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INTRODUCTION. 

EARLIER investigations by Theiler, Green and du Toit (1927) and 
du Toit, Malan and Groenewald (1932) on minimum mineral require­
ments in cattle included work on the phosphorus and calcium require­
mel!ts of cattle and the effect of dietary Ca and P upon their h.ealth 
and production. 

T'his work has been extended in the present investigation to 
include variations in both the intake of P and the ratio of Ca to P, 
while an extensive microscopical examination has been carried out 
of the bones of the animals with a view to establishing the nature 
of the conditions produced respectively by aphosphorosis and acalci­
cosis. This part of the work is being continued, especially with 
regard to calcium deficiency for the study of which new material 
obtained in later experiments will soon be available a.ncl will he 
reported on in due course. 

\liThile no attempt will be made to review the vast amount of 
literature on calcium and phosphorus metabolism .a few salient 
points should be mentioned. 

In a recent paper Shohl and Wolbach (1936) pointed out that 
in the absence of Yitamin D rickets may be produced in rats receiv­
ing high calcium low phosphorus <liets, or low calcium high 
phosphorus diets and also with low calcium low phosphorus diet.t>, 
which implies that rickets may be produced with any ratio of Ca 
to P and that this factor has lost much of its significance . 
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It would seem that under conditions of calcium or phosphorus 
low diets or both the absolute intake of these elements, at all events 
in the absence of vitamin D, according to Shohl's work, determines 
t'h;e production of rickets and not the ratio in which they happen 
to be present in the diet. Our own view has been that rickets may 
be produced by limiting the absolute intake no matter what the ratio 
is while it may also be cured by increasing the intake in spite of 
retaining an undesirable or abnormal ratio. It is equally true, how­
ever, that a calcium phosphorus intake may become rachitogenic 
merely by altering the ratio but such cases are usually true only 
when the calcium or phosphorus intake or both approaches the 
minimum requirements of the animal in question. A correction of 
the ratio in such cases would naturally produce a cure after the 
onset of rickets. 'rhe utilization of calcium and phosphorus seems to 
be undoubtedly affected by the proportions in which these elements 
are present in the diet but the extent to which this relations'hip 
affects their mutual metabolism seems to us to have been exaggerated. 
Shohl's latest work strongly emphasizes the importance of the abso­
lute amounts of calcium and phosphorus in the diet of rats in the 
production of rickets and in a previous communication Brown 
and Sho'hl (1932) demonstrated that the ratio of Ca to P was 
inadequate to define the rachitogenic properties of a diet but that 
t~A absolute amounts · of these two elements present should also be 
g1ven. 

Hitherto work at this Institute has stressed the importance of 
the absolute intake of minerals in the production of osteodystrophic 
diseases in the larger domesticated animals. Theiler , Green and 
du Toit stated in 1927, subsequent to the experimental production 
of rickets in bovines on a daily diet containing 6 · 9 gm. CaO and 
5 ·1 gm. P 20 5 and therefore showing a " normal " ratio, that " while 
realising the obvious fact that a particular ratio may represent the 
" optimum " we have rather regarded the current emphasis upon 
mineral ' balance ' as exaggeraterl ''. Rickets has subseq uently 
been produced on diets containing " normal " ratios of C.a to P in 
cattle, sheep, goats and pigs. In all these cases the causal factor 
seems to have been phosphorus deficiency as will be evident from a 
further di scussion of this work. 

It s'hould be mentioned that, as cases of natural rickets in 
bovines-clinically recognisable and known as " styfsiekte " or 
stiff-sickness-occur in this country under conditions of bright 
sunshine frequently ranging from 7-9~ hours daily, experimental 
work on rickets has been carried out until recently without any 
attempt to limit vitamin D. In this respect the food being grown 
under South African conditions provided a good source of vitamin 
D while, regular and automatic exposure of the experimental animals 
to sunlight in the course of the experiment justifies the statement 
without fear of contradiction that vitamin D was supplied in abund­
ance and t'hat it cannot therefore be regarded as a factor in the 
production of the bone lesions in the experiments referred to. 

Several investigations have been carried out here on the roles 
played by ca lcium and phosphorus under conditions of vitamin D 
abundance, in the production of rickets in bovines, sheep, goats 
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and p1gs. This work has provided considerable data on the 
production of rickets by limiting the calcium or phosphorus intake 
or both without considering t'he ratio in which these elements happen 
to be present in the diet as reference to the following table will clea.rly 
indicate:-

Date. Species. -----'-----,-----____::_:'-----'------ CaO: P
2
0

5
• 

Daily Intake (grm.) I I 
CaO. P 20 5 • 

Diagnosis . 

I 
1926 Bovine ...... 6 9 5 ·1 Normal Rickets. 

19:~0-19a2 2 Bovines .. . 6·8- 8·a 8·4- 15 ·4 Normal Severe rickets. 
19ao- 1932 2 Bovines .. . 50 8 ·4- 1.5 ·4 a- 6, l Severe rickets. 
I9aa- I935 2 Bovines . .. 5·0 10 1 : 2 Severe rickets. 
1933- 1935 2 Bovines . .. 62 10 6 ·2: 1 Severe rickets. 
1934- 1935 2 Bovines . . . 3 8 3·9 Normal Severe rickets. 
1930- 1932 5 Sheep ..... 7·0 1·0 7: 1 Severe rickets. 
1930- 1932 5 Sheep . .... 7·0 1-.5 4·6: 1 Rickets. 
1934- 1935 4 Sheep ... . . ·7 1 0 Normal Marked rickets. 
1934- 1935 4 Sheep ... 1·4 1·0 Norrr.al Itickets. 
1934--1935 4 Sheep .... . 2·1 1·0 1 : 2 ~farkerl rickets. 

1935 2 Goats ..... 9 0 2·0 4·5: 1 :Florid rickets. 
1935 2 Goats ... .. 1 ·0 2·0 Normal l<lorid ricket.s. 

1934- 1935 2 Pigs ....... 8·4 3·3 3 ·6: 1 Slight rickets. 
1934- 1935 2 Pigs ....... 1·1 3·3 1 : 3 Very slight rickets. 

1935 2 Pigs ....... 2·8 ·25 ll: 1 :Florid rickets. 
1935 2 Pigs ...... . ·16 ·25 Normal Slight rickets. 

It is at once apparent from the figures given above that instances 
of rickets produced by diets low only in calcium and diets containing 
enough or excess phosphorus are conspicuously absent. Such rations 
have been included in the experiments as a glance at the following 
will prove, but in no case was a condition produced which is histo­
logically identical with rickets: 

Osteoporosis was produced in two heifers in 1926 rece1vmg a 
ration whieh contained 8·2 grn. CaO and 24 gm. P 2 0 5 • In 1935 a 
two-year-old heifer remained normal after receiving a ration con­
taining 6 gm. CaO and 25 gm. P 2 0 5 daily for 18 months. 'l' he expe­
rimental mate of this heifer showed marked bone atrophy at the end 
of the expe1·iment but no rickets. 'l'wo five-months-old and two eight­
months-old calves showed osteoporosis but no ri.ekets after reeeiving 
a. ration containing 3 gm. CaO and 30 gm. P 2 0 5 for 6 months.* A 
ration containing 0 · 7 CaO and 10 gm. P 2 0 5 produeed marked atrophy 
and osteoporosis in goat lambs. It is now >vell known that low eal­
cium and relatively high phosphorus, i.e. a wider ratio than 1 part 
of the former to 3 of the latter, will produce osteofibrosis in horses 
[Theiler 1834), Niimi and Aoka (1927), Kintner and Holt (1932) J 
and is a.lso known to oceur in goats, pigs and dogs. Some of the 
e:l'.periments on low Ca diets mentioned above are being continued and 
tl1e diagnoses have been made from time to time by removing a por­
tion of a rib at the chondro-costal junction. As osteofibrosis may 
take a eonsiderable time to develop in horses, depending on the 
width of the Ca: P ratio it is perhaps too early to draw any conelu­
sions in regard to the ultimate nature of the bone lesions that will 
bP brought about by low caleium in these experiments. 

* Osteodystrophia fibrosa has developed since the above was written. 
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It is, however, very significant that in all the investigations on 
osteodystrophic diseases referred to a hove, rickets or osteomalacia was 
invariably brought about by rliets lmY in phosphorus, the seYerity 
of the C{)ndition depending on the degree of the deficiency, the P 
requiremeut of the animal anJ the duration of the experiment, while 
p.arallel experiment:; on group mates of the animals used for the P 
deficiency "·ork, have not in a single instance produced rickets or 
osteomalacia when the diet "as low in Ca but ebntained sufftieient P. 
Osteodystrophic di sease undoubtedly existed in n]ost of these cases and 
could be recogn ised clinically as stiff gait, poor condition, enlarge­
ment of the maxillae and even tetany but microscopic examination 
o£ the bones reYealed at most osteoporotic conditions which could not 
be considered as genuinely rachitic on account of the absence of 
pathognomic osteoid formation and the presence of an insufficient 
amount of osteoid to justify a diagnosis of rickets. Besides osteo­
porosis the bones of some species as for instance the horse, showed 
alterations of the marrow, fibrous tissue and increased multinuclear 
osteoclasts reselll bling osteodystrophia fibrosa. 

The basis of the differentiation of the osteorlystrophic diseases 
produced in these experiments has been described and discussed by 
0ne of the authors (Theiler, 1934, 1932) . 

The significant difference behYeen the results obtained by Shohl 
and his co-workers under conditions of vitamin D deficiency in rats 
and those described above with domesticated animals where abundant 
vitamin D was present is that whereas low caleium in the diet pro­
C!uced rickets in the rats in the former case the latter workers report 
after feeding calcium low diet osteoporosis or osteodystrophia fibrosa 
O!' both, "·hich conditions should not he confused with true rickets 
i::: the immature animal or osteomalacia in the adult. 

