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CHAPIER 1

IRTROLUCTION ARD STATEMENT OF PROBLEM

Two new compounds with struotures somewhat amalogous to the well
known baoteriostatic sulfonamide oompounds have been preparesd (see Figure 1,
Table I}s The first compound » TSN (para~thiolbensenssulfonamide) is
charaoterized by the substitution of the sulfhydryl group for the pars amino
radical on the bengene ring of the pmaminobenzenesulfonamide molesules The
second ocompound « TSHWTSN (4:14%-sulfonamidediphenyldisulfide} has two TSN
molecules linked by the disulfide bond in the para position to ths sulfonamide
radiocals, It appeared of intersst to determine whether or not these compounds
might exert cancerostatic effeats on the experimental animel tumor = Walker
266 carcinosarcoma for reasons cutlined in the fellowing paregraphse

Heimann and Hall (1936) demonstrated that topioal application of
parasthioceresol would reduse the insidence and sise of ekin cancer induced by
12453 6=dibonzanthracens, Strusturally parasthiceresol and 15N have a
thiophenolis nusleus in cormon, 7The differsnce between the two structures
lies in the nature of the para substituents of the two ocompounise It was
folt that the exchange of a pars sulfonamide substituent for the para methyl
group present ia thiocoresel might yleld & compound (TSH) with less systemio
toxieity than thioorescl. If this resulted, some insight inte the possible
systemic effects of thiophenolic ocompounds on neoplastic growth might be
obtained fellowing parental administration. There is evidenoe whioh points




out that the substitution of the pars~sulfonsmide radiesl on aniline reduces
the toxisity of the parent aniline moleculs (Northey, 1948)e Secondly,
Boyland (1938) has indiomted that sulfonilamide might possess s@ CANCArOw
static propertiess Therefore, it wes felt that the use of a parasulfonsmide
substituent on the thiophenolic nucleus might afford a compound relatively
devoid of taxiolty but with possible cancerostatic effoot,

There 1s some evidenos that aliphatic thioaocids (thiomalate,
thioglyeolate) might stimulate the growth of the transplanted tumors in rats
{Brunscherig st. ale, 1948)s Therofore, it seemed of interost to determine
the analogous properties of a compound (TSN) which posseases the sromatic
SH groupe

Additional work by Boyland (1938) on aramtio sulfur compounds hag
revealed that the following sompoundss 444'-dinitrodinhenylsulfaxide, 414w
diaminodiphanylaulfide, Namsulfanylsulfanilate, 4:4'=dinitrodiphenylsulfone,
and 414! =diaminodiphonylsulfaride had cancerostatio effect on the spontansous
mouse carcinoms shile the last three compounds were effective additionally
against the Crooker saroams 180. The later work by Boyland (1946) indicated
that 4:14'«diaminodiphenylether, benzidine (ppteblaniline), 4:ét-dianinodiphenw
ylmothano, 414'-diaminodiphenyleulfons, 2idedinitro2twaminodiphenylsulfide,
and 292'=-dimminodiphenyldisulfide axhibited cancerostatic propertises asainet
sponttangous mougs carcinama but were without any significant effect on the
transplented tumore While these studies surcested that the presence of the
aromtic sulfur linksage between two phenyl rediosls mus not eriticel they
nonethelesy indicated that some activity mipght be present in ocompounds with




such sulfur proupss On a basls of these considerations it appesred of
interest to test the cancerostautic propertles of TSH-ISH which is chereoters
ized by the disulfide linkape betwesn two phenyl radicels in the para position
to the sulfonamide groups. It eppeared proboble that TSNWLSN misht poscoss
some gencerostatic propertics on o basis of tho substituted phenyl radicals.
Secondly, it eppesred of intersst Yo asceriain vhother or not the substitution
of phenyl rings by the sulfomamide group (as opposed to H0, or M,) would
have any effect on tho chemotherapeulic propertles of this 4ype of ccopound,
In case the TSK coampounds proved Lo possos cuncerostatic properties
some work will be done in elusidating their blochemicel offactse This phase
of the work will be based on the following assumptions: a) the action of
TSN ocompounds might beo dus to an effect on some enzymatic roection, B) siuce
those compounds possess sulfur atom{s) ac & structursl component, their
offect misht bo linked with the sulfur metabolism end possibly with that of
cystoins o cystine, @) there is somo ovidence that some aliphatic ;31101&101&8
might stimulate the growth of the transplanted tumors {(Brunschwip obe ale,
1946) while analogous compounds would Send to inhibit the onzymws which
catalyze the H,S release from oystolne (lavrenoe and Smythe, 1943)s Thorew
fore, it apposred of some value to obtain infuwrmation conccrning the elflocts
of T5H sompounds on the analogous enzyme syslonse




CHAPTER 1X

LET ER}'@ ‘{m “R}:QNIE’E‘?

Ae Chemotheraphy of Cancer with Compounds Relsted to TSN and TSNZSHe
In 1936 Reimaom and Hall studied the effect of topically applied

parathiooresol on production and growth of tumore saused by painting the skin
of albino mice with the carcinogenic hydroocarbon 1:2:5i16=dibensantivacenc,
They found that the inoidente of the tumers (both cercinmmis and papillomats)
oaused by the application of the caroinogen was reduced by this use of parew
thicoresols The effeot was most pronounced when the parawthiocoresol was
applied prior to the application of the carcinogen, the ingidence and the

size of both types of tumors being greatly reduced under this procedure, The
limiting effect of the aramatie sulfhydryl agent when it was applied on alierw
nate days with tho carcinogen (with the latter epplied first) was not too
marked in terms of over-all tumor inoidence, but the growth of the tumors
which resulted seemed to be inhibited by the regimen. It is interesting to
point out that the parswthiocresol treated skin showsd more epithelial cells
than the normal skin, but the various layers of epidermis wore very clearly
defined, and the basement membrans was sharply cbservables Ho inflummatory
reaction was observed in elther the epidermis itself or in the undorlying
tissuese The 112:8i0edibensanthracens treated skin was thickened and showed
relatively woll defined layers, but nonstheless a distinct difference from
normal skin was deteotsd in the cellular organisations The cells of the basal
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layer tended to bo oriented less regularly, more veriation in the shape and
gize of the individual cells wns observed and the basamont membrane wes
poorly defineds These findings were explained by Rejmamm and Hall (1986) in
the following renner: a stimalotion of the rato of the cell proliferstion
such as that caused by parssthiooresol does not leod to necplasis, while on
ths other hand the carcinogsnesis, as caused by the carcinogen, induoed deme-
age to the cellular potencies of differemtiation and orpenization. It g
diffioult 4o predict how o compound showing the parawthiocrosol propertics
would act in onses of tramsplanted tumorse Bub if one would make an amslogy
with the findings in the chemically induced tumors one might say that such &
compound holps the malignant cells to obtain a more advansed differentiation
and more regular arganizations

The author'a soarsh of the litersatwrs has failed to roveal any
experimontel date indicating that systamic administration of an aromatic
moroapten is capeble of producing such an effect on & neoplasm. In the onae
of systonic administration of several aliphotic sulfhydryl compounds the
results reported by Brunschwip et. ale, (1946) would seen Yo indicabe that
these compounds not only exert no canwerostatic effect, but rather they
stimulate growth of transplantod tumors in ratss A simultaneous aduinistrae
tion of jodoncetate and muleate (meroaptide forming agents) would reverse the
tumor growth stinmlating effect af the thicacids. These findings indloate
that the transplanted tumore appear to reguire SH groups for their development
and in ocase whore the aliphatic SH groups were provided an sugmentation of
tumor growth was produceds However, these findinge do not preclude the
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pooeibility that the aramebio SH groups may have an effzot entirely different
from that observed with aliphetic SH groupss

Boylond (1938) screcned a mumber of aramatic cumpounds comteining
sulfur as a structural component aprinst spontancous tumors and troansnlanted
Crocker sarcoma 130 in mioce, of strong and dilube Browm stroinse Thelr
chamothorapeutis agents were adminiastered orally at a daily doso vwhich was
aporoximately one fourth of the toxie doges Four nlce with spontameous
cavoinae and ten mice (5 treated, § controls) with trensplanted sarcose vare
used for each sopounds The tunmors were mossured by caliper three tlmes 6
woak and he size of tumor was empressed as a sum of the length and breaths

The following compounds with one phexyl redical showed axn inhibie
tion (regression) of the spontansous tumore They are lisbed in the order of
apperent efficlency ¢ 1) paras-aminobonsenosulfnanide, 2) la=va:a~amino
bonogencsulfonate, 3) Nawparashydrazisobenszenesulfonate, 4) para-heptyladinoe
benzonesuifonate, 5) Haworthowaninobenzenesulfonate, ) Ifaw:mwa;wn
benzensulfonate {no offect)s Of these coxpounds only numbers 1 and § had eny
effact on the Crocker sarcoma 180s

The following aronatic sulflur cmmpountdls with two phonyl radioals
ahowed canoerostatic effect on sponbonecus mouse tumor (liasted in the order of
efficioncy)s 1) 44’ ediaminodiphenylsulfoxide, 2) lasgulfanilyleslfanilate,
3) 4:4'wlimninodighenyleulfono, 4) 414 =dinitrodiphenyleulfoxide, 5) 414%~
dinitrodiphenyleulions, 6) 4:4'=dimminodiphonylsulfide, 7) 414" ~dinitrodie
phonylsulfide (nob effective)s Coampounds 1,2,5, had same effect nppinst Lranse

plasted sarcompe




Some general conclusions which ocould ds drawn from this work are as
followss a) the diphenyl eompounds were mors potent on a weight basis, b) the
spontansous ocarcinoms was more susceptible to chemotherapy, while only a few
compounds showed any effect on transplanted sarcoma, ¢) the therapy did not
produce any long lasting effect, because tumors grew after the therapy was
stopped, d) the sulfoxides were mors effective than either sulfides or tul.fmd
o) the compounds with amino substitution on phenyl radical proved to be more
effoctive than those having nitro groups.

In general the work desoribed by Boyland (1938) appears to be a
report of a sorcening investization and, therefore, the data ahould be regarded
only as indicative of preliminary rosultse Ko statistioal mlydc. no guane
titative data on transplanted tumors wers given. The dossge schedules waried
from one animel group to another,

Later work by Boyland (1946) was extended to include the diphenyl
compounds whers the binding of two phenyl radiecals was accomplished by linksges
different from 5 atoms. The spontanecus memmary cancer of mios and transplante
od saraoma MCDBI of dilute Brown mice were sumployede This exporimental series
was performed under more uniform conditicnms than the provious work by Soyland
(1938)s The dosage schedules wore uniform for all agents employed (12 doses of
cne-fourth of the LD., in 14 days)s Statistical analysis was esmployed for the
regults obtained with spoataneous tumors. The results on spontanecus carcinoma
were expressed as the ratio of the growth during the therapy peried to that of
the sontrol periode.




A complete inhildtion of sponbtansous carcinoe was obtained with
414° wdianinedivhenyleulfoxide (2 mpe per mouse x 12), 414'wdiamincdiphenylether
(5 mgs x 12), and mothylens blus (8 mge x 12) although nomo of these
had any effect on the transplanted sarcamas With several othor compounds the

obsorved inhibition wms statistically signifioant on the basis of the "t" test:
1) feamino,2'-nitrodiphenylsulfide (5 mge x 12), 2) benszidine (3 mze x 12),
3) 4e4%wdiecetanidodiphenylother (10 mge x 12), 4) 2:4"«diaminodiphenylether
{6 mge x 12), §) 4s4'wdianminodipbenyimethane (3 mge x 12), 6) 414"wdiaminodie
phenyloulfons (2 mze x 12), 7) 2¢4'~dinitrowd'eaninodiphenylsulfide (5 mge x 12))
8) 2e2%wdiamincdiphenyldisulfide {2 mge x 12)s

It is interesting to note that coopound (8) shows structural similare
ity toowr TSE-TSH, om the basie of the disulfide linkepe between the two phenyl
radicals.

