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‘[hot’ ft’o’huroio�umo’ oof lt’o’o’zo’-o’Imomiupitog lumis bo’o’mo uso’o! too stuoily muso’taboohio’ ehiamogo’s oo’(’ut’t’imtg ihi tho’

Iivo’i’s oof m’tots in i’ii’o milton too’uto’tor o’hI’oomuio’o’xl)oosllrt’too himiloothimitto’(2-bt’onoo-2-o’hulomro-l ‘ I , I -

t t’ifluooro ott hotino’) , moto momit st ho’t it mogo’mof i to to onitro on olin io’al cost ‘. l� or conupmorisoli si nsilar o’xpeni-

tuuo’iifs � t’mit’t’io’cl tout �vithi muso’thuooxvflui’amoo’, fnichlooro’fltylo’ito’, ton (hio’thuyl etluer. Itt fed

tomoinomols, o’xpoosum’e too homoloothmotoo’ ( I .5 � � , V,/v) join toO ��h0 omiuso’cl glyo’oogo’moo!ysis in the liver,

i�ithi to signifio’moiot- olo’o’m’ease ito tissut’ glyeoogo’ti totuc! imi(’no’miso’s itt tissue timid blooood glucose co:on-

t.o’lutm’i-itititis, ‘Fhuo’so’ rhimotugo’s \VO’h’O’ tOt’(’totsijltonit’d by to .50 � � do’o’t’easo’ itt tho’ o’oomtcentratiomns t:f

2-oxooglutmirmito’ motic! glutmomiitot 0’. ‘[Ito’ ooxic!mofiomu-ro’duo’tio on stmito’s oof t Ito’ NAT) �‘o oupit’ in both

t’t’foOlllmOstis tOut! tiOit000’hOOoIi(!h’itl wo’m’o’ UIitOffO’ctt’t! by lstolofhumitio’. ()ioo’ huomur afto’m’ ivithdrmiival oof

hialothoamuo’ flit’ (1 t’�I’o’ most’ ito glvo’oogo’mo llo’rsist(’(l, whio’reas gluo’oose ro’furtoo’d to mtot’nsal within 30

lOilli. ( )to ro’po’ato’o! t’xpoosiil’t’ tof mimoitnals too hti-Iootlumotio’ (six suo’o’o’ssivo’ po’m’ioods oof anesthesia foi’

60 niimo tot 45-him’ into’rvals) (hit’ gl�’o’oogo’mioolyfit’ m’o’spootiso’ wm-os loss tuumorko’d, bo’cmiuse glyo’ogo’n

si omm’o’s\\�(‘t’o’ hoot l’o’plo’hoishio’cl bo’t�vt’o’mi po’niomds oof timio’sfhuo’sia. At flit’ emid oof the sixth amio’sfhesia

Po’niool thio’ Ievo’Is ool 2-oxooghotah’moto’ mimic! glutmunsmife \\�t’t’t’ 25 � � motto! 40 � loowo’r, m’cspectivo’lv,
t limilt ito t hut’ itmomimio’st hoo’tizo’d 00 omit it mIs. l)o’plefiooto oof glvo’oogo’mi po’m’sisto’d ft or nit ore tiiami 3 clays,

bitt It’ss thutomu 4 ivo’o’ks, mof’to’m’t’o’po’mito’d o’xposuro’ too halootluamuo’. Nomio’ oof tlse liver niefabolite

ohimongo’s brooughof moboout I)\ humoloothomotit’ in fo’d roots wt’ro’ fooumod ito rmits fmosto’d for 24 hr or in

hivo’m’s ft’omsi m’afs ttcltol)tt’c! too to hiighu-fmot dio’t , (��l\’o’oogemuolvsis wmos mi miuo’tmobolic m’o’spomise c(ofliflltIfl

too mill ftoum’ moroo’stioo’tio’ tigo’mits to’sto’(l. ( )molv hutoloothmuito’ hm’ooughif abtout d(’o’r(’toso’s in 2-oxoglu-

ttinmifo’ timid glilfmlmiumlto’ t’totit’o’titi’atitotts : to singlo’ exjosure (30 nun) tom tm’ichlooro’thylt’mse (1 � �

V/V, itt ( )2) t’aioso’d ml (‘mO� i itio’t’o’moso’ in 2-ooxooglutmot’ate t’olmuo’o’Iutrmotiooto ovo’r flit’ unmimto’st hot ized

o’ootitrool vtoluo’.

INTIIO)t)Ut’I’ht)N boolio’ o’ffo’o’ts of Ismolootluano’ (2-bromnsoo-2-ehloro-

Pm’o’vio ous o’xpo’t’i tiio’tit s o010 t hot ‘ isoolmito tI Pr”- � ‘ � ‘ � � tiflUt OI’t)t’t htaiio’) � miii momio’sthetic migent

limo d lmvo r (1 2) hosvo -.Iuoo�smo “.tnmkmng nut f i �
-E_-h000e(1 O”t totes Poobbio� lletobth Servi’e ((;rtuit ANI

‘Ibis wooo’k � SlOb)l)O)h’t cob ioy grtthits t 00 Sir linus 11748).

1-,;rebs froohii t lie NI(’tb io’ttb Rt’soettro’bo ( ‘ooohoo’ib t110(1 t he ‘ Adolh’ess rel)h’i 100 h’O’tttlest S I to J . F. B., b)epa-rt-
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in ivido’ clitiical uso’, ‘flit’ rnaito o’ffo’cts oof

hualootluamoc ivoro’ ft m st insulmoto’ glyo’o olysis itt

livo’rs t’rtons fcc! m’tots, mumod tom imuhiibit glut’omuo’om-

gehio’sis mimic! um’cmi synt huo’sis in Iivet’s frooni

muriimnmols fasfo’d for 48 hr. ‘[ho’ effo’t’ts o’omitld ho’

lmorgo’ly mottributo’d tom flit’ imohibitiomtu hy himolom-

fhano’ t of ( )2 iipftokt’, titoot o’vidt’tut’o’ u�mts IOI’t’

st’nft’(l too suggt’st fhomot f’mitty mocic!s nitty homovo’

mupnoofo’o’tivo’ effo’ct oon t hit’ oobso’rvo’d nso’tmobo olio’

chamugo’s, becmiuse oolo’moto’ oxidatioohi was ro’Ia-

tivelv umimoffectt’d by himilotlimono’.

Altluooughs fito’ stitch’ oil fho’ o’ffo’o’ts tol hmoloo-

fhiatto’ omto tho isombated, joo’rluso’(b liven gmove

infoornimititomo ivhiio’h t’omuld miomf nO’mi(!il\’ hutivo’

bt’emi obtmiiiuo’d ito rico, suo’hi o’xl)o’ninso’titt’; o’x-

cludo’ t hut’ lIht�’5i0It mgit’mil m’o’spo mmtso’s moist ot’imit o’d

i�’itht mimio-’sfiuo’simo, snob tis o’hsango’s itt o’mom’dio-

vasculmit’, l’t’sllim’mito mt’V, moho(! o’ndomo’nitoo’ futot’-

tit)n. Those chumutogo’s, mos �vo’ll mis thio’ tiI5O’s-

thetit’ migo’mit ton its brt’mokdowmi iorootluic’ts,

could to ihif nibuft’ to o Iivo’l’ c!ysfutuo’tio 010 (lum’imog

oor afto’r amio’stht’simi, ‘[lie sfud�’ oml flit’ hiom-

chensio’mil t’ffects ool humilotlimumso’ limis thoo’ref’oom’o’

