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SU_st_s1A RY

T hi’ e’ffects of the 1_sc-pat(ott_sxin at_so!carcir_sogen, tI_sioacc-tan_side,on so’veu’al h_sc-paticmixed-

I ui_sctiot_s oxidasc-s au_sd the’ noie’nose_smab cytoci_sromc- contc-u_st w-o’rc- i’xam_s_siu_se’el fc_slboiving a single

chalbo’nge with the toxin. Moo-st o_sf ti_se metabolic pathways te’stc-d were eIc-ram_sgc-el c-any u_s the

co_surse of the intoxio’at-iuon, am_se! ro’maiu_sc-d thus ole_sniuug ti_se c-i_st-ire ivo’i’k uf observation. The

i_so’patic ccou_stc-i_st- of cytoi’b_sm’on_ses P-450 au-_sd b_s o!i’o’rc-asc-d;tb_sc-a-ctivitio’s c_sf au’yb hydrocarboi_s

h_syotrt_sxylaso’, N-elen_so’ti_sylasc-,N-oxidasc-, a_s_si! lipid p(’n(oxiilas(’ also ele’c’lino’d. NADPH_s-

no’coto’traz_sliu_sn_s reolu_sctasc activity dimit_sisi_sed later, ai_sd to a lessen eto’gro’e, thai_s ti_sc- above

activities. Con_spanisou_s c_sf ti_sc-sc- changes wit-i_s those oobservo’d fobbowit_sg tither carbi_si_s tc-tra-

ci_slonido’ ai!n_sinistu’a-tion �ou’ l)ant-ial surgical hepatc-cton_sy no’vealeol sc-vera-b o!ifferc-u_sct’s iu_s the

pattc-nu_ss of tb_se r(’SI)toi_sses. Rcsuults i_s-c-nc- obtaiu_sed ivl_sicl_s suggest ti_sat the fort_s_sat-ic_sm_s u_sf formal-

olc-i_syolc- am_sit N , N-dimo’ti_sylam_siline N-oxide from N , N-din_seth_sybaniliu_sc- u_s_say Proceed by

separate au_sd dist imict pat b_s_s_says.

INTRODUCTION

Ti_so’ o’moe!oplasn_sic nc-t-icu_sbuumi_s of mam-

o_s_saliam_s I_so’patocytes is altero’e! by a variety

of exe_sgc-nou_ss su_sbstanco’s (1). T b_sc-complex of

o’uuzymes cou_staiu_seel u_s ti_sc-sc- membranes

n_so’tabolizes mau_sy of ti_sc-se agei_st.s ivhich

produce ci_sau_sgo’s i_s_sti_so’ o’rgastoplasm, au_sd it_s
some instau_sco’s cou_sv(’rts ir_su_socuous se_sb -

stat_sc-i’sto proxin_sate toxit_ss [a form of tb_se

“let-I_sab sym_st-i_sesis” cou_scept- of Peters (2)j.

rfb_sioacc-tan_sie!e is a con_spouu_scl i_s-b_sic-I_smodi-

fies ti_se monpi_sology of the ei_sdoplasmic

reticulum (3), ai_sd for this reasou_s we set
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about to assess who’tb_se’r at’ i_se)t fuu_sctiot_sal

alteratioi_ss accon_spany ti_sismooiificatiom_s.

Thioacetamie!e poisou_sing no’subteel it_s de-

creased activity in micnoosomal mixed-

function oxygenases at on bc-yoi_sd tI_sc- level

of the NADPH-e’ytocI_su’om_s_so’ c reductase.

TI_sis cham_sge differs iu_s sot_s_so’ ro’spects from

the alterations u_sotee! afte’u’ CC!4 administra-

tion or i)artial surgical i_se’patc-ct-on_sy. The

chauigc-s in the rebat-ivo’ levels of form_s_sabdc--

hyde release au_sc!N-oxie!e fcorn_sat-ioi_s fron_s

N ,N-din_so’ti_sylau_siliu_se’ suggested that ti_se

N-oxide may i_sot be am_s im_stern_sediate in this

demetl_sylatiou_s.

MATERIALS AND METHODS

Male Sprague-Dawley rats weigbiii_sg 200-

300 g ivere n_saintained ou_s Puirina laboratory

chow in bare, wire-bottom cages and per-

mitted water ad libitun_s. Ti_sey ivene fasted

for 16 i_sr prior to aeln_siu_sistration of the

toxin. Thioacetat_s_sidc- ivas giveu_s as an

aquc-ou_ss solution by stom_s_sacIi tube (_s_sithout

anesthesia) i_s_sa olose of 20 m_s_sg/100 g of body
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2 The abhreviatio_smo used is: DMA: .V,�V-oii-

n_set hylam_siii m_se.

weigl_st ; cou_strob anin_sabs received tap _svato’r.

After administnatiom_s of ti_se toxin, th(’ am_si-

mabs is-crc- po’rn_sitted access to tb_so’ Purina

choi_s’. It_s o’xpeniments in s_s-i_sic-h no’o’ovo’ry
from t-hioacet-arniele exceedee! 24 i_sm, ti_se’

animals _s_s-o’ne agaii_s fast-c-el prior to ilo’atiu.

A�1l am_sin_sals _si-o’rc- killed by cerebral o’om_s-
cussiou_s bo’t_s_se’eu_s 6 ane! 9 am. u_sordet’ t_s

n_s_sI_sin_size’ i!iunnal vaniatior_s . The thiorai’ic

au_se! abdon_sim_sal cavities iiero’ openec!, au_sd
ti_sc- livo’rs _s_so’ro’pi’rfe_ssc-d in sit_st ivith icc--cold

0.83 � NaCl via the thoracic aorta. TI_se

livers i_s-c-re remove(!, placei! it_s tanc-d glass
beakers coom_staii_siu_sg ico’-cobd 0.2 _si potassium

phosphato’ buffer, pH 7.5, and minced w-ith

sharp scis�sors. All subsequent opc-natioi_ss

were canned out at- 4#{176}unless otho’rwise

specified.

