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tionist, Biochemical Laboratory, Onderstepoort. 

THE important role that sulphur plays in Nature, is evident hom the 
fact, that it does not only occur in all plants and animals but in both 
these kingdoms it is absolutely essential for g1·owth and reproduction. 
Plants get their sulphur in inorganic forms from the soil ·whereas all 
animals receive theirs from protein synthesis in certain organic forms, 
either directly or indiredly, from the plants upon which they feed. 
It has a lways been and still is the belief that animals r·annot 
;;ynthesise any of the organic sulphur compounds (cystine, cysteine or 
methionine) so essentinl for growth but have to take them preformed 
in their food. Consequentl:v the metabolism of many organic sulphur 
compounds has been studiecl Ye1·y extensively, whereas only .a small 
amount of work has been clone upon the metabolism of inorganic 
sulphur. 

Bernheim and Bernheim (1932) founcl that colloidal sulphur is 
reduced to hydrogen sulphide by the liver which first accelerated and 
later inhibited the oxygen uptake of this organ. Eviclently then the 
1·eduction of large amounts of sulphur may have deleterious effects 
upon the organism, an•l Steyn (1931, 1932), and Lewis ancl Lewis 
(1927) have found that sulphur, when fed at high levels to sheep and 
T:'tR, respediYely, was definitely toxic, probably due to the formation 
of hydrogen sulphide in the intestine. 

Some investigators believe that sulphur has some influence on 
carbohydrate and fat metabolism, although Lewis and Lewis (1927) 
did not obtain any difference in the glycogen-content of the livers 
of rats to which sulphur hacl been fed, as compared "·ith control 
animals . Arnoldi and Kucera (1931), on the other hand, found an 
increase in the glycogen and a decrease in the fat-content of the 
livers of rats fed a carbohydrate-rich diet, whereas on a protein- and 
fat-rich diet there "·as an increase in the fat .and a clecrease in the 
;;!ycogen-content. Niccolini (1933) noticed that sulphur inhibited 
the formation of glycogen in the livers of guinea pig·s but had little 
effect on th at in the muscles. Bi.irgi and Gorclonoff (1.!)2G) founcl that 
the livers of rabbits fed sulphur for a long period had a glycogen­
content two or three times that of normal control animals. Foldes 
(1928) likewise obsen-ed an mcrease in the glycogen-content of the 
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liYers and hyperplasia of the suprarenab of rahbitR into whose ear s 
:mlphur had been rubbed, and Kubo (1930) found that the fat ancl 
lipoiu-content of rabbits decreased " ·hereas in mice the fat-r on tent 
of the whole body and some organs increased upon the adminiRtration 
of sulphur. In later publications (1932, 1902a), he alRo stated that 
\Yh eu adrenalectomised rats were fed sulphur the body weight 
increased more rapidly than in the adrenalerto 111i sed controls anrl the 
decrease in the fat-content of the <1ifferent organs "·as stoppe<l. Steyn 
(1!):~4) likewise noticed a " striking amount. of subcutaneous. 
intramuscular and intra-abdominal fat " in sheep that rereiYe<1 
sulphur OYer prolonged periods. Ho,YeYer, it is dear that the results 
obtained by the different investigators are still too much at Yarianre 
to warrant any definite conclusions and more work is nee<1e<1 to 
elucidat e this point. 

Sulphur also seems to have <1 e:fini te therapeutic Yalues . 
.Montgomery (1932) and Burman (1932) haYe found that t he ingestion 
of an adequate amount of sulphur served as a good prophylactic in 
malaria probably due to the aroma produced in the ,;uper:firial tissues 
\\-l1ich preventer1 the mosquitoes from settling and sucki ng blood. 
Philips, Carr and Kennard (1921) statecl tha t snlphm when add ed at 
the rate of 2 per cent. by weight to the basal ration offerecl interesting 
possibilities of succeRs in raising· chi cks in co n:finemen t possibl.v due 
to the checking of intestinal putrefaction. Ockmann (1928) obt::l i ne<1 
excellent results with sulphur in the treatment of mange in horsrs, 
::;cab in goats, scaly leg in birds, and pocks in the udder of ('attle. 
1IoreoYer, Kruger (1928) by the parenteral inj ection of snlphur 
(Sufr·ogel) cured a case of coxitis in a horse, chronic arthritiR in the 
shoulder joint of another, and gonitiR in a bovine. 

Sulphur may also be of importance in certain case:; of poiwning·. 
l\ienegheth (1!)28) found c.olloidal sulphur to be a good antidote for 
corrosiYe sublimate (HgCl2 ) p1obably due to t he formation of mercuri c 
sulphide which is less poisonous. Steyn (1929) reported that 
fayoura ble results in regard to sulphur as a preYentiYe for the pru::;:;ic 
aci<1 form of " geilsiekte" had been obtained , and in a l ater 
publication (1931) h e stated that sulphur is at p1·esent bein!,i' 
1 econnnended as an efficient preventive for the foregoing diRea:'e. He 
also found that sulphur-treated rabbits (1902) and shePp (1!)02) 
sho\Yed a fair degree of resistance to potassium cyanide. The reason 
'"hy sulphur-treated rabbits and sh eep should be more resistant to 
cyanicle poisoning is, as mentioned by him , probably due to the 
formation of thiocyanates which are less toxic. Sam1berg and Hollv 
(1902) in discussing the fate of cyanides in the organism stated : " It 
is kn om1 that one of the mech anisms which the boclv uses in the 
tleto:s:ication of cyanides is transformation into th{ocyanates by 
combination of the cyanide group with t he labile ;mlphur ". L ang· 
(1!)33) is in agreement with this view and aRRumeR that thiocyani r 
acid is formed in the animal body from sulphur and prm;Ric ari d. He 
£oun<1 that the synthesis of thiocyanates is performed by an enzyme 
'"hich is present in practiPally all the tissues except muscle and bloo<1, 
but is particularly abundant i n th e adrenal gland and the liYer . 
8mith and Malcolm (1930) lihwise believe that thiocynate £.ormation 
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rs the principal method of cyanide detoxication in the animal body. 
Consequently, in cases of acute cyanide poisoning the administration 
oi a soluble sulphide should be more efficacious. 

From a nutritional standpoint elementary sulphur is of no 
apparent value . This seems to be especially true of omniverous 
aniuwls because Geiling (1917) and Daniels and 1bch (1918) have 
shown that elementary sulphur and sulphates, respectively, could 
not serve as substitutes for cystine in the diet of white mice and rats. 
It is furthermore reported from the Iowa Agricultural Experiment 
Station (1924) that no favourable or unfav,ourable effect resulted in 
rats from the feeding of l ess ihan 0·5 per cent. of &ulphur. 
Likewise Evvanl, et. al . (1925), (1925a), and Sheehy and Senior 
( 1930\ found no beneficial effect following the addition of inorganic 
sulphur to the pig's diet. 

vVith regard to the effect of sulphur on ruminants (sheep) there 
prevails some difference of opinion. At the Imva Agricultural 
Experiment Station (1924) it was observed that daily doses of 0 · 5 oz. 
of sulphur had no effect in pregnant ewes or their offspring, and it is 
reported in the Sci. Rep. Govt. Agri<.:. Chem., Goimbatore (1932-33), 
that compared with controls, there was no material increase in the 
live weight of sheep receiving 0 · 5 gm. sulphur pe1· head claily. 
Furthermore, Peir<.:e (193~~), Seddon and Chamberlin (1933) and 
du 'l'oit, et . rd. (1934) could not confirm the results of Steyn (19!H), 
(1932), who found that the administration of sulphur to Merino sheep 
had striking beneficial effects on their weight and wool yield. In a 
later paper Steyn (19;34) found that the administration of sulphur 
had a similar effect on the growth of bovines. However, his 
observahons are not without support in the literature because 
Ramaiyya (1932) ha s also found that the feeding of sulphur to 
Indian (native) sheep resulted in a heavier :fleece and a higher cystine 
content of the wool as compared with those of the control animals. 
If the observations of these tw,o investigators are true and correct, 
it is evident that inorganic sulphur may still prove itself to be of 
great economical value to the various wool producing countries. 

ln order, therefore, to gain more information on the functions 
of elementary sulphur, a se1·ies of experiments have been :-;tarted at 
this Institute to study its metabolism, ancl it was felt, that in <mler 
to make an extensive study of its metabolism, knowledge concerning 
its rate of absorption and excretion, to begin with, is important. 

