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In the chapter on the “History of Scurvy’ in his monograph, Scurvy, Past
ond Present, Alfred Hess (1) presents an excellent summary. He notes that the
ravages of scurvy have been recounted as historical occurrences since the
campaigns of the Caesars, the pilgrimages of the Crusaders on land, and the
voyages of the early explorers at sea.

In some of the early accounts, particularly that attributed to Richard
Walter (2), who was chaplain to Lord Anson’s expedition, the phenomenon is
recorded which we have investigated and here present. Walter noted that the
scars of wounds which have for many years healed were opened again when
scurvy occurred. As an example, he describes an individual who had been
initially wounded S50 years previously and whose wounds broke down and
appeared as if they had never been healed when he contracted scurvy. A
similar breakdown was described for a previously healed fracture. Lind (3)
and Mead (4) are early writers who noted this breakdown of healed wounds
following the occurrence of scurvy. Bourne (5) has reported the historical
literature on scurvy and bone repair in his chapter on “Vitamin C and Bone”.
Recent reports on the effects of scurvy on healed wounds are sparse. Alan
Hunt (6) in 1941 reported the effects of established scurvy on the healed wounds
of three animals who had been deprived of all ascorbic acid from the twentieth
day after operation. These studies were all histologic and showed changed
staining qualities of the collagen of the scar. According to Hunt, “The ready
reversion of the collagen of scars to its immature and weaker form offers an
explanation of the breaking down of healed wounds in scurvy.”

More recently, Pirani and Levenson (7) have made a histologic study of the
effect of vitamin C deficiency in healed wounds. They performed midline
laparotomy wounds and allowed them to heal for six weeks, during which
period the animals were fed a nutritionally complete diet. They noted that
after six weeks the wound scar was reduced to a thin line and was often hardly
visible. In three instances where scurvy was produced, herniation developed
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at the site of the wound; however, complete dehiscence did not occur. Histologic
observations on the scar tissue of the scorbutic guinea pigs whose laparotomy
wounds had healed normally six weeks prior to the initiation of the scorbutic
diet revealed fibroblastic proliferation and regression of connective tissue
elements and hemorrhages. In an editorial comment (8) on the experiments of
Pirani and Levenson it was noted that adequate ascorbic acid intake is es-
sential not only for normal healing in the period immediately following
trauma but also for the maintenance of previously formed scar tissue. Scar
tissue seems to be more susceptible to vitamin C deficiency than is normal
tissue.

We have studied the effect of scurvy on two groups of animals; the first were
animals with recently produced wounds, and we wish to compare the data
obtained from them (9) with data obtained from a second group whose original
wounds had been allowed to heal for long periods of time.

In the study here reported, Carbon' data obtained from the use of L-
ascorbic-1-C¥ acid (10,11) areincluded in additiontothe chemical determination
of ascorbic acid. Measurements of the pressure of wound rupture following the
withdrawal of ascorbic acid are correlated with the amounts of ascorbic acid
determined chemically in the blood and tissues.

MATERIALS AND METHODS

Guinea pigs of the Hartley strain, 220 to 250 grams, were obtained from the same source
of supply. For the operational procedure a midline abdominal incision was made as previ-
ously reported (9). The animals were maintained on a Reid-Briggs semi-synthetic diet (12)
with the addition of 1 gm. of ascorbic acid to 1 kg. of feed mixture, which furnished each
animal with a 30 mg. daily ascorbic acid intake.

The contro! animals were maintained on this diet postoperatively for 70 to 78 days. The
animals in which scurvy was induced were on the 30 mg. daily ascorbic acid intake for 43
days after operation, following which time the vitamin was completely removed from their
diet. They were maintained on the scurvy-producing diet from 28 to 35 days before sacrifice.
The total length of the postoperative period of the control and scorbutic groups was the

same. The technique to determine the strength of the wound by measurement of the pressure

required for wound rupture was the same as described in a previous paper (9). Three animals
in each group were given an intraperitoneal injection of 5 mg. of radioactive ascorbic acid
three to seven hours before sacrifice. Samples of blood and adrenal glands were analyzed
from each animal to ascertain the nutritional status. Specimens of skin and muscle were
remaved from the scar as well as from the abdominal wall 3 cm. distant from the scar for
analysis at sacrifice as previously described (9). Chemical determination of ascorbic acid
was made according to the method of Roe and Keuther (13). The ascorbic acid was pre-
pared according to the method of Salomon, Burns, and King (11) and the cyanide was pre-
pared according to that of von Schuching and Enns (10). The radioactivity was determined
by measuring the rate of ion production with an electrometer (14). The analysis of radioactive
carbon was made by preparing BaCOs by the wet combustion method (15). The BaCOs

