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IHTRODUCTIGH

4 constituent of living Viseue possessing reducing power due
to Labile hydrogen long has been known to exist., In LO88 de Rey
&"ailh.ndﬁ(i’ msiwmd that yesst cello and aquecus extracts of
yeast are capable of reducing sulfur to hydrogen sulfide. ie
considered gome hypothetical reducing substance present in yvast
oolis and extracts %o be regponsible for this produstion of
hydrogen sulfide from sulfur and calied it “philothion®. In the
succeeding years he published a lLong series of comsunicai.iong
converning its distribution and properties, He found that wmany
animal tissues show the existence of lablle hydrogen which he
maintained to be of importance in the respiratury functions of
living cells., !is views as to the probable nature of this sub-
stance changed from time to time., In his latest pepers he
referred to it as the hydride of & protein ("hpdrure d‘slbunine® )
and avcepted the view of Heffter that lablle hydrogen exists in
tissues in the form of sulfhydryl groups, ~-3i.

ﬁémrw ) in 1701 used the nitroprusside resctlon for ihe
igentification of eysteins. Later ﬁ@l&i ”md tide reactieon to
demonatrate the presence of a pubstarce tontaining i grovps
in proliferating plant tissue. Bui’fa{ i )u?kwm;{ that certain
animal sissues give the same color reaction.

In 1708 é&uﬁ'mr( 4)

tested a great nwber of tissues and (issue
extraots with the nitroprusside test and in many camses obtained

5
positive results. Amold("‘ 6);233 1911 showed that under proper



eonditions the reasction is given by practically all orgacised
animel tissues. A 1itile later he came $o tle conclusion Lhat
cysteine is bthe respunsible substance since protein-free extrects
gave a strong nitreprusside reaction. He considered the evidence
to indicate eysteine to be & primery cell constituent even though
he did not isolate it,

Heffter wes the first tu cunsider that the labile hydrogen
frca the -3H growp, whatever its assoclasions, is responsible for
the veducing properties of protopleswm end concerned with cxidations
in the celi, He suggested that hydregen peroxide might arise during
the autoxidation of the sulfhydryl group and the perexide oxygen
be transferred to other substances in the cell, He felt that the
spantanecus oxidation 40 wwSewd-w groups must be reversible thup
wmﬁ.ing the eontinuous action of --8H groups in cell oxidations,
He oited vhe fact that eysbine can be reduced 4o gysteine by
sotium sulfite, and suguested that scume substance in the cell
wight act as an acceptor for the oxygen of the water molegule,
the hydrogen then reducing the disuliide to sulihydryi.

o exporimental proof was given of the exlstence in the
eell of free cysteine or any other compound containing an ~--SH
group responsibls for the mitmpcmssiﬁa reaction until in 1921
Hopkins' ' 'deseribed the isolation frem yeast, memmalian liver,
and auscle of such & substance, and conducted an extensive study
of its constitution and propertiss.

He found the compound to bhe & dipeptide containing glutamiec



acid and cysteine and named it sccurdingly glutathione. Its
resetions fulfilied the requirements {or the hypothetical
substance previocusly deseribed.

Hopkins {irst extracted glutathione from baker's yesst by
beiling with water, He then carried cut a series of preeipi-
taticns and purifications wilh lead acetale, uraniuvs acetate,
mercurie sulfate, ocpper hydroxide and phosphotungstic acid,

By & slightly wnodified extrsetion he also isclated it from
mammal isn liver and musecle,

According to Hopkins' analysis the substance contained
glutamic agid and oysteine both of which he identified. His
values for the percentages of carbon, hydrogen, sullur and
nitrogen checked with the theoreticel for s dipeptide consisting
of algtamio acid and eysteine., ie was not able to establish the
exact linksge between the two amino acids.

Hopkins ' report on glutathione stimulated muchk interest in
the substance beesuse of its possible relaticn to biclegical
oxidation-reduction syetems, In the years that followed Hopkina
and assoeiatest 80 71 19)00) sehod the results of investigations
on the physiolegleal relations of glutathione. They showed that
when tissue was washed until it lost its ebility to reduce
methylene blue the additicn of glubathicne, in either reduced or
oxidized form, restored its roducing power, Heating the Lissue
to 100° € did not affect these relations, Hopkine considered

that glulathione forme a peroxide which may function as an



oxidising agent toward fatiy acids aml proteins.

Dixon and Tunnicliffe!**Joonfirmed the reducing motion of
glutatiicne and considsred this actiun to be catalywed by the
0x1d106d wmimeSom form, Harrisont12), Dixen and Guaster(}3)
and siclden{ts 25)deunonstrated the activity of this exidabione
reduction systenm in blological materials, Hurr;itm('w)xomd that
the rate of oxygen uptake by glutathione was greatly reduced by
renoval of all truces of iren and that the inhibition by hydregen
cyanide was due to & cyanido complex with iron, The iron of
nematin was capable of autalywing the reaction,

Holden 2T )pegted ahoop Blood and reported glutathione Lo be
concentrated in the corpuscles with no trace present in the plasma,

Turmielirfcu&md mmy{w )wrked vut methods for the
yuantitative determination of glubathione by the uwse of iodine
titration and reported the amounts present in a number of tissues,

The canstitution of glutsthione as & dipeptide of glutamic
acid and cysteins capable of existing in either the ~-5H or
S form was confirmed by Juastel, Stewart and mmzmﬁ{m .
ard by Jolnson and %ugt&in(n?. These latter warkers alse
showed 22 )ehat ingection of glutathione into animals inhibited the
toxic agtion of apsénic :amd( 23 )mm:i & protective action againat
eyanide, They slaeo m.iwadmh}tha% the toxic action of copper
and gold might be & special type of asphyxia due to disturbance
of the giutathione oxidetion-reduction mechanism,

funter and Ragles'°>)in 1927 wodified Hopkine' technique for
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the preparation of glutathione from yeast, iiver and blood.

