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SUMMARY

A teclonique i_s-I_sic-i_sl)c-rm_s_sits tboo’ n_so’asntno’m_s_sent oof levels (of m_s_sitioclooom_sdnial amo(l (‘m_sdooj)basm_s_sic
reticulut_s_s �_sign_semots it_s tb_so’ i_so’pat-o_scyte, tI_so o’xamim_satio_sn (of ci_sanges il_s ti_so o_sxidatiom_s-redttc-

tiot_s states oof tiooose j)igt_s_so’m_sts, am_sub ti_sc- sttioly of im_sto’racdo_sm_ss bet_s_so’c-mi ti_so’ m_siito)ci_soomoubriab au_sub

endopbasu_s_sic rt’tictmbum_si t’li’ctromo trau_sspo_snt chaiu_ss is descnibeul. Ti_se com_stc-m_st tof cyto_scloron_se

P-450 was about 30 t_sn_s_sobo’s/g (of liver, iiet _svi’igh_st. Baseul om_sti_se n_sicnosou_s_sai e_sm_sceuotrat-it_sm_s of

cytocl_sron_s(’ P-450, ti_se micro_ssiom_s_sal l)rOt(’iI_s c-(_st_st(’t_st ranged fuom 50 to_s 70 m_s_sg,g (of bivo’r. TI_so’
total n_sitocho_sm_sdnialpign_sc-m_stcot_scem_strati(_sm_s_svas S3 nmobu’s; g (of liven, wet iveigl_st, at_si! 1.16

u_smoles--n_sg i_sf mito_sci_som_selu’ial prooto’im_s. Based om_stho’se figures ther(’ ivere abet_st 75 n_sg of n_site_s-

chom_sdrial pno_sto’im_s per gran_s o_sf liver. TI_se nato’ o_sfro’oluctiom_so_sf cytooci_sno_sn_so’ P-450 it_s liver slices

is’as also measured; ti_se o’m_sohc_sgc-m_soous rate o_sfno’ductioi_s is-as 1.5-3.0 t_sn_soles/gof bivo’r pc-u mim_s-

ute, au_si! it- it_sc-nc-ascii to 4.5 mon_soles g/n_sim_s it_sti_sepno’s(’u_sceof NADPH. TI_so’ adubitiom_s o_sfS u_s_s�i

amimiopynimoe ubioublo’ui ti_se rate’ of reductiou_s (ofcyto_sci_sniomo’P-450 to_s 5.0-6.0 u_sn_so_sic-s.Wi_set_s a

Is.rebs cvclo’ im_sto’rn_seuhiate suc-i_s as simcciu_satc- i_s-as aibu!ed it_s tI_s�� preset_sc-c- o_sf au_s_siflOj)yrim_st’,a

furti_ser dooublim_sg u_sf ti_so’ rate of reductiou_s of cytoci_sro_smc- 1#{176}-450occurred (9.0-10.0 m_st_s_soio’s g

of liver per t_s_sit_suto’) . Ti_so’ pnc-so’m_sci’ of succ-im_satc- iu_s the mei!ium_s_s com_staim_simog bo_sti_s an_sim_sopynim_sc-

am_sd NA.DPH im_scno’asc-il ti_so’ P-450 ro’uhimctasc activity synergistically ti_s 23 u_sm_s_su_sii’s’g(of liven

per n_sim_suto’. Ti_sc-si’ data it_silicate ti_sat ti_so’ m_s_sitooci_son�Inia i_s_say be a sito’ u_sfcellular com_stuo_si(of

drug biot ram_ssform_s_satiou_sin t10(0o’mouloplasm_s_sicro’ticu!ut_s_s.

uNTIIOt)UCTI ON

Ti_si’ oxidativo’ m_s_so’tahtolic- joatioivay u_sf ti_so’

cebit_slam’ t om’gam_selbo’, tI_sc- u_s_sitochou_sdnio_sm_s, i_sn_si

bc-eu_s stmbstamitiall o’limciolato’ol by the o’ffiot’ts

of a multitimu!e u_sf itivc-stigatcors o!unim_sg ti_se

l)ast ti_sio 0_sr tl_src-o’ibi’cades. “fl_sotram_ssfer uof

electro_sns along ti_sc- cyt-oc-l_sre_su_s_so’ ci_saiuo iuo tlmo’

u_s_sit-o)chom_sulnmo_sm_stoo the fit_sal ac-c-eptoor, u_s_soio’c-ti-

har oxygo’m_s, I_sn-sbeo’mo well i’stabbisi_sc-d (I).

This w_s_sm’kwas support o’tI im_sbutt toy ( mu_sm_sts

GM17O2I u_sm_sd(A1074S fr_s_sm_s_s11_sc Nat i_s_sm_st_silm_ssti-

titles _sf lieu_sill_su_sm_s_siUram_st IN-3l-K4 fm_s_sm_s_sI_so’

Am_s_sericat_s ( am_so’em’ S_s tic-tv.
� lteseu_srt’I_s (‘t_sreo’r I)eveluopm_s_sem_stAwardce u_sf I_sc

Nt_st iot_sal Im_sstit itt c_s_s u_sf lleu_slt i_s (GM-D4-19,(i01 ) -

Lo’ss s_sell tmm_sdu’rstuot_sib, l_suo_svevo’r, au’i’ ti_se tit’c-

riot_stram_s-si_sortc-bait_s-sit_s am_sot-i_sen co’iluian

_srgat_sc-hle, ti_so’ c-m_siboplasm_s_sic rc-t-icitlun_s. Ou_su u_sf

tb_sc-so’ ci_saimos c-ontaitos a fiavopnotei m_sro’duc-

taso’, NAI)H-cytoci_snt_sm_s_so b_s ro’obucta-sc-, am_si!

ti_se i_sem_s_sooproteim_saccepto_sr cytoch room_sit’

ti_so’ ftmn_sc-tiomo u_sf this pati_sivay is u_sot yo’t

ku_soi_s-m_s, am_sib t lou’ term_s_sit_sal c-ic-c-tn_sm_s acceptoor

1_sas vet to ho’ doscnibo’d. Ti_su’ iotl_sc-remodo_splas-

m_s_sicro’ticimhmt_s_sc-iectt’ooi_stm’au_ssl)oortc-unit_s al-si)

con_ssists tof a flavoi_srooteim_s, NADPH- c-vt o-

c-hrou_s_se P-450 ro’u!uc-taso’, au_sd a l_so’u_s_soopruot(’jmo,

cytu_sc-b_sn on_se P-450. Like ti_so’ m_s_sitoocb_su_smoolnial

cytoc-ioncom_s_so’ uoxiebasi’, c-ytuocl_srot_s_se P-45() i-s a

tent_s_sit_sal ooxida-sc’, t-ramo-sfo’m’rim_sg o’lec-t rot_s-s I_so
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t_s_suol(’ctllanox�_sgu’m_s; tb_so’ im_svoolvt’m_s_so’i_st _s_sf this

tern_sit_sal u_sxiibaso’ it_s ubrug n_so’tabo_slisn_s s_s-as

si_suo_s_sm_scom_sc-lusivo’ly by Cu_su_spo’r c-I a-I. (2).

Ii_s(’ b)ttt’l)0�i’ o�_sf ti_si�i r_s�pc-�’ au_sd ti_so’ fuohlu_sw-

im_sgu_st_so’(3) is tO) foocus atto’ntiou_s ot_s ti_si’ it_sten-

ac-tn _si_s bc-tivo’em_s cc-lumbar o_srgat_so’lio’s, am_sub too

imidicatu’ ti_sat ti_so’ mi_situoci_stomoubniau_s_say ho’ a sito’
oof cellular c _sm_strob c_sf ulm’ug biotram_ssft _snm_s_sa-tiotm_s

it_s tb_so’ t’m_seboj_slasu_s_sic no’t-iculuu_s_s. It_s this papo’m’

a to’chu_siquti’ is do’scnibed _s_sho’rc-by ti_s(’ lo’vo’ls

0_sf co’llular pign_so’m_sts u_s_say ho’ m_s_so’a-suro’ub it_s

sunvivim_sg l_so’patoocyto’s of liver slicu’s. Lo’vels

u_sf1_so’pat-u_sco’lhtlarpigm_s_sem_sts,a-s well as ti_so_s-sc-

it_s ti_so’ m_siitu)cb_su_sm_sulria am_sil o’m_su!u_splasu_s_sic no’ticu-

li_st_si, are dett’rn_sim_so’ob am_so! comnj_sarc-u!. It_sto’n-

actio_sm_ss bo’tiveem_s u_s_situ_sc-b_su_sm_sulnialam_sd (‘u_sdo_s-

plasm_s_sic neticular c-hoc-tn_sot_s tnauospo_srt chiaim_ss

are dc-scnibo’d.

iIATEItIAL5 AND METHO)I)S

Yoi_sm_sg, tim_strented, mo_sale Spraguo’-l)a_svicy

rats (150 g) ivere obtaim_su’ib co_sn_s_sn_su’nciaiby at_si!

fo’d a stam_solard babonat-u_sry diet-. Livo’rs _s_so’no

rem_s_so_svo’ul im_s_sm_s_sc-diato’by fu ollo_si-im_sgubo’capita-

tiom_s, cl_silbo’ob tu_s abo_sut 00 _s_sitb_s co_slob 0.9 �

NaCl, am_sd tb_su’m_sperfuso’u! go’t_st-by s_sith_s 0.9 %

NaCl ti_sno_sugl_s tb_sc’ I_sc-pat-ic veim_ss at_sd tb_so’

l)ortab vem_so_sits -systo’n_s by m_s_seat_ssu_sfa syril_sge,
to_s u’u’m_s_soovc-bit_so_si! am_sib b_su’m_s_su_sglu_sbiu_s.‘The livers

ivere bo’igo’ ton tam_s it_s cob_sr fu_slboi_sim_sg po’rfu-

siom_s. Cart’ i_s-as tako’t_s i_sot to_s aj_spl� to_so_sn_such_s

pro’sstirc- u!uning po’rfusiuim_s, bo’cause ti_so’ capil-

�

Lwer� f’

lam’v hod is fragile am_sd u’asiby nuptttu’o’s,

ro’-sitbtimog im_s i)�_s00m’ livo’n .lic-us.