EXPERIMENTAL 

RAT EXPERIMENTS . 

Absorpt'ion of S1tlphm·. 
Because it was impossible tc obtain a colloidal solution of sulphur 

that contained no other toxic substances, and yet was of such a 
concentration that the methods of Cori (1925) or Johnston (1932) 
could he used in the study of itfl absorption, the only alternative was 
to use the method of Bergeim (1926). It should be pointed out, 
however, that by means of this method results are obtained that are 
only of relative value, yet they may be of such manifefltation a ~ to 
be of importance. This seems to have been the case with sulphur. 
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A group of ten albino male rats of an average weight of 195 gm. 
"·a,; feel a sulphur-containing, protein-free diet for five clays before 
they were killed. 'rhis period was deemed necessary in order to 
accustom the physiological functions of the organism to this 
unnatural diet and to make sure that all the residues of the former 
diet had been swept from the intestines . 'rhe composition of the diet 
used is given in Table I as Ration I. 

TABLE I. 

Composition of Rat1.ons Used in Rat E:cperiment.' 

Dextrinizcd starch ....... . .. ... . 
Powdered sucrose ...... . ....... . 
Yell ow Maize Men, I .. .......... . 
Whole Wheat Meal . ... ... . . . . . . 
Merck's casein ............ . . ... . 
Merck's prepared lard ........ .. . 
Merck's prec:pitated sulphur ... . 
Il{odified Steen bock Salts 40 . ... . 
CaC0 3 .••...••..•.•••. • .•....•. 

NACL ................. . ...... . 
Cod liver oil . .......... . .... . . . 
Bre,ver's vea.-st ........ . .. . .. . . . 
Agar .... : .. . .. . ............ . . . 
Iron oxide (Fe20 3) •••••••••. • •• 

Vitamin B, yeast extract equi· 
valent to 

TOT .• L S .. .. . .... ........•...... 
Sulphur conter,t (mg. per 100 gm. 

ration ) 

Ration I. I Ration II. I Ration nr. [ Ration IV. 

60·7 
15 25 

30 
25 
18 

10 
1 
5 

2 

6 
0·3 

55 
15·5 

10 
8 

4·5 

3 
2 
2 

40 
13 
30 

12 

..J. 

(5 gm yeast 
per 100gm. 
ration) 

- - - --- - -------------· 
100·0 100·0 

195 
100·0 

108 
100·0 

120 

The inorganic salt mixture used was a modification of Steenbock 
and Nelson salts 40 (1923) in which the ~1g· 804 7H20 was replaced by 
an equivalent amount of Mg 003 • 'rhe rats were killecl by a blow on 
the head. 'rhe whole intestinal tract was excised after tying its 
difterent sections (stomach, small intestine, etc.), and the oesophagus 
and rectum. After the excised intestinal tract was cooled on ice, it 
" ·as divided into its different sections and the contents of each 
squeezed into about 30 c.c. of a solution containing 5 per cent. each 
of N aOH and H 2 0 2 • Care waR taken to keep the open end of the 
intestinal loop through which the contentf; were squeezed submen:ted 
in the solution to prevent the loss of any volatile sulphide. 'l'he 
content;:; were then thoroughly mixed with the solution a11d driecl. 
The iron was cletermined as described by Bergeim (1926a) and the 
sulphur by the method of Feigl and Schorr (1920). ~xcelleut results 
were obtained with the latter method ''"hereas severnl of the recognizecl 
methods for sulphur determination, that were tried, gaye results that 
\Yere too l·ow. These methods may give satisfactory results for organic 
and inorganic sulphur forms, b11t not for elementary ;:;ulphur. 'rhe 
sulphur content of a sample of ration to which elementary sulphur 
was added "·a;:; found to be 0·420 per rent. with the Feigl-St"horr and 
0·440 per cent. with the combustion method of Lant-J_;,cld (1921), an<l 
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it is obvious, therefore, that the 1·esults obtainerl "·ith the two method,; 
are in perfect agreement. MoreoYer, when using 21 · 1 mg. to 22 · 3 mg. 
samples of Merek's sulphur (extra pure crystals) the recoveries of this 
element as determined by the Feigl-Schorr methQd, were consistently 
97·57 to 99·51 per cent. 

The results are given in Table II. 

TABLE II. 

Penentc~ge Hecovuy of Sulphur .frO?n the Contents of Different Parts 
of the Digestive Tract as Detel'mined by the B m·.r;e1:m* 
Method. 

Contents. 

Ration I ............ . . . . . . . . . . 
Stomach ................... . . . . 
Small intestine ......... . ....... 
Caecum . ........ ... .. . ......... 
Large' intestine . ....... . ........ 

Ration II .. .. ......... . . . .. . ... 
Stomach ........... .. . . . ...... . 
Small intestine ..... .. ... ...... . 
Caecum ..... . .. ... .... . .. . .. . .. 
Large intestine . ....... ....... . . 

GROUP I. 

Sulphur in 
dry 

material 
mg per gm. 

9·83 
ll·ll 
19·36 
29·5\l 
16·91 

GROUP 

9·54 
9·91 

25·28 
31·00 
21·42 

Iron in dry 
material 

mg per gm. 

1·65 
1·86 
3·32 
7·05 
4·47 

II. 
1·8!l 
1·95 
5·07 
9·62 
6·94 

Ratio 
S: Fe. 

5·95 
5·97 
5·83 
4·20 
3·78 

ii·04 
5 ·08 
4·98 
3·22 
3 ·0R 

Percentage 
recovery of 
Sin food. 

100·3 
97·9 
70·n 
63·;) 

100·7 
£8·8 
63·9 
61·1 

* 'fo a standard protein-free diet was added a defin1te proportiOn of iron 
oxide which sen·ed as a standard fo r comparison, and flowers of sulphur, the 
absorption of which it was desired to studv. The ratios of sulphur to iron 
were determined for t he calculation. For example, if the S: Fe ratio of the 
ration were 10: l and of the intestinal contents 6: 1 then the intestinal eontents 
would contain 6.;.10, which would be 0·6 or 60 per cent. of the origmal sulphur. 

It is seen that bv the time the inteRtinal contents 1·ea('hed the small 
intestine, caeeun~ and large intestine, only 97·9, 70·6 and 6=1·5 per 
cent. , respectively, of the original sulphur in the ration were 
re('overed. Ver:v similar results, given in the same table, were 
obtained with a second group of rats. It is evident, therefore, that 
by the time the contents reached the colon , more than :18 per f'ent. 
of the origi.nal sulphur in the ration had disappeared. Whether this 
fraction was absorbed or lost as volatile sulphirle cannot be 
ascertained from these results although one woulrl exped that both 
processes took place to a greater or lesser degree. 

In order, therefore, to study the transformation of sulphur in 
and the probable form(s) in "·hich sulphur iR absOl'becl from the 
intestinnl tract, an experiment was carried out in "·hif'l1 the ;-olatile 
and sulphate sulphur " ·ere determinerl in the intestinal contents of 
rats on rations with and without sulphur. There were 30 ar1ult 
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a lbino ra ts to each g roup and the ration " ·as the :>a me as th e foregoing· 
except that the iron oxi(le "·as 1·eplaced by an eCIUiYalen t amoun t of 
starch. After the animals ha<l been on the rations for five days, th ey 
" ·ere killed and the contents of the <lifterent section s of the intestinal 
tract collected. The volatile and sulplmte sulphur (leterminations 
,,·ere JlW(le on the fresh pooled material of each g-roup. Tl1 e Yolntile 
sulphirle "·a s determined by t h e g ravim etric metho(l as BaSO., as 
described by Heffter and Hausmann (1904). The hy drogen peroxide 
used " ·as a 5 per cent. ammoniacal solution of }fer('k' ;; perh:nhol. 
Fm the determination ·of sulphate sulphur the metho<l of Woodman 
an(l Evaus (1920) \\"<lS u sed. 