bet’tu 0 ‘xt o’muded to o f ho’ rat in rico. Sino’o’ halo-

tl-imiioo’ iti flit’ isoibato’cl toh’gmolt limit! o’ffo’o’ts 0010

carboolivc!m’moft’ nto’tmibomlislss motiol cmoo’rgy i�roo-

ductiommi, flit’ livo’r o’ootito’tut oof to vat’io’tv oof

mc’tabolitt’s mtsso oo’iafo’tl wit Ii thio’so’ pro mo’o’sso’s

has bco’mi do’to’rmino’cl ito livo’t’s ll’o’eze-o’lminupo’d

after simogle milutl m’o’po’moto’cl o’xpoosum’(’ too himoloo-

thamue ito muoirnotol fo’d, 24-hom’-fmosfo’d, mimic! fat -

It’d mininsmils. Sinsiltor, t ho iomgh lo’ss o’xto’misivo’,

imivt’sfigatiommus, usimog nso’tluooxyfium’tomoe, tm’i-

chiloom’o’thiylo’moo’, mimic! dio’thyl o’tlio’r, wo’ro’ o’mom’m’io’ti

tout ito omrc!en too to’sf ivhio’thot’rflit’himilootlotomoo’-

ittduo’o’d nietmoboohit’ o’homohogo’s u�o’ro’ sinsjoly to

go’mio’m’molro’spoomist’ assoociato’d with tho’ stato’ oil

ano’sfluo’simo , it’ro’spct’tivo’ 0 of thuo’ mimoo’sthoo’tie

agemst. ‘[hit’ m’o’sults shtom�v thomot nuetmihoolit’

changes po’o’ulimtr too htiltithititoo-’ tic’o’iom’ ito the

liven, amit! thomif to �)lsysioolomgio’til sfafo’ itt ivhoio’hi

fatty tlO’l(!s pm’oovidc t lot’ nsaimu Int’l humus to iom’oo-

tecfivo’ o’fleo’t.

il.-�TElOI.-�LS .-�Nt) IIET1IOI)S

Rats. �\ bolt’ \Vistar rmots ( I S0-220 g) wont’

olbftiitut’tl I’t’ooni Scio’totifio’ Pt’omcluo’ts 1”mirns,

\Imitusftoto H(’semur(’hi. (‘o’tuto’r, 1\ltorgafo’, Ko’tit

niehit of _\hoesthesjtI, lltorvttr(l Nleolio’ttl So’hoooob,

Nlasstoo’hooset Is ( ;t’hoerttl Iboospit tol tind Shirint’rs

Burns I list it ooto’, I3oost 0010 , Nlttssuo’hioset t to 02114.

2 NlehiibOer 0of 0 lie 1�xto’h’hitol St toll oof t h-ic NI(’tliO’ttl

l�esetoh’o’h (‘oooohoo’ib.

totit! \\.t ‘ro’ ko’pt #{176}oti ( )xo ut! joust t’im t’izetl bret ‘o! -

itig (hot loor rats ttIO(l nsio’o’.

;l n(’s’t/oc,sia. ‘[Iso’ voolmil ilo’ mono’st Iuo’tio’ mogo’mots
\\.(‘I’t’ mi(!nuimuisto’no’ol imi ( )2 tot floe foo1loo�vimig

0’Oono’o’tot rmot itotos : hmiloothimimoo’, 1 5 � , (v / v) ; t ri -

o’hilomt’o’tht�’Io’no’,1 ‘ , (v - v) ; (tio’tliylo’thuo’r,6 ‘

(v v) ; nso’thaox�’fIurmino’, I .0 � (vv). ‘Floo’

mottt’stho’tio’ vmopoorizo’rs �vt’ro’ mis JIro’vioously tb’-

so’ribo’cj ( I ). ‘[hut’ vmopomrizo’rs uso’ob loor olietloyl

o’tlto’r (l’. \I.( ). Imihumilo’r ton Abingclomrt Vmupon-

iz(’t’ ) �vo’ro’ oobtmiino’tl ft’o otis I �o olog\v(mrt hi Scio ‘to -

t if-l(’ I tist runso’tots, Lttl. , Abihigdoohu, 13t’rks.

‘[lie mono’st hsetio’s wo’m’o’ moo!nsinistt’t’o’d t hro mimgli

to tuho’ ititoo flit’ o’xpoosuro’ o’himinsbo’m’, mu plmust it’

boix ool milollm’omxinsmoto’ly 2 too. ft. “l’lue gmis fioo�v

\\.tis high (6 lito’rs’niimi ). ( 1tim’o’ wtos t:o-kemi too

tuVooi(! oobstnut’tiommo tof tloo’toinwa�’s tof flit’mimii-

liitils (lunimig ho ofhi mitio’st hut’simo motool t’o’co oVo’h’y.

All mttoo’sthso’simu � ho’guto ho’two’o’ti #{176}.)munch 10

tons, ; affo’r t’xpoosut’o’ to o t hot’ atuo’st bet 1(’ , ( )2

o’totot itiuo’d too ho’ fiushuo’tb t him’oough t Iso’ o’xpoosut’t’

o’limtnsho’r until tIn’ mimilinmols ro’gmiitocd o’omo-

St’iomtishot’ss mimic1 �vo’t’o’ mohlo’ to) t’rmouvl unsto’mo(!ily

t’oumod tluo’ t’limintbo’t’, ‘[his joo’ritod ho’t’minit’ J)h’tm-

gt’o’’sivo’lv shiorto’m’ tomo rt’po’mofo’c! lumoltithtono’

mimio’sthoo’simi.

1�iepaia/ioio u/ Inc, C.t/i’OU’/,S. l’h’t’t’Zt’-tltihiOj)-

itug (3) oil livo’ns \\.tus o’mii’rio’d oout tufter simugle

oor ro’po’moto’d (10050’s oil mitoo’st hn’simo, motucl mit t!if’-

ft’no’mif stmigo’s omf ro’t’tovo’r�’ oof thoo’ mitoinstols moons

tltt’miioestho’tio’,1�lio’ rats ivo’rc’killo’d hv disloo-

o’mifiomtt of thoo’ moeo’k, itisnso’dimoto’lv lomlloi�vo’t!

( miso’momitinso’ ituto’m’val, 7 sot’) by fro’o’zo’-o’Iamoip-

ihtg ool flit’ Iivo’m’ ut’imig milunsimiumii c’lmornps mis

descriho’ol by \Vtmllo’nho’rgo’n (‘1 a!. (3) tuiol

lioiuicl N2. Booth toivmiko’ m�ioc! mOmio’stltt’tizt’(!

totoinimols � t t’o’mtto’tb itt iot’o’o’ist’lv t hue satuso’

\\.toy. At Io’mist thoro’o’ o’oototrool (miwmoko’) muuitssmols

w.t’m,t ‘ ihit’bkit!O’tl \\�i t It o‘moth gm’oOtijI #{176}il o’xpo’ri -

miuo’tofmul tomuimals in t lit’ ft’o’o’zt’-o’lmornpimug o’x-

pt’nimo’tots. Livo’r o’xt rmoct s �vo’ro’ j)ro’jlmirct! mis

do’sc’nibo’c! b�’ \Villitonsstomi et al. (4).

Y’ail i’ei)i 1)1(00(1 S’aili/)I(’S’. I Ii 5(01550’ O’XbOt’t’i -

nso’tofs itovolvilug ro’po’mtto’c! totio’sthio’simo, sairiplo’s

of bbomood (mopprooxiniato’l�’ 0.2 misI ) w’o’ro’ t moko’tu

froom flit’ tail ti1)5 oof hoothu o’oontt’ool atod o’xpo’ni-

mentmol groou�os itotto huo’lomoriluizo’cl t itbo’s. .%

ktuoow’mi VtOluofli(’ (0,1 nil) � lIiPo’tto’d ititoo 1

nil oof 2 � �: (v’v) I1I(’l( ) . ‘Flu’ blomod smimuijolo’s

iso’rt’ tmiko’to fro mlii t lot’ o’xioo’ninso’nfmul gro otl�o

tufter toppro oxi mismitoh’ 45 huh 0 of anest huo’siti.

