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Sulphur Metabolism. 

II. The Distribution of Sulphur in the Tissues 
the of Rats fed Rations with and without 

addition of Elementary Sulphur. 

By -T. H. K E LLB R ~IAXX , Sedion of Biochemistry and ~ u tri tion , 
Onder::;tepoort. 

THE injedion ::wd oral rHlmin ish:1t ion ·of elementary sulphur as a 
prophylactic in YaJ·iou s d i:;eases has hee11 p ractised for mauy :vear,; 
and t h e p opula ri ty of thi s drn g- in medie in e seems to iucrf'ase of 
la te r ather t han clenease . Yet, c:uri.ously euough, li ttle IY<lti b1011·n 
about t h e extent to "hic:h t his elem ent is ab~orbe<l and stored iu t h e 
animal bod~- - HoweYer , a f e\\· iu Yestigator:> haYe stu cl i.e\1 the storage 
of some uf its m etaholie p roducts (sulphide and sul pha te) lmt , un­
fortuna tely, th eir r esults do no t g iYe a true pi cture of the m etabolism 
of elem en tary sulphur as su ch . K eYerth eless, their recml! ;:; h:we some 
bear ing on those to be p resented in this article and are, therefore, 
reYie" ·ed. 

It •nts fmm (l at t h e l o\\·a Experimental Station (1924) th at 
sulphur, when fe(l t o e" ·es in claily doses of 0 · 5 oz., was retain e(l in 
the animal body to a c:on siclerable extent, t h ough th er e was eYi(lence 
t hat some had been o:s.i(lisecl to sulphate:; ancl excreted in the urine. 
Support seem s t o he len t to thi s point of Yiew by th e au tlwr· s IY·ork 
(19=35) on t h e nbsorpt ion t1ll(1 exer etiou of sulphur in r ats aJl(l sheep. 
D enis tm(l Hee(l (1927b) analysed t h e b lood of (logs t hat h ad been 
fe(l a stan(lanl r ation to " ·hich h ad been ad(le(l po1nlered sulphu r 
to the extent of 0· 5 gm. p er kilo. per day and fou nd in some cases 
an increase in the non-protein 1m lphur oompounlls ancl in others a 
marked (l ecrease. Tasaka a nd Xakar.lnYa (1981) ohsen ecl that the 
chang-e in blood pictu re after su l1cu tan eous inj eetion of colloi rl al 
sulphur is similar to that after suhcutaneous injection of insu lin , 
onl~- less marke(l . A(;c;on l ing- to th e work of Kuho (1931) the feed ing 
of sulphu r ancl in jediou of insul in clecidedly i11 creasecl both t he 
tot a 1 and n eu t r al su lphur c·on tents of most organs, espe(~i ally those -of 
the supraren al capsules " ·h ere th e sulph ate eonten t wa,; also r aise(l . 
) feyer-B iseh an d T echner (19::l] ) f oun d no chang-es in the h y dro­
lyr.ahle an d tot al sulphm cont en t s of th e liYer in rabbits t hat 
r ece iYe(l sulphur p arenterally. 

D enis a n d L e(·h e (192=::ib) in a series -of experimen t s in wh ich 
hypertonic- solut ion s of ii-oclium sulphate \Yere adm inistered to dogs 
by intraYenous inj ections fm.mcl by ana lysis of the blood, muscles, 
a nd viscera t h at t h ere was lit tle a bsorption of t h e su lpha te iron by 
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the tissu es, although eYen t \YO hours after inj ection the fmlphate 
L:onteu t o f t he bloo1l mi g h t st ill he ten times its initia l Yalue. Arnoldi , 
L iss and H osmn (19=~2 ) fed mineral water contai ning Jl eu tral sul­
phates to ou e ancl alkalin e sulphate:; to another group of rats and 
fmuul t ha t t h e aYerage Yalues for totnl sulphur in the liYers of the 
::m iHt;ll,.; were hi g h er for both the groups gi,·en sulphat e \Yaters t hau 
t h at of th e control animab. 