Ti_so’ livo’rs i_so’u’e ti_set_s tram_s-sft’rro’u! too a coiul

not_sm_si, am_sub _s_slic-e�i s_su’u’u’ b)nt’b)aro’u! usim_sg a

Staubio’-Higgs m_s_sicm’u_stuom_s_so’. Eacio slico’ ivas

im_s_sn_so’oliateiy placu’ub it_s a Petm’i ulisi_s fibleub

i_s-iti_s tb_so’ ooxygi’m_s-saturatu’ub m_s_so’diut_s_sdo’scnibo’d

bo’lo_si_s, ct_st to_s ti_so’ appm’o_spniato’ lem_sgtl_sam_sd

_s_siu!tio, at_sib i)bact’ub imotuo tI_so’ -shoot of a t�pecial

cuvo’ttu’, ubo’sigm_so’ub lu_sn -spectral am_salysis (of

liver sbicu’s. A sch_su’m_s_satic ubo’-sigm_s o_sf ti_so’ typo’

(_sf cuvetto’ t’r_s_spiooyeeb is -sbooi_sm_s it_s Fig. 1 . Ti_se’

cuvo’tto’s _s_s�o’uc- m_siaulu’ fr_sot_s_s 1 .25-c-n_s2 -stock
1�!o_shn_s am_so! Han_s-s Piu’xigias (UVT) cut it_ste

4.4-c-mi_s-lu_smog sc-gm_s_sum_st-s.Ti_so’-su’ cttvi’tto’s l)i’nn_sit-
co)u_stim_suo_sus circulat ic_sm_s_sof fiitiu! bati_siu_sg ti_se

tissuo’ sbico’s oiuniu_sg spu ct-na! u_s_sc-asunet_s_sc-m_sts.

Tb_sc- hivo’t’ slice’ i_si spno’ad o’vo’m_sby am_sd ca-nc-fully

o_si_s tom_so’ im_sm_so’rs_s-all, a-s -si_soi_sm_s it_s 1”ig. 1, it_s

ordo’r too avo_sid -stru’tch_sim_sg it-; black plastic

tapi’ is ti_so’u_s us(’ui too -stab tb_se ch_sau_siber tigh_stby.

A so’nio’s o_sf resenvoim’ bo_sttbe’s cou_staiu_siu_sg bath-

iu_sg u_s_so’diumi_sam_si! sttbstm’ates um_s!c-r a variety

c_sf gaseuous atmosph_so’ru’�_s c-am_s ho’ co_st_su_sectc-u! to

the cuvo’tto’s; fit_sic! flu_si_s u_sc-curs by gravity at-

ri_soon_s to’u_s_spo’raturo’ (23#{176}). Tb_se c-irculatim_sg

fiuiu! c-t_sto’rs ti_se c-ui-etto’ c-ham_s_sbo’r u_sean its

ba-so’, tiibiu_sg thou’ choau_s_sbu’u’ an_sd o’xitiu_sg fnon_s

tb_so’ to_sp of ti_so’ cuvettu’. TI_se bivo’r sbicu’ is kept

it_s placo’ (a) by n_sovu’u_s_su’m_st(of ti_so’ fluid fihlim_sg

ti_se chan_sbo’n froti_s ti_so’ ba_so’, (b) by capillary

attracti_sui bo’tiveeu_sfluid, _svall,au_sub slic-_s’, au_sub

Exiting � �- 0.1cm
channel � � Entrance channel

-T

3.1cm H: 4.4cm

0.8cm-��

-‘�1.25cm u-----

Fmu;. I - (‘ii -c/to’ do-’.s-iy_s_sed for spce/ial (i-_s_s(il!/sis of li_se, slices

TI_se bat him_sg medium flows ti_sr_sough ti-_se 0.1 -en_s em_strance chu_smim_sei, tiliim_sgti_se cI_sam_s_sber frc_smi_s tI_sc-h_sottu_srn,

am_sd leaves by wuiv of the exit-im_sg cl_sam_sm_sc-i. The width u_sfthe chamnloo’r is 0.3 c’m_s_s,tI_so’_slepti_si_so0.8 cm_s_s and

ti_se1_scight is 3.1 o’mn. Ti_so’ c_s_s_s-c-tieis cut fr_s_sn_sPlexigluts IJVT.
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(c) by ti_se nannoiv iviu!ti_s of ti_se chan_sben.

Both -sides of the liver -slice are in cou_stact
i_srjth ti_se flitid n_si’diun_s. Tm_s our studies ti_se

liven slices were bati_sed ivitl_s oxygen_s-satu-
rated medium for 10-15 t_s_s1I_s before begin-

I_sing tb_se expc-nin_seu_st, au_sd a baseline of equal

light absorptioot_s, m_s_su’asurc-d as a function of
wavelengti_s, was obtaim_sed. The difference

spectra were recorded witi_s an_s An_sinco-

Chance dual-wavelei_sgtb_s split bc-am spec-
t-rophotomet-er. All -studies were performed

at 24#{176}un_sless oti_sen_svisc- -stated.
After spectral am_salysis, ti_se slices i_s-c-re

removed from the cuvette, blotted to ren_sove

excess fluid, and weigi_sed. Ti_se volume of

each slice was detenmit_sed by dividing its
weigh_st by ti_se det_ssity of liver (1.1 g/ml),

and the thickness i_s’as determined from its
area au_sd volume. Slices used for spectral

studies were 0.4-0.6 u_s_sm_s_sti_sick and weighed

betweeu_s 75 at_sd 125 u_s_sg. Slices of appnoxi-
mateiy equal spectral density were cl_sosen_s,

as judged from ti_sc-in spectral absonban_sce at
about 420 nm. With Practice it was possible
to matcb_s slices closely by eye.

The iso-osmotic n_sedium ivi_sich bath_sed
ti_se slices cou_ssisted of 125 n_s�t NaCl, 6 m._st

KC1, 12 m�r Na_sHPO4, 3 m�i NaH2PO4,

and 1 m�n MgSO4; tb_se j)H was adjusted t-o

7.4 wit-i_s 1 M HC1.

Liver mitocb_sot_sdria ivc-ne generally pre-

pared in 0.25 i_sn sucrosi’ and 1.0 m�n EDTA
as described by Sin_spson et ai. (4). Micne_s-
somal fractions were prepared at 00 from
0.25 M sucrose b_son_soget_sates of rat liven as

described elsewhi’re (5), and were res_sts-
pended in 0.15 �ii KC1 con_st-ainin_sg 0.05 M

Tnis-Cl buffer at pH 7.5 to a fit_sal protein

concentration of 6 t_s_sg,- tnl.
Preparation of tissue fo_s’ electron _s_snic_s’os-

copy. At the cou_sclusiou_s of a typical experi-

ment, liver slices were ren_soved fnon_s ti_sc-

cuvettes, rinsed in_s cold buffer mediun_s, at_sd

placed for 60 mit_s in a solution of 3 % glu-

taraldeh_syde in 0.025 �_si cacodylate buffer,

pH 7.0, contaii_sing 4.5 % dextrose. Ti_sen ti_so’
slices ivene removed at_sd nii_ssed in cacodvlate

buffer, folboived by nefixation for 60 mit_s in

1 % o_stm_s_siun_stetro_sxide in 0.025 M cacodvlatc-

buffer, pH 7.0, com_staim_sit_sg 4.3 % dextrose.

Ti_se slice-s ivc-nc- ti_so’n uleb_sydrated t-l_snc_sugh a
graded series of e’th_sylalcol_sol concc-m_st-ra-

tioi_ss (50-100 %) at_su! eu_s_sbedded iii Epom_s.

Sections of en_sbedded n_satenial weno’ m_s_sadc-

ot_s au_s LKB Ubtnan_sicreotomo’, au_si! is-c-ne

stain_sed for 30 sec it_s lead citrate to ct_sb_sam_sc-c

contrast. Th_se sect-ions is-c-nc- vie_s_s-ed it_s a

Hitachi 1 lB c-ic-c-trot_s u_s_sicroscopc-.
All chemicals an_sd bioci_sen_sicals were of

tb_se 1_sighest purity available co_smmencialiy

and, i_s-ith ti_se exception of anilin_se, CO, and
N2, ivere not purified further. Am_siline is-as
nedist-illeul un_sder vacuun_s, at_sd ti_se two gaSses

were bubbled througi_s sin_stened glass gassing

tubes into a van_sadyi ci_sbonide uleoxygc-natit_sg

n_sedium (6).

RESULTS

Cytochrome content of _snitocliondria in t’at

liver. Ti_se amount of ti_se mitochot_sdrial
hemoproteins it_s ti_se rat liver slices i_s-as

determined by difference spo’ctnum. T_svo

slices of about equal thickt_sess i_s-c-ne bathed

for 15 mm in oxygen_s-saturated n_sedium,
and a baseline of equal high_st abs_srbau_sce
ivas recorded. The fluid it_s th_se sample c-u-

vette was ti_sen switched to an anaerobic,

N2-satunated medium; ti_se reference slice

remained bathed by ti_se oxyget_sat-ed n_se-

diun_s. A spectrum of ti_se respiratory pig-
mei_sts similar to that seen iviti_s fresh isolated

mitoci_sot_sdnia appeared ivithin 2 mm (Fig.
2, spec-tnt_sn_s A). In ti_sc- 420-430 u_sm region,
n_sitoci_son_sdnial spectra exhibit a shoulder

which is generally attributed to cytochnomes

b, c, and c1. However, in_s liver slices a pc-ak

often develops b_sc-re an_sd it_screases slightly

ivit-bi time, indicatit_sg ti_si’ reduction of am_s

extra-respiratory c-b_sam pign_sc-uit- (Fig. 2).

