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Characteristic behavioural changes were observed in kittens receiving a diet of raw 
heart for 6-8 weeks (Greaves, Scott & Scott, 1958). This diet contained high propor- 
tions of protein and fat, but little calcium. Typical osteoporosis led, after longer 
periods, to a condition similar to osteitis fibrosa, and then to greenstick fractures of 
limb bones and collapse of vertebral bodies; these changes could be prevented by add- 
ing sufficient Ca salt to the diet to raise the Ca:P ratio from about 0.05 to 1.0. The 
possibility of vitamin D deficiency in these experiments was considered, but there 
was no histological evidence of rickets or osteomalacia, and orally or parenterally 
administered ergocalciferol was without effect on the onset or course of the syndrome; 
moreover, Gershoff, Legg, O'Connor & Hegsted (1957) have shown the vitamin D 
requirement of kittens to be small. However, marked improvement occurred in the 
behaviour of dystrophic kittens when they were given supplementary iodine which, 
administered from the beginning of the experiment, delayed the onset of signs of Ca 
deficiency referable to the skeleton (Scott, Greaves & Scott, 1961). 

The experiments described in this paper were undertaken to determine the effect of 
supplementary Ca and I on the retentions of Ca and P in growing kittens and in fully 
adult cats. Nitrogen balance was determined at the same time, providing a standard of 
protein retention. Similar determinations were made on normal growing kittens 
receiving the stock diet used in this laboratory, to establish the pattern of retention and 
excretion. 

E X P E R I M E N T A L  

Animals and cages. By the technique described previously (Greaves & Scott, 1960) 
balance studies were carried out over 8- (occasionally 4-) day periods on seven litter- 
mate weaned kittens and four adult cats, either housed in conventional rabbit meta- 
bolism cages, or trained to use enamel trays fitted with a sloping perforated false bottom 
of Perspex (Greaves, I959), placed in the cat cages normally used in this laboratory 

Diets. The kittens were fed ad lib. and received distilled water to drink. A weighed 
ration of food was presented once daily; the uneaten remnants were dried before 

* Paper no. 4: Brit. J. Nutr. (1961), IS, 35. 

(Scott, 1952). 
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74 A. HEULWEN ROBERTS AND PATRICIA P. SCOTT 1961 
reweighing to avoid error by loss of moisture. Samples of food were collected for 
analysis. 

The stock diet was the afternoon meal, described by Dickinson ik Scott (1956), of 
two-thirds cooked potatoes mixed with one-third cooked fish, supplemented daily with 
small amounts of dried yeast and grass powder. 

The experimental diet was raw minced sheep’s heart imported frozen from Australia 
(for details of constitution see Scott et al. 1961). Supplementary calcium carbonate 
(A.R.) was thoroughly mixed into the daily feed at the rate of 0.5 g/xoo g wet, minced 
heart. The I supplement was administered orally as an aqueous solution of KI at the 
rate of Ioopg I/day. 

Procedure. It was based on the technique used by Greaves & Scott (1960). Urine 
was collected into distilled water ; together with washings, the total daily volume was 
made up to 500 ml and 10 ml were transferred into a pool of daily samples. Similarly, 
every 24 h collection of faeces was homogenized with water to a fluid consistency and 
one-tenth of the homogenate was transferred to the pool of daily samples. Pooled 
samples of urine and faeces were kept under toluene in a refrigerator. With the unsup- 
plemented heart diet difficulty was experienced in marking the beginning and end of 
the balance periods owing to the erratic production and small bulk of the faeces, whose 
black colour completely obscured the conventional carmine marker used effectively 
with the stock diet. 

The pooled daily samples were analysed for their content of N, Ca and P. N was 
determined on duplicate 5 ml samples of urine and 10 ml samples of faeces, by the 
macro-Kjeldahl method. Good agreement was found between duplicates. Ca was 
estimated by the method of Baron & Bell (1957); protein was precipitated by sodium 
tungstate and P by the morpholine nitrate-nitric acid reagent; Ca was determined in 
the supernatant liquid by titration against ethylenediaminetetraacetic acid with Ca- 
thymophthalein as indicator. Total P was determined by the method of Allen (1940); 
digestion was carried out with nitric acid followed by perchloric acid, a blue colour 
was developed with ammonium molybdate and amidol (2,4-diamophenol hydro- 
chloride) and read on a M.R.C. Grey Wedge Photometer. 

Expt I .  Retentions on stock diet. Litter-mate kittens A, and A,, reared on the full 
stock diet at both morning and afternoon meals, were placed on the afternoon meal 
only when they were 28 weeks old and balances were determined. 