from each sample was brought to a total weight of 400 mg. with inactive BaCOs and sealeu *

with 4 gm. of silver chloride-lead chloride 4% vacue under anhydrous condition in a Pyrex
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test tube, 19 by 200 mm. These test tubes were tapered as they were sealed. CH0; was
liberated by heating at 400° for four hours (16) in an aluminum block which held 20 sample
tubes. After cooling, the samples were attached to the ionization chamber by way of the
elongated neck of the sample container which was easily broken following evacuation of the
system. For our ionization chamber a CO, sample pressure of 36 mm. indicated total libera-
tion of CO. from 400 mg. of BaCOs. The ionization chamber was brought to atmospheric
pressure by slow introduction of air through a drying tower. The method of preparation
insured uniformity of samples. The L-ascorbic-1-C* acid after conversion to BaCO; was
assayed against a Carbon! standard in a methane preflush flow counter operated in the
proportional counting region.? The activity was 2 uc. per mg. One mg. of the labeled ascorbic
acid gave a reading of 5.4 X 10% divisions per minute for our ionization chamber after con-
version to BaC¥0,.4

RESULTS

In Table I we have compiled data which will be used as a basis for comparison
with succeeding experiments. It should be noted that observations obtained
from a single injection of L-ascorbic-1-C'* acid containing 5 to 10 mg. of in-
active ascorbic acid as a carrier are difficult to interpret, particularly when ad-
ministered to a scorbutic guinea pig, because the values are increased in the
scar as well as in the distant tissues. The values for the ascorbic acid content
of the scar tissue show a greater increase than the values for the distant tissue
in all of the groups, regardless of dietary intake or mode of administration. The
scar tissue contains considerably greater amounts of radioactive Carbon® than
does the distant tissue, which is a finding similar to that obtained by chemical
determination.

In a study presented in Table II, a midline abdominal incision was performed
on a group of animals and allowed to heal for 72 days. At sacrifice the wounds
could not be ruptured. The dietary intake was 30 mg. daily.

A second group of animals whose wounds had similarly healed showed a
weight gain equal to the control group up to the time they were placed on the
ascorbic acid-free diet. Thereafter, until the time of sacrifice, these scorbutic
animals lost considerable weight, while the control group continued to make a
slight weight gain until the time of sacrifice.

The days between operation and sacrifice for the animals in which scurvy
was produced averaged 76 days, while a similar period for the control animal
group averaged 72 days. The average number of days for the animals on the
scorbutic diet was 33 days. In previously reported experiments dealing with
the younger growing animal, average survival was 21 to 24 days and our
present findings are in agreement with Slack (17) who noted that older animals
developed signs of scurvy more slowly and at more individual rates.

8 RCL Nucleometer Preflush Flow Counter and Scaler.,
4 Carbon® activity represents essentially all radioactive ascorbic acid 24 hr. after injec-
tion (Salomon, L. L., Dissertation, Columbia University, 1952: and our own data).
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In the scorbutic group the pressure for wound rupture for both the skin and
the muscle averaged 336 mm. of Hg for the five individual pigs in which rupture
occurred. In two pigs in the scorbutic group neither rupture in the skin or
muscle layer could be produced.

In the control group a rupture of the skin layer was produced in only one
animal and this occurred at a high pressure of 490 mm. of Hg. In none of the
control group of animals could a rupture of the abdominal muscle layer of the
scar be affected.

In the scorbutic group, the ascorbic acid level in the whole blood ranged
from .03 to .12 mg. per 100 ml., with an average of .08 mg. per 100 ml. In the
control group, the values ranged from .46 to 1.27 mg. per 100 ml,, with an
average value of .72 mg. per 100 ml. The average ascorbic acid content of the
adrenals in the scorbutic group was about {5 of the average content of the
control group. In the scorbutic group the ascorbic acid content of the scar
skin was 33 per cent greater than the distant abdominal skin, while the ascorbic
acid content of the scar muscle was 100 per cent greater than the distant
abdominal muscle. These differences are accentuated in the control group on
the 30 mg. daily intake of ascorbic acid. Here we find the ascorbic acid content
of the scar skin approximately 50 per cent greater than the distant abdominal
skin, and the scar muscle shows an increase of 150 per cent over the distant
abdominal muscle.