Huffman and his co-workers (1936, 1935) produced and described 
nckets in calves under conditions of low vitamin D intake. In their 
Parlier ·work (1933) on the phosphorus requirement of dairy cattle, 
histological work was apparently not undertaken, although it can 
safely be aHsumed from their reports {)n the animals in the experi ­
ment that rickets was produced by the phosphorus rleficient diets. 
Incidentally it may he mentioned that their findings that a growing 
bovine requires daily about 10 gm. P for maintenance and normal 
growth is in close agreement with the observations made at this 
Institute (1927, 1932). 

Like Shohl and his school, Huffman and co-\cvorkers produced 
rickets in dairy calns on rations which, in addition to their sl{)w 
ph-os11horus or calcium content, or both, did not suffice the vitamin D 
requirements of the ca lves and their results on calcium low diets may 
therefore not be directly applicable to those obta,ined here "·here 
vitamin D deficiency (lid not exist and may be excluded from detailed 
consideration. 

\:Vhile clinically rerogniza ble osteodystrophic diseases are pro­
duced in domesticated animals during comparatively short periods uf 
feeding low phosphorus diets in presence of abundant vitamin D, 
ealcinm low diets with a sufficiency of phosphorus leave the animals 
apparently undisturbed and clinically healthy for much longer 
l'eriods. This conclusion is based upon the results of experiments 
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on the production of aphosphorosis and acalcirosis during the last 
dozen years at this Institute. From the above it 'vould seem, there­
tore, that a factor like vitamin D, which is closely associated with 
Ca and P metabolism, might produce microscopic bone lesions asso­
eiated with a phosphorus deficiency per se (v1z. rickets) more easily 
Cl sooner than it would produce results llirectly due to acute acalci ­
cosis. It is further posHible that indications of a shortage of phos­
phorus whose function in the animal borly i::; co1nplex and very varieil, 
as for instance in bone formation, carbohynrate metabolism, fat, 
lipoid and protein metabolism, etc., are more easily effected than 
those of a deficiency of the functionally less complex and varied 
calcium . Even in the presence of abundant phosphorus in a diet 
containing relatively low caleimi1 the comparative absence of vitamin 
D might invariably produce the easily obtained bone lesions of low 
phosphorus or abnormal phosphorus metabolism which would account 
for the constant diagnosis of 1ickets by inYestigators of low calcium 
diets under conditions of vitamin D deficiency. Attempts have been 
made here to feed diets low in calci um to bovines and pigs kept in 
dark stables in order to create conditions of vitamin D deficiency but 
up to the present the exclusion of light has apparently been without 
effect when rib sections renwved periodically under anaesthesia have 
been compared with those of animals kept on itlentical diets and 
intake hut in preEence of abundant sunshine. Apparently the hay 
and other feed grown 1H1lter conditions of practically daily exrosure 
to sunlight, contain sufficient vitamin D to satisfy the requirements 
of the animals. This oh;;en-ation is in agreement with that made by 
Huffman (1931) that hay cured in the sun contains sufficient vitamin 
D to protect calves from rickets fed a ration otherwise low in this 
vitamin. 

'Vallis, Palmer and Gullickson (1935) carried out balance trials 
on young growing cah-es receiving a basal ration with and without 
mineral and vitamin D supplements. Both ca lcium and phosphorus 
retentions were considerablv recluced when vitamin D "as .absent from 
the dietary supplement . 'fhe latter remark also applies when phos­
phorus or calcium was supplemented and vitamin D withheld. His­
tological diagnoses were not made of the condition produced in these 
experiments 1·ut in the li(rht of other 'lvork on phosphorus cleficiency 
in absence of vitamin D it may safelv he assumed that on a normal 
Ca: P ratio and a high caldum lo.w phosphous niet rickets was 
produced. 

llupel , Bohsteilt and Hart (1933) produced rachitic conditions in 
cah-es by limiting· the vitamin D intake even when the calcium pho~­
rhorus ratio of the Cliet could he considered distinctly normal. Th e 
calves remained healthy and grew well when vitamin D was supplien. 
A ca lcium lmv P high diet was not inclucled in their series of ex·· 
pPrimen ts. 

Marek, Wellmann ann Urbanvl (1905\ rlesrribe rickets in ·e'l lves 
'lvhich were g·iven rations low in Ca anrl containing relatively large 
quantities of phosphorus. The vitamin D content of the feed was 
practically nil. The ratio of CaO to P "0., in the diet was in the ease 
of the one calf as 1 :3·06 and in the other 1 :3·90 while the Erd­
alkali-Alkalizitiit (CaO + MgO - P 2 0 ., given in milligram eouiTalentH 
J.lfl 100 g·1u. dr:-- feed ) wu:;; - 10 ·77 anrl - 16·25 resuPctiYely. 
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'fhese autho1s are of the opinion that :Erdalkali-Alkalizitiit is one 
of the factors which determine the development of rickets in herbi­
vores receiving diets low in calcium or phosphorus, or both. This 
statement can be accepted readily because a change from what Marek 
and his co-workers regard as the " normal " Erdalkali-Alkalizitiit 
almost invariably involves a change in the calcium phosphorus ratio 
which admittedly plays an important role in the production of 
osteoclystroph.ic disease in ca.ttle receiving insufficient or even border­
line quantities of either calcium or phosphorus, or both in their diets. 
Apparently Marek's conception provides a way of indicating greater 
sensitivity of the metabolic proeesses in the animal hody to changes 
in the ratio of Ca to P than the ordinary expression of ratio would: 
for instance a change of E.A. from + 24 mgm. equivalent under such 
conditions to + 15 might he responsible for the onset of rickets 
according to Marek, whereas if this change is express·ed in tenns of an 
alterecl Ca: P ratio it would appear to he small anc1 hardly likely to 
be responsible for the production o£ rickets . 

Marek and his co-workers apparently kept the two ealves under 
conclitions of vitamin D c1eficiency for they state that the vitamin D 
content of the ration was practically nil and it can only be said there­
fore that the rickets prorlucecl was clue to a complex of factors such 
a~ low ealcium intake tog·ether with vitamin D deficiency and highly 
abnormal E.A. which, incidentally, was possible to obtain only by 
transgressing the accepted limits of " normal " calcium phos­
phorus ratios . This work does not reveal the nature of the bone 
le:-sions produced by a cliet deficient only in calcium and containin~ 
abundant vitamin D, the absence of which might have been respon­
sible for the development of rickets in Marek's experiment. It is also 
noteworthy that although Marek and Wellman (1932) frequently 
:vroduced ostitis fibrosa in pigs receiving a diet relatively high in 
phosphorus this disease was never diagnosed when the diet contained 
lmY phosphorus and relatively high calcium. This result tends to 
~trengthen the belief that rickets might be associated with phosphorus 
deficiency anll ostitis fibrosa with a low calcium intake when abundant 
.-itamin D is present in the cliet of pigs. The applicability of this 
hypothesis to cattle will be discussed at a later stage in the present 
publication. 

The present series of experiments reported in this paper was 
undertaken partly to gain further information on the nature of the 
osteodystrophic diseases produced respectively by phosphorus and 
calcium deficient rations in cattle. 

EXPERIMENTAL DETAIL. 

Twelve high-grade Friesland heifers, 15 months old, uniformly 
bred and whose full 'historv since birth was known were selected for 
the investigation. . " 

Details of the conditions under which the experimental animals 
were kept were essentially the same as those reported in the earlier 
investigation by clu Toit et al. (1932). 
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All the animals in the experiment at some time or another 
showed a tendency to pick up and consume stones, sticks and any 
material that was to be found on the concrete floor of the exercising 
paddock. Such pica or depraved appetite is invariably noticed in 
our experimental animals w'hen given rations very low in roughage 
and it is probably clue to the artificial condition of the basal ration 
which is bound to contain a minimum of hay and other purified 
foods in order to keep its mineral content · as low as possible. How­
ever, the fact that the control gro up, whose basal ration was supple­
mented · 'vith calcium and phosphorus showed normal growth is 
indicative of the adequacy of the basal ration for growt'.h; when its 
low Ca and P content was increased. The consumption of material 
such as stones, soil, manure due to pica was prevented by washing 
the concrete floor regularly and keeping the animals muzzled when 
they were allowed to exercise in the concrete paddock. 

'l'he animals were feel twice daily, hay in the early morning and 
co1~centrates in the afternoon. Tbe little hay that was given was 
consumed. almost immecliatelv after which the .animals were remoYed 
to the exercise paddock unt{l feeding· time in the aftemoon. They 
were left in the feeding boxes OYernight. vVater "·as always avail­
able in the common paddock. 

'l'he daily basal ration at the beginning of the experiment 
cousisted of-

3 Kg. ma1ze-samp low ln minerals. 
·5 Kg. poor quality hay. 
·5 Kg. greenfeed. 

·25 Ko· o· meat m eal. 
25 gm . Mineral mixture. 

This ration was supplemented with the necessary minerals m 
accordance with the aim of each trial. Feed was supplied according 
to the appetite of each pair of animals in a trial. Although rapid 
growth was aimed at the animals were not " forced " by ensuring 
maximum intake at all times. Occasionally a litt le feed was left 
over by some of the groups which was then weighed back but the 
complete consumption of the feed given was almost invariably the 
rule. The minerals .if required were added to the concentrates just 
before feeding time and this method of administering minerals was 
found to be very satisfactory . 

The composition of -the basal ration is g1ven m Table I. 

The animals were inspected daily. Records of monthly weights, 
food consumption, oestrum and the health of the animals were 
kept. Blood was analysed for phosphorus, calcium and phosphatase 
at monthly intervals. X-ray photographs " ·ere taken occasionally 
as well as ·movies of the animals showing more pronounced clinical 
symptoms .o.f the bone disease produce!l. Balance experiments on 
Ca and P were carried out periodically. · 
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TABLE I. 