Prepai’at ion of rnici’osomnes. Livo’rs we’re

disiu_stegrated it_s glass i_somogo’niz(’rs ivitl_s

Teflou_s pestles in_s 3 vobun_so’s of 0.2 _si pb_sos-

phate buffer, pH 7.5. The crude homogc-m_sate

was co’m_strifu_sgee! at 15,000 X q for 10 n_si_si,

ai_sd ti_se supernatatot fluid i_s-as co’r_strifugeo! at
105,000 X g for 60 n_si_s_s.nfl_sc- nc-suiting

micnosomal pellets i_sc-re resuspended it_s 5-10

ml of 0.2 _si phosphate buffer by gentle

homogc-t_sizatiou_s, and i_s-c-re used directly on
recentnifugo’d. TI_si’ pnoteir_s conceu_stnatiou_s of

the microsomal suspensiou_s ivas measured by

the meti_sod of Lois-ny et at. (4), using

crystalliu_se bovit_se sc-nun_s albe_smim_s as a

stau_sdand.
NADPH-dependent N-den_seth ylation and

DM.�4 -N-ox-ide2 j’om’mnat ion. Mo’asuno’n_sem_st of

N-elen_so’t-i_sylat-iot_s and N-oxide fo_srn_sat-iou_s

was carried out iu_s an im_scubatiom_s systen_s

contait_sim_sg the fobbo_s_s’it_sg co_smponeu_sts in a

final volume of 2.0 ml: 0.8 mg of microsomal

pnoto’in, 0.15 M potassiun_s phospluato’ buffer

(pH 7.5), 60 m_su nicotim_samide, 5 m_si dl-

isocitnate, 0.2 m_si Mm_sCb_s , 0.05 rn_si NADP,
2.5 m_si N , N-dimc-ti_sylat_silim_se, and em_sough

isocitnato’ del_sye!rogt’t_saso’ to nc-duct’ 0.32

�_smole of XADP per mit_suto’ (5). The incuba-

tion ivas continued aerobically for 20 mi_s_s at

37#{176}.At the end of this period, ti_so’ proteins

were precipitated with 1.0 ml of 20 %

tnichionacetic acid. The mixtures were agi-

tated with a Vortex mixer am_sd allow-ed to

st-at_sd in an ice bath_s for 15 mit_s, tho’u_s co’ntni-

fugee! for 10 u_s_sii_sat 2000 X g ; 2-n_sb vole_sm_s_so’s

of tb_so’ supo’rm_satam_st fit_siol _sve’ne tnau_ssfennee! to

st’parato’ t ubo’s. lu ott_s_salt io’i_syde 1)rode_scc-o! by

tb_so’ den_sc-thybatiom_s m’o’at’tioom_s ivas assayed after

aoldition of 0.6 mi_si of Xa,’ti_s’s reago’nt (6) to

t i_so-’ su_spo’rm_sat am_st II i�tiiI , ( ‘oobor o!evo’bopn_so’m_st

duniu_sg im_scubatioom_s at 37#{176}for 30 mit_s was

n_so’a.suro’el at 415 mom_s_sagainst- tb_so’ blam_sk

obtaii_so’d fron_s mi_sio‘ro u-st it_s_so-s ii_scubatc-d wi t h_s�

u�o_s_st ti_so’ aelditicomu u_sf NADP. Sin_silar analysis

_sva-s cannio’i! ti_s_st with_s a stal_sdardl fonn_salde-

i_sye!o’ sole_st-iom_s ivi_sioi_s s_sits prepared daily

fro_sm a 37 ‘��; foorm_sialoio’l_syde’ sole_stieom_s. Ti_sc-

results ano’ (‘xpro’sso’(t uls i_sanomoles of fe_sri_s_sal-

dc-hyde !eonn_so’e! p�’m’ m_siiibigran_s of n_sicroson_sal
protein per 20 mit_s of incubaticou_s at 37#{176}.

Sin_silar analyses ‘were carried out tosing

N,N-dimethybai_silim_se N-oxide as tb_sc- sub-

strat-e. It_s additio_s_s, sin_siiar nc-actions were-

carniei! out after ti_so’ additiou_s of ti_sioaco’t-
amide to ti_se tubes, u_sJim_sal concem_strations
of 0.13, 1.3, 13, al_sd 65 n_s_si.

Thi’ formatioun of N ,N-dimet-l_sylanibine

N-oxide i_s-as detenn_siu_sed by a n_sodification of

tb_se method of Pettit at_sot Ziegbo’r (5). Dupbi-

c-ate samples ivero’ I)ro’Panc-el as eio’scnibeel for
N-dc-methylatioi_s. I m_scubatiom_s was (‘arnieel

out for 20 mm at 37#{176},ti_se tubes w-o’nc- cl_silbei!,

prote’iu_s was pnecipitato’e! by tb_so’ additiomo of

1.0 ml of 1 _si HC1O_s , and ti_sc- m_s_sixte_sro’

centnifu_sged at 2000 X �j for 10 n_sin; 2 n_sb of

the supennatant fluid were adjustec! to) pH

9.4 by the dropwise ac!ditiou_s of 2 _su NaOH,

after _svhici_s tb_sc- san_spies ivo’ro’ o’xtnao’to’d

thri’(’ tin_sc-s i_s-itb_s3 mIt_sf o’then. 1-’olioi_s-im_sg tb_so’

last c-xtnactiom_s, 0.5 nil o_sf 1 _st glycim_si’ _svas

added, au_sd thi’ pH of the aeiuc-outs i_si_sasc- ivas

adjusted to 2.4 by addition oof 3 _si tniei_slo_sr-

ac-ct-ic acid. To tb_sis, 0.1 n_sb of 2 � NaN( )2

was added, au_sd the solutie_sm_s i_sits i_so’ato’i! at

60#{176}for 5 mm. The pH ivas raiseil to 6, am_sd

ti_sc- resultiu_sg yi’lloiv color s_s-as n_sc-asuro’o! at

420 tin_s against a blat_sk pnepanc-i! froom_s_sti_se

samo’ micnosomal source at_sd im_seutbated

witi_soiit the additiomu of NAI)P. Sin_silan

analysis was canned out witl_s a stauuolanel

solution_s of N , N-dimethylam_silini’ N-oxide

(obtained fnon_s K & K Laboratories). The-

results arc- expressed! as i_sat_son_soles of N , N-

dimo’t-h_sylanilinc- N-oxide formee! po’r mibli-

gran_s of n_sicroso_sn_sal pnot(’im_s i_so’r 20 mi_sit_s0_sf

im_scubation at 37#{176},or as a po’reo’i_stago’ �of ti_sc--

control value. Sin_sibar imucubatioim_ss wore



320 BARKER AND S_s-tUCKLER

tarried out afto’r tb_so’ addition_s of ti_sioacc-t-

an_side to the tube’s, it_s fit_sal o’om_so’o’u_strat-ions

0)f 0.13, 1.3, 13, at_sd 65 rn_sm.

