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sminations of the rotes of glutathione (GSH) metabolism have

been among the mmerous inwstigations of this biologleally lmportent
compotnds The metabolisn rates of this substance have been studied
 prinsdily by the tse of isotopeswtld; 835, and W5, Results of mih
studies in & mmbay of tinoues have been Peported, These tissues ine
clude the Liver bub nob the brains Waelsch and Rittenberg (1), using
W5 glyaine, made the fivet estimate in the liver, Using en intact
raby they found & GSH halfwlife of 2 to 4 hourss With eystinews35,
- Anderson and Moghew (2) weported & 3 howr halfilife in the liver of
the intect rat, More vedently, studies of Hemriques, gt sle (3) on
live rabbits have ylelded n ¥ to 9 howr half=life for liver and & 10
to 13 hour velue for migels, using glyoines2+014 as the labele In vitro
gtudies by Kinsoy and Merriam (4) on rabbit lens GSH have ylelded &
helf-14%5 of 29 hours usiug both glyclne-lscld and glyotnsw2-0lby vork
| in this iammbéry with plyoinos2s0l4 by Mortensen 8t gley (5} has
wlelded a 65 Nour halfélife for the GSH of mature bat erythroeytes in
wives Husen studies dons by Diment; et gley (6)¢ using W15 glycine
he.ve shown & 4 day half-life in the natire erythrodytes

The - préaen‘t‘. work wag wﬂﬂr%aken primarily- to obtain information en
GSH mrhavw in the brain of the intéct :‘aw Tt seemed of interest,

udy the liver at the same tine, inammeh as previously




1 on other aze‘ﬁheﬁé.
‘; the experimental mathad gonsisted of mesmme

. m ‘t}hﬁ.s Pl‘éaant R

“thervalus doduded by Weelsch and Rittenberge The twmover in the bredn
rroved 46 be the slowsst so far reported for any tlssue of the rat,

-

© For the ver experinents, nale SpraguesDavley rats vere placed

. on Puring Lsboratory Chow as weanlings and wave alloved to feed ad Libitum
until ey velghed between 2005300 grems, ob which tima the experinent
was boguny During the experimental period; food was denied the rats for
.t‘:n:é m—m befors injestion, wns roturned one hour after injoction, and
f.’mally reamoved five hours before sucrifice.
~ ' sina0l4 (’mauerlah), vith a specific activity oFf La34 no. pox
intraporitoneally in & sivgle dose of 346w por 100z,
eivals of & fo 18 hours following Infection; the
Iﬁm.e& b;r stunning and decapitationy and the livers quickly
 mitioedy and frozen with dry dees
me gran saitplos of the Tiver vare honogenised with 25 mge of Gaprie~
enr GSR ia 5 nly of 10 per vent trichloroucetic acld (ICA) in a Potterw
Ely om g iomogenizers The resulting solution wis centrifuged,
am. the‘tfeupema‘bmb decanted end £iltered, The precipifate vas vached
s 48 4 21, of 10 por cant T0A and contrifugeds Tho spernatent
" his wshing vas decanted, filtered and coubined with tho origlnsl




the bredny equal mumbers of msle and female Sprague-Dawley
sighing botwsen 225 and 375 gramsy were useds They were allowe
6d to foed g4 Litdtun on Laboratdry Chow before and during the expéri-

merty

ratey weigh

rain GSH was lobsled by injecting glycine2+014 into the eisterna

masn&,;sﬁ The rate wabs aneathetized with Nembubel avd pladed on & supe

pord m& heads elevated s desoribed by Jeffors and Grifrith (s

hite $g-thls positiony each aninel was given Os2ce of the labeled
glyeine por 100 guy of body weights The consentration (in phystologloal
galing) was sush that & total volume of 0,01 mle would be inmtroduced

into a 300 gie vats The solution wes adninigbeved with a Brooks blood
sedimentation pipetie (Fisher Selentific Company); the capillery of