The data presented in Table III sho1Y that not only did the free 
sulphide but abo th e sulphat·e sulphu1· of th e inte;;tin<ll ('Ontent,; of 
t he :mlphur-fed nlis e:s:cee rl by b r i ho;;e of th e ('onhol group. I t i.,; 
seen that in both groups the hi ghest r·mJ('E'Jl h<lti.onR of sulphute- an ll 
free sulphide-sulphm· ''"ere p1·e;;ent in tl1 e ('<Jenun a1Hl large intestine. 
The lo\\·er l'Oncenirations of free sulphitl e-sulplnn in th e fae('es 
(collected on filter paper rlu1·ing t he la st 12 hours hefore the rats 11·ere 
.killed , an(l only those that ''"el"e unconta mi nuted 11·ith urine ) of 
UOth group::; as compared \Yi t h those in the large in test in e;.; were 
partially due , llO doubt, to th e f><ls_,. es(·ape of th is ha("tion. ()n the 
ot her hand, the pm-ts of the intestinnl tract in v;·hi('h thP greatest 
lilC:fease in sulphate- <lllC] fl-ep sulphide-sulphur took lJb(·f> Oil the 
fee(1ing of ;;ulphur \\"ere the stom a('h awl small intesti ne. Ho ·.,·eyer , 
the Yalues of t he small intestine IYere iufiueuce(l, no doubt , to a lnrg·e 
extent by those of the stomach where no, or very little, absorption 
took place, and 'd1ence the sulphirle and sulph ate were passed on to 
the small intestiu e. The aYArage Yalues for the sulphi de- and 
sulphate-sulphur of t he stomach and sma ll i ntesti n nl conte nts ·of t h e 
sulphur-fed gToups 11·ere, r espectiYel:-·, 15·4 and 2 ·4 times as mu("h 
as the correspo nding material from the ("Ontrol animals " ·hereas the 
respecti1·e average Ynlues of the c·aet·al and large intestinal contents 
were only 3 · 9 nnd 1 -4 times as much as those from th e control group. 
That th e in crease in sulphate-sulphm· \Yas not due to th e oxirla t ion 
of sulphide to sulphate in the course of the rletermiuution \Yas 
<Hwerb in erl b.1· the fact tha t ''"hen water , "atnrate(l w ith h,vthogen 
sulphi(le , was arlrl erl to pnrts of th e intestin[ll contents o·f anothe1· 
group of rats on the control diet , and the det·ermination s fu rther 
ca r rie(] out a;; before, there \Ya s found to he no increase, ,,·hntsoever, 
in t h e sulplwte c·ontents. Thi s might baYe been du e to a more C"opius 
fiov;· of in te;;tinal ;.;en eti ons inrluced by hydr ogen sulphiclP initation, 
01 to a greatAI" contentt"ntion of sulpha tPs i11 the sPnehons of t h e 
sulphur-fed rats, or to both. 

AlJS01'JJfion and E.1·uetion of S ·ulphur. 

'l'l1 e results obtaine(l sv br inclicaterl th[lt elem enh1ry sulphur 
I\" [IS h·ansformed in the (ligestive had into an n hsoi"ba bl e form , nnd 
that by the time the co11tents renched the colon about 08 per cent. of 
i he original sulphur iu th e r [lhon hacl Ji.sapvearecl. rl'he extent to 
"·hich sulphur is absorbed and e:s:neted hv the orga ni sm, therefore, 
:;till remains t o be determin ecl. HmYeYer ~ it shoulcl he poi ntec1 ou t 
t hat, under the experimental con(htions, the nbsorption of sulph ur 
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SULPHUR METABOLISM. 

could not be calculated from the difference bet"l"l"een the intake of 
sulphur in the ration and the output in the faeces in Yiew of the 
fact that sulphur was lost in the faeeeR in the form of hydrogen 
sulphide. The only alternati'"e, therefore, was to calculate the 
absorption of sulphur from the increase in total sulphur in the urine 
rluring the sulphur perio<l oYer an<l aboYe that during the control 
period. 

The experiment >Yas run in duplicate form with male albino rats 
with an aYerage weight of 165 gm. The metabolism cages \\·ere of 
the same type as described by Falcon-Lesses (1930) . The basal ration 
is gi Yen in Table I as Ration II. Fresh clisti llecl water was at all 
times aYailable to the animals. Since it was found by Le"·is and 
Lewis (1927) tl1at sulphur. when incorporated at 0 · 5 per cent. and 
higher levels in the ration of rats was toxic, it was feared that the 
animals \Youl<l suffer from anorexia and subsequent c-achexia, and 
therefore deemerl impracticable to attempt to equate the daily food 
intakes of the rats under the experimental condition s. Consequently 
weighed portions of the experimental diets were suppliecl in such 
quantities that the animals could consume the diets ad lilritum while at 
the same time the food intake was accurately known for each period. 
However, it will be seen from Table IV that the average food 
consumption per animal per clay did not vary very much for the three 
periods, being 8 · 5, 10 · 0 and 9 · 3 gm., respectively, for the pre­
sui ph ur, sulphur and post-sulphur periods. After a preliminary 
periotl of fhe days commencement was made with the collec-tion of 
the excreta of the pre-sulphur period. The transition periods between 
the presulphur and sulphur, and the sulphur and post-sulphur periods 
were each three clays long during· "l"l"hic-h time no excreta were 
collected. These three-day ·transition periods were adopted beeause 
it was found in another experiment (Table VI) that after the com­
mencement on a sulphur diet, the total sulphur in the urine of rats 
increased until the third day when it reacl1ed a more or less constant 
level, and it might be assumed, therefore, that by this time the tissues 
were saturated with sulphur (H2 S and sulphates) and that the 
excretion of the latter in the urine was equal to its absorption. The 
urine and faeces were collected daily and thP latter immediately dried 
in a steam oven. At the end of each period the dried faeces " 'ere 
freed from all h air, weighed and pulverised for analysis. The total 
sulphur in the faeces was determined as previoUF;ly described. In 
collecting the urine, the metabolism cag·e, funnel, separator and 
bottles placed for collection of faeees nncl urine, respectively, were 
washed down daily with a brush and dictilled water . It was preserved 
with toluol in a glass stoppered bottlP kept in an ice-chest until the 
enrl of eaeh period when it was made up to volume and filtered throug'h 
filter papeL The total sulphur was determined by the Benedict 
method as modified by Denis (1910). 

The results obtained with the 0 · 5 per cent. sulphur ration are 
summarised in Table IV. 

It will be seen that the extent to which sulphur was " stored 
and lost" daily during the sulphur period was, on the average, 2·8 
times as great as during the pre-sulphur one. The excretion of 
sulphur in the faeces for every 100 gm. of food eaten "·as on the 
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SlJ LPIIUR )lE'LI"llOLIS~ I -

aYerage 03-T, 291·1 and 35 ·!) mg- . for the p1·e-sulphur, sulphur and 
post-sulphur periods, respecti ,-ely . It i s dear, therefore, that for 
eveyr 100 gm. of food eaten the animals excreted 2·2 mg. more sulphur 
in the post- as compared with the pre-sulphur period. Furthermore, 
when it is remembered t l1 at t h e animals consumed on an average 
0·8 gm. more food per n1t per day during the post- as compared \Yith 
t h e pre-sulphur period 11·ith a consequent shorte1· period of time to 
finish 100 gm . of food. it is e1· iL1eni that a transition period of three 
days was not long enough to d ear the digestiYe tract of its sulphur 
of t h e previous (sulphur) 1·ation. lt ''"ill be obserYell further t hat 
t he excretion of sulphur in the m·in e for eYery 100 gm. of food eaten 
was on an average 120· 5, 22:1·6 nnd 143 ·6 mg. for the pre-sulphur, 
sulphu r and JlOSt-sulphm p E'riorls . ] t is eYi tlen t, therefore, that 
although the aYerage lo~s of " ·eig-ht during the post-sulphur period 
was no m ore than t hat during i'l1e pre-sulphur one, the animals 
excret-ed for e1·er .v 100 gm. of -food consumed about 20 mg. more 
:mlphur iu t h E'ir urine th1r ing tile p ost-sulplnJr period as compa1·ed 
" ·ith the Jn·e-,.;ulphur one. 'J'hi ~ greater e:-;:netion of sulphur \Y as 
partly lhlt-, no doubt, to the t~bsorption and exnetlou of sulphur 
r eta inecl in the digestive t r act all(l partly to tl1e elimination of sulphur 
stored (unpubl islJ t-ll llatn) in t he boll~- t issues. 

