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Zinc deficiency causes growth depression
in young animals, perhaps mediated
through an impairment of normal nucleic
acid and protein metabolism (1). Various
investigators have examined whether the in-
corporation of several different amino acids
into protein was depressed by zinc defi-
ciency and some have obtained results sug-
gesting that there is an effect on protein
metabolism (2-4) while others have not ob-
served differences in response to zinc defi-
ciency (5-7). The conflict in these observa-
tions could be explained, in part, by differ-
ences in the tissues examined, the age of the
animals studied, and the severity of the defi-
ciency.

Depriving the nursing dam of adequate
zinc results in growth retardation (8) and
abnormalities in brain development of the
offspring (9, 10). Since zinc deficiency ap-
pears to have its most severe consequences
on rapidly growing tissues, we examined the
incorporation of ["*C]leucine into the pro-
tein of liver, heart, and kidney, which are
growing at different, although essentially
linear rates during the 21-day suckling pe-
riod (11). This provided information about
the effects of zinc deficiency on growth and
compositional development of these organs
and on the rate of incorporation of the la-
beled amino acids into protein.

Materials and Methods. Dams of the
Long-Evans strain were bred and main-
tained on a commercial laboratory diet until
delivery. Shortly after parturition, the pups
from several dams were withdrawn, mixed
together, and randomly redistributed to the
dams at eight pups each. The dams were
divided into three groups and fed a zinc
deficient, 20% sprayed egg white diet (12)
which was modified to delete the antibiotic
and include 1 mg inositol/kg diet.! The first

! Teklad Mills, Madison, Wisconsin, 53713. Men-
tion of a trademark or proprietary product does not

group, zinc deficient, was fed the diet ad
libitum and given distilled/demineralized
water to drink. The second group was pair
fed on an individual basis with the zinc defi-
cient dams and given 25 mg Zn/l in their
drinking water. The third group was given
the diet ad libitum and the zinc supple-
mented drinking water.

On the days of analysis (6, 12, or 21 days
of age), the pups were injected sc with [U-
14Clleucine (0.2 uCi/g body wt). After 20
min, the pups were decapitated, the liver,
heart, and kidneys were removed and im-
mediately placed in ice-cold saline. The tis-
sues were weighed and homogenized, and
aliquots were analyzed in duplicate for
DNA (13), RNA (14), and protein (15),
and the incorporation of ['*Clleucine was
determined by liquid scintillation counting
of an aliquot of the sample prepared for
protein analysis. Acid-washed glassware
was used throughout. Values cited in text
represent the means * standard errors and
the significance of the differences was exam-
ined by use of Student’s ¢ test.

Resuits. The zinc deficient dams devel-
oped anorexia and cyclical feeding patterns
were observed. By the fifth day, food con-
sumption was significantly depressed (9.6 +
5.1 gvs 26.4 £ 1.1 g, zinc-deficient vs ad
libitum fed control, P < 0.05). The anor-
exia and cyclical feeding persisted during
the balance of the experiment and this con-
tributed to the impaired growth of the suck-
ling pups (Table I). The extent of the
growth depression increased postnatally
since at 6 days of age the zinc deprived pups
weighed 78.7% as much as the pups of ad
libitum control dams, while their body
weights were only 53.6% of the ad libitum

constitute a guarantee or warranty of the product by
the U.S. Department of Agriculture, and does not
imply its approval to the exclusion of other products
that may also be suitable.
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TABLE 1. WEIGHT OF SUCKLING RATS ON THE DAY OF ANALYSIS.®

6 days of age

12 days of age

21 days of age

weight, g % ad lib. weight, g % ad lib. weight, g % ad lib.
Zn def 7.8 = 0.4° (12) 78.7 16.0 = 0.7¢ (6) 74.2 19.6 * 0.3%< (6) 53.6
Pr fed 8.3 = 0.39(12) 82.8 18.8 = 1.2¢ (6) 87.4 21.7 £ 0.8¢ (6) 59.3
Ad lib 9.9 0.2 (12) 21.5 = 1.0 (6) 36.6 = 1.1 (6)

¢ Values are the means * the standard errors for the number of animals in parentheses.

b Significantly different from pair fed, P < 0.05.
¢ Significantly different from ad lib., P < 0.01.

controls at 21 days of age. Pups from the
pair fed controls tended to grow better than
their zinc deficient counterparts, but, their
body weights were significantly different
only at 21 days of age. Pups of the pair fed
controls grew less well than those of the ad
libitum fed control dams at all ages exam-
ined.

The growth of liver, heart, and kidneys in
the zinc deficient rat pups also was less than
in pups from ad libitum fed controls (Table
IT). Although there was a trend for the or-
gans to be smaller in zinc deficient animals
at 6 days of age, only the kidney was signifi-
cantly smaller when compared with the ad
libitum fed controls. At 12 and 21 days of
age, however, all three tissues were signifi-
cantly smaller than those from the ad libi-
tum fed controls. Tissues from pups suckled
by pair fed dams were generally intermedi-
ate in weight between values from the zinc
deficient and well fed controls, but were not
usually significantly different from those of
the zinc deficient animals. Compositional
determination revealed some differences in
response to zinc deficiency and undernu-
trition (Table IT). DNA concentrations were
higher in tissues from pups of zinc deficient
and pair fed dams and tended to become
more disparate with increasing age from the
values obtained from pups from ad libitum
fed controls. This effect was observed in all
the tissues, but was most pronounced in the
heart. Differences in RNA concentrations
did not appear to follow a consistent pattern
of responses to either zinc deficiency or un-
dernutrition. Protein concentrations did ap-
pear to be elevated in response to zinc defi-
ciency, but only in the liver.

