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Abstract. This study showed that the initiation of granuloma formation in alcoholic mice
was retarded but eventually reached normal levels. The delay appears to be related to a
failure of cells to migrate into the sponge as rapidly as they did in control animals. Thus,
there is clear evidence to support the clinical impression of poor wound healing in al-
coholics. Although repair is eventually accomplished, the initial decrease in the rate of this
process may be significant enough to put the alcoholic patient at risk.

Chronic alcoholism is one of the most
significant and persistent health problems
in the United States, and much effort has
been spent studying the psychological
causes and effects of alcoholism on various
internal organs, especially the liver (1).
However, very little research has been di-
rected toward elucidating the biochemical
mechanism underlying the clinically ob-
served wound healing deficiencies in al-
coholics (2—4). Controlled studies to quan-
tify these clinical findings have not been
initiated.

There is, however, biochemical evidence
indicating that chronic use of alcohol might
effect wound healing. The cellular pro-
cesses associated with both tissue mainte-
nance and repair may be altered by alcohol.
Perin et al. (5) reported that the incorpora-
tion of amino acids into protein is depressed
when liver slices are incubated in medium
containing as little as 3 mM ethanol. This
inhibition appears to result from elevated
acetaldehyde concentrations, a product of
ethanol metabolism, rather than from the
direct action of ethanol. In addition, a spe-
cific decrease in the amount of rough endo-
plasmic reticulum and a corresponding in-
crease in smooth endoplasmic reticulum
occur in cells metabolizing ethanol (6, 7).
Such a shift in the organelle complement is
consistent with a decrease in the synthesis
of secretory proteins (8, 9). In addition,
defective protein export has been observed
in livers of alcoholic animals (10). The
synthesis, secretion, and subsequent or-
ganization of collagen plays an integral role
in wound healing (11—13) and deficiencies

in these processes would be expected to
impair the healing process.

Poor tissue repair is an important consid-
eration when deciding whether a particular
surgical procedure should be attempted in
an alcoholic patient, especially when con-
sidering an elective procedure. The latter
situation often pertains since alcoholics
generally suffer from periodontitis (3)
which frequently is treated surgically. As in
any surgical procedure, the successful out-
come of periodontal surgery is largely de-
pendent upon the ability of the individual to
repair rapidly the involved tissue, an ability
that appears to be reduced in the alcoholic.

These clinical and experimental observa-
tions prompted the present study which
was designed to investigate the possible
differences in collagen synthesis in healing
wounds of normal and alcoholic mice. The
accumulation of collagen in polyvinyl
sponges implanted in mice consuming a
10% ethanol solution as their sole fluid
source was monitored. There was a signifi-
cant lag in the deposition of collagen inside
the sponges during the early stages after
implantation in the alcoholic animals. At
later stages, the sponges from the alcoholic
animals contained more collagen than those
from control animals. These data suggest
that alcohol initially retarded tissue repair
but did not inhibit the eventual healing.

Materials and Methods. C57BL/Crgl
male mice were obtained from Charles
River at 2 months of age. The animals were
divided into two groups: one received
water, the other 10% ethanol as their sole
liquid source. The animals were main-
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tained, 9—10 per cage (19 X 10 X 6in.), on
wood shavings, under a 12-hr light cycle (7
AM—7 pM) and were allowed to feed ad lib
on standard Purina Laboratory Chow.

After the mice had been on this regime
for 6 months, nine animals from each group
were randomly selected and weighed. In
addition, the fluid and food consumption of
two randomly selected cages of animals
(nine mice per cage) from each group were
measured for 1 week.

In order to determine the breaking
strength of the mouse skins, four control
and four alcoholic animals without sponge
implants were sacrificed by cervical dislo-
cation. The skins were shaved with clippers
and then removed. Adhering fatty subcuta-
neous tissue was removed by sharp dissec-
tion. Each skin was cut, using a scalpel and
brass template, into four to six hour-glass-
shaped strips to ensure that failure would
occur in an area of known width (5 mm).
The whole skin was used in order to obtain
four to six samples per animal. The strips
were oriented rostrocaudally. Skin thick-
ness was determined with a spring-loaded
micrometer. The skin was bathed fre-
quently with distilled water while the
breaking strength was determined (14, 15).
Results were computed in terms of force
versus cross-sectional area in which the
break occurred.

