
Biphasic Decrease of Radioactive Hemoprotein from Liver

$1010

tb0!. /‘/oItIooototooj, 3. -10010t�()flI1)1011))

Microsomal Carbon Monoxide-Binding Particles

Effect of Phenobarbital and Chiordane

\V. Lu-:vux .�xn R. Kuxiz\i�N

i/it It //too/no I/oi-o,i,o/u [o!lioo,uIfoo,’io-�. /�,o,,ooioq/,.� Ito //o-oooioo 1.- ( io,uo�oouuoy. boo..

7uou/uo/,oot - Vt ii li I. ///i/�

/ Uo-oo-tvooL )1:ov 21. ilMil)

5iM\l.�i1\

i’ioe �L(IIOO1hO1i-t t’mttioiiof o3-monoimoolovulinic mi(id-3.)-#{176}II t0) ilOlmilmit tll( itlmile imits lemitl-) to time

itmcorpor:it lou t-)f l’miohiomo(tiVi)y iluto io(ulmt)l)ut)t(ill iii tbot ( ( )-hiuodiuog l)mtmti(les. ‘1�lie incor-

l)Ot’ateol raoliomidt i�-ity 0 lddremisO5 110 1 \V() 0 lit iuiet l)Iomosos : mi iaj)iol I)blmise �vit ii a ioalf-
lift- of 7 � hr atmol a slow Plimiso Wit Ii a Immilt-hife t)f -lU 45 Iii. Tieat maclit withi I)ioelioi)arl)itmtl

0)1 otbulooi lot-in olooo- iou moIbloeimol tI\ molt tm- t lot mit in od t boo most -iolomoso- (0)luol)o)lolut to I hue slo�v-

I tlu:is (( (1101 0(01 it-tot 1omit 0 1)00-i �i otiemo-o I Ito I mo1I-I to 0 ol#{149}I lii- most I olomit-uI0 0 I I I 2 loi ‘Ilo( ilu(lo:(t-o

ill I luo- I�ololoo-llio- oo�otiot ut I ho- ( �( )-boImoIiioj.� loot olos tniuiol motto-u l)Inl00h00lLitmol moini (10101-

I:it I Omit 111(101 siuggost s IlimoI I boeso (i)llu�)((iiI00 Is iloolm#{176}most-Ibut- ohlunOllot ot Iout Ii I In l:il)ioll\’

ito I slowly o lo-(.mo \i iO�� 0) 01111 o�ntit

I \-u�loo lot 0 �-l it

‘l’bu- moohum to i�t imot 101 0 ot o#{176}i-mO 0t0 i 00))b)\) I I I i o to-

mi(0l-�,ti-#{176}1 I too Ilmiluotittito- ouu:iho moOs bo-miols to

tb- itlo’ollooniotiooio 01 itoolion-tot i�it� 100100 hi�oi

l1li0I000’001llO(l ln-luuobomot oil, I I � 2 t - I’Ioo- boo-iiooo-

l)lt0-itus 01 Iivou uulit-too,-ooluuo.- ooiosist 0,1

)-�%‘t000’IIiOllO( li, :iioo I mu ( ‘( )-l Oloo hug boo-lm0ooIotoo�

tjtu 0 0\to)olol0)lon 1#{176}--1�)()I t:� 7 I . �‘�lot ive

-ooltilojlizui( 10)10 ot llulolo500hu010 I o\l ooboioimoo- /t-

��_it It �i ,-ti�---itt o-ll000\o-s ooitI� a slm010ll I noit

ol I Ioo :ooliniot i�it � 1100110 1 In liOiOi)0’-Ofltn---,

Ioui�iiog lImo- ltiloo-b,oI ( ‘( )-loitoolimig Ioo-tuoo1moot-ioo

:tt.t 0(110) I t oi I Iuo tiluo ligo-t-it o- I losO liii I t oi�lfl)-o I

( 0( )-IoituoIi,ig ln-tlt ich--- I�- ( )loomli-:o :tiool -:tt 0)