The comolusiorswhich oould bo drawm from these reaults by Boyland
(1948) are as followss a) the diaminodiphenyl campounds are more ef‘féwhiw than
the sulphonamide corpounds, b) the lengthening of the chain between the phenyl
radical doss not have any sirnificant effect on chemotherapeutio action, o) the
position of the substitutions on the phenyl radiocals may have an effect on the
astivity, For oxsaple, it wes demonstrated that 4sd4'egubstitution is more
effective than that on Zs4'wposition s was the ocase with dimminodiphenylethers,
ar the 4:8*wsubstitution was more effective than that of 2:2'eas was the case
with diaminostilbenes,
Be The Effect of Protein and Certain Aninc Aoid Deficiencies on Tumor Growthe

Tho soope of this review is limited primerily to the affects coused




by the deficiencies of certain amino acide and proteins on tumor developument,
No atterpt is made to discuss the role of certain vitamins or fat substances
and, therefore, the reader is referred t- the =mjor refersnce sources for
reviows on these subjeots (Tamenbaum and Silverstone, 19533 Greenstein, 1954¢)
It has been established that the defioiensy of cartain amino soids
may influence the developwent of the gpontenoous memmery caroinoma in mices
The animals on low oystine diet failed sompletely to dewelop any tumors., The
histological study of the mammary tissue revealed a regression of the glandular
tissues The experimental animals showed lack of estrus cycle (Fhite and
Andervont, 1942-43)s The implantation of diethlstilbestrol psllets raised the
incidence of twnor appearance frop zero per cent to 44e7 per cent (White amd
white, 1943w44)e kice on a low lysine diet showed a 25 per cent incidence of
spontanecus mammery tumor in ocomparison to T4 per oent inoidence in control
animale, while the mice on low oystine dlet did not show any single oase of
tumor developments The repularity of the estrus oyole wns disturbed “m the
deficient animalse Therefore, it might be ooncluded thet the hormonal influe
enos might be one of the contribubting factors (Vhite and White, 1944wdd)s
Virgin mice on oaloric restricted diets showed little evidenoe of the marmery
tisaue growth, whilea breeding females on the same diet exhibited atrophioc
shanges of glandular tissus (Vhite, 1544-46a)e A £ifty per cent reduction of
calorie intuke without alteration in the amounts of dietary essentiales reduced
the incidence of mammary gland tumor from 100 t0 1245 and 1842 per cent in 3B
Inice, virgin and bresding females, respectively (White ote al,, 1944-45),
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The incidencs of leukomia induced by methyloholanthrene painting wes
barkedly reduced (from 90 to 10 per cenmt) in mice on low oystine diet (Whibe

o 8le, 1942-43)s The diet low in lysine did not have any effects Therefore,
t would appear that oystine played some role in tho tumor formation, perhaps
imilar but not identical to an amino acid essential for normal growthe, The

lusion of gelatin or methionine in the oystine low diet inoressed the rate
bf leukemia from 10 to 32 per ocent (%hite ote ale, 1943«44), In three groups
bf animals where the dietary cystine, lysine and tryptophans were restricted,
Pnly the cystine low group showed & reduction in leukemia ococcurrence, This
prorimtmaduignodinnmhamyhhw the caloric intake per unit of body
feight was identical in all groups (“hite ot. ale, 1946e47)s A reduction of

caloric intake decreasced the rate of loukemia from 06,2 to 36 per sent and

oased the duration of the latent periocd three fold (Vhite ote als, 1944«iB),

the spontanecus mouse leukemia, a similsr pioture (reduotion from 85 to 10

oent) wns observed, whilo the 1ife sxpectancy was markedly yrolm;gad and

o malignant transformation of the lymphoid oells was delayed (Saxton ete ale,
944 )

The pgrowth of UCIA fibrosercoms and Jensen sarcoma in rats of the

P.ung-ﬁvans strain wae retarded by administration of ethionine., The tumors

khmd a tendenoy for both regressive and necrotic changese These findings

rgasted that methionine might play an essential role in the growth of these

splanted tumores The observed retarding effects might be brought about by
o action of the sompetitive inhidition of tho ethionine which is a metabolis
gonist to methionine (Levy ete als, 1983).
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The restricted ealoric inteks or oystine low diet did not have any
effect on the development of spontanecus pulmonary tumors (Larsen and Heston,
1945-45)

Tannenbaum showed that the cruclial polat of distary restriction doos
not oscwr during the initdation phase (time of the ocarcinoen application) but
in the developmental phase, when btumors are formsd and make their appsaranse
(creenstein, 1954),

The influence of dist on & tumor (induced epitheliome and serooma,
spontsneous masamary snd lung tumors) already sstablished is relatively smsll
(Tammenbaum, 19403 Greenstein, 1954)s The growth rate of memmary tumors
(mouse) eould be slightly inhibited in the early stases by lysine deficienmoy,
but no effect was ohserved on the more advansed tumors (Kooher, 1944)s Ehite
and Belledin (1944w45) showed that the tumor traneplants (mouse adenosareoma) in
nice on & protein deficient diet grew at 74 per cent of the rate of ocontrol
tumorse lLater, White (1944-45h) reported that the tumor bearing animals on ree
stricted protein diet showed a negative nitrogen balance, indicating that the
normel tissues of host animals were probably broken down to supply the needs of
the growing tumors, Additionally, it was showm that the cutheptiec activity of
the organs of tumor bearing animals was markedly inorsased (Maver et. ale,
1545~46, 1948+49), Tho growth of the Walker 258 tumor was markedly redused in
the protein depleted rats (Green ete 2ls, 1960)s If the protein depletion was
reinforced by the feeding of the earcinopens during the growth period of the
Walker 256 twnor, the effect of dietary restriction was more evident (Elson end
Baddow, 19473 Elson and Warren, 19473 Green and Lushbaugh, 1949)s
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The mechanism of the inhibitory affect by carcinogens is not fully expluined,
but it micht be assooiated with a production of deficiency of a specific
sulfur containing amine scid (White and khite, 193893 Stekol, 1943)e Stelkol
(1947) showed that the inhibition of animal growth by benzyl chloride could be
caused by the formation of bensylmercapturic acide On the other hand Elgon ote
ale, (1947) showed that the prowth inhibition induced by earoinogens eould not bel
reversed by the addition of cystine to the diets Gutwamn and Wood {1950n) used
radilootive l=oystine for the determination of the mercapturic acid formation
after the administration of bromobenszens (noncaroinogeniec) and Jidebenzpyrene
{ocarcinogenic)s It was found that only in the casze of tromobenzene the
mervapturic acid oomtaining radiocactive sulfur oould be detocteds Lator work
by the same suthops (Outmann and Wood, 1950b) with laheled methionine indicated
an exoration of radicactive mercapturic aclid only with bromohenrzene and
anthracens, but this was not the case with benspyrens. The major source of the
mercepturic aclids appesared to be the tisswe sulfur compounds, ‘

Ce Some Enzymatlc Systems of Sulfur Metabolisme

Sinee an implloation wesz made that TSH oompounds might have some
effect on the sulfur metabolism some general refersnces on this tools win. be
menticuel teres Smythe (1945) and Fromsgeot (1947) present a detailed amococount
on the metabolism of organie sulfure A book by Umbreit (1952) contains an
exoellont presontation of the metabolioc pathways of sulfur sontaining amine
acids ;z: c}mﬂ; form, Description of the engymes involved in the sulfur
metabolimn ie found in referenve books by Sumner and Somers (1963) and
Colowick and Kaplan (1955
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Since in our work some attenpts will be made to study the enzyme
pystems releasing HpS from oysteine, applylng the polarographic method of
mdm dotermination as an indirect msasure of ﬂgs production, a somewhat more
liotailed nocoount of these enzymes will be givens
#a Cysteins Desulfhydrase (CD)e

Historye Tan, in 1933, demonstrated that the formation of Hes from

kysteine or oystine by Ps wvulgaris was due to an enzyme which was obtained in a
1lwfree solution, Fromagect and Desnuslle (192%) rfound the same ensyme in

« 60lis In higher animals, & similar encyme was discovered by Frommgeot,
Jookey and Chaix in 1539 (Froamagsot, 1951)e

Reaction Meohanisme The overall ensymatic reaction for CD is as
lroliows (Fromageot, 1951)s
m—ana‘m-(mz).,com iy HoS 4+ Hily + CHywC0=COGH
The intermediate ateps are:
ﬁswna.cx(ng). GO zomeed H,5 ¢ Gxawmg)-cm (1)
CH,=C~(HE, ) $COQR st OB wG(NE) 4COOH )
CHyuGa(NH)eGOOR 4 Hp0 mmwd CHgwCOWCOGR ¢ HHg (3)
The speoific astion of the enszyme is represented by wquation (1),
fhile (2) and (5) correspond to spontanecus resctionss The intermediate reactiong
Justify the pame oysteins desulfhydwasss For the disoussion of i:m‘ meohanism inw
volved in these reactions, the resder is referred to the work by Smythe (1942)e
M&u and Halliday (1942) have shown that ensymatic oconversions of radicsotive
palfur (§a53%) to oysteins sulfur can ocour, & fact that would raise doubt
Eoub the irreversibility of the reaction,
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Pistributions CD ig found in s great number of beoteris, The followe

ing animale possess this enzyme: rat, guinea pip, rabbit, dog, hog, horse, ox,
and mane The entyme 1z essentially localized in the liver; small guantities
are found in the pancress and kidney, while very small emounts sre found in the
striated miscle, stoamoch wall and intestinal musosas The following orgsns or
tissues do not contalin the ensyme: spleen, testicles, brain, duodenum, and blood
(Framageot, 1961)e

The one refsrence found by the writer concorning the ccourrence of
CD in neoplastioc tissue reported its absence in stomach carcinume (Fromapgeot
ote ale, 1840)s A more recent work by Butenburg ete ale {1950) suggested the
presence of CD in sams neoplastio tissues (Bagg lymphosarcuma and Walker 256
caroinoma)e But some doubt about the specifioity of the method for Eas detore
minatiop used in this study could be raised, becauss they found that kidney was
nore active than liver, a finding which is just the opposits to the prior roe
perts in the liter tures ‘

Asssy Methodse There are soms guantitative methods used in the detere
mination of hﬁa snzymetio degradetion of cystelnes They fall into three major
olasses: H,8, WH,OH, and pyruvate determinations (Smythe, 1965)e Usually ﬂgs
is measured by abszorbing it in solutions containing esdmium ionse The precipie
tated CA8 is dissolved in acid and 8™ is oxidized to fres euliur by means of
iodins solutione The amount of lodine used up in the oxidatlon of 5™ jon is
monsurade The lowest amount of § which could be determined is about 020 mgs
Mastors, 1938)s The measurement of the light scattering (absorption) by
onlloidal PbS may be used toos The sensitivity of this method is the range of
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5 to 100 micrograms of § was ¢ 2 nmicrograns of § (i’mhvlcha;, 1951)s Other
methods of st deternination invelve a x'édncéim of warious orzenie dyes by
Hy3 oege formation of methylene blue of diformacan (Smythe, 19553 Rutenberg
otes 8le, 1950)s The emmonia production may be weasured by Nessler?s method the
pyruvate can be determined by means of the hydrasone formation (Smythe, 1955)e

Actiwatorse There are & few indlcetions that the proper funcbioning
of the CD may bo depsndent upon witaminelike ecampounds whick may be ooeenzymie
factorse

There ocouwrred a dearsase of the CD concentration in the rat liver
before any other signs of the vitamin By avitaminosis oould be observed
(Sherman, 1954)s Disetrieh and Shapiro (1968) found that the CD was more sensie
tive to the vitemin 36 daprivation than the trensaminsse and dopa deoarboxylase
systens, but the knmown pyridoxine antagonist, desoxypyridoaine, was without any
effect on the CD, while it inhibited the other two enzymess Similar results
wore obtained by i-ister ete ale, (1053) and they could reactivate *b;m Ch by
the addition of the pyridexel phosphates

Delwiohe (1951) found thet the (U in Es coli cculd be activated by
asdencsineebephogphate, pyridoxal phosphate, biotin and slphaskeboplutaratse
Kallio (1951) showed that pyridozal phosphate was involved in the CD systen of
Proteus morganiis

The information sbout the speocifiocity, kinetios and effects of
motallio ions on CD may be found in the following referenvess Frompeob ele
ale (1940), Fromageot and Grend (1943e44), Fromageot (1961), Smythe (1942),
Lowrence arxi Smythe (1843), amx! Binkley (1843)s
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T’.a Cystine Exodesulfhydrase (ECD)
The eneymatic effects of the oystine desulfhyirase are olosely relate

jpa to those of the exooystine desulfhydrase (ECD) in so far as these enzymes

concerned with the metabolisn both of oystine and cystelnes The differsnces
Ewwd wers only quantitative in nature, as revealed by the NH, production
&frm the lesystine and lwsysteine, The production of NHy from oysteins or its
lpeptides was smaller than that observed with oystine or its peptides

(Greenstein and Leuthardt, 1942+43, 194¢«46b)s

The ECD acts on the eystine molesule both in free form and when 4t ic
inoorporated into the peptide chains The eystine in peptide form has to be in
the terminal position, and must possoss either a fm alpha amino proup or alpha
carboxyl radisal (Greenstein and Louthardt, 1944-46b)s The capacity of esrtain
normal tigsues to gplit cystine peptides and to produce ammonis from cystine,
goss parallel with the ability to degradate oysteines The following tissues
liver, kidney and pancreas possessed the ability to perform these m enzymatic
reactions, while spleen, brain and striated muscle did not show any suoh
activity,

The absence of the ECD in various tumors in rats and mice was reporte
od (Gresnstein and leuthardt, 1944-45aj Oreenstein, 1964), although some
hepatomas (primary and secondary) induced by chloroform possessed the ECD
activity (Groenstein,)954),




CHAPIFR 1IX
MATERIALS AND XETRODS

e Prosedure of Traneplamtation asd Growth Stuly of alker 256 Tusor

All Ainstruments and saline solution used in transplantation procedure
wore boiled for at least 15 ninutes before thelr use and care was taken to
mirdmize any later cortaminations

The surface area of a tumor and surrounding tissue in a freshly killed
tumor bearing rat was washed with 75 per ocent Et(OH and the tuuor tissus care=
fully dissected outs Oma to three greame of tumor tissus were pently ground by
postle and mertar, or out into small piecvs with solssors in 6«10 mls of
salines Incorporation of s small amount, 1000 Units/ule of erystalline peniw
olllin ¢ (X salt) was undertaken in same experiments, but this proved not to be
oriticals Therefurs, in & majority of experiments, plain saline was used.
This oell euspsnsion was filtered through geuze and Oe2 mls of filtered ocell
suspension was injeoted suboutanscusly into the ingulnal region of the rats

Sprague-Deloy rates of both sexes, welghing 150220 prams, wore used
for tronsplantation purposess They were fed Purina Chow diet ad libitum. Care
was teken to have an egual distribution of animels with respect to sex and
weight among conbrel and treated animmls, All drug solutions wore administered
intraperitoneslly in e fashion indicated in the results chapters

Growth of the tumor was followsd by repsated measurements of throe
diametors of tumor, using a vernier ocaliper. The size of the tumor vas

17
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exprossed as a product of three dlemetors in cubic centimsters (ooms)e Tumors
wors usually palpable 7«10 days after trensplantetions The observed differw
ences in the size of ooutrol and treated tumors were evaluated statisticallys
for the methods used see #4ll (1962) and Appendize |

The tissues for the histological exmamimation were taken from the
freshly sacrificed animals and fixed in 10 per cent formalin for at leact 24
hres before prepsration of the paraffine blockse The histophathologisal
gvaluation of tissues was made with the help and supervision of a qualified
pathologist (Dre Ps Ds Toto of the Sohcol of Dentistry, Loyola University)s
Bs Properties of TSN and TSHTSN Compoundss