Percentage composition of ration is given by the following: --

[Protein. [ Mgo. j Cao.j P 20 5.j Ka 20-l K 20. I Cl. I SOa-

Hay teff ........ ..... 6·::! ·3 ·4 · 24 

I 
·15 1 ·5 ·2 ·2 

Samp ............... 8 0 ·008 ·01 ·12 ·001 ·06 ·03 ·14 
Jlbat meal. .......... 85·0 ·15 1·2 1·8 ·27 ·6 ·16 ·35 
Green feed (fresh) .... 3·0 ·26 ·09 ·OS ·07 ·4 ·3 ·04 
Mineral mixture ...... - ·5 - -- 1 ·7 0 8 0·9 0·7 

!Protein. MgO. CaO. I PzOs- Na 20. K 20. CI. so,.. 
I 

Constituents of daily ration when fed m maximum amounts:-

Hay, 500 gm ........ 31·0 1· 5 2·0 1·2 ·75 7·5 1 ·0 1·0 
83-mp, 4,000 gm ...... 320·0 0 32 0·4 4·8 ·04 2·4 1 ·2 5 6 
Meat meal, 225 gm ... 191 ·0 0·34 2·7 4·2 1·2 1 ·4 0·36 0 ·80 
Green feed, 500 ~m .. 15 1 ·3 ·45 ·4 ·35 2 0 1· 5 ·2 
Mineral mixture, 25 gm. 1·9 6·9 3 2 3 6 2·7 

----- ----------- --·-------------
TOTALS ± 5,000 gm. 

COil............. 557·0 5·4 5 5 10.6 9 2 16·5 7·7 10 a 

Most of the animals were killed at the conclusion of the experi­
ment and chemical analyses and detailed histological studies of the 
following represenative bones were undertaken: Hui}lerus, - radius, 
femur, tibia, 6th and 9th ribs and the third lumbar vertebra. 

Details of the individual experimental results are given in the 
following pages while reference should be made to the" tables in the 
discussion for collective detailed information on all the tria.ls to 
be reported in this publication. 

RESULTS. 

GROUP l. 

Cont'rols.-Ration adequate in all resvects. The basal · ration 
was supplemented with Ca and P. 

Two grade-Friesland heifers Nos. 5154 and 5163, approximately 
15 month s old, were used. Dehydrated N a 2HP04 and CaC0 3 were 
added to the basal ration; the average daily intake of Ca and P 
was increased to 24·0 gm. P 2 0" and 25·5 gm. CaO. The experiment 
began on 8.12.33 and concluded on 12.8.35, when No. 5154 was 
killed . for bone analysis and histolological . study. 

Both animals remained apparenty normal throughout the 
course of the experiment. Food consumption increased from 3 kg. 
samp cluring the pre-period to 4 kg. from the beginning of the 
experimental period at which figure it was kept constant through­
out the trial and the feed was regularly consumed. 
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As seen on the individual weight curves in Fig. 1 both heifers 
increased uniformly in weig'ht from an average of about 620 .lh. 
to about 1,070 lb. at the end of the trial 20 months afterwards. 
Individual weights are given in Table 2. 
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The calcium content of the blood remained normal throughout 
as reference to 'rable 3 will indicate. The inorganic phosphorus 
of the blood was rather low during the earlier part of the trial when 
the phosphorus intake was only about 15 gm. daily due to the 
addition of partly crystalline N a,HP04 instead of the dehydrated 
form. All the figures indicate sufficiency, however, and are distinctly 
within normal limits. Th.e inorganic phosphorus content of the 
blood of .all the animals is g1ven in Table 4 and of the pair under 
discussion in Figure 2. 
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Fig. H.-Average Inorganic Phosphorus. 

Blood phosphatase was determined towards the end of the trial 
and the results are given in Table 6. 
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T'he radiographs taken shortly before the end of the trial 
indicated normal bones which was confirmed microscopically in the 
case of No . 5154 after death in August, 1935. The bones showed no 
pathological changes. The calcification zone was complete and the 
presence of some osteoid seams was normal and indicated growth of 
a normal bone. The ash content of the femur calculated on green 
weight was 35·4 per cent., while the breaking strength of the meta­
carpus over a 6-inch span was 2,280 lb.-both values indicating 
normal bone. Details of the bone analyses are given in Table 6. 

From a synopsis of 11 balance trials given in 'fable 7 and carried 
out on one animal of each pair during the course of the experiment 
it is evident that animal No. 5154 retained on an average 13 · 6 gm. 
Ca.O and 15 gm. P20 5 daily; these values account for 42·3 and 
62 · 6 per cent. retentions of the two constituents respectively. 

GROUP 2. 

Ration low in P but adequate in other respects. 

Low P (9·9 gm. P 20 5 ), sufficient Ca (28·9 gm . CaO). 

Two Grade Friesland heifers Nos. 5157 and 5155, approximately 
15 months old, were used. Duration o£ experiment December, 1933, 
until August, 1935. CaC0 3 was added to the basal ration to increase 
the Ca to 31 · 6 gm. CaO. 

rr'he experimental procedure was essentially the same as that 
alrearly reported. 

Samp was given at the rate of 8 lb. per head per day from the 
start o£ the experiment in December, 1933. In March, 1934, 
No. 5155 showed signs of restlessness and poor food consumption. 
Both animals seemed to be lagging behind in gTowth. Occasionally 
feed was left over and the samp was reduced to 2 kg . for short 
periods on several occasions. For instance from 11.7.34 to 19.7.34 
only 2 kg. of samp were given in the basal ration and then again 
increased to 4 kg. until February, 1935, when it was reduced to 
3 kg. until the. end of the trial. P 2 0, intake consequently became 
reduced to 7 · 9 gm. instead of 9 · 9. Pica. became very mar ked and 
in January, 1935, No. 5155 showed lameness in the near front leg. 
Both animals showed stiffness during the last six months of the 
experiment and were decidedly in poorer condition than the controls. 

In July, 1935, these animals were examined rectally during 
oestrum and ovulation was found to have taken place normally . 
X-ray photographs were taken in July, 1935. 

No. 5155 was killed on 16.8.35 for chemical and microscopical 
examination of the bones while No. 5155 wa s rlischargefJ. 

The weight curves of these animals are g1ven in Fig. 3. 
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After an approximately normal increase for t he first 3 months 
of the experiment both animals remained practically constant in 
weight until the end of the experiment at which stage they appeared 
less thrifty and t'hinner than the controls but of approximately the 
same height. 

The curve for th e inorganic ph-osphorus content of th e blood 
given in Fig. 4 indicates aphosphorosis from the time the analyses 
were begun, one month after the starting date of the experiment. 
It would certainly have been interesting to have followed the 
present tech nique of removing portions of ribs for h istological 
examination for a study of the development of the effects of 
aphosphorosis on bone structure. 
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Fig. IV .-Average I norganic Phosphorus. 

The calcium content of the blood was similar to that of the 
controls (see Table 3). 

Th e ra diographs of t'he front legs of both animals suggest 
atrophy when compared with those of th e control group as r efer ence 
to Fig. 5 will signify. 

'rhe microscopic examination of the selected bones of h eifer 
No. 515.-{ revealed some defepts on the calcification zones but these 
h ad not been penetra ted by the medullary tissu e. No can als entered 
into the hypertrophic zone and th ey were all at about the same l evel. 
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It would appear that calcification was beginning to lack. The long 
secondary medullary canals indicated increased resorption. 'l'he 
presence of osteoid left no doubt about the diagnosis of rickets while 
excessive osteoclasia and the presence of very thin trabeculae 
inflicated atrophy. 

Fig. V. 

Abnormally low values were obtained for the ash content of the 
green bones as reference to Table 5 will indicate. The breaking 
strength of the metacarpus over a 6-inch span \Vas 1,800 lb. as 
compared wih 2,280 for that of the control animal (see Table 6). 

Heifer No. 5157 retained on an average daily 6·3 gm. CaO and 
0 · 78 gm. P 20 5 or 19 · 4 and 10 per cent. respectively of the average 
consumption of these tKo constituents. 
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GROUP 3. 

Hation low m P but containing excess calcium and adequate m 
other respects . 

Grade Friesland heifers Nos. 5158 and 5159. 

The average daily phosphorus intake was 6·9 gm. P 20 5 , while 
the Ca was increased to 60 · 6 gm. CaO by the addition of CaCO" to 
the basal ration. 

'l'he basal ration was given at t'he beginning of the t11ial 
(December, 1933), but the samp had to be reduced to 2 kg. six 
months afterwards to ensure complete food consumption. Poor food 
consumption was first noticed in March, 1934, and the group seemed 
to be lagging behind the controls. In June , 1934, the heifers 
showed rough coats and appeared to be emaciated . Samp was 
reduced to 2 kg. at this stage and even of this quantity traces were 
usually left in t'he mangers. In October the animals showed 
symptoms of styfsiekte and were in poor condition. In November, 
1934, No. 5159 contracted and died from lam siekte-para-botulinus 
bovis infection. 

The remaining animal No. 5158 although poor in condition and 
suffering from aphosphorosis (styfsiekte) lasted until . the end · of 
the experiment when it was destroyed for bone studies. Its repro­
ductive system was normal and showed normal ovulation. 

This h eifer was given 2 gm. P 20 5 as Na2 HP0 4 daily from 
20.3.35 to 7 .6.35 to keep her in the experiment until its conclusion. 

The weight curves of the heifers in t'his group are given in 
Fig. 6, which indicate poor weight increase during the course of 
the experiment when compared with the controls. As a matter of 
fact No. 5158 was only 60 lb. heavier at the end of the trial than 
at the beginning compared wit'h an increase of about 450 lb. for the 
controls during th e same period. 

