BrocuemicaL CHANGES IN BRUISED TISSUE

subsequent work in progress is designed to
explore them.

Summary. 1. Poliomyelitis virus of high
titer in the form of a freshly filtered tissue
culture preparation, can be inactivated by
ultraviolet irradiation in centrifugal filmers.
2. Inactivation of the virus preparations by
a combination of ultraviolet irradiation and
exposure to mild heat for several days yields
vaccine of good potency. In this procedure
there is a margin of safety between complete
inactivation and appreciable loss of anti-
genicity. 3. Experience thus far indicates a
degree of consistency and reproducibility for
the method described. 4. Vaccines made by
a combination of ultraviolet irradiation and
mild heat appear to retain their antigenicity
for at least 7 months.
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Bruised Tissue. I. Biochemical Changes Resulting from Blunt Injury.*
(23185)

Mostara K. Hampy, FrED E. DEATHERAGE, AND GEORGE Y. SHINOWARA
Departments of Animal Science, Agric. Biochemistry, and Pathology, Ohio State University,
Columbus, and Ohio Agric. Exp. Station, Wooster.

A bruise is a tissue injury without lacera-
tion usually produced by a blunt object re-
sulting in rupture of the vascular supply and
accumulation of blood and fluid. The accu-
mulated blood undergoes, during the healing
process, various physical and biochemical
changes, represented by the color alteration
characteristic of a bruise. Williamson(1)
stated that the biochemical studies on wounds
and wound healing have been devoted to the
metabolism by the injured organism and the
determination of the character and metabo-
lism of certain proteins and polysaccharides
of the wound area. In this report studies
were undertaken to investigate the nature of
some of the physical and biochemical changes
occurring during the healing process of a
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bruised tissue.

Materials and methods. Bruising and
sampling. Fifty-five cattle were used. The
areas to be bruised and symmetrically located
control areas were clipped and shaved. In-
jury was inflicted by 2 blows of a 7 pound
sledge hammer over 3 feet in one-half second.
(The degree of injury inflicted experimentally
was less than that often sustained by cattle
due to falls or contacts with other animals
and sides of vehicles while in transit.) Ob-
servations were made of the bruised area for
9 days after injury. At various intervals ani-
mals were slaughtered and the bruised and
control areas were excised, sliced, minced, and
subjected to various chemical and physical
studies. Easily split iron (E.S.1.). The tis-
sue sample was homogenized with 0.4% HCl
and incubated 24 hours at 37°C(2) and the
E.S.I. was determined as the ferrous com-
pound of o-phenanthroline(3). Pigment ex-
traction. Saline, buffered to pH 7.4 and con-
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TABLE I. Iron* and Non-Protein Nitrogen Contents of Bruised Cattle Tissue as Related to
Gross Appearance and Time.
Appearance
Age of ———External ~ Fluid N~ No. of mg/100 g tissue}
bruise Swelling Color Vol Color samples Iron N.P.N.
Controlt — Normal — Normal 30 25 £ .07 650+ 18
15 min. ++ Dark red ++ Red 4 .30 + .03 560 =20
2 days +++  Tdem +++  Darkred 1 32+ .04 46015
3 ++ Light green- ++ Brown-yelow 5 46 + .05 410+ 13
purple
4 + Yellow-green- -+ Yellow-orange 3 50 + .04 32012
purple
3 — Orange -+ Idem 5 BT+.05 140+ 8
6 — Slight orange + Slight yvellow 3 32 +.04 20012
7 — Normal — — 3 25 + .06 240 =10
— " — — 2 27 + .05 500 =18
9 — — —= 2 32 £ .03 720+ 16

* ¢ Easily split iron.”?

t Control (novmal) tissues from symmetrically Joented areas as the bruises.

