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ROBINSON, ,JOISEPII H., ANt) NEIIEmIT, I).uN1Em� \V. : Go’tio’tic c’xpro’ssion tof a-rvl hydro-

o’murbo ott htvdno oxvlaso ‘ iluoiu(’t it Ott . Preso’too’o’ o)r al)so’nco’ oof assoc’iat ion w’ith zc)xa-zolarnnte,

cbiplio ‘miylhydmomot omiti , timid huo’xo obmurbit mu mutt abo olisns. ] 10)1. Plo aim a-col. 10 , 4S4-493 (1974)�

�\.ms i mtem’o‘misc’ itt zo xmozo oltuusimit’ (2-aiuiimio o-5-chlorobo’mo zo oxmozo lo’) iuoo’t abolism , as do’tt’nmitied

t’ifli’n by j)mortOl�’5i5 titiso’ tin l):\’ mimi o’mozytuio’ assay in vitro, is tissoociated with aryl hydrclcanbon

( ht’mo ZOi[a]jlVnt’moo’) hydro mxylmiso’ imtduct it ito musicomug imui)ro’d st raimis ol aroustat-ic hydnocarbomi-

fro’ato’(l, gcmuefit’ally ‘‘ro’spoonsivc’’ :tiiio’o’, c!ooo’s muot o�ccur imi imuhrt’cl, genetically ‘‘miomtnespomt-

Sivo’,” miroomusmufit’ ltvdrooo’arhoomu-frt’tito’d nsic’o’, titud sc’gro’gato’s (p < 0.01) w’ith thic’ A/i locus in

the mopprt opnimit o’ go’tto’f ic o’m’t0550’S ht’t \\���fl ‘ ‘ rt’spotusivt’ ‘ ‘ timid ‘ ‘no onrt’spoonsive ‘ ‘ uiiice . Hc’xo-

banhittol Iuoo’ttlhboohisni, mis olo’to’rniimuo’d by slo’o’j)ilug (mit’, is itoof associtito’cl with the A/i lolcus in

(‘ifho’r imthro’d ton hivloric! nsio’o’. Tho’ imuhnt’d straimis uso’d loor zoxazolamimie and hexoharhital

studio’s ivo’ro’ C57BL/6N, BAIAB/o’AtiX, C3H ‘Ho’N, 1)BA/2N, amid AKR/N. A riso’ in

S , 5-o!ipho’muylliydmtmttoimu luio’ftlhboohisril, mis cbo’tcrmssimuo’cb by (Ito’ imuo’ro’tist’c! iomniisatiomt cof p-hvdrooxv

atocb 3 ,4-clilto,’t!roditol do’nivmcfives in i’ili’o, is tisso�’iato’c! with flit’ prt’st’mic’c’ oil arvi hydrocarhomo

luvdro oxvlmiso’ induct-it iii musuo omtg oom’oomtomof ic h\’dro oc’mirh)oolu-t ro’afo’cl imibm’t’cl (‘57BI�6N , doles mttit

ooc’(’ur ihi miroomiimutit’ hvd!roo’tot’llooho-fro’mofo’d imihrecl 1)BA/2N, bitt dooo’s moomfso’gno’gatc (p > 0.10)

w�if Ii flit’ . I Ii looc’us muoio mmig ooffspm’imog oof the appm’o opniato’ (‘to 0550’S l)o’f\vo’o’Iu ‘ ‘m’o’spo onsive’ ‘ timid

‘ ‘hut Otino’sj)O iti5iVt” ‘ mtiic’O’. I tit!imo’fitoti oil both diphemoylhyc!amotoiti liydm’o oxylmiso’ amid tiny! hydnoo-

(‘tinllo 010 hvo!ro mxvlast’ 0 oc’c’urs imi t Ito’ livo’r if 3-nso’f hivlt’hto olatot hno’muc’-tro’ato’cl Oshoormie-\Iemudo’l

m’tif 5. ‘[lot ‘t’o‘ft 01,0’ 10000100 it oxvgo’tomit it 010 ( i .o’. , ring hvc!m’o oxvlmot it omu) o ml bt’muzo m�ajpvro’muc’ amid zcoxazo ola-

tiiitit’ Prooh)tih)lY imivomivo’s flit’ samuio’ iio’�vly svmithesizo’d o’vfomo’hut’oomiso’ P1-450 ro’gulafc’d by (ho’ �-I/o

lo aims ; diploemovIhivob�imit omimi loyobt’o oxyltot it ti tiittv I mc invo olvo’o I ��it Ii tt obiffo’t’etof I ‘-450 ‘ipco’’tt’s

mogul to t o ‘t I 1o:o�. Illo ‘ �ti t’o 01 0 itt t �t’ hvo ito o’u oh �t oti t’t’sjoo otosi Vo’Ioo’ss’ ‘ go’tio ‘t it’ It oils 0 of Ito ‘m’ t hototo t hot’ .1 1,
lomoos.

I N’t’110)t)1( “Ito 0 N 1)\’ lilt 0101111 It’ hivo!m’o oe�tm’ht ons moo!inimiisto’t’o’tb too

Ito 1)I’0’\’i001I5 Pi1-1)(’t’5 of (lois st’m’io’s(1 --7), itilt’(’hitivo’loco’tio’xminiint’tbiii t�!t’t�iiI. ‘[hit’ itt-i-

gout ‘fit’ di fit ‘m’t’no’t’s in I lit’ o x� t’t’ssit 010 0 of attl

Ii:�’t Ito otto ti mooto ( lot ‘tozo 0I(L11)\’h’t’Iio ‘ ) hvo!ro oxvl:oi’it’t I000’0S001’(’S I hi(’ 1,101 (‘ oof ft orhiotit ton 0 of hvclroxvlti t cot
loo’oozoo[u [pyi’t’tot’ ; ‘oooo’hi J)100’100015 Ioito;�#{149}toe ftot’noo’oI

‘I’hot’st’ lot-ito) I s � i�’’�’o t co I i oo ; alt tot I hoe o’i I ho’,’ ho d 0 I’o’o’t- hovdl’ooxvl to I Jo ii ot’ liv a t-ts’to-yot ep

��It’t’t ilog of I too’ .-�hlO0’I’IO’tOlO Soio’ictv oof l3ioolomgit’al im�’�’’�� (set’ t’cf. foot’ olis’oossooooo ) . in to t�vto-i’tteJo

