Onderstepoort Journal of Veterinary Science and Animal
Industry, Volume 11, Number 1, July, 1938.

Printed in the Union of South Africa by the
Government Printer, Pretoria.

Sulphur Metabolism. V —The Ef | S
complete Rations ¢ | the >xic
Elen atary Suv : -

By J. II. KELLERMANN, Section of Biochemistry, Onderstepoort.

I~ a previous investigation the author (1938, 1) found that, although
the incorporation of elementary sulphur in a stock ration slightly
reduced food consumption and growth, it had no effect on food
utilization. Furthermore, the feeding of sulphur had no appreciable
wmfluence oun the cell structure of intermal organs such as the liver
and kidneys. This was true no matter whether the rations differed
widely in their acid- and base potentialities (Kellermann, 1938, 3)
and in their fat and protein contents (Kellermann, 1938, 2) and the
findings flo not support, therefore, the observations of Lewis and
Lewis (. 27) who found a greater resistance in rats to sulphur poison-
ing when fed the Oshorne- Mendel low cystine diet as compared with
ammalb fed the diet of Sherman and Merrill (1925) in which the
concentrations of fats and proteins were lower than in the Osborne-
Mendel diet. These rations are not only deficient in cystine, but
also low in proteins. The latter value in the Osborne-Mendel ration
is about 7-8 per cent. whereas that in the Sherman-Merrill diet only
approximately 4-7 per cent. However, in addition to their low
cystine and protein values these diets are also low in certain other
constituents. For instance, the Oshorne-Mendel diet is low in the
vitamin 1B-complex whereas the Sherman-Merrill diet 1s low 1n
mineral salts (except Na(Cl) and the vitamin B. However, these
authors found that the addition of amounts of cystine adequate to
produce good growth did not alter the toxicity of the sulphur.
Nevertheless, even with the addition of cystine to the basal diets,
the growth obtained was unsatisfactory and it is probable that
the hl”h toxicity of elementary sulphur, when incorporated in these
diets, was due malnly to the lack of enouﬂ‘h growth-promoting sub-
stances and not to that of any particular sulphul detoxifying agent.
The experiments to be recorded in this paper were therefore carried
out with the object of putting this supposition to the test.

EXPERIMENTAL.

Young white rats were used as experimental animals and they
were kept under similar conditions as previously described (Keller-
mann, 1938, 2). The animals were weighed once weekly. They were
given an excess of food and the daily consumption per rat recorded
The composition of the rations is given in Table I.
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All fourteen rations contained isodynamic guantities of energy™
and the vitaminized starch *’ and salt 40 were prepared as described
previously (Kellermann, 1938, 2). 1t was deemed advisable to make
the rations low but not necessarily deficient in the various essential
constituents because, although 3 per cent. of elementary sulphur had
little effect on rats receiving normal diets, Lewis and Lewis obtained
very detrimental results with rats on an 1nadequate diet (Sherman-
Merrill) containing only 1 per cent. of Howers of sulphur. After the
rats had been on the various diets for six weeks, they were killed by
a blow on the head and certain internal organs immediately removed
and preserved in a formalin solution for histopathological exami-
nation.

Fr \ the growth and food consumption records given in Table
IT it is evident that the incorporation of sulphur in rations, no
matter whether they were physiologically complete or not, reduced
food consumption and subsequent growth. In the case of the com-
plete ration the addition of sulphur was of little effect inasmuch as
the sulphur fed rats consumed on an average only 0-5 g. less food
per day and gained 6 g. less over a period of six weeks with hardly
any difference in the percentatre gains. On a diet low in vitamins
the animals still gained 133 per Cent. but when sulphur was added
to the same diet thev lost 219 per cent. of their original weight.
Similarly, when onlv the vitamin B-complex was low, the addition
of sulphul resulted in a loss of 24-6 per cent. but, on the other haud,
still gained 37-Y per cent. when the diet was ld(‘l\mfr in vitamins A
and D. This may be expected in view of the fact ﬂm‘r the B-vitaminsg
are water soluble, consequently their deposits in the body are sooner
depleted, and their absence, therefore, sooner made to bear on the
organism (Oshorne and )[endel, 1919), than those of the fat soluble
vitamins (Robertson, 1916).  Likewise, on the average the rats
gained on all the remaining incomplete rations but, with the excep-
tion of the low mineral (he‘r lost considerably when sulphur was
added. The low mineral diet contained 1-98 per cent of ash (ashed
at 450-500° (), and it seems as if this concentration of ash was
suffictent to support a fair amount of growth even though the diet
contained 3 per cent. of elementary sulphur H(mexer, when the
difference in body gain of the animals on the control and sulrhur low
mineral rations 1s compared with the difference in gain ar loss of
the rats on the corresponding low protein and low vitamin rations,
1t is seen that the addition of \ulphul to the low mmeral diet resulted
in a difference in gains of GG-7 per cent. whereas in the case of the
low protein and low vitamin diets the differences were 67-5 and 35-2
per cent. respectively. This shows that not only proteins and vita-
mins, but also the essential minerals play an important réle in
coun’(eraohnrr the deleterious effects of elementary sulphur on growth.
A mult lication of the defects, by limiting the proteins, vitamins
and minerals, in one and the same diet, did not alter materially the
final pos1’(10n in so far as change in weight was concerned.