+ Mean = S.D.

taining 1% normal human serum albumin,
was used for extraction of some of the pig-
ments present in the bruised and control tis-
sues. followed by chloroform extraction.
Hemoglobin and bilirubin. The American
Optical Rapid Scanning Spectrophotometer
was used for qualitative studies of these pig-
ments in saline and chloroform extracts. The
concentrations of hemoglobin and bilirubin
in the saline extract were determined(4)
using a Beckman D.U. spectrophotometer.
Bilirubin concentration in the chloroform ex-
tract was determined spectrophotometrically
at 450 mu. Non-protein nitrogen (N.P.N.).
A modification of the Miller and Miller(5)
procedure was used for determination of the
N.P.N. in the saline extract.

Results. In Table I are recorded observa-
tions of bruises inflicted on cattle using the
technic described. It is evident that the mean
concentration of iron (E.S.I.) in bruised tis-
sue rose immediately up to and over the con-
trol level (0.25 mg %) in 4-5 days after in-
jury and then decreased to reach the control
level within 7-9 days, at which time the bruise
had apparently healed. The non-protein
nitrogen. on the other hand. decreased from
the control level of 630 mg% to 140 mg%
in 3 days, but rose abruptly to the control
value in 9 days.

Of the total pigment in exsanguinated nor-
mal muscle tissue, myoglobin is quantita-
tively the most important(6), whereas hemo-

¢lobin represents only approximately 10%
(7.8). Therefore, the data given in this pa-
per for normal (control) tissue are for both
myoglobin and hemoglobin. Fig. 1 represents
typical spectrophotometric absorption curves
of saline extracts of normal and of 5-day-old
bruised tissue samples. Both extracts differ
in several ways. The greater absorption at
560 and 375 mp (corrected for absorption
curve of the didymium glass standard) of
bruised tissue extract than that of normal tis-
sue, is attributed to increase in hemoglobin
concentration. The plateau at 600-640 mpu
in bruised tissue extract suggests the presence
of alkaline hematin which is absent in the
control extract. The absorption spectrum of
a pure bovine hemoglobin is shown in Fig. 2
for comparative purposes.

After the presence of hemoglobin in the
bruised tissue was established it was decided
to follow quantitatively its changes during
the healing process. The results (Table II)
indicate that extra-stromal hemoglobin con-
centration increased immediately following
bruise infliction, followed by a decrease to
reach the level of normal tissue upon com-
plete healing. It appears therefore that any
increase in red pigment in bruised tissue com-
pared to that of the control, is due primarily
to hemoglobin and traces of hematin. Ap-
parently there is very little change in myo-
globin concentration due to bruising.

The concentration of the yellow pigments,
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TABLE II. Relation between Extra-Stromal Hemoglobin and Bilirubin Concentrations in
Bruised Cattle Tissue.

Concentration in mg/100 g tissue

Myoglobin and

~————Yellow pigments as bilirubin——

hemoglobin Total Bilirubin
Age of bruise Control Bruised Control  Bruised Control Bruised
15 min. 52.5 180.2 .76 .43 QS) .00
2 days 42.4 228.9 .82 2.28 . 1.40
3 40.6 425.2 45 4.17 3.52
4 60.2 500.2 .86 4.30 ” 3.89
5 57.5 372.0 .67 2.36 ” 1.90
7 71.8 390.6 .32 1.80 ” 1.39
8 78.2 80.5 .50 2.20 ” 1.30
9 60.2 68.2 40 .50 ” .20