( ‘lo’tio si a , .� t I 010 0 jo ( ‘i tv , � I I #{182}07-I. io�’o’t’�� ooi ivho otto to it o’joo oxitlo’ is foornio’ol , oil hovolro-
I ‘Flit’ to t’;�#{149}I hvo I t’ootto mlmo01 0 hoyt I to xvi tost’ tosstov � oools tot ot I o 0 lot r loot’ I oh )O 1I t t’s too a� 1oo’ ftot’tiit’tl to I0tI
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poortali(’o’ of anvl ltvdrooxvboutioomts of drugs,

�)olycyclic hydrocarbons, amid imist’cticidt’s
iiuo’diated by nsooitooxygt’Itmi-ses (such mis this

arvl hvdrocarboomi hvdroxvlase) to pham usa-

ctAoogy, chemical c’tino’imio)gemuesis, amid toxi-

ccolcogy has rcct’nfly l)o’en ro’vieivo’d (9). ‘[lie

genetic hocus for aroonsatic hydrocarbolmi ro’-

spoomisivt’mso’ss, desigmuatcd the _4/i locus (3, 10,
1 1), is cIoosel�’ asso)ciated with nc’w’ fom”nuatioomi

of (ho’ CO-himidimig henioproteimu2 cvto)-

chronic P1-450 (2-7, 10, 11), and ti’ifh the

imicreast’ iti sevt’rmil nioomtoooxygemiase muctivi-

ties (6). Aro)niatic Itvdrocarhton “ro’sponusivc-

miess” appears to represemit a threshold effo’ct,

because exposure 0)1 liver cell cultures do’-

rivo’d front gcito’tically ‘ ‘mionrt’spomisivo”

luuict’ foo ouroonttitic hvdroocarboits dissollved in

(ho’ culture istc’diunu amid treatnso’tit of

gent’tic’ally ‘‘mtomireSpoliSive’’ nsice with cer-

taimi haloogemiato’d ditlxilts amid furamus in rico

prooduct’ rises ill tlit’ liydroxylase ticfivity that
are as high as thost’ foutici in soo-cahlo’d

gemio’tically ‘ ‘rt’spoitsivo’ ‘ ‘ nsico’ ( 1 , 1�).

Zoxazcolansimtc (2-amusiiuo-5-chloroht’mizoxtu-

Z(obt’) was imifrooducc’d in 1957 as a muscle

relaxant- in flit’ tro’atnso’mut ol various spastic

disoorders . Because oof potemit uriccsunic

propc’rtics (19, 20), flue drug was alsoi inch-

cated imi flit’ tro’atmsic’nt of goout. How’o’ver,

studio’s implicatitig zoxazolansimso’ aS flit’

etiooloogic’mil agcmit in so’v’ral imustmumuces of fatmul

hepafic tuo’t’roosis imi nsmotu (21) o’moused no’msso)vmol

(_)f tlut’ drug fronsi (lit’ I)huminsiao’o’ufical uuiarko’t

in 1963.

Suite (Ito’ itifromcbuo’tioomi cof 5 , 5-dipho’mo’vl-

hvdamotoin Hi 1935 (22) , it has rt’uiutuitio’cl coot’

t)f flit’ iistisf ii’ido’l�’ used amttio’oomtvulsmumits.

1”t’i�’ suhj 0 ‘of ivt’ly dist urhimtg sido’ o‘ffo’ct s,

relafivo’ to o go mcI so’izuro’ co omit ro ml mit iuttocbo’rtut t’

dosagc’s, hoyt’ o’mtsunt’cl thc’ po mpulmir use o of

presutiotobly womulol toot he asso(’ittte(I �vith thio’

hydroxyltise toct ivity ; t he relat lye inij)oort atice oof

these tot her l)athwtt\’S for the sxil)st rtote toetizo [a-J -

pyrene has ooot t)eehi cletermitoed.

2 Cytochroone P-450 (12)-aiso ktioi�’n as cyto)-

chronic P-448 (13) oor P-446 (14)-is thitit- species tof

CO-hinolitog huetiiomproteioi which iticretises in COb-

Cebit ra I iou I to respo�ise t 0) aromtot it’ hiyd roo(’torboohi

t-remtttuuent either ito i’io’o (12, 13) oor ito cell (‘otltxmre

(14). It is becoming increasing1� evident (15-17)

that to momeroous 5l)eCies oof cytochronse (s) P-450

exist.

this drug. Itt t’o’rtmuimi nomc!cmit spo’cio’s 1)PH

causes such t t’rmuf omgo’miio’ ti-no ouisalio’s as clo’ft
lij) timid palmufo’ (23, 24). Itt nsan au mip�)ar(’mit

imocrease itt birth dc’ft’t’ts such mis theft lip

tumid palate (25-28) mimic! a looweritig oil f-Ito’ imi-

telhigence oiuotit’tot (29) has ht’o’mi miooted in

tlut’ toffsprimig oil t’pilcptic nsoofhcrs nc’ccivimog

amit ico)nvulsmumtt drugs such mis hydant oimi

cbo’nivativo’s.

The l)doPuiltiritY oil huexoobarbital as a usiodo’I

substrato’ (30) Ion (lit’ livo’r usioru(oo)xygemtaso’

s�’stein prtoh)aI)ly stc’nis frooutu (lit’ rapid ab-

so)rption oil the c!rug, timid its dist-rihutiomo,

nio’tal)ohsns, amid It�’pmiootic’ activity in labora-

tory amsimsials ; oulsom, flit’ dunatiommu of sleep

reflo’cts pnimsianily nio’f mobohisisi rather thtuti

tissue rc’distributioImi, imi contrast, loon c’xant-

plo’, with fhiiopo’motmil.

The Isit’tmibollismsu 0 of zoxazo olamssimic’ (31),

I)PH (32-34), mimic! hexoobarhitmil (30) imi-

volvo’s lssomtoo)xvgcmiatioomt (9, 35, 36) (l#{176}’ig.1)

vito Iivc’r usiio’rolsomnsal o’ytochronise(s) P-450.