Expt 2. Adaptation to low-Ca diet and effect of supplements. Two well-grown litter- 
mate kittens B, and B,, reared on a mixed diet under domestic conditions, were placed 
on raw heart alone at 12 weeks of age. Subsequently they were given: 

weeks 1-1 I, raw heart only; 
weeks 12-15, raw heart and I ;  
weeks 16 and 17, raw heart only; 
weeks 18-21, raw heart and CaCO,. 

Ca, P and N retentions were measured during weeks 9, 10, 14, 17 and 21. 
Expt 3. EfSect of withdrawal of Ca and supplementation with I .  Litter-mate kittens 

C,, C, and C, were reared on raw heart supplemented with CaCO, from the time they 
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VOl. I 5  Effect of iodine on calcium retention 7s 
began to eat; their parents were also reared and maintained on this diet. From 10 weeks 
of age they were given: 

week I, raw heart with CaCO, (control period, rearing diet continued); 
weeks 2-5, raw heart only (after z weeks C, became ill and CaCO, was again added 

week 6, C, received raw heart and I, and C, had the same, with CaCO, added. 
to its diet for the remainder of the experiment. C, died after 44 weeks); 

Ca, P and N retentions were measured during weeks I ,  2, 4 and 6. 
Expt 4. Retention in adult cats. Cats D, and D,, El and E, were two pairs of litter- 

mate adults that had been maintained for several months on raw heart supplemented 
with Ca. Balances, on this diet, were carried out on D, and El when they were 9 and 
10 months, respectively; Ca supplements were withdrawn from D, and E, and 
balances were carried out on them at 12 and 14 months of age. 

R E S U L T S  

Expt I. Table I shows the proximate composition of heart compared with that 
of the stock diet; it contained only 10% more protein but the relative amounts of 
carbohydrate and fat were reversed. The P contents of the diets were similar, but in the 
stock diet the Ca:P ratio was 0.99, whereas in heart it was 0.07. The marked difference 
in I content was due to the presence of sea fish in the stock diet. 

Table I .  Proximate composition (per 100 g dry weight) of the diets 
Constituent Raw heart Stock diet Supplement 

_. 

- 
Protein (g )  5 0  77 
Fat (g) 40 5 
Carbohydrate (g) 7 47 
Ca (mg) 40 850 
p (mg) 620 860 
Ca:P ratio 007  0.99 1.35 
Iodine (pg) 10-80* 400' 1oot 

_. 

800 
- 

Mean water content: raw heart 66 yo, stock diet 77 Yo. 
* Determined for us by the Chilean Iodine Education Bureau, Bishopsgate, London, E.C. 2. 

1. Per cat per day. 

Patterns of excretion and retention of Ca and P on the stock diet can be seen 
(Table 2 ,  and Fig. I )  to have followed N intake, which in its turn is a measure of food 
intake. N retention was related to weight gain, but even without any weight increase 
during the balance period there was an apparent retention of N. 

Expt 2.  On the raw-heart diet loss of Ca in urine and faeces, resulting in a negative 
Ca balance, was maintained even when the kittens were fed on the diet for a relatively 
long period (Table 2). After 9 weeks N intake was still high, and retentions of N were 
appreciable, but retention of P by kitten B, was low, loss occurring chiefly in the urine ; 
similar results were obtained in a balance carried out in the 10th week (Fig. 2). The 
addition of I brought about a marked reversal in Ca retention (week 14); balances 
became positive even on the continuing small intake, excretion diminishing in both 
urine and faeces. Kitten B, showed typical dystrophic signs (pain on handling, lame- 
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ness and inability to maintain normal posture) in week 10. This kitten had a remission 
when given I, with marked improvement of locomotion and temper. In kitten B,, P 
and N retention increased after a rise in food intake, but loss of N in urine was excep- 
tionally high. On omitting I, in week 17, kitten B, again went into negative Ca balance, 

Raw heart Stock diet 

c, 
5.7 

+ Ca 

c 2  

18.6 

+ Ca 
+ I  

c 2  

11.3 
A1 
0 

A 2  

10 
A1 
21 

Fig. I. Expt 3. Retention of nitrogen (cross-hatched), calcium (solid) and phosphorus (stippled) 
by kittens fed on raw heart, alone or supplemented with Ca or with Ca and I, compared with 
that of a kitten in Expt I on the stock diet, at different rates of weight gain. 

