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SUMM� it”i�

Ill u-eoiiict.iomi of p-molt roI)eulzoic mtCi(1 by rat ii�ei’ \\mt5 st titIi(�(1 by ummeasureumiemit of t he

( Ii.sap�)eaiailce of p-imi t rol)en ZO1C acit I 0.11(1 the foruimat iomm of p-imydroxyanmiuiobemizoic acit I amid

of p-auuinoheuizoic acid . rl,hd imieclmmtuiisnis by tvhmicii fiavin imiouiouiuicleot i(he st imnulates , o�ygeti

iuihibit.s, motitI l)hmetIObmtl’i )it a1 muoti nmetimvlchmolauot-iiremme iuithuce t his euozvumme svsteni uvere �mim’-

ticularlv iuivestigate(I.

lime NADPFI-liuiked mtmmclN A 1) 11 -linked u�Itictases for p-ulitt-oI)emmzoic acid uvere ac-suuomc( I

to i)e separate emizvnmes i)ecause of (iifferences humtimeir imitracellulam locahizatiouo. Tue i-ate of
the N�-\DF1-liumked redumet ioui of p-mnt-m’ohenzoic acid I a p-imytlroxyammmimooi)emmzoic acid is umeg-
liI)le iii mhcro.somimes, ttlmei’emts time rate of the NAI)Pll-hiuiked reductiouo of p-uiituobeuizoie

acid to p-hydroxyammmimmobeuizoic acid is coummpmurmthle to tint of time uetluctioui of p-hy(Iroxy-

mtmiulOi)euozoic acid to p-mtmhmooi)emmzohc aciol.
The reduction of p-uiitroiieumzoie acid to p-hydroxvauniuoobemozoic mU’ioI is si imnulateol by

fiavimi unononucleotide, momid t lie reduced (onmpouumd accuumiulmttes iuo time iuieuii)mttiOml muixture.

(.)xgeui stu-onglv inhmihut s t he sn-mime st ep, especially humt lie mmmicuosomimmil frmoctiomo. Pheuooharhit mu

treatment stimulates pm-immorily time reoluctiomo of p-uiitrobemizoic acid to p-imythroxyaummimoo-
I)eulZ0jc acioi by mnicrosounes. p-Nitm-obemozoic miciol reductmtses of the supernatmomot frmictiomi amid

of mimicrosounes thsplav diffeu-emot properties wit it u-espect to iuoioii)it ion liv oxygeum n-itoh stinmula-

t.iomi by phenoharbital.

1NTRODI(Tmt)N

A uouuooher of au’aumiathe uoitta caumipotimools

are redumceol to mim-omomatie auomiuoos liv non-mom-

nm-un-u lit-tm- (1 - Fotits amid Bua(hie re-

1)01-tool t immo.t tilt- umit raut-dumot n-se is loemthizeo I
uom:tiumlv in the momieuasouommol amid time stupor-

uomotaumt fm-act iouos 2 - Although both

XAI)PIl aumd NAI)H en-mi semvo as (loot 1Oti

tlommoms, NAI)Pl I is about 4 tiuumo-s as effee-

tivo its T’\AI) U. � iOtOsOtiimtl moit iouoolimc-

tn-so is umumusnn-i, hiaWe\tu, ito t hat it is act i\.e

ommlv uuum(Ieu’ n-mon-em-ohio- comoolitiauus n-tool its

mto-t ivitv is umma u-keo I lv st it mlii mat eo I i �y ln-mge

amomoumuits of PAl), FMN. n-moth rihofln-vimm

2o.

Ymo tatummol Immst ii mite ott Hyatt-mo to- St-to-no-os -

S’�loo)otl of NIetli-�ine. lumivt-m-sitv oof 1-(t-io.

I�mtt(-u’ T’s.ItiiOuii ammoI ( hhit-t t( iuuvost igmotool

tiO( mom(-eiomouohsuom of uiitt() u’tthtiotiaui of

/)-ui it uola-mozai(- atit I i y a solu hi hhZ(O 1 pm’ePn--

rat jomo of livem mmoi(-uo--ou000-s O)htaiuO(o 1 tt-it ii

�lmmi fitt I pamoeuo�tt 10 hi1tn-so- 13) - ii 01)-
seuveo I t hat t lot- u-co limit iauo of t lot- mmit u-a

gm-oiup sttuneo I It) ho on-mm-met I alit liv

NA I )PFI-cvtaciumommoe r meohumo-tast- of liver

nmiom-oso)m000-s. Ao loIto I PA I) \vn-s u-to 111(001 liv
NA I) PH -o-vtaciiuouomc C i-ct lumot misc, a tool t hoe

u-to butt I F:� 1) t loom u m 0)10 cii zvummat i 0-ill lv me-

tltmo-eol the tutu-c) gm-on�t to) tioc momimimot-.
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()iO tiot mit u_a tot bitt n-so svst etoms of mmianmimoa-

li:ouo hivou.
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Ito mmemtt’lv all previous studies, measure-

umicuits ut-em-c inn-dc ommlv of time formathomi of

at’oumimitic attunes aftem’ tioc iimcuil)mitiaum of

moitu�o couiipouumds with tissue coummponeimts.