Tho’ usuaj ton usit’tabo olit o’ for zoxazoolaiiuimut’ in

ulitili is the 6-lsyc!rooxv cho’nivtitivt’, tumid vo’ry

smssall anuount s oof duo )rzolxazomue-i( nssed o�’

ro’placeissemut oil flit’ musuimtoo grooup 0)1 zioxmo-

zolaussine with a hivdrooxvl group-art’ looumid

(31, 37). Tho’ nuajoor 1ssetal)olitt’s oil 1)PH imi

rats, rhesus monkeys, and uisami art’

hvdrooxvphemiyl)-5-pluo’mtvlhi’damtfooitu (32) timid

5- (3 , 4-dihvchrooxv- 1 , 5-cvc’holuo’xmudio’mu-l-vl)-

;)-j)ht’mtylluydtimitoiti (33) . Tho’ nsajoor pnoldu(’t

oil Iio’xolbturhiftilisio’ttoboolisnsito choog, rabbit,

lit001_ist’, rmut, mimic! mssmumi is flit’ 3’-hvdrooxv

derivative, with subsetiuo’mut 3’-kt’tti ft onmuumi-

fitomi, ‘#{176}s’-do’tiio’thylatioomi oil flit’ 3’-k’foo prood-

net, tomid glucuroomoicho’ o’oonjugtutiomn oil 3’-

hvchro mx�’ho’xo oharhlitmul (30) . Bo’o’tuuso’ flit’ �t Ii
loocus is assooo’imitt’ch ito go’tto’tic’ally ro’spomtusivo’

miiit’o’ ivith imict’o’moso’s imi c’o’rftuimo iiooomuoaoxy-

gt’mtaso’ mit’tivit it’s, mimic! bo’o’auso’ nsmujo)r mo’fmi-

l)oohic’ I)mithtWtl�’S foor zomxmuzoolaniimic, I)PH, timid

ht’xo Ol)tinh)it oil imuvo olvo ‘ f ho’ liv’ r mist otto o oxv-

gc’nmist’ systenu, \\.o’ therefoort’ cxmumusimoo’ol flit’

uiit’tttI)t)liSlii oof flio’so’ drugs mussoomig straimus cof

geno’tic’muhlv no’spootisivc momuci Ito otit’t’Sptomusivo’

iiiict’ atic! tutu omtg hybrids no ‘suIt imig mmmii

c’erfmuihi gt’moo’t it’ o’roosso’s.

3 The ahhreviat loins used tore : I )P11 , 5 , 5-di-

1)hetiYlhiYdtihitomili ( I )iltitotiti) ; �oIC, 3-tiiet hylclio-
lant hrehoe ; 13(1, t he I nbred (‘57BL/6N nioooose

st rain ; I )2, t lie i totoretl I )BA/2N n1ootse St rai Ii.
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Ft ; . 1 . I#{176}ropooso’olroaet ion .so’/oenos’.S for the tb roe (trot ys oi oo (tel’ st oody i to this report : zoxazoloi too i or (it pper

left) , 1)PH (otoiddle left) , atod he.roba-rhital (lower left)

It- is postulated that- zoxazolanoitie atici l)PH noidergo luydroxylation via turehie ooxide ioiteronediates,

whereas the hvciroxylatiooti oof hoexombarloital in positiohu 3’ involves a simple aliphatic hydroxylatiohl. The
hypothetical arctic oxide itotertuediat-es, 1 ,6-epoxyzooxazolatooitie atod 5-(3 , 4-epoxy-i , 5-cyclohexadieti -
1-yl)-5-phetoylhydtitotoito, showhi here have hoot beeoi isoilated or otherwise iolehitified. It is eoitireiy p05-
sible that the liydrooxv proooioot’t of xoxtozooiamitoe is formed ootoly by a direct hydroxyltotion and tiot by a

two-step proocess itivoolvitig the toretie toxide. Shots-to at right tire the loydroxy product of zooxazojianuitie,
the nionohydrtoxv and dihiydroooiiomi olerivatives of 1)PH, and the hyolroxy product of hexobarbittil.

i\tATERIALS ANt) METHOt)S

Zoxazolamimue titus a go’mic’rtous gilt of I)r.

Alan P. Pomlamud (Umiivo’rsit�- of Rochester

\Iedical Schomol), ivlto Fiat! nect’ivo’d it mis a-

gift frorni )IcNc’il LaI)oorafomnio’s, 1mw., 1’�ort

\Va,shimugtomi, Pa. Umulabo’lt’d i)PH was

go’mio’roously doomtato’d by Parko’ 1)avis & Corn-

pany, and so)diuns I)ltt’]tcol)anl)ittul timid ho’xo-

l)anl)itmil wo’rc puro’luast’cl irooius #{176}ult’rc’k&

(1ouiipany. [4-#{176}4C]I)PH (4.(’oS nsCi---’nsnioolc’)

wa-s purchaso’d frouis New Fmuglaiid Nuclo’ar;

:��ic, from 4. T. iltiker Coisipamiv ; a-ItmtI)h-

t hofimivomue , froisi Aldrich Cho’uuiio’al Conri-

pany ; amid l)eiuzo[a]l)vro’moo’, NADPH, and

NADH, froius Sigosmo. Nmsfiomsal Imostituto’s of

Hemuith Aiuiisimul Supply pro ovid!o ‘d so’xually

iiuinsat-ure nisalo’ tot’ io’nsmtlo’ (ago’, 3-6 wo’o’ks)

imubrcd issico’ atid 100-g utta!e Oshoormio’-

�\1euudel rats. The cmivironmsso’nf- in the atuinsal

Fool-it, feedimug of thc’ amuinials, (ho’ imifra-

perito)mieal administratiomu oof i\1 C or pht’mio o-

l)tirhital (SO nig/kg ol l)dodv weight), and the

prt’pmuratiomi tof liver Issicroso ousies w’o’ro’ c’xac’tly
as dc’scribed I)revioUsly (2, 5).

Zo.i’azolain inc a,o (1 /oexobarb-ital slee/) inq

times. Twent-v-foour hoours alter a single doost’

0)1 cit-her MC in coirmi o�oil or corn oil alone, the

tsiice r(’ceivcd zoxazcdaussine (225 mug/kg oil

body iveight) intrapo’ritoono’ally imi conmi toil.

\Vithiti 1 nsimt the amiinsmuls were aslo’c’p ; etoc’h

ussouso’ was themi pltic’ed oomi iti�� back. TI-it’

sleepimug tinse w’mus reccordo’d as that I)eniod ojf

t-iri-io’ until flit’ tuuinsmil had regained t’mio)ugh

c’uomuso’iooustit’ss t 0 0 right it sc!f rept’af o’clly.
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Ho’xoobturbital slt’c’pitug (into’s, with a doos’ oil

100 issg, kg oil I)Ody wo’ight , w’o’ro’ sinsilarly

nio’misurecl.