Wi_set_s the 420 u_sn_s sb_soubdi’r it_screases, sub-

tnact-ioi_s of ti_se fully reduced mitocb_sondnial

spectrun_s (see Fig. 2, inset, spc-ct-nun_s D

n_siu_sus spectnun_s A) yields a typical differ-

ct_sc-c- -spec-tnt_sn_s of c-ytoc-i_sron_se b_s. TI_se n_sag-

nitude of tb_si-s 1_semoprotein spectrun_s never

read_sc-s more ti_san 15-20 % of ti_setotal liver

slice c-ytochrom_s_sc- b_s, calculated from ti_so’

c-ontc-m_stof endoplasu_s_sic no’ticulun_s.

Alth_so_sugl_sneduc-tic_sn c_sf ti_se nespirati_sny

pign_seu_sts occurred im_sti_se anaerobic mc-diun_s

usim_sg c-t_sdoget_sous neulticiu_sg equivabet_sts, n_sax-

imal reductiou_s was o_sbsc-nvc-d om_slv after tb_sc-

additiom_s of a Krc-bs cycle im_stc-nn_sc-diate,
such_s as succinate; ti_se -sboottldc-r in ti_se 420-
430 n_sm negiou_s it_sc-rca-sc-uiu_s_sorerapidly it_sti_se

pno’sei_sce of succim_sate ti_san in its nb-set_sc-c-
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Fit;. 2. Diffe_se_so_se spec/ia of inti’aceltular hemop_sotei_s_ss -i_si rat lu-c, slices, u-si_s_s �/ 50(10_s_sn succi_s_sate

The liver slices were bathed in 0_s-saturated medium f(_sr 15 mu_s after si-hich a baseline c_sfequal light

absorptiooi_s was recorded. The fluid bathii_sg the liver slice in the experimem_stai cuvette was cI_sam_sged t-o

am_s N�-gassed, dc-oxygenated mi_sediuni cuomitaim_sing 5 mu sac-c-i_s_sate. i)ifferem_si-e spectra were recoroieci after

2, 4, 6, and 10 mimi, represer_sted by spectra A, B, C, and D, respectively. Spectrum .4 is qualitatively

sin_sila-rto the spectrum_s_s obtai_s_sed under N_s aluim_se, but- i_s_sthe latter case reel_s_sc_si_s_sm_su_sf the mitochondrial

pigmem_sts was i_s_s_stm_s_saxin_sai (75-80%, even after 15 n_siu_s).The inset relorese_sits ti_sespec_s ruin obtained by

subt-racti_s_sgspec-irum_siA fr_s_sr_s_sspectrum D. Liver slices were 0.47 u_s_sn_sthick.
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(Fig. 2, spectra B-fl). It was al-so observed

tb_sat ti_se supply o_sf available ei_sdogc-u_sous

sub-st rat-c(s) capable of pnovidit_sg reducing

equivabeu_st-s cot_slob u_se_st be depleted by bath-

im_sg tb_se liver shico’s i_siti_s ti_se c_sxygc-m_s-sat-urated

m_s_so’dittn_s, c-vet_s ft_sr 1 b_sr.

Dit-i_siot_site reuiuctiou_s (Fig. 3) of ti_sc- cx-

perimc-u_st-ab liveu� slice gave a spec-tnt_sn_s sin_si-

lan to D im_s 1-ig. 2, with tb_se exception of a

sligi_stby hoigb_sc-r ab-sonptiou_s i_so’ak it_s ti_sc- 420-

430 u_sn_s region; the trcougio it_s the 410 n_st_s_s
negiom_s, observed with uiithiou_site, i_s-as also

similar to ti_sat of spe’ct-ruu_s_s D, Fig. 2. Sit_sc-c-

ot_sly a sbigbit it_screase in the cytoci_sron_sc- b_s

absorptio_st_s bat_sd occurred em_sditb_sioi_site addi-

tioi_s, cytoci_su’ome b� m_s_sight already i_save

been prc-seu_st in a reuhuceu! -stat-c-. It_s order to

test tb_si-s possibility, boti_s bivet slices ivere

bath_sed for 10 mi_sit_s it_s oxyge’nated mc-diun_s

cot_staiu_sim_sg 1 u_s_sit potassiuu_s_s feu’nicyanide.

TI_se u_s_so’diuu_s_si_s-as chau_sgc-u! to an_s oxyget_sated
m_s_sediuu_s_swith_so_s_st fernicyam_side ft_sr 5 n_s_siu_s,fol-

lowed by substitution u_sf a ubith_siot_site-cou_s-

taii_sii_sg, N _s-saturato’u! m_s_seubiun_s. TI_si-s treat-

n_sent did t_se_st. cause funti_so’u’ appearance of

ti_se cytocl_snou_s_so’ b_s s� )(‘c-t rum_si.

Table 1 sh_sows ti_se cot_sc-en_st-ration_s of ti_se

n_sito ochom_sulnial resl)iu’ato)rv pigu_s_sc-u_sts it_s liver

slico’s. Ti_sc- pigu_s_set_st. cou_sto’m_st of rat li_s-c-r n_sito-

ch_so)m_sdnial pneparat i ou_ss svt’no’ also 0 detc-ru_s_siu_sed

(Table 1) at_sub cou_s_spani’d ivitbi the values
reported by Cl_sam_sc-c-am_sub Hess (7) at_sd

Estabrook a-u_sd Hoiowim_ssky (8). TI_sc- total

m_s_sitochc_st_sdnial pigu_s_so’nt- c-c_st_sto’t_st- of ti_se’ liver

slice is-as 83.3 u_si_s_so_sic’s,g. Ti_se data obtained

si-it-i_s tb_sc- isu)lated n_sit coc-l_su_st_sulnia- cot_s_spare

favorably with_s ti_se values u’o’pon-teui it_s ti_se

literature (7, 8). Ti_se total n_sitochondnial

pign_sc-u_stcot_st-ct_stem_s the basis of u_s_sitochot_s-

dnial proteit_s is 1.16 n_st_s_soies/n_sg; I_so’t_sce ti_se

an_soum_st i_sf n_sitocb_so)u_si!niab protein_s ler grant

of liven, s_s-c-t- s_s-eight, is approxiu_s_sately 72 n_sg,

agreeim_sg with ti_se ubata of Sci_sollu_s_seyer at_sd

Klinget_sberg (9).

Cytoc/ii’oi_sie P-450 co_site_si-i of liver slices. Ti_se
cot_st-em_st of cytoch_snou_s_sc -P-430 it_s liven slices

ivas det-c-rn_sit_se’ub by batb_sim_sg at_s expeniu_s_sc-t_stal

slice with CO-satitrateel n_seuiiuu_s_s cou_st-air_siu_sg

ulith_siom_site, i_s-h_silo’dithiiou_site plus N_s-saturated

i_s_sc-u!iun_s bati_so’d the referet_sce slice. TI_se ne-

sitbt-an_st P-430 absorptiou_s spec-tn_s_st_sT_s ivas very

sin_silau’ to ti_sat obtaiu_so’d! wit-h u_s_sicrosomal
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FmG. 3. .l!ilou-ho_s_sd_szal arid i_s_sicroso_s_sialhe_s_s_sop_s-o/ei_siop_s-c/iafi-oii_s _s-at li_s-_s_s slices

_-\. baselu_se was recorded as described i_s_sFig. 2. N�-sutt uruoted medium_s_s cooi_stai_s_sim_sgs_sodium_s_sditl_sioom_site

was used t(_s1)1_s_shethe live_s slice in the experimem_sluol cuivette, am_solafter �3 mi_s_s the olifferet_sce spectrum_s_s
was recorded (----------.). Ti_se mm_sc-dim_s_sbu_sthii_sg the liver slice i_s_sti_se reference cuvette was the_s_s changed to

the san_se niedium as i_s_sti_se experin_sental cuvet te, a_soot a hutseii_s_sewas recuorolcol. TI_se fluid hat i_sing the

experin_sem_stal slice wuos the_s_s changed to u_sm_sesat u_srated W-ith CO am_sotcoo_situ_si_s_si_s_sgs_s_sdii_sm_s_soh ti_sit_sm_site,a_s_sd

a differe_s_sce spec-trans wuts rec_srded (- - -). Liver slices were 0.52 n_sn_s thick.

preparatiom_ss: ti_se ab-so_srptio_smo pc-ak i_sas maxi-

mal at 450 u_sm, with a tnt_s_sigh_sat abc_st_st 410
i_sm.

Table 2 sI_so)5V_s� ti_so’ c-oom_sc-c-t_stnatioui of c-yto_s-

ci_snon_se P-450 it_s i_storm_s_sal n_sale rat hivi’r_su.
Ti_sc-re ivas c-oom_ssidt’rablc- vaniatiot_s it_s ti_so’

P-450 cot_stem_st. c_sf differem_st rat livers (17-41

nmobe-s g). Diffo’rc-m_st- -sets u_sfslice’s from_s_sti_so’

same livo’r, i_so_ssvc-vo’r, did u_sot var�’ appreci-

ably. Ti_se c-u_sm_stem_sto_sf c-ytu_sc-b_srome P-450 per

nuilligran_s o_sf n_sic-nt_s-sot_s_salI_sru_steim_snam_sgc-d fro)t_s_s
0.44 to_s 0.81 u_sn_sobt’. Ti_so’ an_soutu_st of micro)-

son_sal pnoti’im_s per gram_s_s of liven, s_s’t’t. wc-igl_st,

wa.s detern_sim_sed by dividim_sg ti_si’ an_soum_st o_sf

cytoci_sron_so’ P-450 po’r gram_s_sof livc-r by ti_so’

com_scc-m_stnatii_sm_sof P-450 it_stb_so’n_sicrosoon_so’_s�;

ti_se re-sult_s� it_sdic-atc-d 52 ± 6 n_sg of c-m_sdo-

pbasn_sic no’tic-ulut_s_s i)roto’im_s per gram_s_s of liver.