a, 4 I-
‘I’Ioe exim-t-o-no-o- ))l� 010010- I 11:110 0)10)- ( 0 )-liloI-

ilug lo)lil))�)lo)tOilo lt:io-l iou louts boo-to soiggo-slo-d

Iou,’ o-ottL(liom--o ��‘IohIu iinlio:uto-ol mi 101010051) b-

(‘1�o#{176}n-o-)-ill tunIhotol lye ltoiiollooloItos iii I boo-

IbIs �otoul�’ uvoos -tutoioootto-oI 110 )o:oif I o.v Ilo-,--oo:oioio

( �out I-to)-t- I’I I -13-tkb-1(X1()tuooumo I too l’Ioouioo:ooooIooto�-

I’xio-oolng�’ I’I-ogo-mollos_ �“�mot iotou:ol Ilost 00 mu),- 0 00 ( -to-

0-1-nil �1-oli:ol Sobo-Iuoo---. ��-titioIu:iI 1105) 0) (0)0- toO

Il�-n-lt Ii.

(�-loiioolioog, omottitbo’s t2 mooool box- i.-loo-o-ll-utb

-f OutI�o ‘s 0 0 t� I 0 01000 050 00 t moI ho-i 0 00)1 loOt 0100 0S I 1 ) -

l’om’mot i 0it-I 0I ( ut ‘moI � �v itIi �- I i n-I box’Ioloolmito-
t hoio-i oo- I oiio 00 1to moIit-Ii0oi.1� I boo- buoiu 001 )l(1l (ills �l1

tboo- ‘�-Ioiioobioog )00’tiObOs obiob 0001 0llmtlug I-lot
boioohgiomob bomolt-lit-oof lot- l:ojoiobb\ obio-tiloioo:r�

log bn-ou100Ioo0010010 ti’:uot iou ) t� �- 7 5 lit) nt

I boo sbo�vb� oIi-:o�t�o-moo’ilog 111000 0011 (1�.

-Ili-isboo’t , I‘oil �-oo oct box’bo-booobuoootbul’o-loo:oollioill-

it ‘moOiooio obomoogi-ob t boo’ boi’OObOOOltio)lI o)1� tlot-

most -I obt:oso- 00)0101 oooooo-oot 000 0 Ito- sho\v-lol110s

000lIO� u000-iol ti’o-oooo :�.s : I 0o I : I t 2 )

� I obioouodoo -bolt :tb is mu 11011)10 111(010 10011-

sjoo’oifio iooobooo-o-i- out’ 0 Ito- live, Illi)l000-)lllu(l

o-1IZ\’liio-s t bomouu Is :�-oooo-t Iu�boboobtotot luto-too ( I !i)

i--f ooolio--.- �\-o-o-,- illit omit o- I t oo lot ol’llIlIu I Ito- oiled

ot I oluo-,oobmoobit moI t omit 1000101 0110 1 ho- oIit.outl-

Ioo-:oI’:olioo-oot’ l:obo-bo-oI boo-oluoo�olmI o-ito lto�oo toil
I i �--o- omoieo-oosooooo:o I ( ‘( )-l liii hug In-i tI lobes ‘l’iI(
lo-stu It� I00-500 it 0’ I loon sIoo��- I Ion-I.Ioboetoohmir-

boil mob I o’o-:ot loot-lot- boot’s oooO il)l)t)Oiutl)ly molt-er

I lou- ‘totioo o)l� Iboo- foist -lIon-so- (o)hlol000dllt to (lo(-

� ((01111 o0)100lIt , 11-i oljl :3-11001 loyllooI-

:0101 boo-i-ito-,loit ohio-s iouo-o-o-ooso-to I2 ior t-i1(

lo:obt-bilo- od I boo- too-it -1du:i--o- 0o)tl01H)tooh)t,



5(X) iEVIN AND KUNTZMAN

Mol. Phoor-maeol. 5, 499-506 (1969)

M ETHODS

Imnmatumre uoiale iats 6()-70 g) of the

Long-Evans straimi were fed a commercial

diet aumd water ad libitumim. Sodium pheno-
barbital diSsolVe(i imm 0.9% NaC1 was ad-

mimmistered immtraperitoumeally at a dose of 37

nmg/kg twice daily for 10 days. Chlordane
(teciotoical grade ; Velsicol Corporation) was

dissolvetl in cat-n oil, and 25 mg/kg/day of
the iumsecticide w’em-e adnmimmistered intra-
peritotmeally for 12 days. Cont-m-ol rats
receive(l the mtppropmiate veimicle.