To study collagen accumulation, four
polyvinyl sponges were implanted subcuta-
neously in each mouse. The discoid sponges
(7 mm diameter by 4 mm depth) were
sterilized by boiling in 0.9% NaCl for 30
min. The animals were anesthetized with
ether, the incision site was washed with
ethanol and shaved with clippers. The
sponges were implanted aseptically and
placed symmetrically under the dorsal skin
through a single incision approximately 2
cm long. The skin wound was closed with
9-mm wound clips. All animals were re-
turned to their established fluid sources. A
few animals that developed infections were
eliminated from the study.

At 5, 10, 20, 30, or 43 days after implan-
tation, the animals were sacrificed and the
sponges were removed. A minimum of 16
and a maximum of 60 sponges were used for
each time point. The surrounding con-
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nective tissue capsules were not removed.
Each sponge was placed in 1 ml of 5%
trichloroacetic acid (TCA) and brought to
90° for 30 minutes. The sponges were
squeezed to remove excess TCA, then
placed in 1% sodium dodecyl sulfate (SDS)
in 0.1 N sodium hydroxide and heated to
90° for 15 min. The sponges were removed
from the SDS and squeezed to express the
solvent.

Samples from the TCA and SDS extracts
were combined and assayed for protein
(16). An aliquot of the combined extract
was hydrolyzed in 6 N HCl for 24 hr at 105°,
evaporated to dryness, and the hydroxy-
proline content was determined (17).

In addition, some sponges were removed
and immediately placed in 10% neutral-
buffered Formalin. These sponges were de-
hydrated in ascending concentrations of
ethanol, cleared, embedded in paraffin, and
sectioned at 6 um either tangent to the long
axis of the sponge or in cross-section
through the middle of the sponge. The sec-
tions were stained with hematoxylin and
eosin. One sponge per animal was used for
light microscopic examination. Two inde-
pendent observers rated the sponges for
cell infiltration and collagen deposition.
The rating was based on an arbitrary scale
from +1/2 to +4. The slides were number
coded and arranged randomly to ensure an
unbiased evaluation.

Results. Alcoholic mice ate 10% less
food than control mice (Table I) but this
decrease in food consumption was not suf-
ficient to cause malnourishment (18). In ad-
dition, the mice imbibing alcohol drank sig-
nificantly less (Table I) but the animals did
not appear to be affected. The alcohol in
their water served as a calorie source for
these animals and even after being main-
tained on this diet for 6 months, the al-
coholic mice had the same average weight
as did the control animals (Table I).

The tensile strengths of the skins from
normal and alcoholic mice were the same
(Table IT). The thickness of the alcoholic
mice skins was not statistically different
from that of control mice (Table II).

The total protein in the sponge extracts
for both alcoholic and normal mice is
shown in Fig. 1. The content was the same
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TABLE 1. Foop, WATER, AND ETHANOL INTAKE OF
CONTROL AND ALCOHOLIC MICE

Control Alcoholic P

Weight (g) 325 0.6 33.1 = 1.6 N.S.
Fluid consumption

(mV/mouse/day) 42 + 0.8 36+ 06 <0.05
Ethanol ingested

(g/kg/day) — 8.7+ 1.2 —
Food

(g/kg/day) 1009 = 11.8 87.0 £ 8.2 <0.01

Note. After the mice had been maintained, either on water
or 10% ethanol for 6 months, 18 mice from each group were
weighed. Then the fluid and food consumptions of three cages,
each containing 9 mice, from each group were monitored over
7 days. The data represent the average daily intake per mouse.

for both groups of animals except 10 and 43
days after implantation. At the earlier time,
the sponges from control animals had sig-
nificantly more protein than those from al-
coholic mice. Conversely, at the later time,
sponges from alcoholic mice contained sig-
nificantly more protein than those from
control animals. The inset shows the results
from the alcoholic mice as a percentage of
those from the control.

Hydroxyproline content of the sponges
was determined and used to estimate colla-
gen deposition. The hydroxyproline con-
tent of the sponges in both groups of ani-
mals increased from a minimum after 5 days
to a maximum after 30 days of implantation
(Fig. 2). By the time the sponges had been
implanted for 43 days, their hydroxyproline
content had declined indicating that the
granulomas had entered the remodeling
phase.