S either Tjehma nn (1 ~92) nor }[e~·er (1898) coul<l filHl any 
hy drogen :;ulphid e in t h e b lood o± clog;; that had inhaled this ga;; OYer 
a long per iofl of time . Denis anrl lleecl (1927a) an alysefl th e blood 
of cl ogs t h :ll b arl r eceived sodium sulphicl e by intruYeuou s inj e<"i ion , 
or hy in j r d ion iJJto t h e intestine oml ohsrned that thr1·r ,,·as soJll e­
t imes a 1·isr in t he inor gan i<· sulphate hut no inn<>ase in thr ueu tnl 
fntlp hur fradion. These inneasecl Yalues \Yer e n otr<l particularly 
i n th e ca,;p of animab in \Yhom the ];icllleys harl been ti ed off. 

T a ken a ;; ;) " ·hole th e literahll'e gi,·en aboYe serms to shmY t hai 
sulphur i s stor ed to a cedai n extent in the animal bocly an<l it \\';t s, 

th erefore, t h e obj ec· t of t h is investig-atio n to stntly m orp fully ibe 
ext ent to which .and the form and ti ssu es in which sulphnr j, :;tm·P<l 
in t he organism , whi ch in form ation, i t '"as though t , might suh­
sequ entl)· th1·o" · ;.;ome ligh t upon the <·a:nse of the toxi c effect of tlt e 
ora l .administration -of flo\\'er s of sulphur as ohservetl by f-)tP\'11 
(1931), L e,,·is anrl L e,Yis (1927) and Lawson , Hedfield an<l Bo~: 1 .e 
(Hl34) . 

Exl'E IU MEKTAL. 

"\Vhi te 1·at,; \\'el·e 11secl in these expel'iment s. 'l'he young rats 
usecl in t h e first experim ent were the same :~nimals that " ·ere 
emplo:ved in an ot h e1· i nYest igation in '"hich the gr·o1dh of rats fed 
a m o<lifi ecl Osborne-Men del diet '"ith :~ncl withont arl<le<l sulphur 
'"'as Rh ulie<l. 'l'he c-om posihon of th e r ations onrl the experime nt-a l 
co ndit ions ar e g iven in the thinl paper (Kellermann, 193G), of th is 
series and \Yill, t h erefore, n ot be describe<! in detail again. For i.hP 
;;ake of d :nity , h o\1-eYer , it c;m h e mention ed ~- h:~ t three gro11ps of 
~-oung rat; '"ere f e<l a mod ifi etl Osborne and .Menclel low protf) iu 
r ation with :nul with ou t t h e a <l <lition of 0· 8 per ('ent. of elemen tary 
Rulphur. G roups II an<l III rece iYecl i.he sulphur ;;upplf)mented 
r ntion . I n ncldi t ion t h e :~ n i mals receiYe<l d istilled water except thm;e 
of g-r·oup I TT t hat were g-iYen fresh orange juiee rul lib itum i n st Pad 
of water . On t h e last cl a~r of the experimen t referred to nhoYe i11e 
ra ts \\·er e kille<l anrl the ti ssues r emoved for annlysis. '1\Yo g roups 
of G4 an fl GK a<lu l t ra t s of about nin e t-o ten months of age \Yer e 
use<l in t h e secon cl expe1·im ent. They were raised on the s t·ock 
ration u se<l in this laboratory (K ellermann, 1934) and th e only differ­
ence in t h e t reatm en t of th ese g r oups >H1 S the substituti-on -o f three 
parts by weig-h t of fiowers of su lphur f-or the same amount of yellow 
maize m eal i n t h e ration of one of the groups fm th e lust twenty-one 
days . 

The 1·ats \\'er e p11t u n<l er eth er anaesthesia ancl then bled to 
tl eath after ,;eYer ing on e or both c;Jmti<l arteri e,; . Th e blood " ·afi 
collectetl in a bea ker tha t contained lithium citrate as anticoagulant. 
After t h e p ooled b loo<l \Yas strai ned thr-ough muslin in order to 
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remoYe any hairs, it wa:s allmYerl to cool dmYn to room temperature. 
The brain, femoral muscles and thor acic and abdominal viscer a "·ere 
remoYed, and great care was taken not to contaminate th em 11·ith 
any hairs. 'l'he t issues to he analy sed were then po-oled an<l fin ely 
ground up. 

