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Effect of Zinc Deficiency and Restricted Feeding on Wound Healing
in the Bovine.* (29865)
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(Introduced by William L. Williams)
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There has been considerable research re-
lated to the effects of protein or amino acids
and vitamin C on wound healing in a few
species of animals(1,2). The relationship of
many other nutrients to healing is not clear.
Nevertheless, it seemed reasonable to specu-
late that other deficiencies might have im-
portant influences. A relationship between
wound healing and zinc deficiency is certain-
ly suggested from the nature of this syn-
drome(3,4). In zinc-deficient animals, the
skin on certain parts of the body develops
parakeratosis which is characterized by thick-
ened, dry, keratinized skin; loss of hair; as
well as other changes(3,4,5). The portion of
the skin affected has generally been the head,
neck, legs, abdomen and scrotum(3,4,5).
However, other workers have reported that
the back region was most generally involved
(6). Previously there has been no satis-
factory explanation of why these differences
should occur.

The purpose of these experiments was to
evaluate the effects of a zinc deficiency on
wound healing in the bovine. It has been
shown that a zinc deficiency results in a
lower feed consumption(3). Thus the studies
were designed to separate the effects of zinc
deficiency per se from the indirect effect on
level of feed intake. Also, the research was
conducted to determine whether the effects of
the zinc deficiency were reversible.

Materials and methods. Uncastrated male
Holstein calves were fed one of the following
dietary regimens: a) zinc-deficient basal, fed
ad libitum; b) control, fed ad libitum; and
c) restricted control, allowed the same level
of total feed intake as was consumed by the
zinc-deficient group. The zinc-deficient diet
was similar to the purified diets which have
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been used previously to produce experimen-
tally a zinc deficiency in the bovine and the
goat(3,7). It contained the following: dried
egg albumin (autoclaved), 8 kg; glucose,
28.4 kg; stabilized lard, 3.0 kg; cellulose
(Solka-Floc), 10 kg; KHCO,, 1.5 kg;
NaHCOs, 3.0 kg; dried whole whey, 20 kg;
dicalcium phosphate, 2.0 kg; CaCOj3, 1.0 kg;
urea (feed grade), 1.0 kg; corn starch, 20.0
kg; NasSOy, 200 g; KCl, 550 g; NaCl, 484
g; MgO (56% Mg), 165 g; Fex(SOs)s*
XH,0 (72% Fe by assay), 22 g; MnSO;°
H:0, 4.4 g; CoCO; (45-50% Co by assay),
0.02 g; KI, 0.018 g; CuSO,, 3.1 g; mena-
dione sodium bisulfite (63%), 0.33 g; d-bio-
tin, 0.026 g; dl-alpha tocopherol acetate, 1.8
g; vit Dy (200,000 1.U./g), 2.2 g; vit A
palmitate (250,000 1.U./g), 22 g; choline Cl
(70%), 264 g; and oxytetracycline (25%),
88 g. ‘

The control diet differed from the zinc
deficient in that 40 ppm of zinc as ZnO was
added. It was formulated to be nutritionally
complete by generally accepted standards(8).
However, the level of digestible protein did
not materially exceed requirements. Calves
fed the zinc deficient and restricted control
diets only ate about 60% as much as the
controls. Those fed the restricted control
diet ate all their feed rather quickly after
being fed.

Five calves were used in the zinc-deficient
group and 4 for each of the other treat-
ments. At the time the wounds were imposed
they ranged in age from 11 to 17 weeks and
had received their dietary treatment for
several weeks. Analyses of the data indi-
cated that age did not affect the results.

The wounds were surgically imposed on
the gluteal (rump) and the para lumbar fossa
(triangle in front of hips) regions on the
right side of the calves (Fig. 1). These areas
were chosen because parakeratosis is not
normally exhibited here and they are well
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FIG. 1. Photographs of calves made 6 weeks after wounds were surgically imposed on glu-
teal and para lumbar fossa regions of the skin (A). Calves fed zine-deficient diet (A, B) devel-
oped parakeratosis over large areas around wounds. Wounds on calves fed control diet ad
libitum (C) healed normally and at a rapid rate. When control diet was fed in restricted
amounts (D) the type of healing was normal but rate of new skin growth was retarded.

protected against accidental injury. The
wounds were made by surgically removing
diamond shaped areas of skin which had
diagonals of 6.0 cm and 4.5 cm in length.
These were permitted to heal without sutures
or medication, except for scarlet oil which
was applied daily. The scarlet oil contains:
menthol, carbolic acid, oil camphor, eucalyp-
tus oil, tar oil, thyme oil, pera balsom,
biebrick scarlet red and a vegetable oil base.

Following surgery, the lengths of the diag-
onals across the area over which skin was
absent were measured immediately and at
weekly intervals until new skin had com-
pletely covered the areas.

After the first experiment was completed
all the calves were fed a nutritionally com-
plete, practical-type diet, ad Libitum for sev-
eral weeks. This diet was composed of corn;

barley; soybean meal; ground coastal ber-
mudagrass hay; and mineral, vitamin, and
antibiotic supplements. While they were con-
tinued on this diet the wound experiment was
repeated using areas near those used initially.