Hydi’oxylase assay. The hvdroxylase ac-

tivitv timid protein deto’rminations wort’ do’-

to’nssimio’d t’ssc’mitially as deScribed before (2,

10). (Joe unit of aryl hydrcocarhon hydroox-

ylasc’ activity is dt’fined as that- amount of

emizvtsse catalyzing per minute at 37#{176}the

formssaf-ion of hydrolxylat ed product cau�simtg

fluoncsco’ncc’ eciuivalenf to that- of 1 1)1550)10’

cml (lie 3-hvdroxyhemizo[a]pyrcmie recrysfal-

lized standard.

Zo.i’azola,n i-toe -noetabolisin in vitro. “l1hie

o)rigimoally described issethod (3 1 ) ui’as issodi-

fled cootusiderablv. The 1 .00-issi rcactiomt

voluiusc imucluded 30 pnsoolc’s of pot mossiumis

phoosphafe buffer (pH 7.4), 0.36 prnole of

NA1)H, 0.10 iil of hivt’r Issicro)solsseS (como-

fainimug 200-400 pg (of protein), amid 60 oor 120

uitssO)lO’s of the substrato’ zoxazoAamine . ‘[lot’

substrafo’ was first- dissolved iii a- rnimtimsial

attioumuf oil 1 N HC1 and themu diluted with

watt’r tom a fimual concenfratiomi of 500 pg/util.

Tho’ ro’acfion ussixture is’as imucubated iii a

shako’r at- 37#{176}imi air for 20 miii, mind the reac-

tiomo wmos stopped by adding 1.0 ns! of 0.3 N

NaOH mimic! placing the reaction flasks in ic’o’.

This 2-nil ntixture was extract-ed with 2 mit!

of cold o’thvlene dichioride and cemutiifugo’cl

brio’flv. The efhylen(’ dichloridt’ extract- was

shakemi w’ith 1 .0 usil of 0.3 ii sodiuuut borate,

amid flit’ aqueous fraction uu’as renso)vc’dl. Tho’

zoxaz(olansine ii’as themu extracted froisi

t’thylt’mio’ dic’h!oiride into 2.0 ml of 1 N HC1

atid isso’asurech spect-rophotonset nically at-

275 motuo. The pc’rcetotage omi substrato’ reuusaimi-

imtg, ro’lmitive to) appropniato’ blamiks mimic!

stamichmircls, ailtiwed calculaf ion oof itmumiooussooles

0)1 zoxazolanumte usst’t abolized per nsimuut e per

usiilligrmuiss oil uisic’nosiouiimul 1)rooto’ilt.

D1-#{176}I�Jinetabol join in cilia. The j)I’o moo‘chute

(34) for uoio’asunimig 1)PH uuto’tabolisuos in vitro

w’tos loollowed exactly, except that a 1 .00-isul

r(’micfiott voluusie, miS described aboovo’ , uvtis

uso’d . ‘TItus 1)t)f assiuusu phtosplumuto’ buffo’r,

NAI)PH , NA DH , liver nsicrtosousses , 50

motsiolo’s oil [4-#{176}4C]DPN, auto! 150 momoolo’s oof

umulabclo’cl DPH ui’o’ro’ iiocubmutc’d tot 37#{176}in toim’
for 15 ruin, umuless otherw’isc indicafo’cl. Tlio’

ro’actiomti \vmis sfoo1)1)o’d w’ithi 3.0 iuih of c’oolcl

ethyl tot’t’ft-ott-’ ; (Isis nsixfuro’ was shtmuko’mu mit

rcoconu to’uisI)ermifunt’ icon 5 huh mimic! briefly

co’nf nilugo’cI . ‘[lie of luvl acetate layo-’r woos

themu rensovo’cl. This o’xtractioomt with o’thvl

acetate was ro’peato’d four nsooro’ (inst’s. atid

the ethyl ac’o’tate l)htisc’S went’ couutbimio’d autd

tho’mi evainormiteci too drvnc’ss. To the dnio’d

o’xtracts wo’ro’ added 23 pl oof uiso’thanoh, amid

20 pl of this nsethamuool ro’siduc uuuixturo’ wo’ro’

chrorusatograplied on F-254 silio’a gel thin-

layer plato’s (Bninkuuuamin) w’ifh a bt’nzo’mue-

muuethamsool-ac’ctic acid (43 : S : 4) solvent s�’s-

(ciii. The dnio’d plates wero’ I)ltiCt’d in coontacf

with Ea,sfmsitimi Ko)dak BB-54 ns(’dical X-ray

filnu and stored for 2-14 days. The radioac-

five spots t)ti (he I)latt’s w’t’re mulso SCnaI)c’d

imito) vials Ion radioomictivify deto’nmimiatio otis

by liquid so’itutilbatiomi count-imtg.

RESULTS

Zo.u’anola in inc a tul /iexobai’b ital sleep in �j

times. Table 1 sluomw’s zoxazolauisimue amic!

hexobarbital slo’epimig tinto’s for co)ntro)l amid

MC-treafed imubnt’d nsice of five diffencmtt
strains. C37BL/6X, BALB/cAnN , amid

C3H/HeX are thrt’o’ straimis that are go’no’ti-

tally respomisive ttl arornafic Itydrocarboomus

such as 1\IC with resl)t’ct to) tiuc’ imiducticln tof

art’! hydrocarbo itO hydroxybase (2) amid ootho’r

tsiomuo000xygemumise (6) activitit’s ; I)BA/2N amid

AKRJ�X are tuvoo straimis whio’h cht’issonstrato’

little ton iioi gt’mtet-ically nscdiato’cl ro’spomoso’

(2, 6). Pnior tro’atmsso’nt w’ith )olC causc’d to

2- too isscore than 10-fold shoorto’mtimig oof flit’

zoxazolaniimuc’ parmilysis tiusie in (lie three no’-

sI)Omusive straimus but- utot itt the fivo) mto)miro’-
SI)(Ol5SiVe straimss. That bo’mizo{a]p�’nemic’ is to

ussore I)ootemit imiducer of zoxaziobamnitie li�’-

drcoxylase activity thtiti I)luo’tomh)minI)ital itt nmut

liver has bo’o’mo ro’I)orfcd (31). Thuo’ AKI{/N

niouso’, whit’li itivaniablv has to higher bastul

hyc!rooxylmise tuo’tivitv in the liver thami flit’

otluo’r ioour strmtimts studied (6), had a slightly

slit ort o’r i-omirt-olysis t iiiso’ auiiouig t lit’ t’ omtt noo1

amiiisumuls ro’co’iving zoxazoloututimuc . ‘flue (1(150’ 0 of

zoxazoolmussimuo’ uso’d ui’as nicore lo’tlial imi flit’

D2 coototnool nuomuso’ thmsmt imu amu�’ of tht’ otho’r

four stnaimts. \Vith lo’sscr dust’s oil 100-2()0

nig oil zooxmizoolmonsimue �)�‘r kiloognmutsu of body

wo’ight , 50)tiit’ oil flit’ )JC-tro’atech, gcmio’tic’m-uliy

respommisivo’ ussic’t’ did mitot 51O’t’I) mit till.