Although the pattern of granuloma for-
mation was similar for both groups of mice,

ALCOHOLISM AND WOUND HEALING

22 :
120
— ®
E 20} 5 100}
;E’ s 80
2 ?
c "
8 '8 80— 3535 40
Days
= ~ -
5
2 100t *
a
[
o
c
S sof
’ l
805 6 Z0 30 a0

Implantation (Days)

FiGc. 1. Total protein content of sponges from nor-
mal and alcoholic mice. Sponges were removed from
the animals at the times indicated and extracted with
TCA and NaOH dissolved in SDS. Aliquots of both
extracts were assayed for protein. Each point repre-
sents the mean of at least three sponges per animal and
a minimum of four animals per group (control mice @;
alcoholic mice O). Brackets represent one SEM. An *
indicates values which were statistically different from
controls (P < 0.05). The inset shows the protein con-
tent of sponges from alcoholic mice as a percent of the
corresponding value from the normal mice.

the rates of hydroxyproline accumulation
were not the same (Table III). Between the
5th and 10th days of implantation, hydroxy-
proline accumulated in granuloma tissue
from alcoholic mice at only 68% of the
rate that it did in tissue from normal mice.
This resulted in a significantly (P < 0.05)
lower hydroxyproline content in sponges
from alcoholic mice 10 days following im-
plantation (Fig. 2). During the next 10-day
period the accumulation rate in the sponges

TABLE II. THICKNESS AND TENSILE STRENGTH OF SKIN*

Thickness (mm)

Tensile strength (g/mm?)

Normal Alcoholic P Normal Alcoholic P
0.351 0.343 175 187
0.368 0.251 128 224
0.306 0.323 234 158
0.363 0.295 194 186
Average + SD 0.347 + 0.028 0.303 = 0.040 N.S. 183 + 44 189 + 27 N.S.

“ Each tensile strength value represents one animal and is an average computed from four to six trials per
animal. Tensile strength was calculated by measuring the breaking strength of strips of skin of known width
(5 mm) and thickness and dividing that breaking strength by the product of the width and thickness. Thickness
was measured with a spring-loaded micrometer. Each value represents one animal and is an average of four to
five samples of skin per animal.
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FiG. 2. Total hydroxyproline content of sponges
from normal and alcoholic mice. Aliquots of the ex-
tracts, prepared as described—Fig. 1, were hydro-
lyzed in 6 N HCI at 105° for 24 hr, dried, and then
assayed for hydroxyproline content. Each point repre-
sents the mean of at least three sponges per animal and
a minimum of four animals per group (control mice ®;
alcoholic mice O). Brackets represent one SEM. An *
indicates values which were statistically different from
controls (P < 0.05). The inset shows the hydroxy-
proline content of sponges from the alcoholic animals
as a percentage of the content of the sponges from the
normal animals.

from both groups were very similar but the
total hydroxyproline content of sponges
from alcoholic mice remained significantly
less than in sponges from control mice after
20 days of implantation. In the following 10
days, the rate of hydroxyproline accumula-
tion was higher in sponges from alcoholic
mice than normal mice and at the end of this
period (30 days) there was no difference in
the hydroxyproline content of the sponges
from the two groups of animals. The inset in
Fig. 2 shows the results from the alcoholic
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mice as a percentage of those from the
control.

Observations made by microscopic
examination of sponges removed 10 and 30
days after implantation confirmed the
biochemical results. Ten days following
implantation the sponges were surrounded
by a thin connective tissue capsule that was
present in both groups but more pro-
nounced in sponges from control animals.
Occasional loci of an acute inflammatory
cell infiltrate were observed in all capsules.

The amount and arrangement of connec-
tive tissue within the sponges significantly
differed between groups. Sponges removed
from alcoholic animals included many areas
that were devoid of cells. The connective
tissue that was present within these
sponges consisted of infrequently spaced
fibroblasts, and a delicate, irregularly ar-
ranged fibrillar network.