IItolootlumiioo’o’tiuso’obvmosomc!iltitiooti,ivhtio’huftio’ili-

tmit o’d flit’ t’t mllo ‘o’t io ito o of’ hlo mootl smolusplo’s. 1”o in t Ito’
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eomrofm’ool grooujos, huoow’o’vo’h’, flu’ tmoil ivmos �vmum’nso’d

ito i�titt’t’ tot ml�opm’ooxinstlto’Iy 500 too iflt’ro’tost’

blootod floow,

1)etei’ni ination o,J’ inetabolites. l”oom’ tho’ de-

t 0 ‘nlsiilotit it Oh 0 ml’ glyo’o ogo’mi as glucooso’ , to snitoll

voolumt’ ( 1 ml ) tot’ t Iso’ livo’I’ lot mtnt ogo’timitt’ iti

I-I(’l( ) , Pt’O’I)tit’t’d aito’n ino’o’zo’-clmompimog, ivas

sfoor’d tot 4#{176}omvo’m’nighut too o’xtrmoo’f flit’ glvcoo-

gt’n. �A memosuro’cb Vomlunso’ oof’ fluo’ supo’rhimltmoluf

o’xfrmo(’f- was muo’utrtolizt’c! with K( )IhI mitoc!

tno’mito’d with I)imiz�’nie (c’ruo!o’ atisvloo-cx-l 4-

a- I , ()-glllt’( msi(!t050’ froons A .spo’i’qiIIus) mis do’-

st’ribt’cI by Knobs Ct a!. (5). At thoo’ o’tucl tof’ flit’

imoo’ubmttitomi flit’ mixt art’ was mogmuito mto’ut ralized

bo’foono’ flue do’to’nnsimiatioomu tof’ gluo’ooso’ by flit’

mt’t ho id oil Slo’in (6) . ‘[ho’ fro’o’ gluco oso’ t’ohito’Iit-

oof tli(’ hvo’r \vmos subtrtut’to’tl froons flit’ foottol

oobtmuimoctb mifto’r I)imiz�’mo’ fro’mot mo’tot.

( )t huo’r nso’ftibo out os wont’ c!o’to’rnuiluo’oI 51)0’(’-

frooj)ltootooflit’tni(’mOlly, mis do’so’nibcc! by Bit’-

biovek et at. ( 1 ), by o’Iizvflsatit’ nto’thiomds itt-

voolvitog the ooxit!moti ito ton ro’clut’fiooii ool moico-

tinmimide aclo’muimoo’ miut’lo’ootido’s.

Rea#{231}jents. Ctoso’ito foor flu’ spo’o’imul luigh-fat

( Ioow-carbohiydrtofo’) dio’f wmos oobtmuilto’d froorn

B. I). H. Cln’rnit’als, Pootolo’, I)oorsct . 1)ituzvmo’

\\‘mts oobtaimut’d irons i\lili’s (1loo’nuit’mol (1oorpo onto-

tioon (this crimdc pno’POoI’atitomi lsmos bo’o’mi supt’r-

sed’d by a purt’n pro’pmoratiomto oil a-I .4-glut’amu

4-glut’mumnmluydroolaso’ froim ila(’illoIs soll)tilis).

Io’loonisil \\���5 0 obtaimio’d frootis l’s.t it’hi- Light Lmib-

oonmifonio’s, Ltd. , (‘oolnbro mook, But’ks. ( )thuo’r

m’o’migo’tots �vo’ro’ f’ro ons t ho’ so ouro’o’s t!o’scnibo’cl

Pro’viootlslY ( 1 ). I)io’thu\’l o’thit’r (mutio’sfhetic
etluo’n, H.P.) wmis oohtmiimuo’d froomss \bac’I”mom’ban

Smith, Ltd. , Edimobunghi.

J-Ii(J/i-J’at (Iou’-eai’bo/iydi’ate) (1/el. l”oor soomo’

cxpeninio’msts roofs ��‘o’t’o’ fratusfi’rro’d ftmr 5 days

prior too amut’sfloo’siti too to t!io’t coomisisfing t)f 70 �
manganimso’, 25 #{176} light white cast’imo, amid 5 #{182}

i\Io’Coollum’s stilt mixture too which vifmimimis

and choilimso’ t’hilioniclo’ wo’re addo’c!.

lIES t LTS

1�ffe(’ts o/’ loalotliane Oh Iiieo’ (‘ontelot o/ sonic

inetabolites in, vio’o. Livo’rs mf It’d rmots i�’ere

fno’t’ze-t’lmonspo’d molto’r (30 nsimu tof t’xpoosune to)

I .5 � � (v’v) ltalomtliatoo’ in ( )2. ( )thuo’r moluimals

wo’no’ mollowo’d too ro’coovo’r from the atoo’sfht’ti(’,

amid flair hivo’rs ��c’re fro’t’zo’-c’banupo’tl when

tho’ amiimals limit! rt’gmiimuo’d comiscitoustiess tumid

wo’ro’ moblo’ too momvo’ tirolund fho’ o’xposure

cluambo’r (approoximnafo’lv 30 mtoimi). Tin’ livers

of a furfho’r group wo’ro’ fno’c’zt’-clantpo’d after

cc)mplc’to’ rc’t’o)vo’ry from flue amic’sthucfic (after

60 miii). Thso’ chuatigo’s in In(’tmibo)hito’ c,ontent

iii the o’xpo’nimo’tifal grooups coniparcd to) the

coolotrols tint’ shuoowtt iti Fig. I mutid Table 1

After 60 mito t)f o’xpoosuro’ to himtboofhutumio’, the

gluo’oosc o’oomot’’iotm’tofiooti � sigmiifiemumtfly in-

cno’mos’d (Inooni 6.59 too I 0.3 �.L11itIlt’5 ‘g, ivet

wo’igluf), with to 40 � , do’crc’mosc imu glm’coogen.

Tho’ lo’vcls omf booth 2-oxooglutmorat-o’ timid glu-

tamate �v’ro’ 50 � � loowo’r thmimu imi the comutnols,

alfluooimgh fhto’m’o’ i�as nto c’hmutsgo’ ito thuo’ omxida-

t 1(010 -ro’tbuit’tio ito state of f ho’ ntitochomudrial

1”htt. 1 . Tossooo content of ,,o”taloolites ioo liters of fed rats exposed to /ooilothaioe (1 ,5(, �, v/i’) for a single

/)ei’iO(l oof 60 tnt i(

‘Floe livers were freeze-citomuped mis described tonder MATEIII.iLS ANtI MF;TH0DS. ‘[lie results are expressed
a,s percentage chaoige of the control (uooahot’sthetized) toninual values (see Tables 1 antI 2). The p values

tire derived front the data ill Tables 1 tohod 2, hoot from the percentage t’hanges. G-6-P, glucose 6-phocosphate,

a-( -1?, a-glycerophiosphottt e ; NL� L, nittlate ; AC. AC. , tocet toacet ate ; K ET, ketones.



Monoles/g, wet WI

(ilyo’oogen

Glucose

(11 oo�’cose -6-P

a -(1o’t’ert opho osphat (!

336

6..m9

0.23

0.1;-)

± 22.5 (18)

± 0.19 (21)

± 0.01 (14)

± 0.01 (14)

2.52 ±

1:36 ±

0.27 ±

4.16 ±

0(14 (2l

o.o:� (21)

0.18 (21)

0.07 (21)

‘I’Alol,o: 2

2-()xoogluttu’tttc

.-\hiih000ihi i to

(1lut aoiutot 0’

[Free NAI)[,,,1/[fro’e NAI)Il[,,1

0.21 ±

0.84 ±

3.19 ±

15.3 ±

0.02 (21)

0.0-I (18)

0.09 (18)

1.4 (18

0)11 ±

().61 ±

1.61 ±

14.2 ±

0.1:3 ±

0.21 ±

0:34 ±

44.1 ±

0.09 ± 0.01 (20)

0.13 ± 0.01 (20)

0.22 ± 0.01 (20)

37.3 ± 4.5 (20)

0.03’ (8)

0.04 (5)

0. 17’ (5)

2.5 (5)

0.0:3 (8)

0.03 (8)

0.04’ (8)

8:3 (8,
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NAD d’omliI)lc mis o’alculmoto’d front the :�-luy-

droxybutvrato’ mitici glutamate dehu�’o1rog ‘to -

ase systenis (‘Cmublo’ 2). Tho’ ooxidatiooto-t’cduo’-

fion stmufo’ omf flto’ t’�’toopltosmit’ NA!) o’oouple,

T�Iom.f; 1

Live, iloetoibo)litc (�(),� ttitt ioo oioi’oike, fed oats

Livers were freeze-o’looniped tos des’riloetl iotooler

s1�Ti:otIAh.s ANt) MITt100I)5. \alues are iooeans ±

st andttrd errot’s , wi t Ii t lie ii ooniboer oof o observat iootis
ihi parentheses.