1mm time i)uesemmt iimvesthgn-tiomi, the Stel) of
umitua m-e(huction was Sel)n-tmtted iumto time re-

duction of the nitmo fuumctioum to the liv-

droxvamhno group anti time mecluiction of

time imydroxyamino group to the amine.

The following points were emphasized in

time i)mesent investigation : (a) time intm-a-

cellulau- ohist mhl)uthomi of time meductmoscs, (b)

time cofmictom m-equhreimmemit, (c) tioe mecima-

moismm-i of huoimihitioim liv oxvgo-um, I d) the
nmeciin-mmisumi of stinmulatiomi liv lt�i\IN and

FAT), an(.l (e) time niecimammismim of iumduction

i)V piienoi)aul)it.al amid imietimvlcimolmomotimmene.S

MAtERIALS AND METFIOI)S

Male rats of time \Vistn-m’ stmn-imm, weighimmg

n-bout 170-200 g, w’ere used imumless other-

tt-isc specifieoi. Femmin-le rats of time Wistar

stm’aiti ut-em-c treated witim sO(lhumfl iiimemio-

h)mim’i)htn-l (70 mg/kg) foi’ 3 days am- with

umiothylcimolauotlmm’emme (25 mg/kg) fom 2 days

l)(fOi’e beimmg killed . Pheumobn-m-hitn- 1 sodium

n-mod imiethylclmoln-umthieume wcie (hissolved in

distilled uvatem’ amid olive oil, m-espectively,

mumd both drugs uu’ere given intrapemitommeally.
Time rats were killed by decapitn-tioum, and

tue liu’ers were rapidly m-emoved, chopped

htmto sum-il pieces, uvasimed thomougimly, and

homogenized uvith 3 u-oluummes of isotonic

(l.l5#{176}�) KCI in a Tt-flouo-glass hommmagcmmizer.

Pi’epara (ion of Si ipei-n a to itt alt (I

.1!ierosomal Fractions

Time imommmogommn-te was cemitmifugool for 20

miii at 9000 >< g, aimd the supet-imatant fluid

uvas timen ceumt.rifugcd for 60 nmin at

105.000>( g. Time sumpcrnn-tauit- fluid and

mmmhci-osomal pellet uvere sepamated by de-

cn-umtation, an(1 time microsounn-l pellet uvas

rinsed once amid suspended in 1.15� KCI.

‘A preliminary account of time present com-

munication was prcsent�d rot time 24th Annual

Meeting of the Pharmaceutical Society of Japan

(April 1967) and published in brief form in the
Japanese Journal of P/oarnrncology 118, 369
(1968)1.

Assay of Reducing Activity

�A typical hmiOMul)atioui timixtummo. eoimtaiiied

the follouvimig ingm’edhcuot& him a total volunme

of 5 mmml:2 tim! of tissue I)tel)am’n-tioim, equhu’a-
lent to 500 nmg of livem-; 0.8 p.mmiole of NADP

or NAD ; 20 1tmoles of glucose 6-pimospimate
or 40 1cuimoles of etimanol; 25 1�inoles of
\1gC12 ; 50 pmmmoles of mmicotiummtnmide ; 1 .4 nil

of 0.2 :��i sochiuum phosphate bumifer, mH 7.4;

1.0 ml of 1.15% KC1; mmumd 5 jtnmoles of

p-imit lOi)cfl zoic n-thu om’ p-iiyclroxyauumimmo-
hemmzoic aci(I. Gliucose 6-pimospimat e deimydmo-

gemiase (0.5 ummit ; 05 1umnole of NADP i-c-

(lumced pc-i- imihuitute) om alcohol olehydrogenase

(2 units; 2 jtmoles of NAT) i-educed per

minuite) was added wimemi niicrosonmes wem-e

used. After time addition of the iuicuhatiomm

mixture, time flask utas sealed uvitim a gummi

stoppei’ equil)ped whtlm a double cup and

gassed for 30 sec throumgh a needle. The iii-

eubatiomi uvas camm’ied out in duplicate ito

20-mimi Erleumnmeyer flasks under aim at ummos-

pheu-e of imit.m-ogen at 37#{176}for 30 mom immiless
otimeruvise specified.

Chemical J1SS(l!/.�m

Determination of p-n iti-obeiozooe acid.

Transfer 1 ml of the incubated mixture

into 15-mi glass-stoppem-ed cetmtu-hfuge tubes

contaimmhumg 1 n-mi of I N HC1 amid 10 ml of
chloroforumm. Simake for 5 mm and centrifuge

fot’ 5 mnium. Tlmn-mmsfer a 2-5 ml aliquot of time

cimloroform layem’ to anothci ceimtrifuge

tube contaimming 2.5 ml of 0.5 N NaOH.