�-Amiuiolevuuliuoic acid-3,5-3H (510 mCi/

muomoic ; New Fumgland Nuclear Corporation)

was iumjecte(I immtravenously (0.234 mg/kg)
in 0.9% NaC1, amid the aumimals were killed

at- i-arious times aftem time iumjectioim. Liver
microsomes weu-e prepale-d as 1)te\’iOuiSl�’

described (2) amid stared as a pellet under a
layeu’ of 3 iou of 0.1 �t KH2PO4-K2P04,
pH 7.4, frazeum at -15#{176} far 2-7 days before
use. Previous studlies frammm our laboratory

(16) ioave simowum that stat-age of liver mic-

rosotomes as a pellet at- -15#{176} for as long as
14 (lays does not lead to aumy significammt loss

of tmmicmasoummal eumzynme activity responsible
for time � of ethyinmorphine
and the imvdroxvlatiomm of pentabarbital and

testosterouoe. Siummilar results �vere obtained

for cytacioroumme P-450.1 Tim commtrast , when
momicrasomomes \\‘(i’d ((tom-ed frozemm as a suspen-

tn-aim ratimer timaim as a pellet-, emozyme activity

decreased with time (16) - For determiumation
of the protohemmme commtent, time micmosomes
were stored fm-azen as a pellet- for a maxi-
mumim of I day. No studies on the stability

of protohenme under these con(litiomms are
available, altimoumgim, as mentioned above, the
P-450 level does not- chammge upon storage

of such microsomal pellets.
Immediately before use, the microsomal

pellets were thaweti at room temperature,
muisperl(Ie(i in potassiutnm phosphate buffer
(tmmicrosomes equivalent to 250 mg of liver,

wet weight, per mmmilhiliter� , aumd incubated,
as descrii)ed previously (2) , with 0.2%

steapsiti fou- 1 1mm’at 37#{176}ummder nitrogen to

soluhihize cytochrome b5 selectively. The
pellet thus ohtaimmed on centrifugation for 2

‘ITnpmublished observations,

1mm-at 105,000 X ti contains 80-90% of the

CO-bitmditmg �)ignmemmt, mnostly iii the form of
eytochrome P-420. The percemmtage of total

CO-bimmdiimg pignment recovered in this pellet

was time sn-inc iii contm-al, PB-,2 or MC-
treateti m-ats, indicatimmg timat- imo selective

loss of CO-biimdiimg pigtmment Imad occurred

with vau-iaus drug treatments. 1mmone experi-

meimt, the actual fraction of the CO-binding

pigment recovered iii the pellet was: control,
83%; PB-treated, 82%; amid MC-treated.

81%. Timis I)leparat-iomm ion-s been termed

CO-bindimmg particles by Omura and Sato

(3, 4) because of its high content of CO-

bindiumg heimmopmotein and because this cyto-

chronme was time aim lv spect ra I iy observed

imemol)1-ot(in in these iiarticles.

The C()-bindirog particles weuc suspended

ito j)otassmum phosphate buffer, and time

radioactivity imm 0.2 ml of time mesuspeimded
particles is’mus measured in a liquid scintil-

lation spectmammmetem, ut-iliziimg the scintil-
latiomm rnixtut-e of Bm-av (17’). The protein
commteumt was det-em-nmined by time method of
Suithetlami(l et (ii. (18) . \Iicrosomal hemo-

proteins were (let-el-tInned as described by
Omura ammd Sato (3, 4) , usiomg an Aminco-

Chance dual-wavelength/split beam spec-
trophotometer. The protohenme content of

the CO-binding particles was measured
after commvei-ting the heme immt-a pyridimoe-
imeinoclmm-ouooogeim as described by Omura amid
Sn-to (3, 4�t - Cleavage of time heme-protein

linkage was accommiplisimed l)y ad(htion of a

mixture of HCI and acetamme (19) or wit-h
methyi ethyl ketone (20).