Only the total sulphur determinations were ma de on th e tissues 
of the rats (young) in the first experimen t . They were made on 
the dry materirtls, after the tissues h ad been dried in an electri c 
oven. 'l'he t issues of the ra ts (aclult) in the secon d experimen t were 
analysed for total sulphur, t·otal sulph ate and volatile sulphide. All 
the determinations were made on the fresh tiRsues, but for th e sa ke of 
better comparison the r esults are exp1·essell in milligrams sulphur 
per 100 gm. dry mat erial. The moisture cleterminati om; 11·ere carried 
out i.n 35 c. c. weighing bottl es kept for abou t hYeh e to fifteen h ours 
in an electric oYen which \Yas run at 98° C. The total sulphur 
determina t ions 11·ere made according to the meth od of F eigl antl 
Schorr (1923). vVhen the determination \\"aS made on the fresh m ate­
rial the g-round up tissue (2-0 g m. ) was thoroughly mixed 11·ith the 
Na2 C03 -K:M:n04 mixture and then <lriecl over a steam bath before 
the r est of t he method ,,·as proceeded \Yith. 'rhe total sulph ate 
sulphur determinations ''"ere made aeoor rling to a modified method 
of Deni ~ and Lech e (1925a) . \ VheneYer enough materi al was avail­
able, 20 gm., in stead of 10 gm ., of fresh material \ver e au toclaverl , 
as described by Denis and L eche, with 200 c.c . of 20 per cen t . Hcl 
(i.e. 1 vol. of coneentra tecl Hcl m ade up to 4 Yols. with distilled 
"·ater) in a 400 c.e. J ena beaker. The conten ts of t he beaker were 
then transferrerl quantita tiYely t·o a 500 e.c. Yolmnetr ic :flask by 
warm distilled \Yater, cooled and the fl ask fi lled t o t he m ark. 'l'he 
liquid, after thorough mixing 11·as filter ed t.hrough ~ o. 588 of Carl 
Sehleicher and Schull's filter paper. The sulphate in an a.liquot 
(250 c.c.) ·of t he filtrate \HI S th en precipita ted by the ad diti on of 
Bac12 solution and determined fu rther a<·eording t o the graYimetrie 
method as BaSo4 • The Yolatile sulphide wa;; also <let.ermin ed g r::n·i­
metricall.r as BaS01 aR cl escribecl by H effter ancl Hausma nn (1904). 
The results obtained with the y·oung rats ar e p:iven in Tables I, II 
and III. 

T'AlJLE I. 

Distribution of Total S ulplt tt7• in T i ssllPS of r OU71g R ats f erl Jfod i­
fi ecl Osborne-!.l!Pn del R at ion f or Si.rty Days. 

(Five animals, three months of age when killerl , were used .) 

Tissue. 

Brain . . ..... . . . .......... . .. . .. . ... . ... ........ . 
Lung ....... . . . ..... . ..... . .. . .. ... . ..... .. . ... . 
Liver ........ .. .... . ..... . . . .... . .. . ... .. . . . . . . . 
Spleen ...... . . ... . .. .... . . . ...... . . . .. . .... . ... . 
H eart ....... . . . . . . . . . . .... . ... . . .. .... ........ . 
Kidney ... . ... . . . . . ...... . .. .............. .. ... . 
Muscle ....... . ..... . ..... .. ...... . . . ....... . .. . . 
Blood .. . .. . . . . .. .. ... ... . . .... . . . . .. .... . . .. . . . 
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Moisture. 

Per Cent . 
77 · 9 
77 ·5 
71·6 
75 · 1 
77 ·3 
74 ·7 
72 ·3 
81 ·6 

Rnlphnr in Dry 
:\fatter . 

)fgm. Per Cent. 
521 · 1 
593 ·6 
582 ·2 
647 ·1 
856·5 
726 ·4 
680 · 1 
878 ·0 
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TABLE II. 

Distribution of ,Sulphttr -in Tissv es of Young Rats R eceir ing 
J!)l eml'?dm·y S ulz7ll1!r -in Food. (Llforli.fied Osl;orne-M endel Rat ion 
Contai'lling 0 · 8 p er cent. F lowm·s of SulzJhur for Last Si.dy Days. 

(FiYe animals, three mon ths of age when kille(l , were usell. ) 

Tissue. 