Upon analysis the produst they obtained yielded a higher per
centage of total nitrogen and of amine nitrogen and & lower pere
centage of sullur then did the compound of Hepking, After the
publication of thelr papur lopkins began & reinvestigation of the
watter and in 1929€26)mpomaé glutatluone to be a tripeptide
congisting of glutasic acid, eysteins and glycine, However, he
did pot establish the nature of the liskages of the amine acids
ui the compound. In bis original method of isolstion the glycine
was 8plit from glutatbicne by prolonged boiling in water,

&% ebout the same time of Hopkins' work Kendall and sspociates e’
began the publication of & serics of pepers on the isclation snd
identification of glutathicne. In the first paper they reported
that the material prepared by @ modificatiun of Hopkine ' original
methed was 4 tripeptide of glutanic aeid, ylycire and eysteine
with glyeine attached to ome carboayl of glutamic seid and vysieine
%o the other. In a later comsunication they showed glutatbione to
be either slutamyl-cysteinyl-glyeine or glutamyl-glyeyl-cysteins,
and finaiiy in the last paper they identified it as glutagyl-
eysteinyleglyeine ropresented by the following formule;
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The synthesis of glutathions was first accomplishod by
Harington and soad 28)iy 1938,

Properties of CGlutathione

Physical Froperties. UGiutathione is & white, crystaliine

compound melbing at 190% €. It is non-hydroscopic when pure
and is soluble to the extent of about 1 part teo 10 purts of water
at U% ¢, It is easily suluble in warm water, The optical rotation

of & 2 per cent sclution of glutathicne iﬁ@_@? = «dl.37.

Chemigal Properties. Reduced glulathlone ls precipiteted by
the salte of heavy metals such as mereury, copper, lead, uwranium,
gold, silver and cadsium, Precipitation of glutathione with
cadmiwn hes been used in its quanbtitative deterwination w separale
it from im owrities in bloeod and tissue filtrntes.

Heduced giutathione gives a cherry red color with sodium

nitroprusside in ihe presence of auwscnium hydroxide.



The sulfhydryl radiesl, —3H, gives the molecule its reduging
properties. The hyirogan stom of -fH can he tranaferred to molec-
ular oxygen in the presence of alkell and traces of iron and copper,
or of iron porphyrin compounds.

In the onidation of giutathione the H atoms are remcved {rom
two molecules end the glutathione regsidues are united by el Fw
eonsbituting exidized glutathione, If we represent the reduced
form of glutathione by G SE then the oxidation proceeds as follows:

PR

G S+ BB—U—>0-8—8—0

\

N0 a,"

The oxidation of glutathione may be accomplished readily with
a veriety of oxidisirg agents among widch lodine is mogt commonly
used for analytical purposes:

o sl + HS—6——>Q—5—5—Q + 201
N dg/ he oxidised form
of glutathione

Arsenophosphotungatic acid and potassium ferricyanide also
oxidige glutathiovne,

The oxidised form of glutathione is reduced by hydrogen
cyanide sime dust, and hydrogen sulfide, These cowpounds have
baen ueed in debermining the amount of axidized glutathione pressent

in biological materials,
Deternination of Glutathione

The oxidation of giutathivne as described in the preceding

section has been used in a number of modifications by varicus



workers.

Iodine titration of giutathione was the basls of the method
for the guantitative deberaination reported by Punnieliffe' 18) in
1925 and by Murray ™ Jin 1926, Their values were caloulated
according to the composition of glubathione us cyeleinylegiycine
reported by Hopkins.

The iodine oxidation methed for the determination of glutathione
in blood deseribed by Weodward and Fry{%)haa been widely used,
These workers prepared a sulfosalicylic acid filtrate of blood
containing 2 per cemt of the acid as a final emcmtra;,ioh and
having a pH of sbout 2. Sasples of filtrate were further acidi-
fied hy the additien of more sulicsalieylie acid, starch indicator
and potassium iodide were added, and the mixture titrated to a tiue
color with standard potassium iodate. It was found that gluta-
thions in filtrates ab pH 2 and lower did not underge autooxi~
dation.

usson{ 30)pointed out that substences in blood and tissues
other than glutathione give high values by ledine oxidation me-
thods, and that such methods yleld variable results unless the
sonditions are very carefully controlled. He described a methed
for determining glutathione based upon oxidation with ferrieyanide
st pH 5.9, followed by conversion of the ferrocyanide formed
to Prussian blue and estimation of the Prussian blue colori-
metrically.

gabbel 3t Jat about the same time used ferricyanide in acid



solution for oxidation of glutethione. He sug.ested the use of
an index fer glutathlone in relation %o the number of red bloed
cells, ﬁéﬁﬁ%%%ﬁ?ﬁﬁ, which, in some cases, has been adopted by
otlier workers.

Benedict and ﬂottachall(sa)acvalapad ¢ method for the deterai.
nation of glutsthiore utiliming arsenophogphotungstic acid as the
oxldizing agent on profein~free blood filtretes made with tung-
stamolyhdic aecid, The colared reduction product of arsenophos-
photungstic acld formed in the exidation was estimated eolori-
metrically, They reported that deterninations on blood using
dason ts mothod showed glutathione values averaging sboudt 6 mgs.
per cent highor than with thelr wethed.

Binet and Teller\33s 3%)ppepared trighloracetic acid filtrates
of blood and tissues, predipitated Lhe glutathione as the cadmium
#alt with cadmium lectate, wiich was Lien waehed and dissclved in
acid, The aeid sclulion wes treated with lodide and standard
Lodate, and the excess iodine above that required for oxidetion
of glutatha ne was titrated with thicsulfete,

In 1947 Brickmenn and #erthaim&rgsersportad & methed for the
determination of glutathione based wpon the color reaction betwesn
sul{hiydryl compounds and sodium nitroprusside in the presence of
alkeld and amconiws ions, The color develops and fades rapidly
but. by the use of a spectrophotometer it is possible to obtain
reliable results,

Values for the glutathione contents of blood and tissues vary
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somewhat with different methods of determinstion due to inter~
fering substances. Table [ shows suse of the values for glute~

thione in blood and tissues reported by different workers.
Variations of Glutathione with Age

In 1940 Mehamare wnd serml 3 )pnblishw the results of & study
of the glutathione content of bleod in infancy and childbood.
They found that at birth the blood glutathione is higher than
in adults, but falls rapidly during the first twe to three weeks
&%%d alowly until asbout the third penth whon it is below adult
levels. The blood glutathions levels of children remain lewer
than those of adults through the eleventh year. The red blocd
cell count follows the same course as glutathione until about
the sepond month afber whick it rises gradually tv normal adult
values,

Binet and Poutonnet'?” Jatudied the glutsthione content in
the blood and tissues of young rats four months old, and old
rate more than two years cld, They reported the glutathione values
for blood, muscle and kidrey of the old rets to be higher than
the values for the young rats, while the values for liver were
not significantly different. They also reported the glutathione
eontent of the bluod of old people to be relatively high.

Relation of Glutathione {o Arenda

( }a‘t:hawl}rezmﬂm a lowering of the glutathione content of
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the blood in pernicious aremia purralleling the drop in red blood
ceila., However, the concentration of glutathione in the cells of
pernicious anenia psilients was higher than in cells of norwmal
persons. During rem.ssions in pernicicus anepia the blood glute-
thione velues rose with the red bleod cells and the gliutathione
content of the cells fell to the normsl renge.