T h e a\·erage parts, as per(·e ntage, of the tobl sulphur output in 
t he urine were 18·05, 43-!)0 an(l 19·9!) for the pre-sulphur, sulphur 
aiHl post-sulphur per iods respectiHly. This i11dicates that t h e extent 
t o \Yhi ch th e ,;ulphur " ·as e:-;: n et ed in the urine during- the sulphur 
pe1·ioll " ·as about 1 ·8 times less than durin g the pre- and ]Jost-sulphur 
periods , and sugg-esls t hat tl1e el ementary sulphur was metabolised 
t o a un1ch smaller extent than t h e fooll -sulphur of t hi s ratio11 . 
HoiYeYer, all these Yalues ar e sli g htly too high in YieiY of the fact 
that son1e snl]Jhm· was lost in the faec·es as h~·llrog-e11 sulphid E' aucl a 
trne1· index will therefore be the p ercentage of the total sulphur 
intake, excreted in the u rine. These Yalues ran parallel with the 
fmegoing ones and \Yere 61 ·15, 8G·i!) a nd 19-GJ for the respediYe 
periods . 

From the tl1e 1·esults g-iYen in Table IV tl1e ah,;orption of flower ;; 
of sulplnu ca 11 nmg-hly be calculated . In so lloing- it " ·a;o; assumerl 
t ha t t he percentag-e of t h e " food-sulphur " inta ke, exl·r eted in t h e 
urin e during the sulphur period was equal to that lluring- the pre­
sulplmr one aud n correction mt~tl E' accordingly , a nd fm·ther that by 
the ti me of the thinl da_,- on a sulphur ration the body t issu es were 
saturntecl wit h t hi s elem ent ancl thnt, tlwrefore, th e exnetion of 
sulphur iu t h e m ·ine was equal to its absorption. Furt-hermore . b~­
llil>reg:n·rlillg t he unequal (·atabolism of body t issm~s during- t he pre­
aml sulplnn periods , an approximate Yalue of 2-±·G per cent. ''"as 
obtai nell for the absorption of flo" ers of sulphur. 

IIo\YeYer, t h e h ig-h ('On('enbation of "fooll -sulplnu " in the 
ration m ight haYe infl uen cer] tLe absorption of elem entary ~ulphnr 
m· rire rersa., and it wa& C0'.1si clered necessary, tl1 erefore, also to 
determine t h e absorption of elementar)· Rnlplnu on a ration Yery lmY 
in " food-sulphur ". For tltis purpose two different male rats \Yere 
employed and th e composition of the b asal ratio n used is g-iven in 
Table I as Ration III. 
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For a fe 11 exception s the result ~. suuJmari,;ed in Table V, run 
parallel to those gi Yen i n 'L lllle l Y , a JJ cl will t hen•fore not be lli~('u,;~el 1 
111 d etail. Th e aYera ge food l·on suJnption p er nit plel' da.y wqs !J · 1, 
6·8 and 1 ·0 g m . f o r t h e p r e-sulplmr, sulphur <ill<l post-sulphur 
period ~ . ,,·herem; t h e ~nenige lo"~ in weigh t oYer tlH' ;;am P iniPrYa] 
of t.in1 e ,,·as 0· 6, 0 ·-t-;{ an d () ·](j g111. for ti1P respediYP per i ods. 
1hH ing t h e p re-sulplnn ;mel sulph ur ]JPri och the s ulpl1ur balance 
Rh m1·ecl a ga in of () · 1 an d 9· () mg·. Tesp el'tiYPl.v, per rat per d ay, 
wh Pr eas i 11 tlJ P post -su lplim· pe r io(l t l1 er e 11·a s a los,; of 1 · :) m g . per 
n 1t l l<i il~- - ThP Pxr-r etioJI of s u lplnn in the fael ·es for eYe r _,. 100 g m . 
of food eaten 11·a ,.; 011 t h e <iYera gP t)E\·G , -1:!! 1 · 0 a lUl 102 · 1 mg . JlPr nll 
dm·i ng t h P presulplnu, sulphur and p o,;t-sulplnn p er iod s . n>.-;p ecti \'Ply, 
<ig<ii n i.Jill i('ati 11g tl1:il a t r an,;i i io n Jle ri od of tlnPE' ll:iy s \\'as too sl iort 
to l'lea r t he di ge~ ti Ye t ra d of th P s ulphu r of til e' Jll'(' l· iou s r:ilion. 
The e:snPtion of cmlphu r in ih e m ·ine for en• r.1· ]()(} gill. of' foo d 
l'Ons umPd 11·a,; on t hP aYP ragP 44· 1, 4S(i·l an ll :2.'-\·() mg . for thP 
J·es]JPdii·P pe 1· iods . T he rPa so n ,,-11_1· in t hi s e:spe r illlPnt ti1P aninJ<IL 
P:SnPte(! lP.'iS s ulpl1111' in j hP post - ;t,; l'OlllJiii iP(] \\'it-11 !li P pre-s tt!p Jnn 
p r riod is not qui tr d ear. It s l1onld h e n•nJenJl,P rPd t ha t thP a n iJ iials 
jl<Jr!ook on t·he ai-PIUg'P 2· 1 gm . ] p~:-; fonrl lluring- tiJP ]Hl"t- a s l'O\lljl ill'Pll 
"·it h tl1e prP-snlp h n r p Priod 11 itll a ('OJJ,;Pquent long-Pr intPnal of 
ti n ~t• to (·o n ,;n nJe ] ()tl g-·m . of fond. a nd for thflt n•:Json :1lon0 onp 11·nulll 
h al-l' expl'dP<l r-·1·en :i gTe:Jt·er e:s l'rPtion of ,;ulphnr in il1 P urine rlurillg' 
ihP post- <Is l·mnpm·e<l '"ith tlJP pn·-snlphur 1H'riod i n Yi PII' of the 
hwt t lwt the lon ger t h e time of oh;;eJ·Yfttion tl1P gre:1ier 11·ill lw the 
elem ination of enrlog-Pnm!s ~ulphur. 

The pt' rcent.Jg·e nf the iota l :ml]lllur o utpn t , excr e !Pll in th e nr i ne , 
1\' ii:i on t)J p fl\'l' I'<Jg·p -J-2-G . -J-!)·j il nll 2:)·2 . :Ill() t hose :IS lleiTPlli<lg'P of 
the tota l snljli11n · intakP IYel'e -t- :"{ ·2. -±-1:· -t-:1 :m d 2G · () fm· i hP ]llP­
sulphur , snlplll JI' a nd post-sulpl11n p e r ioll s respPdiYPly. ' l' hesP hYo 
,;pj,; of rPsulis run p flrnllel a n rl sirPss hnthPr thP point th n t tlw 
Pc-.:tPnt to 11·hir·h ~uln l l1lr \\' :J S ex n etPll rluri1J g- t lH· post-sulph ur pPrioll 
\\':J ,S lll Ul'll :i111 :1 JlPr tl J:Jll j lJ;Ji rhni ng the ji i'P-tlU]p hlll' lliiP, illlll OliP is 
t lJPn•for P l ea rl in i hP l:Pl ief t h:Jt t h P arlnJ iniodTation of s ulplniJ' to 
1·ah to th e pxlen i of ] pPr l'l'nt. i1 1 their 1·:Jtion ,,·a.-;, unrl Pr il1P 
e:s pPr inw n in l l'Oll ll i t ion ,; , i n j1JJ-jou,; to th<> i r l;i cin PYS :11Hl intl'rfnrcl 
wit !1 tl1 e n orn~;d p h \ ·.-;iolog·i('a 1 fnn(' t ion of th r lat·t r r. 