Ti_si value is _schigi_stly i_sigi_st’n ti_sau_s ti_sat Pnevi-

ously reported (10). TI_so’ ramoge c_sfm_s_sic-ro_s-som_s_sab
pro_steim_s calc-ulato’uI fuor ibiffo’ro’t_st livers wa-s

30-70 n_sg, although ti_se yio’kb of micro_s-sot_s_so’s

obtait_sed by stam_sdard frac-t iom_satiom_s Proc-t’-
dunes in this labonatu_sry (11) is om_sly 15-20
m_s_sg/g of liven. TI_si-s imodic-ates ti_sat approoxi-

t_s_satc-iy50-70 % i_sfti_sc- n_sic-ro_suin_sal protc-im_s is

lost dunim_sg ti_so’ pr(’h)arativo’ pnt_sc-o’durt’ (12).

Figitre 3 -si_st_s_s_s-sa comparisu_sm_s of tI_so’ liver
-slice n_sitoc-I_so_snu!rial pigm_s_sem_st absorption �up ‘c--

trum_s_s w-itio tb_sat o)f c-ytooc-i_sruom_s_se P-450. It i-s

im_s_sn_so’oiiato’by obvio_sus ti_sat I �-450 nepre_scet_st-s

ti_sc- m_s_sajor c-yteocb_snc_sm_s_so’ it_s ti_se i_sepato_sc-yte,

bc-im_sg 2-3 tin_ses greater ti_sam_s am_sy im_subividuab

m_s_sitoc-i_st_st_sdriabcytoci_snoon_so’, i .0’., appru oxi-

n_satc-ly 25 i_s_s_s_soles.-g v-s. approxim_s_sat-o’by 11
t_sn_su_slc-s g. A-s im_sdicato’d aboove, ti_so’ absoonj_stiot_s

l)c-ak at 420-430 i_sm_s_sis j_sartly (li_sc-to cyt_so-

cl_sri_smut’ b_s . Even_s ti_sc- c-l_s(’n_sic-al rt’ducimog
agei_st Na_sS_s04 doc’s m_sotno’veal ti_so’c-oom_s_splete

absorptiom_s -spc-c-trum_s_s u_sf b_s in tb_so’ iivc-r _s_sbic-t’.

Type I �i�(l II spectral C/i(tfl(/eS iii Inc_s

slices. Lii’t’r -slice-s svu’no’ bath_sot! it_s t_s_st’bium_s_s



1�ign_sem_st Wavele_s_sgtha �‘_sIito_schomidria

it_s_si _s_scmi� ‘_s_sz”� u_snobs, _s_szgprotein

605 -62S 16 0.175 ± 0.006(yt_s_sci_smom_s_s_s’‘z

( �-_s _s_s_s-i_sm-_s_sm_s_se1_s

( v I_s ui_sm_s_smm_su�

‘vt_su_s-i_sm-_s_sm_s_so’_s’i

n_s_szobes/g

11.16 ± 0.87

(1.0)

12.52 ± 1.22

(1 - 1)

12.62 ± 1.4(0

(1 .11

6:35 ± 0.71
(0.6)

11 .36 ± 1.06

.0)

29.24 ± 4.99

(2.6)

0.18 (0.9) 0.10 (0.5)

0.2:3 (1.2) 0.20 (1.0)

0.11 (0.6) 0.11 (0.5)

0.22 (1.1;) 0.20 (1.0)

0.72 (:3.6) 0.69 (:3.3)

- Sc-is _s_sf
�\_s._s. -

sited-s
(of

r;_sts
- i_svcr
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TA_sOLE 1

(�‘o_s_sce_s_sIra/_s_s_s_s_su_sf iii i/0(1_so)_s_s(lli(1l _s’esp_sI_s’a/or!/ /)i)/_siie_si /S i_si _s’at li-v_sr

‘l’i_so’ ro’ol_s_su’(’d I_s_si_s_sits _s_sxidizeuh difIu’re_s_scc- 51)i’ct_s’tL t_sf respiratoorv J)igmmIe_s_sts were 01)_sail_scot as folk_si_s-s.

1”_s_srm_s_sitochu_sm_s_slria, Al )P s_s-as a_si_sIc-oh, at u_s finu_si (‘u_s_s_sccm_stratio_s_s_sof 2.0 n_sit, to 6 mm_siu_sf n_sitocho_s_sdrial sus-

I_s(’t_sSi_s)t_s (2.0 _sm_sgo_sf I_sr_s_stc-i_s_spc-p n_silIiIi I o’_s) dilm_st c-oh i _s_s50 mi_sit Tm’is buffer, p1 1 7.4. ‘fl_so’ solution was divided
i_so’ts_s-(’e_s_st s_s_s_s u-_s_svet t c-s , ut_s_s_sia I_st_sseli i_se _s_s� c-tmu_sal u_si_sso_s’i_su_sm_sce_svt_ss _s’o’c_so’oho’uI. ‘F_s_s t 1_so’ st_sr_s_spie cuvet-te ‘ovas

iohuhuu 1 5 mi_sit -so_shi_simm_ss_s_so_s-ii_suite - a_s_suh t ho’ m’u’uI_s_so’o’uIn_si mi_s_s-s_s_sxiohizo’oidifle_s’e_s_so’esi_sc-ctmu_sn_swas _s’c-cu._srded after

_s._stiliz:ut iou u_sf oxygc-m_s i_s_sti_se o’u_svo’tt t’ wu_ss cu_sm_s_splete. F_s_sm-hi--em’ slices, aft c’r tI_sc_s_sxyge_s_sato’dmedium had

I_suit i_s(’uh t 1_se sI i ct-s f_s_sr15 i_s_si_s_sa_s_s_sIu_sI_saseli _s_sc_s’i’c’ordeth, the su_sini_sIe cuvet t e was swi t cited to u_sm_sam_saerobjc
mi_s_s_shi_s_sm_s_sc_s_s_s_stu_si_s_sim_sgslid-c-it_sate u_s_s_suht 1_se di f’fo’_s’em_scespec_s ri_sn_s was _s’ec_s_s_s’ded. Vt_si tic’s _s_sI)t u_si_s_sed in ti_sis study

u_s_sc-t i_s_s mi_s_st_s_so_sam_sd st u_s_s_sob_s_s_sio’rr_s u_ss u_sf 10 live_s’s. The _s_st_s_s_s_sbc-rsi_s_sI_su_sm’o’m_stI_sc-sc-s tel_s_sc-se_s_st ratios (of the

pig_s_s_so_s_st (‘_s u_s_sc-c-_s_strat i_s_sm_s-smelt_s_si ye i_s_s t-yt u._so’I_s_s’_s_sm_s_sea (take_s_s as I .t))

I’his study Mitochondria

Li_s-er slices Chance am_sd Estabrook and

- Fless (7) Hoiowinsky (8)

n;_szoles/_sn-g protein

0.20 (1.0) 0.21 (1.0)

(1 .01

562 575 2(1 0.096 ± 0.005

(0.5)

551 540 1 1. 1 0. 158 ± 0.009

(0.9
551-540 19.1 0.079 ± 0.006

(0.5)

‘yt_s_so-hm_s_sm_s_su-0:_s 441455 60 0.183 ± 0.006

(1.0)

F’lavoi_s_s’ot c-i_s 46(1 50() II .5 0.47:3 ± 0.041

(2.7)

- Ti_se ti_s-s_s svu_svc-Iu’m_sgt 1_sm’o’�_s_s-c-su’_s_sts ti_se abs_s_sm’pt me_s_si_s_s_saxim_s_s_stm_s_s- svI_siic-ti_so’ set_s_sm_sot wavelei_sgt I_sindicu_stes am_s

t_sI__sso_sI)_st_s_sm_si_s_si_s_si_s_s_s_s_s_s_s_su_sm am_s ts_s_ssloc’stic poim_st.

‘l’,sm_sm_s-.2

(‘oi_s u_s i_s /1(1 li_s_s_s_s_s_s,f_s-�il_s_scI_sr’_s_s_sI_s- P-450 i_s_s rat liver

Cytu_so’l_sm_s_sm_s_seP--ISo wuos uh_s’to’rnoi_siedIo�- ti_se(‘0

i_sius ohit1_si_s_sm_silo’i_s_si_s_sits(hi)i_si_s_s_s_sitedifTet’t’_s_so.’eSI)eO’-
tm-_simm_si_s_s1_s_s_s_s1_sIivu’- slit-c-s u_sm_s_sii_s_sit_s_s_sso_si_s_sd’s. ‘li_s(’

J)_45() vu_sl_s_s_s’i._su_sm_s_stI I_s_s ui_s_su_s_su_st u_sfim_sio’m’u_ss_s_sn_sal_so_s’_s_s-

ic-i_s_s pc-_sgm-u_sm_s_sof 1_svc-_s’,‘os’o’twu’igi_st, u_sm’emi_sea_s_s-s ±

s_s a_s_sdamoI �‘m muu_s’s; t i_se u’x i_s_s_s-ti_s_sm_s0-u _sef1icie_s_stf_s_sm.