No sigitifit’mumtf cliffo’ro’oico’s ito ho’xoharbitmul

sleepimug f inst ‘5 ho’t � ‘it (‘t)tut no ml mimic! M (1_

trc’muto’ch noio’e oil these fivo’ strains ut’o’re fcoumid.
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L’JIeCt (of J)t’IOO’ treoi t our to t o(’i Iii .11 ( ‘ ott, zco,razola too i ooo’ a to 0] hexobao’b i/a I sleepi tog I ,noe.s’ for floe

.sti’ozo io.s of o oob-reol otoice

‘Fhit� ratoge oof sleepi tog t in�o’s Os goveti foor etoc’h gt’ootop, tond t lie nuniber of atoiiiiais ito etochi gt’ooup is shio�vti

i to 1)aretit hieses . A iiitixinoal sieepi tog t inie (Of 180 iou to �vtis arbit rariiv assigtieol , because boost to tiituutsls t hat
slept iotigt’r t lititi 180 niiti tosootoliv ro’tiitti tied tietoo’ dent-li foor totoother 3 hr or tuore titoci c’vetit oottllv olied.

Strain Sleeping time

Zoxazolamine Hexobarbital

(‘ontrol MC Control MC

liii,: Flub 001101 1)1101

C57BL/6N 120- 1St) (10) 20-So (10) 60-90 (10) 5()-90 (10)

BALB/cAtoN 130-iSo (8) 18-45 (8) 40-70 (8) 50-So (8)

C3H/hIeN 120--ISO (8) 25-50 (8) 60-90 (8) 50-90 (8)

l)BA/2N 160 180 (10 120--iSO (10) 50-110 (10) 60-80 (10)

AKH/N 10()-13() (8) 105-160 (8) (10-100 (8) 70-9() (8)
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-I ,J, � � li(ibitisO)tO , .J, \V. 1)aiy, atid I ). \V. Neloert,

tOhiptOl)Iished datto.

1)coses tof l)PH rmungimug froouii 20 tom 150 misg:kg

of bod�’ wo’ight wt’rt’ siiisilmorl�’ fm’io’d with

co)nf rol mimic! �\ IC-f rt’atc’d usuio’o ‘ . Hoowo’vo’r,

the ussic’o’ clo’vt’lopt’d aftuximu munch t-ro’iisoors----

w’hio’h ofto’mo Imosted loon so’vo’nmul c!toys befooro’

do’ath-mumid no o wo’ll-dt’fimut’c! go’no’f it’ differ-

o’tic’t’S imo slo’o’ping fnssc’s �i’itIi 1)PTHI o’oould be

c!o’to’rniimio’d. \Vt’ also fominich fhumif imsfrtipo’ni-

tootuemul midmiuimuist ratitomi oof zo oxazo mlaniimuc, hexoo-

hmonl)itmul, or Dl’H cud muof c’tiuse mmryl luyc!roo-

o’turbotu h�’drooxvlotso’ imucluctiomo.

I’iguno’ 2 shoows tlttut flio’ro’ is mu goooch coorre-

hut iton bo’t ii�o’o’m0 i\1 (1-itic!uo’eol hychm’ ox\’laso’

toc’f ivifv and short o’no’ch zo mxazo olanuimio’ slo’t’p-

hog (into’ ito flit’ F2 go’muo’rafiommt froomus HG timid

1)2 nsice. \Vo’ hmovo’ sinsilarl�’ bound4 (Isis asho-

t’ititit)Ii \Viflit)ut t’Xct’ptit)mu ito utooro’ fhiamu 60

toft’sprimug iroouss vminioous hmick-cromsso’s amid

imufo’rcroosso’s; o’.g., B61)2 X D2, (C3H--’Ho’X)

(I)BA/2N) x C3HHeN, tumid (B6)

(AKlt/N) x � F’o�or o’ao’h zoxazolamusino’

sleepiitg tiint’ t’xpo’niouit’uut , wo’ alw’ays in-

o’luded sevo’ral i”sIC-fro’afed 116 tumid 1)2 itt-

bro’d c’tomitrools, itt oordo’r to c!o’tt’rmsiimoo’ the

rmimugo’ of slo’o’pimog fiusst’s fooumtoh otto mumoy given

o!toy. As o’xpt’o’t o’cl , j)htt’tio obarbitmol muchsiimuistra-

titomi in i-too promchut’t’(h sluomrto’itt’ch zoxmozoobansino’

slo’o’pimog tiuiio’s in 1100(15 gc’mit’tic’ally ro’spoomisivc

ttmit_1 itt itort’spcimtSivt’ Iiiic�o’ (daft-c moomt slsoow’n).

Imochucfiooti oil the nsommoooxygo’mtmuso’ toctivities

by pho’mool)murl)itmul limos I)t’t’Ii cht’uioomist i’tift’cI

I 30 60 “ >t20
SLEEPONG TIME (monO

Ftc;, 2. I?elatiooo.slo ip be/oi’eeoi hoer tooo(’i’o.sonoa/

a o’ijl h !I(lrocolrb�oo Joy(lrox!Jloo.se (;l II’!:! ) act u’iti� oloo0]

zo..raz(ol000 itoe sleeping to noe in .1JC-li’eoited (B61)2)I”,

010 iCC

After each sleeping I inie lucid beeti recorded, the

specific hyciroxylase toot ivity , in utiits p�’r tnilli -

grano oof toiicroosonnal proteiti, � detertuitieci for

emoch mouse. The coorreitoticoti coeflicietot , r is

-0.79 (p < 0.001) for these 21 samples.