-r---~~~·~~P-~--------------------------------------~ ........ 
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~~--------~~~~·--------------------~-*--------------------------~ 
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Fig. VI.-Weights. 

The inorgarric phosphorus in the blood given in Fig. 7 indicate 
ap~osphorosis throughout the experiment except during a short 
penod 'vhen phosphate was supplied. 
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Fig. VJL--Average Inorganic Phosphorus. 

On an average only 1 · 5 gm. P 2 0 5 were retained daily by 
No. 5158 (Table 7) as against 15 gm .. by the control , '""hic'h supplies 
confirmatory evidence for the existence of .phosphorus rleficiency. 

Fig. VIII. 
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1'he radiographs reproduced in Fig . 8 show atrophy of the 
·osseous tissue while the microscopic examination of the selected 
bone sections of No. 5158 indicate defects in the epiphyseal line and 
the presence of more than normal amounts of osteoid justifying a 

·diagnosis of rickets. 
'f'he ash content of the femur was subnormal and the breaking 

strength of the metacarpus over a 6-inch span was 1,200 lb. or 
approximately half that of the bone of the control 5154 (see Table 6) . 

GROUP 4. 

Hation low in both P and Ca but adequate lil other respects. 
'fwo Grade Friesland heifers No. 5160 and 5161 were placed 

m this group in December, 1933. 
The average daily intake of Ca and P was 5·9 gm . CaO and 

10·6 gm. P 2 0s. 
'l'he basal ration containing 4 kg. of samp vvas consumed daily 

throughout the experiment. 
There was nothing unusual to report in regard to this pair of 

heifers until April, 1935, when No. 5161 slipped and broke her leg; 
her condition was not different from that of the controls. 

No. 5160 began to show great reluctance to walk in :May, 1935, 
although her condition did not suggest any deficiency. This dis­
inclination to walk became more and more pronounced; in July 
No. 5160 sh owed signs of lameness and appeared to be suffering 
from sore feet while walking was obviously a very painful and slow 
process . Her condition was excellent and food consumption very 
satisfactory. Towards the end of July t'his heifer could not be 
induced to take more than a couple of steps and was obviously in 
great pain when the attempt was made. She was apparently quite 
comfortable when lying down and would eat normally. On 31.7 .36 
she was killed for bone studies. 
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Fig. 9 presents the monthly weights of the animals in this 
group. The weight increase does not appear to have been signifi­
cantly affected by the deficiencies in the food. 

Inorganic p'lwsphorus in the blood suggested acute phosphorus 
deficiency in both animals for the greater part of the experiment as 
indicated in Fig. 10 . 
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Fig. X.-Inorga.nic Phosphorus. 

Blood calcium is g1ven m Table 3. 

The radiogr·aphs of 51GO indicate atrophy which is confirmed by 
1he ash content of the femur of only 24 per cent. 1,375 lb. was regis­
tered as breaking strength of a six-inch span of the metacarpus com­
pared with 2,280 for that of the control. (Table 6.) 

Microscopical examination of the sections of selected bones of 
5160 revealed all the lesions of rickets in an exaggerated measure. 

The calcification zone was very defective, -only portions of it being 
]eft; between these the medullary tissue penetrated into the hyper­
trophic zone . In the periphery of the cartilage calcification was 
completely lacking. The ossification zone was incomplete. The 
regular arrangement of the primary trabeculae was replaced by an 
irregular one. The spongioid zone was penetrated by cartilage tongues 
in places and the proximal spongiosa showecl calcified trabeculae im­
bedded in osteoid. The periostal bone tissue consisted entirely of 
r,steoi.d and the trabeculae of the osseous focus mainly of the same 
tissue. 

Both calcium and phosphorus retentions were very poor. The 
aYerage of the former was adually negative while that of the latter 
waf. only just positive. It appears that growth had taken place 
almost entirely by drawing upon the skeletal reserves of these two 
constituents with the result that only inferior bone could be produced 
a,, could he verified histologically and from the chemical data pre­
sented in Table 6. 
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Fig. XI. 

GROUP 5. 

Ration containing excess Ca but adequate in all other respects. 

Tw·o grade Friesland heifers Nos. 5153 and 5167. 

Average daily intake of Ca and P after supplementing basal 
1ation with CaC0 3 and N a 2HP0 4 was 24 · 0 gm. P 20 5 and 61· 5 gm. 
CaO. 

Both heifers were given the basal ration from the outset in 
December, 1933, and continued to consume it during the full course 
d the experiment. No abr.ormalities except pica 'vere observed at 
any stage and heifer No. 5167 was killed in August, 1935, for bone 
studies. 
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The weight curves given in Fig. 12 show normal increase in 
weight when compared with the controls receiving adequate minerals. 
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Fig. XII.-Weights. 

'l'he inorganic phosphorus content of the blood shows appreciable 
variation but suggest phosphorus sufficiency as is evident from 
Fig. 13. 
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Fig. XIII.-Average Inorganic Phosphorus. 

The calcium level of the blood is similar to that of the control 
animals ('l'able 3). 

The bone ash and the breakng strength are not significantly 
:Efferent from the values obtained for the bones of the contr-ol 
animals, although the calcium retention was one and a half times, 
and P slightly less than that of the controls. (Tables 6 and 7.) His­
tological examination of the bone revealed normal bone structure 
\rhich agreed with the X-ray photographs. 
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GROUP 6. 

Hation low in Ca but adequate in other respects . 

Grade Friesland heifers Jos . 5149 and 5147. 

'l'he average daily intake of Ca was 5 · 5 gm . expressed as CaO 
and 24·0 gm. P2 0 5 . 

Both animals received and consumed the basal ration during the 
full period of the trial. Pica was registered as in the other groups 
huL otherwise no deficiency co uld be detected at any stage with the 
naked eye. 

No. 5149 was killed in August, 1935, for bone studies. 

A section of the nondecalcified rib showed the presence of the 
calcification zone which was thin in parts but complete. 'l'he medul­
lary canals nowhere penetrated into the hypertrophic zone . An out­
standing feature was the presence of fair ly large medullary spaces 
which penetrated rather deeply but were always separated from the 
cartilage by the ossification zone. There were parts of the proximnl 
spongiosa left and these showed well calcified trabeculae . The sec­
tions of other bones examined showed a marked ossification zone. An 
occasional red seam was present but certainly no lesions of rickets . 
The sections suggested normal bone structure . 

The experimental mate of No. 5149, viz., No. 5147, was kept on 
her experimental ration subsequent to the destruction of the former. 
In April, 1936, i.e. after a further eight months a portion of a rib 
was removed under anaesthesia for microscopic study. Marked bone 
atrophy was re,·ea led at that stage . Unfortunately the animal died 
as a result of the operation. 

The weight curves of Nos. 5147 and 5149 given in l!-,ig. 14 indi­
cate that the weight increase of these two animals was only slightly 
poorer than that of the controls. 
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rr he inorganic phosphorus content of the blood suggests phos­
phorus sufficiency (Fig. 15), while the blood calci urn does not show 
a significant decrease when compared with the valu es obtained for 
the other groups. 
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Fig. XV.-·Average Inorganic Phosphorus. 

The calcium retention of No . 5149 was poor although better than 
that of No. 5160 receiving the same quantity of Ca but less P, and 
phosphate about 70 per cent . of that of the control group (Table 7) . 
In the light of the foregoing it is rather remarkable that the per­
centage ash is not more depressed when compared with that of the 
bones of the control animals (Table 6). The breaking strength of the 
metacarpus is similar to that of the metacarpus of the phosphorus 
deficient animal and is indicative of abnormal bone, but neither the 
radiograph nor the microscopic examination of bone sections confirms 
this finding. 

DISCUSSION. 

Many important points arise from a companson of the results 
obtained in the different groups. 

(1) ·wEIGHT INCREAsE AND FooD CoNsuMPTION. 

The weights of the animals are given in Table 2. 

Poor increase in weight was shown without exception by the 
animals receiving a ration low in phosphorus but sufficient or excess 
calcium. Poor weight increase was invariably associated with poor 
appetite and food consumption. It would again appear that the 
lack of condition was associated with a decreased intake rather than 
with poorer utilization of food . This indication also consistently 
appeared in the earlier investigations (du Toit et al, 1931, etc.). 
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STUDIES IN MINERAL METABOLISM XXXVII. 

·weight increase is inversely related to calcium intake in the 
phosphorus deficient groups. Poorest increase was registered in 
Group 3, where excess calcium was present and the best increase 
where both calcium and phosphorus were deficient. In other words 
the ratio of calcium to phosphorus when the latter was present in 
deficient amounts undoubtedly affected the animals, normal ratio 
beneficially and abnormal ratio adversely in regard to food consump­
tion and the subsequent gain in weight. As the phosphorus intake 
u£ the three groups receiving low phosphorus diets was equal at the 
beginning of the trial and was reduced due to less food consumption 
of the groups receiving adequate and excess Ca respectively the 
decrease in food consumption can clearly not be associated with the 
decrease of the P present but rather with the abnormal ratio of Ca 
toP. 

In Groups 5 and 6 where the phosphorus intake was adequate 
neither excess nor deficient calcium had any significant effect on 
weight increase or food consumption . In both these groups the ratio 
of calcium to P was abnormal, viz., 2·6 OaO: 1 P 20 5 and 1 CaO: 
4·3 P 2 0 5 respectively but with adequate P intake the ratios seem to 
have been without effect on growth. Obviously, an answer to the 
question of the effect on weight increase and food consumption of 
increasing amounts of P when the Ca intake is low cannot be given 
from the data obtained in Group 6, but it could be mentioned here 
that subsequent work with bovines on a low Ca intake and increasing 
anwunts of P does suggest rather strongly that appetite is not so 
sensitive to increasing amounts of P when calcium is low as to in­
creasing amounts of Ca. when P is low. So far (after 10 months) in 
the riewer experiment on the same low Ca. intake a. ratio of 
l Ca.O: 5 P 2 0 5 does not show a. more pronounced effect on appetite 
than one of 1 Ca.O: 10 P 20 5 • Both in case of low P on the one hand 
and low Ca. on the other the ratio of Ca to P is not without effect 
but apparently with a more pronounced and more easily obtained 
effect on appetite and gain in weight when Pis deficient. 