450-490 _s_s_s_s_sis 91 I_s_sM� ci_s_s�

(‘v_s_s_schr_s_smc P-45()
Microso-

- n_sal
?z_sflOles/ ing - protcim_s

0! I_sI�_s_s/_s-s -� _s,zicr,_sso,n_si1 _sng,-’g liver
protein

18 2 29.1 ± 2.8 0.5_s ± (1.02 52 ± 6

co._sm_staim_sim_sgobifl’o’ru’m_st -sub-si m’ato’v_soof ti_sc- t_s_sixo’eb-
fum_sctiom_s o_sxiclaso’ systu’mo_s. It_s com_sfiu’m_s_satioT_sm_s0_sf

l)no’vi_stt-s sttm(bi(’s u_sf�_stmb-st mate im_sto’nactio._sn with_s
cyto_sch_st’_s_sm_suo’1�-450 it_s livo’u’ n_sic-nose_sn_sc’s (11),

.3 mu_si_samu_sim_so_sj_sym’imoo’,o’ti_sylm_s_sor�_sioim_se’, Au_s_sytai,

o._st- h_so’xo _sbau’bitai it_s ti_so’ m_sic-ihiuu_s_s bati_sitog ti_st-’�

sai_s_splu’ slice caiu�o’ub ti_so’ appear_s_sm_see of a type

I sI)euttuti (‘h_satogo’. nib_so, diffenemoc-c- sl)c-c-tnitu_s_s
obtaiu_sed i_sn_sib ti_so’ sutu_s_so’ 420-422 tom_s_strough_s

au_si! 390 i_sm_s_sabso_su’i_stio_sm_s peak as -sec-i_s i_sitl_s

liver tnic-i’_s:osot_s_so’_s-_s.Au_silim_su’ cauuso’o! ti_sc typic-al

at_s_sit_so’ type 11 v�pec-tna.h cbuan_sgt’. Ti_sc- u_s_sagni-

tuobu’ u_sfti_so’si_sec-tral(h_sat_sgesi_s-asubepet_sibc-t_st

_stpoomo booth_s ti_so’ ceoncc-u_stratioti of ti_so’ sutb-

strato’s aduio’d am_sc! ti_so’ ti_sic-kn_ses�_s u_sfti_seslices.

Rate oJ iethiclio_so o�J (ytOclli’Ouli(’ P-.�5O i-n

Ilivi- .sIi_s-es. As mo_s_steel abc_sve, t.i_so’u’u’ arc- suf-

tic-ic-u_st o �_smam_stit ic-s o_sf o’m_sibogeu_sous u’c-ditc-ing

o’quivalo’t_sts l_sro’so’m_st it_s 1_sepatoc-yto’s to reduce

i_scot omoly ti_so’ u_s_sit_s.ociu_sm_sobtial pigt_s_set_sts, butt

a-I-so cytoocl_st’om_suo’ P-450 u_s ti_so’ liver -slice.

Atto’m1_sI_st�_ssvu’m’u’m_s_sau!c’to deplete thu’se r(’u!itc--

im_sg u’oiimi_s’alu’m_st�_s, but u’io’m_s after 24, 4S, 72,

au_sub 96 h_sr u_sffast im_sg ti_so’ nat-s ti_se iivc’i- -slices

_s_s�c-��c--stillcal)abbt’ u_sfreducit_sg tlii’so’pigu_s_so’m_sts

ivit h_so_s_sitadditio_st_s of o’xoget_se_sus c_s.ot_s_spout_si!s.

‘l’b_seu’u’fu nt’ ti_so’u’m_se!o._sgei_sous rate u_sf t’t’cbuc-tio_st_s-



.7%

4 8

ulogo’u_sous neducim_sg u’qitivabo’m_sts at 24#{176}.1�ais-

ing ti_sc- ten_speraturo’ to_s :37#{176}im_sc-tc-aso’o! ti_se cx-

tc-u_st i_sf nc-duc-tiom_s u_sf cytoc-b_sno_sm_s_sc- P-450 to

over SO % by 10 mim_s, au_so! t.o oven 92 % by

20 u_s_sit_s.Tm_sagro’u’n_sem_st- iviti_s our above o_sb-
so’rvatio)u_si._s, dc-pnivat.io_sm_s o_sf food for UI) to 4

day-s o!id u_so)t ci_sat_sge ti_sc- c-t_sdoget_sous rate on

extc-u_st of nedu_sctiom_s of P-450.

Tm_sc-ontraist to_s a previous no’poort (12), tb_se

audit jot_s of mito_sch_sondnial tric-arboxylic- ac-ui

cyc-lt’ im_stern_sediates, sutc-i_sas suc-ciu_sate am_sub

isocitrate, to ti_se mediui_s_s did i_sot- cause au_s

increase im_s ti_se nate of nc-u!uctii_st_s tof c-vto-

c-i_sno_sI_s_seP-430. Iurti_so’nt_s_sore, after reduction

of ti_se i_sen_sopr�_steit_s by enulogem_sous neduc-iu_sg

euiuivalei_sts h_saul nc-ac-lied 50 9�, ti_sc- adubitioom_s

of Kno’bs cycle it_stern_so’diato’s c-auseu! i_sc_sfur-

ther nc-duct-ion. The rca-so_sn fior ti_sis dis-

crepam_scy is itt_sc-lear,b_sitit may be accout_st(’d

for by c-ndogenous redact iou_s.

Ti_se effect of pynidim_se t_suc-bo’o_st.idcs om_s ti_se

redutction of c-yte_sci_srome P-450 i_s-as al-so

stuu!ic-d, since it i_sas bc-c-i_s si_so_s_s-mi in n_sic-no-

somc-s ti_sat these sub-stat_sc-es transfer neditc-

in_sg equivalents to P-450 (14). Slices ivere

oxygenated for 13 m_s_sim_sas described above

and ti_set_s switched to a systen_s c-ontainim_sg
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Fut;. 4. E_sudo_sqeno_s_ss reduction rate of cytoch-roi_s_se

P450
The baseiit_se was obt-ait_sed as described iii Fig.

2. The expenimental cuvette was them_s switched to

a CO-su_sturated medium, am_sd the referem_sce c-it-

vett-e, to_s an N_s-saturated medium (CO mi_s_sits N_s).

and ti_se emizym_siatic reduction o)f cytu_schro_smne P450

was determim_sed at- different tin_se imitervals. At the
em_sd u_sf the exl)erimnent, dithiom_site was added to

both c_stvett-es t-(_s attain maximal reductiom_s u_sf

cyt ochrome P-450. The percemit-age reduction

aft-er 1. 5, am_sd 10 mo_si_s_sis it_sdicated it_s the figure.

Slices ranged from 0.4 to 0.58 n_sm thick, Vali_ses

are expressed as a percentage of dithionite-re-

duced cvt-ochroune P-450.

of cytoci_snon_se P-430 b_sad to be detc-rt_s_sii_sed

for each_s liver (Fig. 4). Contit_suouts spectra
were rcc-ordo’d for a period of up to 20 u_s_sit_s.

The rate of reditct-iou_s was det-ern_sineub fnon_s
ti_se change in abso_snbance at 430 u_sun nelat-ivo’
to that at 490 u_st_s_swith_s tiu_s_sc-. TI_se im_sitial

eu_sdogenous nate of redact-iou_s of cytoci_srou_s_se
P-450 was found to be quit-c- sbow; ou_sly 1 .3-

3.0 nmolc-s were reduced pe’n n_sit_suitepu’r

I gram of liven. Tl_sis value is appno._sxit_s_sately

equal to the NADPH-supponted rate iu_s 1 n_sg

of microson_sab protein_s at the same tc’m_s_spera-

tune (13); assun_sim_sg a u_s_sicnosomal c-ou_sto’m_stof

about 50 mg/g of liver, the i_sc-patocyte-s

could attaiu_s a u_s_saximal nat-c of nc-duct ioi_s of
P-450 of 75 u_sn_soles,-’n_sit_s/g. Tt_sti_se livo-’n -slices,

aft-er 1 n_siu_sti_se c-m_sdo_sgi’m_sousreduction_s of cyt.o-

ci_sro_sn_se P-450 i_sad reach_sc-i! 7 #{182}‘�-, ivi_sile 36 #{176}�

reductiot_s e_sc-c-uirreul by 3 u_s_sin; 32 % reubuc-t.iuoti
was nc-ached by 10 m_s_sim_s.Ou_sly about 60-70 �

of cyt�_sc-i_sron_se P-450 _s_s’as nc’duced by c-t_s-

10

- .:.�

O 2 6 10 14 18 22 26

TIME Iminu_sesl

FIG. 5. Effect of .V.4L)PH on fled_s_set-ionof 0-yb-

chronic P-4_s50

The pro)cedure wa.s ti_se st_sit_so’as describo’oi i_s_s
MATEIItALS AND Mm-:Ttto_stos a_s_sd Fig. 4, ex(’ept that
1 i_s_sun NADPII wa,s added lu_s ti_se experim_s_sental

cuvetto’ mediu_sr_s_s after 10 mi_s_s u_sf rccu_srdi_s_sg (CO
mi_s_sits N_s). Liver slices were 0.45-0.55 ui_si_s_sthick.

Values are expressed as a percem_stago’ _s_sfdii i_si_s_s_s_si_sc--

red_steed cytochrome P-450.
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Fm u - 6. Elect_so_s_s. i_s_siei’ograph (if e.z’pe_siille_s_s t(il Ii ‘c_s Sli((’

N - mi_s_so-lu-mis; M, mm_sit_s_so-i_s_s_sn_shm’iuiS1-I� , sm_s_s_s_s_s_sth em_sdoplu_ssm_siic met ic_silt_sm_s_s; U i1 - mo_sigh emh_s_splasm_s_sic_s’etic_st-

1_s_sm_si;15( -- I_silo’ cuum_sutlic_s_sI_s_ss I�_sI - ibis_s_s_st_su_s_se_s_s_sb_s’u_s_s_so’; L, lysu s_s_s_si_sc-s(J1eo’t ru_sm_smi_s_sc-must-_s_spy (‘u_s_si_stu’sv _s_sf1)_s.