Shn-ke for 5 nmhui n-umd cemmtrifuge fou- 5 mnimm.

Tm-n-mmsfer 1 nil of time NaOH layer to a test

tube containimmg 3 nil of 1 N HCI. Read the
optical density at 263 m1t amid 288 m�o.

Determination of p-/i ycli-oxyamin oben ZWC

acid. Transfer time immcuhatiomm mixtumme

(3 ml) to 50-mimi giass-stoppered cemmtrifuge

tuihes commtahmmimog 1 miii of 2 x HC1 amid 2.5 g

of NaCl. Add 25 ml of ethyl acetate coum-

tmmiumimmg10% n-hexane, simake for 15 momhim,
amid ccmmtrifuge for 5 mimi. Transfer 20 mimi of
time soiveumt phase to ammother cemotmifuige

tube contn-immimog 4.5 ml of 5% sodium ace-
tate and 0.3 ml of 2 N NaOH. Shake fat- 3

mm amid cemmtrifuge for 3 mm. Transfer a
3-mi ahiquot of the aqueou.is l)haSe to a test

tube containing 0.2 nil of 0.3% pemita-
cyanoaquaferroate (4). Allow to stammd fom
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20 mimium, amid i-c-mud the optical (Icimsity at

535 mn�t. Since p-hydroxyaminobenzoic acid

is oxidized to p-mmhtrosobenzoic acid in this
procedure, this method determimoes both

compounds.

Determination of p-a mm oben zoic acid.

p-Aminobenzoic acid was determimmed ac-

cording to a slight modification of the
method of Fotits and Bu-odie (2) . This
noethod has beemm used as a specific pro-
cedure for the determinathoum of p-amino-

bemmzohc acid, but in the pm-esemmt study it
was found that p-hyclroxyamnimmobemmzoic

acid also formeol time sanme diazo coflml)OUfld
(5) , in an avem’age yield of ai)out 8% of

p-amhnoh)enzoic acid. This evidence uu’as
con firmed by tuvo-dimeumsiomm n-i thin lmtyem

chromatography as described belouv. In the

preseimt comnmunicathomm , therefore , time
amount of p-amnimmobenzoic acid ut-n-s car-

rected according to time amouumt of p-hy-
droxyaminobenzoic acid hum the incubation
mixture.

Preparation of p-Hydroxya n-i inohen zoic
Acid

p-Hydroxyanminobemmzoic acid was pie-
pared by the reducthoum of p-nitroheuozoic
acid according to time metimod descu-ihod by
Bauer and Rosenthal (5).

Identification of Metabolites

The mnetaboiites uvere hdemmtifiecl liv thin

layer chromatography. The tlmimm ln-yeu- plate
with silica gel (Tokyo Kasci) was de-

veloped hmm beumzcuoe-acctic acid-ct ion-no!
(90:5:5 by volumome). The spots were de-

tected by their ultraviolet absorption and
time diazo m’eactioim. The mnahn mnetaboiites
of p-mmitroi)enzoic acid wet-c holetitifieol as

p-hydroxyaminohenzoic and p-amooimmoben-
zoic acids. However, it is likely timat sinaI!

amnounts of p-hydroxyauniimobenzoic aci(l

were transformed into less polar conmpoumids

on thin layer chromatography, which hau’e
not yet been identified.

Determination of Protein

The superumatammt ammd noicrosomomal pm-a-
tein contents uvere deteu-mined accom-diuig to

the method of Lowry et al. (6) -

Souice of Materiols.

NAI)P, NAD, NADPH, NADH, FAD,

FMN, i-iboflavin, glucose 6-phosphate, glu-

case 6-pimosphate cleimydrogemmase, and alco-

imol dehoydrogenase (yeast) were purchased
froun Baehm’imoger; other chemicals were re-

ageumt grade. All chemicals were used with-

out fumrtimer l)urhfl catiomm . The nitm-ogen gas
wmts purcioase(I fi-ono Suzuki Shokan Corn-

I)mtimy, Tokyo, amid was imot further

deoxvgemmated.

RESULTS

In tra cellu la i (listrib at ion a ii d cofa ctor

i-equire iii en t for activities of p-nitroben zo-

ate and p-hydroxya in in oben zoate i-ed-tic-

tases. p-Nit m-obenzoic acid disappeared pro-

gresshvelv tt-htim time of incubation when

time imocubatioim mnixt.uu’e coumtaimmeo.l time
9000 )< g supem-mmatmmmmt fraction and

NADPH, n-imc! p- amiumobenzoic acid was

foruuieol pu-ogm-essiu’ely (Fig. 1). The amount

of p-Imydroxyanmiumobenzoic acid iii thie ium-

euhatiotm tmiixtuire iumcm’eased humI)1OPOut iou to

the imicuui)atiomm thmmme up to about 20 mimimo,
aft em’ utloicio thc coumcentrat.iomm declimmed
gradually. These i-esults immdicate timat-
p-imyohu-oxymtmomhtiobenzoic aci(1 is a pt’imicipal
iuotcruimedimtte hum the redumctiomi of p-nitt-o-

pmoie -FMN

(A) (B)