Litarcsek, Baicoianc and Bals40)peperted tist in rabbits
made anemie b, bleeding the glutathione content of the corpuscles
is increased.

sorrison and Willlams' ®)gound that glutathione or cysteine
is effieient, within physiologieal pH rarge, in reducing methemo-
globin to hemoglobin, and suggested that glutathicne is a part
of the mechanism which prevenis the scoumulation of metheuwcglobin

in the intact red hicod cell,
Variations of Glutathione with Diet

Blanchetiore .nd Bi:mt(m;’in 1926 studied the effeot of diet
on the glutathions vontent of the tissues of dogs., They fed twe
diots, one of which consisted of water, carbohydrate end fat, the
obher «f water, carbohydrate, and mest free of fat, They found
no variation in Lhe glutathione contents of the tissues except
that the kidney snd lLiver values were slightly lower on the fat
diet,

jwal and ﬂenimrgar( 43)fed ravs a iow protein diet containing

43 per pent starech and 12 per cent fat. They reported that in
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fourteen days the liver glutath.one content had dropred to 20 to
30 per cent of normal.

mx:m:m“‘mmmrwa Jowering the Blood glutathione of rabbits
from an initial value of 38 to 18 to 23 mg. per cent in gix Yo
seven weeks by feeding a diet low in cystine end methionine., The
protein, arschin, low in these anino zcids, was used by Uriffiths,
te alsc bastened the lowering of bleood glutatinene by elimineting
pretein from the diet.

Colline-%illisns and Bailey(45)used the same methionine and
cystine deficient diet as that ewployed by Griifiths and found it
difficvit to lower the blood glutathicne of raebbits becsuse the
animals soowed anorexia, loss of wei ht, merked loss of hair,
anemla ang general weainess, Nipe of twenty-one rabbits died
bafore the blood glutathione was lowered to 25 mg. per cent,

f the remaining 12 rabbits unly 5 showed blood glutathione valusse
of €2 mg., in & te 8 weeks, and 1 resched this level only after
1¥¢ woaks.

SohAff and Pukvysmal ®gound the liver glutathione of young
mice Lo be greatly reduced by dehydration resulting from & diect
of dry milk and 2 minimem of water.

Hix‘anam? )foum the reduced gluiathions conteunt ef the blood
to be degressed from 30 mg, per cent to 22 mg. per cent in starved
rﬁhkzit&.

finet and i’;&uﬁrié‘&bbnﬁi@d the influenee of inanition on the

giutathione euntent of the tissues of guinea pigs. After eight
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days of sptarvation the lLiver glutathione level had dropped from
227 to 18l mg. per cent and the blood glutathions from Ll to 37
ng. per cent,

Prunty and me*l‘g)rerona& that the concentration of glutaw
thione in the bloud of hunmin be.nys voaries inversely with that of
the plasme sscorbie acid,

Urunert and ;mmipswmmde use of & dlet low in sodius %o
reduce the bluod glutabthliore of rabs. The rats were kept on &
diel containing vnly U.005 per cent sodius and 0.5 per cent
potagsiue, and after Len 4o tweive weeks the glutath.une values

in the bloud had dropped te an everage of O ag. per cent.
elation of Ulutathions 4o Enzymes

deny engynes of the body have bsen shown to contain sulfbydryl
groups which are essential for their activity. Susney and polend 51)
in 1933 found that orystalline uresse gave & positive nitroprus-
side test and believed that the uresse molecule itself contains
suifhydryl groups, Heliersan and ﬁaamiaws[gg Jshowed these
sul {hydryl groups to be essential for the activity of urease,
Jowetd and .ua&ml( 53 }a%miiad the funetion of glutathiome in
the glyoxuiase sctivity of the red biocod celli. They postulste
that lysed erythrocyies lose their giyoxalese sctivity due Lo
dilution of gluiathiore, since they {ound & return of seiivity
whan glutathione was added o bring the content up ¢ the original

concentration present in the red cellis. They sug.ested s reversible
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equilibriua bebween (8H and plyoxalase,

Sulfhydryl groups nere reported present only in certain
hydrelytic ensymes until thelir presence in oxidat.on ensymes wes
demwcnstrated in 1936 by Hopkins and dergan€ %)m succinoxidage,
and by Rapxim( 55 )iﬁ phosphoglyeeraldehyde oxidase, Hopkins and
usminwn(%}ahwm that succinie denyirogenuse is inectivated
by 0—8—8—G and restored by G—-8H, and also that this enzyme is
inaetiveted by ailoxan, copper, malele scid and iodoacetic acid
which react with ~-3H groups,

These findings and many others indicabte a wide distribution
of engymes requiring the pregence of ~-30 groups fop activity.

Barren and ﬁim&rﬁm? Sa}carr-imﬁi out an extensive study of
the enzymes e¢oncerned with the metebolism of carbohydrates, {ats
and protelns and foun meny of these enzymes to conbein essential

~3H groups.
Relation of dlutathions to Dishetes

The relation of glutathione t¢ the metabulism of the beta
coils of the pancreas is of specisl interest, The formeiicon of
insulin by these cells requires relatively iarge amounte of sulfur
eontalning amine ascids in competition with the furmation of glutae
thicre, Also, glutathlons appears to play ar imporiant role in the
funetion of the twia cells,

LA ?i.gmaud( 59 }tonad that insulin comleins & much higher

percentage of oystine than most other proteins of the body wiich
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necessitates the availability of relatively large amounts of
eysteine for insulin gynthesis, 4s has been wentioned previously
the activity of a great nusber of ensymes required in body meta-
bolise depends upon free sullnhydryl groups, and sctivily is lost
wien the —3H groups are oxidiszed to e, By contrast ihe
aciivity of .npsmulin depends aﬁ}m the sulfur being in the wSwmfie
forn, iveording to du Vigneaud'5@addition of eysteine to insulin
results in the reduction of il {0 -9 and completely
inactivates it. Hince the beta cells synthesisze ingulin in the
e fopm they way have an oxidation-reduetion potential
adjusted to favor tie mi&nhm O w3l G0 G, Banslw( 61)
selectively stained the im of Langerhans of the panoreas
with Janus green. The dye 18 reduweed to ita colorless form nore
rapidly by the ascinar cells than by the bets cella indicating &
nigher oxidaticnereduction potential in the bets celis, The betas
vells, accordingly, may bave less reduced giuntathione and othor
sulfhyiryl compourdds present in Yhem than do other cells, and may
have less ability to reduce certain texic cempounds such as alloxan
to less toxic foras.