(2) BLOOD ANALYSIS. 

Blood calcium determinations were started 5 months after the 
be1rinning of the experiment and can be dismissed without further 
comment as there does not appear to be significant differences in this 
respect among the groups. 

The inorganic phosphorus content of the blood is given in Table 
4. 

Phosphorus deficiency in Groups 2, 3 and 4 resulted as usual in 
low inorganic phosphorus of the blood. vVhile these values were 
already low in Groups 2 and 3 receiving abnormal ratios -of Ca. and P 
one month after the beginning of the experiment, the blood inor­
ganic phosphorus in Group 4 receiving a normal ratio decreased 
more gradually and did not reach the low figures registered in the 
other two groups until almost a. year after the beginning of the expe­
riment after which period the values showed a t(mdency of being 
even lower than those of the other two groups. It cannot be said, 
however, that the slight difference in the inorganic phosphorus content 
of the blood of the heifers in these three groups is primarily due to the 
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A. THEILER, P. J. DU TOrr, AND A. I. MALAN. 

differences· among the three ratios as the group receiving the best ratio 
certainly shows, if anything, lower values for the greater part of the 
experimental period. Phosphorus deficiency was probably greatest in 
Group 4 receiving the normal ratio of Ca to P, as growth was rapid 
and the animals showed an increase in weight of about 400 lb. com­
pared with 60 and 170 lb. for the other two groups respectively. 
Food intake should .be equalized when the effect of the ratio of Ca 
to P upon blood analysis will undoubtedly show in animals receiving 
inadequate P in their ration. In Groups 1, 5, 6 receiving the same 
amount of P and consuming the same quantity of food daily the 
inorganic P content of the blood of group 1 is significantly less than 
that of Group 5 receiving excess Ca, and less than that of Group 6 
or. low lime. It is questionable whether the higher values in groups 
5 anO. G can be interpreted to indicate poorer utilization of P by 
these two groups than by the control group whose figures are less but 
still indicate sufficiency of P in the diet. Food intake was the same 
in these three groups anrl growth rapid throughout. 

Phosphatase was determinerl in the blood of the heifers in all 
the groups during the last five months of the experiment. These 
values are tabulated in Table 5. 

'rAllLE 5. 

Phosphate Content of Blood £n Bodansky Units. 

1935. 
Bovine 

Group. No. 

I I I I March. April. May. June. July. 

I. 0 0 0. 0 0 0 0 0 0 •• 5154 3·5 3 ·3 4·6 4·4 3·9 
5163 5·2 1·6 5 0 5·1 5·3 

II. . ........... 5155 8·6 6·4 7·1 8·5 9·0 
5151 9 ··1 7·5 9 6 8·2 9·8 

III. ....... . ... 5158 9·4 3·8 5·5 7·7 8·9 

IV ............ 5160 13·9 9·9 16·2 11·7 12 ·1 
5161 8·5 - - - - -

v .. .. ...... . . . 5153 5·3 3·0 4·1 5·4 4·9 
5167 3·6 2·8 4·4 3·9 3·8 

VI. ........... 5147 2·8 ·5 5·2 4·0 5·2 
5149 4·9 2·5 4·2 4·1 2·6 

.A glance at Table 5 indicates that the phosphatase values of 
Groups 2, 3 and 4 are significantly higher than those of the groups 
receiving adequate phosphorus and suggest poorer bone formation 
in the three former groups. 

(3) BoNE ANALYSIS. 

Reference should be made to Table 6 for a companson of the 
results of the hone analyses. 
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A,. THEILER, P. J. DU TOI1.' , AND A. I. MALAN. 

'l'he difference among the weights of the same green bones 
of the animals in the various groups are quite .a.ppreciable, but as 
these values are partly dependent on size which in its turn is also 
determined by factors other than feeding, as for instance breeding, 
the green "·eights are obviously only of limited value for comparison 
and difficult to interpret correctly under th'e conditions of the 
e:s:perimen t. 

The percentages dry fat free bone calculated on the green 
weight, indicate, as would be expected, that Group 1 receiving Ca 
and P in sufficient amounts under optimum conditions show the 
highest values for all four bones analysed. Groups 5 and 6 r·eceiving 
the same amount of P as Group 1 but respectively more and less Ca 
show the nearest a.pproach in ash percentage to the normal group; 
these diminished values suggest disturbances in the process of normal 
bone formation in these two groups. The ash percentages of t'he 
bones of Groups 2, 3 and 4 which received P in inadequate amounts 

_show similar values definitely lower than those of the normal group. 
The bone ash percentages of these three groups should not be com­
pared with each other on account of t'he unequal intake of food and 
consequent growth and hence effect on bone formation. It would 
seem, however, that the difference in the percentage of bone ash 
of the animals receiving adequate P (Groups 1, 5 and 6) when com­
pared with those of animals receiving insl1fficient P in their diet 
(Groups 2, 3 and 4) is closely associated with the P intake and t'hat 
the ratio of Ca too had a minor influence or at all events did not 
alter the values appreciably. 

'l'he fat fraction of the bones is inversely related to the ash 
fractions and hence increases in the bones of the P deficient animals 
where ash is low when compared with the control. 

In regard to t'he breaking strength the metacarpus is probably 
the most sui table bone for this <letermination and gives the most 
reliable values. The femurs are often crushed and do not register 
sudden breaks at all, while the shape of the humerus is such that 
it is difficult, if not impossible, to fit it into the breaking machine 
so that the effect of the application of pressure does not cause a slip 
towards tbe side. The metacarpus of No. 5149 on a calcium low 
diet shows a low breaking strength and it would appear that at most 
.it can be said that Ca or P deficiency or both in the diet produced 
weaker bones than the animals in Groups 1 and 5 where no deficiency 
existed. 

The bones of animal No . . 5158 receiving excess Ca and inade­
fluate P gave results which are rather puzzling. From a considera­
tion of weight increase, food consumption and the development of 
clinical s~rmptoms this heifer appeared to be worse than 5157 on a 
ration low in P but adequate in Ca. On theoretical grounds too, 
one would exped the latter animal, whose ration contained Ca and P 
in a more benefici.al raho (2-4 CaO: 1 P 20 ,) to have responded better 
than 5158 receiving Ca and P in the ratio of 9 CaO to 1 P 2 0.. It 
will be recollected from the description of tb e' animals in the latter 
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group (Nos. 5158 and 5159) that 2 gm. P 2 0 5 were given for about 
0 mouths to No. 5158 after the death of No. 5159 to keep her in the 
experiment and t'he possibility exists that the bone aualyses show 
the response to this extra intake of l' as is also noticeable from the 
inorganic P content of the blood and the plasma phosphatase and 
from the balance experiments which indicate that appreciably more 
P was retained for that period. 

(4) CA AND p RETENTIONS. 

Table 7 g1ves a summary of the lleterminations of Ca and P 
retentions on a representative heifer from each group in the course 
of the experiment. 

The daily retention of P in Group 1 rece1vmg adequate 
quantities of both P and Ca amounted to 15 gm. P 20 5 and was the 
best of all the groups . This retention decreased considerably by 
respectively increasing or decreasing the Ca intake without altera­
tion of the P supplied as was done in Groups 5 and 6. It would 
seem that the abnormal ratio so caused in these two groups affected 
the P retention adversely, although apparently not to a degree 
which was recognizable clinically or which affected food consumption 
and consequently weig.ht incre.ase significantly. Still, the bone 
analyses confirm the indication of a poorer utilization of minerals 
in Groups 5 and 6 than in Group 1 for which the abnormal ratio 
of Ca to P in the former two groups must be held responsible. It 
is uncertain of course whether this decreased utilization of P would 
have led to phosphorus deficiency ultimately, although such a result 
seems improbable in the light of the fact that no unfavourable effects 
were registered on food consumption, weight increase, blood analyses 
and bone structure during the rapidly growing period of the heifers 
from approximately 18 months to 3 years of age. 

In regard to Groups 2, 3 and 4 receiving inadequate amounts 
of phosphorus it seems remarkable, especially in the last group that 
growth could have taken place at all. Very little P was retained 
in the body and the animals were apparently almost entirely 
dependent upon breaking down their skeleton and producing instead 
bone of inferior quality as revealed by the bone analyses. 
On this basis the production of markedly rachitic bones 
in Group 4 (Ca and P deficient) where growth was rapid and equal 
to that of the normal group, and of relatively only slightly rachitic 
bones in Group 3 ·where (excess Ca, deficient P) growth was almost 
negligible, is readily explicable . The outstanding feature of the P 
retention in these three groups (2, 3 and 4) is tha.t the animals were 
able to remain alive on a P retention of little more than 1 gm. 
P 20 5 per clay for more than two years. 

In regard to the retention of Ca the rletermining factor in all 
the groups undoubtedly was the levels of intake. It is remarkable 
that. in Group 3 receiving excess Ca and ·deficient P about 10 times 
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STUDIES lN MINERAL ~IETAJJOLJShl XXXVll. 

as much of the former constituent was retained as of the latter. 'rhe 
retention of Ca in Group 6 on low Ca intake was very low and it is 
surprising that greater evidence of a calci nm deficiency was not 
obtained when animal No. 5149 was killed. It is to be remembered, 
however, t h at the group mate No. 5147 showed marked bone atrophy 
almost a year after No. 5149 had been killed. In case No. 5160 
actually no calcium was r etained, the balance being on an average 
slightly negative for the entire period; the clinical symptoms in 
this case were probably partly clue to the defi ciency of Ca. 