which had boon calitwated Wlth mevoury to deliver knowh volumsse A

0u5 inoh Hou 26 hypodernic needls was placed on the grovnd tip of the
plpattey mm the laboled glyoine solution tas éram up through the needle
into the 10%1* pottion of the calibwabed sapillisvyy The stopoosk was

then cloged and the needls wiped freg of sdherent solution and ingevted
into the olsterma maghas Whon entyance inte the clstern had beon achieved,
as indicated by & gmelly, shavp vlso of the fluid level in the eapillary, the
stopecok was opened sud the veloulated volume of the glyvine solution expelled
by gentle pressure, The injection tine was ordinarily sbous 15 secondss

&% forty elght hours and suscesding time intervals folloving ine

jectiony the pats vere ¥ilied by desapliation, and the brains renoved as

& 'whols and frogen vith ar;r 1ce¢ One gram samples of mineed bréin vere
homogenized with 25 mgs of earrder 08K in & mamer similar to that for the
11’?&1“&

The GSH from both the ‘bm:m and the llver wes isolated ns the euprous

; ially as doseribed by Weelsch end Rittenberg (8)s
loyed was as followsy to the combined 1dver




er hmin decnutate was added a six per vent cadmiun chloride solution
equel in voluns to onesfourth of, the volune of the decantetes & few

7 ﬂmpsl\f’ W&sol greon indidstor wore useds Formal sodfun hytroxide
was aﬁﬁed érbmﬁ.ﬁe, vith shakingy wntil the yellow color of the s6lution
fadﬁg iﬁn&x&a‘.{w sodim earbondts-des-then added untdl the solution
mmedﬁ J.igh{sblum The. mmﬁﬁng‘pmcipfmﬁa was allowed to setile for

one hcmr ina refrigerabors At the end of the hour; the solution was

. centrifmeaa, and the graeipiﬁate wag tules washed vith water, triturated

anﬁ cenﬁmﬁzgaﬁa E‘m waphed-preaipitote was dlgsolved in the lenst

, poasma,mmm of 2 N silfuris acid (ems 20 dvops) and 10 nls of 045

N sulfuric nold was addsds Snall quentitiddof an aqueous cuprops oxide
suapez‘zéion; wore added b6 this eeld eslution with considerable stirrings

. Fach Mﬁn of puprous oxide was added only after the red color frem

the provious addition had completely dlsappesreds This process was cobm
ﬁiinuedgunﬁii %e‘v reguliing cuprous mereaptide 'preoipﬁmakbegan to dissolve.
Av was then bubhbled throigh the solution for ten mizutesy At the end of
this time, the reecipltate wes washedjtiiturated and centrifuged in the
following ordety Hhree times wih 045 ¥ sulfuris sold, four times with
distilled wvatery thies bimes AHER'S0" per dent aleohols It was then trange
ferred for plating vwith absolits lechols

o %r‘mn dloxlds eplreblon studlos vore mads to estimate tissue lovels
of freo izzbamﬁ g':mmw Anosthietlzed male wata welghing ebouh 300 grams
wre iu;}eatea intrasistertadly or intraperitonenlly using e dosage of

r"ltﬁf‘fw per W@x of hody maig}rb, and placed in a glass tubé in an atmose
p}mm of Bﬂg«fma advy The adr wen drewn threugh the’gollecting apparatus
(Figw :t) by uater aspivation at & rate of 500 nﬂ,; por nimbe, The expired

903 was e}.baorhad 19,200 mly. of 3N NaOH 4n a gas collocting bottle for time

intervols of 15 mimutes to 2 hours over a peried of 12 howrsy Ten millilster
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Fig. 1. Carbon dioxide collecting apparatus,



Bu L the glutathiané écpnar mwpﬁ.ﬂa and the mco; viere plated
Inum: plane uging “he method and e@ﬁpment deseribed by m‘bchens,

fller tube and were corrected to infinite

Jua einations on brain and 1iver were made by
neang. aﬁ‘ thi hitvoprusside nethod of Grunert and ?hm&pa (1),
Lugr ff‘ﬂns of the &ppﬁr méréapﬁda platas i‘rcm each time interval