Lamrm(‘sa )h-.n postulated Lhat as a result of the uvee of
cysteine for insulin synmthesis the amncunt of glutathione present
in the heta cells mey be decreased rendering the ensyme systems
of the beta cells more ausceptiltle to toxie suvbastances., Any
situation such as increassed ecarbohydrate intake, administration of

large amounts of anterior pitultary hormone, thyrcid hormone, or
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glucose which leads o an incressed demand for insulin, and in-
creaped stimulus for the syrthesis of inewlin, mey bring about
depletion of glutathione in the beta cells, cause them Lo bhe
less resistant to toxic substances and lead to this degenerstiom.
mmmﬁbg )prauxm the following disgras to summarize the

metebolism of the beta cells,

Vetabollsm of Beta Cell

Blood [ N Blosd
Uther
Amine = 1 gther Amine Acids
haids + "‘“‘“*;71*3})81111!5 o
Cysteine ™ Cysteine ‘ N
& £
s 5 Y
Glutabhione  / ®
Y1 5 % Insulin
5@&'&&@

-

48 has been stated previously insulin is inaclivated by
guifhydryl groups. L.shmnnt )mporwd that insulin is insctiveted
in vitro by exbtracie of rabb.b suscle and that two substences
are respomsibie, a dimlyzablie, thersostable fraciion, probably
glubathione, und & non-dialyseble, therwolabils Iraction, preb-
ably consisting of proteins containing --SH groups.

| wvine, Hechter, Creossman and Sc;uicin( 6”:5‘@1;::& that the gluta-
thione content of the livers of animals known o be nypersensitive

Lo insulin is significantly lower than bthe glutathione content of
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norual animals.

The produstion of disbeles in snimals by alioxan has been
demonstratled by sany iﬂ’?ﬁ&?biﬁ,ﬁtﬁrﬁ(623*

it has Soen shown by ﬁmxaibalé{&s ) s lBEGPOW and E«’.a%@rnoa{%)i
and Patterson, Lazarow and Levey'®7) tuat alioxan administered to
animals is parily destroyed by the glutethione of bloed., .iloxan

is reduted to dialuric acid by glutathlione,

! 1
= B s B
| |
C=0 =0 C=0  H—C—GH
| | |
3;4 S—— G-
K B
Alloxan Ddaluric acid

fecording to the eonwept of these workers some of the alloxan
witdoh escapes destruetion in the blowd passes to Lhe bets cells of
the panoress and cwidices —-3H groups of enwywes and tissus proteins
thereby causing leeas of function, degeneration, and disbetes.

tosch and Bailey(69) » Working with rabbite, and Bruckmann
and Jertheimer' 3% Jyivh rats, demcnstrated that the blood glute~
thione content falls markedly ismediately after administration of
alloxan. &aam{ 593#.‘9&:&;1 that glutathlione or oysteine will
protect against the acition of alloman if injected within a few
minutes prior to administrabtion of alloxan,

goldner' 1@and west and Highet! have reported guinea pigs
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to have high resistance to allaan, Gricfithel )found that the
blood glutathione of guines pige is significantly higher Lhan

that of rabbits, but when guinee pigs were placed on & meblionine-
eystine deficient diet they showed diahebic tendenc ies after
ailoxan injection.

aricfithsl B8)has veported the production of disbetes in
rabbits by the injection of uric acid, The rabbits were first
placed on & methionine-gyabine deficient diet for § to 7 weeks
during which time the hlood glutsthione fell from an averags valus
of 36 to 18 o 23 ng. per cent. Collins-#illimms and BaileytiS),
using Griffiths' technique, showed & transitery hypergiycemia in
orly two of twelve rabbits. Oriiffiths considers §Mh scme inter-
mediste metebolic product of uric acid, possibly resembling
alloxan, may sct upon the islebt cells to cause disbetes when
insuf ‘ieient glutathione is present to detoxify it,

The injeetion of anterior pituitary preparations has been
found by & muber of warkam( 73y Thy 15, %)w lower the glutathione
content of blood and tissues. Recently Conn and ausociamﬁ{ 1, 18)
have injected purified adrenccorticotropic hormene and have pro-
duted a transitory disbetes in man, which could be direcily cor-
related with & fall in bleood glutathione levels.

A rumber of rports relebing tv blowd glutathione levels in
human diabebes have appeared but little attenbion has been paid to
age of patients, duration of diabetes, or treatment so Lhat no

finite comclusions ¢an be drewn,
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Glutathione Protection Against X-Radiation

In 1933 &?’acvdmrd{??} irradiated pure sclutions of glutathione
with X~rays and found ne effect, but siinaey<w)in 1935 reported
that X-rays hoeve a destructive effect o glutathione solutions and
that there is a linear relationship between the destruetion of
glutathione and the dose of l-radiat.ion,

Ephrati(m}in 1748 found staphlococcus hemolysin to be
destroved by if.irradiation, He tried protective agents and found
that glutabhions was anong the effective ccmpounds,

Recently Path and wsmmm{*&' 43, ’gmhmm published &
series of papers on protection against X-irradiatien. They found
cysteine and glutathnone effective if adminisiered vefore the
animale were irradiated. Cysteine was offective if given either
orally or intravenocusly. Glutathione was not effective orally,
but was ebout one third ss effective for a given weight as cysteine
when given inravenously. Cystine and methionine gave no protection.

Cronkite and mmpaan( US}med mige Lo varicus doses of i-
irradiation, They found that adrenalectowy 10 days previously
inoreased the sensitivity of mive i¢ irradiation, and suggested
that since the adrenalectomived animeals showed low hepatie and
total body reduced glutathicne levels 10 days after adrenalectony,
the increased sensitivity may be related to sulfhydryl levels of
tissues. They also injected & group of mice subsutanecusly with

glutathione (L mgs. per gs.) immedistely before irradistion and
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found the gengitivity teo irradiation to be reduced.
Purpose of the lmvestigation

The research exbodied in the first and second parts of this
thesis was begun after the report of i‘rriffithm{ M‘}m the production
of disbetes by injection of wrie scid inte rabbits with low
blood glutatbione levels. It was felt that an attempt should be
made to repeat Oriffiths' work using rats as experimentsl animals.
While we have been unable tov produce diabetes by the intraperitoneal
injection of wric acid into rats with low blood glutathions values,
we feel that we have & body of information relating to the variation
of tlood glutathione in rats with age and with different diets
which is of some interest.

