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, mucopolysaocharides were isolated and anslysed for 535 activity. The data were
m‘hﬂ statistically by cosparison of sample means of paired observations.

ine data presevied indicate that the sulfete lon fraw inorganic sowroes oon~
tributes sp much to the metadolic pool as when supplied from organic sowrces. Alse,
that the availability ef the * $on is related to the ratio of organio %o inerganic
selfur in the diet 18 shown by data showing methionine better from the
diet with ne inorganie 50" and the date showing simificantly greater * incer-
poration inte cartilage sucopelyssocharides when the diet contained an inorganic sulfur
source.,

The literature indicates that the amcunt of methionins at the high level used
in this investigation iz in excese of that required by the rat and, therefore, should
give rise to high activity in the amereta, Hinee this was not found

g
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ship of mra-u and organic sulifur suppllad in the diet.
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INTRODUCT TOK

Provious work in this lsborstory (Fendergrass, '6l1; Seith and
Pendevgrase, '61) has shoun that the response of rats to svitaminosis
E was related mot omly %o the total sulfwr in the dist but also to the
ratic of inerganic Lo mewhral sulfur, Whan rats were forced to satisly
their sulfate yequiremssts by axidation of organts sulfer, s decreased
rate of sulfation snd decreased sulfur contest in the vellular lipe-
proteins vas obaerved, Sines the sulfur of tae sulfw-containing amine
acids is rapidly oxidised to sulfate, 1t vas sssumed thet vitemin £
was necessary for the optimel comversion of amimo acid sulfur %0 sul-
fate in thess animals. In comfirmation, preliminary work in this labor-
atory has shown that fortifisd liver homogasstes frew vitasin - defi-
olent Tete were less effective in somverting the mifwr of ayeteine-9>
to 0u1f280-3"% than thoee from their B suffictent litter nates.

However, certain litersture reports (Kun, '61) have tndicated
that sulfate from inorgamic sources wes poorly utilised by animals.
Cur findinge sesn comtradiotory to literature reports sinos the response
of the rat should de indepsndent of the lavel of dietery sulfate if to-
organic sulfate s not utilised by anisals, end cur obeservetions would
be diffionls So explain,

The present Luvestigation, therefore, was designed to conpare
the extent %o which incrganic sulfur and meuiral sulfur sources could
be used for sulfation of natursl produwcts. Cartilags sucopolysascharides,
whidh are xorve esslly isolated than other meturally ctcurring sullets com-
pounds, were shosen &8 the natural produst ¢ be iselated and anslymed.

i



FEVIZW OF LYTREATURE

All living erganisms require sulfwr as an slemmmtal censtitu-
snt of anino acids, peptides, proteins, cosnsymes, bils seids, mr-
sapturic acids, smevpelysstcharides, hormomes, and visamins.

Dietary sulfuy is conposed of organie and {norganis sulfwr,
The erganis sullfur fraction is made up primarily of the sulfur-sentaining
anine avids L-oystine, l-aysteins, and L-webthionine, togetimr with biotin
and thtamine (Young and Maw, '58), chomdroitin sulfwric seid, ergo-
Shioneine, and lipeto acid (Kleiner and Ortem, '68).

A discussion of thw metabolisk of the sulfur-esntaining aatpo
ssids represents the metabolism of the organic sulfur frection of the
diet. A cartain amount of Vhe amine asids tysteine and medhionine is
wed for the symthesis of pretein, pspiides, and regulatory substances.
The distary sulfur axino acides in excess of thoss required for these
fanctions sre further misbolised. lMethionine is first comverted %o
eysteine in the body by deasthylation 1o homooysteins; the cesbinsticn
of bhomooysteine and L-serine foras cystethionine. The systathionine
undergees a hydrolytio cleavage 4o give homossrine and cysteine. 7The
eysteine then undergoes s series of oxidative steps leading eventually
to either tauring or inergenic sulfate. The taurine may be used for
conjugation with eholie acid to form Sawrecholic acid or exorsted in
the wrine ss Saurine (Figure 1). 7he sulfate frection forms estive
sulfate and represents the inorganic and ethereal sulfur of the
urine (Fruten and Siamonds, '50).

i
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The vitamins biotin and thisnine are important as coertaymes. A
biotin ensyme sppears to be moessary for cerdbon dioxide fixation
(Lardy aud Peamasky, 'S3) and extre mitechondrisl synthests of fatdy
soids. Thismine pyrophesphate is the comsyme medessary for decarbaxyle-
tion of alpha-Neto asids, such as pyruvie ssid (Reed, '53). Oxidative
W&m requires not ouly Shiamine pyrophosphate but snother
sulfur compound, 6-8 shicatic aotd (lipoie aeid). Zrgothioneine, s
neturally osourring histidine derivasive formsd by aiorearganisms, is
pressvt in namalian blood and tissues and is of dietary erigin (Mel-
ville g% al., 'S7).

