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LOCAL ABSORPTION OF ZINC FROM WOUNDS TREATED WITH
DIFFERENT CONCENTRATIONS OF ZINC SULPHATE

Goran Hallmans

Department of Pathology [, University of Umed, Umead, Sweden

Abstract. In the present study it was shown in rats that
zinc is absorbed from excisional wounds treated with
zinc sulphate. Systemic toxic effects were observed in
the group treated with 20% zinc sulphate. Local toxic
effects were seen in wounds treated with 0.2%, 2% and
20% zinc sulphate. An inhibitory effect of zinc on the
migration of granulocytes was suggested on the basis of
microscopic observation. In the operated groups which
were not treated with zinc and the group treated with
0.02% zinc sulphate a decline was observed in the con-
centration of zinc in serum. The zinc concentration in
serum increased in proportion to the zinc sulphate con-
centration (0.2%, 2% and 20%) applied to the wounds,
while the copper concentration decreased in the groups
treated with 2% and 20 % zinc sulphate. In all operated
groups an increase in zinc and copper concentrations was
observed in liver. This was most pronounced in groups
treated with higher concentrations of zinc sulphate (0.2 %,
2% and 20%). The groups treated with higher concentra-
tions of zinc sulphate also had higher pancreas zinc con-
centrations than the remaining groups.

Local absorption of zinc has previously been dem-
onstrated from excisional wounds in rats (8) and
from burn wounds in humans (9) treated with zinc
tape which contains zinc oxide. Local absorption
of zinc has also been shown to take place from
excisional wounds in rats treated with other zinc
compounds (10). In the latter study the most pro-
nounced absorption of zinc was recorded from
wounds treated with zinc peroxide. A substantial
absorption was also observed from wounds treated
with zinc oxide, while the absorption of zinc from
wounds treated with 0.2% zinc sulphate solution
was very small. It was suggested that zinc is ab-
sorbed in ionic form from zinc sulphate and that the
absorption is proportional to the concentration of
zinc sulphate in the solution applied. It was there-
fore decided to investigate whether or not this as-
sumption was true.

In rats, zinc absorption from excisional wounds
treated with different concentrations of zinc sul-
phate was investigated. Zinc and copper concentra-

tions were determined not only for serum but also
for pancreas and liver in order to discover how the
early process of wound healing and local zinc ab-
sorption affects the metabolism of these minerals
and to what extent locally absorbed zinc is distri-
buted to these organs. Biopsies taken from the
wounds and the surrounding skin were investigated
by microscope in order to study the effects, in
particular some toxic and anti-inflammatory ones,
of different concentrations of zinc sulphate applied
locally to the tissue.

MATERIAL AND METHOBDS

Animals

Fifty-two male albino rats of the Sprague-Dawley strain
weighing 170-300 g were used. The rats were housed in
groups of seven and fed a standard laboratory diet con-
taining 100 ug zinc/g and tap water ad libitum. Forty-two
animals were subjected to operations and the remaining
10 served as unoperated controls.

Operations

Two circular wounds were made on the dorsolateral
aspect of the back. The hair covering the wound sites
was removed with electric clippers and the outlines of
the intended wounds marked with the end of an inked
metal tube, 4 cm in diameter. The excision was made
through the panniculus carnosus to the fascia using curved
scissors. Treatment of the wounds was initiated im-
mediately post-operatively. Twenty-four hours later all
52 animals were killed by decapitation under ether an-
aesthesia.

Wound treatment

Gauze pads soaked in 2 ml of zinc sulphate solution (0.02.
0.2, 2 or 20%) were applied to the wounds. Each con-
centration was used on 7 animals. Two methods of treat-
ment not containing zinc were used for comparison. A
dry. sterile gauze pad was placed on the wound surface
in 7 animals and in 7 animals a sterile gauze pad soaked
in 2 ml] of de-ionized water was used.