RESULTS

Itocoipoi’�tioto of radioacticity into the

h e in e iii oiet �/ of hem oprote in in CO-binding
particles. PB (37 mg/kg twice daily) was

adniitmistered to imnmatum-e male rats daily
for 4 days. 0mm the 5th day. ALA-3H was

injected itmtravemmously, amid time rats were
killed either 2 or 72 hu latem. We hai-e
shown previously that the m-a(lioactivity

from administered ALA-3H is immcorporated

into the heme portioim of microsomal hemo-

2 The abbreviations used are : PB, phenobarbi-

t-mol: MC. 3-met-hvlcholanthrene: ALA. s-amino-

levumlinic acid.
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J)m’Oteifl iti l)otim coumtrol amid MC-treated

rat-s (2) . Sitomilar tesults have been obtained
after treattiment of rats with PB. Addition
of cold tricimloracetic acid solution (final

concentration of 7%) to the CO-binding

particles isolated 2 and 72 hr after the
iui�ectiOn of ALA-3H led to the precipitation
of the proteitm ammd 99% of the radioactivity,

itodicating that time radioactivity was associ-
at-ed with protein. Treatment of the CO-
b)itmding imarticles wit-im cold acid--acetone
solubilized time Imeme and 99% of time radio-

activity aimo:l pi’ecipitated time proteium, mdi-
cmitimmg that the m-adioactivity was in the

imemmie moiety. In contrast, treatment- of the

(‘O-binthing particles with cold 90% ace-
touoe-10% water did not cleave the henme

mmmaiety, ammo! the radioactivity was piecipi-

tmite(l witim time ioemoproteimm. i\Iethyl ethyl
ketone imas also been shown to extract the

iO(iflC from a imemnaprotein (20) , and extrac-
tiotm of time CO-bimmdiimg particles with this

solvent resulted in the ext-ractiotm of over

95% of time madioactivity. Similar results
were ohtaiuoed with CO-bimmding particles

It-lived fuoun animal& which wem-e killed
-it-her 2 au 72 hr after ALA-3H admimmistm’a-

TABLE 1

Effect o�f /)he000I)O1 rb/ta! tre(nleoo-oo I (000 /10 corporation

of A L. l-�IJ into (‘O-hiiodiooq p(Irticles

Immature nan-Ic rots were given PB (37 mg/kg

hy injectiomo t-Wiod olmoilv) for 4 tIn-vs. Omo floe 5th day,

.\,LA-311 (0.2:34 uiog/kg: spc(-ific moo-tivity, 510
unCi/mmole) was imnjecteoi jut m:ovemmomusly, momod the

tumimals usere killed at vmorious times mofier the

itojectioum. Thoe volties represent 0 lie macmon-s mon-oh

-otandar(l erro)rs fm’oomoifive or six amoiunohs,

‘l’realniemom

Tin-he after

.#{176}�,.1�1A-311 (( )-l oimtolimig l)murtidles

(‘onit.rool

P13

//0

1

1

C/)700/lfl(/ protein

15,47:3 ± 134()

1 1 6:30 ± 304’-

(o)notrool

PB

2

2

15,053 ± 598

12,448 ± 422b

Control

PB
S

5
13 2:32 ± 1030

11,285 ± 365c

a p < 0.05 difference from controls.

Oop < 0.01 differenoce from controls.

C Not- significa.mo)ly differemot from comotrols.

tiolo, indicatiimg timat at 1)0th timimes time

i-adiaactivity mvmts comotaimoed priticipally hi

the hemne moiety of a imemoprotein.
Incorporation of i-adioactivity into GO-

binding particles. Followiumg the immtrmlvemmous

adnmiimistration of ALA-H (0.234 mg/kg)

to inmmature nmale rats, radioactivity ap-

pears in the CO-binditmg particles within 1
tHin and reaches a maximmmum witioin 30-60
mum (2) . Table 1 shows time effect of pi’ior

tieatmmment with PB aim time incorporation of
ALA-3H into time CO-biumding particles. Time
iesults iimdicate a slightly decreased iuocor-

l)oi’atiomm of ALA-3H imoto imemopi-oteitm iim
time CO-binding particles of PB-treated rats.