(2, 10, 11) iiot to ho’ msssomcimifc’d o’Iooso’lv with

f-lie ,t/o locus. \\ --� alsom fomumoc! a gooood c’oorrela-

t loll bet ween the 1\ I (‘-imucluced h’u’droxylmiso’

muc’tivify timid tlio’ missmiv fo or zoxazo olmunimio’
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5 J. Ft. lloloioosoto, J. S. Feltoti, and I I. “mY.

Nebert , matioiscript in prepara t-iooo.

netaboolisuss in viti’o: a ramuge oil 45-70 munsooles

(If zoxazoolmunsimie issef al)oolized per ussimiut e

po’r misilhigrans of ussicrosousial protc’imu wtus oob-

served in i\--IC-f neat ed , gcmoefic’millv rc’spmusivo’

nsict’, as c’oonspmiro’d with to ramugo’ oil 10-26

nmoles/nsimu/nig 0)1 pro of cm iii �‘sl C-tro’at-o’d,

getietically mioiurespoomusivo’ issic’. Theso’ stud-

ies imtc!uded B6, BALB/cAmtX, D2, amtd

AKR/N imubro’d misice plus �)r(mgo’Iiy of So’veral

crosSo’s inviolving these straimus.

Simico’ a-muaphthoflavoone is a good inhibitor

of i\ IC-inducible aryl iiydrocarboti hy-

droxylase activity in vitro (4) , we wislio’d to

do’terimsiimte who’ther this cooustpouiud ii’could

affect the zooxazobanimc’ paralysis time in

viva. Howo’ver, do�so’s omf 30-200 nsg/kg cof

body weight given imitrapenitootio’allv 0.3-2 hr

prior to) the zoxazolarnimue test dose did not

significamitly alter t ho’ zoxazolarnine j)araly-

sis tirn(’ oil MC-t-reated HG nticc’.

DPH metabolism. Thimu-layer chrtonsafoo-

graphic separafioiis oIl DPH and its rnefabo�o-

lites are shown in I”ig. 3. \Ve lcmund that the

dihydrodiol and ussonoohydroxy derivatives of

DPH had approximato’ RF values oil 0.19

and 0.33, respectively (34), that amuotluer

product, of lo’sser c�uanfity, had an RF valuo’

of about- 0.38, and that lornsafiomi 0)1 tho’se

products rectuired flit’ presence of micro-

son-tes and was NA1)PH-depo’ndo’mif. Utido’r

these cconditions less fhait 2 9� oil (ho’ sub-

strato’ was nsetabolizo’d to tht’ abovo’ deriva-

tiV(’S. I’igure 3A amid Tabic’ 2 illustrafo-’ that

DPH hydroxybatioii was stimulated iii rat

liver by intraperitoono’al ii\IC but itof by

phemiobarbital. This effect was usioone prto-

nt)umict’d with usticroosornes thamu with (he

postmitochondrial supernatamit frac’fioit ; per-

haps the presc’nco’ oml ccomij ugatimtg o’mizyisic’s

in the cytooscol amid mic)f imi the nsicrooso)Isumil

pellet would explain fho’se differo’tico’s, simtce

coonj ugations o of epoxidat ed mt c’nusso’diaf c’s

readily occur (9).

I’igure 3B show’s that fhc’ uisomuoliydrooxy

derivative is incneast’d iii MC-treatt’d B6

nsice but not itt MC-frcated D2 nsice. Tho’

product caui be so’emi tiftc’r 2 mimi of imicuba-

tiout (If the babelc’d sui)stato’ w’ith liver micro-

soInsc’�, is nsost imitemuso’ after 13 nsimu, atud

actually is less afto’r 30 n�in. Furtho’r muictaho-

lisuus oil the momtoohydnoxy I)roduct w’ould o’x-

plaimi these findings. l’�igure 4 illustrmites that
incro’ased nsc)mto)Itydrc)xy-DPH forissat ion

ddlcS not- occur in every gemic’t-icmilly ro’spoonsivo-�

B6D2 x D2 or (B61)2)F2 nsouse. Thins, oil-

though imsductiomu oil both anyl hyclmooo’arboon

hydroxylase and ‘ ‘ DI�H hyd nooxylmuse ‘ ‘ by

\�IC w’as absent or very sniall iii f-lit’ imtbro’d

D2 mouse and preseuut- in flit’ imihro’ch HG

ussouse aiid (B6D2)F1 hybrid, o’iflso’t’ or booth

\IC-inducible emtzynsc’ activitit’s w’o’no’ so�oisio’-

times expressed itt animals lrooni fist’ HGl)2 X

D2 back-cross or (Ito’ BGD2 X B6l)2 imifo’r-

cro)ss.

DISCUSSION

I’rorn the results 0)1 this study wo’ o’oomiclude

f hat ‘ ‘zoxazolaus)imie hydroxylase ‘ ‘ is siuusibar

to or identical w’ith tito’ other rnolmtooxygo’moaso’

activities (6) which appear to) ho’ cIt mso’hv

associated w’ith tim �1 /i- lo)cus : anvl lsvdroo-

carbon hydroxylaso’ , 7-et-hoxycourna niti 0-

deet-hylaso’, p-mtit nomumoistolo’ 0-deuiic’t loylmuso’,

amid 3-methyl-4-ustct-hylais-iinoazobo’mizo’uto’ �\-

densethylaso’. This uiso’amis that f-Iso’ imicro’tused

hydroxylatiomi of zoxazolarnimuc ito monommiuatic

hydrocarbon-treated , gc’net ically respo)misive

minimals is correlato’d with muew’ly sytitluo’sized

cytochronso’ P1-430, which can too’ icho’mofified

by spo’ctral (2, :�, 5-7, 10, 11), partmsagmio’fic

(3, 38) , and Prcio’nc’mutimul inhibitoor (4) differ-

eiuces.