Metabolite (�ontrols (awake animtols)

ATP

Al)P

AN-IP

Tootal nucleoot itlo’s

( ‘,hoot anuiooe 4 . 70 ± 0 . 25 (14)

mis o’milo’imlmoto’(l ft’ootio t lit’ lmio’tmtto’ clo’hovdt’t igo’mimiso’

s�’sto’rn, \\.mts alsoo umimifi’o’o’to’t! by homibomthtmomoo’,

milfhtoiughs flit’ ml(’tllal o’oomit’o’mitratiomns tot’ lmio’tmito’

mlticb PYnuVato’ ivo’ro’ Ito�vo’t’ ito flit’ moticstln’tizo’ol

tutu numils. ‘[his lmu’k oml o‘fl’o’o’t o ito gI�’c’o ilysis is

ito nsmirko’! t’oomotrmost too tho’ fitiditogs imi (ho’

isomlmif’d, l)t’t’itlsO’tb livo’rs omf’ fo’cl m’tifs, ivltt’m’c

homlloothuahuo’ o’mousos! a I (‘o-f’omltb int’ro’miso’ iti flit’

rmoto’ oof bat’tmoto’ jot’tmcbiit’tititi froons glyt’oogo’mo

stomt’o’s, mimic! shilto’t! flit’ omxiolmitioai-ro’tbuo’fimmo

stmoto’ oof (Ito’ NA I ) t’t oujllt’s oof t’ytOm�Ilmi5flt tili(!

nsito ot’itootidt’imo iti f’movoor 0 of I’O’t!llt’tititi ( 1 ).

‘[hio’ro’ ii.ti-s slight inct’o’miso’ in flit’ coomu’o’mitt’mo-

titmtosoofko’tommoo’bomolics timid 0)1glufmomnitoc, ho itho

oof ivhich commutimumo’c! toi ili(’I’O’tist’ thurooimghooout

thio’ 60-mito ro’o’oovo’rv IIo’niomcb (I”ig. 2). B�’ floe

t’Ii(b oof f ho’ 30-misi � � � nv gluo’o ose co mmoo’o’ti-

trmofiomns limit! ro’tuntoo’(l too flit’ o’oimotrml vmiluo’s,

molt ho ough glyo’oogo’ti t’o’numoituo’d lo m� dut’itig flit’

o’tutit’t’ po’niomc! stu(bio’ob (l”ig. 3), ��ltcr tin’ tb’-

cro’miso’ ut 2-oxoogltmtmirato’ t’ootit’o’tit t’mit iomti ohmt’imig

hmiloithsttmoo’ tno’motnio’tot, thuo’ro’ \vmos tots mvo’t’shuomomt

diom’ilog nt’t’ovt’ry (to hoighuo’n rootuo’t’mitrmit ioomos

than in flit’ o’ontt’ools (0.29 vs. 0.2 1 �mooh’/g,

wo’t- �v’iglot ) (l”ig. 3). Thoo’m’o’ \�mos room sinoilmir

LJT(’(t of /o(lloI/oa toe 000 t0J’i(lat( (010 -reoli,etio,o .St(it( of Ii it’, .‘i (of ,f’:(l oats o to Vito

Well-fed noale rats were expoos(’(l too hitoloothototoo’ (1.5’.( , v/v, in 02) for (10 huh as descz’ihoetl oooooler M�-

TERIlLS .iNI) MI:TIIomt)s. Livers svere freeze-o’ltonipeol tot t his t inie. The ooxi(ltLt ioooo-ro’dtmct itno st tot o’ oil I ho’

cytopltuslii ([free NAI )‘]c/ free NAI )lI [�) � calt’ooltotecl froohio t ho’ ltoo’t tote olo’h-u’tlroogeiottse systenu . The
oxidatiolo-reoluct 10)10 St mit (‘ oof t he iiii t oo’hotiolri to �vtos o’alculateol frohio t he glut atoit-ot e (lehv(lroogo’ootose ([free

NAI)#{176}J�,1/[free NAt )l-1 I,,,’ ) ti.ll(l :3-h-i�’drtox�’1ooot�’rtoto-’ olehivolroogetotiso’ ([free NA I )},,,2/[free NA I 111 2)

svstents . Vahoes tore niea�is ± sta hi(htr(l errors , wi t hi t he Iiulii loer oof t obscrvti 0 i 0 OtiS i hi j�aren theses.

?oletahoohite Controls (no haloohtone) .�fier 60 mm of htoloihtonc

M0tl(olCS/J,’ ()) tissue M111oles/g (0) tissue

0. 10 ± 0.01 (21) 0.09 ± 0.01 (8)

0.7(1 ± 0.07 (21) 0.018 ± 0.10 (8)

8.2 ± 0.6 (21) 8.0 ± 0.6 (8)

1220 ± �1 (21) 129() ± 112 (8)

P�’roovtit e

Ltictttte

[Ltoctate[/[iovroovti(e}

Free NAI)�]/lfree NAIIIIJc

:3-l1�’tlrox�’1outvrtote

;\cetomttc’et tote

Totttl ko’tootoe total it’s

[Fo’ee NAI)5[,,,2/[free NA1)ll[,�2

a p ( 0.05 t’Ohiiptlre(l with cootitrools.

S p < 0.01 cootioptoretl \vith c(ontrtols.
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MINUTES

Fm om. 2 . To tooc eo ot ise of a I/era t iono.s’ Ito hoer tiss oto

ooooeeootrozliooo.s’ of glootauoatt’, glootaoooiooe, ovid ket0100?

/0(0(10(5 �fl f(’(l ,(It.S’ (Jposeol to a siio�ilc 60-ito i,o perw(l

of /oalotlooiroot (J4( ; , i/u)

The zero-t inie results represetit t he values (oh)-

I ained ihi lolilohoest het ized to on t to 1 a�i inotols . The
Go-ni i ii perioti represezo t s t he resoo I t s ololri tog hal(o-

t hoatie moliesthiesimi, 910(1 0 lie 90- tln(l 120-hum 1)eriods

represent the perioods oof recooverv foolloowihog with-

draos’al oif t he ano’st het io’ tot 60 nun . l’lio’ hoorizoont a!

bars represen t st anolarol errool’s oof I he nietoli

0 mvo’nshiooof ft or glufminsmufo’. ‘[lot’ o’ootu’o’tit m’mitio mmus

(If all metaboolito’s, oothso’r tItan glufmoniiluo’ totud

ketooloc boodio’s, did motif o’hiango’ sigtuifit’motoflv

bo’t ivo’t’mo 30 totic! 60 nsimu oml ro’eo ivory,

I�ffeet oj’ i’e/)eate(l e.o’posui’e to halo/bane on

i’at liter inetabolites. In vic’w oil (ho’ Poossiblo’

o’linit’al missooo’imitioonbo’tivo’o’tot’o’po’mito’c!hotolo-

fi-ittiut’ ano’sfluo’siti mont! huo’pmitomxio’it v (7 ) , the

biooclteniical no’spoomoso’ � iiovo’sfigtofo’cb in

rats t’xpooso’d repo’mito’dlv too hialoothtmutuo’, Tho’

o’xpo’ninut’nfs wont’ do’sigtuo’c! too study ivhtcfho’r

flit’ mo’faboolio’ o’hmuogo’s foound follo miving moo’ute

�oticsfho’sia bo’ctomo’ loss ro’modiI�’ ro’vcrso’d moffo’r

mulfiplo’ hutiloofhmttoo’ o’xpoisuno’s.