D isappea-rance of l�tm (hoact ive hem opro-

teiiu front GO-binding particles in m’at,s

)-eceivwg prwr treatment uith PB. Inima-

t-ure niale rats were giveum PB (37 tug/kg

twice daily) lot’ 10 tIn-vs. On time 5th day,
ALA-3H 0.234 ing -kg) was injected immtia-

venously, and time ammimmmals were killed at
various times thereafter. Figuie 1 sloows the

disappearance of radioactivity ivitim time

fm-am the CO-hiuoditmg pmimticles. As en-tm
seen, the decrease in time radioactivity wit ho

time is biplmasic, iuoclicatimmg the existeimce

of at least tw-o imeimmoproteium frmict-ioums. Time

m’atio of the two imemoprotein fractions pies-

ent imm the CO-binding particles was calcu-
later! to be 3.3:1 as descm’ibed in the legend

to Fig. 1. Time coriected tm.i2 of time fast

phase was Oi)ttiifl(#{176}o1 by subtractiimg tue
counts l)et’ ummiumute per’ mnilligranm of protein
cotmtmihuted i)y time slow phase alter extrap-

olatitog time slow-pimase line back to zero

tulle mos olesci’il)e(l imi Fig. 1. This calculation

yielded a comrected t�2 of the fast phase
of 12 iii- 0101(1 a t�-� of the slow phase of

49 imm. Thuis is in coumtm-ast to results obtaimmed
witim (-ommtmol ammd 1\IC-treated rats, in which

time t1 � of time fast-pimase imetmmopm-otein was

7-8 iti’ 2t . A commml)mmiisomm between time

disal)l)eamammce of raolioactive hemaproteiim
fm-aiim coumtrol amid PB-treated rats can be

seeum in Fig. 2. It is clear from the data

pu’eseuoted that prioi treatment witim PB
leads to an immciease in the t112 of the fast-

phase imemoproteimi fractioum hut does not
affect the t112 of time slow-phase fraction.

1) isappearon ce of radioactive hem-opro-
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fom- hoe sloow phase.

teon ha iii � ‘H-b !i)(/l-1) q pa )-t,(-1es U) 1-a ts

trea ted ti-it/i c/u 101(1(Llle. Timt I)t�)S5ihilitv was

(Otositlt.me(l t hat- PI? muigbot he umooi(lu( mis mimi

etOZYilte imm(Iucel- ut aitemiuig the half-life of

t hme fast-pioase ioeiomOl)mOt(iut fumit-t iou. Simoce

t-hm- iuosedtici(le (-imloiolamie it- miii eio�vmume nm-
dumt-eu w-itim mi s1)(-(ifi(-itv ‘imnilmut to that of

PB fom- time bivem- immi(-iosotltmil euozvmmoes I 21,

22 I , (ioloutIttiOe t uemltuoo(-uit \vmos iist’tI to study

tio(’ 0 lismippemiumumoce of mmo(liomict ive heiomOl)ia-

t(iti fmouio u-mit hivei ( *( )-hinohiuog � tmoiticles.

I muouuimitum-t- nomi It mats \V(’t(’ givt-mt imo� (-Ct lt)iOS

t)f (itlottlmuut( I25 iomg -- kg tin-v I mt I 2 dmuy.

( )uo t ht(�- 7t ho (lmov. ALA�HI � 0.234 tog/kg)
\\‘mis imtj (-t-t(-( I iitt ttivetto�islv. mon-ti t lit moitiummils

W(I( ki 1lot I tot vmi minIm- t ii 01(5 tim(-u(-a ft eu.

I�iguuue 3 shows t hoe (ti((t of (-lolordmtule

t r(mttflt(’mtt 010 t itt b)iJ)himlsit- 0Iisappeammummce of

u-atliomtct ivit v fi-omom tlit- ( ‘( )-loimidi tog 1matt ides.

�fhoe mmitio of the tWo hetnopm-otein fractiomms

_l\_mis calculmtteo.l to be 3.5 : 1 , simmmila-r to that

obotmiiume(l fou PR-t m(mtt(’ol imuts. rfioe com-iecte(I

hal f-li li- fom- t lit’ fmist -l)iomise lm(-nmoi)moteimo

fimuctioit \vmos I I ltm, �vimile time slo�v-pimase
fumtctiomi itmiol mi t1 � of 46 lou’. These data

imoolicmote tiomit- (ItlOitlmiute tmemitnmeuot altets the

to - 2 of the fmist-pioase ioemomopm-ot(-imm ium a

timmimomoem-simimilmotto P13.