Parasthioclbonrzenesulfonanide (TSR) and the disulfide of TSN were

prepared by Dre Ce Do Prootor (Stritch School of Medicine)s The elemental
analysis was performed by Dre Le I. Diuguid (St. Louis, Mos)e Thess compounds
exhibited poor HyO solubility, but wore soluble in slightly basie solutionse
See Table I and Figure 1,
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TABLE I

ELEM: AL ANALYSIS OF TSN AND TSHeE SN

lioleoular  Observed Fitrogen Bulfur
Compount Weicht# Helting Formula Par Cent Per Cont
Calods Foun® “géw* Caleds Found Calods Found

TSH 189 187 139-140 G_HONS, 7e40 7448 33,85 35,91
* e %y

TIHESH 376 301 243245 C. H. 008 Tedt Tedd 5404 34,02
- 12712%"25% e 15

% Bollling point olevaiion in acclong.
#% FishereJohns apparatus usode




S

N
N4

O0=Ss=0

|
NH,,

TSN— TSN

FIGURE 1. STRUCTURAL FORMULAE OF TSN COMPOUNDS
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Ce Polarographic Procsdure for Cyeteins Desulfhydrase Determinations

Apparstuss The Jargent model XXI polarograph was used to record the
polarogranss Voltage span used lay between =030 and «1,30 volts, while applied]
voltage oonstituted 2540 to 560 per cent of this spans The dropping meroury
slectrode (t=2e388 = drop time, 86Cs, m * 2,0 mge/sece= mercury flow per 8500.)
was the cathode, while ong mle of mercury on the Lotbom of a Gest tube (14 rme
x 125 mme) used as the poleropraph cell served as a stablo anodes The
anplitude of the galvanometrio deflections caused by the meroury drop was roe
dused by dampenings The drop distance in the test solution and the height of
tie mercury columm were kept constamte The palvanometric deflections (dife
fusion currents) due to redustion of the 0a** fang (hsilf wave potential ® «0,68
volts) were recorded using a sensitivity of 04060 or 04030 mu afrme A doflecw
tion of 10.0 mme ropresented n current Intenaity of Ol mu 8 or 0.3 M 0
The method used for determining wave heights ey the procedure desoribed by
#Wilard ote nle (1551)s Whe polarographic waves exhibited well dmfii:md forn
and wors eansily analyzed by eonventional methods (Figure 2). Oxypen free
nitrogzen wus usoed for deoxygeantion of the btest solution affected by bubbling
nitrogen through the teet sclution for ab least flve minwbes prior to the
polarograshic determinationss

The 125 mle Brlanneyer flasks were used for carrving out the engymitie
reacvbion and in the procedurse used for calibratiocn of the polarographic wave.
They were closed by a ravber stopper which contalned two glass tubs openingse
me tubs (inside dlams 3¢5 mme) extended nenr the bottom of the flask and

served as an inlet channel for the ﬂg which sorved ss the zas phese for the
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engymatic reaction mixiures The sscond tube (inside diam, 1 mme) served as an
outlet tube for Hg and 0Op dwing deoxyzenation provedure and, secondly, it was
used for delivery of one ml. of mixture containing 10 per cent trichlorcasetioc
acid (TCA) and 446 N ECl used for deproteinization and for quantitative release
of HpS from the solution. These tubos were closed right after deexygenation
and opensd bofore removaul of the filter paper cups containing Cd acetate and
G4 sulfide.

The filter paper cups (Bodansky and Levins, 1940) were prepared in sn
identical mamer from the same filter paper (Vhatman 51, diame 125 oms) in
order to obtain ocups of uniform size and mass, bsonuse these factors might
affect the polarographic waves dus to Cd reduction (Figure 3)s It wus demone
strated, employing equlvalent amounts of Cd, that the presence of filter paper
tends to lower the heipght of the polarogrephle wave to a measurable degroe.
Although this presents some disadvantage to wae filter paper cups, one a.dmmq
afforded by the relatively large surface aree for spreading of the Cd solution
(thus ef'fecting an effioclent trapping of the HyS gas) overweighs the disade
vantagos

Calibration of Polarographic Wavee The principal chemiocal reaction

involved in the indireot polarographic determination of the st 48 as follows:
(CHC00)50d + HyS > 4GdS + 2CH,COCH

The cadmium ions were present in an excess in respect to the H,S produced. The

freeo cadnium was determined and subiracted {rom the total cadmium pressnt. The

diff'erence betwsen these two values represented the smount of the HeS released

(Figure 2)e
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E%zs. 8Ha0 arystels (molecular weight = 240.18) were dr.teﬁ ina
desiccator, weizhed and dissolved in 0.5 M Tris 7«9 buffer (Tris (hydroxymethyl)
aminoethans) of pil Ted to yleld a 0,018 ¥ solution {approximately)s Varying
volumes of Wa,S solution (010 = 1400nl.) wore added to the 125 ml. Erlenneyer
flasks which contnined 440 mls of physiologicel saline solutions Fimsl volume
s sdjusted to 5e0 mle by appropriate velumes of Tris buffer solution, Filter
paper ocups oontaining 0420 mle of Oml0 ¥ cadmium scetate solution (Cde
(CpHg03)g+2Hs05 mOle Whe =288463) wero inserted into the flasks, which werse
then tightly stoppered. Ons ml, of 10 per cent trichloroscetic acid and 48 ¥
) mixture was added o the solution to obtaln a gquantitative releass of Bgs,
Precaution was teken to avoid eny loss of He$ gas in the course of the manips
ulations, After 30 minubtes, the peper oupe oontaining C4S and excess of ionto
Cd worn transferred o 10,0 mls cooled freshly boiled distilled wabter in 1285 ml,
Erlemmeyer flasks. Free Cd ions wore removed by repeated washings of the
filter paper with a pipette, leaving the Cd8 on the filter paper unaffected.
(An eddition of 140 ml Tris buffer of pH Veé to the eluate mediun did not have
any polarographic meagurabls effeot on the smount of free Cd eluted)s This
test was undertuken in order to dotermine whether or not distilled water (which
exhibited a slightly aoidic reaotion) could dissolve the CdS, The solubility
sharacteristion of CdS are as follows: solubility product =3,6 x 10725
(189 ¢)3 solubdlity in gme por 100 ml, water « Sx10°7 gm. (189 G)s Two (240)
mle of water oluate comtaining free lonic Cd wero mived with 2,0 ile of 1e0M
HC1 and analyzed polarographiocallys The height of the wave causad by free Cd
was designated as hy (Figure 2)s To the remaining 840 ml mmﬁruzw
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flasks were added 840 mle of 140 M HCl and allowed to stand covered overnight
to effect a oomplete solution of CdS, Four (440) mle of this solution were
analyzed polarographically, giving « wave heizht designated as iy whioch rew»
presented the total G4 presents The difference in wave heizhts in mms betwean
hy and hp was corrected by subtraction of the analogous value obtalned with
Cd oups not exposed %o Has3 solution (Figure 2)s These rolationshins may be
sumparized by the following formulas

(hb - hf)“ - (hc - hf)bl‘: corrected difference of the wave height in mm,
The oorreoted wave differences and the corresponding Hp8 amounts were plotted
on the ordinate and abscissa, respectively (Figures 4 and 5), ylelding a satise
fastory linear relationshipe The difference between hy « he observed with Cd
filter paper ocups not exposed to H,S might be npmm‘ky the Cd absarption
characteristios of the filter paper (Figure 3).

Sinoe mzs srystals varied to a oconsiderable degree in B.zo of
orystallization and nhmd‘a tendenoy to decompose, it was, therefore, nooossary
to ascertain the actual molarity of tho Bugs standard solutions. The stande
srdization was oarried out by determining the difference in wave heights (due
toﬁ’u@dintmﬁg()lﬂuﬁw)waﬁd filter paper ocup (I) not exposed to
Na 5 and & oup (II) which was exposed to 1,0 mls of BagS solutions Both oups
contained 20 mioramoles of Cd ions Wave beight in mms which correspmded to ong
mioremole of fonie Cd 4n nao eluate was found by dividing the wave height of
cup I by twenty (mumber of mioromolea of Cd prosent)s Ths cbaerved differenves
of the wave height of oup I and cup 1I was divided dy the value in mm, which
corresponded to one micromole of Cd, thus finding the number of micromoles of
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[cd used by binding the S which was roleasede 3ince the reaction between catt
and 5% occurs on equimelar basis, the mumbor of Cd micromoles "used up" would
reprogent the mmbor of micromoloz of § preseonmt in le0 mle of fasS useds In
such & way one finds the actunl molarity of the Eazs solution used., The number
of mioromoles of Haga in gmaller volumes delivered was found by multiplring the
number of micromoles of 5* in one mle by the frection of one ml. under considoyw
ations This standardization procedure was repeated every day with each new
NagS golution used in determination of the linear relationship betwoen the
corrected difference of wave height (hy hf)cx in mme and the amount of HenS
added (Pigure 4)s

The same procedure was guployed with lower concentration of Cd acetnte
solution (0e20 mle of 0,06 M CdAc) and correspondingly smaller amounts of Hay,S
using greater polarographic sensitivity = 0.050 ma afmmne for the recording
(Figure B)e The standardization line obtainod was used primarily fa? determingm
tion of the tunor enzymetic activity which was considerably lower than thet of
the livers Inoreasing the sensitivity of the éétmimtiun by these chanzes
[pf'forded an advantage in the measurement of enzyme activity from sources of low
activity so that groster megnification of slizht relative differences was ylelde
jedes
Presuming that s corrected difforence (‘ht - hf) of five millimebucy
ﬁmﬁ lie within the range of arror involved in the process of extrapolation of
the wave heights, one may safely assume that & minimel detectable amunt of Kzs

levolved with the lower sensitivity = 04060 mu a/fimne was Os7 micromolss of S,

ﬁme vhat with highor sensitivity = 0s030 mu 8/mms was 03 microsolen of Se
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Determination of the Enzymatio Relsase of HaS.
Liver or tumor tissue (or any desired organ) was carefully exoised from the
animal saorificed by a blow on the head and homogeniszed with a pestle and sand
(sand, purified, Baker Chemical Company) in e preccoled mortar in cold 0.9 per
cont NaCl solutione The volums of saline was varied from one to three times
the weight of tissue (seo individual tables)e The ground tissue was centrifugd
for 10 mimutes at 800 x g and the supsrnatant fluld obtained was kept in the
refrigerator befors the preparation of the resotion mixture. Three (35.0) mls.
of the supernatent wore ugsed as an ensyme sourge for the Bgs production from
oysteine.

legysteine sdlution was prepared by dissolving its hydroochlorids salt
(mole wte = 157.62) in physioclogicel salt solution and édjunting thn; pE approxis
mately to 7.0 with NaOH using indioator paper (hydrion B), just before using,
1.0 mls of a neutralised lesysteine HC1 solution of concentrations $ndicated
under the individual tables was used ss a substrsta. The test compeunds

(astivators and inhibitors) were dissolved in HyO and NaOH selution was added t
effect dissolving and neutralization of the solutions. (TSN was dissolved in
sxcess of HaOH and neutralized baok with HCl)e O(me (1.0) mls of w 01 ¥
phosphate or 0.8 M Tris 7«9 buffer solution of a pH 7.4 was used in the reaction
mixture. But in some experiments no buffer solution was used, sinoe it was
shown that there was no significant difference in the Has production over a pH

range of 7.0 = 8,0 Secondly, parallel experiments with and without buffer
solution 444 not show any observable differsnces in K,a produation.

The ensymatio reaction was earried out in s 128 ml. Erlemmeyer flssk
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(deseribed previously) to which were added homogenate, buffer, oysteine test
sampound solutions (for resction mixtures see individual tables)e The esontrol
flasks received identioal volumes of saline in place of the test solubions,
For the inoubation times see individual tabless The insubation temperature was
87° ¢, The enzymatic reaction was stopped by addition to one rls of a mixture
combaining 10 per cent trichloroscetic acid in 4¢5 ¥ HC1 mcid, vhereupon the
flasks were allowod to stand for 30 minutes, This procedure helped to release
any bound st from the resction mixbures

The polarcographic analysis of Ud ocups exposed to enzymatic H,8 ro-
lease was performed in an identical manner as was discussed in the calidration
provedure where the H,S wns released by acidifying the solution containing the
ﬁa-as‘ The standordization line of the agpropriate current sensitivity wns used
to convert the correoted differences in wave height (‘h‘b - hf)gx o g}w mierow
moles of S produceds .