��iiimaIs wo’ro’ expooso’c! too I .5 ‘ (V v) hutoloo-

thmitto’ foon CoO nun ooto six suo’t’t’ssivt’ ooo’rasio)Ius

tot iloto’rvmols 0 of 48 hut’. ( )to oath ooo’o’mosio oti blooood

‘� 350

.�1 275

.�

E 200
:70,

03

02

01

Fio;. 3. Tinoc COO/ISO of altc,oitiotos zoo hoot’ tissue

(t)iO(otOIi01110105 of glot(t)so, glyoogooo , (hood .?-to.rogloi-

I011(ItO? i/O feol oats exposed lot a sitogle 60-no ito pcri(od of

/OalOlh(110e (J.5(/; ,

‘Floe zero)- t inie restil Is represe�i t t he vtol toes cob-

I to iiied ili oo Ii anest het izeol 00010 0 1(01 an unuols . The
(10-huh period represents t lie results during halom-

tharie anesthoesito, mind t he #{176}.)0-tolid 120-iuuin periods

represent the peritods oof reo’oovery foolloowing with-

di’a�val oof I he turiest het io tot 60 no in . The ho)riz000t al

btors represent staiidtoro! o’rroors oof the niean.

samplo’s ft or gluo’ooso’ cbeto’rnoitomotioon wo’rc fmiko’mo

froorn tlt’ ttoil mis do’scnibo’c! itt MATERIALS AND

METHODS. Affo’r flit’ first tomoesfliefio’ Po’niodl

hmulomfhsmino’ o’aused to largo’ iticr(’aso’ il-i blood

gluo’oso’ co otico’muf roof io on , but the m’espo oltSo’ be-

camo’ pnoogro’ssivo’ly lo’ss mmorked duritug sub-

st’tiut’mit ft’o’atmo’rots (Ttoblo’ 3). The avo’rage

iio’ighf gaimo t)f t Iso’ Iimiloothsoomoo’-frt’afo’d rats i�’as

tolsto l(ow�(’r dunimug flit’ fim’st 6 days oil flit’ cx-

Po’nimo’Isf (‘Tablo’ 3). 1�ho’ Pmottt’nmt of noo’fabco-
lift’ c’hmutogo’s fooumic! in flit’ livo’r milto’m’ six sep-

artito’ o’xpoosuro’s too fIn’ momit’sthetic � ojuali-

fafivt’lv flit’ smonso’ mis mtf’to’r to siloglo’ 60-mimi

po’m’itod oof mimuesthso’simo, milthioough tIie dco’m’o’aso’s

il-i coomit’t’iit ratio on ool bao’tafo’, �)yruvtotc, cit -

rmito’, timid malato’ �vero’ grt’mofo’r. Alfistough if

:-ljljoo’ans that flit’ c!t’o’t’t’toso’ itt livc’r glveoogo’n



Weight gain

7.2 ± 1.0 (20)

5.8 ± 1.1 (19)

8.0 ± 2#{176}.)(1#{176}.))

11.3 ± 2.6 (19)

�_i No Holothane

Li- Sixth Anesthesia

� 60mins Recovery

� 3 days Recovery

�-- �- ------�--

30

250-

200-

5�) 150--

�‘��1ijLi-’� r�L
GLUCOSE GLYCOGEN 2-OXOGLUTARATE GLUTAMATE KETONE BODIES GLUTAMINE

Fict. 4. Po’rceiotage cloaoogcs ito litet’ 110et(tbolite coi,ce,,ti’atitoios i/o (10 0 o,oal.s c�po.�il to six 60-otto ii proods of

lialothatoc (1 � , i/o) on alternative (layS

Thue chutihiges rel)reselote(l are t hose l)rest’olt during t he sixth toliest hot’t iC , tot 60 hub oof reccovery aft er t lie

sixthu ahiest liet ic ttlo(l 3 clays foollcowilig thc’ si xt Ii tOloo’st hetiot . ‘Fhie livo’rs \ver(’ freo’ze-o’ltuiipo’ol tos olt’so’ri l)t�tl

solider it iTI:1OI � m.s �x I) 51 0-:TOI000s.
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co)nfo’mtf- \\‘tos oof the samo’ oordo’r as mifto’r mu

single ano’sthtt’fio’ t’xposuno’, if bt’c’anse c’lo’ar

froom bong-ten ro’t’o ovo’ny o’xperimt’muts (sc’t’

fol low’imtg set’t i( omi) t limit hivo’r glveogen sto oro’s

i�’erc’ muof ro’p!enishiecl iii the 48-hr infenvmols

bt’fwc’en doso’s (If luabothano’ (I’ig. 4). ‘[his

alsto (‘xpbaimts why glucose ilucreases in booth

tissue tind bkood wo’rt’ less’ respomtsivt’ omu no’-

j)o’at-t’d amst’sfhesia. As affo’r mu siroglo’ doso’ omf

habothamie, t ho’ levo’ls 0)1 both 2 -(oxoglutmirmtt o’

attcl glutmimato’ were tbo’cro’asc’d, though too to

lo’sso’r o’xtent , withoout affecfilsg the ooxidatioohi-

reduction stato’ omf the mitoochomndnial NAI)

co 0011110’. Slut ort -t o’rm ro’o’ovo’r�’ shuoowo ‘d t tic’ smonit’

o’Itmom’mio’to’nist it’s mis molt o’n t hoe simugle t’xpt msuro’

too haloflsmtno’. ‘[iuo’ro’ � motu oovo’rshooot ool

2-ooxog!utmormot o’, moli(b t Ito’ to mhtt’O’Iit rtot io ins oof

kcftone boooiio’s anti glutmimssitio’ o’omnfituuo’(! toi

itto’ro’moso’ clut’ittg tho’ GO-miti ro’c’oovo’I’y JIt’nitmo!.

lou 11-terni in etaboli(’ (‘10a ii qes /)i’O(lil(’e(i ‘�!1

loalotloane. ‘[woo groups oof m’tots subjt’o’to’d too

repo’afo’d hutolo ithano’ amio’st hoo’simi ivo’rc no’t urmoo’(b

too muoormal living (‘otiditioolis too see whso’thio’r

tiny of the nietaboolit’ o’luangcs still pno’so’mut

60 ruin afto’m’ w’itho!rawmol oil flit’ mumiesthio’tit’

wonild po’rsist foor days, ton evt’�t w’eeks. Tho’sc

amuimals fooomk pant imu (ho’ o’xperimemuts oof

1”ig. 4. TIso’v �vent’ givo’ti moomfurtho’r hialoothmomoo’

‘FAIOh.O 3

Effect of repeated halothotooe a,oesthesia ooo blood (JlU(’(ose C(011Ceiotr(Iti000.S tf feol tiuile roit.s

Fed noale rats were exposed to haloothahie (1.5� , v/v in 02) for 60 mm tot 48-hr iootervals tis deso’ribed

under M\TI:HIAI.s �xn MF:Tmitons. Glucose cooticetot ratiolis were (leteflfliloe(1 ioo 1)10000(1 saniples (01)0 ained

froni the tails of the experinselotal group after 45 him tof tohiesthut’sia anti frtmni the 000liahoestlietizeol coti-

trools. At the time of anesthesia each toninial was weighetl. The dttta in the table refer to the net gtiiio iii

body weight betos’eeho ahiesthetics (i.e., per 48 hr), tohod are expresseol as meatos ± sitonoltord erroors foor the

nuluitler of ohservtotioons shosvto i n I)arent heses.

‘l’ime No anesthetic Halothane

Glucose �\‘eight gtoin Glucose

hr MtflOles/tO1l blood u; MtflOlCS/1011 blond

0 5.46 ± 0.3(1 (8) 6.3:3 ± 0.21 (12)

48 5.19 ± 0.12 (9) 13.5 ± 1.8 (12) 8.32 ± 0.18 (12)

96 5:35 ± 0. 11 (8) 10.9 ± 01) (12) 7 .62 ± 0.21 (12)

144 4.92 ± 0.11 (9) 9.7 ± 1.2 (9) 5.48 ± 0.10 (12)

192 5.16 ± 0.25 (8) 11.4 ± 2.1 (12) 5.81 ± 0.05 (12)
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ilffo,m, thoo’ sixflu o’x�ooosure, timid thuo’ir livo’rs wore

frt’o’zo’-t’larnpo’d 3 tltoys ton 4 wo’o’ks lmufer.