(5) HISTOLOGICAL FINDINGS. 

The following is a summary of the diagnoses of the bonelesions 
produced in the different groups : -

No. Group. 

5154 ... . l. Ca and P adequate .... . .. ... . . . .. . ..... ... . 
5157 ... . 2. Ca adequate P low ... .. ......... . . ...... .. . 
5158 ... . 3. Ca excess P low ..... ..... . . . .... . .... . .... . 
5160 ... . 4. Ca low P low .............. .. ........ . . .. . . 
5161. .. . 4. Ca low P low, died 4 months before 5160 ... . 
5153 . .. . 5. Ca excess P adequate .............. . . . ..... . 
5149 ... . 6. Ca low P adequate . ...... .. ... ....... .. ... . 
5147 ... . 6. Ca low P adequate (after 32 mon ths in expt.) 

Diagnosis. 

Normal. 
R.ickets. 
Rickets. 
Marked rickets. 
Very marked rickets. 
Normal. 
Normal. 
Marked bone a.trophy. 

In general the histological findings are in agreement with the 
results alreadv discu ssed. The bones of No. 5160 showed marked 
rickets ( oste01;1alacia). Clinically too, t'his animal showed the most 
severe symptoms of deficiency towards the close of the experiment. 
Food consumption remained good, growth r ate was rapid, which was 
probably responsible for the development of more inferior bone than 
in the other two groups r eceiving insuffi cient P (Groups 2 and 3) 
where the animals showed better adaptation to the low P in the diet 
by consuming less food and increasing comparatively gradually in 
\Y eight . The balance trials, bone analyses and even the inorganic 
P content of t'he blood all suggest that this animal would show the 
most severe bonelesions. 

The outstanding feature of th e microscopical examination of 
the bones is that osteomalacia or rickets was invariably associated 
with P deficiency, whereas Ca defi ciency in Grouv G produced at 
most marked atrophy of the bones of No. 5147 hut no rickets. 

EXPERIMENT 2. 

The results of another investigation into the effect of low P 
on cattle will be reported here · very briefly as they corroborate in 
the main the results · obtained in Experiment 1 but in addition 
provi<le extensions in some directions·. 
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Detailed data of this work will be given by Otto (1937). 

Four pairs of eighteen-mont'hs-old steers were placed on the 
same basal ration low in Ca and P. Ca and P were added to the 
basal ration in the form of CaC0 3 and N a 2HP04 to provide different 
intakes of Ca and P for each pair of steers; the relative proportions 
of these two constituents remained constant in three of the groups. 

The daily basal ration consisted o£-

3 · 5 kg. mmze samp; 

1 · 2 kg. te:ff hay; 

0·24 kg. meat meal; 

0·5 kg. greenfeed. 

The basal ration contained approximately 13 gm. CaO and 
10 gm. P 20 5 . 

Details of the approximate mineral intake o£ the different pairs 
o£ steers .are given below:-

Gronp. No. of CaO intake P 20 5 intake 

I 
CaO: P 20 5 • Animal. grams. grams. 

1 .. . ...... . ....... .. . . . . 4713 :l2 18 1·2 : l 
l ....................... 3478 22 18 l 2 : 1 
2 ..... ....... ....... .... 3480 17 13 1·3 : 1 
2 ....................... 3465 17 13 1·3 : 1 
3 ...... .. . ... ........... 3464 35 13 ~·7 : 1 
3 ....................... 3467 35 13 2·7 : ] 

4 ........ . ....... . ...... 3456 13 10 1·3 : 1 
4 ............ . ... . . . .... 3464 13 JO 1·3 : 1 

A fifth pair o£ steers was subsequently adderl; in this case the 
Ca. and P intakes were reduced to 3·8 and 3·9 gm. respectively when 
expressed as the oxides. 

The experiment began in June, 1933, and was continued for two 
years. vVeights and food consumption were recorded, blood was 
analysed for Ca, P and for phosphatase towards the end o£ the expe­
riment, Ca and P balances were carried out periodically during the 
course of the experiment and bone studies-chemical and histological 
-undertaken at the conclusion o£ t.he trial. 

The results o£ this experiment will be considered only in so far 
a;; they throw light on the inference drawn from the first investiga­
tion, viz., that osteomalacia or rickets was invariably associated with 
low dietary P apart from the Ca content o£ the ration. 

405 



STUDIES IN MINERAL METABOLIS.YI XXXVIl. 

The bones of animal No. 4 712 receiving daily on an average 22 
O'm. CaO and 18 gm. P 20 5 for 30 months showed no abnormal lesions. 
The calcification zone was well marked. It was nowhere interrupted 
and the primary trabeculae were in regular order and of fair length. 
l'he pillar trabeculae which entered the proximal spongiosa were all 
well calcified. The conditions were those found in a normal animal. 
The presence of an occasional red seam had to be expected in a fa,;t 
growing animal and could not be looked upon as a pathological 
change. 'rhe bones were therefore considered to be of normal 
structure. 

It should be remembered that the heifers showing normal bone 
structure in the first experiment were given daily a total of 24 gm. 
P 2 0 5 and it would appear therefore that under the conditions of the 
second trial 18 gm. P 2 0 5 were sufficient to provide for the require­
ments of a normally growing healthy steer. 

In Group 2 \Yhose rliet contained 13 gm. P"0 3 and 17 gm. CaO, 
blood analysis indicated that less P was present in the ration than 
ir. that of Group 1 and approached values at times that suggested P 
deficiency rather strongly. The other observations, viz., balance 
trials and bone aualysis corroborated this view. The bones of animal 
No. 3480 showed a complete ossification zone with no interruptions 
and of fair thickness. Some of the primary trabeculae were very 
short. The pillar and ·other trabeculae belonging to the region showed 
thin conspicuous osteoid seams which were present in more than 
physiological amounts. There was a scarcity of pillar trabeculae . 
.A diagnosis of richets and atrophy was considered justified. 

The development of rickets in Group 2 on low P but probably 
aJso inadequate Ca makes the results obtained in Group 3 significant 
and important. Here the P intake remained the same as in Group 2 
but Ca was increased to 35 gm. producing a less beneficial ratio than 
that present in group 2. Judging from the inorganic phos­
phorus in the blood the animals in Group 3 suffered more from a P 
deficiency than those in Group 2 which was to be expected when con­
sidering the wide ratio. However, the animals in Group 3 responded 
similarly on the whole to those of Group 2 although this point is 
unimportant in this discussion as the ultimate object was to deter­
mine whether the bone lesions produced in Group 2 developed as a 
result. of the P lleficiency in the rliet of the animals in that group or 
whether low Ca intake was also partly responsible for the rachitic 
lPsions. 

The nth rib of No. 3467 revealed that the calcification zone was 
nowhere interrupted. The ossification zone had been reduced by the 
presence of large secondary medullary spaces. Osteoid was present 
in more t~an normal amounts. 'l'he trabeculae were very short and 
some of tne secondary medullarJ: spaces extended deeply into them. 
In other places .some of the pnmary trabeculae were rather long. 
Marked resorptwn had taken place m the ossification zone. 
Diagnosis: slight rickets and atrophy. 
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. It w.ould appear that the presence of rickets is undoubtedly asso­
Ciated w1th the low P content of the ration in Group 3. 

Both Ca and P were low in the ration of Group 4. vVeight in ­
crease. and f.ood c~msumption were normal from the beginning of the 
expenment w July, 1933, until .March, 1934, when one of the steers 
broke his leg and was destroyed. Blood analyses indicated aphns­
phorosis and poor calcification was confirmed from the bone analyses . 

.Mic1·oscopical examination of the bones of No. 3456 showed the 
presence of the provisional calcification zoue. In parts it had a 
serrated surface due to the presence of chondroblasts in the calcified 
trabeculae. In some parts the calcified zone was very thin. The 
calcification zone was nowhere interrupted nor could medullary 
canals be seen entering the hypertrophic cartilage. The ossification 
zone was fairly wide in places but in others it had been resorbed and 
large medullary spaces occupied its place. The pillar trabeculae 
showed thin osteoid seams1 while some of the primary trabeculae 
were lined with osteoid the amount of which certainly transgressed 
physiological limits . A diagnosis of incipient rickets and marked 
atrophy was made. 

'rhe rachitic lesions were more .severe and extensive in Group 4 
than in either of the two previous groups but it is to be remembered 
that the daily intake of Pin the former group was only 10 gm. P 20 5 

compared with 13 gm. in the case of the two latter groups. Again 
i · would seem therefore that the severity of the lesions was related 
to the quantitiYe intake of phosphorus. 

The fifth pair of steers receiving daily in their ration approxi­
mately only 4 gm. each of CaO and P 2 0 5 remained in good condition 
and showed considerable increase in weight, viz., 220 lb. for the 
first thirteen months of the experimental period. The inorganic 
phosphorus content of the blood indicated P deficiency and abnormal 
values for phosphatase that calcification was being interfered with 
but the appetites remained g·ood and the animals did not present the 
classical picture of aphosphorosis. The progress of this pair of steers 
was very simila r fo that of the ·heifers Nos. 5160 and 5161 mentioned 
in the first investigation. It will be remembered that although severe 
rickets was diagnosed at the end of the trial these two heifers on low 
Ca :mel P increased in weight normally and were indistinguishable 
from the control group until shortly before the end of the experiment. 

Steer No. 5430 was killed in September, 1935, nine months after 
the beginning of the experiment, for bone sturl y. Bone sections were 
examined microscopically and found to justify a diagnosis of severe 
rickets and atrophy. The lOth rib for instance showed tongue-like 
projections of the cartilage into the subchondral zone; distally these 
projections were embedded in osteoid which was present in great 
amounts. The preparatory calcification of the proliferation zone was 
very irregular; occasionally the preparatory calcification zone was 
reduced to a very thin line and was even absent in some places. A 
conspicuous feature was the marked atrophy in the more distal por­
tions. 
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A portion of a rib was removed under anaesthesia from the experi­
mental mate of No . 5430, viz., No. 5431 three months after the 
former animal had been killed. l'his section also showed lesions d 
seYere rickets and atrophy. 