I 

Week 9 I Week10 I W e e k 1 4  
I I 

I I 
I I 
I I 
I I 

(Unsupplemented) / Supplemented 

Kitten B 2  B,  B 2  B, B, B, 

- x 
-0 \ 

200 E 

loo 2 
-0 

c .- 

CL 

+ o  
O m  - u  

L 

Fig. 2. Effect of an iodine supplement (roopg/day) on the retention by kittens of nitrogen 
(cross-hatched), calcium (solid) and phosphorus (stippled). & dystrophic signs ; f remission. 
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78 A. HEULWEN ROBERTS AND PATRICIA P. SCOTT 1961 
owing to loss in the faeces, but kitten B, remained in positive Ca balance. KittenB,, 
which showed a steady decline in weight, now developed dystrophic signs, but kitten 
B, seemed to carry over the improvement made when given I to the period when it was 
given additional Ca. It grew rapidly and retained nearly as much Ca on the supple- 
mented heart diet as kitten A, on the stock diet, although N retention was greater. 

P intake and retention remained reasonably constant in both kittens, throughout the 
experiment. The urinary excretion of P was reduced on adding Ca to the diet (week 21)) 
while during the same period loss of P in faeces increased; a similar reduction in 
urinary N was also apparent. 

Expt 3 .  In  Expt 3 younger kittens reared on heart supplemented with Ca showed 
retentions similar to those of kittens on the stock diet (Table 2, cf. E,xpt 3, week I, and 
Expt I). Withdrawal of the Ca supplement resulted in a dramatic fall in Ca retention, 
kitten C, going into negative balance immediately and becoming seriously ill (with 
vomiting and diarrhoea) after 2 weeks, when it was again given Ca. Kittens C, and C, 
were in severe negative balance by week 4, with increased output of Ca in urine and 
faeces accompanied by lowered P and N retention; kitten C, died after 4i weeks, 
showing general enteritis and septicaemia at autopsy. The performance of these two 
kittens at week 4 contrasted sharply with that of C,, which recovered after resupple- 
mentation of its diet with Ca; in spite of overall weight loss in the balance period, this 
animal was in positive balance for all three elements, although losses of Ca and P in 
urine and faeces were greater than in week I .  Kitten C, was still scouring; although its 
condition had greatly improved, the high values for faecal Ca, P and N suggest failure 
of absorption rather than raised excretion. 

When kittens C, and C, were given I, both improved on their performance in week 4. 
Kitten C,, still on raw meat without additional Ca, gained weight, with raised P and N 
retention, though eating about the same amount of food as in week 4. Kitten C,, 
receiving both Ca and I supplements, showed exceptionally high intakes and reten- 
tions; absorption of Ca increased from 61 to 75 % of intake and urinary loss was re- 
duced by half. This was the only occasion when Ca retention exceeded that of p. 

Expt 4. Comparison of the retentions by cats D, and E, with those by D, and E, 
(Table 2) demonstrates the effect on adult cats of withdrawing the Ca supplement; D, 
and E, went into negative balance, owing to loss of endogenous Ca in the faeces. 

D I S C U S S I O N  

On the stock diet retentions of N, Ca and P were related to the amount of growth in 
the balance period. In the first period kitten A, did not gain weight and retained 0.55 g 
N/kg body-weight daily, rather less than the amount, 0.8 g/kg, required by adult cats 
for equilibrium on a mixed diet (Greaves & Scott, 1960), but similar to the value of 
0.5 g/kg found by Miller & Allison (1958) with N-free diets. This maintenance level 
was associated with retentions of Ca and P indicative of continued skeletal growth in 
the absence of an overall gain in weight. Even when allowance is made for losses other 
than in urine and faeces, N retentions in kittens gaining weight were high. The amount 
of Ca in the faeces indicated that skeletal stores were well filled on the stock diet 
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(Henry & Kon, 1953; Hansard & Plumlee, 1954); at the same time urinary Ca losses 
were small and retentions high. Well-fed kittens incorporate relatively large amounts 
of Ca into the skeleton; calculations, based on the whole-carcass analysis of kittens at 
different ages made by Spray & Widdowson (1950), show that kittens must accumulate 
at least 140 mg Ca a day between the ages of 10 and 25 weeks (on the assumption that 
body-weights are 1.0 and 2.5 kg). The mean daily retention of Ca in these experiments 
was 190 mg/kg body-weight in all balance periods in which adequate amounts of Ca 
were eaten. However, this value may be high because the periods used often succeeded 
periods of depletion. Nevertheless, the daily requirement of the kitten relative to 
body-weight is much greater than that of adolescent children. Absorption and excre- 
tion of P in growing kittens on a balanced stock diet resembles that of normal well-fed 
human beings, for whom it has been shown that urinary P forms about half of the total 
P excreted (Hollinger & Pattee, 1956). 