To a greater extent, the interstices of
sponges removed at 10 days from normal
animals were filled with connective tissue
that was both more cellular and fibrillar
than that of alcoholic animals. When rated
by two independent observers for cell infil-
tration and collagen content, the 10-day
postimplantation sponges from the normal
animals received an average rating of +2%
whereas those from the alcoholic animals
had an average of +1. These differences
can be best appreciated by examining
low-magnification photographs (Fig. 3)
which give an overall impression of the
amount of cellular infiltration.

By 30 days, sponges from both groups
were filled with a loose connective tissue
that contained a well-developed microvas-
cular network. Sponges from both groups
received an average rating of +3. However,

TABLE III. RATE OF HYDROXYPROLINE ACCUMULATION IN POLYVINYL SPONGES

Normal

(umole/sponge/period)

Alcoholic
(umole/sponge/period)

0-5 days 0.11¢
5-10 days 1.00
10-20 days 1.87
20-30 days 6.19
30—43 days —2.69

0.11
0.68
1.74
6.49
- L77

“ The change in sponge mean hydroxyproline content during the periods indicated. The data were generated

from the same numbers used in Fig. 2.
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Fi1G. 3. Sponges from normal and alcoholic mice 10 days after implantation: (A) control; (B) alco-
holic. (a) connective tissue capsule, (b) connective tissue, (c) sponge matrix (30X).
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Fi6. 4. Sponges from normal and alcoholic mice 30 days after implantation: (A) control; (B) al-
coholic (30x).
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in some instances more connective tissue
was observed in sponges from the alcoholic
animals. The photographs in Fig. 4 demon-
strate the similarities between sponges from
both groups of animals and the vast in-
crease in the amount of cellular infiltration.

Discussion. This study has taken ad-
vantage of the C57BL/Crgl mouse which
will consume a 10% ethanol solution as
their sole liquid source (19) in order to es-
tablish an animal population which was al-
coholic for more than 50% of its life, a pe-
riod paralleling that usually experienced by
alcoholic humans. The healthy nutritional
status of these animals made them ideal for
directly studying the effect of alcohol on
their physiology without the influence of
the nutritional deficit that often accom-
panies alcoholism in humans. Such a defi-
ciency has been thought to cause a number
of physical symptoms and would have se-
verely complicated interpretation of the
data.

For example, it has been suggested that
alcoholics have, on the average, a greater
number of skin lacerations than nonal-
coholics. No decreases in the skin thick-
ness, tensile strength, or breaking strength
of the skin from alcoholic mice were ob-
served suggesting that skin does not be-
come more fragile as a direct result of al-
coholism. Rather, human alcoholics may
suffer from a dietary deficiency of ascorbic
acid which could easily decrease skin
strength.

In contrast, chronic alcohol intake did di-
rectly influence the wound healing process.
Granuloma formation in imbedded poly-
vinyl sponges was chosen as a model for
wound healing since there are similar meta-
bolic stages in the two processes (20). In
addition Valjanto (21) has shown that the
deposition of collagen in an implanted
sponge correlates directly with the tensile
strength of an incised wound.

Biochemical and microscopic examina-
tion of the sponges clearly showed that the
initial stages of granuloma formation were
retarded in alcoholic mice. There was a sig-
nificant retardation of cell migration into
the sponges which was paralleled by a
lower content of protein and collagen. Once
past this initial lag in cell migration, cells do
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move into the sponges as evidenced by the
rapid rate of synthesis and deposition of
collagen. By 30 days after implantation, no
apparent differences in either cellular or
collagen content could be discerned.

It is interesting to note that a similar de-
fect in collagen accumulation has been ob-
served in sponge-induced granuloma of
obese mice (22). These mice serve as an
animal model for adult diabetes, another
condition that is associated with deficient
wound healing. Unfortunately, the granu-
loma development was followed for only
21 days and it is not known whether the
obese mice would ever overcome the initial
lag in collagen deposition.

As demonstrated by the decreased colla-
gen content, the granuloma from all animals
were in the remodeling stage at the last time
point examined, 43 days. It is interesting to
note that these data suggest a trend (P <
0.1) toward a higher collagen content and
therefore a slower rate of remodeling in the
tissue from the alcoholic mice. The signifi-
cance of this trend is reinforced by the ob-
servation that the total protein content of
the 43-day granuloma tissue is definitely
elevated in alcoholic mice.