Affo’n 3 days tloo’no’ wmos still to sigmoificanfly

clo’t’ro’miscd (/) < 0.05) livo’r glvo’oogo’n o’oonto’mtf

[175 ± 14.6 (miimoo’ o’xpo’nimsso’mits) vs. 336 ±

22.5 ( I 9 (‘xpo’ninuo’nts) j.umoolo’sg, ��‘o’f wo’ightt,

ito the coontm’olsj. ‘Flit’ t’oont’o’tifrmitioomi of glu-

o’oosewoos soomo’whimof loowo’r [5.95 ± 0.22 (tuimit’

o’xpo’t’imo’mots) vs. (‘o.59 ± 0.19 (21 o’xpo’ni-

mno’ruts) um(mlo’s/g, ��o’t wo’ighut] thomoii in flit’

t’tilifl’OIS. TIn’ rmiiso’d gluftomitoo’ toioc! ko’toono’

I)Oo(I\’ t’ootit’t’tifrmttiomtis also po’rsisto’d (5.55 ±

0.25 amid o.:�s ± 0,Os .omoolo’s/g, wo’t ivo’igltf,

m’o’spo’t’fivo’lv; foot’o’oomitm’oolvabomo’s, so’o’Tablo’s 1

mimic! 2). Tho’ mmilmoto’ co omio’o’mifrtotiooto tulso m’o’-

hismiilu(’(! ltowo’r (0. 19 ± 0.02, six cxpo’ninso’mits)

tlimomo itt flit’ o’ototm’ools, It sioooulcb ho’ t’nsphitisizt’d

t limit those nso’tmobo olit’ o’hmutog’s po’rsisfo’d evo’n

thioough thuo’ mats homod bo’o’molivitog utider flit’

stomo’ o’oomoditiotos tos flit’ cootitrools fool’ 3 cltoys

simot’o’ flit’ I)ro’viom�ms momuo’sfhic’simo.

l’oour wo’t’ks milton hialootiutotoo’ mumio’stlio’simi all

nso’tmobolif’ o’oomoco’iot rafioomis nso’asuro’cI wont’

100 onmmul.

_,.l(liii lii i.s’ti’al lou of lialotlia ii(’ to 24 -Ii i-fasted

rats. \Vhst’Io rats f’mosto’d loon 24 101’ \Vt’l’C o’xpoost’d

too hmolootlumomic( I.5 ‘ , , v,’v) timid thom hivo’rs

\�.o ‘t’O’ frt’o ‘Z ‘-clmotis � It ci mi t ( mO mssi t i , o it’ at :�o � on 60

nih oil no’o’oovo’m’y, flit’ Jomitferhi oil’ livo’r nso’tabo-

hito’sito flit’Iualoothimohto’-tro’ato’dgrooup � vo’ry

sinsiltir too that ool flit’ 24-hum’-fasto’cI o’omlotm’ols.

\\Titho thio’ o’xo’o’ptiooti tot’gl�’coogo’ti, (hut’ tiio’tmibo-

lito’s o!o’to’m’nsimio’o! �vo’t’o’ thooso’ givo’mi in l”ig. I

‘Fhio’ro’ wo’ro’ iuo sigloifl(’ant c!iffo’ro’tict’s in amiy

nio’taboolifc mo’tisuro’d, so) tittut flue noo’ttibcolic

no’spoomtsc oil 24-lon-fmtsto’cl roofs o’xpomsc’d too

hialofhamuo’ \vtis vo’rv diffo’ro’mot lroom (limit of fec!

tomuinstils. Evo’mi t ho ‘ glvco ogo’mioolytic respconse

i��as vo’rv smmsll [g!ucooso’ in(’ro’as(’d from

� ± 0. 12 � in flit’ t’oohit-rool group

(fhom’o’o’ aroimmols) too 3.69 ± 0. 12 in the hualt-

f Iotottt’-t rt’ato’d gt’ooilp (thum’o’o’ momuinsals) I, be-

o’mluso’ tluo’ hivo’r glu’t’oogo’ti was tilremidy de-

jolt’ft’cI by clo’I)nivmofioolo oof footod.

J�:!rect of’ 1ii�j/o-,fat (ijet in /)i’ei’o’ntiliq ineta-
bOli(’ (‘ha 10 (/CS bi’() iI(//i I abo oil by Ii alot/oa ii e. Tho’

lmit’k of o’ffo’o’t of hmilofhatuo’ ton liver niefabo-

lift’s in fmosfo’d tilOiflitols, mimic! till’ 1)rt’ViomuslY

m’o’poorto’d (2) o’ffo’o’t of omlo’mifc ill pm’evenfing

nso’fttbolit’ o’hsmomogo’s in iso mlmito’d l)o’rfiosed livers,

lo’tof sup�ooont too flit’ morgunuo’mif fhimof fatty acid

ooxidmufio Oh 15 ro’lmitivo’lv uhomoffo’o’fccb by halo-

thomimoo’, AloiflOlols wo’ro’ thio’ro’loom’o’ lt’d a high-fat

(looiv-carboolsyclrmoto’) diet (so’o’ it:�FEltI;�LS AND

IIETHOm)S) loon 5 dmi�’s l)nioor too humiloothatit’ cx-

P�os�mro’. Htolothmimoc o’moumso’cl ft’\\. t’himinges in

thit’ mefaboolito’ llatto’rmi (1”ig. 5). Ami incro’asc

( I 4 ‘ ) it-i flit’ livo’r glu(’ooso’ o’oottcemifrafio�otu oc-

t’urro’d, ivifli mtoo o’huatuge ito flit’ alt’t’ady low’

livo’r glyt’oogo’mo o’oomito’mtt- (90.3 umntmles/g, �vct

wo’ighut) Haloothutotoo’ caus’d a chsmingo’ toward a

t-ustol’e ooxidizt’d stmofo’ tof flit’ loo�v trot’ NAD+

f’m’t’o’ NAI)IT coomico’miti’motiommi i’m-itio�os bound imi

lmof -It’d molnmmols. ‘[hut’ t’yfo oplasmsi show’o’d the

I-i-ut osf nitinko’d o’humingo’ ito 0 mxiclmifio ihi-l’t-’dlucfi(In

stmife, bo’o’mouso’ flit’ Imio’ttoto’ c’oomtco’mstt’afioomu was

I-)

K

Fm o . 5. ‘J’i.ss j(i (Oto to to I of ,,octoibolo tc.v I ii hod’s of ia to fed lo iglo -foot di ci prece(lo ii g eJ’pO).O oo ic to looi-lothaioe

(1 ,5( � , i/o’) for a .sjto(/l( periood of 60 otoito

The high-fat (loow-cttrlmoohovdrtoto’) oliet is olescribeol sonder iIoTF:Isl�I.s iso it o:T110ioS. The livers were

fro’eze-o’honiped tos deso’rihoo’oI ito t lit! text . ‘Floe results tort’ expressed as percehitage change ill the Cohit-rOl

(untoioesthetizo’d) vtilooo’s (see Ttdoio’s 1 tuotl 2) . The p values are tierived frootn t lie data iou Ttobles 1 and 2,

boot ft’ono t lie pert’elit togt’ clototoges. ‘Flit’ toblot’o’vitot lobs tth’P (lehileci ito t hue legend I o Fig. 1.



N-Ietah)olite - Controls
- (no halothane)

30 ruin of halothane � 30 mm oof
(1.5#{176}�-�in 0�) -- trichhorethv!ene

(l� in 02)

30 nun of
oliethvl etluer

(6� in 02)

Mmooles/g Mnzoles/g

- 6.59 ±0.1#{176}.) (21) � 8.17 ±0.23” (3)

- 0.2:32±0.014 (14) 0.157±0.014#{176} (3)

0.145±0.011 (14) 0.030±0.002’ (3)

0.102±0.011 (21) � 0.060±0.005 (3)

0.762±0.070 (21) 0.44 ±0.07 (3)

8.2 ±0.6 (21) 7.0 ±1.0 (:3)

0. 172±0 0)10 (3)

0.291±0.071 (3)

(3) � 0.044±0.002 (3)

(:3) o.11:3±o.(�)5 (:3)
(:3) 0 . 154±0 . 012” (:3)

(:3) � 0.57 ±0.2:3 (3) 0:37 ±0.05 (:3)
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“ p < 0.01 co)hnpared with controols.