/.�
/. .7

30 60 90 120
Incubation time imint

1’mo;. 1. I)on:ppo-aranco- of p-nitrobenzoic ott-it! and

fornuitton (Of p-h ydrox!/(100 000bePjZ(flc (lci(l 0010(/ p-

aminobenzoic acid by microsomes p!oos sot pernalant

in the presence of NADPH

A. Withouot FMN. B. With FMN (5 X 10� �U.
#{149}-#{149}, Amount of disappearance of p-nitro-

benzoic acid; A-A, amount of formation of

p-loydroxyaminobenzoic acid; O-O, amount of

fornmatiomo of p-amiumobenzoic acid. Instead of the

standard incubation mixture, 2 iomoles of NADP,
80 pmoles of glucose 6-phosphate, and 20 �moles of

p-nitrobeuizoic acid were used.
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zoio’ acid by liver mooicuasouooo-s was tie-

cro-mlse(I by 82� hum time Ircsomot-o- of oxygo-mo,
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Stimiulationo by FMN

NBA reductiomi

______ ��-- ABA formeol

Tissue mod cofact-or HABA formed ABA foinomed from HABA
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-0 /0

51 0

65 1

:37 3

31.2

s:� 1

94 -

73 3

50.0

52.0
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TABu14m 3
Stunoolalion of redoiction of p-n olrobo-nzo-zc aciol and p-hydroxyanoinobenzoic acid by Jo’M]V

The results are giveum as a perceuitn-ge of the stimulatiout of reduction by FM N. Tue uoumbers jut parentheses

immdicate the number of determinations. Pooled livers from tioree to six rats were used fo)r each (Ietermiuoation -

Microisoumme-,

NAI)PII

NADH

Simperloataro t

NADPH

N ADH
Microsomes + soupermoatant-

N A1)PH

NADH

315 ± 25 (6)

2S6 ±25(6/
:368 ± 21(6/
:329±17(6)

65

21
± 4 (5)

±5(4/

-268 ± 31 (5)

259±25(5)

307 ± 15 (6/

255±16(6)

42

18

± 35

±4(4

2SS ± 19S
302 ± 24 (8)

351 ± 20)5/

253 ± 14 (8)

51

23

± 4(5
± 5 (4

benzahc acid seemed to accumulate and
disappear more slowly than in the NADPH-

depeumdemot i-educthon. These results hmmdhcate

that- FMN stimulates nmainly time reduction
of p-umhtuobeumzoate to p-hydroxyanminahen-

zoatc. Time effect- of FMN was (lepelmdent

an hts commco-mmtm-atioum mnaxhnmal sthnmulatioro

was obtaincol wit ho 1 .0 m�m FMN, wimercas

0.1 m� FMN produce(I only 2-3-folol stinm-

ulathomm. The NADPH-lhmmked reduction of
p-umitraI)enzoic acid by microsames was

inarkehlv st-iuomiulated by FMN, wlmhle its

TABLE 4

Effect of I’lLV o,o inhibition of ((dUCtiOfl of p-to itroben:oic acid ret! oiction by oxygeoo

NAI)P11 was time cofactor. Time uotmmimheus imu parentloeses imoclicate time uoimmher of oletermiumooiiouos The

results are given n-s average ± Stamo(1:ord eulor. Pooled livers fuom three to six rats were used for each
deternoimuation.

NBA reduction

Tissue and addition TIABA formed lumloiloition .moB)o_forlmled lioloihit ion

Mit-I- tso)flleS

No) mt(lditioMo

Oxygen
Fr’IN

Oxygen + FMN

Supernataumt
N-a additioum

Oxygeum
FMN

Oxygeum + FMN

\lit-rosomes + superimataiot

No) additiorm

Oxygen
FMN

Oxygen + FMN

jonioles/q/20 miii

0.63 ± 008 (4
0.12 ± 003 (4)

2.89 ± 0.29 (4)

l�01 ±0-14 (5)

0.48 ± 0.06 (4

0.3() ± 004 (4)

1.76 ± 0.24 (4)

1.21 ± 0.13(5

0.98 ± O� 10(3)

0.46 ± 007 (5)

381 ± 0.35 (5)

I Ml ± 0.19(6)

�onoo!es/q/2O 7/l/lt %

0�3O ± 0.05 (4
003 ± 0.01 (4)

2.47 ±018 (4)

0.66 ± 011 (5)

006 ± 002 (4)
0.03 ± 0.01 (4)
0.25 ± 0.04 (4)
0.12 ± 0.04 (3)

0.69 ± 0.08 (3)

0.07 ± 0.02 (5)
3.48 ± 0.39 (3)

1.02 ± 009(61
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c:� Control
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effect on the supernatatmt activity seemed

to be slightly smaller (Table 3) . FMN

stimulated the microsomal and supem-natant

NADH-linked activities to approximately

the same extemmt as the NAT)PH-linked
activities. Similam’ effects w’ere observed

when FA1) was used instead of FMN.