Zinc and copper determinations

Samples of serum were diluted 10 times in 0.1 M HCI.
The zinc and copper concentrations were determined by
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Fig. 1. Zinc and copper concentrations in serum (ug/g
wet weight). Explanation of symbols: C: unoperated con-
trols (all other groups surgically operated); 0-D: dry
gauze pads; 0-W: gauze pads soaked in de-ionized water:
0.02, 0.2, 2. 20: gauze pads soaked in different concentra-
tions of zinc sulphate, expressed as percentages. The
results are given as means*S.E.M. The ¢-test results
related to controls are indicated in the figures. The decline
in copper concentration seen in animals treated with 2
and 20 % zinc sulphate is significant (p<0.01) compared
with the other two zinc-treated groups.

atomic absorption spectrophotometry (Varian AA-6DB)
with reference samples of zinc and copper in 0.1 M HCI.
Samples of pancreas and liver were taken as described
earlier by Hallmans (7). The samples were placed in
HCl-washed Pyrex tubes, weighed. dried and ignited as
described by Bergman et al. (3) and the zinc and copper
concentrations determined by atomic absorption sepctro-
photometry at 213.9 nm and 324.7 nm respectively.

Table . The correlation (r) of the zinc concentra-
tions in serum (wet weight), pancreas and liver (dry
weight) to the concentration of zinc sulphate ap-
plied to the wound surface (0-20 %)

n=number of observations,
p=levels of significance

r n P
Serum 0.96 33 <0.001
Pancreas 0.96 33 <0.001
Liver 0.85 33 <0.001
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Fig. 2. Zinc and copper concentrations in pancreas (pg/g
dry weight). For explanation of symbols. see Fig. 1. The
results are given as means+S.E.M. The r-test results
related to controls are indicated in the figure. No sig-
nificant differences among the groups were observed in
the copper concentration.

Histology

Samples from the wounds and surrounding skin were
fixed in 10% neutral formalin, embedded in paraffin,
sectioned and stained with hematoxylin-eosin or Lade-
wig's stain.

Statistics

The differences between group means for various vari-
ables were tested using Student’s r-test for unpaired ob-
servations. The test was modified if the variances were
of significant magnitude (p<0.01: F-test). Product mo-
ment correlation coefficients (r) were calculated for se-
lected paired variables and tested using Student’s /-test.

RESULTS

Zinc concentrations

A decline in the serum concentration of zinc was
seen in the two groups of operated animals not
treated with zinc as well as in the group treated
with 0.02% zinc sulphate (Fig. 1). In the group
treated with 0.2% zinc sulphate there was no dif-
ference in serum zinc concentration. compared with
controls. In the animals treated with 2% and 20%
zinc sulphate. high levels of serum zinc were found.
The increase in the latter group was pronounced
(6 times that of controls). The increase in serum
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Fig. 3. Zinc and copper concentrations in liver (ug/g dry
weight). For explanation of symbols, see Fig. 1. The
results are given as means*S.E.M. The r-test results
related to controls are indicated in the figure. The in-
creases in copper concentration seen in animals treated
with 0.2, 2 and 20 % zinc sulphate are nearly significant
(p<0.05) compared with the group treated with 0.02 %
zinc sulphate.

zinc was directly proportional to the concentration
of zinc sulphate applied on the wound surface
(Table I).

In pancreas no differences in the concentration
of zinc were seen among the control group, the
two groups of operated animals not treated with
zinc, or in the group treated with 0.02% zinc sul-
phate (Fig. 2). In the three remaining zinc-treated
groups an increase was observed which was most
pronounced in the group treated with 20% zinc
sulphate (7 times that of controls). The increase
in concentration of zinc in pancreas was directly
proportional to the concentration of zinc sulphate
applied to the wound surface (Table I) as well as
to serum zinc (r=0.97; p<0.001).

In liver an increase in the zinc concentration was
observed in all operated groups, again most pro-
nounced in the 20% zinc sulphate group (4 times
that of controls) (Fig. 3). The increase was directly
proportional to the concentration of zinc sulphate
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Fig. 4. Microscopic appearance of the tissue adjacent to
the surface of a wound treated with 0.02 % zinc sulphate.
The surface is covered with a thin layer of fibrin (arrow).
A few inflammatory cells, mostly mononuclear cells, and
some erythrocytes are seen in the oedematous tissue
beneath the surface. The underlying muscle has a normal
appearance. Hematoxylin-eosin. x215.

applied to the wound surface (Table I) as well as
to the serum zinc concentration (»=0.90; p<0.001).

Copper concentrations

In serum a decline in the copper concentration
was seen in the groups treated with 2% and 20%
zinc sulphate (Fig. [). In the remaining operated
animals a slight but not statistically significant in-
crease was observed.

In pancreas no differences were seen among
the groups (Fig. 2).

In liver an increase was seen in all operated
groups. The increase was most pronounced in the
0.2, 2 and 20% zinc sulphate groups (Fig. 3). One
animal in the dry gauze pad treated group had a
very high value (33.6 ug/g) and was therefore
eliminated.