NADPH-dependent o.nidative p-It ydroxyla-

hot_s Of an iline. nj��_s0, mio’rosion_sal suspc-nsiom_s

s_sa’� aebjust-ed to 2 rng of proto’it_s 1)(’r milliliter.

I) -Hydnoxybatiom_s i_s-as n_seasu_sned fe_sblow-iu_sg
im_so’uobation of 1, 2, 3, am_sd 4 mg of mienosornal
pm’O)tO’it_s is-iti_s 0.15 _si j)i_so_sspi_sate buffer (pH

7.5), 0.1 m_st NADP, 4 n_sit dt-iso�ocitnatc, 44

mi_sit m_sicotinamide, 0.01 n_s_sn ‘slu_sCi2 , S rn_sm
ai_silim_s(’, anol o’muough isiocittato’ d�’i_sydno_sgi’u_saso’

to ro’eluco’ 0.32 Mrnobo’ oof XADP po’r mim_sut(’
it_s a fit_sal volumi’ of 2.6 ml. The it_scubatiom_s

s_s’as oarnio’d o_sn_stat- 37#{176}for 30 mm aerobically,

ar_sd s_s-as stop�_sc-eb by ti_si’ addition of 0.25 ml
of 25 % Zt_sCl� and 0.25 ml of saturated

Ba(OH)2 . Ti_so’ /)-afl_sii100pi_se’u_se_sl contc-u_st in_s 3

m_s_slof the stipo’nm_sataiot st)lIlt-iOt_s after (‘entni-
fugation at- 800 X q foon 30 miii ivas measured
by the iu_sdoopi_so’m_sob no’ao’tiol_s (7), ivith the
additiou_s of 2 n_sb of 0.01 N HC1, 1 ml o)f 1 %

pi_sem_sol, and 1 n_si i_sf sc_suit_sm b_svdrobromido’
solution. ‘fl_sc- ni’sultim_sg blu_so’ (‘olo)n was

m_s_seasurc-d at 620 u_sm agaiu_sst a bbau_sk pni’-

parc-i! from ti_se san_so’ n_sicno_sson_sal sourco’ at_sd
incubated witb_sout- the additio_sm_s of XADP.

Similar color cbo’vi’bopnic-nt- is-as carried out

_svi ti_s a stanelaril p-an_sit_st oi)ioo’m_sOl so_sle_stion.

Ti_sc- no’s_silts _s_so’ro’cabi’u_sbato’d as n_sicrograrns iof

� -an_sit_so ophenoi fonn_sc-el )o’r n_silligram o)f
n_sio’roso)n_sal j)rot-(’itl 1)00’ 30 n_sin, at_si! cot_s-

vo’nted too a po’rc(’t_stago’ o_sf ti_so’ ci_sntrol value.

N�-t I)PH-dependen t -neoteti’a-zottu mm_s med-ac-

lase activity. Ti_so’ n_sic-rouse_sm_s_so’suspc-flsiOu_s was

aelju_sst-o’o! te_s a proott’im_s o’ootoco’m_stnatiei_s of 0.75

n_sg /n_si, ai_sd i_sot _stet razoli ui_si nede_sction_s was

as.sayo’it it_s an_s ii_scubatiiom_s system_s_s co)mutainit_sg

ti_so’ foollo_s_s_sim_sgcon_spomuo’m_sts in_s a final volumo’

o_sf 1.55 ml: 0.65 ti_s_si XADPH, 0.5 mg of

boovit_so’ sc-ru_sm aibumiru, 0.5 n_s_si r_seot-c-tra-

zolium_s_s salt, 75 �g c_sf n_sio’ro_sson_sal pro_stein,

at_set 0.15 _si potassium_s pi_sosph_sate, 1)H 7.5 (8).

The tt_sbes i_s-o’rc- im_scubat-ec! fe_sr 10 n_sir_s at 37#{176},

and tb_so’ rc’actiom_s _svas steoppo’eI by tho’ addi-

tion of 1.5 ml oof a n_sixtumro’ com_st-aiu_siu_sg 0.26

_si fonn_satc- buffo’n (pH 3.5), 9 mg/mi of

Tritomu X-100, am_sit 52.8 n_sg/m_s_sl of fo_srn_salde-

hyde. Tb_se no ‘stilt am_st i_surpbo’ colon i_s-as

n_si’asured at .505 u_smi_s agaiu_sst ti_so’blau_sk

obtaii_sc-o! from n_sicnoson_so’s incubato’d _ssith-

e)utt- tb_sc- additii_st_s c_sfNAI)PH. TI_sc- no’su_slts art’

(‘xpro’ssed as a p(’rct’m_stagc- of ti_si’ control

value.
NAI)PH-depende-nl lipid pem’o.nidation. The

microso_srnal suspo’nsion ivas adjust’d to a
protein i’o)nc(’I_strat-iot_s of 0.75 mg/mI. Au_sal-

ysis of lipid pc-noxidatiom_s i_s-as eundi’rtaken in

an im_scubation systi’m co_su_stainiu_sg ti_sc- follow--
ing co_smponc-r_sts it_s a fl_s_sal volun_so’ of 2.6 ml:

0.75 mg of n_si(’rosomab prot-eiu_s, 0.15 _si

phosphate buffo’n (pH 7.5), 0.1 m_si NADP,
4 rn_s-u dt-isoeitrato’, 44 rn_si i_sieotii_samidc-, 0.4
m_st ADP, 0.01 rn_si i\Ii_sC12 , a_s_sd o’u_so_sugh
isocitnate dei_sydro_sgc-n_sasc- too nc-duct’ 0.32

zmolc- oof XADP pc-n mit_sute (9). TI_sc- tubes
_sverc- im_scubato’d for 20 mini at 37#{176},and the

r(’aetiom_s i_s-as stopp(’d by tho’ addition of 0.5

ml of 40 � tniei_sIoraco’tic acid at_sd 0.25 ml
o_sf 5 N HC1. Afto’n o’o’i_stnifugat-ioi_s at 2000 X q

fan 10 mm, 0.5 n_sb o_sf 1 % thiobarbituric acid

i_s-as added to 2 n_si i_sf tho’ su_sp(’rnatam_st fluid.
Tho’ tubes i_so’no’ buo’ato’d in_s a bo_silim_sg w-atc-r
bath for 10 miii, at_sd ti_so’ no’subtiu_sg o’olo_sr was
measetred at- 550 u_sn_s agaim_sst tho’ blank

obtait_so’d freon_s tho’ samo’ micnosomal source

and imicu_sbati’ub _svitb_sou_st ti_so’ addition of
XADP. The result-s ant’ o’xprt’ssed as a