These results indicate timat time st-hnmuiatarv

effects of botim FMN and FAD an the

formatiotm of p-aminabemmzaic acid immmmmicra-
somes and supernatant are localized jim time
reduction of p-nitiobemmzoic acid to p-imy-
droxyamiumohemizoic acid. Thus out- ahisem--

vatiomos accord with the view of Kaimmnm aumd

�imole Igi 30

Gillette that FA1) stinmulates the disap-

reararmce of p-nit-robenzoic acid in the
l)teselmce of NADPI-1 and microsomes (3).

Effect of FMN on inhibition of reduction

of p-niti-obenzoic acid by oxygen. Since

oxygeim inhibited time reduction of p-nitro-

betmzoate to p-Imydi-oxyaminobenzoate and

F�\1N stimmmulated this pm-ocess, the effect of

F\IN aim time inhihitom-y actiati of oxygemm
was imovcstigated. FMN only partially over-

caimme time immhibhtory act-ion of oxygen

(Table 4). Time degree of inhibition of the
i-educthoui of p-nit-roheumzoic acid to p-amino-

benzoic acid by time micm-osomnal fm-action

Fuc;. 3. Effect of p/ot-noharbita.l treatnoent on redooctiooo of p-nitrobin.zoic acid and p-boydroxyaminobcnzo-ic acId

The rats were treated with piieioobarbital (SO uomg/kg iuitraperitonmeally) for 3 clays. The activities are

expressed as micromoles of p-hydroxyaminobenzoic acid and p-amiumobenzoic acid fornmecl by the tissue
obtairmed from 1 g of liver ium30 mm. The results are time average ± standard error of three or four determimma-
t-ions. Pooled livers from three to five rats were used for each determination. Pathway .4, reduction of

p-nitrobenzoic acid to p-hydroxyamiumobenzoic acid; pathway B, reductioum of p-umitrobetozoic acid to p-

aminobemozoic acid; pathway C, reductioum of p-hydroxyoominabeuozoic aciol to p-amiumobenzoic acid. Asterisks

indicate .sigmoificamit- difTeremooe (p < 005) from 0-0)10)mIs
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(IC/ti (I ott! J)-(I 000 / Ito/tOOt -:oo C ticiol 0/ 00 It i it, /00)/I-i t_r/)0/o 10/tot /ot 1 Ct)OttI/ I /000 i

,[‘�%-ot muoillilioeu-s tof (lie (-otmooltimiotI mioicuooi-ottmn:ol n-tool -000I)0ttliOt :itot tm;ot) itomi-, etttiiv:olotot Ott .�))) mug ttf livom, �vo-u-o-

mused :oi-Olin emizvnm)e sotoumee Imos)e:otltof S �.�mimtt1o-s,10)�omumooles of p-toiltobetoztoit at-id svemo otseol.‘Flit imiooubtmooiotuo

I mmmc �mu- 30 maui . ‘[ho moounomloem-s mo u):ouemi t looses moolit-at o- ) hod tioitni ))i t of (Ie) em-fbi mon-t it outs. ‘Floe no-soil 0s :0 i-c givomu

:05 movel:ogo ± �) momit I�o mtI emit on. I�o too1o� I 1ivons fm omit I 1ono-c ) 0 0 Si X i��L 07; �voio 0tOt I to t t 0:0 (-10 t lot on-nub t i a t io t t 0.

N l3.\. m-ooloto-Oit to

0 lismoppe:o ito I I I � ft otmtooo I .� 13 .‘� It ornmteo 1

noMoooo/o 70 000/A000(o/0.s 100M000tlt -� � ( 0

(�ouot itol

NAI)Pll 1:3501 ± 72 /5 0i�-�S ± -1(0 )5� 552 ± 25 5- -19 4 124 1

XAI)l1 775 ± :-�s �s- -121 ± 27 /5 25 ± IS (5) 5-i I 1559

1’\1�’ st imutoul:oboom

NAI)Pil 7421 ± 305 (4 � 4-145 ± 12(0(4) 2551 ± #{182}1#{176}-)(4� :i � 1)0).))