The tnerganis sulfate is present in the dist in smmll amounts
and 18, sccording to Xun ('61) and Galembos and Cornell ('62), poerly
sbsorbed from the inmtestinal Srect. Although Linergenic sulfate is re-
Quired for the syntheais of sulfemmoopelysstcharides (Dsiewiatioweki,
(Sla) and ether sulfuric acid esters, the body spperestly bas no mech-
anism for congerving it) since, wiwiher formed by enidative smstebelism
of the gulfur-ssntaining asine acids or absorption froe the gastyro-
intestinel tracs, it is readily excreted by the kidneys.

Tires sulfur fractions have been identifisd in urine: Snerganmic
sulfur, othereal (or sster) sulfste, sud neutral sulfur, saoh eontridu-
ting 79 o 85 per ocent, L %o 7 per cemt, and 16 %0 21 per cont respec-
tively (Xletner and Ortes, '62; Lewis, '2hs Latdlaw and Young, '48).

Tae inorganic sullur fraction of noswal wrine i: composed of the
fellawing sulfur compounds or ions: thiosulfate, Shicoyanate, sulfide,
sulfite, and sulfete (Young snd Mew, °*58); Lewis, '2h). The small
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shiosulfete content of urine is s consequende of exsywnis achion hetwesn
Bemeresphopyruvate and inorganio sulfite, metabelise producte of i~
eysteioe. Necent work (Bimet and Wellers, '62) has revealsd extremaly
high levels of urinmery sulfste following distaries of sodiwa thiseul-
fate~~thiosulOate being & nermal intermediary in the metadolism of
eystine S0 50, —(eber ob al., '61). In experiments with rats Lsiewist-
kowski ('h9) found a high level of inergsnic sulfste in the urine after
dosing with syshine or methionine,

The neutral urinary sulfur includes cempounds baving the -8,
«8s, and -3CH groups. Tor example, the sulfur-cenbaining saino avide
and peptides, thisls, Seurine, ergothioneine, urcchroms and the thla-
sole part of Whianine are imcluded in this group (Cevallime st al., '60).

The ethersal sulfades are forwsd in the liver by ommiugstion of
sromatic hydroxy compounds with sulfate. Aromstie hydrexy compounds sre
produced 1n large pert by the basterisl degradetisn of aromstic axino
scids in the imtestinal tract (Weod st al., 'k7; Gooder and Happeld,
Sh). The conjugation imvolves the initisl “achivation® of inerganie
sulfate in an snsymic resstion with ATP; and the vesulsing “aotive
sulfate,” PAPS (Rebbins and Lipmsas, '5T), veasts with & phencl in the
presente of a second smsyms (Ledeio s3 gl., 'mmmwm
56},

Pleagin ('61) found that inadequate prodeta in ioe diet of rets
nade 1o change in the peresntegs distridetion of 5 between inerganis
sulfor, ester sulfete, snd newtral sulfur. Wellers gt a}. ('60) found
thet sulfats sulfur could supply about eme-Ahird of She total sulfur
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requirensnt end all of the sulfur required beyend that of saino seide.
Geneyally, most ifnvastigaters have falled $o find Lnorganis sulfate
incorporated 1nte anino asids used for prodein aynthesis (Fromagest
snd Chapeville, 'S5) Menderichx, '61; Waldeshmids, '62). lLowever,
Waldecheidt ('62) afber feeding trials with sulfste snd sulfide Cound
significens incerporstien of redissstive 30-gulfide imte tiseue pro-
teins. TV has besn sasumed, therefore, that She body's inadflity te
reduce sulfate S0 eulfite is responsidle for the lack of wtilisetice
of sulfate for protain synthesis. The Srace ssouds of radicschivivy
ocbserved fu tissvs proteins hy Cbradovio and Hansen ('60) were pre-
sumsbly dus to redustion of sulfats %o sulfite by bacteris of tbe
intestinal flora.