The zo)xa-zcIbami]tc sleepimug timo’ tift’oorcls a

o�uick, comtvo’muio’nt , timid reliable ltibortifoory

test- loon deto’rnsimuing (ho’ 1)lto’muolfypo’,ivitli

respc’ct to f-lit’ A/i lcoc’us, without sacnificitig

the niouse or po’rforrnimtg a livo’r biopsy . We

still canmuot- (!isfiliguish flit’ go’motitypo’ be-

fween genetically ro’spo omusivc’ luoontozvgoous

(A/tb/A/mb) amid het-o-�rozygootms (,4/iio/,4/,d)

nsice (3, 39-41), since the hydrooxylaso’ ac-

tivity in both go’moc)ty�)cs is lull� imichuc’ible

by aronsat-ic luvdroocttrboomi midisuimoist rat icon

(2, 3, 10, 11). imi co’rtaimi studio’s imivolvimig

gemietic differt’nc’o’s ito sus(’o’pfihihit-y ((0 po)ly-

cyclic hydrocarbon-imoitiated oarcimoogo’tit’sis

(39-43) tin imi susccptil)ilify too the toxic

o’ffecfs oil muumsserous xeliol)iooficS,i it nitty be

advauttageous to kmiow flit’ ph(’miof vp#{176}‘ wit Ii-

out- killing (ho’ timiiisial. Liko’wiso’, loon h)ro’o’dhimug

amsinsals havitig (ho’ higho’st o)r loow’cst basal

hydroxylasc’ activity ton havimug (lit’ highest

inducible hydroxylaso’ activity, f-lie zoixa-
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MIC DPH MIC
after without after without

MC PB cont Incubation MIC MC PB cant Incubation MIC

� � � � = � �
(*

A

� � �

Postmit. sup. Microsomes

MIC
after without

B6 D2 B6 D2 B6 D2 Incubation MIC

� � � ‘p �

,*� .‘�to�

B

2mm 5mm 30mm 5mm

Ftc;. 3. V-ray Jilotos of thin -la!,cr chroooooitograph.s fo’uioo loepatic po.stoooit�c/o �)1o(li’ial .soipertoa-ta-tot or otoicro-

.sooooal fractiotos itocti-bated with [4-’4C]DPH

The oorigito is tot the btottotui, t-ind the moist promioieoot spot , with au lip value oof a-hoooit- 0.45, is the

substrate [4-’#{176}CJI)PH. The moooohvclroxy tozid dihydrodiol derivt-ttives, with I?F values of approximately

0.35 totid 0.19, respectively, tire eoiciro’lecI with a dashed litie wherever the spots appear moist prominent.

A. l’;tic’ct of lrioir I retitn�etit wit Ii \IC tor phetiooi)arl)ital ito the rat . B. Kitietics of product- formatioti in

1VIC-treateci B6 atiol 1)2 nsice. The l)osttnit-cocluondrial supertototaoit fractiooi (Postinit . sup.) in Fig. 3A

re]Iresents that- frtoct-iooti poured off after ceoitrifugation of liver hoo��ogeoiate for 15 miii at 15,000 X g.
Micm’oosoonai tory! hvdrocarboti hvdrooxvito-se specific toctivit-ies iti t he ?m-IC-to’eat-ed, phet000l)arl)ital-treated,

2100(1 eoot010’t)l rats (Fig. 3A) were 790, i�30, oooid 140, respectively, and in the MC-treated B6 and 1)2 mice

(Fig. 3B) were 2140 anol 380, respectively. Coototrol chromat-ographs iticloode the tidditiooo of microsomes

(:NI1(’) after ti-ic 15-mioi ioocoobatioooi t-ooid the presetice of labeleol substrate without nsicrosonses (l)PH

withoooit i\IIC) . The anoototot of njicrosoonal protein iii each retoction flask (about 0.5 tug) was abotot the

sttoiie ill toll exl)critsoetits.
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ow. Levin, A. ‘u’. H. Ltm, titid I). W. No’hoert,

utoptoblished data.

TABLE 2

Effect of prior Ireatonetot with MC or phetiobarbital on DPH hydroxy!atiooo ito rats

Under the conditiotus employed, 1000 dpnu/chromoiat-ographic spot correspotid to approxinitotely 1.0

nmoole (Of labeled plus tooolabeled l)rtodllct formed per nuilligrano of microsotisal protein duritig the 15-
ntin iiOCtOI)lltiOli at 37#{176}.Conditions are described iti M-�TF:ttt�LS AND METHODS and itt Fig. :3.

Fraction used
in vitro

in t’im’o
Treatment

Dihydrodiol
product

Monohydroxy
product

Parent
compound

Postnsi to)chootidriuol

supertia ii t

MC

Phetiobarbital

Coomitrol

Microsomuses after

ioocubation

I)P1-I without

nsicrosomcs

3OOO�- _

2000

0000

I

A

0 500 0000 0

DPM /SAMPLE

FoG. 4. I?e!atootozh ip b(’tWCCto hepatic tooicroos(00000l

(0 7 yl h �jdrocarbooo hydroxyloi.se (.1 HH) activity oztool

0000)00 oh !/(lroxy-DPH fornoatioto ito .11 C-treated 136

atod 1)2 itobred otoice, (1361)2)F1 hybrids, a000l ofl-

spritog from the B6D2 X 1)2 back-cross or 861)2

x 86D2 iootercro.ss
Cootoditiotos were the stonie tos those oicscribed ito

M.iTtttt,-�L5 .�ND METHOmI5, Fig. 3, atool Table 2.
The coirrelation coeflicietit, r, is +0.84 (p < 0.01)

for the graph at left atiol 0.28 (p > 0.10) for the

16 values depicted at- right.

ztolansimie sleepimig (inst proovido’s mu uso’iul

gt’mio’tic proi)e. Ami alternative t-o’sf which do it’s

mutot comusunse the autinial has bo’o’mi c!o’so’riho’d

(44) : genetically ro’spo omisivo’ st raimos cit ‘velop
skin ulcers 3-15 days milfo’r a simigle (topical

applicafio oh of 7 , 1 2-diuiio’tltvlbo ‘tozialtumot hints-

t’emut’ , wht’reas moomiort’spo omusive st rmiins slit ow

littlc’ ton i-ito ro’mot’tioomt. ‘[his respoonso’ limos m’o’-

ct’mi(lv i)e(’mt sIuoo�vti (45) to ho’ ro’lato’ch too ‘sI(1-

imtduciblt’ moryl hivdro ocarbomi h�’cl ro oxvbase

tic,( ivit y. H owcvo’r, f-Ito’ gntiolimog oml mimi itoflmimss-

nsa(iony rt’SpcIItso’ ott flit’ skimi omi nsicc omvo’r mc

1 5-day pt’riooc! is f o’o’hmuic’tillv mssooro’ diffic’ult

amid usuore SUI)jt’O’f- to o’rnoor fhimimi flit’ zooxtozoo-

lansino’ slo’eping (iisst�.

