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Radiographic Studies on Skeletal Parts of Zinc Deficient Pullets.* (27165)

TraoMAs R. ZeicLeEr, MiLToN L. ScorT, RicHarp K. McEvoy,
‘RoBERT H. GREENLAW, FELIX HUEGIN AND WirLriaM H. STRAIN
Department of Poultry Husbandry and Graduate School of Nutrition, Cornell University,
Ithaca, N. Y., and School of Medicine and Dentistry, University of Rochester, Rochester, N. Y.

In experiments originally designed to ex-
plore whether zinc deficiency favors deposi-
tion of cholesterol in the blood vessels and/
or gall bladders, radiographs were made of
pullets grown for 3 weeks on various levels
of zinc supplementation, and on a group
grown for 10 weeks with 2% of cholesterol
added to the rations after the 4-week initial
growth period.

Although radiographs are not commonly
used in experimental studies on poultry, they
are particularly suitable for graphic portrayal
of differences in skeletal development. In
the present study the effectiveness of radio-

* Aided in part by grants B-692 and C-3952, Re-
search Grants Division, National Institutes of Health,
U. S. Public Health Service. '

graphic comparisons is illustrated by the
roentgenograms of pullets raised on varying
levels of available zinc. Radiographs of the
hocks at 3 weeks of growth show that the de-
ficiency of zinc affects primarily the cartila-
ginous structures. In contrast, the roentgen-
ograms made after 10 weeks of growth show
extensive differences in calcification of the
joints and long bones as well as alteration
in size and shape of the skeletal structures.
Materials and methods. The basal diet
used in this study was diet C described pre-
viously by Zeigler et al.(1). This diet was
supplemented with 5, 10, 15 or 60 ppm of zinc
as zinc sulfate. At the end of 4 weeks, 2%
of USP cholesterol was mixed into each diet,
and the pullets maintained on these diets
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FIG. 1. Radiographs of hocks from 3-wk-old pul-
lets showing that elaboration and ossification of
the epiphyseal cartilages are dircetly related to
level of zine supplementation. Caliber of the shaft
and over-all size of the metaphyseal-epiphyseal sec-
tion is smaller and there is less prominent evidence
of endosteal osteoclastic activity as zine intake is
restricted. Note absence of osteoporosis.

until the end of the study. Feed was sup-
plied ad libitum in stainless steel trays. and
distilled water was available from plastic and
glass fountains.

Twenty female, hatch-mate, day-old White
Cornish X White Rock crossbred chicks pro-
duced by hens receiving a commercial breeder
ration were placed on each of the diets. The
chicks were housed in lacquered, electrically-
heated batteries.

Pullets from each group were killed at 3,
8 and 10 weeks, usually after various supple-
mentary studies, such as radiozinc-65 uptake,
had been carried out. Radiographs were
made of the whole pullets and of various dis-
membered structures: the latter were placed
with the medial side down on the X-ray film
holder. Fixed factors used in making the
radiographs were as follows: KV. P. - 30;
MA - 50; distance — 72”; F cone; no filtra-
tion; and screen film in cardboard holders.

RADIOGRAPHY IN ZINC DEFICIENCY

Time of exposure was adjusted to the thick-
ness of the part and the quality of radiograph
desired. Most of the radiographs were made
at 4 or 6 seconds by exposing 2 or 3 times for
2 seconds each so as to protect the X-ray
tube.

Results. Radiographs of the hocks, alone,
from the 3-week-old pullets are shown in Fig.
1. The hocks were placed in formalin prior
to radiography so that sections could be pre-
pared, if desired, for microradiography. Ac-
cordingly, the radiographs show only bone on
either side of the hock and none of the skin,
since the latter was removed before the ex-
posures were made.

Photographs of the 10-week-old pullets, to-
gether with their weights, are given in Fig.
2A. The radiographs of the left leg from
each of these pullets are reproduced in Fig.
2B, of the left wing with nearly all feathers
removed in Fig. 2C, and of the necks with
the skin removed in Fig. 2D.

Discussion.  Differences in radiographic
density of the structures of the hocks shown
in Fig. 1 are slight, yet there is a definite
trend toward higher calcification with in-
creased zinc content of the diet. The radio-
graphs suggest that the hock formation of
these 3-week-old pullets may have been con-
siderably influenced by the zinc supplied from
the egg, as well as by the metal available from
the diet.

The radiographs reproduced in Fig. 2B-2D
of the legs, wings and necks of the 10-week-
old pullets show that with extension of grow-
ing time the level of calcification does reflect
the available zinc in the diet. The differences
in calcification are seen both in the long bones
and in the cartilaginous structures of the

FIG. 2A. Effect of zine supplements on growth of

pullets 10 wk after hateching., Externally, zine-de-

ticient birds show poorer growth, poorer feather-

ing, and enlarged hock joints. Zine-deficient pul-

lets exhibit extreme weakness and standing erect
appears difficult or painful.
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joints. The relative thickening and shorten-

ing of the long bones of the pullets on the
zinc deficient diets is as evident in the wing
bones as in the leg. The radiographs of the

FIG. 2B. Radiographs of legs from pullets at 10
wk showing effeets of zine deficiency on caleium
deposition, and on shortening and thickening of
long bones. Comparing lengths of femora, with 60
ppm as the normal, 5 ppm is less than half, 10 ppm
slightly more than half, and 15 ppm approximately
two-thirds that of normal. Difference in ealiber of
the long bones is not proportionately similar to dif-
ference in length. Only 5 ppm is significantly
smaller in diameter. The striking difference is
centered in the area of epiphysis where marked re-
tardation in development and ossification is present
in the most deficient bird and progressively less
marked as level of supplementation is inereased.
Cortical bone is thinner in deficient birds and there
is less evidence of endosteal reconstruction in the
cancellous portion.