The third part of the research was undertaken after the report
of Patt and aa‘saciatu(m). These workers found rats to be af-
forded some protection from X-irradiation by cysteine previously
sduinistered. It seems reasonable to assume that this protective
astion of eysteins msy be related %o its capseiiy to kesp essential
engyme systems in their -3 forms through its redusing propurties,
Since glutathione has reducing powers similar %o those of cysteine
and presumably functions in tispues to maintain ensymes in thelir
aclive —0H forms, we considered that & study of the variation of
liver and blood gluiethione levels of rats after irradistion

might reveal facts of interesti,
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EXPERISENTAL WORK
Determination of Glutathlons in Blood and Liver

The method of Bruckmann and fmmhaimx-( 35 )utilining the very
sengitive reaction of glutathione with sodium nitreprusside is well
puited for use with small ameunts of material such as are obtain-
able from rats, The following wodiflcstion was adapted for owr
nse.,

Apparatus:

Hodel & A Coleman Junior Speuctrophotoneter

Coleman selected cuvettes 17 x 105 ma,
Reagents;

vetaphiosphoric acid. a4 6 per cent agqueous metaphosphoric asid
solution freshly prepared each day was used for precipitation of
blood and tissue proteins. TFor known sclutions and reagent blanks
a 2 per cent agquecus solution of metaphosphoric scid saturated with
sodium chloride was used.

Sodium ohloride, Baker's analywed C.P. grade, and a saturated
solubion prepared from 1%,

Sodivm nitroprusgide. & solution of 0.1 gmn., of sodium nitroe
prusside in 10 ml. of 0.k per cemt (NH,)o50y. This reagent mst
be freshly prepared and used within 10 aninutes,

Sodium carbonate. A solution of 25 per cent anhydrous HapCOj
in water,

Known solutions of glutathione., A stogk solution of L0 mg.



per cent glutsthiome in 2 per cent metaphosphorie acid saturated
with NaCl was prepared, and from this dilutions of 1 to § mg. per
gent in 2 per cent metaphosphorie seid saturated with NaCl were
made. A1l glutathione solutions were used within 2 hours,
Proceduret

4 eurve was esteblished for glutathione velues by determination
of spectrophctometor resdings on solutions containing 1, 2, 3, b,
& and 8 mg, per eent glutathicne. Duplicate determinations were
set up as follows. 2 ml, of known solution and 1 ml, of sstwrated
NaClL sclutien were placed in cuvettes. To each cuvette 0,5 ml.
of sodium nitroprusside sclution and 0.7 ml, of NayCiy solution
were added, The sclutions were mixed and the optical density read
within 30 seconds in the spectrophotometer at 515 mp, The spectro-
photometer was set at O with a blank sanple ¢ontaining @ ml, of
2 per cent metaphosphoric scid, 1 ml. of saturated NaCl solution,
6.5 wl, of sodium nitroprusside sclution, and 0.7 ml. of sodium
carbonate solution, # curve was plotted as illustrated in Chart I,
The cclor develops rapidiy und fades rapidly but with care repro-
dueible results are obtained,

For the determinaticm of redused glutethione in bloed 0,2 ml,
of freshly drawn cxalated blood was laked in 1.5 ml, of water,
To this sclution 1 ml. of 6 per cent metaphosphoric avid and 1
.gn. of sodium chloride were added, The aixture was shaken, allowed
to gtand 10 minutes, and then centrifuged for 15 mimutes at 3,000

R.,P.4. A small cobton filter was atisched t¢ the end of @ € ml,
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pipette by means of & small rubber band, 2 ml, of [iltrale were
twranaferred to & cuvetbe and treated in the sawe manner as the
known solutions above, Values were read from the curve for imown
solubtions and the glutathione contents caleulated,

The determination of liver glutathione was carvried out as
follows. 2 rat was anesthetized with 3 mg. of newbutal per 100
gne. of rat, injected intreperiteneaily. A solublicn of nembutal
containing 6 ng, per mi, wap used, It was somstines necussary Lo
give 8 small sdditional dese in order Lo obtain sstlsfactory
anesilheaia, 4 midline ineision was made and a place of Liver
weighing from LO-160 wmg. was oub from the left lateral lobe,
divided into two pisces, and placed in welghed tubes guntaining
1.5 ml, of wabter, The tubes were Juieckly reweighed, & litule
finely ground soft glass adied, end vhe Lissue wacerated with a
glass rod, The rod wes rinsed with 1w, of & psr cent metaphos-
ploric acid, To the mixturs in esch tube 1 gs, of sodiua cidoride
wag added, the lube stoppered and allowed Lo stand 10 ainutes with
sccasional shaking after which it was centrifuged for 15 mninutes
&t 2,600 R.P.4, 2 al, of the supernatant sclution were pipetied

inte & suvebbe and glutathivpe estimated as oullined sbove.
Jariation of the Blood Glutathione of Rats with ige

Blood glutathione levels were debtermined on rats of different
ages from 7 to over 190 days. The 7 day old rats were decapitated

for blood sampling., The same procedure was used for 3 of the 1l



day old rats, while in the case of 3 others bluod was taken from
the vena cava, All other biood samples were cbtained from the
tails,.

The data are susmarized in Table II.

Table IX
Blood Glutathione Values of Rats in Relation %o ige

Ages alter 20 days are approxlmate sk estimabed from weights.

Age Blood Glubtathions Aversge

Days g« per 100 ml. dg. per 100 =i,
7 1L, 12, 18, 12, A%, 1 R
1l 6, 9, 18, 18, 13, 15 13
21 24, 23, 20, 21, 29 23
28 31, 29, 28, 22, 29, 28 27
3% . 33, 28, 33, 27 30
Sh 36, k2, LS, 3 38
61 3%, 38, 36, 37, Wo 38
80-190 ‘verage for 114 rats uh
Over 190 56, W8, 53, L7, 50, 47, &7, I Ly

‘The above data indieste that the blood glutathione values
are low in 7 day old rats and graduslly inorease to the average val-
ue of Ll mg. per cent for adult rats. Iv rate over six mowths

oid the values are slightly higher.



By the trained feeding of a wother rat it was possible
t0 raise six rats to 21 deys of age with no food other than
their motherts milik, These rate showed lower blood glutathicne
values than those which had access to the regular diet of
rurina chow, Values for the 6 rete raised on mother's milk
to 21 days of age were 17, 15, 1k, 18, 7, 9 mg. per cent,
with an average value of 1k mg, per cest, 'The sverage value
for § rats subsisting on mother's m.lk plus chow to 21 days
of age was #3 wg, per cent, It is uncertain vhether these
variations are related to quantity or quality of the diet or

t"":’ m‘:’ *



Variation of Glutathione Levels in Rats on Mfferent Diets

The following experiments were undertaken after the publi-
cation of ariffitha(m‘}an the production of diabetes by the in-
Jeetion of urie scid, He ¢laimed to have produced disbetea in
rabbits by the injectim of uric acid after the blood glutathione
levels of the animals had been lowered merkedly by subsistence on
a sulfhydryl defieient diet. %e were unsuccessful in an atiempt
to render rate diabetic by the technique wsed by OGriffiths on
rabbits, However, resulis were obtained wiuieh are of interest
in relation to the effeet of diet upon blood glubathions levals.