�0’rc0’t1tagt’ of the control valuo’.
Cytoc/imo-mime b_s deteimnination. A 1-ml por-

tion c_sf n_sicnoson_sai se_sspeu_ssioi_s (15 mg of

microson_sal prot-(’im_s) was n_sixi’u! _svitbi 0.3 ml
of 10 ‘�‘ sodium do’oxvehobat-o’ at_se! 4.7 n_sb of

0.2 _sn pi_sosphato’ buffer, pH 7.5. The se_sspc-n-

siou_s _sva.s elivido’d it_sto 3-mb abiquots. Ti_se

differer_sce spt’i’tnum i_s-as mc-ase_sre’d in_s a Cany

n_sodc-l 15 spectro_spb_sotomet-c-r from 600 to

375 u_sn_s at room ten_speratunu’ (8). Sufficieu_st

solid sodium ditb_siom_sit-o’ i_s-as added to ono’ cell

to achio’vo’ i’ompbo’to’ reuluct-ion, ai_sd the

differen_sco’ spectnutn_s was agaimi r(’eorded.

TI_se diffenences it_s absonbat_sce at 427 and

410 nn_s i_s-c-re tako’u_s as an arbitrary measure

of the’ amouun_st of o’ytoci_snome b_s , and
expressed as cb_sam_sgo’ it_s absonbau_so’o’ pc-n

n_sibhigran_s of prot-o’it_s on as a po’reentage of the

control value.

Cytoclim’o_sm_se P-450 detei’mninat ion. A 0.5-mi

portion of ti_si’ n_sio’roso_sn_sal suspen_ssiu_sui (7.5
n_sg of mio’roson_sal pnoto’iu_s) ivas added to 5.5

ml of 0.2 _si phospi_sate be_sffc-n, pH 7.5, and

eno_sugb_s sc_slid sodium c!ithiom_sito’ is-as added to

achieve maximum_s_s u’o’uluctiom_s. The n_sixture

was divided im_sto tis-o abictuots, am_sd ti_se

diffenc-u_sce spo’ctrum_s_s _sva� recorded it_s a Cany
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model 15 spi’ct-ropb_soton_setc-n from 500 to

375 u_sm at room ten_speratu_sne (8) . Subse-
quei_st-ly i_si_so’cell ivas removed, and canbo_s_s
monoxido’ was bu_sbblc-d through tb_sc- suspeu_s-
sion for 2 mu_s. Tb_se eliffeni’u_sce spectre_sn_s was
again recordc-ul, au_sd tb_se an_sou_snt- o_sf eyto-

chromo’ P-450 ivas e!i’to’rn_siuoed fro_sm the
changes im_sabsorbau_sco’ bc-t_ss-c-o’m_s450 at_sd 490
nm after gassiu_sg with CO. This value i_s-as
expnesseel as chau_sgc- it_s absorbancc- fron_s 450

to 490 i_sn_s per n_silhigran_s of pnoteiu_s or as a

percentage of ti_so’ com_stro)l vale_so’.

Reduction of DMA-N-ox-ide. Meu_sse_sreu_s_sent

of neductiou_s of DMA-N-oxide to i)MA i_s-as
carried o_sut- in an ince_sbatiou_s systen_s contain-
ing the following con_sponent-s in a irolume

of 2.0 n_sb : 3.9 mg of m_s_sic_s’oson_sal protein, 0.15
i_si potassiun_s phosphate buffer (pH 7.5), 60
mr�t nicotiu_samide, 5 rn_si dl-isocitrato’, 0.2 i_s_s_si

l\InCl_s, 0.05 n_s_si NADP, em_sough isocitnate

dehydnogenase to reduce 0.32 Mmobe of
NADP per n_sinute, and approximately 5 mi_s_si

DMA-N-oxide. The reactions were ine’ui-

bated at 37#{176}aenobicably for 20 n_sin_sand tb_sc-ni

chilled, at_sd 1 ml of i�obd 1 _si HC1O4 i_s-as
added. After co’ntnifugation the supenu_satau_st
fluid i_s-as adjusted to pH 9.4 by the addition
of NaOH au_sd extracted three timi’s with 3

ml of ct-i_sc-n. The extracts i_s-c-re pooled, and
2-rnl aliiiuots were added to S n_si of 50 %

ethanol in water an_sd adjusted to pH 2.6
with HC1. Tho’n 1 n_sl of 2 % NaNO_s i_s-as

added, and ti_se color was u!eveloped by iu_s-

cubation for 5 mit_s at 60#{176}.The colon _svas
measuneu! at- 420 u_sm.

RESULTS

Th(’ n_sicnoson_sal co)nutc-m_st of cytoci_sron_se

b_s on P-450 ivas u_sot aito’red for 16 hr after
admil_sistnation of thioacc-tamide. Folbo_sviu_sg
this period cytochromc- b_s decliu_sed to 42 %
of ti_se control value at- 4 days, and nernaim_so’d
there for tb_se duration of these expenirneu_sts.

Cyt-ochrome P-450 declined some_svhat- more
precipitously, reachit_sg 32 � of the control

value at 2-4 days, and also remain_sed de-
pressed up to 7 days after im_stoxication

(Fig. 1). In order to assess the fui_sctional

state of the cytoehrome P-450, enzyn_satic
reactior_ss w’l_sich are believed to utilizo’ this
hemoprotein were measured (Fig. 2 and

Table 1). Ring hydroxylatiou_s of ai_siliu_se
(Fig. 3) and N-demc-thybation of N,N-

0 � a 3 4 7
Days after th�oacefamide

F_so;. 1 . Effect of /1, toaceta-nuide on- nticrosouiiat

c/Jt(oc/u roines

Ti_sioutcetarnide, 20 m_s_sg/100 g of booty weight,

was given by stomuich_s tm_sbe u_stzero tin_se, anti ti_se

an_soum_sts of n_sicroson_sai cytoclorome pigniem_sts were

determuuim_sed as described in MATEIhi�LS AND MET_si-

ODS. #{149}-- -#{149}, amotim_st u_sf cytoci_sron_se b_s/per

m_s_siiiigran_s of n_sicroson_suol pr(oteit_s;0 - - -0, ammo_sount

of cytochron_se P-450 �er n_sihligruin_s of mo_sicrosonuai

proteim_s. Asterisks imodicate (lata poim_sts s_s-hid_s are

significamutly differemut fri_s_sm_scontrols (p < 0.05).