A hipher polarographic sensitivity (0.0230 mu a./nm.) vas used in the
majority of tumor exporimentss Although it wee necessary to employ smaller
anountes of Cd (020 mle of 0.050 M C4 solution) in such ceses, the height of
the Cd diffusion ocurrent was not changed significantly, while the rolative
differsnces due to variation of the enziyme activity could be magnifieds In
other words, the observed quantitative differences in engyme ectivity could be
inoreased or s weak enzymatic tumor astivity might be better detected,

The difference of wave height (hy = h,) due to enzyme eotivity was
correctsd by subizacting the value of (h,; - f) obtained with Cd oups exposed

only 40 a reagent blank (no enzyme present)s The control (homogensie, no
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gysteing) determination for endo ensus H,8 relense by liver tuanor tissue
did not demonstrate any reasuratle Has productions %herefore, only resgent

blorks were used in the mejority of experiments 4o make the corrsction of the
observed wave heicht differsnces before the corwverszion inte the micramoles of

S producode




CHAPTER IV
BRESULYS

Ae Chamotherapy of Falker 256 Tumor

Preliminsry Experiment with TSHISHe The therapy in this experimental
series wne started on 8th day after tumor fmplantation (Tabls II)s Experimenw
tal animmls were divided into three groupss 1) Comtrol andmals receiving loo
of leOX tragacenth) suspension intraperitoncallys 2) TSE-ISY animals recsiving
four doses of 6500 mg/kg of TANWESN (10% suspension in 1.0% tragacanth) on four
congesutive days followed by rest interval of ane dey and adminigtration of 250

TABIE 11

THERAPY OF WALXER 266 TUMOR BY TSHISH
AND TSH-LSW PLUS VI, Byo

Days after Implamtation

Group 8 1z 14
Control  palpable  B.5¢ 15,5
nteE=9 n=8 n<y
TSH-TSH  palpable 22 Be8
n=9 n=6 =4
TSNESH By, paipable 22 a6
n-8 n=4 n=4

~mmwwwmmmmmmwm
3 n pefers to the numbor of anfmals with tumors in each case
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ng/kg of TSH-TSH; 5) A TSHWISK and Byp group which received 30 microprems of
Byp with each injectien of TSN-TSH. The experimsntal resulis sumerised in
Table II show that there wns a morked deocrease in tumor sisge of the animals
under therapy in ocmparison Lo that of the control animals. But at the same
time the mortelity rate in trested animals was considerably high (Control
group -« ong death out of nine. TSHISH group = five deaths out of ninep TSHe
TSH and By, group - four dsaths out of eight snimals)s There was no aignifie
cant wolght loss oboerved in the treated proups while control animals showed
& slight weight gain (from 188 gnm to 195 gm) at the end of the experiments
This mmall weight galin might be explained by the presence of the larger volume
of tumor in wntreated animalse The resulte obitained in this experimental
series indicated & need for experimemts employing smaller doses before any
definite conolusions about this partioular oampound could be reached.

Larre Soale Experiment with TSHeTSH. The therapy in this experimental series
was started ome day after implantation of twmws The experimental animals were
divided into two groups: 1) Control animals receiving 1l.07 tragacanth suspene
sion intreperitonsally; 2) TSHISH snimals receiving seven doses of 250 mg/ke
of TSN.TSY (67 suspension in 1407 tragnocanth) intwaperitoneally overy second
daye The volume of the drug preparations injected was 140 oo per 200 gm of
hody welighte The results were summarized in Table IIXI amd Figure 6« (nt the

12th day after implantation (after five doses of TENWTSN) the first measuro
monts of tumor size wore made and there were definite differences shserved in
the size of tumors of both groups. The treated animsls showed a marked reducw
tion in tumor size which was statistically significant, The messurements on
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tvo later periods indicated that there wms a ocontinuous tumor growth in treated
animals but the size of' these tumors was considerably smaller then that obw
sorved in control animals, The observed dAfferences were statistically signifie
cants

$ince thers was & marked redustion in the tumor volume of treated
animals & question muy arise es to whether or not this form of the therupy lmd'»

any affect upon the establishment of suoccessful tumor growthe It was found

TABLE II1
THERAPY OF WALKER 286 TUMOR BY TSHeISH

e Pl ¥t

Implantation Control, miSEs*  Treated, ms She+ D P
12 Ca31L,3 20030, 8 13 Se3
n*=10 A n=18 < Oe G

18 12,3+1,8 TP 2.1 - Bud
n=11 s <00

17 16482246 "7¢84143 248 Se2
n=11 n=16 <Ou0d

% n refers to the bumber of animals with tumors in each once
#* See Appendix for the formulae used in stetietioal analysis

that the number of sucocessful trangplantations was pgreater in the trested growp

than that of the ocontrol snimals (four andmals out of sixteen controls 4id not
"take” vse one animal out of 24 treated)s Therefore, it is probably safe to

conolude that this type of therapy did not have any effect upon the establishe
ment of tumor zrowthe
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A ogspurison of the death rates betueen the control and treated
sroups indicated a considerobly higher moriality in the trealed group (six
treated animals diod out of 24 vee lwo conbtrol deaths oul of 13 animals)e
These deaths inoluded animels which did not show any tumor growth bul were
treated according to the pgroup to which they belongede

& wost comnon toxic phenciwmon ;rossly observable in treated animals
was the acoumulation of edemetous fluld in the peritoneal cevity. Upon opening
of the poritonsal cavity there was obsorved o depositicn of drug on the viscers
and especially on the suwrface of liver.

No motastatic tumor growth was observed in conbrol animals while in
two treated rats motastatic tunors wore founds In one animal there was o large
tumor mass with sharscteristic histologiosl structurs located belaw the stamech,
The other wetastaiic tumor, which was obsorvable only rderoscopically, ws
looated on the liver surfece and oxhibited sn encapsulated growth which did nob
invede the host liver tissus, The last finding s worth wmentdon becouse the
motastatie growth in liver ticsue has not besn reported 4o the writer's Imowle
edge in the case of Walker 256 tumor.

The acoumulation of edametous fludd in the peritoneal cavity suggested
that there might be kidmey damage induced by this form of therepys. But the
Iddney seotions stainaed by hewioxylin eosin technique did nol revesl any oxtenw
sive damspe which could be oompatidble with edemn foruntion, The kidney slides
from 12 treatod animals whilch were sacriiiced after ihe cessatlon of the therapy
did not show any essentisl siructure differance as owmpared with oombrol anie
malss The most occemonly observed pathologsical phenomenom was cloudy swelling
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of the proximal comvoluted tubuli which ccowrred both in control and treated
groupss The other structures (plomeruli, remal pelvis) did not reveal any
deviation from the normal plotures In some treated animals there were observed
foeal accumulations of inflammatory oslls in the interstitial tissuss between
tubull although no severe inflammation oould be detected.

The liver sections (hamatoxylin sosin stain) of treated animals (8)
showsd a relatively oonstent picture. The liver capsule damonstyated a proe
liferation of sollagenous {ibers and presonce of polymorphamuocleocytes suggeste
ing presence of foreign body reaction due to the dsposition of injectoed drug
on the liver surface, This inflemmatory reaction showed tendensy to snroad
along the septse (hepatio triads) amd sumetimes reached the hepatio cords cause
ing a mild hepatitis on sn inflarmatory basis. Ovoasionnlly, suall aress of
fooal fibroblastic tissus were observed. The hepatio cords appeared Lo be
swollen and the lumen of simueoid was reduceds The liver slides of control
anizals {3) 4aid not chow any forelgn body reaction but the hepatic ;wda axw
hibited ém oloudy swelling, In ono oomtrol liver the oloudy swellins was
more govere than that obsorved in trestod animels. Desplte that fact the tumor
of the same animal showed a large volums, Tharefore, it would appear that the
pmmafﬁmeamﬂymnmgwmemwlmwwmmuy
does not have any significant effect on tumor growth.

The histolopionl anslvels of tumor tissue of comtrol and treated
aninals did not reveal any sirmificent differences. A more detailed descrintion
will be given later togethor with experiments where TSH was amployed as the
chemotherapautic agaente
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Despite the fact that there occurred a marked reduction of tumor size
in treated animals and theve was no exbensive damage to liver and kidney
tiesues the role of T8EVISHE as a chemotherspoutic agont cancot be evaluated in
s sinole anner because of tho following complicatiag factorss 1) ceneral
Soxioity as shown by insrossed mortality of treated animals, 2) absence of an
effoct upon the sstablislment of tumor growih, 3) presenve of metastatio growth
in treated animnls, 4) absenco of any elearly defined histological effect on
bunor tlssuss

TABLE IV

THERAPY OF WALKER 208 TUNOR BY T85 AND T8 1105 VII. BIB

Days After  Tumor Size oam (Product of § diamsy) e e
Implantation B

Control, msSEwe TSN, msSi+» 1SH Byp miSEe TSH T8H By, TSN TSN By

é 4o Cl4448 3431421 36434 #87 o568 25 243

ne=1% n=20 Oe01 <0905

11 12.041.1 4497248 Bad 7559 1s2 leZ G20 640
n=13 n=1% n=49 < 0s01 <001

14 19.445,1 8480480 1124144 Se3 3t 53 Zed
n=11 n=386 n=18 <0e0Y ¢ D08
16 - 10341 144 642,6 Bed Gel  Zo7** lelT¥*
n=14 n=l4 “ <008 >0s10

* n refors to the mumber of mle‘ with tumors in each cuse
*+ See Appendix for the formulae used in statistical amalysis
*x3 Hetween l4th day of control animals and 16th day of treated animals




0

[chemotherapy by TSH end TSN plua Vit. }1'13. Table IV ard Tiguwre 7 summerize

A

resulis obtained with TSN and a combimation of TSN plus Vit, Bys as
chemotliorapeutio spents,

The experimental animals were divided into three groupss 1) dont:aml
jecimals receiving saline intraperitonsallyy 2) TSN animals which received
sicht doses of 200 mg/kg of 3K as the sodium salt intraperitoneally for eight
Jeonsecutive days (drug was pertially lu oryestalline suepension form)y 3)

LEH amd 812 animals received in addition to T5H as desoribed above a dose of

b miorosrams of vite am simaltansously« The volume of the preparationg to be
injeoted wus Ll«O ml per 200 gu of Lody weights The animals wore distributed
smong the separate groups taking cnre to get an egunl distribution in respect
to the animal weight and size of tumors which were at the palpable stage of
the growthe The therapy was begun on the 7Tth day after tumor implantetion,
Only three measurements of tumor sise in the sontrol group were taken because
tumors of untreated animals showed extensive neorobic proocesses at :Law
stapes of tumor growthe The same necrotic processes ovcourred in treated
lanimals hut at later stages of tumor growth than in eontrol animalss The
apposrancs of neorosis mey be explained by the fast growth of tumor tissus thus
outzrowing its mtritionsl supply since these neorotic changes ococuwrred both
in oontyrol and treated animalss In no case was the appearance of nsorosis
jattributed to the chemotherspoutic effevh,

The effeot of TSN on tumor growth was slanrly indicsted statisticslly
by somparison of mean velues of tumor sizes Even the differsence betwesen mesn
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values of the control tumor size on 14th day and thet of TSH treated animala
on léth day was statistioally significant. It wonld sppomr that the oanceros
static effect by YI8H was more pronounced in the early starse of therapy as
is evident fram the slope of the growth lins (see Figure 7)s 4 similar
phenomenon wae obgorved in the TSK with :812 group, where the incroased rote of
turor syowth in later stages was more clearly observablo afier an initial
inhibitory effecty The differcnces betwsen the mean valus betweon control and
T8N plus By, proup vore significant on the 1lth and M4th days after implantation}
while there wss no real difference betwsen the mesn control wvalue for the l4th
day af'ter transplantation and that for tho 16th day of the treated groups
Those findings would sursest that the initinl cancerostetic effeot caused by
188 plus 312 therapy was lesc sustained than with TSH alonce

From those experimentsl findings one may conclude tlwt the cancero=
static offect by both forms of the chemothernpy (7911 alone end in cambination
with Byo) was more pronounced at the initisl stages of tumor growthe Later
treateod tumors showed an inoressed growth rate whioh approached that of the
control animalss The atberpbs to follow the tumor srowth aftor the
ceasption of the therany worc unsuwocessiul beonnse tho tumors toaded to show
extonglve neorotic changes. Bub it did not sppear likely that 4hds form of
the therepy misht have any perrencnt eancorostatlc effect, because tunors
continued to prow even during the perdod of drus adminiclratlone

The compurison of the death raftes in these separets proups revocled

that the fronted proupa showed a sipnificant mortality while thore were no
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deaths in the comtrol groups during the observation time (16 days after twnor
implantation)e There were five deaths out of 20 TSH troated animels and two
deaths out of 20 TSN with By, treated animnls, The chonges in weight during
therapy in campardson to the weight before the atart of therapy were not
sipnificant in all enimal groups. The oontrol animals showed pome pain in
woight (from 170 gn to 186 gm) while in TSN and TSN plus By, groups the weights
gtayed approximately constant (174~176 gm and 172«178 gm respectively)e These
differences in welight gzain betwoen control and treated groups might be partially
explainsd by the larper weight of the tumor mess of the control animals,

The examination of kidney sections (hematoxylin eosin stain) of
troeted animals revealed damage as the result of this therapye The kidney of
an animal which showed an eccumulation of edemmtous fluld in the peritoneal
cavity exhiblited a sovers hydropio degemeration of rensl tubuli and an
interstitiel edema causing enlsrpament of the organs, Although the slomeruli
were intecet there wans soms albuminelike exudate inside the Bovemmn's mpaulo
and the endothelial cells showed some swelling and granulation. In the
majority of cases theo rensl interstitial edems, tubular swelling and hydropic
degenoration were of lesser degrese The glomeruli wore not severely affected
and only in some oases there were truces of albuminous exudate in oapsule
and soms evidence of swelling and cromilstion of endothelial cells. In no
ceses wers theres observed any traces of blood pigment either in the tubuld
or in Bowman's capsule. It appesred that in the majority of cases the
observed changes in remal tissue wore rewversible in nnture,

lLiver sections of trested enimsle (7) showed o wardable degree of




damagoe Tho simusoldal space was collapsed due to tho cloudy swelling of
hepatic cordsse The liver cells showed albuminous deponeration, some evidenws
of plasmn vacuolizedion, and loss of eoll wall demnreations The changes wore
more pronounced in the vicinity of contral veins (evidenced by weaker steining
intensity of cells at this sits)s Thoe gonsral microscopic eppenrance pave the
fmpression that a majority of thoso changes eould be reversible slthourh in
o or two osaes tho damarze wns MOrs Sovore,

In poneral it could be stabted that the obsorved orpan changes sausoed
by T80 therapy wore more pronounced than thoseo obsorved in caso of TSNWISH
animelse