Brain ... ... . .. . . .. . .. . .. ............ . .. . ....... . 
J_..ung .. . . ................ . .. . ... . ... . . . ........ . 
Liver. ......... . . . . . .... . ......... . . . . . . ... . . .. . 
Spleen ... .. . . .. . ............... . ... . . ........ .. . 
Heart ....... . .... . . . . . ........ . . . . . ...... . .... . 
Kidney ...... . ...... . ..... . . . ....... . . . .. . ..... . 
Muscle ..... . ....... . ........ . ....... . .... . .... . . 
Blood .. ...... ... . .... . ......... . ... . .. . . . . .. . . . 

rr ABLE III. 

Moisture. 

Per Cent. 
77·5 
7fi ·9 
69·6 
n ·9 
76 ·6 
74 ·3 
7:3· 3 
80 ·7 

I 
Total Sulphur 
in Dry :Matter. 

:lfgm. Per Cent. 
532·6 
763 ·8 
563 · \l 
796 ·9 
\)2;'5·5 
7()7·() 
673 · \l 
887 ·0 

!Jistn:bution of S~tlzJlua 1.n T issues of r oun g Rats Rece1>uing 
Elementary Snlphur 1·n F ood . (Jl odified Os/;orne-ilf endel Ration 
Containing 0 · 8 pe1· cent . F lo we1·s of SulzJhuT Flv.s Oran,r;e jw'ce ad 

libitum .fo1· last Si:dy DaJ;s .) 

(Five animals, thr ee mon ths of age " ·h en killed , \\·ere used. ) 

Tissue . 

Brain .... . . .. . .... .. . ......... . ....... . . . . .. .. . . 
Lung .. . . ...... . . .. . . ..... . .. . .... . ............ . 
Liver .... . .... . ............. . . . ...... . ... ...... . 
Spleen ...... . . . . . . .. . . . . .. ..... . . . ... . ... . . . ... . 
Hc>wt ............ . ..... . . . . . ...... . .. . .. ...... . 
Kidney .......... . . ................. . . .. . .. . ... . 
Muscle ... . .... . ................. . . . . . .. . .. . . . .. . 
Blood . ... . . . .. . . . .. . . . .. . . ..... . . .. .. . . . . . .. .. . 

:;\loisture. 

l'er Cent. 
77 ·5 
73 ·6 
72 ·3 
63·5 
72 ·7 
70·8 
71 ·0 
81 · :3 

Total Sulphur 
in Dry Matter. 

:IIgm. Per(Cent. 
525·9 
644 · 2 
551 ·6 
747 ·3 
832·4 
748 ·7 
666·6 
804·0 

It ,,·ill he seen that in the first gtoup " ·ithout the addition of 
elementary sulphur the blood ana h eart containe(l the lal'gest quantity 
of sulphur. Next in cmler came the kidney, then the muscle aTJ(l 
spleen, and lastly the lung, liYer and hraw. Comparison ·of the 
data in Tables II and III with those in Table I shmn that sulphur 
feeding increased especially the total sulphur content of the lung 
and spleen , and also to a cer tain extent that of the heart and kidney 
in group II. The lungs an cl spleen of the snlphur fed an imals in 
group II contained r espediYely 170·2 and 14.9·8 mgm. a ml in gT·oup 
III 50· G and 100 · 2 mgm . mOl'e sulphm per 100 gm. dry material 

192 



J. II . ImLLERMANK. 

than the same ti ssu es taken hom animals f ed the basal ration alone. 
The hearts and kidneys of the animab in gr oup I I only contained 
G9· 0 ancl 71·;) mgm. per cen t. m m:e sulphur t h an the r espectiYe 
mgan t:i of t h e eontrol gr·oup . On t he -other ha nd the livers and 
muo;d e of t h e sulphur fed animals eoubined less su lplnu than the 
sam e ti t:isu es from the eontrol animals . HO\vever, these reduced 
values are so small t h;lt t h ey are of no significance . Furthermor e, 
it shoul rl be m en tion ecl that on the whole, less sulphur 'vas stored 
in t he ti s~ues of group III th an in those of gl'Oup II. It may he 
tha t the ext ra basic elements introduced \vith t he orange jui ce cause rl 
a faster ::mel mor e complete excretion of t h e oxidisecl t:~ulphur in th e 
urine in Yie\v of t he fa ct t hat Moraczewoki and Sliwinski (1934) 
have found th at t h e elimination of both thiocyanates and sulphates 
is rap id on an alkaline diet but slo\v and some" ·h at prolonged on 
an aei<l one. l;n f.or tunately, the datn available are fQO few and the 
differences in t he amounts of sulplnu stored in th e Yariou s t issues of 
r at s feel sulphur rations with an <l wi thout orange ju.ice are not 
marked enough t o warrant a ny defini te condusions and further work 
is ne<.;e~~ary in ·order to elucidate th is point . 