The bars around com_strol poimuts denote stamodard

errors of the mean.

dimeti_sylanihine (Fig. 2) were depressed, and

these ci_sanges preceded changes in n_sic-no-

somal eytochrome concentration. Further-

more, N-demet-hybation w-as not detectable
at 2 days, but returu_sed to 30 % of tb_sc-control

value by 7 days; this is to be con_strasted
with_s the patteru_s of response noted for tb_se
cytochnomes. Tho’ response of aniline i_sy-

dnoxylatio_s_s ivas similar to (ti_sough_s it’s-s
strikit_sg ti_san) ti_sat of N-demethylation.
This distinction is underscored in Table 1,
where the enzyn_se activities are expressed in
terms of ratios to cytochnome P-450 contem_st
in ti_se microson_sal fraction. Production of

forn_salu!ei_syde fron_s N ,N-dimetb_sylam_siliu_se
N-oxide i_s-as depressed duniu_sg the e’ntire

course of observation, but to a smaller
degree than the other two reactions. No
cha_s_sge occurred in this activity betw’een

days 4 and 7, w-hilo’ demo’thylation of DMA
begat_s to recover.

Ts_s-o neactiou_ss i_si_sic-h are bo’bievc-e! u_soot to_s



previously described functional changes are
related to enzyme-substrate or cytochrome-

substrate interaction. These data confirm

and exto’nd thosi’ of Sladek and Mannening
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Txm_sn�E 1

- . . - Neotetrazolium
1_ijoi(lperoxmdatmon

reduction

-I_sac
.1 _s_sy _._s, control .1 �_s1_s -451_s

iou_sit unit

4.5 1(X) 45.3

1.4 31 36.5

2.3 51 48.3

3.7 82 67.8

4.1 91 82.9

2.3 51 79.0

5.5 122 112.2
6,1 136 88.()
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100

81
107
150

183
177

248
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322 BARKER AND S_s1UCKLER

no’quirc- ti_se particiPatii_sm_s of ti_sc- cytochru_sme,

i.e., lipid peroxidation anol forn_satioi_s of

DMA-N-oxide, sb_se_sw-o’dearly depru’ssions of
ti_sc-in activities au_si! bo’gan to rc-cov(’r toward
ti_se c-n_sd of tb_se courso’ of obsenvation (Figs. 2

an_sd 3). Mi’asuno’mi’nt of c-lo’o’tnon_s transport,

as fan as ti_sc- t_seoto’trazoliun_s acci’ptor point,
hc-lio’vc-d to bo’ NADPH2-t’ytoehromo’ c

rt’ductase’, did n_sot reveal changes of a

m_s_sagnitude sin_silan to those of the above
reactions (Fig. 3). Thus su_sggests that the

Fm ;. 2. Effect of I/i io(Ii’etainidc on .\-oxidation

(1/0(1 _V -dc_sn el/i ylation of (tim_sic/logic_sn i il_s_se

nfhic_sacetamnide (TA), 20 n_sg/100 g _sof body
weight , was givem_s liv stomo_sach tool_scat zero time,

:_sm_soin_sio-roson_sc-ss_s-crc-im_sc_smbated as _siescribed in the

to’xt - -- - �, product i_s_sm_su_sf forn_saidehyde from

I)MA; 0-----0, proolitctiom_s (_sf I)MA-.V-oxicie;

A - -- --A. pr_sodi_sttiomu _s_sfformaldciuyde fr_son_sN-

(_sxido’. Asterisks i m_sdicuit C (lu_st a ho_s_siits wluio’l_sare

-oigm_sifit’:_sm_stiy differo’m_st fr_s_s_s_s_scom_strols (p < 0.05).
ni�1_se lot_sm’saro_s_sm_stlti_seco_sm_str_solpoints ole_s_st_stestar_sd-

u_sm’_sic-mm_sumsu_sft1_so’n_seam_s.

0 I 2 3 4 7

Days �f1er bo-acetamide

Fit. 3. Effects of i/_sioacctaiiiide on �VADPH-

n coteliazoiiii mit reduction, impici pc’roxu/(iIion, and
(iiOii_sOI1C I_s�jdi’ox plot_son

Thi_s_sacetan_sioie, 20 n_sg/100 g of hotly weight,

was givem_s liv stomach_s tithe u_st zero time, a-midmicro-

son_sc-s were im_scul)ated as (lescrihed iii MATERIALS

ANt_s METHO1)S. 0-- --0, NAI)Phl-m_seotetrazolium

reductase activity; #{149}-‘-‘�, lipid peroxidatiom_s;

A- - -A. p-i_syoiroxylatiom_s u_sf u_sm_suit_se. Asterisks

indicate duutui poim_sts which are sigm_sificat_stly dif-

ferem_st fr_sn_scom_strc_sis(p < 0.05). The 1_sars denote
stam_sdard errors of the’ mm_sc-utm_ss.

Itaiw o,f cnz�/ni-e (i(-tivilie.(In mi(-ro.eounai cyiochrome P-450 eonteii-l a,/’tcr il_sioacclaniide administration

- Formaldehvck’ - . . Aromatic
fin_sc . - �\ -Oxide forn_sation

production hydroxyia_smon

n�noles n moics/ �- - _s_sg p-aiizzno- � -

hr 01� � co_si/rn! .1 _s:n -4_so phenol -/
- - . - control - - control

unit un_si --1450-4_so u_si_si

0 571 1(X) 493 100 13.5 1(X)

8 296 52 288 58 8.6 64

16 266 54 6.3 47

24 351 61 415 84 7.3 54

48 3 <1 294 6() 10.3 76

72 53 9 184 37 9.3 69

96 106 19 647 131 20.7 153

168 500 MM 825 167
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TABi�E 2

Effect of lb ioaceta_snide on products of dim et h�ji-

analinc oxidation by I_sepalic lfliC(OSO hOes

in vitro

Thioacetamide
Product formed

Formaldehyde N-Oxide

01.1! control

0 100 100

0.13 111 75

1.3 93 60

13.0 73 --‘

65.0 54 -‘

(‘ N-Oxide determnimuatiom_s was prevem_sted by

turbidity impomo additiom_s of Nu-iN02

(10), who nc-ported a decline in_s the lo’vel of

cytochnome P-450 and iu_s N-demeti_sylation

(of ethylmorphine) after four daily (smaller)

doses of thioacetamide.
Addition of thioacetamide directly to

assays for the productiou_s of fonmaldi’hyde

or of N-oxide from DMA resulted it_s pro-

gressive dose-rebated depression of thi’

product (Table 2). The interpretation u_sf
these data must bi’ conservative, since a

precipitate formed in the tubes coi_staii_sing

larger concentnatiou_ss of ti_sioacetamide when

DMA-N-oxide was the substat_sce being

measured. Thus one cant_sot be sure whether

the enzymatic neactiot_s on the assay for
product is the compom_set_st ivhici_s ivas de-
pressed. The latter is n_sore likely, since the
precipitate did n_so_stform until addition of
NaNO2. The amount of thioacc-tamide

added ivas calculated to bo’ similan to ti_sat

assumed to be presen_st in_s liver shortly after

intnagastnic admin_sistnation of the toxin_s.
This assumption_s nests ou_s data publisl_sed by

Nygaand et al. (11), ii_sdieatin_sg that ti_se

hepatic conceu_stnatic_sm_s of tb_sioacetan_sidc- is
about 0.16 rn_si 85 mm after subcutaneous

admiu_sistnation of 2.5 mg/100 g (our c-abc-u-
latioi_ss).