.1_s_st_s_s_sIhmgg_sm_ss.)

(‘() butt- m_soof N_s . Ti_so’ tat_s of’ u’m_soboogo’m_so _s_st�_s

ru’o!ucti_s u_s_s i_s-a-s f’u_shlo_swo’obfour 10-13 n_simo, after

_s_shoic’i_stim_s_so’NAI)H u_st NAI)PH was added.

A�u -si_s_s_s_s_s-moim_s I-ig. 5, NAI)PH cauist’(! at_s im_s-

cro’uu-so’ it_s ti_so’ t’atu’ a-s wt’ii a ti_so’ uu_sagm_situulc-o)f

u’u’obuct i_sot_s of c-vt_s _sch_sro_sn_so’ I �-450. TI_so’ sat_s_sc-

effect _sva o_sbtaim_su’ob _svitl_s NA1)H, NAI), am_sd

�\1)P. ‘fl_sums, tim_solo-nti_su’�io’ c’_s_sm_selitiou_ss, ti_so’

j_syriibim_st’ m_suc-lu’o_stiobc- pu’m_so’tu’atc- it_sto_s tho’ liveu

culls. I-]Ioo_svo’vu’m’, _stm_siikc- -suecim_sato’ (sue’ above),
the acbobitiom_s u_sfNA1)PH tu_sti_sc-C()-c-ou_staiu_s-

im_sg mi_sc-ilium_s_sat zero tin_se im_scru’a_suo’u! ti_so’ rate’ of

u’o’ibuctio_sn of cyto_sc-h_srom’no’ P-45O ni’lativc- to_s

ti_so’ ut_sob_s_sgc-m_so_s_smsrato’ ; abo out 4 .;3 i_sm_s_so_sbo’�_sg oof

liV(’t’1)01’ n_sit_s_sift’ _svo’u’e roil_sic-tubco_sm_s_spau’o’oii_siti_s

about 2.3-3.0 mom_s_so_sb’s,,g, u_sum_sit_s ti_so’ abset_sce

u_sfXAI)PH.

It_s t_st’iier t_s� ibo’tu’u’m_s_sim_su’_svh_so’tI_so’t’ PYt’idiu_se

m_sucbo’ootide’ pc’m_so’tnatioot_s was ui_sit’ too a gnc_s-ss

hoxs o_sfti_sc-co’bl n_sem_s_sbm’au_su’it_stegnity, i_s-c-e’x-

a_s_s_siu_so’dti_so’ n_so’m_s_sbrat_so’ u_s_soonj_sl_soboogy by (‘lee-

trceu u_s_sicu’u_sscoopy. At tI_so’o’m_sul0_sf a typic-al

expo’niu_s_so’m_st liveu’ slico’ ‘overt’ rem_s_s_sovo’d fron_s

ti_si’c_s_svo’ttc-, nm_s-sod, at_se!tixu’d a-s e!o’-sc-nibeel

utu_sdo’rMATERiALS AND .‘_sIETIIODS. Ti_so’ o’xpeni-

u_s_so’u_stabti-s-suit’swo’ro’ cu_su_s_sparo’dwitl_s fresh_s,

_smm_siu_sctubatc’d livo’n slices fixc-u! it_s the �uan_sc-

way. b”igure’ 6 i-s am_s elect room_sm�_s_sic-no_sgm’aph_s of a
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sc-ctio_sm_s O)f at_s c-xpo’nin_so’i_stal liven slice. Mor-

phobogically t-h_sc- h_so’patocytes did not differ
from ti_sose of the control slice. All bonders of
the plasma membrat_ses appeared normal, as

did ti_se bile canaliculi. The mitochondnia
and smooth_s and rough_s em_sdoplasmic reticu-
lum al-so) appeared structurally well pre-

servt’d, wit-h shigl_st dilation of ti_sc- ei_sdo-
plasmic reticular cistc-rnae ; the latter did n_sot

occur it_s all sectiou_ss. Altb_sougl_s monpi_sobog-

ic-ally ti_sc- 1_sepato)cytes appeared well pnc-

served, this does u_sot preclude alterations in_s
ti_sc- biochen_sical it_stc-gnityt of the plasma

membraune.
Rate of reduction of eytochroine P-450 in

liver slices in ti_se presence of ti_se mixed-function

oxidase substrate, am-inopyrine. Wi_sen drugs

were added to ti_se medium bath_sing ti_se liven

slice, ti_so’ no’duc-tio_si_s of c-ytochnome P-450 wa-s
greatly incro’ascd (Fig. 7). Tm_sth_s(� pno’(’m_sc-c- of

amim_sopynim_se ti_se initial nati’ of P-450 n(’du_sc--

tio)n ‘ova-s 5-6 u_sn_soles,- g o_sf liven ic-n n_sinute,

as co)n_spar(’d w’it-h_s ti_se initial rate of 1.5-3.0
nn_sole-s/g,n_sin it_s tb_so’ abso’m_scc- of th(� dnug.

Wht’t_s ti_se slices i_s’ero’ bathed it_s n_so’diun_s
coat-aim_sing an_sii_so_spynit_sc- and a Knc-bs cycle
im_stcrn_sediate suci_s as -s_s_sc-c-mate, an evi’u_s
greater rate of P-450 reduction ivas observed

(Fig. 7), i.i’., 8-10 m_sn_sobe/g/min, but ti_s(’r(’

was m_so differetice it_s ti_sc- exteu_st of reduction_s

of ti_se h_so’moprotc-iu_s. Malat-e, at_sothen Krebs

cycle intc-ru_s_sc-diate, did i_sot- affect ti_sc- it_sitial
rate of an_siu_sopynit_se-stimubatc-d cytochnon_se

P-450 rc-duc-tio_sn, but- diminisl_so’d ti_sc- c-xto’i_st

of nc-duct-ion_s of ti_so’ iien_st_spnotc-im_s by about

15-20�.

Tm_sordo’n to ascentaiu_s ‘ovheti_ser ti_sc- stimula-

tion provided by succit_sat� was dune to) a

limit-at-icon of reducing equivalents, ti_se ex-

periment ivas repeated u_s ti_sc- prc-seu_scc- of

NADPH (Fig. 8). The initial endogenous

rate of ned_s_sc-ta-se activit-v ivas 3 t_smolc-s/

2 Tests perforn_sed too determim_se biochen_sical

ii_stegrit-y of liver slices im_sciude im_suli_s_s“space,”

isocitrate dehydrogem_sase output, and vital dye
uptake. The vital dye data were ambiguous be-

cause of technical diffic_stlt-ies, but ii_sulii_s space
was 18.4% ± 2.7 (SE; _s_s= 5), suggest-i_s_sg i_so loss of

cell membrane com_strool uover ir_sulim_s exclusio)n.
Isocit-rate dehydrogenase (NADP enzyme) levels

i_s_serea.sed it_s the n_sedium bathing the liver slices

ft_sr at. least- 2 hr. Livers used in our experimem_sts

were get_sc-rally discarded by 30 mi_s_s.

n_sim_s/g of liver. NADPH stimulated ti_so’ ini-

tial rate 1.6-fold, at_sd amit_sopynine plus

NADPH provided a 4-fold increase in ti_se

initial rate. When sac-c-mate plus NADPH

at_sd aminopynine were present, the u_sit-ia!

rate was stin_sulated 8-fold; however, ti_sc-

o’xtcu_st of reduction ivas unci_sanged fron_s ti_sat

obt-ait_sc-d witiu NADPH plus aminopynine.

Similar effects ar(’ described it_s the followiu_sg

paper (3), in wi_sic-i_s drug biotransformation_s

‘ova-s m_s_sc-asuned.

DISCUSSION

It_s ti_sc- past, n_so-st bio_sci_sen_sic-al stundies c-ot_s-

co’ni_seul wit-b_s cellular n_so’tabo_shisn_s h_save been

O I 3 5 7 9 _s_s _s3

TIME (minu_sesI

Fit;. 7. Effect of a_s_s_sinopyri_sue (AP) on rate of

red i_sc-lion of eytochro_s_s_se P-4_s50

A l)aselim_sewa.s u_si)t ai_s_sed whet_s the uoxygei_sated
m_s_sediun_s cu_s_s_staim_sing an_sir_soopyrim_se I_sn_shed b_s_sth

slices for 10 mi_s_s. The exi_serimem_stal slio’e was
switched t u_s a n_sediun_s cot_st t_sinii_sg an_si_s_s_s_spy_s il_se

and CO a_s_sdthe referem_sce shoe to_sa medium cu_s_si-

tutu_sing an_sinopyritie at_sd N_s, u_sm_sd spectra were

recoorded. Ti_se ami m_sopyrim_se-c_sor_s_st_sir_sii_sg n_sedium

bathed a _s_sew set u_sf slices fr_s_sin the same liver, am_sd

a si_s_s_sitar baselim_se was recorded. The experimer_stal

slice was then switched to) a medium saturated

with CO ar_sd cuo_s_staim_si_s_sgarni_s_sopyrii_se and sue-

cit_sate, while the referen_sce ct_svelte contai_s_sed the
same n_sedium, except that N_s replaced CO; com_s-

tir_su(_suts spectra were recorded. The enduogenous
rate of reductiu_s_s_s was determined fr_son_s a third

set of slices Iron_sthe same liver. Slices were 0.44-

0.55 n_sm thick. Values are expressed as a per-

cent-age of dithiot_sit-e-reduced cyto_schrome P-iSO.
The amii_sopyriroe coi_sce_s_stratiom_s was 8 mn_si, am_sd the

s_s_sec-i_s_satecoot_seem_st-rat ion was 10 mM.
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Ftc;. 8. Effe_s-l _s)f a_s_s_sinopyrine (AP) on rate of

re(l-uctio_s_s of ylon-hron_se P-4_s50 in the presence of 1

1_sl.if NAI)PH

Ti_se l)ruocedutrc- was the san_se as described i_s_s

Fig. 7, except that 1 n_sM NAI)P1l was added to the
n_sediun_s bathing the three sets of slices. Slices

were 0.4-0.6 mu_s_s thick. Val_stes are expressed as a

pert’e_s_st age u_sf (h_s-hi_sot_site-reduced eytochrome
P-45()- The u_smnin_suopyri_s_se anti succim_sate concem_stra-

ti_sonis were 8 i_s_sM u_si_soI10 mM, respectively.

pu’nforn_so’d _smoisolated and/on purified c-n-
zyn_ses, 0_sn OIl co’ll ongau_selles like nuclei,
n_sic-no-sot_s_so’s, Iysoo on_s_so’s, and n_sitochondria.

nh_sc- tec-I_su_siuiuo’ described in this paper pen-

n_sit-s ti_so’ -spt’ct.ro_spi_sotomu’tric- u_s_seasunement

0_sf oxidat io_sm_s-ro’eluct-io )t_s tates of different

hoen_sooi_snu_sto’im_ss it_s tb_se -surviving hepatocyte

dunimog c-i_sam_sgo’s it_s ti_so’ metabolism of ti_se cell.