Striking differences are apparent when the patterns of absorption, excretion and 
retention from the stock diet are compared with those from the heart diet (Table 2 and 
Fig. I).  The high digestibility of the meat diet, in spite of the high fat content, resulted 
in low values for faecal N and P. When supplementary Ca was given, N retentions 
were high and remained so for the first week or two after the supplement was dis- 
continued, during which period body-weight also increased. Kittens were not able to 
maintain themselves in Ca equilibrium for long on raw heart, going into Ca deficit in I 
or 2 weeks; adults immediately went into negative balance. Where they were trans- 
ferred from a diet high (0.84%) to one low (0.04%) in Ca, losses of Ca occurred in 
both urine and faeces; there was no evidence of adaptation to the low Ca intake on raw 
heart alone. In  the absence of isotopic studies, it was not possible to determine exactly 
how much of the faecal Ca was due to endogenous loss and how much to failure of 
absorption, but on heart alone Ca excreted in the faeces frequently exceeded Ca intake, 
indicating endogenous loss. Henry & Kon (1953) and Hansard & Plumlee (1954) found 
that the proportion of Ca intake retained by rats depended on the level of body stores, 
being highest when the stores were low. Long-standing Ca deficiency, from eating 
heart alone, depleted skeletal stores and resulted in kittens retaining 94% of the Ca 
intake when given a Ca supplement as against 65 % retention on the stock diet. Given 
an I supplement, the kittens showed a striking adaptation to the low Ca intake, endo- 
genous losses being so reduced in both urine and faeces that small positive balances 
were achieved. This finding confirmed the impression that the clinical improvement 
obtained in earlier experiments with I was at least partly due to improved Ca retention. 

Clinical and experimental observations (reviewed by Scott et al. 1961) over the past 
century have associated osteoporotic or so-called rachitic changes in bone with hyper- 
plastic changes in the thyroid glands of man and animals. It is sufficient to note here 
that in cats exhibiting the disease called ‘osteogenesis imperfecta’, both from the London 
area and from Salisbury, Rhodesia, severe osteoporosis has always been associated with 
marked hypertrophy (increased weight), hyperaemia and histological hyperplasia of 
the thyroid glands, and with conspicuous parathyroid glands. Aub, Bauer, Heath & 
Ropes (I 929) showed that hyperthyroidic patients, or normal individuals given thyroid 
extracts, had an abnormally high urinary Ca output. Reilly (1940) found that Ca and 
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P balance studies on sixty-two children with thyrotoxicosis indicated a demineraliza- 
tion of the skeleton and teeth, which varied directly with the duration and severity of the 
disease; 70% of the mineral loss was in the urine, 30% in the faeces. The disease 
‘waxed and waned’ in all the children, but was clinically at its most severe during 
normal growth spurts, just before and during the growth of puberty. Using normal 
mixed diets, Cooke, Nassim & Collins (1959) found a negative Ca balance, due to 
increased faecal Ca, often in excess of intake, and increased urinary Ca, in all of nine 
patients, of both sexes and various ages, with proven thyrotoxicosis. Bone biopsy was 
performed on each, and six showed histological evidence (thin trabeculae) of osteo- 
porosis; the other three had been thyrotoxic for a shorter time. Calciferol (orally or 
parenterally), a high Ca intake and anabolic steroids, were without effect on the Ca 
balance. Anabolic steroids, however, increased the already positive N balances. 
Diarrhoea was a common presenting sign in these patients, which seems to us a point 
of interest, since in our experiments five out of twenty-five kittens placed on the heart 
diet died of enteric infection (Scott et al. 1961), and difficulty was experienced with this 
condition during Expt 3 described here (see p. 78). As a result of isotopic studies, 
Krane, Brownell, Stanbury & Corrigan (1956) suggested that in thyrotoxicosis both 
destruction and reformation of bone proceed at an increased rate, but it would seem 
that urinary and faecal excretion of Ca also proceeds at an excessive rate in thyro- 
toxicosis. Thus a reduction in thyroid activity might reduce the loss of Ca. In  fact, 
Cooke et al. (1959) found that treatment with methylthiouracil not only relieved the 
thyrotoxicosis but brought all their patients into positive Ca balance, without any 
alteration of the diet. I t  is possible that the I supplements in our experiments were 
acting in this manner, since Goldsmith & Eisele (1956) showed that increase in serum 
iodide slows the rate of release of formed hormone from the human gland in thyro- 
toxicosis (Graves’s disease) probably by interfering with the action of pituitary 
thyrotrophic hormone on the thyroid. However, on the histological and other evi- 
dence available (Scott et al. 1961) it is not possible to be certain whether the thyroid 
was in a state of hyperactivity in the cats or whether it was showing compensatory 
hypertrophy due to I deficiency or the presence of a goitrogen in meat. The latter is 
improbable (Greer, 1957), but McRoberts (1958) has shown that high-protein diets 
may increase I requirements, at least in rats. This seems a possible explanation, since 
an additional Ioopg I daily is sufficient to keep the thyroid histologically normal; 
however, the fact that the thyroid remains nearly normal in size and structure whenthe 
Ca intake is increased by supplementing the heart diet with CaCO, (Greaves, Scott & 
Scott, 1959) suggests that there may be a synergistic relationship between the require- 
ments of these elements in the cat. 