l l rnYeYPr. t h e P:stent to ,,-hi(' h ,;nlplnn " ·a s e :-;:nei<'<l in il1e uTi n e . 
e:sp l·l'.'iSell :I S p pn ·eni<Jg·e of th0 tohd sulphur iJJi<JJ;p_ 111' ilw ]JJ'P- (:Jn<l 
post-) S!!lp lnn peri o<l of Tahl P V lliffPr<' d m:n·kellh- fnJJJJ ihni in 
Tabl e I Y . In t he btte1· tabl e it is sll o\\·n tlwt th e "foorl-s11lpln1r" 
of TI :~ t io n II w:is P:>;:<· J·pted in tl1 e tll'in e to tl Jl' PXI<' n t (;i1·en1g·p) of 
()1· I!) p e r l'e ni. wllP I <' i1 'i that of Rn t ion TTI (T<i hle Y ) " '"'' ex('J '<' i ed 
to tl 1e e:stPn t of onl_1· -±:")· ] 1 ]JP I' <'P ilt. \Yiih a <liffen'lll'P of 18·() p er 
cen t. 011e i ;; hound io l'on r-lurll' ihflt the "foorl-sulplmr " of hasal 
Rfthon II w hi r·h 0on tained l'~lC'Pin - :lllrl cereal-~. \\~as ahsorhed t o n 
gTl'<der P:sient il1a n ilwt of hns:il R:ttion TII '' h icl1, eWP]Ji fm· the 
liti-lP sulpl11u Jlr ese n t iu the YP:Jst :Hllle rl. on h cont:1inerl ('fl sein-S. 
IIoii'PYer , hasn 1 Rfttion J TI n i ~o I'OJJi:JinP!l 8 J.IPl' l'PJJi. of lanl :111(1 
it 111 ight he t-l1at t h e l atte1· al't ouni Pd to a l'erinin exteni fo1· th e 
small er :Jl1smption of tlJ P" fon (l-snlplnn ''of tl1is rnt ion. 
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The absorption of elementary sulphur, calculated £rom the results 
gi.-en in Table V (S-ration III) as previously described, was 44 · 6 per 
cent. This figure agrees fairly well with the ,-alue ( ± 38 per cent .) 
g-iYen in Table II but is 20 per cent. higher than that obtained on 
S-ration II. HoweYer, a comparison of the results given in Tables IV 
and V shows that \Yhen elementar.v sulphur is ing-e8ted with a ba;,al 
ration that is rich in readily available " food-sulphur ", the absorp­
tion of elementary sulphur is low (Table IV), whereas, on the other 
hanrl, "hen the absorption of " food-sulphur" is lO\Y, the organism 
compensates by taking in more elementary sulphur v.·ith a con sequent 
hig-he1· percPiltage absorption of the latter (Table V). This .-iew­
poini seellls to be 1:mppmted by the fad that the percentage of the 
sulphur intake, ex("):eted in the urine, on h ·o rations that \Yere quite 
ditJerent .in tl1eir compm;ition and sulphur content, were dose to one 
anotl1er-. From the results gi\·eu in Tables IY and V. it will se seen 
that t·he nYerage for these Yalues \Yen~ ;~G·7fi and 44·40, or bettP.r, 
the <1iiterence behYeen the percentage of the sulphur intake, excreted 
in the urine during the t"o rlifferent pre-sulphm periods, was 18·6 
pe1· rent., whid1 waR J)l"actically equal to the difference (20 pe1· cent.) 
in the absorption of elementary sulphur 0n the t"o different sulphur­
rations. 

Th e lewl at whi<·h the feeding of elementary sulphm (hydrogen 
:mlphide) turns to be toxic may, therefore, he c·ontrolled to a c·ertain 
extent by the concentration of easily a,-ailable " food-sulphur " in the 
ration, and the reason why L ewis an<l Lewis (1927) found the feeding 
of the same le,-el of sulphur \Yith the ( lshorne-)£endel lo'" protein 
<liet to be less toxic than ,~·ith the Sherman-Merrill (1925) milk 
pmnler-starch cliet might probably be explained by the fad that the 
former <liet did uot only contain a slightly higher proiein content 
(foo<l-sulp h ur) but also 4 · 5 per cent. of Osborne and )fen del salt 
mixture (1913) which contains sulphates. Furthermore, the cause 
of the low abfiorption (10 per rent.) of sulphur. as found bv D enis 
ancl Reed (Hl27) v.·ith clogs, according to the same method, might 
partially be found in the omission of a fev.· cl ays sulphur-transition 
pe1·iod during which time the percentage of the sulphur taken in. 
P.xereted in the urine, was undoubtedly brlow that of the ;;ucceedi ng 
rlays on ihe sulphur-ration, and partiallv in the hi;:rh eonC"eniTation 
of "food-sulphur" in their ratimlR. 

In orcler to determine the forms in which the absorbed sulphur 
\Yere exr1·eted in H e urine an experiment \Ya R performed iu "·h iC'h 
the total nitrogen . total sulphur, total sulphate and inorganic sulphate 
were <letermined ill pvrr.\· 2+ honr urinP ~amples. 

The difficulty was of courses to acquate the daliy food consump­
tion. This "as considered absolutely essential if a clear insight were 
to be obtained as to v.-hat '"as happening to the absorbed sulphur in 
the animal organism when fed rations with anrl without the addition 
of sulphur. Preliminary experimentation "ith rats ou Ration IY. 
'fable I, shov.·ed that yery soon after a 1 pPr cent. arlclition of sulphur 
to tl1i s diet, the animals began to suffer from anorexia and subsequent 
loss of appetite. However, it was eventually observe<l t hat the 
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J. H. KELLERMANN. 

addition of an alcoholic yeast extract (Yitamin B 1 ) equiYalent to 5 gm. 
yeast per 100 gm. ration and prepared according to the method of 
Guerrant and Dutcher (1932), the animals did not lose their appetite 
as readily and continued to eat about 9 · 5 gm. of the sulphur-ration 
per rat daily. Consequently Ration IV plus the yeast extract was 
used in the following experiment with and without the addition of 
1 per cent. of sulphur, and the daily food consumption was kept 
constant throughout the entire experiment at 9 · 5 gm. food per rat 
daily. 

The experiment was nm in duplicate form "·ith three adult albino 
male rats to a group kept together in a single metabolism cage. The 
urine "·as collected as preYiously described an<l immecliately analysed 
for the <"onstitueuts aheady mentioned. The sulphur fractions were 
determined by the method of Fiske (1921) and the total nitrogen by 
the direct X E>sslerization method of Koch and McMeekin (1924). 

The results obtained with Group I* are given in 'l'ahle VI. 

It is seen that the feeding of 1 per cent. of sulphur in the ration 
manifested its effects on the animal organism already on the first 
<lay of its administration when 60·9 mg. of nitrogen were excreted 
above the aYerage for the pre-sulphur period. Furthermore, the 
effect of sulphur betrays itself right through the 8-day period sinee 
the sulphur was retracted from the diet and, curiously enough, even 
on the last day of observation when the animals had regained almost 
all of their \\·eight lost cluring the sulphur period, the nitrogen 
excretion was still "\vell above the average for the pre-sulphur one. 
Unfortunately it cannot very well be ascertained from the results 
as to " ·hether the g-reater excretion of nitrogen during; the fmh, lnn· 
and post-sulphur periods was due to a greater excretion of organic 
bases or to an increased excretion of endogenous nitrogen 
(creatinine) in view of the fact that only the total nitrogen in 
the urine was determined. Ho\\·ever, judging from the excretion 
of organic sulphur in the urine, which in itself is an index of 
en(logenous metabolism, it is clear that the increase in total nitrogen 
exr·retion cl.uring the sulphur a11cl post-sulphur periods was in no way 
proportio11al to the increase in organic sulphur excretion and should, 
therefore, not be attributed to an increase in creatinine hut to a 
greater elimination of some of the other nitrogenous compouncls in 
the tuine. This observation substantiates to a certain extent the 
obserYations of Cuthbertsen (1931) "·ho found that the rise in the 
excretion of total nitrogen during cotHlitions (human) of increased 
catabolism due to injury was mainly due to a proportionate increase 
in the amount of urea, whereas the creatinine (and neutral sulphur) 
showed little or no alteration in the absolute amount passed.. Furtl.er­
more, when it is recalled that Lewis and Lewis (1927) observed a 
peripheral zonal necrosis in the livers of rats which died as a result 
of sulplJUr toxicosis, it is most likely that the rise in total nitrog·en 
excretion in the urine of rats during the sulphur and post-sulphur 
periods of the present experiment was due to an enzymic solution of 
necrotic tissue, and a large part of its nitrogen was probahlv ex<·retecl 

* 'fhe results obtained with Group II ran parellel with those of Group I 
and are therefore omitted for the sake of space. 
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as ammonium salts of the acids formed from the oxidation of hydrogen 
sulphi de to sulph ate in the animal body [ lhuuble, Hos::;, and Tindall 
(1923), 8herman and Gettler (1912), ancl Shingu (1932)]. 