NAI)1I :3275 ± 2401 (-1 2t)))i ± 57 (-1 02)07 ± 55 -1/ 011 0) io:� s
Uxvgemo imtiuil)tibttmo

N:�I)l’l1 :0)5 ± 2b (5 2)11 ± 27 � -o:� ± S (. (i-to :-m�� 2

NAI)ll 15-h ± 23 .0 125 ± 13 (5- 37 ± 7 5 07 �u :;:�� -�

hioeuoo 0 on-u-I)1 0 a I

XAI)I�h1 223-i ± 123 5 125:3 ± s:� � ss6 ± 52 (5� �b I 141 4

NAI)Il 1247 ± 53 )5o 75.� ± �0 (SI 352 ± 3m 0- tbo S 195 1

#{176}-o1e)iu�lo-iiou1:omoOlone-toe-

NAI)PlI 2155 ± 15(1 (4) 1:121 ± 109 (4 6-59 ± SI (4- Oil 2 191.7

NAI)II 1213 ± 62 (4) 56:3 ± �s (4 ) 301 ± :�i 4 � 7 1 1 2�6.7
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.110)1. /‘/IiOi//)io//il. 5. -157 -195 1 1(061))

beuozaatc. 1mm addition, oxygen imohibits the
reduction of p-nitrabemmzoate to p-hydroxy-
aminobenzoate aul(l cansequmeumtby decreases

the formation of p-auniumal)emmzaate. It imas
beeum observed tim at mmmethylcimolammthrene
causes accumuhatioum of p-imydi-axyamino-

i)emlzoate thu-otmglm stiummuhmttiaum of its forimma-
tioum fu-omom p-umitm-ohcumzaate ; thus time matios

of p-ioyolm-oxyatmmimmaheumzomite to p-mmmniumoben-
zomot-e folrne(1 \vet.( I .92 aumd 2.87, lespec-

tively, for time NADPH- mimod NADH-

linked i(OIiit.t iotom- ( )um time ot Imem- han(i,

phem-o aba ml)it a 1 st i mmommmt c-i t im(- reduct ion

botim t�f p-toitmahemozamitc to p-hyoli-oxy-

oonoitooheuozoatc amid of time lattem to p-aimmino-
bocuozoat(- ; timus time tatios of p-lmydroxv-

anmiumol )t#{176}mmzoateto p-mmumminol)eulzomtte formmmed

W(1C I 41 ammd I .98, mcsI)ectiv(lv, fou tiI(

N�AT )Pl I- aunt NA I )H-Iinkeol u-eductians.

\IOudOv(i, time mmmtit)s of /)-hyoltoxvmimmmino-

loemozomot � fot-ommool to) /)-nitlobnnzi):ttc- tiim-tt

tjisiilobOo-jtto-oi�\-(-t.(- ()��i6 mtit(I (1.6(1 t(-j)(C-

ti�-t-Iy foot- liii- N.-� I ) P11- :oo�d NADIT-

IiutI�t-o I o-tltio:t 10)115.

molt-I --1(iN

FIt- o-xltouilitoutt-- oi(-m�o11I)(-(l lot this b)mtb)0.1

-hO)’’ I hut tin--it mote I \\.n tIilitmttit o-Ioz\oumtlic

-\--l ouii� 101 tht(-tttiiiCt moth ott /1-Iou 1(Ol)(utZ(OiC

at:mtl ii in-i li\ez. lite :tt:ti\il\ Of Ih(

T’�;-_-�J_ I ) 1�I I - hit hot I itt lot t into of p-flit tub tin-

Z(Omole to /-hlVdlo)X\:1111i11(ilooltZOatt i- highem

ill IlliCI(ostolIlo- tin-out iii I in-- -t1�ot-11tmttmtiit

ttmoo:ttoomi ��hiIo- N-�I ) I I -1iut1�(-oI totluomI 1011 �5

I)t0st11t �tu-t-tkiuitii-t�tmti1:’- itt 1 itt.- -ol})iii1:1t ant

fumioii itoh ( I1tl)1( 1 �t - �I4te-t- tostilts �iiggest.

I limit (itt NA I ) PH - mottol NA I )Il-liutkcd

I I it 1() 1-0-0 limo: t miso. moe I mv m1 n --- it t i i oit t-o�o.)m ties

lila:’.- hot iilt)So 01 (liftot(11t (11Z\ttt(5. but it

0�0111i(it lot- Oootiolti(h((l fi-unt (itt b0105(i1t

-titohios �vltot Ito-u nm ittit both t-1tz\ltmo-s il_i th-
-luLot-illmiL:1111 fumoct1(111 n-to- i(Io-tttio:mlI.t )x�gou�

mttmtmko-dlv mutitihoit- tito- mto:livittc-.- of 1)0th

modiucl most- itt 111ie1t)s(OultS. lout too mt thuud/h

-mutmohho-utxit-uit ill tih( -O1b)t111�it)11i tl:t(:tid)il

�UmtboIo- 21 . 1�nt hi m--thtuo:u:o--moo/i ivit li-s jhl

ithi(:tO-Olhh(--- mute si un-uI-tool by ti-eatmitt-nt-

with Phmoun-olomtuboitmol (mu- mulct htylcltolmumtthotoute.

�vhuiIt- limo- souloouuhatamot activities mitt moot sig-

momfmo:amitlv mofto-ol id Emonumit monol (liIbo-ttc-

ltmovt- a�m-uumtteoI that thu mt-thou/I mu ol

aronmatic imitro couuml)aulotls n- at lea-st
partially mediated by time inicrosonmal

NADPH-cytacimronme c m-eductase (3).