Soppat ; Eulfi&é e washed tmce with water and the ccmbﬁ.nad i‘il*&ra*ca was

freed csf reai&ual st ‘bsr & atream of nityrogens The GSH :aolntion vas hydroe
Iyzed wi*:th 6N HOL for 1% hoursy end the 2, &wd‘hxitmphenwl derivatives
of the acmyomnt

acdds prq;are& and chronatographed on siliscie aeid
columms (5)«
A# eostone solution bf the isslated DNR-amine selds wzg evaporated
on léng gapw in eluminum gups and counted in & gas-flaw counters Quantie
cherminations off the lsvlated derivatives wers made from an acew
laian Model B Spectrophotomaters Corrections were

¢ for the abitih lost in preparing the dorivatives and for ohromato.
gx«aphm lossese

of ‘Lran 4-'%0 26 hcum after ﬁ.naeetioxx. Ih vnsg
hourgthe mﬁmmmy declined in 8 manner that



| preaents tm average ‘of fmm ﬁ'fm* to gix vates A stroight 1ins vag age
:9‘3’“9‘3 an& ﬁ% Plﬁ*-tﬁﬁ ?39' 'bhe mothod ci’ least squarés from the dvorages

o ,givea 'bha disappeewama ai' ﬁza labela& glyeing eomponent of the isvlated
g | Itwill b6 natice&that the glyainermzma has & slightly sheeper
; slapa ﬁhan the GaY mmvg* This sgons ta‘w dus to & gynthesis of vedios
ac‘bive gluﬁamie aeia and aysbeiné from 1&%@1@& glycina, and Incorporoe
tion of 'bhese fﬁnm the Gsa,‘; Iﬁ wap found on analyéis of the cohponent
aning aaiaé tha*h haginni.ng at 10 haura a.ftsr in;}eeﬁiaxx, the radicactivity
* of both nonsadainistored enino acdds steadily incrosceds oo that ab 18
\hmira the apacifia actﬁ.v%ias of thé g.‘i,a-bama aeid and cyetolngy wors
reapaatively 549 and 9.4 pez* cent of the %tal (Tablé s
Mm "l;he alapa ai‘ thé iina in Flgs 35 the wa.Ogicai halfalife of

 tho glyetng in Tiver GSH vas caleulatod 0 bs 448 hours, After ths
campletian of, *hhis study, the work of Henriquesy _i;, aley (3) was pubs
liahec% which iﬁolude& & s'may* of the dﬂ.aappsm‘ame of glycine from livee
GsH of ‘ﬁha mb’bltg Théﬁr velue of & '7 to 9 hour halfwlife of tlyddng

ma ob’baim& b:sr macting the results fm:' amr ungomtdniod: r

ghfcitw ;meseut &uring ‘hha amna itzterml« 'i‘his cmaatian amw‘ted ":0

appmﬂmtafw 13 per eexm Applying 8 sintlar amaetion to our vomlts

would y1el & 441 hour helfelifo, Waelsoh ead Ritenberg (1),. ustog 115

glyaine haw reporbaa 8 h:a:!.f-lﬁ'a of 4 houm or L‘.esm

Q_I,m;n,,g isapnearance ] cadn G5 mmm 3.mmgman ghowed

that nts z:-aliahle mt've emmi be 6%&3,!16& ;:rior o 1&5 hmﬁw ai‘tw injection,
, cansidez‘ing thia; ‘hhe fivet animnla ors. I:illa& 48 hou&s aﬁ'tev glystne




Flge 2+ 8Specific activiiy of liver glutathione.
The rats were given a's gle mtraperitonea& ine
Jection of glycine«=2«C-t4: : . Each
point represents the a‘e{erage of 4 to 6 animals.
Specific activities are in terms of counts per
mimite per«d of liver glutathione.