Clc’arlv ltt’xtobarbital lu\’dro oxvlat ito is mit it

at all aSSo)ciafed with flit’ :l/i loot’us. This

fimsdimsg is imi agro’o’nso’iof ivifhi sfudlio,s02 imo�

volvimig ht’xtobarhif a! luydro oxylmof it on in vitro

aissomug t hsreo’ go’moo’f ic’allv ro’spo omusivo’ amid

thro’o’ no omtro’spo omosive imobreol sf rains.

At first glano’o’, l)PH h�’drooxylaso’ itocluc-

(itoh tippears too bo’ corn’lmoto’cl with mum’yl hiy-

ciroocarboomu 1i�’drox�’laso’ imicluo’tioti by anti-

msiafic hydrooc’anhoomo tneafusuo’mit iii flit’ inbred

HG amid D2 nuiec amool (Ht’ol)2) l’� hybrid. Thus
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1)PH h�’oIrooxybation is stimulated iii the i’s-IC-

tro’to(o’d, go’too’t-ically ro’spomssive B6 iiibred

uuso�ouso’ lout uioot imi the ?uIC-tro’afed, noimuire-

spomusivo’ 1)2 inbred niouse, amid f-he trait- is

expresso’c! donusimtantly ito (lie I��i hybrid. How-

c’ver, flit’ vmiluc’ of o’xminsinimig further tip-

i)roliria(c’ gettetic� c’rossc’s is tipt-ly deincomi-
strafed itt this cast’. Thus, irorn (lie B61)2 X

D2 and B61)2 x B6D2 crosses, MC-treated,

go ‘tuet ically ro’spomtsivo’ A /ob/A /1b or

omflspnimtg mnay havo’ high ton how I)PH hy-

tInt ox�’lase activities , and \ I C-f reated , gemio’ti-

o’milly nomirespconsive AIo�/A/i#{176}� progetty also

uoua\’ have high or low DI�H hyciroxylase ac-

( ivi(it,s ( Fig. 4) . Tho’ iiurnber cof aniiisals

(o’sto’c! is too small to dt’to’rrnimio’ wht’thier one

01’ li-it oro’ loc’i itt additiomo too the A It Icocus a-re

imivoolvo’d. \Vt’ did mio( o’xamisimoo’ 1)PH Tnc’tmui)o-

lisiui iti detail anscomug ofhio’r imibro’d straimos of

ussice ton their ooffspnimig. Thest’ da-tmu im-idictitt’,

hoowo’vt’r, that DI�H liydrtxyba(ioimu isiay be

imuvolvc’d wit-lu mi different cyf-omo’hrousse P-450

sI)eci�’s , rt’gulat(’d by au aro)1na( ic hydrocar-
boot ro’spoonsivetto’ss locus tither than the A/i

lotus. So’vo’ral oofhc’r nso)mtdodoxygemoaso’ tictivi-

(it,s seo’uii (0 fit itt this ca(o’goory,4 timid studies

art’ under way (to see �vho’fluo’r o’tich oil these

i\ I (1-inducihle o’n zyino’s , which ant’ muo)t-cloosely
assomo’itifed with (lit’ �‘t/i loocus, is imtsfo’ad

clomso’I” linked (to the \IC-imiduciblo’ I)PH hy-

drtmx�’lase activity itt tluo’ msioust’. Frons

go’tio’fic crosso’s imuvoolvimig ustooro’ thami 12 oofhc’r

straitos (46), tour rt’sulfs imidictuto’ that- genetic

t’xpro ‘ssIt)Ii of � IC-ilidlicil)l(’ miryl hydrocar-

bommo Itydroxylase activity is ro’gula(c’d I�’ at

boost fi�’co, if nco( three, muoomilimtkt’d loci.

Iii mism-umitheno’ mint’ gemietic differeitco’s in the

lu\’c!ro oxylaso’ imiduciblc’ by art onsatic hydro-

c’oorho omus. Ro’prooduc’il)lt’ , sigtuifio’tumof differences

itu f Ito’ iiiagmiitudo’ oof’ liydro mxylasc’ induction

in’ �\ I C wo’ne dt’fermusimto’c! imu cultured lyniphoi-

t’yfo’s froiss a sansplt’ pOi�)t1lmiti0Oti oil so’veral

huumoc!no’d patio’mi(s timid fho’ir clooso’ rehafivc’s,

ant! go’mie( io’ expno’ssio ott 0 of to ryl huvdno oo’arbon

luyclrooxvba-so’ imiduct it on tippo’ars f oo so’gregate

as (i�’oi allt’lo’s at a singlo’ lomo’us (47). )Olooreo)ver,

suso’o’pfil)ilify too hntomochuoogo’muic carcimio)flimi ili

mi-iati appt’ars too ho’ mtSsc)c’iaft’c! wit-h (-lie higher

Io’vo’ls of induciblo’ hydroox\’baso’ muctivity as

do’fo ‘nuuiiiiecl imu this c’ulfuro’d lymphocyte

s\’sfo’uui (48). 1)issimiiilmir ro’spoomiso’s too other

imochu’o’rs oil drug-uuuo’tmuho olizimog o’mozynso’s nsay

t’xplmiimt st�musse ool (ho’ ro’poom’to’d l)hmunussac�-

gemietic disordo’rs (49, 50) ill man. DPH in-

tioxicatioiu, ti symidronso’ which includes nvs-

tagnius, mitaxia, amid drowsimto’ss, has beeii

do’scniho’d itt iono’ family atid is apparemitly

caused 1w gemio’fic diffc’remuct’s in the hy-

droxybatioii rate oil DPH (51). The dc’gno’e col

susceptibility of diffo’ro’mif individuals to (ht’

teratolgo’muc effect oil co’rfaimi drugs might be

explained omi (Ito’ bmisis oil gt’netically coms-

trcollc’d diffo’ro’msc’o’s in (lit’ niefaholisin of (hose

drugs (52). Either the slow degradation of a

reactive paremif- c’oomsupc)und to a nionreactive

nso’taholitc’ con (ho’ rapid conversion of an in-

ert paremuf t’donipo)ulud to a reactive mo’t-abcohite

might- thereforo’ ho’ imsipoortamit for tho’ phar-

nsacologicmil, f o)xico oloogica!, carcinogo’Isic , oor

teratogemuc effeo’f oil tu drug ton tither xo’muoo-

biotic.
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