An alteration in either of the two pro-
cesses involved in remodeling, the rates of
collagen synthesis or degradation, could
have caused the decreased rate of remod-
eling observed in granuloma tissue from al-
coholic animals. The elevated rate of colla-
gen deposition seen just prior to 30 days
suggests that the synthetic rate may be ab-
normally high even after this time. It would
be of extreme interest to determine whether
the difference observed at 43 days is main-
tained throughout the remodeling phase. If
this were the case, then one might infer that
every time an alcoholic repaired tissue
damage, following an initial lag in collagen
deposition, a slightly higher than normal
quantity of collagen would ultimately be
deposited.

Support for this hypothesis is found in
another animal study. Orrego et al. (24)
have shown that the fibrotic reaction pro-
duced by insertion of a surgical suture
through the liver parenchyme of rats is
clearly elevated in animals on a chronic al-
cohol diet. In this context, it is interesting
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to note that two pathological conditions
often observed in alcoholics, liver fibrosis
(1) and rhinophyma (2, 23), involve exces-
sive collagen deposition.

. Avogaro, P., Sirtori, C., and Tremoli, E., ‘‘Inter-

national Symposium on Metabolic Effects of Al-
cohol”’ Elsevier/North-Holland, Amsterdam/New
York (1979).

. Lowenfels, A. B., ‘“The Alcoholic Patient in

Surgery’’ Williams & Wilkins, Baltimore (1971).

. Larato, D. J., Periodont. 43, 772 (1972).
. Orloff, M. Ann. N.Y. Acad. Sci. 252, 159 (1975).
. Perin, A., Scalabrino, G., Sessa, A., and Ar-

naboldi, A., Biochim. Biophys. Acta 366, 101
(1974).

. Baraona, E., and Lieber, C. S., J. Clin. Invest.

49, 769 (1970).

. Baraona, E., and Lieber, C. S., Clin. Res. 16, 279

(1970).

. Blobel, G., and Potter, V. R., J. Mol. Biol. 26, 279

(1967).

. Redman, C. M., J. Biol. Chem. 244, 4308 (1969).
. Baraona, E., Leo, M. A., Borowsky, S. A., and

Lieber, C. S., J. Clin. Invest. 60, 546 (1977).

. Ahonen, J., Holnstrom, H., and Zederfeldt, B.,

Scand. J. Plast. Reconstu. Surg. 8, 179 (1974).

. Shoshan, S., and Gross, J., Israel J. Med. Sci. 10,

537 (1974).

13.

14.

15.

16.

17.

18.

19.

20.

21.

22

23.

24.

575

Madden, J., and Peacock, E., Surgery 64, 288

(1968).

Sussman, M. D., Amer. J. Physiol. 224, 1167
(1973).

Holt, E., ‘“Master’s Thesis,”” University of
Maryland (1978).

Lowry, O. H., Rosebrough, N. H., Farr, L. A.,
and Randall, R. S., J. Biol. Chem. 193, 265 (1951).
Stanton, G., and Levy, M., J. Dent. Res. 48, 38
(1969). .

Simmons, M. L., and Brick, J. O., ““The Labora-
tory Mouse; Selection and Management’’ Pren-
tice—Hall, Englewood Cliffs, N.J. (1970).
McClearn, G. E., and Rogers, D. A., Quat. J.
Stud. Alcohol. 20, 691 (1959).

Lampiaho, K., and Kulonen, E., Biochem. J. 105,
333 (1967).

Valjanto, J., Acta Chir Scand. (Suppl) 333, 1
(1964).

Goodson, W. H., and Hunt, T. K., Amer. J. Surg.
138, 692 (1979).

Pinkus, H. A., ‘‘Guide to Dermatohistopathol-
ogy,”’ 2nd Ed. Amir, H. Mehrigan, Appleton—
Century—Crofts, New York (1976).

Orrego, H., Israel, Y., Tiefenbach, H., Saldivia,
V., Varghese, B., and Medline, A., Alcoholism
Clin. Exp. Res. 3, 213 (1979).

Received September 5, 1980. P.S.E.B.M. 1981, Vol.

166.