Fig. 3+ Specific activity of the glycine ob=
tained by hydrolysis of the pooled liver glutaw
thione samples. Values are in counts per
minute per. of Iiver gln%a%hinne, after cor-
rections for losses incurred in preparing and
chromatographing the DNP-glycine,
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*Reyults Wﬁgm a5 porcentage of total specific activity

.a&mﬁ.uima‘mm and overy 48 hours theraaftax*, up to and lneluﬂing 240
haurs*

Eaeh palzﬁs in Fige 4 réprosents %ﬁa avemge of f‘mm L to 7
"I‘h@ mcii’ia acztivity ig in e ;:aw/ g of brain Gsm The iwla*ﬁi 1

1, aia aﬁ‘ the mmponeut amino sedds t.u‘:‘ eaeh GsH sanm‘le yieldea
no mdiaaatﬁ.vity in mxy but the g]ycina mniety for the entire parﬁ.o&
of: .w 'Be:: ‘w} hmwm kpmsnﬁly txhe central namus ayam 6‘068 not gyt

thosize appre., ’blea amaun'bs of cyatama mﬂ glutamic aei& fron the methyw

ena eambon of glysh cxg zzi%hough a slight ennversd.on ci:‘ gﬂyﬁin@-%u
into égiutamia mid in mﬁ %maiu hamngemataa haa bean ramrtaa {12);
Bsm ta;t".t&ﬁs laoh: of mmeraion, the apeaﬁ‘ie w&i‘dﬁas of the GSH

bﬁken aﬁ t!ma& of the gi?fﬂiﬂe mw"mt‘ Simé ﬁm fomew







R w:mss xm'e su‘fagee:t im 1953 m@r&mﬁﬁa& arrory ﬁhey wors used in sons
ructing the meiﬁa activitgh»ﬁim curvey ’i{’ha helf-life of brain GSH

'w,aalauiaﬁed fﬁmm rt;ha ctm‘a (}‘z“.’ag* é;,) i’r.a *n bﬁwah

= ‘:”t'ma “f:«hmight that- é:.hia iloug Wmver t:im muld ba caused by a

e ¢ " ‘.714 rmiﬂing at the
I%Ia a%:ampﬁ waﬁ: maaa ‘m detamiﬁa froc lobeled
jeoted intracisternally and two intraperde.
nedl] ;ma the caz aamma ovor & 12 héur p lode Figs 5 shows the
resultﬁ.ng mxt*‘%ms# éach mmm beﬁ.ng the average af‘ the two rabs, The
spaaii‘m ae‘bivity ia opn petwg. of mban in the expired GOsy The ine

trapari%ﬁnaal cmwa ia waam%ﬁ for éozaparimm In 12 hcmrg the im:!.

of axpﬂ.m& 61402 w&ﬁ auly 1,8 pm' cent of ite mmtismm in the intra‘ iatarnal’
,‘injwb' "mtm T’na mm amonnt rele&ased auring thia paria& waa, /
the & :m both tha mmmmnm and mtraaiatamal J.memma, being
abaut w ;:exh een*l;. n’ ﬁh@ injaataﬁ czoae, Thisg i‘ig:m'a is in good agrement
wiﬁh t!m ramtm ‘:_?;ﬁainaﬁ b4 oﬁhera who have acme simidor studies with:
glyainm «-»{25 péx* i&am; of ‘t.ha injmte& r’loae in 17 houra after gbomsch ine
'-bubatian ai‘ “lihé mdiuamiw mterm (14); and 37 per cent in 18 hours

af%z* intmwmns in;}ecbﬁ.an (15)y & separate eag eollection was talien from
inﬁraaieﬁemmﬁy Mﬂﬁ‘ﬁeﬁ rabs ot 48 hours (not ghown)s The sposifie







- .,faa:ws of the hbeled GsH were spalysed for passiw
stered moletiess In livew GBH; 749 per |
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