It should also be pointecl out t h at t he accurac)· of t he results 
presenter} in Tables I t o III m ust he accepted \vith w m e reserva tion 
iu v ie11· ·of t h e fact that t he tiRsu es \ver e fir st dried hef.ore being 
analysed ancl it iH possible tha t during the process of clrying some of 
the sulphur escaped as Y·olat ile sulphide. In order to i est out t h is 
point t 'vo groups each of fiye ymmg r ats wer e feel the modified 
Osborne and ?\Ienclellow protein ration, with ancl \vithou t t he addition 
of 0 ·8 per cf'nt . elem entary su lphur , over a periocl of GO days after 
\l·hich t heir tissues " ·ere analysed for Yolatile sulphide. 'l'he l atter 
1vas t est ed for quali ta tively on the yarious fresh t issues (poolerl for 
ea <.;h gToup) by steam c1i::;tillation a::; described by Osborne (1928) . 
Kotwitht>tamling the fa ct t h at th e animals "·ere in a Yery poor 
condi tion , no Y.olatile sulphirl e coulcl he detected in any of t h e tissues 
by thi s method except in the liver \Yher e only a trace was present . 
B ear ing t he observations of Osborne in m ind, it would seem , there­
fme, that fresh r at tissues and beef in poor c.ondi t ion, unlike the 
:fl.e~;h of sheep and guinea-pi gs in a similar conrlition, do not emit 
sulphide on boiling . The liver of t he su lphur-fed animals emit t erl 
abou t three times as much su lphide as that of the c·ontrol group, 
1vherea~; ·Only t r aces of sulphide were found in the kidney and muscle 
of the sulphur group . Fmth ermore, t1veni.y-fmu h ours after ki lling, 
the muscle of t he control grQu p did n ot :vet emit any sulphide wher e­
as that of th e sulphur group showecl about tlvice as mu ch su lphide 
b:v t hat t ime as the fresh muscle from th e same group . \ Vith t he 
pr·obable ex r ept ion of th e liYer of th e sulphur gr·oup, it weulcl seem , 
tlwrefor e, that he sulphide lo::;t through ch~·ing coulcl not h ave been 
of such m agnitu de t hat i t would haYe seriously affected the Yaliclity 
()f th e conclusions drawn . 

As a m atter of fact t h e r esults pres en t ed in Ta hles IV an d V 
sho1v t h at negli gible amounts of H 2S were present in the fresh ti ssu es 
of adult rat s that r ec-eiYed a stock diet with and without the addit ion 
of sulphur. 
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TABLE IV. 

D istri bution of Tlm-iovs F orms of Sulphu1' in Tissues of Adult Rats 
R eceivin.g S tock Ration . 

(Sixty-fonr animnls, ::1bout nine to ten months of age, " ·ere usecl.) 

Tissue. 

Brain ... . . ...... . . 
Lun!! . .. .. ....... . 
l .iYcr . ... .. . . . .. . . 
Spleen ... . ..... . . . 
Heart· .... ... . . . . . 
KidnPv . .. . . . . .. . . 
Muse!~ .. .. . ... . . . . 
B lood . . .. . . ... . . . 

Moistun•. 

Per Cent. 
77 ·1 
75 ·2 
72· 0 
75· .) 
77 ·2 
75· 8 
70· 8 
79 ·2 

-····- - --------

Tot.a l 
S. 

:'ll,!!lll. 
Per Cent. 

751· 5 
803 ·9 
895·(i 

1110 ·0 
1364·0 
1062 ·0 
933 · :3 
876 ·8 

Sulphate 
s. 

l\Igm . 
P er Cent. 

77 ·87 
30·4.5 
ll · ~ !l 
11 ·21 

!1 ' (i:1 
30 · 12 

4 ·2-1 
10 · 64 

TAJJLE v. 

H ydro!!en 
Sulphide 

s. 

l\[gm . 
Per -Cent. 

1·03 
trace 
0·68 
trace 

"l:ndekr· 
n1ined " . 

s. 

::\fp:m . 
Per Cent. 