Morphological observations

After 24 hours of treatment the surface of the
wounds was bright red in animals treated with dry
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Fig. 5. Microscopic appearance of the tissue adjacent to
the surface of a wound treated with 0.2 % zinc sulphate.
No inflammatory cells are seen in the oedematous tissue
beneath the surface. The fibres of the underlying muscle
show signs of degeneration and necrosis, with reduction
of the fibre size and accumulation of cells (star). Some
inflammatory cells. mostly macrophages. are seen within
the muscle fibres. Hematoxylin-eosin, x210.

gauze pads as well as in wounds treated with gauze
pads soaked in de-ionized water, or with 0.02 or
0.2% zinc sulphate. The wounds treated with 2%
zinc sulphate had a pale. reddish appearance,
whereas the wounds treated with 209 zinc sul-
phate were dark grey. The animals of the last group
were generally debilitated and appeared intoxi-
cated. One animal in this group died during treat-
ment.

In wounds treated with dry gauze pads or gauze
pads soaked in de-ionized water or 0.02% zinc
sulphate there was a diffuse accumulation inter-
stitially in the oedematous wound tissue of in-
flammatory cells, mostly mononuclear cells
(Fig. 4).

In wounds treated with gauze pads soaked in
0.2% zinc sulphate, few inflammatory cells, mono-
nuclear cells or granulocytes, were seen mear the
wound surface, whereas more such cells were
present some distance away. near and within the
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Fig. 6. Microscopic appearance of the tissue adjacent to
the surface of a wound treated with 2% zinc sulphate.
There are no signs of inflammatory cells near the sur-
face of the wound seen in the upper part of the figure.
The fibres of the surface layer of the underlying muscle
are shrunken and separated by oedema. The nuclei of
the muscle cells are pyknotic. The muscle cells in the
lower part of the figure appear 10 be normal. Some in-
flammatory cells are seen within and around the vessels
(star). Hematoxylin-cosin, X 14S.

underlying muscle. Some of the surface muscle
fibres were necrotic. with accumulation of ma-
crophages within the fibres. The tissue surrounding
the wound was oedematous (Fig. S).

In most wounds treated with 2% zinc sulphate,
no inflammatory cells were seen near the wound
surface. The fibres of the surface layer of the under-
lying muscle were shrunken and separated by
oedema. The nuclei of these muscle cells were
pyknotic. Granulocytes were present between and
beneath the degenerated muscle fibres. A pro-
nounced leukocytic diapedesis was observed from
some vessels within the muscle (Fig. 6).

In principle a similar microscopic picture was
observed in wounds treated with 20% zinc sul-
phate. No inflammatory cells were seen near the
wound surface and the entire muscle layer ad-
jacent to the wound was necrotic. In the vessels
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Fig. 7 a. Microscopic appearance of the tissue beneath the
surface of a wound treated with 20% zinc sulphate. The
wound surface is seen at the top of the figure (arrow).
No inflammatory cells are seen either adjacent to the
wound surface or in the upper layers of the muscle. where
the fibres are shrunken and separated by oedema. In the
bottom part of the figure an obvious border line is seen
in the muscle, demarcated by inflammatory cells. Hema-
toxylin-eosin. x 5S.
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within and beneath the necrotic muscle, diapedesis
of granulocytes with or without signs of vasculitis

was observed. Most granulocytes were localized in

or near the vessels and few granulocytes were seen
only a short distance from the vessels (Fig. 7«
and b).

DISCUSSION

The present results demonstrate that zinc is readily
absorbed in ionic form from zinc sulphate treated
excisional wounds and that the absorption is de-
pendent upon the concentration of zinc sulphate
in the gauze pads.

Comparison with previous results (10) reveals
that more zinc is absorbed from 20% zinc sulphate
within 24 hours than from different zinc oxide
preparations applied in excess on the wound sur-
face as well as from a zinc peroxide suspension.
Zinc may also be absorbed to serum from suspen-
sions of zinc oxides and zinc peroxide in an ionized
form, as in both cases zinc ions are liberated—
even if ever so slowly in the case of zinc oxide.