T¢ is well kuown Shat sons sutetropic bacteria can uvilise
mwmaaamm'fm. Plants siss cbhain
their sulfur from inorganic sulfabe present in the sedl, and 1% has been
observed that the quality of slants as & f00d was reiated t0 thw sulfur
content of the soll on which they were groun (Caliws and Cerecm, '61).
Fuminant snimsls, presamsbly by virtue of the rumen basteris, sre able
to ase inorganic sulfur for She syntiesis of Sisenes, especially hair.
Yor example, Gshita‘kii end Makar (*61) and Zeljenskiy ('50) have demon-
strated un ixprovessat in the growih and Quality of wesl by insloding
sodium sulfate in She dlets of sheep and lamba.

Comastive tissus 1a dermis, Lendent, ligassnts, cartilage, snd
bons MAFAX aOtS 88 & Suppertive by mesns of the fidrils of imselwble
proteing, collagen or elassin, esbedded in the ground substanows.



The grownd substamos of connective tissue is coaposed largely of
masopolysavcharides and mucoproteins. The mucoprvisine are sasily
hydrelyssd to musopolyssocharides and protein (Shatdon and Sohubert,
Sk). The musopslysascharides present in comnective tissue are polymers
of aysluronic s6id and the chondroitins A, B, and O (Kleiner and Ordem,
162), with cartilage primarily contatning shondroitin & and some of the
C form (West and Todd, '55) Neyer et al, '56).

The blosynthesis of musepolyssssharides cscurs by pelywerisatisn
of uridine diphosphensxurcnstes and uridine diphoepho--ssstylhsxosanine,
$o form & high melesular weight polymer. The nih melecular weight pely-
mer &8 esterified with sulfate from sotive sulfate (Gregery end Rsbbine,
‘605 Balassbremanian and Bashhawst, '62). Active sulfsss, forwed from
{norgeate sulfate, ATP, end Mg'' by interaction of ATP-sulfurylass end
APS-kinase s 3'-phosphosdenceine-5'-phosphosuifete (Lipmsun, 'S8).

Bastren and Cardell ('5)) demonstrated that muopelyssecharides
could be sssily labelled by a subcutenesus infecticn of 8-gulfate.
They deterained the time required for msximme labeling of mwsopely-
seccharides from skin following injection of & test dese sf radicactive
sulfwr as 8°P-godtun sulfate snd found maximal inserperstien imto the
musopolysaseharides 2. bours following injestion. These observations
were confirmed for the mucopelysatcharides of rid cartilege by laiewist~
kowski ('SIb), Distrom and Aqvist ('52), and Valdigule st a}. ('61).
Reosntly Ploard gt al. ('62) Liwestigating incorperation of sulfur inmde
the aorta found maximal incorperstion from ¢ to § nowrs. However,
the inoorpersting substence was found $0 de ideutical with uridine



diphosphste stetylgalastosaxime sulfate and even in this system,
maximun incorporstion into wwoopolysascharides was observed after 3h
bours,



HETHODS
1. FPIBPABATION OF DIBYS

This study use dosigned to conpare the sffects of ergsale and
inorganio sources of distary sclfur on the evallability of the sulfste
fon for wtilisstion Wy the rat. B8ix diets (Teble I), modifications of
those used by Pendergrass ('61) as pstterned afver that of Cepuste
o al. ('58), equel in sulfur comtent snd differtng in retie of or-
sonie to inorgenie sulfur were sclected, Thess medificstions were
tained by verying the Hubdell, endel, and Wakemsn (*37) salt mixe
tures) and the resulting 1k per comt, J.3h per osst, and 0.007 per
oant salt mistares gave 0,42 per cemt, 0,10 per sent, and 0,00 per
cent diatary inorganic sulfste respectively (Teble II). In previens
work in this ladborstozy cslcium sulfate, as oppossd to the cammenly
used sodiun sulfste, has besn employed for altering the lsvel of sule
fate in the diet. In order %0 compare the utlilisstion of the sulfate
fon from theee two inorganic sources with that from an organio distery
sulfur soures, s well an comparing utilissticn fyom the twe imergesie
sources, six dieto were used. The sorposition uf the salt aixtwres o
given in deteil tn Tadle IIX,

The spesifis sotivity of the 8°° was caloulsted ssch time the
disd was prepared, amd correction was mede for roadicactive dessy
asccording Yo the formula!