S p < 0.05 coonupared with coontrols.

bower attd flumuf oil pyruvmufe was hiigho’r thami

itt thou’ c’ollutnools. Although flit’ level of glu-

tamaf(’ \VtIS slightly c!ccneaso’d by halofhane,

2-oxtoglutanmito’ showo’cl a sigmuificamit in(’nt’misc’,

in markt’d o’oomifrast- too the flusdiligs in tlto’

abst’nc’o’ oil o’xoogenooims fmiffy micid (1 , 2). Tho’

ATP coottfemut w.tis sonso’whtot ittc’ro’tised, with

a comrrespoondihog decro’asc il-i A1)P co)nco’mifm’a-

tion.

Effect of’ l’e/)eated in ct/i o.o’yflu ian e a ii est/o esia

on liver lnetal)olite con ccii ti’at ion s. Rmits were

atuc’st hef ized for 60 nsimi is’if Ii nst’f lit oxvflurmomue

( 1 #{176}, v/v, itt (-)�) at 48-hr into’nvals as dot�

scnibed loon similar o’xI)t’nimo’Iut-s with halo-

thane. Livo’rs wo’rc fno’ezc-clampo’o! at- 60 mm

dunitig tlit’ sixth amu’sfluo’tic o’xpomsure. ()ther

animals w’t’ro’ millow’c’c! too recoovo’n c’oomtsc’ioous-

rlt’ss after flue artesthso’tic. This foook consido’r-

ably longer fhmon afto’r o’xpoosuro’ too halofhiatie,

5(1 that livt’rs ivert’ frco’ze-clampo’d only after

60 mm of rt’t’ovt’ry. There was no glycoo-

genolyf ic respo OIIS(’ tiff o’r t ho’ sixt h expo osure

too mcthoxyflurmine (loin (bo’ttiils oil the glyc’oo-

go’mooolytic no’spomluse, as ro’fit’ctetb in bbomood glu-

(‘(iso’ d’t otuc’o’mit rafioomis dunimug t’ao’h joro’o’o’climog

admimuisfratiooti oil mumuesfho’fic, so’o’ ro’i. 5).

Livo’r Imoctafe c’oohio’ertfrafioon was lomwcr, mimic!

the total ko’to )Ii(’ ho mdv to on(’o’nf nmitioomu misomne

fhumiti 2-bold higho’t’, titan in the t’oomofm’ools. Nom

sigmiiticmomut o’humimugc lIt 2-toxooglufmtrmite or

L-glutammofo’ lo’vo’ls ooct’urncd.

J�ffeets of’ s/ooo’t-tei’no e.o’posu i.e too /ialot/ia ii e,

ti’i(’/i bid/i jjlen e, an (1 (Iiet/iyi el/i ci’ on Iii’ei’

lii etabolites. Li vo ‘rs oof It’d rmifs w’o ‘ro ‘ mo ‘o’zo

d’ltifls1)t’d alft’r 30 nd� oil o’xposuro’ too hmiloo-

fhtiuic (1 .5 � � , v�,-�’v, ill ( )2), fnic’luloorc’fhuvlo’toc

(I .0 ‘ � , v/v), ton diefhyl o’thto’n (6 ‘ , , v, v, iti

02) . 1�hic mmuin diffo’ro’nco’s bo’f wco’Ii t lit’ f hro’t’

ago’nts (Tablo’ 4) wc’nc a 5-fold c!o’o’remoso’ ito

a-glyco’ro opho ospliafo’ confo’ttf and ami mtpproxi -

mmifo’ly 2-foolc! c!ecro’moso’ itt lac’fmufo’ clunitog
haloofhanc’ atuo’sfhoo’sia ; to 2-fomld in(’ro’most’ itt

lmio’fmifc dlunilig !io’thuyl ‘fho’n monesthoesitu ; atoc!

tutu mipproximmofo’l�’ 50 ‘ imicro’tiso’ iti total

ko’toono’ boodies affo’r haloofhimotuo’ mimic! frio’hlimr-

o’tluvlo’nt’ o’xposurc, ct)flijlmOm’t’d w’ifhi mi 25 ‘

c!o’cno’toso’ ivluo’io t!io’thvl o’then was (ho’ totio’s-

flio’tic mugo’nt . The nuoost mmorkcc! dift’o’rcno’c

T.�iot�o; 4

EJ]’cct.s of rariooo.s aooe.s1/oetic olg(iot.s 0)1/ liver otoetabolile coooccootratiooo.s

Fed male Wistar rats were expomsed to 30 nun of ahoesthetit’ as described iii the text-. At the end of this

tinie the livers were freeze-citonipeol tos described previoitosly. Itesults are iiic’tuis ± staridtorot o’rroors of

the nooiiiber tof observatiotis sho’os’Ii in pareoitheses.

Gluctse

Glucoose-6-P

a-Glycerophosphate

Pvruvate

Lactate

ILactateJ/[p’o’ruvatel

2-Oxoigi tot arate

Malate

3-Hvdroxybut �‘rate

Acettbacet-ate

Suon tof 3-hydrooxvbut-v-

rate ahid acetoatcetate

[3-Hydrtoxybutyrate[/

[acetooacetate[

0.214±0.019 (21) 0.064±0.005”

0 . 294±0 . 022 (17) 0 . 573±0 . 183’

0.088±0.011 (20) 0.164±0.070

� 0.129±0.007 (20) 0.160±0.024

- 0.217±0.014 (21) � 0.324±0.080#{176}

� 0.69 ±0.01) (20) 1.03 ±0.53

Mo?ooles�’

� 9.69 ±1.4 (3)

0.217±0.056 (3)

- 0. 104±0.0:30 (3)

0. 120±0.0:30 (:3)

0.92 ±0:31 (:3)

7.0 ±1.0 (3)

(:3) � 0.333±0.09Y’ (3)

(3) � 0.754±0.240” (:3)

(3) 0.122±0.054

(3) 0.184±0.040

(3) 0.301±0. 101

M1110ul0’5 1:

8.51) ±0. 22 (3)

� 0 . 347±0 (141#{176}.)”(3)

� 0.21:3±0.070 (:3)

0 . 1#{176}.)0±() .010 (:3)
- 1.71 ±0.1�t’ (3)

9.() ±0:3 (:3)
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1110 IiiO’ftObtilic nc’spoohiso’ 000’curred! itt flit’ (‘tisO’ oof

2-omxooglutarmofc’, wlsio’h � tbec’ro’tosed 70 � by

homiloothati’, iruc’no’moso’d 60 � by trit’hslooro’fhuyl-

o’mio’, tumid utuclumomigo’cb by cliethyl ctho’r. All

fhsro’o’ momso’stho’tit’ ago’muts ea-uso’cb a- glvc’om-

go’noolytie ro’spoonso’ uiluio’hi is cbesc’nibt’d in

cbo’tmiil o’lso’�vlserc (5).

tIm scussm (I N

I)i:ITei’eii ces iii no etaboli(’ effeet.s of ha-lot/i an e

110 1-11(1 an(1 in- Vjti’o. ‘[Ito’ experinso’nts rt’veal

mtojo or c!iffo’ro’no’o’s bo’fw’eeti the iso olmuted, P�’r-

itisO’(l m’oot liven ( 1 ) mimic! flit’ situmotioomu in vito

imu tho’in mo’taboolic ro’spo mtsse ft 0 hmilootlumimue.

(mu) Flimili ofhatit’ in vito c’aused glvcoogo’noolysis

ivith nom commsctomitant imuc’m’o’asc’ imu the sto’adv-

stmito’ hot’tmite ctonc’o’mitratioti, w’huo’reas in the

Po’nlilst’d livo’r it o’mtused mu 16-bold iiicrt’ase in
lat’tmote pm’ooductiooti froom liver glyo’ogen. (b)

‘flit’ tissut’ c’oomito’mut oil ATP w’tos dt’cro’oosed

sigtoihcantl�’ by hitolootlitimic w’ho’mi livo’rs frolm

45-hr-fasted rats wo’no’ l)o’rlust’d ivith lmuc’fmite

(mu glucomicogenic pro’o’urstmr) oor amntootuium

ebb onicbo’ 1)h15 oontuifhimte (pro’c’urso irs oil urea).