In addition to the local, toxic effects of high con-
centrations of ionized zinc from the wound tissue,
the risk of systemic, toxic effects of the absorbed
zinc must always be kept in mind. This problem
is clearly demonstrated in the present study in the
2% and 20% zinc sulphate treatment groups in

Fig. 7 b. Higher magnification of
the bottom left side of Fig. 7a.
The inflammatory cells, almost
exclusively granulocytes, are
seen to be accumulated, especi-
ally around vessels, sometimes
creating a picture similar to vas-
culitis. In the upper part of the
figure, where the muscle cells
are necrotic, very few inflam-
matory cells are seen. In the bot-
tom part of the figure many
granulocytes are seen intiltrating
between and sometimes within
the muscle fibres. Hematoxylin-
eosin, x165.
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which morphologically obvious toxic effects were
seen in the wounds concomitant with high con-
centrations of zinc in serum. pancreas and liver.
In the case of the 20% zinc sulphate group the
toxic limit of zinc in the body must in all probability
have been exceeded.

In all zinc-treated groups except the 0.02 % group
a more or less obvious line of demarcation between
normal and degenerated muscle was seen. Around
this line. inflammatory cells, mostly granulocytes.
were always present and the depth of the line was
dependent upon the concentration of zinc sulphate
used. It is likely that higher concentrations of zinc
had an inhibitory effect on the migration of granu-
locytes. at least in the case of treatment with 20 %
zinc sulphate. These cells preferred to migrate in
the direction away from the wound rather than
towards thc wound where the concentration of
zinc was presumably higher.

The observation that the serum zinc concentra-
tion is reduced in groups of operated animals which
were not treated with higher concentrations of
zinc sulphate is in agreement with previous findings
(10). The increase seen in the liver concentration
of zinc in these groups is most likely a response
to the acute inflammatory condition in the wounds
(2). The increase was more pronounced in the
animals treated with 0.02 % zinc sulphate, although
no differences were seen in the scrum and pancreas
concentration of zinc between these animals and
the operated animals which were not treated with
zinc. This indicates that the increase in the liver
zinc in these animals is caused by the acute in-
flammatory condition rather than an uptake of
locally absorbed zinc. In the animals treated with
0.2% and 2% zinc sulphate a more pronounced
increase in the concentration of zinc was seen in
the hiver than in serum or pancreas, compared with
controls. The increases in zinc concentrations in
serum and in pancreas paralleled each other in
the animals treated with 0.2%. 2.0% and 20.0%,
compared with the other three operated groups. In
pancreas the surgical trauma and the acute inflam-
matory conditions in the wounds did not seem to
affect the concentration of either zinc or copper.

A slight but not statistically significant increase
was seen in the serum concentration of copper
in all opcrated animals except those treated with
2% and 20% zinc sulphate. An increase in serum
copper and ceruloplasmin concentration in rats has
previously been demonstrated to occur more slowly
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than the decrease in zinc concentration after injec-
tion of a leukocytic endogenous mediator (LEM)
(12). The fall in the level of serum copper in the
animals treated with 2% and 20% zinc sulphate
was probably caused by zinc intoxication in these
animals. Similar results have previously been ob-
served after wound treatment with zinC peroxide
(10. 11) and after feeding rats a diet containing high
levels of zinc (6). An increase in the copper con-
centration in the liver occurred in all surgically
treated animals. In those animals with a slight in-
crease in the serum concentration of copper this
probably indicates an increased synthesis in the
liver of ceruloplasmin. an acute phase protein (12).
The increased liver copper levels in the animals
treated with 2% and 20% zinc sulphate and to some
extent even in animals treated with 0.2% zinc sui-
phate may denote an accumulation of copper for
excretion, as the major part of copper excretion
occurs via the bile (1).

The changes in the concentrations of zinc and
copper in the liver in some of the operated groups
are probably a response to the inflammatory reac-
tion in and around the wound, including accumula-
tion of activated. phagocytic cells. These cells
release a low molecule weight protein, LEM, which
passes into the blood. LEM initiates a variety of
effects in the liver, including influx of zinc, iron
and amino acids as well as an increased production
of proteins including several acute phase reactive
proteins (2). The present results also indicate that
there is an influx of copper. The reduction or ab-
sence of inflammatory cells near the surface of
wounds treated with 0.2, 2 and 20% zinc sulphate
indicates a toxic effect and/or an anti-inflammatory
effect. Probably both explanations are true, at least
in the case of wounds treated with 2% and 20%
zinc sulphate. Inhibitory effects of zinc on macro-
phages and also granulocytes have previously been
reported (4. S, 13).
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