E
hlj“!-!ﬂxlﬂ”t
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TABLE X

CONFOSTTION OF THE DISYS

|

Conponens NUBNENSS NN WS NN WS . WSS -
Caselin 15 15 15 15 b 1
UL Methionine 0 35 35 S 0 I8
Sucross n n 3 an i n
Cornstarch 32 3 32 32 » 38
Alphanel 10 10 47 10 10 10
Lard é ) é é 6 )
Cod liver ol 2 2 2 2 2 2
7itamin minture® 3 3 1 1 3 3
Vitamin & O 02 02 02 02 02
Sald mixture® o) 3 = - - - =

E R g e

5 - » » v . 3

ﬂmmumumwm-nm.

{in miliigrams) vitasin K, 0.025; mxi 0.53 ridoflavin, 0.5;

m. &53 caloiunm W. 1.03 ang :u.o $ vite

) oholime w7lgistante ssid, 0.50; biotia,
0.005) inosttol, 100.0; PABA, 7.5. The vitemine were tritureted with
sufficient sucrose o make 1 gram,

Boee Teble ITI.



TAME 11

CALGUIATRD LEVELS OF DIETARY SULFATR

: _ -

0.20 0.57 (°%-anthtonine)® 0467

0.0 (0as?®o,) 0.57 0.67

0.67
o (8a,5%0) 0.8 0.67

0,10 ﬂ.,a”a) 0.57 0.67

5
g
E

Scarrier fres Rgs’50y wan ebtelzed from Ok Ridge National
Laborstories, Cak Ridge, Teanesess.

e Somtatasd from Sehwarts Dloksssarch Ine., Hownt Vermen, Hew
L ]



umm 3.&5&& a.m;m n.eg‘m muaq

(omponent I -
Cac0y 3036  L1.250 hs.m 3.750 u.m
Cadio, 2,0 25.097 6.000  0.000 0,000 0,000
Fag80, 0,000 ©.000 04000 20,720 h.9h3
Cornatarel 04000 8.193  10.69) 0.000  5.750
00, 3.060 3.000 3,060 3,000 3,060
KaG) 6.900 6.900  6.900 6900  6.500
K 11,200  11.800  11.200  11.200 11,200
KR,P0 £1.200 21,200  21.200 2,900  21.200
Porq (20,0) 2,050 2.050 2,050 2,050  2.050
KX 0,008 0.008 0,008 0.008  0.008
NaF 0.000 0.000 0.0 0.000  ©.000
A1x(50,) 0.017 0.007 0.027 00T  C.A7
Ou(CyB 0, )0 0,072 0.0712  0.072 0.07% o.M
0.0l 0.0k 000 0.0

W02y (lii,0) 0.040 .

S.dded to Diet E st & 10 per cent higher lewel %o kesp the caleium

combent of all diets cComstant.
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vhere B, is aetivity ot sere Mas, ¥ 1s aetivity after Vime +,
“and ¢ rvepressmta time in days. The dist was calculated 0 entain
.02 mtorocuries 5°F per grem. Tune radiosstivity was incorpereted inte
the sald mixtures of the diste ss 320 P5-sulome of Cas™o, or ¥ays%0,
and o 0%-L-metbientne, The surity of the 5 °emsthlonine used ues
tested Y paper chromatogrephy. The chromatograa was cut imto strips
which wero coubusted and assayed for 570 sotivity. The Rf values as
related to the activity sxpressed as cowsts per ximite of the 35~
‘methtonine are shown in Figure 2, '

1, LATERAINATION OF @P-SULFPATE ACTIVITY

A 0.5 gron senpls of sach dist wes treated socording to the method
of Kats and Gelden ('S9) for the analysis of radicastive sulfur in bis-
logiesl materisls as descrited by Pendergrass ('61). Sample astivity
was doternined by coumting in an sutomatic liwwump gae flow
counter. A tobal of h,000 courts were Vaksn. Simes the setivity of
the ¢tet as deternined by analysis was different for ssch period, all
dats collected und presented in this thesis were relsted te the died
attivity and distary intake for the respecstive paried.

For ssoh rat total fessl serples ef the pericd wers collseoted
and ground by sertar and pastle t2 chtein s homgemsons sixture, Lup-
licats 0.3 cres samples were digested, colleched, end specific activiny
deternined by the previsualy described method (Kats and OGolden, '59).