672 ·60 
773 · 4!i 
883 ·1::1 

1098·70 
1354·37 
1031· 88 

!J:W·Oii 
866 ·W 

D is tribution of Tlario1ts F orms of Su lzJlwr in Tissu es of Adult Rats 
R ecei1,·ing Jhgh Inta ke of Elementary Sulz1hw· . (Stork Ratio11 
containing 3 p er cent. of F'lo we1·s of Sulphur f ol' la st T lcrn ty-o11e 

Days. 

(Sixty-eigh t anim als, about nin e to ten months of age, "·ere use<l. ) 

T otal Sulph:l.tc H 1·dro!!Pn " Undetc r-
T issue. ::\foisturc. Sulphide· mined " :;, , s. 13 . S. 

- - ·---- --- ----- -· -------

:\1gm. ~f!!l1l . :Mgm. :'lf,!!ll1 . 
P er Cent. Per Cent. Per ·cent. l'er Cent. Per Cent. 

Brain .. .. .. .. . . . .. 77·4 764 ·3 81 ·41 0 ·90 os1 ·OO 
Lnn.2: . . . . ... . . . . . . 76·2 861 ·8 27 ·:19 0 ·25 834 ' l(i 
Liver .. . ...... . .. . 72· 3 925· 5 16·7() O·iiO 908 ·:!4 
S pleen ... ..... ... . 75 ·7 1171 · 0 19 ·77 t r·ace 1151 ·n 
H earf . . ... . ..... . 77 ·1 1445·0 15·0:? U2!?·98 
KidnP\' ... ... . ... . 75 ·4 1088 ·0 50 ·75 1·36 J035·8U 
l\lnsd~ . .... . ..... . 72·4 95R · J 7 ·-H 0·30 9ii0·33 
Blood . . .. . . • . ... . 78 ·6 883 ·9 18·01 0 ·36 864 ·63 

.. _ _ _ --- ----·---· 

A fur th er study of these t ables sh ows that t he h eart l'Olltained 
the largest quantity of total sulphur. X ext in onler came the spleen 
and kidney, then the musde, liYer, blood an<l lung ''"i th br ain the 
lowest. E xactly th e same order also hol<ls t rue for the sulphur group. 
Comparison of the data in 'fable V \Yith those in Table IY shmYs 
that sulphur feeding incr eased the total sulphur content of th e heart, 
spleen and lung. These organs of the sulphur fed animals C·ontainecl, 
respectiYely, 81 ·0, G1· 0 and 57· 9 mgm. more sulphur per 100 gm. 
d1-y matter tha n the same organs t aken from animals raised on th e 
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,; (ol'k J <ll io n alo ne . Thi ~ ~ ub.;Lwtia !es t h e 1hta obtai n erl with youn g 
J·a( ,; ( 'l'a lJles f Ullll JI) f pcl th e l h;lJonJ e-}Iell(lel ra tio n \Yi t h a n d \\·ith­
Oll ( ad<l Pd ,; ulphuJ". l-l o1YeYer, i t ,;h oul d be pointed ou t that the 
toLd ,;ulphur t;On!e n t s of th e tissu es -of t he adult r ats fetl the stock 
r;tf ion alon e are a ll, except fo r t h hloo<l , percei.Yab l.v h igh er than 
t ho.-;e of t he ~<Jllle i i;;su es () l ym1ng 1· :~ h fe d the basal () ~hon t e-:Jienrlel 
r a ( i-011. T h e granrl a Yer age of t h e t issu es -of i he e ight organs for 
i h e a d u lt an<l y oung rat s ,,-en' 87-±·G nn rl G85 · (i m g m . per 100 p:m. 
dry ma terial, r esp edi.Yel_,-. It sh o uld he bmne in 111i nrl that the 
ymmg r;Jt s ,,·pr e f e1l a l m1· pr-otein , c~·st i ne defic:ien t di.et that \Y:ts 
:tlso Ye r 1· l o,,· in ~u lphur content ,,·h er ens the <lllult ra h were rai~rrl 
<Jil a llorm a l ~toc k ratio n , anrl -on r of ih c contributi ng fa r·tors for 
t l11, lm1· toLtl :>ulph ur c-o ntent f01· ih e i iHsue,; of ih t) yo u ng nils 
}Jrob nl>l_,- ,,·a.-; t hat t he ti ;-;~ u e;-; of t h t> h !tPr :mimaL \\"<'H' con~equenih 
1· e r~- l o11· i n l! on-pro!ein sulpln1 J". 