Attempts to n_seasune the reduction of
D�_s-1A-N-oxide to DMA were e_snly partially

successful. Reductiou_s occurred readily in

the presence of ferrous iou_s au_sd cysteii_se

(Table 3). Hoivc-ven, when ti_sat reducing

couple ‘was omitteul, little more reduction_s

occurred tb_sat_s it_s microson_sal incubations
from which DMA-N-oxide was omitted.

TABLE 3

Reduction of N-oxide to_s/i_sm_sell_s ylam_s iline

Microsomes were im_scubated as described it_s

MATERIALS AND METHODS. Numnbers it_sparentheses

indicate the t_sumher u_sf am_simals used. Treated

animals were used 4 days after thioacetamide

adn_simiistratit_sm_s -

System Control Treated

.1420//fig _siiicroso_suial protein

Complete 0.028 ± 0.005 (7) 0.027 ± 0.008 (3)

WV-Oxide 0.010 ± 0.005 (7)0 (3)

+Fe�#{176}, 0.715 ± 0.057 (7)0.553 ± 0.055 (2)

cysteimie

\\Tc- conclude ti_sat- DMA-N-oxide reductioun

is t_sot significar_stly altu’rc-d in animals ivhicb_s

have been given thioao’o’t-an_side.

DISCUSSION

Administration_s of thioaco’tan_side to n_saturc-

rodent-s is a,ssociate’d i_sit-h structural and

functional n_sodificatiou_s of tho’ endoplasmic
reticulum (12, 13). De_sniu_sg tb_se first day,

dispersion of pobyson_ses am_sd alterations it_s

ti_se ii_stegnity (of n_sembnau_sc--u’iboson_se int-o’r-

ac-tic_sn occur, acc_sompanieol by dc-crc-a-sc-i! pro-

tein formation, measuro’(l i_si i’ivo ou’ in mitro

(14). In addition_s, a series of changes it_s mc-n_s-

brat_se-related functiou_ss anise-. The distorted

mic-rosomal function is not due merely to

geu_senal destruction of ti_se smooth endo-

pbasmic reticulum, since some membrane-
associated functions nen_sained eitb_ser rela-

tively unchal_sgc-ul on altered to a n_such
smaller degree ti_sat_s otb_sers. It is ku_sois-n ti_sat

significau_st m_s_sembram_so’ dan_sage, as sc-en by
the elo’ct-nom_s microscope (3), occurs later

ti_sat_s 12 i_sn after a large dose of ti_sioacet-
amido’. It is only afto’r this time period that
ti_so’ bo’vc-!s of ti_so’ n_sen_sbran_se-associateil

cytochnomes bc-git_s to decline, as tb_se_sugi_s

their integrity (at bo’ast as ro’flc-cto’d by

spectroscopic am_salysis) is maintain_sc-u! by

association ivith the mt’n_sbrane. Thi’ bio-

c-hen_sic-al functiomis associateul w-itb_s eyto-

chrome P-450 do’c-no’ase n_such soou_sc-u’ than
either the dec-lit_sc- it_s P-450 levels or ti_se

visible c-hau_sge in ti_se’ sn_sooth eu_sdoplasmic-

reticulum. These’ biochemical abu_sormu_salities

also occur several b_si_suns prior to alteratiou_ss

in_s protein synthesis at_sd are ti_se ear!io’st
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Fmu;. 5. Hypothetical sequential steps i_s_s N-

u/co_sell_s !/l(i ho_si

aiteratiiom_ss vet detected after t buioao’etamide

aoln_sinistnatiot_s. Tiuis n_say ro’present direct
imii_sibitioom_s by ti_sioaco’tan_sido’, sit_sc-c- addition

of the toxim_s too n_sio’rose_sn_sal suspensions

appanemotly (Ic-creases ti_so’ foonm_s_satiou_s of both

forn_saldei_syu!e am_sd [)\ IA-N -o_sxide, i)roi)On-

tiomial to) ti_sean_sot_si_staololed (Tabbo’ 2).
T_ss-o_sro’aetiomus ivi_sici_sare ti_sougi_st.tc_s in-

volve ti_so’ o’lc-etromo transport system_s_s prior to

ti_se t erminiab iu( ‘n_sioprc_st o’im_s, formnatiom_s of

N , JV-dim_s_sc-thylam_silim_so’ N-oxii!o’ au_sd lipid
po’roxiulati_st_s,arc- n_sarko’diy depressed early

it_s ti_sc- ctourse of it_stoxicatio_sn, _ssi_sibe a ti_sird,

N AD PH -m_sc-otet razoiiun_s n( ‘duct k_smu, is af-

fect-ed to a n_suci_s sn_sallo’n obo’gneo’, and th(’t_s
c_st_sly muo’h baton. Sin_silarly, t_svi_s nc-actiom_ss
rc-i�uinim_sg ti_se Partic-il_satit otO oof eytoci_snomc-

P-450, i.(’., ti_so’ produo’tiom_s (of forn_saldo’b_syde

fro_smn N , N�din_sc-thylai_siiit_se am_sd aromatic-

i_syulro_sxylatiom_s of am_suit_se, ano’ mark(’dly de-

l)ro.-sso’d, while prodttction of fiorn_saldeb_syde
fron_s N , N-u!in_set-i_syba_s_silim_so’-N-i_sxiu!e is ole-

C C TA -iepatectomy

Neotet!010l,um ,.- 1’ 0-’ knc�

pe_so*_sdotion -,� 1, �-__-___- .1 kncon

�t�an -,

=t�� �L’

Cylochrome

Cytochrome :--:

#{149}�1-��:s--- 1--

Ftc;. 4. Con_s parison of effecl.o of (-(il-ho/u tetra-

chloride (7, 15), lhioacelummiide (TA), (110(1 hcpatec-

onu !J (15, 16) o_s_sn_s i_s_soso;nal f_s_snctio_s_ss
TI_se tim_sitsom_sIl_seordi_s_sate f_s_sr1)MA-.\-oxide and

fiorn_saltichyde I_sr_suduct i_sui_s tire l)erdem_st ages of the
(‘u_si_stroil. Ti_se u_st1_scrs c_s_sricsj_suot_sdto i_sm_sitsused in
i_sthoer fig_sires iii this paper. TI_se asterisk dem_sotes

em_szym_soeactivity 2 1_sr after auln_sim_sist ru_st i_s_sm_stof ti_se

t(_sxim_s; later values are mo_sotu_svailu_shle. TI_sc-se values
am_s_sI pat term_ss w(’re obs(’rved at ti_se mootetl times
after u_ssim_sgleim_sjm_sriom_sssO im_sii_sIus.

creased much_s bess. Ti_sc-si’ results aro’ difficttht

to r(’coticilc- iviti_s preset_st Cot_sc-(’pt-s of ti_si’

orgau_sizatiou_s o_sf tb_sc- u_s_sicrosomal electron_s

tnau_ssport- syst-o’m, uuuless tone assumes that
ti_so’ toxiu_s affects more ti_sam_s omit’ locus of the
system.

Tb_sc- j)atto’nm_s of im_sjttny im_sduc-o’d by thio-
acet-amidc- is differo’u_st froni that resulting

from partial surgical b_so’pato’c-to)my on Cd4

intoxication (Fig. 4). The fact that the

patteru_s diffo’rs fri_sn_s ti_sat si’o’t_s after partial
hepatect-omy im_sdicat-es that the thioacet-

amide-related nc-spot_s-se it_s surviving liver

cells is more ce_sn_spbc-x tb_sam_sro’gc-u_senatior_s after

removal of 1_sepatocyto’s. Tb_sc-se diffeno’nces

may bo’ relat(’ul to specific toxic effi’cts c_st_s

n_setabohic pati_s_svays.

It bias bo’c-n suggc-stc-u! ti_sat N-do’methyla-
tiol_s of anon_satic con_spu_sum_scLs u_sc-curs via the
formation of am_s N-oxido’ intermediate (5).
The formation_s (_sf ti_sc- N-oxide is thought to

be eu_szymat-io an_sub ulep(’ndc-m_st- ot_s NADPH2

and 02 , but u_sot to ro’o1uine cvtochromc-
P-450. The so’cond step in ti_sc- pathway is

dependeu_st omo tb_so’participatiom_s of cyto-

c-huron_se P-450 am_sib uboc-s u_so_stno’quine molecular

02 (Fig. 5) (5, 17, 18). Si’vo’nal observations

favor such_s a forn_sulatiom_s: (a) ti_se N-oxide is

fonm_s_sed at a rate o’qual to on greater thau_s the
nato’ (Of ti_se over-all nc-ac-tie_st_s (5); (b) incuba-

tie_sm_soof micr(_ssom_s_so’s it_s ti_se pro’sence of CO
ini_sibits fonmaldeb_syde productiom_s but en-

i_sau_soo’s ti_so’ foorn_satiom_s of the N-oxide (19);

(c) agim_sg on tnc-atn_sc-t_st of microsomo’s with

dc-tengo’m_st no’sttlts it_s N-oxide accumulation

am_sib im_si_sibitiom_s o_sf forn_sabdehyde production_s

(1); at_sd (d) im_stb_sc-early pi_sase of CC14

poisonit_sg fonn_saldei_sydc- production is de-

pn(’sso’d wi_silo’ T)MA-N-oxide formation is

eu_shau_sced, c-o_sm_scon_sitai_stbyivith loss of cyto-

ohrome P-450 (7).

If N , N-din_sc-thylat_silim_se N-oxide is an

obligate it_sti’rn_so’diati’it_sti_si’oxidative de-

n_sc-ti_sylatio_sm_s of N , .N-dimc-ti_sylau_sihim_so’ (Fig.

0
H_sC CH HC1CH

\/3 3\/3

O02OP450
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5), them_s, folboi_s-iu_sg tb_sioaco’tamid(’ trt’atn_st’m_st,

the N-o_sxiubo’ si_sonIc! o’ithc-n accumulato’ as
formaldei_sydo’ pnoductiot_s is din_sin_sisi_so’d,

commo’mosunate ‘with dimiu_sisb_sc-d activity (of

the so_sc-or_sd St(’j), or u!c-c-rc-a’o’ as fu_srmaldo’i_syule
produot-iomo is dimii_sisho’d, oi_smmem_ssunato’
‘with do’struction of tho’ first step or botb_s

steps. The latter _svas o_sbsc-nved after ti_sio-

acetamido’ im_stoxic-atio)n_s . The uiata im_sdicat o’

that bot-i_s steps of this b_sypoti_sc-tical sci_semo’
are im_shibited, sit_sc-to fonn_sa!dehydc- pro)uluc--
tion from DMA-N-oxido’ au_sd N-oxido’ proo-

ductioti from DMA i_s-ero’ depro’ssed. Late imi
the course of intoxicatiou_s , fo_snmabdei_sydo’

production from DMA seen_sed to reo’over

‘while ti_sat- from DMA-N-oxido’ nemait_seul

depressed , suggestiu_sg that fonmabdc-i_syulc-

pno)duct-io_sm_s from D�\1A did u_sot proooc-o’uI

through tho’ N-oxide iu_stenn_sc-uliatu’, at least
at ti_sat ixoim_st- in time.

If pati_s_s_says B and D in_s Fig. 6 (sc-c- I’ig. 5)
ro’pnes(’m_stan actual path of formalulo’i_syule

fonmat-ior_s, ti_so’ N-oxide n_say st-ill so’rvo’ as
au_s into’nmc-diato’ in_s the pnou!uctiom_s of form-

aldehyde; i_soivevo’r, am_s alterm_sativo’ patio-

way (C) exist-s for dispo_ssal of ti_so’ N-oxide

(Fig. 6). 1)MA-N-o_sxido’ n_say accun_sulato’

after ti_sioacetamido’ ii_stc_sxicat i( om_s,o_s_s-mm_sgto
its do’creasc-d cou_svo’nsiom_s to) fo_snmalubo’hyi!c-,

unless ti_se reductiom_s o_sf N-oxido’ to DMA is

enhanced. lu_s fact, t-b_sis ro’iluctivc- sti’p ivas

not incn(’as(’d 4 days after ti_sioaco’tan_side
admit_sistnation (Table 3).