By en_sployim_sg at_s iu�o_s-o�_smi_st-ic- buffer systc-n_s

i_s-i_sic-i_s has bo’e’mo o’quihibnated with various

gaso’s, c-o’llular -substrates, a_s_sd drugs, it is

pt_sssibbo’ to_s distimoguisi_s 4pectrally between ti_se

pigm_s_so ‘u_st-s oof ti_s�� u_s_sito_sc-i_so_st_sdniaan_sd en_sdoplas-
n_sic- ru’tic-_smluin_s, at_sd ti_sc-in effects dutniu_sg druig

biotrai_s�ufo ormatie_smo.

Ti_se fu’asibihitv oof thus tc-c-ht_siqutc- i_s-as si_soivu_s

it_s Table I, i_s-b_sc-nt’ti_se n_sitocht_sndrial pign_seu_st

ratiuo-s, relative too c-ytocl_snomt’ a, it_s liven slices

i_s-c-nc- cuou_s_sj_saned _sviti_s the ratios obtaiu_sed u_s
iso_slafo’d m_s_sitooci_so_si_sdnia; the data ane it_s excel-

lent agnu’o’ti_st’mot. ‘fl_so’ to’cht_siqu_se penn_sits ti_sc-

fir-st diru’ct dt’to’m’n_sim_satio_sm_s o_sf ti_se au_s_soum_st of

n_situ_sc-h_so_sm_sibnial tin_si! t’_s_sdopla-smic- net ic-ulu u_s_s

!_srotu’im_s it_s I I_so-’ hivo’u’. ‘[lou’ art_so_s_s_sm_stu_sf m_s_sitto-
c-h_soom_sobm’ialino_steimo Pot’ gnan_s o_sf hivo’n obtainc-ub

i_situ 0_s_sit’ tu’ci_sm_sioiuo’ i 72 n_sg, i_s-i_sic-h_sagru’es

_s_s�c-hl with_s ti_so’ o’tiu_s_sato’d val_ste ru’l)o_srteub by

Sci_so_sllm_s_seyo’n am_si! Khim_sget_sbeng (9), bao’d u_sm_s

c-ytuocl_srtomi_su’ e du’teni_s_siu_satiom_s. Ti_so’ an_so_s_sit_st of

c-yto_schuroou_s_su’ P-430 pu’o’si’m_st- iu_s m_si_su’m_s_sabm’at liver

is about- 29 iou_s_solo’s -g. Ce_sm_s_spanit_sg ti_se content

of cellular orgat_su’lle c-yte_sci_snomes indicates

ti_sat- c-yto)c-h_snon_se P-450 is ti_se n_sajor 1_semo-

I)noteiu_s it_s f-i_sc- rat hepatoc\’te; it is m_sorn_sally

present at 2-3 tin_sc--s greater concentrations

ti_sat_s au_sy t)f ti_se (other cyto)c-b_snomes. Since this

i-s at_s im_sobuc-ible ho’m_s_sopnc_steit_s, ivitl_s a capacity

to) iu_sc-nease 3-fold (13) iu_s ti_se et_sdoplasn_sic

retic-ulan rnen_sbranc-, it- is o_sf interest to spec-u-

late c_sm_sti_so’ exteu_st- teo i_s-i_sic-i_s this extran_sito-

chom_sdnial ro’spirat-o _sm’y cioaiuo contributes to

total i_sc-pat ocell_sihar ro’spiration . Estabnook

et al. (12) suggested ti_sat ti_sis contribution

n_say be 10-23 #{182}�, b_sit ti_sc- relatively slo’ov

rat-es of drug u_sxidatio_sm_s (3) im_sdic-ate ti_sat this

nam_sgc- i-s 1)robabbY a bit high_s in the u_sonin-

uluc-c-u! hepatocyto’.

Spectral im_svc--st-igatie)m_s of cellular pigmc-u_sts

ro’vc-alc-d an au_son_saly; tb_sc- ratio _sf cyto-

c-huron_se b_s to cyto_sciorou_s_se’ P-450 it_s the iso-

lateu! n_sic-ro_sson_ses i_s-a-s about 0.6-0.7, wh_sibe a

relatively mit_son Sonet bau_sd for cytochuromc-

b5 wa-s _sbserved it_s ti_se livo’m slices. Based

_s1I)Ot_s ti_si’ lo’vel oof cytochron_sc- P-450, o�_su_sc-
si_soulul ho’ able to) detect- about 15-20 t_sn_soles

of cytoc-i_sru_sme b_s Pc-F gnan_s of liven. TI_si-s

si_sould be n_sanifc-sted by a Sonet l)c-ak of

about 0.1 absonbat_sce unit in_s 1”ig. 3, at about

423 nm. Ti_se iack of appc-anam_sc-c- of ti_sis Sonet

bam_sd was cou_ssido’no’d tc_s bo’ du_so’ to _st_se of ti_sc-

folbowiu_sg thro’e possibilities. l’inst, it is pos-

sibic- th_sat cytooc-h_srot_s_se 1)5 o’xists u_sti_sc- cc-il

main_sly iu_sit-snc-duco’d forn_s; sit_sc-u’ti_si c-yto�o-

chrome is u_sot a to’rn_sit_sal ooxidase, it seemed

the be-st possibility, especially -since Stnitt-

matter (16) neporteo! c-ytoc-hron_se’ b_s to be

ou_sly slowly a_sit oxiubizabk’. Heowo’vc-r, bath_sii_sg

ti_sc- liv(’r slice-s in potas-siun_s fennic-yanidc--

com_stainimog, u_sxygetuato’d n_sediuiu_s_s did u_sot

c-autsc- ti_so’ appeanat_sce i)f t-h_se Sorc-t ab-sconptiot_s

bat_sd u_sf fl_si-s i_semopnoteiu_s. Also, ivi_sen liver

slices i_sore i_so_su_s_sogcm_sized au_sd diffc-ro’t_sc-e spec-

tra nc-corded, cyto_sc-hron_so’ b_s was preset_st in

f-i_se eoxiuhizeul fe_sn_s_s_sreducible by NADH a_s_sd

dit i_sit_sm_site. A sc-co_sm_se! 1)o_sssibihty is ti_sat cyto-

chron_se b_s i-s it_s -sot_s_so’ ivay buried it_s a pocket

of ti_se o’m_sdu_splasu_s_sic retici_slun_s au_sd thus is

im_sacces-sible to) ago’m_st-s lila’ fennic-yat_sidu’ at_sd

uhithiom_siti’. l’non_s ti_so’ u’asu’ i_s-it-h_s i_s-h_sic-I_scvto-

c-I_snot_s_se b_s c-au_s be rc-_s_s_sovc-d frou_s_s ti_se micro-

s_somi_ses, am_sd fri_sn_s ti_se fact that th_sis i_s(’m_s_soprO-

tein c-au_s be readily ted_s_sc-ed it_s isolated
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micro�ion_so’s, ti_sis peossibility is _sit_sattnactive.

TI_se tI_sinul pe_sssibiiity is ti_sat f-I_sc-c-ytochron_se
b5 spec-tr_stm_s_s, a-s su’o’mo it_s isolated n_sic-ru_s-so_sm_s_so’s,

is am_s artifact u_sf c-’ll_silan disrupt-k_sm_s. Ti_so’ Ix_ss-

sibilit-v i_s’a-s c-ot_ssiubu’reui tb_sat in_sf-i_so’ h_so’pat_s_sc-ytc-

thi_ss hc-n_su_spro_ste’im_s m_s_say bo’ him_sked to_s soon_so’
u_somi-mc-m_s_sbrau_st’-b_sout_sd acc-t’ptu or for itu-o red_sic--
ing equivaleu_stn�. Im_stu’rac-tiom_s i_s-it-I_sthis 1#{176}Y1���-

ti_sc-tic-al acceptor n_so_siety n_say be’ f-hoe rt’asuom_s
_svhy ti_se hc-m_s_si)j)rooto’im_s c-t_stlul moo_stbe’ (letectedl

u_sti_se iu_stact h_sc-pat_soc-ytu. Ho _swo’vo’r, additiu_sm_s

of a c-om_sc-c-m_stratu’d c-o’ll �tp fnac-tio_sm_s to a
microson_sal 5tt�ii)O’iOsit)m_s, 01. rc-u�uspo’m_sdiu_sg a

n_sic-nosomal pelbt’t it_s _s_sm_sbil_stti’u!, ungat_so’llo’-fneo’

c-ebb sap, did moot 1)rt’vu’t_st ti_so’ Na_sS_s04-im_s-
duc-o’d appo’aram_sc-e o_sf ti_se _siu�uial c-ytoc-hrou_s_se

b5 reduced n_sim_suu� ooxidized spec-f n_sit_s_s.