1)efciii, , n (1 f/on of /)1OtO/O C ill C (Oil tel) t (of

(‘( )-Loindhu, j)(1)1/(1(’s. lime piotoimetome cotm-

teuot of time (‘( )-loimotlimmg lmmlutidl(-s Wm15

uimimietl so t Immut t hoe tmotio of t be fmust-piommse to

slOW-l)lt mise lt(’ittol )tOteimt fm-act iotts tOOt l t he

l)i0t01t(ttt( (Ouiteitt (-Dull) I b)e used to (let(-m-
ilhitit’ titi’ nt-lot IVt’ muutioumttts of time Itist- mmii

slo\V-b)lomi-(’ ft-mict iOtis. 1mm1 0k’ 2 shows t limit

\ I ( t temit mmom-imt tm’suilts iii mm3-4-fold

in t lt(’ slow-pitmise lmo-nmol)u-ot-eimo fm-action hut



z

w
I.-.

0

Cl)

cl::W

0

zo

0�

U-
0

FAST PHASES
�C0RRECTED VALUES

tr 02 KR

CONTR0�t�

�-7HR \
2

w 100-

� 80’
a-

� 60-

U.-.
-0

�
<4

0 -

� 20’

FAST PHASE(PB)

r t,=SEE _________

� � to.�e 0 0 20HOURS AFTER H-6-ALA:::��i� � .-� � .- � � � - to 49HR
t_!_= SEE INSERT

(CONTROL)
.2 (CONTROL)

ti =48 HR
F

$00’
80-
60-

40-

20

$0-
8-
6

4

2

0

I I ‘ I I � I � U I V

20 40 60 80 $00

HOURS AFTER Hi-S--ALA

I I
20 40

1#{176}l(- 2. I)t.sappeao-aou’t- (�f /nlu-/o-il /oi-noopi’o-.olt-o it 100)00/ ( ‘O-bo ito/i io�j /)(10’IOe/t,A 0/0(010 000(/ frono control (:10(1 /)/3_

treati-il rats-

limits were treateol as described mno Fig, 1 - The zero-) ini�e inomem((-1)t of tloe tunocoruected fast phase was set

equal t�4) 100#{176}�Z�for hotho (tonol mo)l n-mod Pl3-t reateti rats :ouotl gmmophed foor (oomllpmtmo) lye pmurposes. The half-lives
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0 boes moot mitt(-ct t be (01 o(-(-mot mmit loll of t hoe

fast-plomise tt)ittl )omoemtt , mis l)i(’\i�115lY it’-

l)0m’t-(tl I 2 t . Jut (-omotuast , t uemit utm-uut- of jut-
uoomttmmut-uoimibt- mats �vit it P13 ni do loot Imiute leo I

ta auo itodlemise ito l�)tiu tIle fast- mmuool -#{176}lo�v-

I )lmmis(- Ioeiooo� � u-at ci mm cot uuPOut (It t S , Oi lt it out gI
the iuocuea-oe itt t ime slOlV-l)IOmise comompomo(-umt

-�\‘as gt-eateu- after t meat uooeumt �vit ho \ I ( � -

1)iS(’ 0-As ION

\\_(_ bomive putviommsly u-(-l)om-t (0 I t I , 2 t t boat

tloo.- mioluooiuiistumitiouo of :�L_-\-F1 to ilttlmlmtt ummc

moimul(-imits ifl ?-‘!VO Ieaois to the imocom-l)oumitioum

of ratliomictivity iuoto the lmemumol)u-otein (-omo-

taimm(-d in u-mit hiv(-u- (‘( )-hiuotliuog l)mmutitles

(stemmpsium-tmeatel itmicmosomimes �vioh-io tb mmot

coimtain cytochmt-oiome b� I . Thoe Us( of ALA�I-1

foi’ time lmtbeliuig of uimit-iosoutomi I hoemmoolom-oteimo
was comositlem-ed t hoe nmet hoot I of (itoice, he-