The incorporation of the labeled amino
acid into protein appeared to be influenced
by the zinc status of the animal, and the
effect was most pronounced in the youngest

animals (Table III). In addition, the liver
appeared to be considerably more severely
affected than did kidney or heart. At 6 days
of age, all three tissues from the pups suc-
kled by zinc deficient dams displayed de-
creased incorporation of the leucine into
protein. This effect did not appear to be due
to undernutrition as the pups from pair fed
controls did not show the reduced specific
activity. At subsequent ages, the livers from
the zinc deficient pups continued to display
a reduced specific activity when compared
with zinc adequate controls (although the
difference was not statistically significant
from the pair fed controls at 12 days of age).
The heart at 12 and 21 days of age did not
show differences in specific activity in re-
sponse to dietary manipulations. The level
of incorporation tended to be reduced in the
kidneys from zinc deficient pups at 12 and
21 days of age, but the differences were not
statistically significant.

Discussion. The dams fed the zinc defi-
cient diet and not supplemented with zinc in
the drinking water displayed signs of zinc
deficiency including anorexia and cyclical
feeding. It has been previously shown that
the deficiency experienced by the nursing
dams impairs milk production and decreases
the zinc content of the milk (8). Pups from
such dams display signs of zinc deficiency
including reduced plasma and femur zinc
and impaired growth (8-10).

The pups in this study also displayed re-
duced growth and the degree of growth re-
duction increased with age of the pups and
thus with exposure to the deficiency. The
growth depression affected the organs ex-
amined since they were smaller than those
from pups of ad libitum fed controls, al-
though the organ- weights were consonant
with body size and as percentage of body
weight did not vary significantly among the
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TABLE III. INCORPORATION OF

ZINC DEFICIENCY IN SUCKLING RAT

"C-LEUCINE INTO TisSUES OF RAT Pups SUCKLED BY ZINC DEFICIENT, PAIR
FED oR ad lib FED DamMs AT 6, 12, or 21 DAYs oF AGE.?

Liver Heart Kidney

6 days 12 days 21 days 6 days 12 days 21 days 6 days 12 days 21 days

Zn def 3.706% < 3.981¢ 4.006%- < 1.748%:¢ 2.363 1.711 3.094%-¢ 3.173 3.165
+0.183 +0.111 +0.143 *0.112 *0.194 *0.097 *(.161 +0.098 +0.119

Pr fed 5.504¢ 4.002¢ 4.754¢ 2.692 2210 1.952¢ 5.839 3.096 3.511
+0.138 +0.204 +0.209 +0.182 +0.188 +0.118 +0.746 +0.200 +0.132

Ad lib. 4.735 4.643 5.339 2.438 2.178 1.672 3.969 3.292 3.466
+0.204 +0.083 +0.101 +0.068 +0.066 +0.039 +0.253 +0.040 +0.089

¢ Values are means = SEM for the specific activities in (dpm/mg protein) 107 for six samples in each group at each age.

® Significantly different from pair fed controls, P < 0.05.
¢ Significantly different from ad libitum fed controls, P < 0.05.

three groups. No organ system, of those
examined, appeared to be selectively dam-
aged in terms of growth.

Effects of zinc deficiency or undernutri-
tion on the composition of the three organs
appeared to increase with age of the pups.
At 6 days of age, differences between the
groups appeared very minimal, but by 21
days of age, the differences were greater
and involved all three organs. DNA concen-
trations were elevated suggesting a reduced
cell size and RNA/DNA ratios were re-
duced perhaps implying a reduction in RNA
and protein synthesis. The protein/DNA ra-
tio, frequently used as a measure of cell size,
was depressed in both heart and kidney, but
was increased in liver. This apparent ambi-
guity is not readily explained. Ratios of
RNA and protein to DNA as indicators of
cell size must be interpreted with caution,
however, as zinc deficiency has been dem-
onstrated to interfere with the biosynthesis
of all of these constituents under various
circumstances (1). Possibly, one of the con-
stituents could be affected disproportion-
ately and thus alter the ratio in a way not
affecting cell size.

The incorporation of radioactive leucine
appeared to be decreased in response to zinc
deficiency. In contrast to compositional al-
terations, the effects on this incorporation
were most pronounced at the earlier ages.
We observed the greatest depression in leu-
cine incorporation at a time when synthesis
of protein by the liver is at a comparatively
low level. Protein synthesis appears to be
maximal around day 20 and is depressed
before day 10 (16). The diminished incor-
poration, which we observed, could be due
to decreased synthesis or to increased degra-

dation of the amino acid. Increased oxida-
tion of leucine in zinc deficient animals has
been described (17, 3). Variations in pool
size may also be an important consideration.
The free amino acid pools in the liver vary
during postnatal development and increase
markedly before 20 days of age (16). It is
not possible from the present work to estab-
lish the exact cause for the decreased incor-
poration we observed.

Summary. Some effects of zinc deficiency
on the growth and development and protein
synthesis in liver, heart and kidney of suck-
ling rat pups have been assessed. The defi-
ciency impaired the growth of the pups and
organs, although this may have been largely
due to undernutrition because values were
similar to those obtained with pups from
dams pair fed, and given adequate zinc.
Zinc deficient pups displayed a reduced in-
corporation of leucine into protein in the
three organs, particularly at 6 days of age;
this effect was most pronounced in the liver.
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