An increased secretory activity of the parathyroid gland in cats on the raw-heart diet 
is suggested by the enlargement of the glands observed at autopsy, and the maintenance 
of a normal or slightly elevated serum Ca after many weeks on the Ca-deficient diet 
(Scott et al. 1961). Dawson, Weidmann &Jones (1957) found a decrease in activity of 
the endosteal layers of shaft bone in adult cats given IOO U.S.P. unitsof the parathyroid 
hormone daily for 9 days. A similar inhibitory effect of the hormone on the formation 
of new bone in kittens, due to inhibition of the synthesis of adenosine triphosphate, 
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was observed by Whitehead & Weidmann (1959). As normally fed kittens grew, sub- 
periosteal activity of bone decreased rapidly while endosteal activity increased, until 
the two surfaces were equally active at 12 weeks of age. In  the later phases of growth 
endosteal activity exceeded that of the periosteum (Weidmann & Rogers, 1958). The 
coincidence of post-weaning Ca deficiency, resulting from feeding on unsupplemented 
meat or heart, with the period in which endosteal bone formation is proceeding 
accounts for the extreme thinness of the cortices of limb bones of kittens kept on these 
diets for 7 weeks or longer. Subperiosteal bone formation is less affected and the whole 
bone is therefore normal, or nearly normal, in external circumference and general 
shape (Scott et al. 1961). Growth in length of bones may be depressed, but only in 
severely affected young kittens in whom cartilage formation is inhibited by excess of 
parathyroid hormone (Whitehead & Weidmann, 1959). 

It is difficult to assess the relative importance of the thyroids and parathyroids in the 
syndrome caused by feeding on unsupplemented meat. To test whether endocrine 
activity played a part in the bony changes, the thyroids and parathyroids were excised 
from a 10-week kitten under anaesthetic. Convulsions in the week after operation 
were controlled by injections of the parathyroid hormone and calcium gluconate, after 
which the animal recovered and remained in a satisfactory condition without further 
support. It was then fed on heart alone (low-Ca diet) for 12 weeks and killed. The 
bones were radiologically normal, and the cortex of normal width and density, but the 
kitten had not grown much during the experimental period. Further studies along 
these lines are in progress. 

S U M M A R Y  

I. Intake, and output in urine and faeces, of nitrogen, calcium and phosphorus 
were measured over 8-day periods in seven kittens and four adult cats fed on raw heart 
with or without supplements of CaCO, and KI. Similar balances were carried out with 
a stock diet for comparison. 

2. On the heart diet containing 0-04y0 Ca (dry weight), kittens and cats went into 
negative Ca balance, losing Ca in urine and faeces. 

3. On supplementation with CaCO,, to give 0.84% Ca in the diet, Ca balances 
were positive and losses in urine were reduced. The proportion of Ca absorbed 
depended on the state of the skeletal store of Ca and on the iodine intake. 
4. When the heart diet was supplemented with KI, at the rate of Ioopg I/cat daily, 

losses of Ca were reduced in urine and faeces; even on the low intake, positive Ca 
balances were obtained. 

5 .  The results are discussed in relation to the part played by the thyroid and para- 
thyroid glands in the regulation of Ca balance. 

We are indebted to Petfoods Ltd, Melton Mowbray, Leicestershire, for the grant 
which enabled us to undertake this work. We wish to thank Miss Jennifer Forrester for 
invaluable technical assistance. Mr G. B. L. Henderson of London, Mr Blackmore of 
the Royal Veterinary College, London, and Dr E. V. Cock of Salisbury, Rhodesia, 
have kindly allowed us to examine material from clinical cases of ‘osteogenes-k imperfectu’ 
in cats. 
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