T he 1lab of Kamh:l ~·ash i (192l)) sern1 to supp o rt this thPOl",\­
Jr i ~ fig1 1res fo r i he toLd s ul p hur, t>xpres~r'd n.-; a p t> l"<"Pll l<lg<' -of ihe 
h c> sh II I: Jteri:Jl. aTr s li g ht ly l O\n ' r tlw n thosr of the a ut hor, ca l rul:ll<· rl 
o n t h r ,;ame lJas i ~, for <!1lult J":tl~ . rnfori u nateh·, h e o nl:v rlt>irnninerl 
i h r t otal su l p hur in 1l1t> f t> moral m uscl t>s al\11 liYN of mnle r:tis 
wpi g-hin g· 180 to :lGO g 11l. F-or th ese i issu p,; h e fo und 242 :nHl 
:2:2:2 m g·ll!. pr r ce n t. , 1·r~prdiYely, w hereas the auth or ' s figure~ are 
1SS · -1- a nrl lf i.-J · 3 m gm. for t he r esp ectiw i issuPc; of t he yo ung anrl 
:2 / :l· .j <ll lrl :2.)()· 8 1ng-m. for t h ose of n<lult 1·ats. F rmn t h Pse fig-nrt>~ 
ii i ~ ol n·iou ;-; ih ni h is rla ta , -ohtai Jl Pil h~· m eans o f f us ing- the <h~­
ll l:l lt>l·i:!l ''"it h n m ishu e of I\.:\0" fl llll I-T:J'\0" etc. , a r e likew i;;e appre­
ciabh- h iuh e1· t h a n ihe r esu lts obtai ned hY ihe m1th or 11·ith the younQ' 
1·nb . . ih e ·Pa u.-;p -of 11·hich , as llll' n tio nerl l;t>fore. shoulrl most pr~hahl~­
lw l oo ked f<l r in t lw lo,,· su lpln 1r in in ke hy t hesE' ~lnim :1ls . 

\Yi t h 1·egarrl io t h e tota l ~ ulphate con (·en t of t h e tis,;ues in the 
0ont rol p:rmql t h e h rain 1·ontai ned hy fa r ihe brgesi a m 011 n t of this 
;;a lt . ;\ex t in -m rl Pr cam e t lw l ung- a n d kidne:--·, \Yith a ppnlxim<liPl:'i­
Pqna l amoun t;;, t h eu t h e liYer, splet>n a n rl blorHl abo 11·ith appros i­
m atel _,- equal nmon nt s IYh er t>ns t h e h em·i and m u sd P contained i he 
l t> a st . Th e h igh fi g-ure for l;irlne:'i· cH n, as meniion erl h:-· D enis flll(l 
L er·h e ( t92,)h) probably h e Pxplai nPrl o n the basi s of un:11·-oirb h l e 
in r·l u ,; ion of i rac t>,.; o{ u r in r , \l' hi l e i i i s JHJ.-'.-;i.blr i haii h t> h ig-h Yalues 
fo r tlw hra i n a nd lun g \Ye re rln t> to th e cleco ll! position of ~omP unsiahle 
s ul pln11· eon i:1i nin g- l ipoi1l. ('ompa r ison of the sulphHte l'onteni -of 
t hP ki(lneY, s pl t>E' ll a n rl h l oorl. 1' h rse tissuE's of ih P ;-;ulplnn feel 
a n im:1l .~ co n !ain r <l , r esp r r·tiYrl_,-, 20·(i3, S<),j anrl S·:l l mg-m. mor e 
Siilpll :d c' su lphu r p e r l()() g-m . rhy m at er ial than t he Sfl lllP -m·g-nns 
from a nimals fe1l ih e s i-or·k r:dio n <!l one . 

