J. Biel. Chem. 20, 45874553,

3, Oskmor, RLK., and Bchaid, R, (1961) Maturc 189, 43%.

&. Ds Mattals, ¥,, Prior, B., and Rimington, €. (1961) Matues 191, 353-3%3,

5. Goldstein, J.A., Nickman, V., Bargman, M., and Voa, J.G. (1973} Kes. Coomun.
Chem. Pathol. Pharmacol, 6, 919-926.

6., Coldstein, J.A., licioman, P., and Jues, D L. {1974) Tomicel, Appl. liarmwmcol.
27, 437-448,

7. Btrik, J.J.T.W.A. {1973) Ensyme 16, 211-223, 234-230.

8. Sassa, 8., Granick, J.L., Cranick, 5., Kappse, A., end leverc, R.D. (297)
Biachom. Med, §, 135-148.

9. REdwonson, P.K,, and Schwarte, 8. (1953) J. Biol. Chem. 205, R05-609,

10. Falk, J.E. {1964) Porphyrine and Metalloporphyrine, pp.191-1%3, Elsevier,
Amstordam,

11. Sleclair, P., and Granick, 5. (1974) dnn. N Y, Acad. Bci. in press.

12. Anders, M.W. (1971) Ann. Rev, Pharmscol. 1L, 37-36.

13. Froal, J.J., and Chadwick, K.W. (1973) Agr. Food Chem. JL 424427

14. Karapally, J.C., Saha, 3.G., and Los, Y.W, (1973) Agr.. Chem. 21, ALI-BIE,

15. Kurihara, N., and Rekajima, M. (1974) Peacic. Bleshenm, peiol, &, 220-231.

16, Schulte, E., and Ackor, L. (1974) Raturvissenschaftam ﬂ'.' 79-80,

132 noMs 200712

wm e e e s #

A T T PO SR P AP BT TR ST AT
AT N O e e Pl ' B -



17,
18,

19.
20,

71.

Vol. 61, No. 1, 1974

.

AR LA

I3

BICCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Yoshimura, H., Yssamoto, H., and Seeki, S. (1973) Chawm, Phara. Bull. 2I,
2231-2236.

Levin, W., lu, A,Y.M., Jecobgon, M., Kuntzman, R., Poyer, J.L., and McCay, P.D.
(1973) Arch. Blochem. Riophys. 158, 842-852.

Kushner, J.P,, Lee, G.R., and Nacht, 5. (1972) J. Glin. Invest. 51, 3044-3051.
San Martin Do Viale, L.C., Vi{ala, A.A., Nacht, S., and Grinstein, M. (1970)
Clin, Chim. Acta 28, 13-23.

Talleard, J.J.F,, Shanlay, 8.C., Deppe, W.M. and Joubart, S.M. (1972) Brit. J.
Huematol. 23, 587-39).

133

. L ¥

PIPRRERD

T

206713

el A

LI

]

Y,

o