Summaries of the data collected appear in 'f ables 8-11 below :-

Date. 

June, 1933 .. .... .......... 
Ju ly .......... .... ...... .. 
August . .... . . . ........... 
September .. . ... ... .... ... 
October ... . .... . . ........ 
November ................ 
December . . ... .. ...... ... . 

anuary, 1934 . ........ ... . J 
F 
M 
A 
lV 
J 
J 
A 

ebruary ............. .... 
arch ... .. ......... .. .. .. 
pril. ..... . . . ... ... ..... . 

i ay ...... . . ... ... ........ 
nne .... .. . ... . ....... .. . 
uly ..... .. ..... . .. . ..... . 
ugust ........ . .. . . . ... .. 

September .. ... .. .. ....... 
October ....... . . .. .. , .... 

ovember ............. : .. N 
D 
J 
F 
M 
A 
~ 
J 
J 

ecember . .. . .. .. ......... 
anuary, 1935 ............. 
ebru,ry . ... . . ... . .. . .... 
arch , ........ . ... ....... 
pr;! .. ... . ......... . ..... 

•by ...... .. . .. ... . ... . ... 
unc .......... ... .. .... . . 
uly ... , ......... ..... . .. . 

'fABLE 8. 

1-Veights of Amnwls in lb. 

Group I. Group II. Group III. 

4712 .1 :!478. 3480.1 ;455. 3464.13467. 

821 800 812 767 798 818 
841 819 831 790 796 831 
880 860 863 814 ~J4 854 
890 865 873 827 851 860 
861 861 863 816 t>32 845 
894 887 883 839 839 845 
900 886 819 844 ~tO 844 
906 914 824 850 815 871 
934 934 850 865 805 865 
949 983 872 874 816 880 
975 1000 885 888 830 895 
995 1004 875 890 926 882 

1020 1036 875 Died 853 890 
1014 Died 9l0 - 892 896 
1000 - 935 - 920 915 
1040 - 925 - 9 15 945 
1065 - 950 - 925 1000 
1060 - 940 - 925 Died 

- - - - - -
1085 - 960 - 940 -
llOO - 1000 - 965 -
1125 - 970 - 1000 -

- - - - - -
1170 - 1055 - 1050 -
1215 - llOO - 1080 -
1265 - 1130 - 1105 -
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I Group IV. Group V. 

3454.13456. 5430.15431. 

756 836 - -
779 857 - -
814 855 - -

820 860 - -
797 836 - -

833 839 - -
855 838 - -

863 848 - -
883 855 - --; 

Died 849 - --
- 850 - --
- 851 - - -
- 875 - -
- 869 450 400 
- 880 - -
- 845 470 440 
- 845 490 460 
- 820 510 500 
- - 500 508 
- 860 495 500 
- 840 520 520 
- 875 560 540 
- - 580 550 
- 895 615 600 
- 890 615 610 
- 885 625 620 
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. 'rABLE 9. 

lnorgan.ic Blood Phosphorus ·in rngrn. per 100 rn.l. Blood. 

Date. 

ber, Septem 
October 
No vern 
Decemb 
January 
Februa 
March. 
April.. 
May ... 
J·une .. 
July .. 
August 
Septem 
Octo be 
Nov em 
Decemb 
Jam1ary 
Februa 
Mar0h. 
April.. 
May ... 
June .. 
July ... 

1933 ..... .. 

ber. .. .. 
er .. .. .. 

' 
19J4 .... ... .. 

ry . .. 
.. .. .. 
.. 
. .... 
... .. 
... ... 

.. , . 
ber .. .. 
r. 
ber . 
e.r ...... ... 
' · 1935 ... .. .. ... 

ry. 
... .. 
.. · . 
.... 

.· 
. .. .. 

.. 

.. 

Bovines. 

14712.13478.13480.13465.13464.13467.13454.13456.15430.15431. 

7·6 6·9 7·0 7·2 7·2 6·9 6 6 4 0 
I 

- -

7·3 7 1 7·2 7 0 6 ·5 6·4 6 5 b·2 - -
6 4 7 4 6·4 6 9 7·0 6·2 6 0 5·:l -· -
7.·2 8 0 b·6. 5 8 6·4 .5·8 5·2 4·3 - -

6. 8 6 8 5·8 5 4 5·9 5·6 4 6 iHJ - -

5·8 7·2 5·2 50 4·8 5·0 4 3 3·3 - -
6·2 6 6 5·6 5 2 5·0 4 2 Died 3 6 - -
5·8 7·2 4 6 4 9 3·6 3·5 - 3·2 - -

5·4 7·6 5 8 Died 3·9 3·7 - 3·0 - -
5.·2 7·7 4 4. - 3·4 il 4 - 2·7 -- -

5.·3 Died 3·0 - 2·8 2 6 2·5 - -

6 ·1 - 3· 5 -- 3·2 2·9 - 2 9 7·0 4·4. 
6·2 - 3 7 - 3·:! ::; 4 -- 2·6 6·4. 5 0 
6·2 - il 9 -- 3·4 3·1 - 2·7 5·5 4·0 
6.·2 4 7. - 3·5 2·7 -- 2·8 4 4 3·2 
6. l - 4.·() -- 4·0 Died - 2·9 4·8 3 6 
5·7 - ·! ·8. - 3 6 - - 2 8 4.·7 3·5 
6: 0 -- 5·1. - 3·4 - - 2·8 3·5 2 3 
.5 _- 7 - 4·7 - 3·6 - - 2·9 3·4. 3·0 
fl·6 I - 4.·3 - 3·4 - - 2 7 3 '2 2 6 
5 3 

I 

- 4·0 -- 3·5 - - 2·9 3·3 2 6 
5:2 - 3 9 - 3·4. - - 2 8 3 l l ·8 
5 0 - 3 5 - 3·3 - - 2 9 2·9 1 6 

'rABLE 10. 

Blood Calcium w 'lng?n. per 100 rn.l. Blood. 

Date. 

eptcmber, s 
N 
D 
J 

1933 ........... 
<Jctober ....... . .......... 
Tovember ................ 
ccember .. ..... ... .... . .. 
anuary, 1934. .. ........... 

~'ebr.1ary . ..... .. ........ . 
~arch .................... ]\ 

A 
]\ 

pril. ............... .. .. . 
1:ay ... .... . ... .. ..... . .. . 
une ..................... J 

J 
A 
s 
0 
N 
D 
J 
l! 
M 
A 
M 
J 
J 

nly ...................... 
ugust .............. .. ... 
eptember ................ 
ctober .................. 
'ovember ... . . ... . ... .... 
ecem ber ................. 
an nary, 1935 ............. 
'ebruary .... ... . ......... 
arch ..... . .... . . . ....... · 
pril. .......... . ......... 
ay .............. ..... ... 
une ............. . ....... 

· uly . .................... 

Bovines. 

14712.13478.134.80.J 3465. J34.64..J34.67.j 3454.j 3456.1 54.30.[54.31. 

10·2 10·6 10·0 9 9 10·2 9·8 h o-4 10 0 - -
10·0 10·2 \j 8 10·0 9·8 10·2 9 6 8·9 - -
9·6 10 ·0 8·9 10·1 10·4. 10·0 8·9 1!·2 - -

10·4 10·6 10·6 11·2 11·2 9·3 10 0 10·8 - -
10·2 9·9 10·2 10 6 10·8 ll·4 9·4 10·4 I - -
9·8 10·4 10·0 104. 10·4 9·5 10·2 10 0 - -

10·0 10·0 10 ·1 10·7 10·3 9·8 Died ll·6 - -
9·4 10 6 9 8 10·5 10·7 9·7 - 9·2 - -

10·6 9·8 10 0 Died 10 ·1 10·0 - 9·0 -- -
10·4. 10 0 9·6 - 10·0 9·6 - 8 0 - -
9·4 Died 9·5 - 10·6 9·5 - 10 4 - -

9·8 - 10·0 - 10·7 10·3 - 11·2 10·8 10·5 
8·9 - 10·2 - 10·4 11·2 - 10·6 10·4 10·7 

10·6 - 10·1 - 8·9 10·8 - 10·4 10·6 10 2 
10·2 - 10·4 - 9·6 11 ·0 - 8 4 10·4 10·5 
10·0 - 10·6 - 10·4 Died - 9·4 10·2 10·0 
10·0 - 10·3 - 8·6 - - 10·6 10·2 10·1 
10·2 - 9 ·7· - 10·4 - - 8·6 10·9 10·6 
9·8 - 10·6 - 10·2 - - 10·4. 8·9 9·6 
9·6 - 9·5 - 10·9 - - 10·2 10·0 11·0 

10·1 - 10·0 - 10·0 - - 10·0 8·0 8·9 
9·8 - 10 ·2 - 9·9 - - 8·4 8·6 . 8·9 
8·9 - 9 ·1 - 9·6 - - 9·0 9·1 8·4 
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TABLE 11. 

Sum.nwry of Ca and P Retentions (grm.s .) 

October, 1933 ... 
ovember .... . . N 

J 
F 
M 
A 
M 
J 
A 
s 
0 
N 
J 
F 
M 
M 
J 

anuary, 1934 .. 
ebruary ....... 
arch ... . ... ... 
pril. .... .... . . 
ay . ... ........ 
nly ........... 
ugust . .... .... 
eptember .... . . 
ctober .. . .. . .. 
ovember . ..... 
anuary, 1935 . . 

•ebruary .. . .... 
arch .......... 
·a.y ............ 
nne ..... . ... . . 