This significant increase in the ascorbic acid content of the scar skin and

TABLE III

CY Determinations Calculated as Per Cent of Administered Dose of L-Ascorbic-1-CH* Agid in Blood and
Tissues in the Two Groups of Animals Whose Wounds had been Allowed to Heal
Jor a Long Period (Approximaiely 70 Days Postoperatively)

5 mg. L-ascorbic- Ci¢ Values in Per Cent of Dose per ml. or gm, Tissue
1-C1i Acid In- | Days Be-
Al o s e | 750008 S o o e
cularly Before A Wi 0 H
A e Sacrifice Blonq | Adrenals| SE3F AdeiTnmnl Mustle Alicfiﬁggigal
Scorbutic
1 S hr. 76 .001 6.7 —_ — .64 .45
2 3 hr. 76 — 2.2 .12 .16 .60 .16
3 3 hr. 76 .07 4.2 A7 .15 — .07
Average. . .. .03 4.4 14 .16 .62 .23
Control
1 3 hr. 72 .22 3.4 .33 .19 .22 .06
614 hr, 72 _ 3.5 — A1 .50 .12
3 7 hr, 72 .04 3.0 .19 .16 .16 .08
Average. ... .13 3.3 .26 15 .29 .09
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TABLE IV
Ascorbic Acid Values of a Semple of Human Skin Oblained from @ 30-Year-Old Lumbor Scar

Ascorbic Acid, mg. per 100 gm.
Site of Scar Duration of Scar b
: 3 cm. Distant
Scar Skin Abdominal Skin
Right lumbar area........... 30 yr. 9.0 5.5

scar muscle is similar to our results obtained in a group of younger animals in
which only a 10 day interval existed between operation and sacrifice as pre-
viously reported (9).

Results of studies with L-ascorbic-1-CY acid injected intramuscularly into
the groups of animals whose wounds had been allowed to heal for a long period
are noted in Table III. Here again the values for ascorbic acid in the scar
tissue are higher than in the distant tissue.

Human Skin Analysis. In a sample of human skin from a 30-year-old lumbar
scar the ascorbic acid content of the scar tissue was 64 per cent greater than a
sample of normal skin tissue 3 cm. distant. The patient was on a high vitamin
C intake before the specimens were removed.

DISCUSSION

We have confirmed experimentally in the guinea pig that wounds healed for
a long period will break down in scurvy. This finding substantiates the ob-
servation of the physicians who accompanied the early explorations, as well as
findings based on histologic studies on animals (6, 7).

From the fact that the previously healed wound in scurvy ruptures, we
must conclude that ascorbic acid is essential for the integrity of scar tissue.
In contrast, Elster (18) admits that ascorbic acid is essential for the formation
of collagen, but notes that it may not be essential for the maintenance of
preformed connective tissue.

We have noted that in scurvy the chemical values of ascorbic acid are at
practically the same level in the scar as in the distant tissue for recently
healed wounds in which all tissues are depleted in scurvy. A single injection of
L-ascorbic-1-C# acid to the scorbutic guinea pig brings out immediately the
increased deposit of ascorbic acid in scar tissue.

We had previously noted the increased accumulation of ascorbic acid in
recent scar tissue at various levels of vitamin C dietary intake. We wished to
ascertain whether this increased accumulation would decline to the values
found in an unoperated animal after a period of time had elapsed. Our results
indicate that the higher level of ascorbic acid in the scar tissue persists both in
the guinea pig and in man. We have demonstrated by the injection of L-
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ascorbic-1-C* acid that it contributed to the increased ascorbic acid level in
the scar tissue, regardless of the age of the postoperative scar.

CONCLUSIONS

1) Abdominal wounds in the guinea pig which had been allowed to heal for
a long period could be ruptured in animals after scurvy had been produced.
Similar wounds could not be ruptured in animals on adequate vitamin C
intake.

2) Adequate ascorbic acid intake is essential, not only for immediate post-
operative healing, but also for the maintenance of previously formed scar
tissue.

3) Ascorbic acid accumulates in scar tissue immediately following wounding
and persists for long periods of time both in the guinea pig and in man,

4) The higher levels of ascorbic acid noted in scar tissue are derived in part
from the recently administered ascorbic acid as demonstrated by single injec-
tions of radioactive ascorbic acid.
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