FIG. 2C. Radiographs of wings from pullets at 10
wk of age. Comparison of length of humeri, with
60 ppm as normal, shows the same relative shorten-
ing with decrease in zine intake as was obtained in
femora (Fig. 2B). Caliber of bones is only signifi-
cantly smaller in pullet on 5 ppm of zine., Increased
caleification with increased zine supplementation is
scen most clearly in carpal joints.
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FIG. 2D. Radiographs of cervical vertebrae from
pullets at 10 wk of age. Restriction of zine intake
results in the same relative retardation in bone
growth, primarily affecting the length, as noted in
legs and wings. Also, there is relative widening of
intervertebral space. Increased bone trabeculation
with inereasing zine supplementation is seen more
clearly in cervical vertebrae than in legs or wings.
cervical vertebrae suggest most definitely
that zinc deficiency produces a state of sus-
pended growth.

These radiographic studies supplement
earlier work on the pathology of zinc de-
ficiency. The initial descriptions (Morrison
et al.(2); Morrison and Sarett(3)) focused
on the abnormality of the hock. Chemical
analyses of the ash from joints taken from
chicks on varying levels of zinc showed that
enlargement and elongation of the joints took
place without any change in percentage com-
position of the bone ash. O’Dell, Newberne
and Savage(4) pointed out that severe zinc
deficiency produced poor calcification of the
bone without apparent failure of cartilage cell
development in the epiphyseal plate region,
and decreased osteoblastic activity in the thin
bony collars. The radiographic studies pre-
sented here confirm these observations.

Summary. Radiographs made of the long
bones, joints and necks of pullets raised on
varying levels of zinc supplementation show
graphically how zinc availability affects the
level of calcium deposition. These compari-
sons demonstrate the advantages of the ro-
entgenographic method for portraying skele-
tal differences in poultry studies.
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Earlier investigations on the metabolism
of pyridoxine in animals have involved the
study of degradation products by chemical
methods and microbiological assay procedures
(1-5). The present knowledge of the me-
tabolism of Vit. Bg (pyridoxine, pyridoxa-
mine, and pyridoxal) in man and other ani-
mals, obtained by using these procedures.
has been summarized by Snell(6). Low re-
coveries of ingested or injected pyridoxine in
previous metabolic studies in animals have
led to the speculation that a portion of the
“missing” pyridoxine is excreted in conju-
gated forms as yet unidentified. An alter-
nate hypothesis for the low recoveries would
be that the ingested drug was stored in the
tissues. This latter explanation was dis-
counted by Rabinowitz and Snell(5) on the
basis that no great storage of the vitamin
would be expected in normal animals, and on
the fact that excretion levels rapidly returned
to base levels in human subjects. The pres-
ent study of the turnover times and urinary
and fecal excretion of H3-pyridoxine was un-
dertaken to investigate these hypotheses fur-
ther.

Methods. Tritium- (H?®) labeled pyridox-
ine hydrochloride was obtained by exchange
of pyridoxine borate in tritium water over
platinum catalyst(7). Chemical and radio-
active purity was established by paper chro-
matography. Specific activity of the H3-
pyridoxine hydrochloride was 308 uc/mg.
The solution used for injection contained 2
mg (616 uc) of labeled and 18 mg of un-
labeled pyridoxine hydrochloride/ml.  All
injections were intravenous vie the jugular

*Work performed under the auspices of U. S.
Atomic Energy Commission.

sinus route. The rats weighed between 250
and 350 g. Rat A received 184.8 pc H3-
pyridoxine * HCl. Rats B and C received
369.6 uc, while rats D through K received
616 uc H3-pyridoxine * HCl. Following in-
jection of the drug, the rats were placed in-
dividually in standard metabolism cages.

Rats A, B, and C had blood and urine
samples taken at various time intervals post
injection. Urine and fecal samples were col-
lected from rats D to K for detailed urinary
and fecal excretion and chromatographic
studies.

Blood and urine specimens were measured
for tritium using the liquid scintillation-di-
oxane system as described previously by
Richmond et @l.(8). The feces were homo-
genized in distilled water, decolorized with
charcoal, and counted as above. The count-
ing efficiency of each sample was determined
with the use of an internal standard. All cal-
culations were in absolute counting rates
(dpm) and results expressed as % of in-
jected dose.

All urine specimens obtained up to 5%
hours after injection were chromatographed
by the descending method(9). One-tenth ml
of urine was placed directly on No. 1 What-
man filter paper strips. In all instances, this
was at least 5 X 10° dpm of H? activity.
Eighty per cent propanol was the solvent
system used. It was necessary to expose the
chromatogram strips to X-ray film for at
least 4 weeks to get satisfactory exposures on
the film.

Results. Concentrations of H3 activity in
blood as a function of time after administra-
tion of labeled pyridoxine are shown in Fig.
1. The log of the % injected dose is plotted