Ti_se i moto’ractiu _st_s be 1.wc-u ‘I_s c-yto)c-I _sron_se

P-450 at_sub -suib�_strato’-s of ti_se t_s_sic-ro)som_s_sal

mixed-fum_sc-tioomi oxiiba-so’ -systc-n_s, w’boic-h i_sas
beet_s den_so_smo-stratud it_s liver m_s_sic-ro_su�om_s_so’s(11),
_sva.s also t)bu’nvt’d it_s ti_se liven -slices. Am_s_sit_so-

pynit_se, et1_sylm_s_soorphuim_s�’, Am_s_syta-l, am_sd i_sexo-

barbital all ca_s_s-sod ti_sc- typical typo’ I spectral
ch_sange, am_sd am_suit_se c-auised ti_sc- typical type
II -spectral c-1_sat_sge.

Ti_se result-s ir_sdic-ate ti_sat ti_se i_sc-pat-ic- o’ndo-

plasmnic- netic-ubun_s n_sixed-fum_sctiomi o_sxidase, in
ti_se abso’m_sc-o’ of (_sxidiZablt’ sub�ot-rates, is no’-
duc-ible by am_s a-s yet ut_skmoowm_s (‘nuiogeno_sms

supply of ro’duciu_sg equivabo’m_st-s. Ut_sder these
c-om_sdit-io_sm_ss,it_stern_sc-diato’�o u_sf ti_se mitoc-hot_s-
drial Knebs cycle, altioougl_s nc-duc-im_sg n_sito-
chondnial pign_sem_st-s, wc-ne _s_s-ithout effect on
the flow o_sf t’lec-tnor_ss tu_s c-yto_sc-i_srom_s_seP450.
In agneen_sc-u_st with_s ti_sc- repu_srt by Ci_sanc-e
(17), i_s-c- ‘overt’ also_s _smm_sablc-to see a syu_sc-hro-

I_s0U5 oxi(batio)m_s-ru’ib_s1c-t-iou_s c-i_sau_sge it_s cyto-
chrome b_s at_si! the m_s_sit_sc-loom_sdnial pigments;
hoivevc-r, ti_si-s mi_say be bec-auise, as Cl_sat_sc-c- also
observed, wt’ diub moo_stdc-tt’c-t am_sy appreciablt’
cI_sau_sge im_sti_so’ cytoc-i_sron_se b_s oxidatiom_s-nc-duc--
t.iom_s st-ate. Tb_se ne-spot_ssc-s u_sf ti_s(� mit-oc-h_so_sm_s-

dnial elec-tnom_s tram_s-spoont c-h_saim_sare i_s_sort’ rapid
that_s ti_se_s-so’ of f-hoe c-t_suboplasm_s_sic- reticulum_s
trai_stpont c-h_sait_s; b_sc-pat oc-ytt’ mitoc-ioot_sdnial
cytoc-I_snc_st_s_st’s are c-o_sn_spletc-ly reduced by 5 n_su
suc-cim_sate witl_sim_s 2 n_sim_s it_s am_s am_sao’robic
mediun_s, _svioilc- c-ytoochro_st_s_se P-450 i-s no’duc-ed

only abu out 50 % by 10 mit_s.
The qut’stiou_s o)f a cellular peru_sc-ability

barrier to pynidim_se u_sucleotides i_s-as c-e_su_s-
sidered it_s high_st u_sf ti_se increase in o’xtc-t_st u_sf

cytoc-i_sro_sn_st’ P-430 ro’u!_stctitomo ivi_sem_s ti_so’ liven

slices i_st’ru bath_sod it_s n_sodium_s_s com_staim_sim_sg
pyli(Iim_su’ r_suc-Io’_sotidt’s. It_s O_s1(bt’t to c’xc-luube ti_sc-

po_ssibility ti_sat ti_so’-slices it_scarred clam_s_sage
dttrim_sg t 1_sc- t’xi_st’m�imi_sc-t_stal 1)(’m’ioui, t’it 1_set’ by

cull autu_slyis o_snby m_s_so’mbnam_so’ tbistuortiuom_s am_sd

thisrtipl iom_s, cell u_s_so_srpi_sobogy i_s-a-s t’xan_sim_sed.
Ti_so’ elect ri_sm_sn_sic-ro_sgrapi_s-s t of vanio_sis liver

shicu’ so’c-tiom_ss _sim_sdt’r differem_st exj_st’rinit’u_stal

Co_sm_si!itio_su_ss si_so_si_so’d -str_sicturally i_s(’lI Pre-

o’rved plasm_s_sa m_s_sem_s_sbram_sc-s; Il_so’ m_s_so_srpi_s_soli)gy

tof ti_so’ i_so’patoc-ytc- it_s f-h_so’ exj)i’rim_s_sem_stal -slice

apl)t’aro’d tb_so’ -sat_s_so’ a-s tb_sat u’em_s it_s tb_se c-o_sm_s-

ti’o_sl. 111_sis eviub’m_sc-c- am_sd ti_so’ bioci_sem_s_sical o’vi-

dem_sc-e dc-sc-nbc-u! it_s ti_se folloivit_sg papt’r (3)

at_sd by Ever-se (15) iu_sulic-ate ti_sat I i_sc- cc-lb

membranes an(’ pc-rn_sc-able to pynidimoc- m_s_si-

cleotides.

I�’iu_saliy, mm_sagneen_seu_st ivith ti_se data re-
ported by Gigoti et al. (19) am_sd Sc-h_so’m_skm_s_sam_s
(20), ti_se it_sitial rate of reduction_s uo!’ cyto-

ci_srome P-430 ivas it_sc-nc-ased by ti_se pr�’set_sc-c-

of (lnugs like am_s_sim_sopynim_se. 1”unti_su’rm_s_sonc-,

under the stress of at_s im_scnc-ast’d dc-u_s_sam_sd for

reduc-im_sg c-quivalet_sts, or by virtue c_sf so_sm_sit’

albc_ssto’nic n_so’c-hanism tniggen(’d by -s_sib-st ratt’
iu_stenac-t iom_s, c-(’rtait_s n_si ti_sc-i_som_sdniab Knebs

cycle im_stermediates cautsed a u_s_sankeib 1)�tc-m_s-

tiat-iot_s i_sf NADPH-c-ytu_sc-i_sron_so’ P-450 re’-
duc-tase activity. Ti_sis synergistic- o’ffo’c-t- c-ouild

also be dc-n_sonst-nateul in liver i_so_sn_so_sgc-u_satc--s,3
but ‘ova-s i_sot obtained it_s m_s_sicnonuom_s_sabs_smnq)c-u_s-

sions or in ti_se absence of drug sub-strato’-s u_sf
ti_se n_sic-no-son_sal mixed-fuim_sctiom_s oxidasc-.

In ti_so’ absem_sce of (iruig s_sib-st rat(’S, ti_so’

cytoci_srome P-450 ned_sic-ta-se activity t_sf livt’r

slice-s _s_s’asabout 2.3 u_sn_so_slc-i�of P-450 ned_s_sc-ed

per gnan_s c_sfliver per n_sit_s_site. It_s ti_so’ pnest’m_sc-e
of amiu_sopynim_sc- th_si�u nato’ i_s-a-s abo_su_st d_s_s_siblt’d
(5 u_stnoles/mim_s/g), am_sib ivi_sen s_sic-cit_sate am_sd
an_sim_so_spyniu_se were b_s_stI_s preset_st thou’ nate
doubled agaiui (10 u_sn_s_solo’s m_siimog). Ti_sc-sc-
u’ffec-ts i_s-c-ne magr_siflo’d i_s_s tb_st pru’so’m_scu’ of

exogo’m_so_sai NA1)PH, i_si_sum_sthou’ -sym_su’rgi-sfic-

act-iou_s of sutc-c-im_sati’ i_s-a-s ovo’m_s mi_sort’ pro-
t_souu_sc-ed (f-he activity i_s’as im_sc-u’eased S- foold

to about 23 mum_s_so_slesu_sf’ cyto_sc-i_sro_sm_s_su’P-450

reduced pen u_s_sit_s_site’I_sun gram_s_su_sf hivt’n).

‘[his imodicates ti_sat a direct im_sterac-tiomi

o’xi,st,s bc-twc-o’m_s tb_so’ ti_s-to c-t’llular _s)rgamoc-hic-s,

� i�. i+. �i n_sii u_sm_suIJ. B. Su’i_su’n_skmt_san_s,_sitiPtti0hi�i_st’tl

_s_si_sservat i_suns.
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ti_se t_s-_sitoc-i_som_sdnio_st_sam_si! f-he o’m_sdooplasn_sic ne-
t-icuhuin_s, at_sd 2uuggo’u4s tb_sat tb_so’ ft_sen_sen exerts

a c-ontno_s1 e_svt’n ti_sc- f_s_sm_sc-fiom_su_sf tI_se latter it_s

druig biot-nansfonn_satiou_s. Ti_sc- exact u_sat_sire u)f

ti_sis interact iou_s is at pro’seu_st- ut_skm_so_svn, but it-
may occur via a carrier systo’n_s i_sr shutf ho’.
The results are it_s agro’emc-nt ivitl_s ti_se fob-
lowiu_sg papt’n (3), i_s-I_sic-b_sdc-sc-ribo’-s m_s_sitoc-hoc_sm_s-

drial c-t_sm_stnobof ibnutg oxiu!atiom_s it_s tb_sc-hepatto-

c-yt-e t’m_sdi)pla-smic- no’f ic-ui_sin_s.
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