representing the total of that found in both
the saline and chloroform extracts, was then
determined spectrophotometrically with C. P.
bilirubin (Eastman) as a standard. The re-
sults obtained on control and bruised tissues
are recorded in Table II. It can be seen
that total yellow pigments in normal tissue
ranged from 0.32 to 0.86 mg/100 g, while
that of bruised tissues increased to 4.3 within
4 days of injury, followed by a rapid decrease,
to reach the normal tissue level. Total bili-
rubin was then determined chemically by the
van den Bergh reaction on the saline and
chloroform extracts of control and bruised tis-
sue: The results are shown in Table II. It
is evident that control tissue extract did not
contain bilirubin, per se, while its concentra-
tion in bruised tissue extracts rose to 3.8
mg/100 g tissue within 4 days after injury
and then decreased to 0.20 mg/100 g by the
ninth day. Therefore, the increase in total
yellow pigments due to injury is attributed to
bilirubin. This was confirmed by isolating
the pigment as the barium salt:  The free
pigment had a maximum absorption at 450
my, identical to that of C. P. bilirubin. The
vellow pigments in the normal (control) tis-
sue must be substances other than bilirubin
such as lipochromes, riboflavin and hemo-
globin, all of which absorb light at 450 mgp.

Discussion. The increase of extra-stromal
hemoglobin during early stages of healing of
bruised tissue apparently resulted from de-
struction of red blood cells which have es-
caped from the circulation upon rupture of
the capillaries. This increase of extra-stro-
mal hemoglobin occurred along with an in-
crease in iron (E.S.I.) content of bruised tis-

FIG. 1 (top). Spectrophotometric absorption
curves of saline cxtracts of a 5-day-old bruise in
cattle and a control (non-bruised) tissue from a
symmetrically located area, first (top) curve, sa-
line reference; second curve, control extraet; third
(bottom) eurve, bruise extraect.

FIG. 2 (bottom). Spectrophotometric absorption
curves of bovine hemoglobin. First curve, saline
reference; second curve, hemoglobin solution, ap-
proximately 70 mg/100 ml saline.
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sue, indicating that this hemoglobin was cata-
bolised in the tissue by release of its iron.
No explanation is given for the drop of the
N.P.N. in early stages of healing, but the
higher concentration of this N.P.N. after 4-5
days may be due to excessive tissue cata-
bolism and degradation of the globin moiety
of the hemoglobin molecule. Selye and Dosne
(9) found that blood which passed through a
damaged area contained a high concentration
of free hemoglobin and N.P.N. The absence
of bilirubin immediately after bruising the
tissue and its rapid increase in 3 or 4 days
followed by rapid decrease in concentration
seem to indicate that this pigment is a degra-
dation product from the catabolism of free
hemoglobin. It should be stated that increase
of bilirubin concentration coincided with in-
crease of the orange color usually observed
during the healing process of a bruise. The
detection of hematin (Fig. 1) in the bruised
tissue during healing seems to indicate that
globin is first split off from the hemoglobin
molecule giving rise to hematin. The latter
loses its iron and appears to undergo oxida-
tion resulting in the opening of the tetrapyr-
rolic ring of the molecule in the a-position
with loss of a-methyne bridge (-CH =) and
formation of 2 hydroxyl groups at the end of
the linear tetrapyrrolic molecule. It is pos-
sible that biliverdin is the first compound
formed which may be reduced by the reduc-
ing system of the tissues to form bilirubin as
indicated by Lemberg and Wyndham(10).
These physical and biochemical changes dur-
ing healing of bruised tissues were also inves-
tigated in 100 rabbits and the results followed
the same pattern. The sequence of events re-
sulting in the degradation of hemoglobin dur-
ing healing of a bruised tissue is consistent
with the data of in vitro experiments reported
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by Lemberg and Legge(11).

Summary. In experimentally inflicted
bruises of cattle, the greatest swelling and
fluid volume occurred within 2 days. The
maximum biochemical changes in bruised tis-
sue were found on or about the fourth or fifth
day: These included a drop in N.P.N. to one-
fourth of the control level and a 2-fold in-
crease in the “easily split iron” concentration.
Moreover, the 10-fold elevation in red pig-
ment was due to extra-stromal hemoglobin.
Bilirubin formation in bruised tissue has been
demonstrated conclusively and the probable
metabolic derivation of this pigment is dis-
cussed. Although healing was evident grossly
in 7 days, the biochemical values did not re-
turn completely to the control levels until the
ninth day.
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