Bffects of Low Protein Diets. 0Olx rats (Sprague-Dawley

strain) were placed on a low protein diet of the following coupo-
sitliong

Camoin . « . + ¢« « &« s o « o = » 6,0 por vent

Pk . cisarearnasar i@ b 8

Salt MiXLUT® . . .+ ¢ » ¢ o2 s s BD P ¥

Gy el . . v xEsa B P

PR s s s aw p e s ¢ BB N 8

AP . s v r s s asaa B B 8

Wemsom Ol . o o 4 4+ s « s+« G0 ®

Vibamin € . ¢ . w2 s v e 2 n JOR W 0

rfver one week on this diet bloed glutathione levels of all

six rots were above average values and it was considered advisable

to change the diet to one eomialning peanut meal, The latter is



rich in the protein, srachin, which is deficient in the sulfur
containing amino acids, The composition of tuis dlet was us
follows:
Pesnut meal . . . . 4 . ¢ 2 o « 10,0 pur cent
Doxbrin « » « « 2 s v 0 04 L 083 *
2 e L K-
Cod Liver oil . 4 « o s « » » » X, 0 ® ¥
Vitam.n B compdex mixture . . . 0.5 ® *
f&mlm.....:.,»*.f Q4 = ¥
Galt mixbure . . . . o s o« s WO F ¥
Vitamin € . .+ . & ¢ ¢ v o o« 0,1 * W

Blood glutathlone levels were detersined abt about three week
intervals. The deta are susmarized in Table 11I.

The bleood glutathions levels of the rats rose during the &
days ov the & per cent casein dist,and did not drop to near
norasl unbil aboubt the sixty-sixth day afber widleh they remained
rormal until the ninely-third day when the experiment was tLermi-
nated,

ddditional irforsation concerrning the eosposition of his
sullhydryl deficient diet was made available to us by Griffithel 3),
and a group of four rats was placed on the following dieb:

DeXBrin . « o 4 + 2 2 5 » » + » 16,3 por cent
Peanut meal . . . . v 40 .. 0 20O *F ¢
Salt mixture ,,...r;,.(., 3.5 v @

?ﬁﬁnu"éﬁil.,.&;ag-.;. 5;(}” %



Table iii
#ffects of Low Protein Diet on Blood Glutethione (evels in Hatls

Values for glutathions and weights represent
milligrams per cent and grams, respectively.

M:w@mmﬁm*mm; Duys on Experimental Diet

' yDi8 TR 0 52 0 &6 ' 93

L] 1 1 ¥ ) ]

' Glutathdone ' t 65 + 7L+ 5L ' 39 37
1! t ¥ ' * ¥

' peight ; 'og80 ' es6 + 2ls ¢ 257

$ ¥ ¥ ¥ ¥ ¥ b

L] 1 L ¥ L] ]

¢t Jlutathione ' &R r b2 0 62 + 62 ' Wl
2 11 4 ' ' 1 i i

't welght ¥ ¢ 1255 ¢ 225 ' 220 2kl

[] ¥ ] § ¥ ¥ H

1 ¥ ; [} L +
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3 1 L H + 4 ¥ $
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¢ ¢t Glutathione ' v 6L 10 ' 6k ¢ 857 ' B2

H L] 1 ] ] {
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! 4 3 t t ¥

L] L] oLk i ' ] 0
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t Glutathions + 1 ! ! ! 3

* Average ' L' ' 60 * 63 + S6 4B ' k2

t ¥ £ ' ¢ ' "

*yalues after & days on § per cent casein diet,

Tiverage of 11k rats.
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Cod Liver il . . « 4 « « « +» « 4.0 per cent
Wheat germ odl . . . . . ... GT7 * %
Asgorbic acdd . . . . . .. .. QO F ®
Vitamin B complex mixture . . . 0,2 ® ¥
ODEMAIB & v v 5« s €0 v e 5 OF ® ¥

Table IV summarizes the resulis cbtained in rabs maintained
on this diel for 117 days.

It may bhe seen from these data that the first drop in blood
glutathione values was found after the rats had been on the sbove
diet for simost 2 wonths, After 11y days the one surviving rat
had & blood glutathione vaiue of 10 mg., per cent, Rats 3 and &
showed an anomalous rise in blood glutathione at 78 days,

iffects of a Protein-Free Diet. Grii‘fit.hs{i‘“mgoned that

in the case of oune rabbit lowering of the bloed glutathione level
was accomplished in less time by entirely eliminating protein from
the diot for 2 weeks, In view of tiis report we placed & rats on
a protein-free diet az follows:

Lard o v 2 o o v e s o 2 s o 36,0 per cent

Cod Jiver 0dl . . ¢, » . .« 10 % W

Salt mixbur® . . . 0 4000 .. UMD M7

DR . s asarv s eaag TRREE B

GLUGUE® . . » + . s x s e s BA T 2

Vitamin B compleX . . . . . . 008" ®

Choline Wr s aw wuesas U ¥ F

YEMEMER G & o 764 2 » & € @ .1 " #
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After the animsls had been meintained on this diet for 37 days
they had lest weight (in some cases more then half of thelir ori-
ginal body weight) ard hair and were in gemerally poor condiiion,
Pour rats died after about one month, The blood glutathione levels
were not significantly lowered, i resume of the date for this
series will be found in Table V.

Effects of an Asgorbvic Acid piet. The findings of Prunty and

vans' ¥ Jghat the concentration of giutathione in the blood of human
beings varies inversely with that of the plasma aseorbic acid led
us to try the effect of a diet high in ascorbic avid. The diet
consisted of § per cent ascorbie acid and 95 per cent Purine chow.
After 10 days on this diet the bleod glutathione values were thi-
changed (Table Vi),

iffects of & Rewin Diet. Orunert and Phi}.mpl{ 5mhau reported

that & diet low in sodium (below 0,005 per gent) is effective in
lowering glutathione in the blood of rete, Because of the diffieulty
of obtaining diet consbituents sufliciently low in sodiun we found

it difficult to prepare a satisfactory diet, 5Simce Imek{ g‘?}m
reported that cation-exchange resing sre of value in withdrawing
sodium {rum the body we decided te try the effecis of these resineg

in relation to bleod glutathione levelz. Two Reohm and Haas Co,
asberiite cation-exghange resgins were selected for use, IR 50 and

IR 100, and two rats wers maintained on & diet prepared {rom each
resin., The diets consisted of 10-20 per cent resin, 50 per cent

Lonalac (Mead, Johnson apd Co,) 88 & source of protein, and the
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_Days on Experimental Diet

Table ¥
i#vels in Rabs

Yelues for glutathione and waights represent

#ffects of Protein-Free Diet on Blood Olutathione
willigrams per cent and grams, respectively.
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4 Table VI
iffects of a [det Containing 5 Per Cent Ascorbic aeid
on Blood Glutathione evels in dats

Values for glutathione and weights represent
milligrams per cent and graas, respeehively.