Experiments with Swaller Doses of 15Hs The experiments employing

s amaller dose of T5H (8 doses of 150 mp/ke for eight consecutive days
started on the Tth day after implantation) revealed a rodused chemetherapeutic
offect on tumor growth (Table ¥V, Firure 8)e On the 10th ond 13th deys after
implantation the differenses tstmesn the meen valuss of comtrol and treatsd
animals woye statistieally sipnificant but on the 15th day the observed
differences werc not significant, With this deorsased dosage schedule there
was 8 marked drop in the death rate in the trestod proup (ome desth out of 15
¢roatod animels, no deaths in comtrol group)s The changes in body weight of
treated andmals after the chemotherapy did not show significent difference
from that observed with ocontrol animals (control initinl weipght = 170 gma,
Pinsl = 205 pmy trested initisl welrht « 163 gm, finml 190 gm)e Both groups
showed approximately the smme weight pgains,




TABLE V
THERAPY OF VALEER 256 TUMOR BY 15N

Taye after  Tumor Size oom (Product of S dlmuse)  SEgs  tws
Tmplantation Control, miahes TSN, = 4 Shes P
7 2468 +418 2e10 %21 «26 1.9
n*-10 n=16 > 0406
10 1040 = 450 Teh6 + 448 «70 Se7
a=10 n=18 < 0sd
13 18,6 +£1,87 12,56 +1,38 2ad 2¢8
n-10 n=15 < Oa0B
15 2248 3,72 1544 =190 4e2 1.7

1 rofors Go the mubor of AmitAls with Gunore in sach cass
% mwfmmrmmmmmmaxmxma_
%Mmmumammmm?%ﬂmwamim
8 X 125 mz/kp overy day) showed no stetissicelly significant differonce between
the mean wlues of comtrol and treated groups on any time after the therspy
wae starteds
From the rosults obtained with TSR on Valker 258 tumor one may
conclude that ths observed sancerostatic effect with larger doses of this
compound might be partially explained by ths general taxloity of the campounds
Howaver, sams casncerostatioc offect unassooiated with sovere tuxioity, soans
to be demonstrated in the cese where mmaller doses of the scompound were
adninistered (Table V, Figure 8)e
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Histological Study of laller 266 Tumor after Chemothorapys

In the course of growth studios on Walwer 266 tunor it was established that
soms forms of chemothersny by T9H and TSHESH effected & reductlion in tho slze
of tumors In order to complebo the study the histologioal examination of tumor
alides stained by hmatmyiin eoslin teshrigue was undertalens

Sinve the ?Wer' 256 twmor is o typlosl malipnast prowth
{caroinosarcons) attampts wore mode to ascertain whethor or not our chowmow
therapoutic experiments had any effect on the malignant characteristios of this
partioular tunors The following eriteris were used in the determination of the
degree of maligmancy: 1) « mitotic activity expressed as a number of the
mitotlic figures in one high power fleld (HePuFe)p 2) = size, forn and stalning
characteristics of oell nucleiy 3) = ratio between plasmae and mucleus volumep
4) » development of the intercellular supporting structuros (stroma), and 5) =
histodifferentiation of the tumor tissue fees formstion of definite structural
aleaments by tunor cellse ’

In peneral it can be stated that thers wore no striking differences
observed betwwen the histologleel organization of control und treated Humors
and of tumors whioch underwent dlfferent types of chomotherapys The histologiwe
oal ploture was similar to that siven by Barle (1936) in his classioal descripe
tlon of the Walker 256 tumor,

A1) tumors sxemined showed o tendency for central necrosis, while the
tlssue located in subospaular areas was o riud of healbby growing tunor tissuo
This healthy portion of the tuwor was used for the microsconical examinations
Ho significant difference in the mibotic activity of treated and control tumors
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was observede In all cases the cell nucleus wus large and somewhat vesioular,
and varied in shape from ovold to almost speriocal plemorphism, It showed a
prominent nuoleolus. In two treated tumors (TSFW and Byo group) there was
observed a good uniformity of nuclei in somo selescted arease The hyperochromstic
mioleil were not numerous in all groups of the tumors. The ratio betwmwen the
mass of plasma and nuoleus of neoplastic cells was not altered considerably
fram that observable in normal oellse

The stroma showsd great variation in the individul tumors both
treated and untreated, In some oases it was extremsly scanty and delisate and
the tumor was mede almost solely of epithelial sellss Bo correlation could be
found between the tumor size and the degree of stroms development. One common
observation was that the regiom of tumer tissue with batﬁor developed stroms
showed less tendenoy for necrosiss The analogous ploture was observed in areas
where striated musols fibers wers presents The oells located near muscle fidery
showed a more uniform size, “

The tumor epithelial cells lay in & disorpganized fashion (l.0., small
magses, nests or singly) in the matrix of the atromatous fibers. In individual
tumors (control and treated) there were chserved a few duct-like struotures
cloger to the periphery of the tumors In one trested tumor these strusctures
were situsted more centrallyes The cells around these "ducts” were smeller in
size and showed more uniformity in shapes The ocourrence of these duotelike
structures sugpested that even after many trensplantations there may appear
structures which were present in the original spontansous tumor (adenocarcimm)h
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de Prelininury Study of the Wﬁic nelease 9_;@‘. 4,34

Since thewre was chesrved swmw vanoerostatic effect by the ¥
conoounds, 1t became of interest to ascertain whether or not these oompounds
might owert any offoot on smas ensyuatic systems The selection of an enzyme
sysban concerned with the enzymatic releuwss of Iias from the cysteine molecule
wag somerhal arcitrary and was mde on & basks of the asswwtion that the T8H
cunpounds, conbalning sulfur as a structural Mmgﬁmnt. might somehow afiest
the sulfur metabolisme Any iuplication that the observed cancerowiaiic effeots
night be due to the effect on this particular enzyme systen should ve oonsiderw
od premature and spooulative in view of the fact that mumerous onsyme systens
could be affectod by these compoundss Tho secoud reason for choosing his
particular enzyme lies in the fmot that a new polerograzhic method war develope
od for determingtion of Kga' Thavefore, it appesred of interest to debormine
ﬁmthmwn&ﬁhismﬁm'mmmﬁwnmmrmmwm@ﬁmﬁas'
whioh 1s released ensymatiosllys

Determination of Precisions In order to detormine the reproduci=

bility of the Eas determination with identionl ensymatic mixtwres four samples
of the same liver hamogenate wers run at two different substrate concentrations,
L’!w rosults are swamarized in Teble Vie




TABLE VI

DETERMINATION OF THE PRECISION OF THE
ENZYMATIC nzs RELEASE BY LIVER I

A

Humber 10 mgo
";iwmiu g

) 3 p Sed

2 1.4 Seb

3 1.8 a2

4 1+6 248
Usan+SE  1e6+0,10 3¢2 + 0418
Range leb~ 148 248 3.6

300 mle 132 homogomate;z 140 ml, Myatem’iﬁ:}. solution ?mut;mlized): 1,0 ml,
aalineg 140 mle Oeb M Tris buffer, pH Te4j inoubation time = 50 mineg CeSe =
06060 m1 & /fiune

Table VII reveals the rosults obtainsd when duplicate determinations
of engyms activity weres run for veried oomcentrations of oysteine, Iwo differw
ent homogenate sources were usad to determine the precision obtained for euwoh
of ssveral given concentrations of oysteines The maximumm difference.in
duplicate determinations obtained waas 05 mioramoles of § {at the 15 mge lovel
of oysteins).

As a result of these proocision determinstions a difference between
two values amallor than 0,7 mioromoles of S relsased was considered Insignifie

cant et ourrent semsitivity of 0,060 mu a/fume




TABLE V1I

DETERMIRATION OF THE PRECISION OF THE
EHZYMATIC HpS RELEASE BY LIVER IX

‘ -
Cysteins HC1 Hioromoles § Produced
Be in Duplioates

le6, 142 148, 2.0
2#&; 245 6‘&‘ 5‘&
213' 3’& 4"9. G
a&?, g‘ﬂ

E8EE

440y 4o

540 mle 112 homogowates 1.0 ml lecysteins HCl solution (meutralized)s 1.0 mle
saline; 1.0 mle 06 N Tris buffer, pi 7Teds inoubation time < 50 mineg Cely =
04060 mu 8/kms

Effect of londo Strength and Inoubation Time,
The effect of the imoubution time on the sneymatic activity was determined by

the preincubstion of the ensymatic reaction mixture for 60 mimubtes anl then

adding oysteine HCI 20 mge and inoubating for 50 minutes (the resction mixture

wae tho same as fndicated in Table VII)s The smount of the HuS released was

not significantly affected by this treatments the control walue = 349

rioromolos §, the 60 min. preinoubastion values « 38 and Je.4 micromoles S,
The aifect of wvarying lomlo strength and of thw presence of

ammonium dong on the lewel of liver CD activity is summerized in Table VIII,
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TABIS VIIE
TI FETEOT OF TOTIC STEENET AL AMIOITUM

I4MS X0 T BHETRATIC RZS ERLEASE BY LIVER

Heroascles 8

Produced
Ey0 | &0
D15 ¥ BeCl 349
0e30 X Hall Sel
CedS 1 Hnll a7
§ mioronmoles 3,0} 42
10 miorauoles Higll 3eO
20 micromoles NH,C1 S8
Hean and SD SeB, 0u2

340 mls 1e¢2 homogenate; le0 mle oysteine HCL, 20 uge

(noutralized)s 140 mle Opb M Tris buffer, pil Ted; 1.0 nls

Hp0, or FaCl solution (ooncs as shown), or HH,Cl in saline (0s15 1 Wall)s
inoubation tims e« 50 mingg CeSe = 0,060 mu

“

It appears that the differences in ionie strength and the addition of

activity at the soncermtrations used,
Detormination of the Substrate Saturation Levels

[fhe effect of wvarying the substrate consentratlon waz most prounced al lower
oyateine levels (5 to 10 mge)s WWith inoressing eubstrate concentration the
loveling of the enzymatic aotivity was more pronounced slthough a perfecst horie
gontality oould not Le obtained with the substrate econcentrations useds On the

basis of the results obtained it would appear safe to sonolude that the gube

armoniun jon 4id not demonstrate any marked effeoct on the level of the ensymatis|

trate region between 10 and 20 mg. of cysteine HC) might be oonsidered as the
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saturation level (Table IX, Figure 9).

TABLE IX

SUBSTRATE SATURATION STULIED

Cysteins HCY Eiurmlaa 5 Produced®

e

, 3 , £ 2.
& led (1463 142)** 1.6 « ) 1. sz.a; 2.0
10 244 (8,54 3,4; 208 ( ® ) 4.9 (483 s..a
i6 Ze4 (z.a; 2ué Sed (Be83 3s2)  Be2 (4093
20 2.8 %M’ 2.7) 8.8 (9.9; a..';
50 4e2 (4.0; @.4) 42 wu 3.9

3.9 nle h?. hmgamte; hﬂ al.-. laoymm m:. solution (mmumag 1.0 xal.
saliney 10 mls Qb M Tris buffer, pH 7443 incubation time = 50 mines Cefie =
04060 mu

* Bach column represents results obtained with one livere
** Numbors in parentheses indicate duplicate valuess

Time and Activity Relationship. On & basis of the substrate saturation

studies it was decided to employ 20 mge of oysteins HCl ss & substrate cone
centration in the time and activity studies where the effect on the st pro=
duotion by seversl compounds was testeds The compounds used were alphae
ketoglutario acld, mixture of alphaeketogluterio acid, pyridoxine and biotin,
and T34, Previous work with bacterial oysteine desulfhydrase (Eallio, 19513
Delwiche, 1861} sugzested that alphaekstoglutarate, blotin and pyridomal POy
might inorease the HoS production from oysteine, Therefors, it beoame of ine
terest to sece whether or not sush an analogous phenomsnon oould be observed on
the liver ensyme at the substrate satwration level in a time course study
(Table X, Figures 10, 11, 12).
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TABLE X
RELATIONSHIP BUTWEEN TIME AND ENZYMATIC Ho8 RELEASE BY LIVER

Time Controi, lioremoles 8 Aotivalors, #ieromoles S
mine 1% 2 3 Hean 1 2 3 Hean
) Bed Bad 4o Be8 648  Be? Bs0  Be¥
60 1Ge2 10,7 8e2 97 107 1244 Ped 108
20 1241 - 10,8 1143 13,6 15.8 13.1 141
120 1740 1842 14,8 1640 1549 183 1841 1648

340 mle 142 liver homogenates 1.0 ml. leoysteine HCle. 20 mges 14O ml Q6 B
Tris buffer, pH T.43 ocontrols received 1.0 nls saline; activated samples 140
mle of activators - 1) 540 mge alphaeketoglutaric acldy 2) 6540 mge TSKy 3)
KPB mixture « 640 mgs alphasketoglutaric aoid, 1.0 mge pyridoxine HCl, 246 mge
bioting CeSe = 04,060 ou a/mm,

* Vortiocal colurmms represent three individual livers; 5 values are single
determinations,

The comparison of the control and experimental activities indicated
that the observed differences were of small magnitude and could be oonsidered
as insignificant. This is clearly indicated Ly the results obtained in the
first 60 min. The rate of the production of HpS in the last 80 mine sesms to
be changed and there wus observed a tendency for the leveling of the ensymatie
activitys Therefore, the observed slight differences in tie HgS yields by 13N
and KPB in 120 minute period oould not be considered too significants A
comparison of the averages of the astivity of the ocontrol and ectivated samples
st various time intervals points out that the sffects by test campounds were

insignifioant,
Soms introductory remorks are pertinent to the interpretation of the

following series of experiments., The factors which tend to limit conclusive
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evaluation of the results might be semarized in the followin: mannery 1) the
gysteine concentrations used were lower than the substrate saturation level,
2} a prolonged incubation period of 120 mimstes might result in a partisl loss
of the lineer relationship hetween the snsywatic activity end time, §) tho use
of cruds hamogonats as an engyme source misht pive results which are only ine
directly related to the enzyme aystem wndor couelderations

These limitations apply paﬁimml:y to the experiments whore warious

compounde with a potential auwgmenting or depreasive effect on the Kes production

wore sbudieds The same premerks might be applied but to a lesser derree to the
study of the angyme distribution effect on the liver injury om the leovel of
engymatic action, and to the attenpts to localize the HpS produsing enzyme
systen, with aystoine serving as a subgtrate in the Walker 266 tumor, although
in the latter oase the overall production of Eaa over a longer tims period
might be more safely used as an indlostion of the enzymatic am;ivitye

QGrgan Distributions The liver tissue poasessed the most prmmmaﬁ
CDelike notiviby of the organs examined, Kidney (no differsntismtion wme made
as to medulla and cortex) demonstrated approximately onostenth of the liver
activitys Tho othor organs (brain, spleen, small intestine) did not show any
moasurable Hes rolenss under the experimental conditions usede It is inbtereste
ing to note thet the hamogenate of small inteatine did not show any HeS producw
tione This was true sven though it might be expsoted to have possible residual
bacterial contaninations It would appear that s careful washing of the intesw
$inal tiasue by saline effested the removal of the beoterial contaminations




TABLE XI
ORGAN DISTRIBUTION OF CYGIEINE DESULFHYDHRASEeLIKE ERZYME

organ® o 8 Mioromoles Produced

Liver 3440 470 50
Kidney 0s30 Oud5 0u85
(Splcen, brain, o Activity

Small Intestine)

3540 mle 133 homopenates 140 mls « 5 mge l«aywuim HC1 (neutralized); 1.0 ml,
Os5 ¥ Tris buffer, pH 743 incubation time » 120 mineg CeSe = 04,030 mu uﬁm.