'Wit h regard to the exnetion of sulphur, it is evi<lent t h at 24 
hotus after the rats were put on the sulphur ration, the tota l sulphur 
in the urine \Yas a lre.:uly more tban -! tillles as hig h n,; <·omparecl 
with that on the hasa l tliet, aml that by the time of the third day 
on the sulphur ration , tl1e total :mlphur had reached a more or le:>s 
constant level. Like" ·ise t he total and inorganic sulphate Yalues nm 
parallel to that of the total sulphur. As a matter of fact t he increase 
in tDtal sulphur and sulphate sulphur was pntdically due to t he 
increase in inorganic sulphur alone in Yie"· of the fnd that th E: 
ethereal sulphate .an(l organir sulphur di tl not underg-o <lilY 

appreciable el1anges (huing the (lifferent period~ . 

The absmption of element<n,· su lphur , r-a lc-ulate<l as pleYiou,;ly 
clesnibe<l ancl h~- ta king· the an·rage total urillnry ,;ulplmr exnetion 
of only th e l ac;t three <l a~·s Oll th e sulphl!r ration, wa,; founrl to be 
20 ·92 per cent. The reaso n for the rather low absmption of ;;ulphur 
ou this ration \Yas propably ag-ain the 1n-esence of a large a mount of 
easily aYailahle " food-sulplnu ., and, the1·efore, a::; will be expected, 
is iu dose ag-reement ''"ith that ohtaine<l 011 ~ul11hur-ration II 
('l'ahle I ). 

During tl1e fir~t bn> (la_,·s .r~fter the retraction of sulphur in the 
ration, the inorganic ;;ulphate (also the total- anrl sulphatr-omlphur) 
dropped Yery marke(ll:v t o a leYel still about 2·5 times as high as that 
rluri11g th e pre-sulphur period . F rom here the inorganic sulphate 
rehnned Yen· s lo,dy to the !lormal leYel an(l 8 claYs after t he 
eli scoutinuati;m of sulphur feerling the inorganic sulphat~ \Y()S still 1· (j 
times as high a:; that (huing th e pre-sulphur one. };,-i<lentl,,- then 
th e elimim1tion of sulphur (s ulph ate) hom the animal org-anism takes 
plnce nt a ,-ery slow rate . 

H mYeYer , it " ·a,; poiJJ t ed out ahead:v- in th is article tha l a :~-day 
trm1s ition periocl wn ,; uot lollg Puoug·h to d ear th e (lig·e;;tiYe tract of 
t h e sulphur of the p re1·iou ,; n tti on, and i t might be, t herefore, that 
the sl0\1· urinary e:-;:ereti ou of ~ulphur during· the post-,.mlphur per iod 
" ·as pa rti~d l.'· due to th e absorption of snlplnu siill reia in erl in the 
cligestiYe h-ad. In or(ler, therefore, to g:n i n m ore inform()tion ou 
this point, th e (listri bnti on of sulplnn in the faeces of 1·ats 011 rations 
l.ow and hig-l1 in sulphur conteut was studied in g-rea ter cletnil. 

'l'hirty adult r ats \Yet e kept in large cages with scr een bottoms 
and fe<l Hation IV (Table I), "-i~h and without· 1 w~r cent. of sulphur. 
and distilled " ·a ter ad lil11tum. The faeces 'wrP coll Pded on filter 
paper and ouly tl10~e tlmt ''"ere un conta mina te(l ''"it11 urine were usNl 
for aua ly~is. They "·ere ana lysed for th e following- constih1ents: 
totalS. sulphate S , combined H 0 S-R, free H 2 S-S an<l " rest " -S. The 
latter Yahie m1~ obtained h om t]Je (lifferen re hetwee11 total sulplnu 
ancl the sum of the other three constituents. T'he an ~tlYses were 
immedia teh · c·aiTied out on the hesb material a nd the n;ethod~ of 
<l ete r-mi na tl ou were the same a~ described prPYiousl:v. 'rhe com bin e<l 
H 2 S-S " ·as detenni ned in t he same wa~- as th P h ee H 2 S-S except tha t 
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th~ faeces were diluted with 25 per cent. Hcl before distillation 
im;tead of with distilled water . 'l'he days on \Yhich the faeces were 
collected for analyses, were the 5th, 5th and !3rd of the pre­
sulphur, (') sulphur and post-sulphur (2) periods respectively . 

'l'he results are g-iven in Table VII. 

TABLE VII. 

Distr£lmtion of Rat Faeces-Sulphur on Rations Low and Hir; h in 
S11lphm Content in terms of mg. Sulphtl?' pe1· 100 gm. Dry Fa.eces . 

Moisture 
per cent. 

24·80 

13 ·16 

l/ ·71 

Total S. I Sulphate S. I Combined 
H,S-S. 

I 
PRE-SU LPH,UR PERTOD. 

411· 8 ll4· 7 34·9 

SuLPH UR PERIOD. 

6316·3 170·3 75·2 

PosT-SU LP" UR PERIOD. 

822·1 127·8 
I 

36·2 

" Rest" S. 

7· 8 254·4 

64·3 6006 ·5 

8· 1 650·0 

rt will be seen that all of the um~tiiuenh in the ±aeee:s of the 
sulJJhur period were mueh h igher than those of the pre-sulphur one. 
The " rest "-sulphur of the sulphur period \Yas 23 · 6 times as much as 
<'ompared with that of the pre-sulphur one and it is evident, there­
fore, that a tremen<lous amount of the elementary sulphur h as passed 
through the alimentary canal without being affected by the intestinal 
tl.ora. Furthermore, 0 cla:vs after the di scontinuation of sulphur 
feeding (post-sulphur period) the total and " r est " sulphur valueR 
wete still about twice as h igh as those of the pre-sulphur one, 
indicating that at that time a l arge amount of sulphur was still 
present in the digestive tract. Evidently then, the sulphur must 
have clung or been imbedded in the intest inal mucosa because it is 
well known that mueh less time is required by the rat to clear its 
digestive tract of the residues of the previous ration. As a matter of 
fact , Faleon-Lesses (1930) h as founrl with r ats that the beginning 
and end of fl.ifferEnt feeding periods, as determined by carmine, 
usually took from 18 to 24 hom·s for appearance, and it must he 
concluded, therefore, that t he slow excretion o£ sulphur in the urine 
was partially due to the slow evacuation in t he digestive tract. 

C) Jn this case no transition periods were allowed and by , for instance, 
the 3rd day of the post-sulphur period is meant the 3rd day after the dis­
continuation of sulphur-feeding. 

12
) B ecause t'he sheep is a more suitable animal for a study o.f t his nature, 

a. more extensi,-e account of tbe excretion of sulphur in the faeces is given 
in t a ble XI. 
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SULPHUR METABOLISM. 

SHEEP ExrEHDlEXT. 

AbsoTption and E.rcrPtion of S11 l]Jl!lt 1'. 

It was <leemed nece6sary, for the sake of comparison, also to 
i1n-estig.ute the absorption aucl excretion of sulphur in <>heep, in vie"· 
of the fact that there are so many anatomical and physiological 
<lifterences between the digestive sy:>temt; of omniverous an rl 
herbiverous species . 