Results and discussion. It was quite ap-
parent that each of the 3 treatment groups
of calves responded in a characteristic man-
ner (Fig. 1A, B, C, D). The control indi-
viduals all healed normally and at a rapid
rate. Healing in those fed the control diet
in restricted amounts was normal in appear-
ance but the generation of new skin was at
a much slower rate (Fig. 2). The growth
rate of new skin was also retarded in those
fed the zinc-deficient diet. In addition, large
areas around the wounds became parakera-
totic (Fig 1 A, B). The calves were confined
to stanchions, thus having a minimum of
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FIG. 2. Area over which skin was absent for

calves fed the 3 dietary regimes. About 2% weeks
longer were required for skin to be generated in
calves that were fed the zinc-deficient and the con-
trol diets in restricted amounts in relation to that
of the controls.

FIG. 3. Experiment shown in Fig. 2 was re-
peated after the calves had been fed a common
control diet for several weeks. Rate and type of
healing were normal for all calves indicating that
adverse effects of a zine deficiency and limited
dietary intake were completely reversible.

opportunity for licking or rubbing the affected
areas. When the calves were removed from
the stanchions for photographing and other
purposes, the zinc-deficient animals expressed
a strong tendency to bite or scratch the
wound areas. This was not noted in calves
fed the other rations.

New skin covered the entire wound area
214 weeks sooner in the control than in the
other calves (Fig. 2). The performance of
the calves within each group was quite uni-
form.

Development of parakeratosis on the para
lumbar fossa and the gluteal regions of zinc-
deficient calves, following surgery, suggests
that the basic physiological picture is not
different in the skin on these areas than on
those which normally develop parakeratosis.
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It appears, however, that external or secon-
dary factors such as trauma influence the
development of parakeratosis. Thus the dif-
ferences observed by various workers in rela-
tion to the location of the parakeratosis(3,5,
6) may be due to the way the animals are
managed, housed, etc.

The mechanism, whereby a zinc deficiency
causes parakeratosis of the skin has not been
determined. However, the knowledge that it
does not appear to be due to any basic
physiological or biochemical difference in skin
from various sections of body should be quite
useful in research attempting to determine
the mechanism.

The results of these studies suggest that
methods might be developed for evaluating
zinc deficiency from the response to stand-
ardized mild degrees of trauma. This could
conceivably reduce the variability in studies
in which parakeratosis is one of the impor-
tant criteria of zinc deficiency. It also might
be a more sensitive measure of zinc de-
ficiency than those currently available and
it could also be very simple.

The pronounced effect of restricting the
level of total feed intake on rate of regenera-
tion of new skin is a very interesting phe-
nomena. Whether the effect would apply to
other species, to animals which are not in
such a rapid portion of the growth cycle and
to other types of tissue healing is not known.
However, the implications are interesting.

Effects reversible. The results of the heal-
ing experiment conducted after the calves
had all been fed a common practical-type
control diet are presented in Fig. 3. All of
the calves healed normally and at a rapid
rate. The calves on the zinc deficient treat-
ment had been very severely deficient for an
average of 3 months. Thus, insofar as ability
to heal and regenerate new skin was con-
cerned, the calves had completely recovered
from the effects of a zinc deficiency and the
restricted dietary intake.

Summary and conclusions. Large areas
around surgically imposed wounds developed
parakeratosis in zinc-deficient calves. = The
regions involved normally do not develop
parakeratosis. Thus secondary factors such
as mild trauma appear to determine the loca-
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tion of parakeratosis. This also indicates that
the basic condition of the skin in a zinc de-
ficiency is the same throughout the body.
Reducing the total amount of feed consumed,
either by zinc deficiency or by limited feed-
ing, substantially retarded the rate of genera-
tion of new skin following surgical removal
of the skin. The effects of zinc deficiency and
dietary restriction were reversible.
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We reported (1) that addition of ethanola-
mine to low-choline diets containing either 18
or 429% casein increased the incidence of
both hemorrhagic kidneys and hemorrhagic
eyes in weanling male rats consuming these
diets for 7 days. In the same animals the
liver fat accumulation was reduced by addi-
tion of ethanolamine. Addition of choline to
the diet containing added ethanolamine mark-
edly decreased the incidence of both hemor-
rhagic kidneys and hemorrhagic eyes.

Recently we have studied the effect of
3-aminopropanol (3AP), the homologue of
ethanolamine, in choline-deficient rats. The
present communication shows that 3-amino-
propanol increased the severity of kidney
hemorrhagic degeneration, and unlike etha-
nolamine, markedly elevated the liver fat.
The results reported here suggest that 3AP
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behaves very much like 2-amino-2-methyl-
propanol (2A2MP) which has been shown to
increase not only the severity of kidney hem-
orrhagic degeneration(2,3) but also the liver
fat(4) in rats consuming a choline-deficient
diet.

Experimental and results. Weanling male
rats (18 to 22 days of age; 35 to 55 g) de-
rived from the Sprague-Dawley strain and
born to mothers fed Laboratory Chow (Ral-
ston-Purina Co., St. Louis, Mo.) were placed
in raised cages and fed experimental diets
ad lLbitum for 7 days. Water was available
to the animals at all times. Food consumption
and body weights were recorded each day. At
the end of the 7-day period the rats were
sacrificed by decapitation and the kidneys
and eyes were examined for hemorrhage.

The composition of the diet (diet A) used
in these experiments and the method for
measuring the liver fat as shown in the fol-
lowing Tables have been described earlier
(4).

Table I shows that when either 3AP or
2A2MP was incorporated into diets and fed
to rats, the incidence of hemorrhagic kidneys