\Vhile timis mmmauoumscm-il)t was jim preparatiamo,
Gillette (�t (ii. m’eport.etl time possii)ility that

cytochm-aune P-450 is immvolved in the reduc-

t-iamm of p-nitu-oheumzoate to p-anmiumabenzoate

by liver ulmm(u-osomomes I 10) - Simice the activity

of NADPI-T--cvtocbou-ome c m-eductase aumo.i

the contetmt of cvtoeimrommm( P-450 are in-

cteased � 1)ii(�umobamI)ital 01’ mtmetimvlcholamm-

thuemme tm(mltuom(-umt (1 1 , 12 0 tue present oh-

st-ivatiouos am-c ium aeeom-d �vitim these views

Time activity of NADPI--I-liuokcol m-eductmoui

of p-imythm-oxyammiinohcnzomite to p-anoimmo-
b)(uOZOate is l)uesu-lmt uimaiuo lv imm tomicrasoumme-.

�vith only omme-thimol of tiue- total being

fouumd ium time sumI)d-mmlmitauot fu-mod-tiomo. The (us-

t.uihutioum of tue coim-espotnhimmg NADIR-

liumked activity is sitmiilam. Iii contm-ast to the
1(tltlCtioul to! //-ltitInIoe1lZ()mtt I 1 (0 /)-hlVd1OX#{176}o-

anhmlmoh)oulzooaut-. tim(- ietluto:t bout of time lmotti-u

too /)-n-lihih10OlO(-i1Z0�ttC ill flhioi(o�(ouhi-� is (lull’

slight by sI uniuih:tI (ti bty FIi\h N momiot is slightly

iiiliildteol by nx\gelt. )oi(i1tUV(i. 1100/litliuC-

ti(oll ol /)-il\(tu(OX\�llhhtul(iIO(hlZ(ttt( is stmutlul-

latod 01110 slight i\ l)� ioiit-nnloaubital multI

(55(111 mmdlv oiuimtl!ecteol liv IhlethhyiCia)h)il-

1 Iu-euie mtolullitli-tum)tiOll. Iit( stoicitiouttot u-it

stui)hi(5 011 1 lIe oltsmll)loemoimoiuooi of /)-lhitiOlooiIl-

zomot o anti j�-auimi 110)1 )tilzomtt 0 -1 l(to\ I limit n-I 0(0111

85--9;5�/� (-)f t hl( ji-ttiti#{252}l t(tlZ(Olt C �vlti#{176}iittlis-

ill)1)tilI5 is ootut�t-uIe-d to /i-ll\)htiXymilm�iuicO-

ln-uizonote jtluu� /)-m011hillOh(-1lZ(tmlI 0. tiuioler �:ou-

i000ls (xjoeiiutoont mob onnolitions. I’lui-se findings

mtt( (/(Ollsist(1l I Wit hi I in- ic-ui It s (of I bin la�i-t

ollznlll:ltogumlpllo. _-�1mlluu1gll tIn-- I?�_-�.l )1I-

liuul-;o-ol 1(tlul(tit)tl nt� p-liiti(tlteilZo)1( mu/id to

/)-�l 11numol 0(IIZO1( :1(10 1 is in--ghigihh- in in-me uo-

-o)Iitt5 atitl boai-l\ ol(-/e(:tmoiol(- imi 1110/ sulj)(i-

tn-tn-lit timt(:lmOll Ilu mu:ti\il\ iii the (0111-

loiuio-ol fu:ietioius us 1(lmtti\t-I\ high. �Fhio--o-

u-(-sui It s suggo-sI t limit p-i 111 uooheuuzoat e Is

uitluttotl to �)-h\ol1-ox\mumlmnodoo-ulzoate p1111-

(:II)molI\ b�- tl)(/ sUIteIIimitmotlt mumitl that t Ito

j)-im\tIh-(ox\mo un-both Oiuizt)mit( ft ouitn-o I is t iO(ul

1-colulocol to �-aininobnnzoate tn:iiutly b’. t hit

unmoioo-(iumt-s. Ill( stun-u Imot ouy effect (0

ioloouoilomiul�imu molmnimmi-t tat mu on tlit-
?‘�_-#{189}1)F1-Iinko-oliotiuuctioit of /)-lliti(il)eiOZOat(-

t(o /)-mulioilttilot-llZomototimn-\ hot- mu-enuimiteti foto
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jul a similar iOOn-lOlOdl. Jut this case imcithmer time

rnicrosommul uoou� time supeuuoataimt activity

is significammtly stimmmulated by pimenol)arbm-
tal, but I)otim factors may potentiate the
over-all remiction (Fig. 3) . 0mm tIme other
imammd, metimylcimolaumthremie st imulatedl only