'1\Yo G-tooth Merino " ·ethers, JJ.O.B. Xo~. 3'2841 and :)2871, \\·e1·e 
used in this experiment. They were put m metabolism cages .un<l 
fitted "·ith harna s<>es "·hich, except for a fe>c alterations, were 
coustruci eel :H·corclin g to the descriptions of H.o~s, Bosman, et al 
(1827). The dail~· b.asal ration per , h eep eonsistecl of 200 gm. cut 
up lucerne hay, 400 gm. nushe<l ~·ellmY maize and 4 g·m. common c;·.dt. 
'1' his ration ,;u pplie<l , acconlin I'' to Ann sb~·' s (19'22) figures, euongll 
energy fm 1uaintenan('e. During the first tra nsitio n a n<l sulplnn 
periods ('fable VIII) each sheep also re('eiYed <bily 5 gm. of sulphur 
which "·as mixe<l witlJ the yello·w maize. The animals '"ere onh fe<1 
in the mornings and in alf of the period,; the1·e 1nts no r efused. feed 
at mw iime. }' resb distilled 1Ynter " ·as at all times available to the 
anim~ls. At the beginning and end of the expe1·iment sheep 82841 
weighed 79·.5 lb. anrl 79· 5 lh., and sheep 82871 Gf:\·6 lh. and 
7:J·5 lb . respedi,·ely. B efore the experiment 1Y<B stm·ter1, about 
};)() lb. of lucrrne ha.v was thoroughly mixed aurl put aside fo r this 
experiment . Likewise about :100 lb . of crushed yellow maize was 
mixed and :;tmrd. ApJ1rO:s:imatel~· 500 gm. of each " ·ere ground up 
separatel,v· and kept in )lason ja rs for ana lysis . 

'l'he f.Je<·e:> all<l urine we•·e colleeterl <lailY but discarder1 for the 
:first 12 days. The faeces were dried imn;edi.ntely in a hot air oven 
kept at approxi111ately 70° 0., mixed and '"eigherl at the enrl of each 
period anrl about 50 gm. kept for anal~·sis. 1'l1e fae<'eil \Yere :malysed 
for total sulphur anrl nitrog-en. The sulphur '"as determined as 
previously rlewrihed and the nitrogen by th e Kjelrlahl mPthor1. 'rhe 
urine '"as measured and anal:vse<l at once for total sulphur anfl it;; 
various fractions, as preYiou,;l,Y rles('ribed, and for total nit rog-en flT1d 

creatinine . For t he determination of total 11itrog·en 5 c .c. of uri11 e 
'"ere accurateh· measurerl out into 2G r·.c. stoppered bottles anrl 10 
c.c. of concenhaterl sulphuric a<'irl aclcled. The bottl es " ·ere th en 
Rtorefl at room temperature until the eurl of ihe experiment when 
their contents '"ere emptied into 800 r.c. Kjel<lahl flasks and the 
bottles rinsed out hYice with 5 c.c. Jlfll'tions of strong H,SO ,. Tl1e 
rest of the nitrog-en determinnt.i.on was then carried out as desnilwrl 
b~· Hawk ancl Bergeim (1931). The creatinine was clrtr1·minrrl 
according to the method of Folin (1914) ,,·ith t lw use of a pnre 
creatinine staucbrrl containing· 1 mg. of ('l'eatinin r per r·11hic 
rentimeter. 

The results(') obtainerl with sheep 0'2R41 are presenterl ill 
Tables VIII, IX, and X. 

(') The data obt.ainecl 11·ith sheep !32871 ra n parallel to t h ose of sh r,>ep 
32841 and were , therefore, omittrcl for the sake of space. 
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SULPHUR METADOLIS:M. 

It will be seen from Table VIII that the feeding of 5 gm. of 
sulphur per sheep daily had no effect on the daily nitrogen balance 
and the ]_Jercentage of the total nitrogen output in the _urine. The 
former varied from 1·15 mg. to 1· 73 mg. ·with an average value of 
1·52 mg. for the five periods, and the latter varied from 78·16 to 
82 · 77 per cent. with an average value of 79 · 87 per cent. Evidently 
then the administration of 5 gm. of sulphur per sheep daily had, 
under the experimental conditions, no deleterious effect on the 
animals. 

From Table IX it is dear that the greatest positive balance of 
sulphur (stored, and lost as H 2 S) was during the first 7 days on the 
sulphm ration, probably due to the saturation of the tissues with 
hyclrogen sulphide and sulphates whereas an actual negative balance 
was observed during the first 7 days after the retraction of sulphur 
from the ration due, of course, to the large excretion of sulphur 
stored in the tissues and retained in the digestive tract. This 
phenomenon is further stressed by the fact that the pen:entages of 
the total sulphur intake, excreted in the urine, were 24 ·1G for the 
tram;ition period previous and 53 · 44 for the one after the sulphur 
period, being also the lowest and highest values for all of the five 
periods. 

The " Stored " sulphur \Y::ts excreted very slowly because the 
average claily excretion of sulphur in the faeces during the pre­
sulphur and post-sulphur periods was 382 ·7 mg. and 422·4 mg., and 
the average daily excretion of total sulphur in the urine was 
430·7 mg. and 494·0 mg. during the respective periods. Further­
more, the percentages of the total sulphur intake, excreted in the 
urine, was :~5-72 and 40·69 during the pre- and post-sulphur periods, 
respectively, whereas, as would be expected, only 29 · G9 per rent. was 
exereted during the sulphur period. 

'l'he absorption of elementary sulphur during the sulphur periorl , 
calculated as previously desrri hed, "·as 28 · 13 per een t. which is 
somewhat higher than the values obtained with rats on mixed diets 
cont::1ining casein- as well as cereal-sulphur. 

From the data presentecl in Table X it might be concluded th at 
the daily administration of 5 gm. of sulphur per sheep had no effect 
on the total nitrogen, creatinine and ethereal sulph ate excretion in 
the urine. Likewise, except for a few days of high organic sulphur 
excreti011 during periods II and III (which were not observed in the 
r;nse of sheep 32871) the feeding of sulphur also seemed to have had 
no efied on the excretion of thie fraction. It is clear, therefore, that, 
as with 1·ats, the feeding of sulphur resulted chiefly in an incre<Jse 
in the inorganic sulphate-sulphur in the urine thus substantiating 
the observation of Denis and Reecl (1927). It will be seen that the 
1norganir sulphate-sulphur fraction during the sulphur period 
~aYerage of the last four determinations of period II) is 7 · 7 times as 
high as compared with that (average) of period I (basal ration) and, 
furthermore, t hat it took at least 11 days, after the discontinuation of 
sul]_Jhur feeding. for the inorgflnic sulphate-sulphur to return to its 
normal leYel. 
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SULPHUR METABOLISM. 

In order to see to what extent the retention of sulphur in the 
digestive tract was responsible for the slow excretion of sulphur in 
the urine the experiment ''"as repeated with sheep 32841 on the same 
ration and the faeces of only certain days collected. These were 
immediately analysed for total sulphur, sulphate sulphur, etc., as 
previously described. The results are given in 'l'able XI. 

It will be observed that all of the different sulphur fractions in 
the faeces during the sulphur period (period II) were much higher 
than those during the pre-sulphur one (period I). The average total 
and " rest " sulphur per 100 gm. dry faeces during the sulphur 
periotl ''"ere 10·1 and 12·3 times as great as compared \Yith those 
during the pre-sulphur one, .and it is evident, therefore, that a large 
amount of the sulphur must have passed through the digestive tract 
without being affected by the intestinal £ora. Furthennore, as "·as 
found "·ith the urine, it took most of the ronstituents about 11 to 12 
days, afte1· the discontinuation of sulphur feeding, to return to their 
normal level ancl it is cle.ar, therefore , that the slow exnetion of 
sulphm in the urine must have been partially due to the absorption 
of retained sulphur before all of it was swept out "·ith the food 
residues. 

\Vith regard to the a bsOl'ption of sulphates, Amlre\YS ancl 
.Johnston (1933) and Nakashima (1924) have shmn1 that they are 
absorbed with diffirulty, and the results presente(l in this article 
showed consistently that they are also excreted very slowly from the 
animal organism thus substantiating the observations of Dakin (19n), 
Denis and Hobson 192~1), and Bialaszewicz (1931). Why this should 
he the rase iR not at all rlear y'lt. Cope (1~02) in his review of the 
literature with regard to the mechanism of inorganic sulphate 
~xeretion pointed out that the weight of opinion seems to be that 
sulphates are excretecl mainly by the glomeruli and possibly also 
slighlty by the tubules of the kidney. However, ''"hether this is the 
case and what bearing it has on the slow excretion of snlphates, are 
questions "·hich can be answeretl only hy further work. 