Group I. 
B. 4712. 

CaO., P 20 5 • 

9·45 9·54 
8 ·10 6·61 

12·30 10·39 
9·36 10·18 
9·71 9 50 
9 ·13 11 ·72 
9·08 10 ·8:t 
8·95 11·26 
8·66 12 43 
9·36 8·35 

11·03 7·51 
7·87 9·73 
7·96 8 ·38 
8 ·16 10·96 
5·60 9·86 
9·44 ll-74 
7·14 8·31 

8·91 lO·ll 

Group II. Group III. Group IV. 
B. 3480. B. 3465. B. 3456. 

CaO. J P 20 5 • CaO., P 20 5 • CaO., P 20 5 • 

4·23 3·07 

I 

5 ·20 3·71 - 1·95 - 2·68 
4 03 3·94 8·61 4·65 - 2·68 - 1·40 
- - 8·04 3·23 2·42 1 ·51 
- ··- 6·09 3·94 4 24 1·46 
- - 6·78 4·97 4 02 3·73 
- -- 9·92 3·48 2·84 2 ·15 

6·29 6 ·48 6·97 6·94 2 ·72 5 90 
3 21 4·92 5·22 (}·20 3·46 5·70 
5·50 5·81 3·08 6·70 3 ·71 5·03 
3·40 5·95 3·84 5·35 3·68 4·62 
5·08 4·42 4 ·31 2 ·91 0·34 0·85 
6 ·12 4 ·81 6·55 4·03 0·20 1 ·28 
4·36 6·73 7·06 4 ·14 1 ·72 3 ·14 
4 ·55 7·62 10 ·15 4·81 3 ·10 2·49 
6·81 5 ·68 ll ·54 3·68 4·41 2·01 
6·62 5·58 7 ·90 5·90 5·55 3·55 
5·43 3·94 8·91 5·42 4·52 2·26 

5 ·14 5·65 7 ·13 4·65 2·49 2·45 

DISC USSION. 

Group V. 
B. 5431. 

cao.j P205 • 

- 2·32 1·17 
-1·60 1·05 
- 1·97 - 1·69 
- 3·05 - 1·7(} 
- 1 ·64 - 1·37 
- 1·54 ~ O·ll 

0·46 0 ·14 
0 ·22 0·66 
0 ·59 0·55 
0·25 0·16 
1·02 1·05 
0·81 1·35 
- -

- 0·49 O·ll 
- -
- -
- - -

- -

Apart from the conspicuous association of rickets with aphos ­
pll()rosis in all the groups on a low P intake mentioned in this expe­
riment it was noteworthy, that the two steers Nos. 5430 and 5431 
receiving a ration which contained approximately only 4 gm. each 
of P and Ca and in proportions accepted as normal , developed severe 
rickets, but that this condition was clinically hardly noticeable and 
never conspicuous to the· naked eye at any stage of the experiment. 
Loss of appetite was not observed in this group nor was it reported in 
the case of Nos. 5160 and 5161 whose rations were also low in both 
Ca and P as mentioned in the first investigation. Although more 
Ca and P were contained in the ration of the latter group, these 
constituents were still supplied in inadequate amounts, viz., 5 · 5 and 
10·6 gm. respectively daily. In spite of the development o·f severe 
rickets as diagnosed microscopically at the conclusion of the respec­
tive experiments, it will be remembered that growth remained nor­
mal, the appetites were good, while the groups receiving ·the same 
quantity of P as Nos. 5160 and 5161 , viz., 10·6 gm. daily, but suffi­
cient and excess calcium respectively suffered from partial loss of 
appetite and showed consequently poor gains in weight. It would 
seem that the loss of appetite which has been reported consistently in 
cattle on phosphorus low rations is not unassociated with the calcium 
content of the diet. : Apparently a fav_ourable ratio of Ca to P when 
thr latter is present in insufficient amounts does not affect the appetite 
detrimentally to any appreciable extent and therefore il!cidentally 
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produces good growth, for food utilization is unaffected by Ca or P 
deficiency (Kleiber et al 1936; Otto 1932, Evans 1929). Furth~rmore 
such a ratio under conditions of P deficiency apparently mduectly 
retards the development of clinical sywptoms of aphosphorosis in 
cattle . Still, the severity of the rachitic lesions does not appear to be 
invariably associated 'vith that of the clinical symptoms and with 
condition, for whereas the bovines 1·eceiving diets low in both Ca 
and P showed bone lesions of florid rickets, while in good condition 
and clinically quite healthy, Nos. 5157 anrl 5158 receiving even less 
P than No. 5160 but more Ca showed microscopical bone lesions of 
rickets that were by no means as marked but in addition clinically 
recognizable symptoms of .aphosphorosis, poor appetite and condi­
tion. The difference in the severity of the bone lesions is explicable 
on the basis that much more rapid growth took place in the case of 
No. 5160 and hence quicker bone formation than in the case of Nos. 
515'{ and 5158; the clinical symptoms of what has usually been I'e­
garded as those of a straight aphosphorosis shown by the latter 
animals should more correctly be regarded as the effects of a dis­
turbance in Ca P metabolism rather than as those of a straightforward 
phosphorus deficiency. Excess Ca was probably as much responsible 
aR the phosphorus deficiency. Even the values giving the daily 
retention of P (see Table 7) suggest that for their registered increase 
in weight Nos . 5160 and 5161 (low P and low Ca.) retained less P 
than either Group 2 or 3 (i.e. Nos. 5157 and 5158) receiving low P 
but adequate and excess Ca respectively. If, therefore, the clinical 
symptoms were entirely the result of P deficiency these should have 
been most severe in Nos. 5160 ancl 5161. It seems more correct to 
reg·ard the clinical symptoms as the sequel to mineral disturbance 
rather than to P deficiency. On this basis Ca deficiency might pre­
sent at times a clinical picture indistinguishable from that of aphos­
phorosis and this has been observed. 

Viewed in the light of the above the effects of a phosphorus 
deficiency under practical conditions are probably aggravated by 
relatively high calcium which is almost invariably present in 
phosp'horus deficient pasture. Even if the main effect of the excess 
Ca is not increased ·elimination of P, for it can hardly be said that 
such was the case in animals Nos. 5157 and 5158 when compared 
with No. 5160 (Table 7) the increased retention of Ca where it is 
present in relatively large quantities (Nos. 5157 and 5158, Table 7) 
may be largely responsible for the development of clinical symptoms 
or perhaps the loss of appetite noted and subsequent poor growth 
and condition. In any case stiffn·ess, poor condition, etc., which 
are common in cattle dependent upon P deficient grazing are possibly 
as closely associated with the relative Ca excess as with the low P 
intake. 

In regard to the Erclalk.ali-alkalizitat of the rations feel to the 
animals in t'he two experiments reporterl , the values ranged from 
approximately + 64 to - 20 mgm. equivalents and as in the case of 
the Ca: P ratios rickets was produced in animals when the Erclal­
k.ali-alkalizitiit was normal (Nos. 5157 and 5155) or abnormal (Nos. 
5160 and 5161) while in other cases the animals remained healthy 
when the E.A. of the ration was distinctly abnormal (Nos. 5154 and 
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516:3). E.A. like Ca: P ratio fails as an explanatory basis for the 
production of osteodystrophic diseases in bovines when the Ca and/ or 
P intake is deficient under conditions of vitamin D sufficiency but 
1s probably associated with fhe severity of the disease. 

SUMMARY. 

1. Young heifers and steers were fed basal rations supplemented 
with CaC0 3 and N a2 HP04 in such a manner that the intakes of Ca 
and P were different in the respective groups. Vitamin D was 
present in abundance. 

2. The basis of the experiments was respectively deficiency and 
sufficiency of P with varying amounts of Ca in the rations. 

3. The experiments continued for approximately 24 months. 
during which period observations were recorded on weight increase, 
food consumption, blood analysis for P, Ca and phosp'hatase, clinical 
symptoms of disease and bone analyses-both chemical and histo­
logical. 

4. 'fhe outstanding result of the experiments is that under the 
conditions mentioned P deficiency in bovines invariably leads to 
rickets or osteomalacia and that osteodystrophia fibrosa is not produc-ed 
by P deficiency per se. \ iVith regard to the latter condition the 
suggestion is made that Ca rleficiency may be the responsible factor. 

5. Erdalk.ali-alkalizitiit, like Ca: P ratio of which it really is 
a modification, is not fhe factor which determines whether rickets 
will or will not develop under conditions of P deficiency but both 
are associated with the severity of the complex result produced; for 
instance if they are not always associated with the severity of the 
microscopical bone lesions then with the earlier effects upon food 
consumption, growth and the development of clinical symptoms. 

6. From the data available it would appear that a ratio of 
CaO:P 2 0 5 of 2·5:1, when P was present in adequate amounts did 
not affect the animals significantly in regard to fhe observations 
registered. 

7. A daily intake of 19 gm. P 2 0 5 of which 53 per cent. was 
retained by the steers and of 24 · 0 gm. P 2 0 5 with a retention of 
approximately 63 per cent. by the heifers provided sufficient P for 
normal growth and development while 13 grn. and 10 gm. were 
insufficient for the steers and heifers respectively. 

8. Decreased food consumption which has invariably been 
observed in cattle receiving insufficient amounts of P in their diets 
is not wholly clue to the inadequacy of the P but is also associated 
with the calcium content of such a diet or apparently therefore an 
effect of a disturbance in the Ca: P metabolism of the animal. 

9. ·with regard to blood analysis the phosphatase and the 
inorganic P content of the blood afford valuable assistance in follow­
ing the development of rickets but Ca determinations have been 
found to be of little help in presence of ,;itamin D. The periodic 
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removal of portions of ribs causes the animal v-ery little incon­
venience and has advantages even over X-ray photography for 
studying the development of osteodystrophic diseases in the experi­
mental animals. 
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