Sc-vera! observatiomos suggo’st ti_sat ti_so’

formatiou_s of N-oxides au_sd N-do’meti_sylat iou_s
of tertiary amines are so’panat-o’ at_sd distim_sc-t

reactiot_ss. (a) The K0_s for den_so’thylatit_sm_s oof

N,N-dimethylaniline N-oxido’ is quito’ higi_s,

suggestin_sg t-hat little N-e_sxidi’ i_s-oubu! be

demethylated ivheu_s lois- conceu_stnatiom_ss of

N-oxido’ art’ preston_st (20). (b) Tho’ pattenm_ss

of differeu_stiation of N-oxidation am_sd N-

demo’thybation are diffo’reu_st in devebopit_sg

rat liven (21). (c) There aro’ in_smunobogical

differem_sces betwei’n ti_si’N-oxidatiom_s at_si!

N-demethybation systems for N ,N-din_so’th-

ylam_siline 22). (d) N-Oxides of certain_s otb_sc-n

tertiary amine-s are u!emet-hylated n_such

more slowly than_s ti_sec-corresponding tertiary

amines (23) (these results shoulul be im_s-
terpreted witi_s caution, sit_sc-c- ilifferc-m_sco’s im_s
substrati’ specificity are ku_soivr_s to) o’xist- in

micro-son_sal systems). (o’) Separatiom_s o_sf tb_sc-

Fmi; . 6. Alter_s_satin-c pall_s _s_s’(_syS of .V-do-_sm_selh_sylalion

Steps B and D are represem_steul in Fig. 5.

eu_su!opbasmic rc-ticulun_s into smooth_s and

no_sugh fractions results it_s partial so’l)aratiot_s
of N-dc-metb_sylation and N-oxidatiou_s activi-

ties (24). Alterations iu_s N-c_sxide levels in

toxic liver injury cot_sl(1 anise fron_s differ-

ential inhibitiomi of separate paths of N-

oxide fonn_sation_s am_sul n_so’ti_syl canbou_s no’beasc-.

Ti_sins it seems likely tb_sat the forn_satio_sn of
N , N-dimc-thylam_siliu_sc N-i_sxiih’ at_sub ti_so’ pro-

d_suction_s of formaldei_syobe fno_sn_s 11\IA pro-
ceed by separate pati_sways, and ti_sat ti_se
N-oxide is u_sot am_s im_sto’rn_s(’(iiati’ it_s ti_so’batt(’r

nc-act-ion_s.

REFERENCES

1. E. A. Sn_stickler u_st_s_siM. Arcasoy, I_s_st. Re_s.

Exp. Pathol. 7,305 (1969).
2. B. A. Peters, Bril. .1/cd.B_sill. 25, 223 (1969).

3. E. A. Barker, Cytootu_sxicity u_sf thioacetamide.

PhI). I hesis, University of Washingtomi,

1970.

4. 0. H. Lowry, N.J. Bosebr_siugl_s, A. L. Farr am_sd

li.J. Bandahl,J. Biol. Cl_scum_s.193,265 (1951).

5. F. II, Pet lit am_sd 1). M. Ziegler, Biochen_s.

Bioph_s,s. Res. (‘o_s_su_s_su_si_s_s.13, 193 (1963).

6. T. Nasl_s, Biocheun. J. 35, 416 (1953).

7. E. A. Sn_stickler, E. Arri_set_sius and r#{231} ilultimi,

Bioche_si_s. J. 103, 55 (1967).

8. (i. 1)allt_ser, Ada Pall_sot. .il’icrobiol. Sea_s_sd.

(Suppi.) 166, 1 (1963).

9. P. Hochsteim_s am_sd L. J-rnstcr, Biochue,_s_s. Bio-

phys. Res. Co_s_st_s_s_s_si_s_s.12, 388 (1963).

10. N. E. Sladek am_sd U. J. Mam_sm_serim_sg, .)/ol.

Pluarunacol. 5, 174 (1969).

11. 0. Nygaard, H. Eltljamn am_sdK. F. Nakkem_s,

Ca_s_seer Res. 14, 625 (1954).

12. W. Thtoem_ses am_sd P. Bam_sm_sascl_s,Uirehout’s A reh.

Palhol. A_s_sal. Pl_s10_ssiol. KIm. .lIed. 335, 556

(1962).

13. J. C. Saiomnom_s, .1. ( ltiastru_s-t. Res. 7, 293

(1962).



326 BARKER AND S_sIUCKLER

14. E. A. Barker, E. A. Sm_s_stickler and E. P.

Benditt, Lab. I_sorest. 12, 955 (1963).

15. E. A. Barker, M. Arcutsu_sy am_solE. A. Sr_siimckler,

.4 yen/s (i_s_sd Aclio_s_ss 1, 27 (1969).

16. P. T. iiei_s(lersoi_s and K. J. Kerstem_s, Biochern.

Pl_sa_s_snacol 19, 2343 (1970).
17. E. W. 1)ehm_ser,.J. M. MacI_sim_sist and 1). M.

Ziegio’r, Life _sSei. 7, 1135 (1968).

18. D. M. Ziegler, C. ii. Mitchell and D. Jollow,

i_s_s ‘‘Micru Homes am_sd 1)rug Oxidations’’

(J. H. Gillette, A. 11. Com_sm_sey,G. J. Cosmides,
H. W. Estabrook, J. H. Fouts, G. J. Manner-
im_sg, eds.), p. 173. Academic Press, New

Y_sork, 1969.

19. E. A. Smuo’kier, i_si ‘‘Structure and Functiom_s of

the Endoplasmic Reticulum im_s Am_simal

Cells”, (F. C. Gran, ed.) p. 13. Universi-
tetsfuoriaget, Oslo, 1968.

20. J. it. Gillette, Adva_su. Phar_s_s_sacol. 4,219 (1966).

21. M. L. 1)as am_sd D. M. Ziegler, Arch-. Biochem.

Bioph_sys. 140, 300 (1970).

22. B. S. S. Masters, E. B. Nelson, D. M. Ziegler,

J. Baromo, P. P. Haj amid E. L. Isaacson,

Cheu_st.-B-iol. Iuolerachio_s_s-s 3, 296 (1971).

23. M. Ii. Bickel, Pharmacol. Rev. 21, 325 (1969).

24. B. Beije am_sd T. iIuit-iu_s,Chemn.-Biol. Interac-

tions 3, 321 (1971).