1 ~
Rat ' Determination ! éﬁ;’fe Days on Experimentel Diet

; ¢ T 33 ¢ %0 * B
1 ] 1 1 L}
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remainder powdered sugar (0.02 per cent sodium). lLonalac eontaing
38 per cent carbohydrate, 28 per cent fmt, 27 per cent protein,
and 0,02 per cent sodius, It is & milk product treated Lo remove
most of the sodiuam,

Since the diets were relatively low in sodium it was antle
cipated that the sction of the resin would induce negative sodium
baiances in Lhe rats. :

The data of Table Vii show that on these resin diets the
blood glutathione levels fell gradually in all of the rate until
aftor sbout 7 weeka all but 1 rat showed & value below 30 mg.
per cent., The animals gradually lest weight and were in gensrally
poor condition, The experiment was terminated when one rat from
each series died and the other ret ate part of his body.

It will be seen from the experiments in this section thay
it is very difficult to cbtain low blood glutathione %aluea in
rats by variations in diet. In no cas: were we able to de so
without severe loss of body weight and severe jeneral deterior-

abion in the health of the animals.
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Yaristion of the Blood and Liver Glutathlone

of Rats After Irradietion

The foliowing research was begun after the report of Patt

2 ) ghowing the provective sction against irradistion

and asswiatﬁsi
of previcusly adainistered cysteine. It wes considered that facts
of intereat might be revealed by a study of blood glutathione
levels after total body irvradiation, When it beecame evident that
marked ¢hanges in blood glutathione levels vecurred it secmed
advissble to determine glutathiovme in the livers of the rets since
synthogis of glutathione taies place in the Liver,

liale and female rats {Sprague-Dawley) weighing from 170 to
280 gms, were used in series of 10 to 12 animalas,

Although the guantity of blood drawn for determinations
amounted to orly 2 per cent of ihwe estimated volume, initial
bloed glutathione values were determined 1 week before irradiation
to allow time for recovery of blood loss, Little more than 0.2 ml,
of freshly drawn oxalated bail blood was used for glutathione and
hematoerit determinaticre.

For irradistion, the rats of the first two series of 12
rats each were placed in o shallow metal pan 9 inches square, 6
&t & time, and subjected to 500 r total body irradiation, The
radiation factors were: 200 kv,, 15 ma,, 0‘5 wr, Cu + 1 ma, AL
filters, 50 om., target dia%#mﬁ, 1,28 mm, Ou half-value layer,

60,8 » per minute dose rete, 8 minubtes and 14 seconds time of
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irradiation. Total bedy irradistion of 500 r is well below the
Lhgg dese of 640 X 5 r reported by Clark and uhospl'mr( L’t&}‘

The poasibility that there might be lack of uniforaity in the
dose of irradiation dus to scattering from the metal psn caused us
to charge to a plywood box for the remaining L series, A round
box was construeted which held 10 rats in separate V-shaped com~
partments with the rats heads at the cenber of the box, Hecause
of the size of the box it was necessary to lengthen the target
distance for irreadiation end to lengthen proportionately the time
of exposure, The radiation factors then became: 200 kv., 15 ma.,
0.5 ma, Cu + 1 mm, AL filters, 80 om, target distance, 1.20 mm,

Cu half-value layer, 2L r per minute dose rate, 20 minutes and L8
seconds tiwoe of irrediation,

Blood was drawn for analysis abt vericus inbervals of time
after irresdiation, In the first series deterninations were begun
ten minutes after irradiation. Beeause of the possible effect of
blood loss it was considered tuat only one deteraminatlon s day per
rat would yield valid remlts, In subsejuent series the Lime
interval bebween irradiation and sampling was lenglhened eince no
change was observed in early determinations,

In series II {rats 11-2L) a few samples of liver were taken
from rats with very low blocd glutathione values and aralyzed for
glutathions. 1In series III (rats 25-3L) all animals were biocpsied
for liver determinetions aftar irradiation., Control liver biopeies

were done on all of the animals of series IV, V, and VI {rats 35-58).
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. The svnimale were sllowed & recovery period of 2 weeks after biopsy,
then blood glutathione levels were run, and after 1 more week

the rote were irradisted. In no case was it considered advissble
to do more than 1 biopsy per rat following irradiation, nor were
blood glutathione values ccnsidered significant after biopsy until
they began to rise toward control levels,

ifter irradiation the rats developed diarrhea, appeared to
have irritated respiratory tracts, graduslly lest weight, and
in some cases developed rough coaks and were in poor general
eurdition,

Since Inmanition has bLeen m;:wt&dlz‘a)w gause low tissus
glutathione values it was consldered advissble %o run liver
glutathione deterainations on & series of animals subjected to
starvation, This series indicated that much greater weight loss
than took place in the irradiated rets smt‘ occur hefore liver
glutathicne levels drop belew the gontrol range.

Liver glutathicne values obtained at 2 week intervals on
nermal animales always fell well within the conirol range,

Glutathione determinations made on the plessa of a number of
animsls during the post-irradiation peried showed cumplete absence
of the substance,

fed blood cell glutathione concertrations were calculated
by dividing the glutethione value for the whole blood by the
hematoerit times 100.

The results of the work outlined sbove are presented in Table
VI1il.
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The aversge norassl blood glutathione level for 114 rats was
found to be bk ¥ 5.4 mg. per cent. The initisl values of rats used
for irradiation and thoge of rats of suitable age used for dietary
studies gonstituted the series of values from which the pormal
average was cslculated,

statistical anelysie of the deta from series 111, IV, V, and
VI {rats 25-58) on the basis of paired observation shows & signi~
ficant rise in blood glutathione veiues during the first L6 to
72 hours (¢ = 3.5, n = 13), Series I and II {rais l-2Lj were not
included in this analysis because the irradiation dose may have
been slightly greater than in the remsining series due Lo scat-
toring from the metal pan, and because earlier blood samples were
taken which might have cbscured the picture,

Of the 36 animals thal survived far analyeis belween the
sixth ard nineteenth days, 30 showed blood glutathicne levels
lower bhan twe tises the standard deviation for the group of
controis, and 22 fell below three times this standard deviation,
The blood glutathione valves of & animals fell to 10 mg. per cent
or Lower,