Urise samples were collected by plasing whatsan No, LO filter
papor in the individual cages, removing sections of the paper spotted
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FIGURE 2°

PAPER CHROMATOGRAM OF 83 5 ~METHIONINE
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with urine, and combusting in the manner waed for the diet. Becsuse
the saount of sulfate in the senple was small, 1 al of a sclfnte standerd
wmxmuwuu»tmmumnmuﬁmmmmm
with Bally, The procedure used with the diet snd fecsl samples was
agsin folloved in handling the presipitate and sowsting for 8%-sulfute
sobiviny,

~ Blood from eath animal was collsctad in & 50 ml ceatrifuge Sudbe
sontaining 10 sl of & 2.9 per cemt, iastonic, sedium sitrate sclutien,
Duplicate analyses ware made using S nl portions fros sach tube,
Semples were precosbusted with § ml of 50 per cent aitric scid %o pre-
vent viclent resction betueen tie Citrate and the combustion mixture.
The sauples were digested in 25 al Brisnmeyer flasks om o het plate
whil the mixtwre was evapsrsted dows %o about 2 80 ) al. Pive 0 7
ul of s comdustion mixture were tien sdded S0 eath flask. The samples
again wore beated unti) evaperated %o & volww of 1 to 2 ml., The pre~
codure of Kats and Golden (*S9) was then used for sollesting and
assaying the sulfste content.

IXY, PREPARATION OF CHONDROITIN SULFAYS

Bostron's method ('52) for the preparstion of choadroitin swl-
fate from the costal cartilage was followed with elight mediftcation.
The exclsed rid cartilage was boiled for 5 minstes, fresd of muscls
and conneative tisene, dried with scetoms, grownd with a mortar and
pestle $0 & fine pewder, and then weighed. Distilled weter, 12 ml
water per pran powder, was added to the flask, and the contents were
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betled on & hot plate for 15 mimutes. The flask was cooled to §° C and
10 per cent Nali added to a R per cent final comcentration. After
shaking for 16 hours at § degress C, 1D per cent acetic acid was used
to bring the solution to a pR of 6.0, snd the contenmts of the flask
were transferred t0 a centrifuge tuds and spun st 2,000 rpm for 20
ninutes in an Internstional No. ) centrifuge. The supormatant was
saved and shs precipitate uas washed with 10 ml distilled water and
recentrifuged. The oombimed supsrnetants wers centrifaged in a Loudes
LRA=1 refrigerated cantrifuge st 12,000 rpm for 30 minutes. This
supernatant was cellected, measured, and precipitsated with three
volumss 95 per cent ethanel. The precipitate, collscted by cemtri-
fogasion, was dissolved in distilled water and reprecipitated with
sight volumes acetic aoid. After two hours this sedimsnt was cel-
lected by centrifugation, washed with glacial acetic acid and tiwan
with sbsclute ethanol until free of acetic acid. Chondroitin sulfuwric
asid was then precipitated vith three volumes of ethanol. The ester
sulfate of the mucopelyssocharide uas relessed by hydrolysing with &
¥ HCL for thres hours (Dedgeon and Bice, '62). One ml of a sulfute
mmam»wumbmwuouumumcw
oipitating the freed sulfate with lnﬁi,. Colleotion of the precipitate
then procesded by the method of Kate and Golden ('SO) as described by
Pendergress ('61), and the samples were oounted in a Nuclsar-Chicego
gas flow counter.

The sotivity of the feces, urine, blood, and cartilage was ve-~
lated to the sulfate content of the semple and the apeeific activity
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wan expresend as coums par mninute per millimele of sulfate. The net
sotivity of the diet was sxpressed as counts per minute,

IV, PROCEDURS

Thirty sdult, femsle, albine rets of the Wistar strain were used
during the five replicstions of this experimmmt. Hach animel was housed
in en individual wire-bottomed cage. Uiatilled water amd food were
provided ad liditua,

In & prelininary perisd, one litter sate wer sstrifioced on the
second, fourth, sixth, eighth, denth, and tuelfth day of receiving a
redicastive dist. The grestest 8°5 aotivity 1n the costal sartilags
appeared after the eighth day. Therefore, anissls were kept on tiw
redioattive dists ten days in subsequesnt periods, ’

8ix 1itter-mated animels were placed on the six Sest dists for
an experinental period of 17 days-ethe first seven days the diet was
non-redicactive., Iuring the last 10 days of the peried, when the
animals received the radicective dists, food intake measursments and
feoal sollections were made dally. Urine was colletted on the siz-
Seeath day. At the end of esch distary pearied tie anisuls wers aac-
rificed by desspitetion whils under light ether mmesthesia. ik
cartilage and dlood smples were saved from esch animal., 7The livers
and braine were collestsd and frosen for future anklyses.