* Determined on three differemt rolge

Liver Injury and the Engymatic H.S Release by Livers
Before describing the effects on CDw1ike astlvity caused by liver injury and

the subseguent rezeneration process of liver tlssue, a fow remerks may be pers
tinent conoerning the method of injurys The abdominel cavity wes opdned, liver
loonted, and a pert of an individual liver lobe wns injured either by orushing
with forceps (seoond day posboperative series) or by making a few incisions
bwith solscors (fourth and sixth day postoperative series), wharsupon the pesie
tonsel cavity was oleseds The lobes which were left uninjured were control
lobes whose E‘s production wms considered as the control level of (Delilks ace
tivitys Only healthy portions of the injured lobe, asdjacent to the site of
[trauma, were used for entymetic study, and thelr nga production was labeled ss
lhe "injured” value of CDelike activity, Xeeping in mind the differences in
[the mothod of injury in the first sroup of animale from the other two series
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(fourth and sixth days postoporative) oms still oould ocbserve & definite trend

in the engymetic aoctivity during the postoperative period (Table XXI)e

TABILE XII

LIVER IRJURY AD CYSTEINE DBSULFEYDEASE-LIKE ACTIVITY

#

Pastoporative Postoperative Postoporative

Coxbrol Injured Control Injurod Conbrol Injured »

Hieromoles 8

115 Ba8 (4871 L4 Qﬁﬁ

( 20% dab 5e8 (12800
5e0 1.6 (827 1.7 1.2 (7% Be6 4o (1174
Bad 246 4 5«8 (T 3.8 ged (1167
S 3.0 (800) Se9 2o4 (627 2486 243 (887%)
2.6 2.8 (0% 5e8 3.5 (1037)
Bel Ge8 (2127) 241 1.9 (80%)

Yeans

To? 2.2 (42%) Bed 2468 (76%) Bed 3.8 (112%)

2nd Day = 340 mle 132 homogematey 1.0 mle lecysteine HC1 (neutralized); 1.0
nls O¢b ¥ Tris tuffer, pH Tedg CaSe = G080 mu

4th end 6th days » 3,0 mls 123 homogenatey 140 mle I=oywbeine X1, 5 mge
(noutralized)s 140 mle OS5 M Tris buffer, pi Teds CaSe » 05030

na g
Inoubation tims « 120 min,

On the secand dey postoperatively, thero wes observed a marked
decrease in the CDwlike activity in the injured lobe, reaching about 40 per
cant of combtrol levels On the fourth day, there wmms soms recovery of Chelike
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aotivity, but it appoored to be below tho levsl of control astivity. After
six days, the onzyme aotivity was fully recovered, snd in some cases, it
showed an activity higher than that obssrved with nowmal lobess Fram these
rosulis,; ons may conclude that a definite waiting period was required for
camplete recovery of CD activity in the tissue adjacent to the trauma sites
The level of ensymatic activity of normal lobes of rats with injured liver
did not change during recovery period, as observed an the fourth and sisth
days postoperativelye Tharefore, it would seem that the effect of injury on
Chwlike aotivity was restrioted to the tissue adjecent to traums sito,

Alpha~Totoglutarate and the Ensymatic H,S Release by Livers

In the presence of alphawketoglutarate inereased HeS produstion from
systeine by liver homogenate could be observed at lower substrate levels
{oystoine HC1 5 mge) and prolonpged incubation time (120 mine)y see Table XIII,
Fipure 13, The awmenting offect was mors proenounced in oases which showed
& relatively woak covtrol activity. The amalogous situation was sbgervod
employing higher substrate voncentration (oysteins HC1 10 mge), seo Tablo
XV, But with the substrate levels at a definite saturation comventration
(20 mge) no inorsasced Hy5 production by elphasistoglutarato ooculd be cbserved
{see Tablo X and Figure 10)e
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TABLE XIII
LIVER CYSTEINE DESULFEYDRASE-LIKE ACTIVIZY AND

Experiment Control Alphaefetoglutaric Acid
Mubeyr 5 mge
Horanoles 8 Hicramoles 8
1 1.9 440
2 %% § a0
3 Be3 God
& Tsd Sel
5 248 5a2
8 2.0 846
7 Sal 43
8 46 B2
g Sab ' %
10 el Gl
11 S0 Tal
32 Ged 3.8
Moan + 58 Se = Opds Ga® +0u59
t=443 p=0s01 }

340 mle 1:2 homogonatey le0 mls lwoysteins 1 {mbr&l&m), § ngep a0 nly
alphasketoplutaric acid (Mo salt), § mze or 1.0 ml. of saline (oontrol)s
inoubation time = 120 mines CeSe = 04080 mu n/fum,

The results obbtained with leglutamate, an Mg analozue of alphaw
kotoplutarate, are of interest, since these two compounds showed antagordstie
effects on the IS produstion fram oysteine (Table XIV)s It would appear
probably that the equilibeium state betwoen these twe campounds might be a
factor influencing the control levels of C(Deliks activity,




TABLE XIV
Li CYMBING DESLFIYDRASSeLIZE ACYIVILY ARD BFYECT

OF ALPTA-CET GOLAR AT AND LeGLUT ARLE

' A vl TS Fome
Alphae Aold = & g
Exparimont Control Eotoplutario IsGlutamic Iwiutamie Aolid
Bunber | Aoidel mze  Ackded mee B mge
$¥isronoleg o

1 1. 18,2 et 1645

2 1843 177 12438 1646

3 Ba8 15.4 &od I0ed

4 5u0 104} N Bl
oan  1le8 1406 e m

a0 m&& 132 m’m; z..a wle Isoystoine ol {mmmm}, m ey 1al mi..

saline {(controls) or 140 nl. alsha-ketoslutaric acid or lsglutanic soid
(Ba saltas), § mges alons or ccobined; L0 mle Tris tuffer, pH 7eép ineubation
tine « 120 miveg Celle = G080 o

(Paguwe i4)s The effect obtmined with aquimoler 0,004 ¥ solutions of TEN
aulfandlacide on the (Dedike aotivity in Miver sugrested that e latbor gome
pound proved to be slight)y ivhibitary, This offect Ls Just the upposite to
the observed with Tills (Ho snsmmtioc bresisiown of TSN with relssss of Hys in
liver homopomabes ooourse) It would appeser that these ands might possess
e qualitatively different offect on the enzymes lovolved in the iizfs? rolasse

Rolationsh

from oysteine, But on the other hand a pomsibility sterwdis ot that the ocboerve
od offocte might bo osused by the inhibition of other engyrmes frvolved in the
oystaine broskdown, tdws oreating different substrste levels for the (lelike

R T L
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enzymos. BSuch & reasoning has support in view of the fmot that the substrate

lovels used wore helow the saturation pointe

TABLE XV
STRUCTURE AHD ACTIVITY RELATIONSHIP ABOMCG TSN AHALOGUES

Gontrol 4x 10y 4x10%y

iioromoles S ‘ Mioromoles 8 _Moromoles 5
5.1 1007 85 1675 3.3 Al
8e4 W 3.1.0 157 Te8 90

=

540 mle 142 homogenates 1e0 mh w 5 mge lwoysteins (nmmxxm); z,a mle Ou§
U Tris buffer, pH Teds 1.0 mls test solution (Ha salbs)p imubation tine =
120 mineg CeSe » 0,060 mu

The presence of thiophenol (4 x 10%¢ or 1.3 x 10°% ¥olay) in liver
homogenstes csused an observable inorsase in the enzymatlo production of HyS
with oysteine serving ss & substrats (Table XVI)e The use of thiophemol st
soneenbrations equidvelent to those of T8N and sulfanilamide proved ta be ine
praotioal, becsuse thiephenol (dus to its vapor pressurs) would lsave reaction
mixture an combine with Cd ions thue interfering with Hﬁﬂ detormination. Ab
concentrations used there was no inberference by thiophenol, Becanse & homde
penate blank (homopenste, buffer and thiophenol) was equivalent to the reagent
blank (saline, oysteine, buffer).




T4BLE XVI
LIVER DBSULFEYDRASGLIKE ACTIVITY AND THIOPHENOL

“Control " fhiephenol
4x 10"y px10*®u  4x10™h 13210~y

ieoronolos 8

4eb -* -* Te0 70

m& ﬂ rm M,far, y& ‘h&s hﬁ m:&a mmam m‘mtim; final volm 6*0 :n:h;
fnoubation time = 130 mine} Cebe w 0.060 mu aflmy

* liver hamopensate sontaining enly thiophensl gave high blank walue due to its
combining powor with Cde

I5H Effact on the Dnmmatic Hu8 Belease by Livers
The presence of 15F in the form of the sodiuws salts appeared to inorcase the

HpE production fram cysteins st oconcentrations below the substrate saturstion
level (there was no engymatio breakdown of 18§ with relesse of ByS ad determine
od in preliminary sxperiments)s This augmenting effect by TSH appeared to be
statistically significant at this substrate conventretions The analogous action
of T8H at a substrate saturation level (20 mgs oysteins HC1) wus not signifie
cant as revealed by the time and activity curves (Table X, Figure 1l)e
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TABLE XVII
LIVER CYSTEINE DESULFEYDRASE-LIKE ACTIVITY AND TSH

Experiment Control TSK 5 mge
Fumbeyr Hioromoles S ¥ioromoles $
1 1e6 Beb
2 le6 Ge8
3 422 Gel
4 Beb Te?
5 8a8 1047
6 ) 10.8 ; , e 200
Hoan + 58 Bel £10d Gel L1e2
t=2:8
P = 0408

1.0 mY. T2 homoronate] Le0 mle LeCya.-eins, 10 e (HOULTA1Lzo0)3 LeU Mle Ush
¥ Tris buffer, pii 7.43 140 mle test solution ar 1.0 ml. salines incubation
time « 120 mineg CeSe = 04060 mm

Thieacids and the Enz;m‘bie 5:5_ Reloasne by Livore

I was of interest to oompare the effects of somns aliphatic thioasids on the
enzymatioc production of K, S by liver with oystelne serving as tho substrate.
The eerlier svidence by Lawrence and Smythe (1943) indicatsd that thioglysolate
and thiobutyrate inhibitad the enzyme systen, systeine dasulfhyﬂme: which
produces HoS from oysteines The results summrized in Table XVIII indicated
thet mercaptopropionis and mercaptosusoinio acid had an cbservable inhidbitory
effeot which was more pronounced at lower homogenate (engzyme) ocucenmtrations
(no engymatic breakdomn of these compounds with resulting HpS rolease), seo
Figure 15, It is difficult to say enything regarding the type of the inhibie
tion, bocause we are dealing with an impure ensymo prepsrstion, and secondly,
there is no linear relationship betwoen the smount of HyS produced and encyme
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conventration with higher hoamogenate concentrationse

TABLE XVIIX
THIOACIDS AND CYSTEIRE DUSULFHYIDRASE~LIRE
ACTIVITY IN LIVER

Rt " e

i

OV A AR AT

Homogenate Cantrol suooin Control propi
Concentration 284 x 107V 3.0 2 1

¥iocoromolesn 8

1l Ted 740 'm&%g &0 5.6 (87.5%)
11 6ub 2 (63.7% 341 1.9 (61,37
3 Sed , wﬁeﬁg 2.2  led (B0s0%
134 3468 1e3 (36427 1.6 Osh (25408

30 mls mmﬁen 10 mle leoysteine HCL, 5 mge (neutralized); 1e0 mls OeS
M Tris buffer, piiTs4; a0 ml. test aolm&cm (Ho salts) or 1.0 ml. ealimg
incubation time = 120 mines GeSe = 04030 mu a/mn,

Engymatie HoS Produstion and Walker 256 Tmop,

The results of preliminery experiments desizned to determine the ensymatic
Wwﬁma&ﬁﬁﬂmmﬂ%hy%%&tmwﬁmgwm
absence of this activity in tumor tissue, From this experimental series it
appeared that the analogous ensymatio astivity in liver was not affected to
any congiderabls degroe by the presence of tumor growth, as was found by
earlier workers (Greenstein, 1954)s




TABLE XIX

CYSTEINE DESULFHYDRASE«LIKE ACTIVILY
I¥ LIVER ARD WALKER 266 TUMOR

1 Sed 00
2 Tub 0u0
S el O
4 749 ()
5 5% § 00
Averege 62 040

50 mls 152 homogenates 1e0 mles 5 mgs lecysteine A (neutrallzed)s 1.0 ml
[0s1 3 phosphate buffer, pil Ted; Cinal volune « §,0 nley inoudation time -
120 mines CeSe = 04060 mu sfome