time NADH-iimmked reduction of p-umittoheto-

zaate to p-hydm-axyaminabenzoate, miot the

reductiotm of p-untrobenzoate to p-amino-

heumzoate (Fig. 40 . Timus, time acciunmimlatioum

of p-hydu-oxyaniinobenzoate as cotmmpau-eol

witim the disappeauance of p-niti-oheumzoate
is higher witim time livers abtaimmed ftammm
inethylcholaumt imieime-treated rats thmuum franm

phenoharbital-tu-eated rats. Time immicmosommmai
ieductiotm of p-hmydraxyamitmoh)en zoate to
p-ammnobeumzoate is ommly shigimtly inimil)ited

i)y oxygeuo ; timus time itmhihitiomm of p-nitro-
henzoate reduction to p-arnimmaheumzaate by

oxygen is due to time reductioum of the fornier
to p-hydroxyaumminabeumzoate. rpimese results
are consistent with time suggestioum by

Gillette timat oxygen may reoxiolize the
p-hydroxymtnminobemmzaate to p-mmitrosobenza-

ate (7) - However, time reasaum for the

( Iifference bet-weeum time nmicm’osoumies amid

supernatammt iui time iumimibitiomm of p-nitro-

hen zoate reduct-ioum remaiums obscure.
In conioectiamm with timese results, it- is
worthwhile to moote time recemmt suuggestion

of Gillette et (ii. (10) that time iuiimibition
of p-nitrahenzaate reduction mimmoy l)e (lute

to the reoxidation of cvtacimm-otime P-450 by

oxygen. Simmce doe recluctiomi of p-hmytli’axy-
ammminohen zoat e t o p- auniiooi )euo zd)at 0 hi’

microsonmes mimot1 sul)et-natmimot is omolv

slightly stitimulated by F::�1IN, time stitmmuu-

latian of time reductiotm of p-nitm-oi)eumzoate

to p-ammnal)emmzaate by FMN is dime to the
m’eduction of the former to p-imydi-oxy-

attminobenzoate. Time partial l)re\(mltiaum by
Fi\IN of time inhibit.iaum of p-nitu’ol)elozoat-e

reiluction i)y oxygen is still ummexplaiumed,
i)Ijt it is 1)uaI)mlhle that p-imyduoxyamomiumo-

henzoate is oxidized to p-mmitm-Osol)enzaate

an(i the aceunmulation of time lmtttet may

inhibit time reduction of p-nitrohenzoate

(7, 13). Time excess of FMN therefore ac-

celerates the reo:Iuction of p-imitm-osohetmzaate
to p-hydroxyaumminobenzoate or aimtago-
nizes the itoloihition of the reduction

of ��-um itm-aI)emi zan- ta by mucunoulated

p-uitrosobenzoate.
Katnm and Gillette o3) ol)serve(l that

FAD was reduced by Pumrified NADPH-

cytochi-ommie c reductase miuod that FADH
reduced p-nitrobenzoate mmoneuozymaticaily.
On the atimer hammd, Otsumka 0 1 4 0 observed

that a purified p-nitrapheumol reo:Iuctase
fronm swiime liver honmogenates reduced
FAD and FMN, but only FADH could re-

duce p-nitrophenol ; thus, only FAD COil 1(1
stimulate p-nitrophenol reductase. How-

ever, time I)Urifieol p-moit ropheumal retiuctase
��-as NADH-depeumdent, aum(I oumlv toegligihbo-
activity was observed with NADPH (14�.

Cansequeuotly, time emmzyuooe systeumm of

Otsuka ummav I)e tiiffeueuot froumo that of

Kanmtmm an(i Gillette an(I that (Itsemihed iuo

the l)m(5(ttt Stlt(lV. Time (Ietamle(I hiocimemmmm(al

mmiecimaumismmi of time stimulatiomo by excess

FINIX of the m-eductioum of p-mmitroheumzoate
ium mmmicrosomes ammd siupeuuititmimot , t imemefare.

is still unknowum. Recently, VosimitIa4 immus

O1)Sei’ve(I that- P-imit-mOI)etizOat e is redueeo I
IYV 911u’ified NADPH-cvtocimrame C reduc-

tase w-imereas p-hydroxyaminoheoozoate is

reduce(I by botim NAD PH-cvtoch roumme c

and NADPH-cvtaeiououome 1)7 meoiuctases jut
liveu umlicrasoummes

Tim time present stut(lY iVe did not succeeti ito

sepml u-at ely ilet (I’m-hO t ii g p- ui i t rasai)en zoa t�

ant 1 p-imy(iuoxyaumminoh)(-um zoat e because of

tim(ii iumstai)ilitv. Timem-efom-e, sepauate (Ic-

teuummiumatioums of timese comnpounds anti

stut(hes wit ii I)lmmifleei p-nit roi)enzoate re-

duct n-se miumd p-hyd raxyamium oben zoate re-
ductase m-iu-e requited for eluucidatiatm of time

biocheimmiemil mimechanisun of immimihition i)v

oxygeum mium(I stmnmoilmitioum I)y FI\I N
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