KESULTS AWED DISCUBSION

The dsta whioh ave presented ia Table IV show he speoifis
astivity of the fecal sulfate as & percentags of She Sotel ingested
redisastivity, These data show that on & norsal diet there in & oij~
aiftosntly (Table VIII) higher purcentage absorpiion of radicectivity
ingssted as 8%5-methtonine (diet B) when aoapared to that ingested as
tnecgente salte (Cas?0, 20,0, dien €, and Na,s%%0,, ¢ter 7). It was
surprising 40 oheerve Also that the absorption of the redtosstivisy
swplisd as tnorganie sulfete was signifivanily higher (Tabls VIII) from
those diets mot suplemented with methicnine (¢4ehe 4 and E) then from
thoss supplemented with ssthionine (dints ¢ and F). Comversely, it was
obseyved that the redicactivity from diet D, a dlet comtadning no added
inorgents sulfate but supplemsated with 0,60 grass of methisnine-s™>
was, of sll dists, most readily abserbed. The data for diets © snd D
suggest that the level of imorganis sulfur in the diet may influence
the absorption of organio sulfur. 4 cmmparison of data for dists A
and & with Shose for diets C snd ¥ guggestethat the abeerptisn of in-
organis sulfur aay bde influenoced by the level of organic sulfwr in the
dist, The suthor {s unaware of any veports in the literature which
relate the adaorpiion of organie and inerganieo sulfur; howsver, if the
imerpretation of the duts presemted 15 oerreet, the tmplication for
fotwrs Lrwestigation is sxeiting.

One other probles in cur laboratory hes besn %o detemine if
c.q-n,ouauummmmuh,wh. The date shown

18



TABLE IV

875 BADIOACTIVITY F THE FECRS 7ROM EACH ANIMAL IN
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in Table IV for the relative sbsorption of the radicastivity from
cas’%0, oontatnieg dtere (é1evs & ant O) sonpared to Bay8¥o, dtets (ateve
lnﬂ?}:ﬂut&tlﬁtuﬂiﬂﬂvﬂ:us%%tﬂntum.
2,0 containing dista, Aoy imterpretstion of this incressed sdbsorption
with caleium sulfate s diffioult becauwse it is assumed that adnerels
are sheorded as ionw Srom the intestinal trecd, and sedimm sulfate is
betder ionised then calofum sulfate.

The data with respect to the relative bleod levels of sulfwr
redicactivity are presstted in Tadle V. It i imteresting % olesrve
that, although the data for the relative absorption of radicastivisy
fron Sns dist only slightly favored the abserpbion of organio sulfur
(Tadle IV}, the blood redicestivity levels are fyem 10 to 20 times as
high {n those raks fed the diets containing redicective wethionine
(dtets B and B)., Perhaps of more imterest are the dats whish show the
differense in blood levels of redisastivity from rets fed these two
dists (diots B and D), The blood from those rats fed dist D, s diet
which caxtaling no inerganic sulfate, containe loss relative radissetivisy
than doss She blaod from Shose rats comswming & dist with a semparetively
normal ratie of erganic Vo imerganic salfur. Thess data strengthen the
iserpretation plesed on the feval sbasorption date; the level of inoy-
muxmummmwmwmc;mmm.
They are not surprisisg in view of ths dual rele of methionine, being
wtilised not only for the systhasis of proteln, peptides, and regule~
tory substences, bat also as a sowoe of imerganic sulfate.
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Hot quite so odrious and perhaps more surprising is she alight
increase in apetific astivity of the bleod sulfur when the snimals
which have ingssted redissctive sodiun sullate are sompared with those
fod redicective caleiwm sulfate. This has oscurred, it muet be ye-
called, even though there was relatively poor sbsorption of radie-
aobivity from the sodium sulfste-sontaining diets. These date could
uwx‘mum‘umvmmmmmummam
m‘mu-.