‘flit’ tlecno’ase iii A’[1� c’tmitemut � tossoc’imitcd

with to shift col flit’ t’vfooplmostnic mimic! mitt)t’hon-

(Initol NA1) t’toiiplt’s to) a nsoore ro’cluo’c’d state.

‘fhot’so’ c’hamoges iti A’FP atud oixidmutioon-neduc-

fioon state did noot coccur who’n hsaboothant’ ii’as

ml(lmimoisto’red in i’ii’o. (c) Hlmilomthutune (‘toused a

55 0 � inhibitioomi oil 02 uptake by flit’ po’rlused

livo’m’ 0 of t’o’d rmots. ‘[ho’ mnainto’ttamic’o’ oil ATP

tomitl flit’ ooxit!afioit-m’t’cluctiommi stmofc oml the

NAI) o’oouplo’s in l’ii’o is an imtclicatiootu oil tin-

inipmoim’o’cl 0 oxvgt’mi coomisun-iptit in, 1Iossibl\’ by

Ut i lizmit it itt of subst rmoto’s by reac’tioomts w’hich

t’tLIu too soonu’ o’xto�ttf bypass NAI)H do’hydroo-

go’momtso’ (it’., (3-omxiclafiommi of imoffy acids tm

ko’toomoe hodit’s). ‘[best’ differo’tuccs mmiv bo’ due

imu jomorf too flit’ rt’sptmhist’s oil othio’r f-issues which

t’tlmi joromvicbo’ tolto’m’mimitivt’ fuo’ls aticb ho ornioonal

ro’gulmotio Oh, tluus nsoodifyitug (Ito’ m’csptomist’ 0)1

(ho’ Iivo’r too iimilomf-haiie in t’ii’o. Suo’h mccli-

mimuisms tort’ absemut in an isoolmuf(’c!, l)o’rfust’d

livo’r svsto’msu. l”oon imtsfamsc’o’, tlto’ difference

w�itli m’o’gmircl too lactafo’ prtmduc’fioon ton ad-

misimoisfm’mitioomu oil himuloothmumue nimiv bt’ ro’lmoto’d to)

the lmit’t tiomof sonso’ gluo’oost’ (‘ooulc!ho’ utilized

by ooo!ipo iso’ tissuo’ foi’ f’mitfv tit’l(! symithesis

it, 1,11,0. ‘[lie Imorgo’ imuo’m’o’ttsc’s ito blootod imusulimi

tttO(b gltio’ ose t limit ooo’o’ur oomo himOl(mfhimilot’ at!-

nsimoisfm’mifjomi (5) w’ooulcl iorooviobo’ o’oomuc!itiomis

ftivomrttblo’ too fat svtuthio’sis.

(‘toiitiiioti i,ielalnolu’ c/feels’ of’ /ialoot/iaiie in

1110 aiitI iii viti’o. ‘flit’ nsoost- striking o’ffo’ct 0)1

haboothmimuo’ wmis that its all o’xpenimo’mtts in

�vhiclu flit’ livers cooiufmuitto’d ro’so’m’ves ol glvo’o-

gc’mu, flit’ mono’sthetic (‘auso’d a large do’creas’

itt tlto’ liver (‘oomutettf omf 2-toxooglutarafe. This

agmiin was moist marko’c! in tho’ l)erfUsion t’x-

po’nimemifs, ui’here the c!ec’rease was 5-S-fold

( I ). in toll c’xperimo’nts in viti’o the docrease

imt 2-omxomglutarate content-s rather than an

imtcro’ase in glutamate ton NH t�, was respoon-

sible foor f-lie reduced state of the mitolchoon-

dnial NAD coouple, amid probably was r(’lated

to tho’ ilthibitio)n oil NADH dehydrcogo’nase

by halootluane (1 , 2, 9-i I ). In vivo the de-

c’rc’aso’ itt 2-coxogluttirate comuco’nt-ratio)n was

omil\- 50 #{176}, , and there was a parallel decrease

in glutaniato’, w’ith tio change in the mitt)-

chcomtdnial oxidation -reducfioon stato’ . The

j)arallel c’haiuge in the concentrations oof tonly
tWO) ro’actmints of f-his clt’liydroogenase system

c’a-nnoot be c’xplaino’d. \Vhile many oof f-ho’

fmucfoors that t’stablihth links between mo’faboo-

lift’s mint’ w’ell understood, the reasons why

individual metabolifes are maintaino’d at a

1)mirticular comtcc’ntrafioomi in ami�’ given physi-
o)bo)gieal state are iiot.

I�oiiq-tei’iii o-�ffeets of lialotliane. The oirilv

lomtg-to’nni effeo’t oof hualothano’ found was

relat o’d t-o carbohvdraf e rnetaboolisni . Glvco-

gen remained low afto’n repeated exposures in

normal fed rats, althooiogh tho’ cofher metabolic

chamuges foumid were tippart’ntly retodily re-

vc’rsiblo’. The o’rnafio’ ivo’ight- gain dunimug thc’

coourse oil the o’xpeninio’nt (Tablo’ 3) suggests

that other, less rc’aclily revo’rsible effo’cfs mmiy

also) have oco’urro’d.

1)unimug aruo’sf hesimu motto! the reo’o vo ‘ry po’ri(od

from single or rcl)t’mtfo’dl anestho’tics, proogrt’s-

sive niso’s (too aboovo’ flue conco’ntratioomis in f-lie

controols) cd kefolit’ bodies amid glufamine

owciim’ro’tl. The coonto’mit- ool 2-oxoglutarat-c a-iso

inc’ro’mts(’d aboovo’ tho’ coomutrc)l vtilue during the

rco’omvo’rv ijt’nitod. ‘flit’ imuo’remist’s in kefo mite

ho odv t’o�onccmut nmit io oto mulso ooo’curro’c! i tt the

blooomc! (5), mimic! tire jlro)bably ro’lmuto’d to) the

iticro’miso’d �3-oxidatiomu oil fatty acids (nt’ctuir-

ihug molsoo incrc’muso’d lij)oolysis) olunimig hmiloothamie

amuo’sfhcsia. Hoowevo’r, imtc’no’ased rmtfes of ke-

tootst’ boodv foormiiatiommo wo’ro’ mtot foutici iii (lie

livo’r j)o’nftmsitmtts whuo’ti oolo’t-ite was pro’so’ttf in

flit’ mo’t!iuni (2), bo’cmuuse, at this (‘ootit’enfnti-

fit)fl ooi oolo’mufe, kc’toomue htotl:t,’ foonmmufiooto is a!-

remuol�’ tuo’mor mismixinsmul ( 1 2).
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1. Biebtoyo’k, J. F., Liond, P. & Krehs, 11. A.
(1972) Bioe/oeooo. J., 128, 711-720.

The tlvo’nsho)oot- 0)1 2-oxoglutarate coomicemi-

fration after disturbance of the ro’actants (of

f-he glutamate dehydrogenase system (Table

1) was observed previously after itujectioon of

NH0C1 intoo rats -in i’iuo (13), and is assoo-

ciated ivifh tht’ re-establishmt’mtt oIl tho’

l)hysio)lcogical no’ar equilibrium of this neac-
fion. The increast’ itt glutamine concemif rat ion

is less easily explained. Although it is met a-

bolically very closely related to glutamate,

there is Itt) evidenct’ that the glufamine

concentrtition is related either to the gIn-

t-amate content- or to) the olxidation-reductioomi

st-ate of the liver cell.

Ph-ysioloqieal implication s of in etabolic ef-

f ects of lialothane. These experimt’nt-s sltoi�’

that distimtct mc’tabolic changes occur with

halothane as compared to diethy! ether, tn-

chlorethylene, and methoxyfluraitc’. The

findimig that fasting or exogenous adminis-

tratiomi (If fatty acids prevents some tol the

metabolic disturbances brought about- by

halothane is of special interest in rc’latiomu too

f-he view, long held, that- a high liver glyco-

gen coontent iroofects against damage dunittg

anesthesia (14-17).
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