* Liver and tumor tisswss cams from the sams animal in each experiments
The experiments with fslker tumor employing the supermatants of
homogepates of higher tumor tissue consentration ere cumarised in the followe
ing tables In addition, the mizture of activators was used in effort to
stinulate any residual ensymatic mctivity which could not be deteoted using
lower tissue homogenatess The aotiwators (blotin, pyridoxin, alph

taric acdd) used were those whish have boen found to bo effective in raising
khe lovel of the activity of the similar ensyme system of baocterial origine
[fhe observed st production (9 times out of 14 tumors) employing these
|[sotivatore was of & vory small mapnitude and the smounts produced approached

the limdt of the sensitivity of methods A possibility that these minute
|[anounts orﬂzsmgm&mmmtwmﬂax contamination oould not be

/
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ruled out completely. Hevertheless, sttompts wore made not to use any tumor
showing superficial neorotio processes through whioch the baoterial invasion
oould occurs Sscondly, with each tumor the reagent blank cormtrol was run
which did not indicate Wﬂzs production and gave similay walues to those
of tumor semples whioh did not show any restdual aotivitys

TABLE XX

WALKEE 2B6 TUMOR CYSTEINE DESULFIYDRASELIXE
ACTIVIZY AMD AUTIVALION

Experimert Control KPR
Himbey
Yieromolos 8 Hioranoles B
1 075 076
2 0480 Do Gb
3 Oul OubB
O 088
& 00 OO0 - -
& Qud OudB
7 00 Oedb
8 00 Ouil
2 Qe OwdD
10« 14 00 Q0

540 mle 122 hmﬂmmg 140 nle Imoysteine IC1, 5 mge (neutralized)s 3«»5 mle
KPB solution (& mg utaric acdd (Na salt), 1 mge pyridoxine HCL
(neutralized), 2.5 nge biotin (la 8alt)y or 1.6 mle saline; inocubation time -
120 mineg CeBe = 04030 max a/mm,




CHAPIER V

DISCUBSION

Ae Chemotherapy of Valker 256 Tumore

The chamotherapeutic expariments designed to show the offect of 1SHe
T6H and TSH on the Walker 206 tumor yielded results indicating thet these come
pounds might posssas some cancerostatis propertiess The results obtained will
bt discussed with respect to some of the compliouting factors (toxieity,
effects on tumor histology, etoe.) which may limit the degrse to which definite
eonolusions can be resched, and secondly, an atiept will be made to compare
the effeots of these compounds with the effects obbtained by others using
different aromatic and aliphatic sulfur compoundse

The preliminary experiments with TSHeISE {Table II) showed a marked
TE8«T SN oannwerostatio effeet, but the death rate among the treated animals wes
oonslderable at the dosspe schedule used, In the seoond expnrﬁmzmﬁ seriss
where reduced dosage was used and therapy was aterted one day after trange
plantstion (7 x 250 mgefkge TSHESH every eecond day) there was observed a
marked reduction of the tumor wolume emon; treated animals (Table 11X, Figure 6}
The differences in the tumor size were found to bs statistically significants
But thers were soume oonplicating factors which can be gummarigzed in following
manners 1) presence of geosral toxisity as showm by the inoreased rortality
rate of treated anirmls (six treastod animale died out of 24 versus two coutrol
deaths out of 16 animals)s Hevertheless, the histological examination of the

75
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organs (liver, kidney) did not veveal any sipnificant chenjes wiieh would
appear to he irreversitle in nmturs, 2) Absence ol any effvct upon the estabe
lighment of tumor srowthe 35) Occurrenss of metastatlic prowbh im two troated
onixalse 4} fhsenve of any clearly defined histslegical effect upmn tunor
tissue (eocsin hematonylin stein)e A differsuce heitween ihe oonbrol and treated
grouz was apparant in that the treabed animala showed a tomxioncy for the acouw
mulation of edematous fluid in the peritensal cavitye This was srobably caused
by the precance of drug which falled to be avsorted from the intraperitoneal
injsotion sitee It did not appear urobsble that this edera ocould have been
caused by kidney damase, since the kidrey changes observed histoloyienlly were
of minor degrees

o direct oumparison of the potency of TSN-ISH with the potency of
the aromstic sulfur compounds studied by others is possible, because of the
differences in tumors, animals, end route and schedule of administration used
in the oourse of the therapye The compound with olosest structural ;mlarity
to TSNWTSN tested by Boyland (1946¢) on a basis of the mature of the linkage
betwssn two phonyl groups was 2:2'edlaminodiphenyldisulfides This compound was
sdministerod at a dose of 2 mge per mousw (wpproximately 100 mge/kre) twelve
times, and its cancerostatic effect was observed only in the ecase of the spontaw-
neous mouse tumor, while 1t did not exhibit any offect on transplanted saromms,
The results obtainod with TEHISH sugested that it had cancerostatic propere
ties on transplanted Walker 266 tumor in the rate It is premeture to say any=
thing about the spectrum of the cancerostatic properties of these two compounds,
but on a basis of the svallable evidence it is oonceivable that they might have




different spectras
A more detalled snalysis of the struotursl rmuluofm“mmmﬂtr
points out the differecnces both in the nature and the relative position of the
substituent on phenyl radionls The ma group in the T5H-TSN moleouls is not
directly asvimched to the phenyl radiocal, dut rather §s included in the aule
fonamide radiosl in para position teo the disulfide linksge as apposed to the
direst amine substitution to phenyl in 2:2¢ pesitions in Boyland's oompound
(2:2Yedieminodiphenyldisulfide)s It is possible that these differences in
structure might oontribute to the nature of the chemotherapeutic effsot,
Boyland (1938) found that oompounds with pars BHg groups (®sges Ss4twdiaminow
diphanylsulfoxide) had some cancerastatio effeot on transplanbed Crocker 180
serocma, Further, 1t was demonstrated that compounds with 4¢4'wilf, substitue
tion were more effootive as cancerostatic agents than those with 412'-HH,
substitution against spenteneous mouse tumors, although they did not have any
signifioant effeot against the transplanted MCBI sarooma in the mouse (Boyland,

M)t

The cancerostatic effect of the effsotive compounds tested by
Boyland (1938, 1948) on spontaneous mouse tumors was limited to the time of drugl
administration, because after cessation of thorapy the treated tumor showed the
same growth rates as untreated oness In that respect the results obtained with
TSHISN on Walker 256 tumor are qualitatively similar, beocause it does not soem
from the results obtainsd that the effect obtalined could be of Jonger duration,
sinoe the growth was observadble even during the period of drug administration
(Figure 6)s

The therapy of Walker 256 tumor by TSN at two different doss levels

(Tables IV, V) ylslded results suggesting that this compound possessed some
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sanserostatic properties under the experimental conditions amploysde The drug
administration wns started in both cases seven duys after implantation (when
tumors were palpable)s The results with a higher daily dose (200 mpe/kge for
eight consecutive days) revouled that such a form of thernpy inhibited the tumow
growth rate significantly, and it appenred that the cancerostatio effect was
more evident at the earlier stages of tumor growth as seen from the growth
ourvess The growth rate in later stages was somewlat inoreased, but stayed bew
low that of tre control tumors (Figure 7)e The fimal size of treated tumrs wad
considerably smeller than that of control tumors and the difference appeared to
be significant statistioslly (Table IV, Figure 7)s The death raﬁe-waﬁ higher
in treated group (five deaths out of 20 animals, while no death coourred in the
control group during aperiod of 15 days)s The weight diﬁ”eremes between the
two groups after therspy were insignifiocsnte The histologionl examination éf
kidney and liver tissues revecled some damage, but it did not appe;ar_ that the
extent of demage was irreversible in nature in the mujority of casess Nevepw
theless, it would appear that the general toxicity of the ompmmé might ade
umbrate ita real ocancerostatio aotions

For reasons outlined in the preceeding paragraph an experimental
series using smsller dossge schedules was undertaken (8 daily doses 150 mge/kze
T8H, therapy started on 7th day afber implantation)s This therapeutic regimen

showed deoroased cancerostatic effeotss Tho observed differences in tumor sise
wors statistloally significant only at 10 and 13 days after implantation, while
on 16th day the differences were insignifioant (Table ¥V, Fizure 8)s The death

rate among treated animale was reduced (one death out of 15)¢ There vas no
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initial inhibition of the g,x‘wtm rate cobserved ss in previous experimental
series (Figure 7 and §)s Thege results would supgest thet a more pronounced
cancercstatic effect by TSH with larger doses might be partially explained by
the general toxliclty of the owmmpound, although some effect mipht be demonstrate
od with no significant toxicity as shown by the last scries of animalae At any
rate the ocancerosistic effects observed did not appear to be psrmanent, beosuse
the growth of tumors contimued even at the time of drug edmlinistrations

The chemotherapeutioc atteupts were made with a combination of TSH
(200 mgafhge) and vitemin B,, (6 mierograns per each administration of TSN as
outlined before)s The reasons for using such a combination are as followss
Woolley (1953) found that spontancous tumors were able to synthetize vitamin
Em, while none of the transplanted tumors whioh he tested possessed this
characteristiss Secondly, the work by Boyland (1823} indicated that several
aromatic sulfur compounds (parssaminobensenesulfonsmide, peaninobenzenesulfonatel
Haeparahyiraszinobenszenssulfonate, end parasheptylamincbensentsulfonate) had
some affect apainst spontensous tumors, while their action om transplanted
Crooker sarcome 180 wes either considerably weaker or completely absents n
a basisg of these findings it was of interest to ascveritein whether or not the
combination of T8N and vitamin BlE might have & differsnt effact than TSN aloned
The results cbtained did not sugpest sny chemotherapeutis lmprovement over the
gimple T8H edministrations The sanverostatic action was somewhat decroased
(Table V, Fizure 7), but the moriality of the TSN plus vitamin 312 treated
animals was apparently redused in cemparison to TSH group (TSH group » &
mmmwaogwxmuaﬂmmammuammmwzo;mdmm
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in oontrol group out of 13 animals)s The changes in the orpens examined
(kidney and liver) wors similar to thoss seen in the TSN animalse No histologe
feal effect mtlm tumor structure was observed.

The compardison of the chemioal structure of TSN and other organic
sulfur containing oampounde (Boylend, 1938) would sugpost thet the replaces-
ment of para=Ri, group in sulfanilamide molecule by SH 4id not cause a dise
sppearancs of sancerastatic propertiss of the originel moleoules In faot it
would eppear on a basis of the oomparison of the gize of doses of TSY and the
other ocupounds used by Boyland (1938) that 76N might Lo more potemts It is
interesting to note that the doses of compounis containing only ane phenyl
redieal wore oansiderably larzer than thase of the diphenyl eounterparts. A
siniler difference apparently does not exist between the size of effective
doses of TSN and TSH-TSN,

The author's search of literature for tho systemic toxisdty of
perathiocresol did not yield any information on this poimts Therefore,
nothing definite can be sald reparding the comparstive toxioity of TSN and
parasthiooresols 2Sut in view of the fact that parasthiccrescl was not used for
any systemio administration as therapy and thet, in general, the phenoliec
otmpounds have higher systemic toxieity one might postulate that TS8H would have
lesser toxioity than para-thiocresols

The oancarostatic results with TSN are also of interest insofar as
the results obtained with it differ from those obtained by administration of
sane aliphatic compounds with SH groups (thiomalie and thioglyoolic acids)e
The aliphatie SH compounds cause slight stimulation of trensplanted rat tumop
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(Brangohwiy ete als, 1946)s It would appear that the aromatic SH radicals might
have a differest functional role than that of ihe aliphatic SH group, although
it is promature to make this statenent in any absolute menner, since nothing

definite is known about the metabolic pathways of the TSHelike compoundse

Be Proliminery Studies on the “neymatic 3}_2 & Heleacoe

In the course of this work a method has been developed for the doherw

minstion of Hgs. It is based on the guantitative detarmination of free reogidual

cadmium long af'ter an excess of Cd has reacted with Has Yo form CdSs Vse of
this method has been made in following the ensymatio degradation of cysteine
with resulting relesnse of st. Therefore, it appeared aporopriste to discuss

ecther available methods used for following cysteine degradatioms, They fall intg
three general groupssy HeS, Hll; and pyruvate determinutionse From a survey of
the used it seems that the pyruvate determination is lesst commonly employed

because Smythe (1542) has shown that pyruvate amounts ylelded were n?t quantie

2
coptalining wpurified ensyme preparationss The uass of Kiis determination by

tatively proportiousal to the H,S or iy evolved from ensyme reaction mixtures

Nesslexr's procedure appears to be nore oamaon perhaps beonuse of the widespread
general use of this methods Bub one drawback of this teochnique might be caused
by the fact that scmetimes thers osours a considersble production of endogenous
mzs by orude homogenaive nyeparations (Greenstein and Leuthard, 1946e48), Thias

factor might interfers with the ascuracy of cysteine RR3 determination in onses
whore Eﬁs produstion from cysteine is lows, Secondly, it is concelvable that in

studying the effects of varions compounds on oysteine derradation an basis of

Nlig msasurament micht be rather inaccurate, beoause the armonia produced might
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enter into same sscondary enaymetic reactions. It was shown by Cammarata and
Cohen {1950) that oysteins is involved in the transamination rescticme with
alphasketoglutarates On e basis of these considerations it would appear that
the Ho8 determination might be a more speoific indiocator of systeins degradaw
tiony Smythe (1942) found that there is no measurable endogenous production
of HpS and the HpS produced by CD activity san be recovered quantitatively
under anasrobic experimental conditions,