DISCUSSION. 

Evidence to date indirates that elementary sulphur can be 
transformed in the digestive trac-t into hydrog'en sulphide in which 
form it can be absorbed. After having been absorbed it is 
subsequently oxidised to sulphate in the tissues and excreted as :mch 
in tl1e urine. 

{)nnseqnently it iR difficult to see \Yhy the feeding· of f'U Jphur to 
sheep should be of any nutritional value in view of the fact that 
Henriri (1902), Askew and Bishop (1932) and Woodmr~n and Evan~ 
(1933) have shown, respectively, that Karo bushes, ~ew Zealand 
pastures, and feeding' stuffs in general are fairly rich in '\ulnhateR 
and total sulphnr. However, thiR doeR not seem to be uuiYersally the 
case. It was reported that the R1llnhur content .of nastureR in 
Coimbatore (1932-33), which ran parr~llel with that of calcium, was at 
all timeR of the year very low, and Aston :mel L:vons (19~12) clrew 
attention to the hd that the Yegetation in certain mountainous 
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regwns in N e\Y Zealand is Tery lmY in sulphur ancl that sulphur­
ieerling might, therefore, be benefici::d under such conditions. The 
form(s) in \Yhich inorganic sulphur may be beneficially utilised 
under those conrlitions remains to be seen. It may be that the 
inorganic sulphur is transformetl through the symbiotic action of the 
inte8tinal bacteria, protozoa, etc., into organic sulphur compoundB 
which in turn can be utilized by sheep in the synthesis of body tissues 
and wool-keratin as suggested by llimington and Bekker (1932). 
However, if that is the case, one will expect that the soluble hydrogen 
<mlphide (ancl sulphates), derived from elementary sulplnu, will form 
better nutrients for the micro-organisms than the insoluble element. 
Furthermme, the observations of Sugata and Koch (192G) that 
hy(lrogen sulphid e and sulphat'" sulphur can actually be c·onverted 
into yeast protein and probably at least iu part into cystine, and of 
"'Warth (19:)2) that part of the sulphates fed to cattle was transformed 
into some other form and not lost as H 2 S, lend support in a \Yay to the 
hypothesis of Rimington and Bekker. 

On the other hand, it may he quite possible that elementary 
i<ulphur, under certain rouclitions at le::tst, has a tonic ei!ect on 
animals (sheep) ancl so indirectly influences their growth and well­
being. Furthermore, when it is recalled that there is evii!enee to 
show that sur h unrelated substances to keratin strudure as iodine 
(Veghelyi, 19:i2), iron (Cunningham, 1902, King, 1930), zinc crodd 
aml Elvehj em, J 934) and even lecithin (Rewald, 1933) have some 
influence on \Yool- and hair-gTowth, it may he that elementary 
f'ulphur also belongs to this apparent group of ''"ool aml hair growth­
'ltim u lating factors. 

However, whatever the case may he, the effect of sulphur, if any, 
on gTo\Yi:h and wool production of r;heep remains r;till to be solved. 
'l'his can only be flone by careful and <liligent experimentation, and 
it is rather unfortunate that several of the inveRtigaton; who studied 
i;;he effect of sulphur on sheep had planned anfl eontrollecl their 
experiments so unsatisfactorily otherwise their results might have 
heen less conflicting and more convincing. The experiment of Steyn 
(1931, 1932, 1934), for mstance, " was planned to determine the 
toxic dose :mel not the nutritional value of r;ulphur ", but on obtaining 
what appeare<l to be marked increases in body weighi, Steyn was 
inclinefl to conclude that the comparative inrreases in the weights 
of the groups were significant whereas actually his results were only 
suggestive ancl not conclusive. 

Larger groups genetically and nutritionally as homogenous as 
possible (efficiency quotient: Palmer and Kennedy, 1901; Morris 
Palmer anrl Kennedy, 1933) together "·ith data relating to food 
consumption and the composition of the basal ration, apart from 
considering the advantages of individual feeding of the animals 
(Dunlop, 1903), are necessary to derive at more exact conclusions 
with regard to the effect of sulphur on body weight and \Yool growth 
of sheep. 

SUMMARY AND CONCLUSIONS. 
1. Experiments have been conducted with rats and sheep ' to 

fletermine the absorption and excretion of :flowers of sulphur, nnd it 
was found that both processes took plare at a relntively slow rate . 
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2. 'l'he steps in the metabolism of sulphur were its reduction in the 
digestive tract to hydrogen sulphide in which form it was absorbed. 
'l'he sulphide absorbed as such 'vas subsequently oxidised to sulphate 
and excreted in the urine as inorganic sulphates. 

3. The excretion of the inorganic sulphates took place very 
slowly, because 8 days after the discontinuation of sulphur-feeding 
(Ration IV, Table I, containing- 1 per cent. of elementary sulphur) 
the inorganic sulphate in the urine of rats vvas still 1· G times as high 
as compared with that during the pre-sulphur period. In the case 
of sheep, it took 11 to 12 days, after the retraction of sulphur (5 gm. 
daily per animal) from the ration, for the inorganic sulphate t·o 
return to its normal level. 

4. The slow excretion of sulphates in the urine was not only due 
to the storage of sulphur in the animal body but in part also to the 
long retention of sulphur in the digestive tract "·hence some \Yas still 
absorbed before all of it was swept out of the digestive tract with the 
food residues. 

!1. 'l'he rise in the excretior~ of total sulphur in the urine during 
the sulphm period above that during the pre-sulphur one, with due 
allO\Yanee for a transition period, serYed as an inrlex of the absorption 
of elementary sulphur, and when based on this assumption, the 
following absorption values were obtained :-24·6, 44·6 and 20·9 
per cent. by rats on mixed Rations II, III and IV ('I' able I) 
containing 0 · 5 per cent., 1 per cent. and 1 per cent. of added flowers 
of sulphur, respectively. It will be seen that when the hnsal ration 
was high in easily available " food-sulphur " (Rations II and IV) 
the absorption of elementary sulphur was lmY, \Yherea s when the 
absorption of " food-sulphur " was lmY (Ration III) that of the 
elementary sulphur was high. 

6. Apparently the level at which the administration of 
elementary sulphur will commence to show toxir effects, will be 
controllerl by the concentratio11 of easil;-· available " food-sulphur " 
in the basal ration. 'l'he larg-er the concentration of " food-sulphur " 
the hig-her "·ill be the toxic level of elementary fmlphur, and -ciae 
versa. 

1. The absorption of elementary sulphur, as determin ed by the 
Bergeim method on a protein-free diet (Ration I, 'l'ahle I) containing 
1 per cent. of sulphur, was £o1md to be about 38 per cent. 'l'his 
slig-htly lower value, as compared with that obtained on the low 
pr.otein Ration III, containing 1 per cent . of elementary sulphur, 
might probably be explained on the g-rounds of the incompleteness 
of the protein-free ration from a nutritional standpoint, and the 
subsequent marked state of constitutional disorder. 

B. 'l'he absorption of elementary sulphur by sheep "·hen ingested 
with the basal ration (200 gm. cut up lucerne hay, 400 gm. crushed 
yellow maize and 4 gm. N aCl), to the extent of 5 gm. per animal 
per day, was founrl to be 28 ·13 per cent. 
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9. At this level the feeding· of sulphur had no deleterious effed 
on sheep, whereas under the conditions of the rat experiments, the 
addition of 1 per cent. of sulphur to the basal rations showed definite 
toxic symptoms within a relatively short period of time. 

10. The symptoms were anorexia and subsequent cachexia during 
the sulphur periods, and furtheTmore, an impairment of the normal 
physiological functions ·Of the urinary excretory system. 

ll. 'l'he physiological principles underlying the metabolism of 
elementary sulphur would seem to be similar in rats and sheep. 
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