cause ALA i� Ittl)i( liv (-XdIete) I 23 0 amool

lot-mutt - ms tt)mi\ttt to I mn-mi thy ( lumimot it mit ivt-lv to

1ti he I oignot-mu t mimi I -xttet et I �vitboout it-mut i hi-

zatiomu 024, 25 t - .\ l)il)lomisio tlecuemi-e uI t he

moo liomict ivit V iltoomb �oumit to I imot 0 1 Ia- lot-It to-

btl0t(’imo o1� tboe (�‘( )-boilooliuog I)mit’ti(-l(� oh-
tmoima-ol tmomiu both -omottol milotl \I( ‘-tto-mitt’oI

omits \\‘mistouumool I 2 t , Ilmolf-hife tletomumoiuomotiouos

of t hot- (mist -l)httis- (i)iO)l )ouo(-mot � f � � � 7-8

Ill-I momool thu slo�v-phomise (oiOll)OmOemot. I t t �

46-48 bum-t t(’V(mtl(’tI tin-it \l(- tIemitmluemot oliol

I tot oh umologo- t hut- I )ioli)giomi I Ion 1f- I i Ic o f cit Item-

Iueimooloo-oteimofrmoctiomo. humt eliaumgeol tla- matio

of t he fast--phase fIact iomo to t hoe -lo�v-piommse

fl-at-t lob fmommt 3.8 : I to I : I . hoe I )motoioemio(-

ODit t emot- of t ho(#{176}( ‘( )- him it hug � �miut it-it-s imotli-

(mitt’) 1 t loot t memut uooent \vit it i\l ( �- iitcmemtsed by

3-4 tiummes t lie miuioount of th(- sbo�v-pltmmse

tumi(-tiomo bait (hot uoot mitt(-(t t lie mimooouuot of
t lIe fmot�loiua.e fomi(-tiomm I 2 o

Time Pt(#{176}Stmtt stuolv indicates tlommt a bi-
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l-’it���. ;�. I)isuppeuo’a-ooct (�f bOI/)(bt(1 Iielfl()/))Ottifl fronm (]O-1)�lO(1i)t-(/ partic/es Obt(lilte(1 1/0110 c/olorda,te-treated oats-

Umit���-’t weme given chlordauoe (25 mg/kg/day for 6 days prior to thoe adroiimtistrmooiomi of #{246}-aniinmolevulimoic

:tt-iol-�1 I ( I 1�-6-:�.I�\.) (0.234 nog/kg ) . Animools weme comotinmued in-u cholondminoe throughomit the study. Each valune
repmesemots the nnean ± stmintdmtrd error for four rats. The half-lives of the variooous fntotioomos and the rootio ouf

thoe fa.-t-pha.se hennoprotein to the slow-phase loenflt)prOteiml were calculated as (lescn’ilte(l in Fig. 1.

plmasic decrease in the radioactivity immcorp-
om-ated iimto the CO-binding particles also

occuum’s imm PB- or cimlai-damme-treated animals.
In contrast to the effect of MC, treatment
witim PB (lid not appreciably alter the ratio
of thmt- fast-phase fraction to time slow-phase

fractiotm I 3.3 : 1 ) , but iumcreased time half-life

of time fast-phase compoiment to 12 hr. The

iImcmease hi the imemmme content of the CO-
binding particles found after PB treatment

has suggested that PB doubles the relative

ammiount- of botim the fast- aimd slow-phase

TAmmI.E 2
Deterooo ination of Ioeonoproteioo cont(-?ot of CO-biioding part-ic/-es

Inuonutmotmui’e male rats were givemo imojections of MC (25 mg/kg/day for 3 days�, PB (37 mg/kg twice (lady

for 4 (lays/, (or cholordane (23 nng/kg/dtoy for 6 days), anod the animals were killed 18-24 hr after the last

irojo’o-tioomo. Bmotios o)f thoe fast- connpomoent to slow compomoemot were obtained as (lt-scril)etl muFig. 1. The values
m-epresemot tloe n-temomis 0 of ft omur t to seven detemm�imimo t io)mos ; emit-lu olet er-u mimiI ion wmu-s obtained from (-he pooled

liven’s oof ) �s’oo ‘tots.