The conventional methods of HgS measurement can be divided into two
groups: le= spectrophotometric dotermination of metal sulfides, e.zs, ZnS or
Ph3 (Framszeot, 1961; Delwiche, 1951), 24+ icdometric determination of 8 don
(Magters, 19383 Smythe, 1968)s From thess methods the spectrophotometric is
sonsiderably more sensitive = minimal detectable amount is 3 miorograms of
sulfur in a range of 3 %o 100 microgrums of sulfur. A larger ninimm velue of
150 » 200 miorograms of 5 is obtained with the iodemetric technique {titratiom
of the excess of 1odins with thiocsulfate after fodine has been reduced to
jodide by 8 4ons)s The minimal detectable amount of S employing our method
(with higher and lower semsitivity on polarograph) appesred to be 10 and 20
miorograns of S (0s3 and Ou7 mioremoles), see Figures 4, b and page 28, The
maxizal amount of $ whioh might be determined could be appraximately 20
nioromples of S on a basis of the Cd ions aveilable, From these considerations
it would appesr that our method is leass sensitive to spectrophotometric method,
but more sensitive than the iodemetrio teochniques. But the range of Hxs detapr=
mined is considerably broader in owr ocase than that of the spectrophotometrioc
mothod (Delwiehe, 1951)s Our polarographiec method could be applied oonveniente
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1y in cases where Varburg vessels are used for trapping figs by C4 ioms in the
oenter well and determining fres G4 jone after an exvess of cadmium has reacted
with Ezs to form ingoluble C4Se Thus ocur method might find application employe
ing the standard incubation veasels as they are uged with Lfodumetric technique.
The advantage afforded over the iodometric method 18 s greator sensitivity of
owr methods

The applicability of our method for blological work is demonstrated
by results in Tables VI and VII, where the reproducibility of the ﬁas NGO
ment from four identioal samples of liver huamogemate was determined at two
different substrate conoentrations (6 and 10 mge oysteins HCl)s The results
obtained under thess experiental conditions wers as follows oysteine HC1 § mge
« 146 2 0,10 mioromoles 8, rangs 14 = 1.8; oystoine HC1 10 mge = 3¢2 £ 0,15
miopomoles 5, rance 248 = J46¢ The determimtion ef,ﬂ‘ga production by duplioatq
samples demonstrated & maximum Jifference of 0§ micromoles S5 between two
enzyms mixturess As a result of these studles a difference in the 3;3 produe
tion by two samplas smaller than 0.7 mioromoles of 8 is considered ms insignifi.
carntsy

(n a basis of the above criteria a study of the effect of ionie
strength and presence of Kﬂs ions on the liver CDelike activity was undertaken,
The results indioated that the emall varlations in ionio strength and presence
of ﬁﬁ4 ions as they could occur “uring insubation of enzyme mixture did not
demonstrate any effect on the ﬁga produstion (Tsble ¥IIl)s Previous work by
Lawrsnce and Smythe {1943) indicated that a similar ensyme system was sensie
tive to the variation of lonlc strength if higher concentrations are used,
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A selesotive sensitivity of this enzynme system wag shown Voward arvonium ions at
suoh high sonventrationss

The studies varying substrate comoentration have revealed that tm
definite substrate saturation repicon lies at oysteins HCl concemtrastion of 20 |
mge (Table IX, Figure 9)s Those studies might be critical for seversl reasons.| |
8ince we are dealing with s crude enzyme preparation it is probable that the f\
available cysteine ocan be utilised by other enzymes so that a substrate limite
ing situation is orested for the ensyme under considerations Thus the sotual
smount of oysteine available to the ensymo systen under examination might af
the ylelds of the snd products one is mossurings Therefore, oritical studies
concerned with the snsyoe activation or inhibition have to Le performed under
such conditionse Additionally, the messurement of the H 8 production should be
porformed at different time intervals in order to have a proof that there mni ‘
& linear relationship between the engymatie soctivity and time courses A proe
Lininary study of this type was performed with metivators (biotin, alphamketos
glutarate, pyridoxine) or their combinations which have been reported to be

aotive in a similar saw system of bacterial origin (Delwiche, 19513 Kallio, |
1951)s The results obbained indicated that the enzymic H,8 produotion from |
cysteine was not affected in any significant waye An anmalogous pioture was

seon in the osse when TSN was present in the ensymatic resction mixture (Table
X, Flgures lo, 11, 12)s This was denonstrated in & conolusive mamer espociale|
ly in the first 60 min, period where a good linear relationship betwoen time

and enzyme actlvity existess The true reason for change of the slops of ensyme

aotivity = time course curve camnnot be jiven, because of the lack of nxpsrimmr
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8l evidonces 3Bome factors which oould be eliminebed ag possible causes are as
followse From the results obtained from the preincubation experimente it does

ot appear that enzyme becames inactives The produstion of HHg could not have

had an effect in the amounts of NH, relessed in the engyratic reaction mixture
(Tuble VIII}e It does not appear on a basis of the Hgs prodused that the
substrate oould have besen used upe The possibility of reaching the equilibe
rium state is resote, because of the constant escspe aflizsas ons of the rew
action productes A partial answer to this problem could be ziven by the detere
mination of the cysteine levels in tho reaction mixtures

Before prooeeding into the discussion of the following results one
should keep in mind that these experiments were porformed at the oysteine oonw
centration below the substrate saturstion level snd secondly, the incubation
time wns extended to 120 ming On a basis of these limitstione any conclusive
interpretation of the results is rather diffioult sspecially in cases where the
inhibitory or sugmenting effects on the ags production ware studieds Therefore}
regults will be sumarized in a concise manner and briefly related 4o the finde
ings reported in literatursa.

The affect of alphm-ketozlutarate on the enzymatioc ﬁgﬁ rolosse from
oysteine proved to be augmenting under the followling experimental conditionsy
systeine balow substrate saturation level and incubation time « 120 min,
(Table XIII)e A similar finding was reported by Delwiohe (19561) on the anse
logous enegyme systom of bacterial origine It is interesting to note that M
was obsarved some antagonistio aotion betwesn leglutamste and alphasiretow
glutarate under our oxperimesntal conditions (Table XIV)e This finding perhaps
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night throw some light on the variations encountered in the control levels of
[enzymatic H,8 production (ses Appendix)s It is conceiveble that there might
jooour varying ratios between these two compounds in organs in vivo, Gefe
1a Page (1950) found wvariations in the sontent of alphasketoglutaric acid in
Wm rat liverse Amnother contributing factor to the wvaristion of the level of
lensymmtic activity oould be & possiblility of o wvariance in the organ leval of
pyridoxine in the test animmlss There is some oxperimental evidence in lite
levature pointing in that direction (Lietrich and Shapiro, 1953; Heister ste als,
1953; Sherman, 1954)e

The augmentory effects of TSY on the Kas production {(oysteine below
substrate saturation level, incubation %ime = 120 min.) are rather interesting
in view of the fact that some aliphatic thiol compoundsa, as shown by Lawrence
and Smythe (1843) and our experiments, exhibited inhibltory ection (Tables XVII,
XVIIl)e But the motivation observed under the exparimental oonditions used
Wmig;h‘t}\ be caused by sm& ungpecific actione It iz concelivable that t&l@ Lo
hibition of other eusynes concerned with the oysteins motabolism can afford move|
substrate for the enszymabic reaction in guestion so that the observed differw
ences in the lovel of sctivity are cauged by veriations in substrate concentrow
tions This view ig partially supported by the finding when cysteins was at the
substrate saturation where 15 did not afford any significent elevation of
Hos production (Teble X, FPigure 11)s

In a consideration of the structures of T8N, thiophenol and sulfanil-
enide it is obvious that only the first two compounds have aromatic SH groups
(Figure 14)s Contrasting the effects on the ensyme caused by thicphenol and
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TSH on the one hand and that of sulfenilanide on the other hand (Tables IV,
XVi) would suggest that the presence of the SH on phenyl radical mizht be the
cheriisal moiety responsible for the increased ii’zs production (oysteins below
substrate saturation lewel, incubatlion = 120 mingle As apposed to the findings
with aranstic SH group there was observed an inhibitory effect by the aliphatic| |
thioncids on H 8 production from cysteines Thess findincs would supnort a view|
that there mizht exist differences in the sneymatiec properties bhetwesn a!ip&:‘mié
and aromatic SH groups wader the exnerimentsl sonditions useds

Our findings on the liver (Delike sctivity indiceted that there
ogourred a decroase in the H § production in the injured liver lobe 2 days

2
after tho operations The recovery of this partisular entyme system ocourred

between 4 to & days efter operation (Table XII)s The previcus reports on the ‘*
effects of partial hepatectomy on the enzyme called emocystine desulfhydrase ‘\
(enzyme very similany to that under our consideration) 4id not nﬂﬁcaf;e any
obasrvablo chanses in the level of the actlivity, althoush this engyme was less |
asctive in fetal liver than ir normal liver (Greenastoin, 1964)s Our findings

on injwred liver (perhaps due to the different surgical procedure enployed and

varistions of the observation times) and those on fetal liver would suggest M

that there is an inver ely proportional relationship bhetwsen the sansymes oone ;
oorned with oysteine (eystine) depredation and the extent of the protein

synthesigse The activity of the tronsaminase ie also lowsred in regensrating
tisgues (Cohen and Hekhuis, 1961)s The parallelism in the mctivities of the
trangamination and desulfurstion ensyve would suppest a postulate that both

systans might have something in commons  Carrying this reasoning further, one
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would suspeot thatde-or tissue where the protelin gymthesie is coowring a¥ a
high rete should possosa low lovels of 4hese two entyiese Ihis wes found o be
tros in Who ceoe of transminess (Cohen and Hekhuis, 1941) and oyateine dosulfe
hypirase,

The atte-pts to lovslise the (Dwlike ootivity in Walker 265 tunor
enploying hisher homo enste consentrations and varlous activators {Table XX)
did not producs any positive evidence resurding the precemce of this ensyw
systeme A similar onsyme aysten, sxooysting desdfhelirass, was ronweied 4o b
absent in alrost all dumors sucopt nogee hepatowme (primery sl soese ary) inw
duced by ohlorofom (Uresnwbein, 1964)s

The quastion nixht erise as to the sechanism of actlon of THW s the
cancerostatic aonte 1t can bo stated thet It s too sarly o foroulate amy

mechantian of activn on o basls of theme prelinminwry snsyralic datas If one

would compare the sffecte on tomor by T8I and the compounds omedainine alinhatie
SH radicnls 1t would appesr thet the cheracter (arcmstie or slivhatie) of the
sulfhydryl proupe micht be o factor determining the aetion on the turor tissune
Adddeionnily, 1% wes observed that T8M and aliphatic thiomeidse nwwe apnosing
sfYacte on the gansymatie ifaﬁ: mroduction fran oyvbeinve Further, it has heen
ghown that e lack of oysteino in the dlet can cause inhihition of spomtansove
careingme of provests sy esranse of leukerda induced by csroinocen {(hite and
Andervicrt, 1048e43%; Wilte ots ale, 196213, 1063w#4)y On o basis of the GLiFferw
onoe in the effect of BEH on Clelike activity and those observed with aliphetic
thiol compounda, the role of oystine {oysteine) in the turor development, and

the cancerogtatic offect of TSN we opposed %o he cancoro-enic astion by
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gliphatic thiomoids, ons m;:ht formulote s hkpothetical mechanism of action of
TSH as o cancerostniic npontey Une mi ht suspect thot the inoressed cysteine
catabolis possibly caused by T8N misht be one of the factorss Bubt on the
other hand it was demonstrated by Boyland (1938) that sulfenilamide possessed
som$ cancerogtatic pronerties, while its effect on CDwlike enzyme system as
observed in our hands was slichtly inhibitorys This finding would suggest that
4t mi nt not bhe practioal to limit a possible mechanism of soction to offecis of

an asent on one particular enzyme systems
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CORLIUSLONR

le The results of chemothepepoublc expsrimouts with TSHeEsH (dss'
sgulfonasidedishonyldieulide) and T8H {paraetilolbensenssulfonanide) on the
nlver 250 tunop indicated that those gompounds mipht pUS088 8UN8 OALKAPOw
static propertios s evidenvs: by the flual size of trosted Gumores

Zs lhe observed sanverostatic offect with larper dosse of these

sampounsls misht be peartly ascceladed with the swwrel taxiolty of the test
sgonts, singe the iahidition of twmop growdh with sualler doses of T3 whiah

did not show any sisnificent taxieity phencesie wes proportionally less than

in cansez whore such btoxieldy was evident.

& The observed cancervststic effocks osused by THHWIEH and T68
appeared Lo be lindted to the period of druyy adnindstrations The results with
T3 would swgpouk that the senverostadio effect is primmrily uamém to the
initinl pimees of the tunor srowthe

& & provodurs has besn dewveloped or ﬁaﬁ% detorminations 7he zethod
ubilizes polarograshio determination of free CO™ ions after emocess of Ce™
fons hos besn allowed to reant with the Ezi‘fa o from Cd3. Thie polarographie
method i xore senslilve than Lho iodemetrie teddmique of § detorninatilon, but
is loss sensitive Whan the spectrophvbometrie methodss

B & new pethod for the determinmation of aysiolne desulfhypdracow
Lilve activity has bsen owslveds The twbhod whbilives the polarograshie
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dotopmimation of B8 just referrod in order to ostimate the enzjmatic degradaw
tion of cysteines Application of this method has been demomsbrated in & prew
liminary study of feoctors whioh misht influence the engymatic production of
HoS from oysteine in liver homogenmtes, Rosults of studies made o ascertain
whether or not the influence of T8E and solecbed aliphatie thiol ewmpounds an [
the ensymatic ﬂa.:s release could bo correlated with their effects on tumor |
growth failed to afford data from which definite conclusion conderning thelr |
moohanisn of aotion might be drewns

8s Ho definite proof of the enzymatic H 8 production from oysteine
by hamozenates of the Walker 266 tunor could be cbtained employing sctivators
which appeared to function in the snalogous ensyme systan of bacterial origine
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APPERDIX

VARIATIONS IN COSTROL VALUES OF THE CYSTEINE
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