The dats representing urinary sulfur redissstivity (Teble VI)
inclute urine saaples from the first four pericds. Dus %0 esperiammtal
mmMmmwmtbthM. Iy should be
noted that the high figwre from the imerganis 8%-caletun sulfate source
for peried IV makes the aversge for Vhat group appser higher tnsn thad
 yesulting from the conpareble 5°0-sodium sulfste sourcs. An sxsmine-
tion of the data for perieds I, IX, and III will etww the astivity from
the 8% g0dtun sulfate sources %o be higher. Ths specific activisy ef
the urine of She rats receiving no inorganis sulfste (diet D, Tsdle ¥I)
wes lower Shan that of rats reseiving the normal distribution of iner~
genle to erganic sulfate (dist B). Howewer, the lowsred apecific sc-
$4vity of sulfate in both the dlood and urine in thoss antmals ligesting
5o inorganic sulfate wounld seemingly indicate a consideradls demsnd on
the orgamic sulfur of these animals to supply their sulfur meeds.

This point is strengibensd by the data shown in the next table
(VII) for the spesific sotivisy of the sulfur in the cardilage mstopoly-
ssecharides. These data show that musepolyssccharides isolsted from



TABLE VI

8% RADIOACTIVITY GF THE URINS IROM EACH ANDNAL IN
T e .
AcTIvITY

e 4 1,02 1.7 2,08 . 1.0 3.0 %
1 1.69 1.68 1.80 1.53 2.7h 3.kt

Average .69 2.50 2.88 .02 2.72 3.06
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the rib cartilage of those rets fed & dist combaining no inerganio sul~
fate b 0,60 grems of sethionine, had the lowest specific astiviny.
The low specifis sstiviky of beth the dlood and muvepolysascharide
sulfur in thess smimals, conpared $o their litter mates fed diets with
s poswal inerganic to orgamic sulfur retie, seens W reflsct the sompe-~
Sivion of all wystems for the distary sulfur supplied by methionine}
and indicates Shat, if the imorganic sulfur of the dlet is limiting,
Muunxsmmmmnmc.mn&m
may be insafficient %o satiafy the inergmis and erganic slfur require-
nonts of the red, ~

A exhaustive searh of the litersture did mot revesl a defiaite
requirensnt of inorgenic sulfate for any specise. In gemeral it is
stated thet the imerganic sulfate requiremsnt of the saimal can be met
by in vive sxidation of organic sulfur. Altheugh the deta wiich have
besn presented in tiis thesis cenfira the fnvive conversion ¢f ergmic
sulfur S0 sulfsbe, they indicate thet there 1s & competition among the
various sulfate scesplors for sulfur which thus rsises the sulfur smine
scid requiremsnt above the level sspplisd by 1.1 per sent of methionine
in the diet (diet D). Ascording to Rose (womack ot &l., 'J7) a distary
lavel of methisaine of 0,60 per cent is adequate for growth and mainte~
nance of the rab. Whether thees obessrvations reflect an actoal leek of
distary metdionine or an overlosding of the svailadle ssayme systems
cannot be sluoidsted by these data. The litersture confims the compe-
tition of sany compounds for She availabls sulfwr, but gives no indloe~
tion of the ratie of orgenic sulfur converted to sulfate or %o taurine.
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This latter soupound, known $o be excreted in rether sissble guantities
under cordain cenditions, may represent s sigaifiesnt portion of the
slight radlossdivity observed fn the urine in thls iavestigatiom.

One may sompare the redicastivity of the cartilage mwoopely-
saccharides isoleted from rate fed radicsotive sulfur as organic eulfur
(dte%s B and D) with tne radiesstivity of those iselated from rats fed
redicestive sulfur as inorganic sulfur (diete A, G, X, and 7). A com-
parisen of this saturs sheuld serve to answer the guestiont mw
ganie sulfur be usilised to satisfy the sulfate requirements of the
rat. T% may be sbesrved that the spesific sstivity of the musopely-
ssacharide sulfur isclated from snimals ingssting & high fmorgemic
5% .gulfate source (d10%s A and/or E) 1a sppreximtaly Swice tue spe~
61f1s activity of Shat from animals ingesding & high organte 57°-
eulfur source (dist D). These déta sre mot surprising in view of the
previous discussien with respeet to competition for availabls sulfate.