Hematoerit velues generaily decreased, sovmetimes very irregu-
larly, alter irvadiation,

#ith the fall in hematoorit values and in total blood glubta-
thicne, the glutathione content of the red bliocd cells in some
guses rose above the control range {as much o more than tiree

times the standard deviation from the mean)., The glutathione



content of the red blood cells for a group of 68 animals averaged
107 & 12 wg. per cent, In 7 snimals on the elghth te the tenth
days the hematoerit had fallen to below 21 and the red cell 'r;.m’ca;
thione values had risen to 147 to 257 mg. per cent., In these cases
the whole bicod glutathione values generally were far below the
norsal range (&, ik, 15, 10, 16, 25, 31, 16, 19) as conpared with
the normal value of 44 ng., per cent,

when the total bleoed plutathione values dropped to very low
levels, the glutathione conlent of the red blood ceils in 5 enimale
fell vo 77 mg, per cent or lower. Ln. two of these cases liver
biopsice were performed and samples of liver analysed at the same
time that blood glutathione determinations were run, 1o both
instances the liver values were very low (&9, 85, as compared with
& normal liver glutathione of 104 ng, per cent), It appears that
in those ceses the liver was unable to sup ly adequate swounis of
glutatidone Lo the red blond cells.

T™wo rats (L7 and 206) recoversd after having very low Lioced
glutathione levels and hematoerits. Chart Il shows the values for
rat nusber 20. On the fourteonth day the bloud gluitethions of
this rat fell te 5 mg, per cent and the hematoorii to § per cent,
after which the values rose  radusily to sonirol levels by Lhe
Lifvieth day., The red cell glutathicne rose and fell irregularly
with variations in vobtal bloed glutathione and hematocrit values,
It resched & peak value on the ninth day at whieh time both of the

other values were falling repidly. Minlmal levels of red cell
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glutathione were reached on the fourteenth day when total blood
glutathione and hematoerit values were very low, and on the foriy-
third day when the other values nad risen toward the normal levels.

Chart 11l shows much the same picture for rat aumber 21 as for
rat number 20 except thai this animal succumbed following liver
biocpsy on the forty-third day, ab wilch time its liver glutathione
was low (69 ang. per ecent),

Cortrol values for liver glutathione on & total of LO animals
from series IV, V, and VI (ratas 35 to 58) averaged 18L Z 20 mg.
per cont, Ho low liver values were found nefore the eighth day,
and in no case before the blood glutathione velues had fallen te
31 mg. per cent or lower. Six low liver glutsthione valucs were
found ard four of these were in rats with hlood glutathiore levels
of 10 mg, per cent or lower, The liver bicpsy on rat nuaber 21
(blood 31 mg. per cent) was done on the thirtieth day after the
animel had recovered {row & bicod glutathione level of 17 on the
fourteenth day,

The above data show that the bleod glutathione is generally
lowered, and that the liver giutathione in some instences decreases
when rats are subjected to & total bedy irradiation of 560 r.
gince glutabhione presumably fumctions in tissues to maintain
engymes in their active —3H forms it might be reasanable to
agsume that lowering of glutathions levels could place essential
enzyme systems in jecpardy and interfere with vital body mebabol ism,

This might account for the proteciive actlion of eysteine and
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glutathione against the toxic effects of irradiation.

The relationship of glutathione to the red bloed cell is not
well understood. Litercsek and Dinisehiotul % Mhave shown that
glutathions resdily concentrates in the red blved celilas in vitro,
They added glutathione to blood and found that within 2 houwrs the
plasss was almost fres of glutathione, while the concentration in
the red cells had risen prepertiomately. It is alsc possible to
wash red blood cells in saline repeatedly without loss of glutathiere,

It has boen x‘tperted( 3L, i;g))t

bat in both pernigious and see-
ondary anemia the concentration of glutathione in the red blood
cells rises as the hematoerit falls end returns to normal levels
as tle avemia is relieved.

since we have found that the red blcod cells in irradiated
rats can store amountes of glutathione sbove normal levels at
Limes when total blood glutathions is low, it appears that the
red cells are sble to maintain their glutathicne concentration at
normal. or elevated levels under adverse circumstances.

However, Cronki tet 85 )mport.ed in his talk before the Federated
Soeieties (Atlantie City, April 17-22, 1950) thet mice previously
given glutathicne showed less snemia after lrradisticn than did
untrested animals, There was alsc earlier and greater hyperplesia
of the spleen after irradiation in the animuls receiving gluta-
thione, and the hone marrow chenges in these animels were different
from those in spimals pol receiving glutathione, Thus it appears
that glutathione deficiency may sontribule to the anemia seen

after irradiation.
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SUMBARY

The studies on glutathione described in this thesis may be
summarized as follows:

L. & mcdification of the method of Briickmarn and Wertheimer(3%)
for the cetermination of glutathione in blood and liver has been
described,

2, Tebta has been presented showing that the glutathione levels
in rats vary with age from an average of 11 mgs, per cent at 7 days
to L/ mgs, per qent in rate weighing over 170 gms,

3. It has been shewn that it is very difficult to cbiain
iow blced glutathione values in rats by variations in dieb. Low
pratein diebs containing cesein caused & siight initial rise in
blood glutathione levels. When the animals ware changed to &
low provein diet covtaining arachin (sulfhycryl deficient prolein)
the glutathione gradually fell Yo conirol levels and resalned
there until Lhe experiment was terminated on the ninety-third dey.

on Oriffithe'‘ % )suitnyaryl deficient diet the blood glutathione
levels showed & decrease after two months. The rats were in poor
condition, only one surviving until the one hundred nineteenth
day, when its blood glutathione value was 18 mg, per cent,

Rate plaved on & protein-free diet maintained their blood
glutathione levels at nearly control valuss for 37 days at whiech
time tihey had lost about one-half of thelir uriginal body weight.

A mormal diet supplemented with 5 per cent aseorbic aeid

produced no change in bloed glutativione levels,
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The use of 10-20 per cent of cation exchange resins in a
low sodium diet produced a fell in bloed glutathione levels in T
weeks, but left the animals in generally poor gondition,

4, A study has been made of bloed and liver glutathlone
values after 500 r total body i-irradiation, The data show that
irradiation generally cauges & decrease in blood glutathione leveln
and in some cases & lowering of liver glutathione values, The
hemstoerit generslly falls sisultanecusly with total blood glubae

thlone.

The writer wishes to agknowledge aid by grants f{rom the
an&ral Regearch Fun¢ of the Uregon State System of Higher Education
and from the Rirehart Foundation in support of the research repurted
in this thesis, She is also indebted to Dr, Clarissa Beatty for
valusble sug.estions and cooperation in carrying oul the experi-

ments.
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