Tieatmemtt Protohenne

Ratio of fast

to slow fractioni

l�elative amommot.s

-

Fast component Slow componoent

in�onolcs/nuj proteioo

(knot ml 1 - 37 ± 0 ,07 3 - ‘S 1 - 1 0 -3
\IC 2.15 ± 009 1.() 1.1 1.1

PB 3 - 19 ± 0) - 09 3 - 3 2 - 5 0) � 7

(�hOht)m(1tOIoO 2 - 19 ± (1 � 14 :� S I - 7 0-5
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fractions . Simila i’ iesults were obt aiited

after chlordane treatment, although the in-
crease in the amount of the fast- and slow-
phase fractions after chlordane treatment-

(70%) was slightly less than that obtained
after PB treatmetmt.

As has been proposed previously 2),
three possible explanations can be advaimced
to explain the biphasic decrease in the radio-

activity incorporated into the CO-binding
particles: (a) Two separate CO-binding

hemoproteins are independently syimtimesized
in time liver. Treatnment of rats wit-h inducers

of liver microsomal enzymes would lead to
an increase in the synthesis of omme (induced

by MC) or botim of these hemoproteins (in-

duced by PB an(l chlardaime) . (b) A sluogle

imemoproteimm is synt-imesized in the liVem, and
thmis hemoprotein is catalytically converted
to time secommd henmopmotein (slow-pimase
fractiotm) 01’ nmetabolized. Treatimieimt of rats

with N-IC, PB, or chlordane could diffcremm-

tially affect this coimversiomm. (c) A sitogle
imemoprotein exists iii two physical fomms,
each with a different half-life. This umight

involve a cimaimge in the submicm’asonmal

localizatiomm of time imemoproteimm or a cimange
iii its lipid attachmeimt-, which could be

differentially altered by treatment withm
MC, PB, am’ ciolot’daime.

The presetmt studies show that PB treat-
memmt significammtiy altered the biological
half-life of the fast-pimase conmponent from
7 to 12 hr, but dud not affect time half-life of
the slow-phase compotmemmt, wimile chlordane

t-reatmemmt increased time half-life of the
fast-phase component frotmm 7 to 1 1 hr. The

possibility exists that PB aimd chlordane

treatment stimulates the formatioum of a
differeumt fast-phase hemoprotein or that- a
third hemoprotein fraction is present in PB-

or chiordaime-treated rats. In addition, it
is also possible that prior treatment with
PB and chiordane leads to stabilization

(decreased breakdown� of the fast-phase
component. However, this possibility is not
consistent with results which indicate that
the specific activity of the labeled hemo-
protein was not increased when PB was
administered 1 hr after the hemoprot-ein

was labeled.
A series of recent- reports have indicated

time existeimce of both low- and high-spium
hemoproteins imm submicrosomal particles

that do not coimtaiim cytochrome b5 (6, 7,

13, 14). Jefcoate et at. (13, 14) found that

ti’eatment of rabbits with MC led to an

itocm’ease iti time higim-spin hemoprotein in

timese submicrosomal particles. It is in-
teresting that .Jefcoate et at. (13, 14) ob-
tamed ratios of the high- and low-spin

henioproteins present in control, PB-,
aumd MC-treat-ed rabbits that are in excel-
leimt- agreenieumt with time ratios anti relative
amouumts of time two henmoprotein fractions

described iim this report- (Table 2) . It is

therefore suggested that the two radioactive

imenmopt’otem fractions observed in the CO-
i)indiumg iarticles may represent the imigio-

aimd law-spin hemoproteins.
Receimt studies on the metabolisnm of

(mugs by liver mici-osomes have suggeste(l a
qualitative chammge iii time enzynme system

following MC treatment (26, 27) . Aim-ares

et ol. (26) deiimotmstrated a change itm time
Km fom- bemmzpyrene hydroxylation after MC
t-reattmmeumt-, suggesting timat a qualitative
change in the eimzyme system had occunu’etl.

Sinmilarly, Sladek and Mannering (27) ioav(-

i)t’OPOsed time appearance of a secommd euo-
ZyflTle system jim rats treated with MC.
However, time possibility of the (-xistemmc(- of

V(i’l small ammmount-s of thmis second eimzvuume

SVstettm in 1)0th cotitral amid PB-treatetI rats

was not excluded (27).
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