Sinos inorganic sulfur emmmot enter into many of the sulfur
aystoms oommon %0 methionine, if only fnorganic sulfur be supplied to
an saisel, sufffcient sulfate should be available for sulfstien of
mucopolysascharides. On the other hand, if primarily organic sulfur
(methionine) be supplied %o sn saimsl, there may not be sufficient
sulfate aveilsble for sdequate sulfation of mucopelyssocherides afVer
all other sulfur oeds sre met. Prom & prestical stendpeint, these
oonditions are met by ¢ieks A and § and disd D, Although dists A and
L do contain some organic sulfur, that contained in 1S per cent sasein,
this 1s not considered to be sufficient to sabfafy the sulfur needs of
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the rat) therefore, the rest muat coms frum the O.L2 per ocent distary
sulfate supplisd as inerganic sulfate, |

Is is apprepriste, in view of previcous disowssion, to compare
the sulfation of sucopslyssccharides from rets wiich were on redive
attive inorganic sulfate dists where the sulfsts salt was saletium
sulfste in one case and sodiam sulfate im %o other. The data which
partain %o this are presented in Table VII., They show Shat, on he
high inorganic sulfate diets (2 and £), there is a signifissntly
(Table YIII) higher rate of sulfation of muoopolyssccharides 1f the
redioastivity be supplied as salelun sulfste. Sine our origimal con-
cern was with the high sulfate dista, 1t was gratifying te cbserve that
st thess Bigh levels caleiun sulfate appesared to be supsrior to sodium
sulfete as a source of distary inerganic sulfate. Iiavnm
(Table IV) that calcium sulfate (diat A) was also Detter absorded
from the diet than was sodius sulfate (diet E). It should be pointed
out that when the levels of inerganie sulfate were somewhat lower, a
nove normal dist, thers scomed to be 1little difference in rediosotivity
whother caleinm sulfate or sodium sulfate was used as the distary source
of inarganic sulfur (diste C and 7). S0 far as shesrption wae conoerned
the ccletum sulfute was Detter absorbed; however, the redissectivity of
the sartilags mucopelysaccharides was slightly higher when isclated
fron the rats on the dist containing sodium sulfste (diet F) compared
to ealeium sulfate (diat C). These data cannot be explained st this
tine. It would appear, sinoe a relatively largs increase in the sodium
sontent of the dist (diet B) was necessary in order Vo make the sulfate



»
level aqual to that in the high calcium sulfate dlst (diet A), that
the sodium fon might be adversely affecting thw sulfation of muso-
pelyssscharides.



BSUMMARY

An investigetion of the utilisation of sulfur from imovganic
snd organis diedary sources for sulfatien of wuvepolysscoharides was
nade,

Six adult, litter-mate, femals, albino rate from She Wister
strein wers saintained for & period of tan days on dists containing
5.suitur as %-mntntontan, Ca5%%0,, end Hags™o, folleving & seven
day prelisinary period on respective non-radicsttive distes. Tie sule
fur content of all divks was the same, whils the retio of organie o
inovganis sulfur was varied by adjustments made in the salt nixtuwes.
.mthcnt,a.um'm,m.ommm“m»na»
tures wed gave 0.48 per cemt, 0.10 per sent, and 0.00 per cent diet-
ary inorganie sulfats respevtively.

Collestions of wrine, feoes, blood, mnd sartilage from sach
aninal were, in each case, prepared in & way 80 as to make it possidle
%o oollect dute represemting 8°-sulfete incorperation as & percemtage
of tagested 8°° aerivity, md the data were trested stabistisally by
comparison of sample means of paired sbeervationvs,
 The data pressmted indticate thet the sulfste ium from imorgsnte
souress contributes as much to the metabolic pool as vhen supplisd Drom
erganie sowces. Alse, that the avellebility of the l'oy-un is related
to the ratio of organic to Lnorgantc sulfur in the diet is exemplified
by the data showing msthionine better absorbed from the died with o
tnorganie 50, -end the dsta shoving significently grester 8750 —

| X
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incorpoyetion into cartilage musopolysacoharides when the dist contained
an fserganic sulfur source,

The 1iteraturs indicates that the amount of methionine at the
high level used in this Liwestigation 1s in excess of that required
by the reb and, thersfors, sheuld give riss to high activity in the
sxcreta, dincs this was not found in this study, further investige-
ticn to determine the opbimum amount of \he 80, -ion required by the
rat would be interesting and possShly would give greater significsnce
to the relaticuship of imerganic and organis sulfur supplied in the
diat,



CONCLUSTIOKS

The data obteined from this fmvestigetion show Shst She 30,° iea
from inorgsnic distary sulfur sources is utilised by the rat. They
also show that $he level and retio of organic and inorganic sulfur
10 the diet sxert s profound effect upon sulfur mstedolies.
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