\\' it·h r t>g-a n l lo t h r 1li s tr ihu tio u of h y<lr-og-r n sulphi de, it is r-le<lr 
i h a t ih t> feP rl in g of sulphur lwrl n o rfft>d 11pon tht> r·o ncentrahon of 
i h i . ..; fra ct ion in i h P ti:-;s i!PS. 'l'his i s to h e expt>derl i n Yir,,- of the 
fad i li ~1t H ng-garrl (1921) h ns s bmY n t h at hlo-od p l aslll a possesses lh e 
prop t> l"i.1· of os id i>-:i n p: b ~· 1h-ogrn su l phi<l e rapirll~- h:v i he withdra.,,·al 
of oxyg-rn fro m t h r' b lood corpuscles. Alth ou gh he cl irl not rletermine 
t hr prorlucts of ox i1latio n , r esul ts ohia in t>rl h:--· ihr a u t hor (1D3G) set>m 
i o ~lHJ\\. t ha i they a r e s u lpl1 :dr~ . T hi;: finrling-. tog·ei h t>r \l·ith lhe 
ohsen :d ion of D e n is a nrl L ech e (Hl '2.-Jb) t h at sulpha!r's, injected in to 
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the blood strenm, are only slmdy ex cr eted, expb in ' '"hy the hloocl 
and most tissues of su lphur-fed rats eontain more of this constituent 
than the t issues from control nnimals. 

The " uucle(enniuecl " sulphur values of t h e tissues ·of ho ih t h e 
sul11hur and control gToups n m pnrallel, as \Yill be Pxpeded, with 
the total sulphur contents, and compar is·on of the fanner Y:dues in 
'l'ables IV andY shmn; on('e lllOJ.·e that f eeding of elemPntary ~nlphur 
increased e,;pecially the sulphur content ·Of ihe lung, spleen all(l heart. 

Su~DIAltY. 

(1) Tb e di stribution of sulphm was determinea in th e t issues of 
three groups of young rats . On e ''""s feel a moclified Oshorne-:Jiendel 
lO\Y protein basal diet, one the bn sal di et supplemented with 0 · 8 per 
t;ent. of elementary sulphur, and the remain ing on f' the sanw 
supplem en ted ration plus ·orange jui ce arl h bitu m . Sulp hur feeding 
increased especially the tot al sulph11r coutent of the h w g :1nrl spleen . 
~ext in order cam e the hem't and kitlney . 'rhe total sulphu r content 
of t h e lun g of the sulphur group was 170 · 2 an c1 ·of t he ,;plePn 149 · 8 
mgm. more per 100 gm. dr y m aterial than the conten t of t he r espec­
tive ti ssu es t aken from the c·ontr ol group . 'Jh e aYer age incrPase in 
t he amount of sulphur in the hear t and kidney \Yas about h alf of 
th e average increase in the lung and spleen . On the " ·h olP less 
,;ulphur \\"US stored in the tissues of t h e sulphur group f hat r ece iYecl 
orange juiee in addition , h ut the diffe1·em·es are too Sl\l all to " ·anmd 
any definite conclusions. 

(2) The di stribution of Yari ons form s ·of sulphur in t he t issues 
of t\1·o groups of adult rats , on e fe tl the stock mti on , t he other 
t he stock rati·on supplem<:'n tecl \Yith 3 per cent. elemen ta r·)· sulphur, 
'-Yas al so determined. Sulphur f eeding likeKise in cr ea,.:etl the t otal 
sulphur content of the heart, spleen and lung but not ,;o 1\l uch of 
the kicln ey. 'l'he three former organs contained , r espPdi Yel:v, 81 ·0 . 
G1·0 and 57 ·9 mgm . m ore sulplnu per 100 gm. <lr~· ma tPri al than 
t h e same organ ;:; taken from animals rai setl on the s tock 1·ati otr alon e. 

(3) Sulphur feed ing had little effect upon the su lpha(e con tent 
of rnt tissnes, thus substa nt iating the ohsen at ion of De ni~ a rul L ech e 
(1925b) . The only tissues in ''"hi ch the sulphate con tent ,,·as sl ightly 
m cr eased were the kidney , spleen and h lnocl . Tlw l'Pspecti \·e t issues 
of the sulphur fetl animals contain ed 20 · ()3, 8·55 nn <l R·27 mgm. 
more sulpha.te sulphur pe1· 100 gnr. thy ma terial than th e ,.;a1rr p t issues 
taken from the cont rol anim als . 

( 4) There \Yas found to he no difference in the con cent ra t i·Oll 
·of Yolatile sulphide in t he ti ssnes ·of animals feel rations ''"it h and 
\Yithou t t he a<1tlition of f! owe1·s of sulphm. 
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