In order to see whether the reduction in growth was due solely
to a restriction of food consumption or whether it was accompanied

* energy values of the diets were calculated as described previously

he
(Kellermann, 1938, 2),
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by a breakdown of tissues due to sulphur toxicosis, the average body
weights and food consumption per 100 g. body weight were plotted
against the days of the experiment. The results are depicted
graphically in Fig. 1.
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The graph shows that the addition of elementary sulphur to the
various diets invariably reduced the growth rate. In most of the
incomplete rations the incorporation of sulphur actually resulted in
a loss of weight. TFrom the graphs giving the food consumption per
100 g. body weight it is evideut that, with the exception of the low
mineral diet plus sulphur (graph H), the inhibition of growth was
not due to a lowered food intake per unit of body weight. As might
be expected there was a gradual drop in the food intake per 100 g.
hody weight as the animals grew older [Macallun (1919), and lLevine
and Smith (1927)]. The deleterious effects of sulphur on growth
should then mainly be ascribed to the reduced food intake per rat
per day as shown in the last columns of Table I1. This observation
substantiates the rvesults of Franke (1934) and Franke and Potter
(1934) who showed that the poor growth of animals on a toxic diet
was mainly due to a restriction of food intake.
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The histological examination of the livers showed that, on the
whole, the degenerative changes varied not only in degree and distri-
bution in the various groups, with and without the administration
of sulphur, but also in animals fed the same diet. These changes
consisted of cloudy swellings and vacuclation in groups of hepatice
cells situated at the periphery of some lobules. Furthermore, 1 a
number of cells, the protoplasm had a tendency to dlslntewrate and
to droplet (hyahn) formation. In addition to the above changes
observed in the livers of rats that were killed at the conclusion of
the experiment, the livers of animals that died showed haemorrhagic
necrolic areas with slight or more advanced interstitial hepatlhs

Discussion.

Whether the hepatic mecrosis was the ultimate cause of death
is difficult to say. However, inasmuch as no bacteria were seen in
these lesions together with the fact that all the animals that suc-
cumbed, received elementary sulphur in thelir food, seem to show that
the animals died from sulphur toxicosis. These vesults thercfore
substantiate the observation of Lewis and Lewis (1927) that the in-
gestion of appreciable amounts of elementary sulphur by rats can
exert foxic and even fatal effects on the animals. However, this
statement s Huld be accepted with some reservation because, in the
writer’s experience, elementary sulphur will have definitely toxic
effects only under certain conditions. One of these conditions 1is
that the basal ration should he deficient in one or more respects co as
to retard or stop growth. As already pointed out in Table L1, one of
the main effects of sulphur was to reduce food consumption and the
subscquent gain in weight. As a matler of fact in some cases the
addition of sulphul resulted in a loss of 30 per cent. or more of the
amimals” 1nitial weight, and it would seem, therefore, that under the
experimental conditions, the greater the inhibition of growth the
more susceptible the animals become to sulphur toxicosis.

It this viewpoint is correct it will help to explain why the
animals of Lewis and Lewis were more resistant to the toxic effects
of sulphur on the Osborne-Mendel diet than on the Sherman-Merrill
(1925) one in view of the fact that the former diet 1s the better
balanced of the two Dheing richer in proteins, minerals and vitamins
A and D. Tlowever, Lewis and Lewis suggested that the high fat
content of the Oshborne and Mendel diet might be partly responsible
for the lessened: toxicity as ‘“ the fat might form a coating around
the partictes of sulphur and thus make more difficult the intimate
contact of the sulphur with the intestinal mucosa or the aciion of
hacteria.”” This explanation seems to be untenable as the writer did
not find (unpublished data) any difference in the absorption of
elementary sulphur on diels low and high in fat content. Fwrther-
more, young rats fed these respective diels, containing 3 per cent. of
elemeutarv 3ulphur over a period of ewht weels, did not reveal any
difference in their general well-being (Kellelmann 1938, 2).

Auother factor would seem to be the method of sulphur adminis-
tration. Swart (1936) expressed the opinion that the feeding of
sulphur mixed with the feeds might be less toxic than when it 1s
dosed as he fed his animals 9-5 . of flowers of sulphur per sheep
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per day ~ver a period of 10 months without any ill-effects, whereas
Steyn (I 1) observed that the dosing of an appreciably smaller
amount of flowers of sulphur, namely 45 g. per sheep per week, over
a period of thirty-five days caused symptoms of poisoning and high
mortality. Therefore, it would he of interest to investigate this
problem further, especially with the view of ascertaining whether
rabbits and ﬂ‘umea pigs are actually as susceptible to sulphur nison-
mg as found by Lawson, Redfield and Bovd (1934) whose aniwals all
died within twenty- four hours after receiving doses of from 0-5 to
2:0 g. of either colloidal or flowers of sulphur per Kg. of body weight
imto the stomach through a small stomach tube.

SUMMARY.

1. Experiments are described in which were studied the effects
of incomplete rations on the toxicity of elementary sulphur.

2. The incorporation of sulphur in the diet exerted toxic effects
only when the basal ration itself could not support normal erowth
as the re It of one or more deficiencies. The chief effect of Iphur
under such conditions was to veduce food consumption per animal
but not per unit body weight.

3. 1t would seem that vitamins, proteins and minerals were all
equally important in counteracting the deleterious effects of the
sulphur.

4. Although the rats lost considerably in weight when sulphur
was added to the defective diets, the livers of the animals that were
kalled at the conclusion of the experiment did not show any constant
pathological change whereas the same organs of those animals that
died during the experiment exhibited haemorrhagic necrotic areas
with slight or more advanced interstitial hepatitis.
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