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reported that application of casts and elastic
pressure dressings before and after thawing
restricted significantly the amount of gan-
grene. The most beneficial effects were ob-
tained by using these methods combined with
rapid rewarming. These results were not con-
firmed by other investigators. Lange and
Boyd(8), using pressure dressings with and
without heparinization, did not observe any
beneficial effect. Quintanilla et al.(10) stated
that pressure dressings and plaster casts were
ineffective, Shumacker and his associates
(11) demonstrated, in experiments conducted
with precise controls, that plaster casts left
in place for 10 days, as recommended by
Crismon and Fuhrman, were without benefit.

The problem whether the accumulating
edema following cold injury is a major con-
tributing factor to tissue loss, cannot be defi-
nitely determined on the basis of these ex-
periments. It appears, however, from our ex-
periments and that of the others, that the role
of edema per se is not important in the patho-
genesis of final tissue loss,

Finally, it should be pointed out that
theoretically, the increased rate of absorption
of edema fluid will simultaneously increase the
absorption rate of any substances released
from injured cells. These may, by their
presence or concentration in general circula-
tion, have toxic effects.

Summary and conclusions. 1. Considering
that the edema formation following experi-
mental cold injury might be a factor con-
tributing to tissue loss, the prevention of gan-
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grene was attempted by controlling the edema
by use of the enzyme hyaluronidase. 2. Tis-
sues edematous after cold injury showed no
further swelling and a significant decline in
volume after local injection of the enzyme.
presumably due to an increased absorption
rate of the accumulated fluid. 3. The evacua-
tion of edema did not influence the gangrene
as it was observed to develop simultaneously
and equally in treated and control extremities.
It seems, therefore, that tissue necrosis is not
primarily related to accumulation of edema
in the region of injury.
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Protogen, an essential growth factor for the
ciliate Tetrahymena geleii(1). which is identi-
cal with the acetate replacing factor(2), and
the pyvruvic oxidation factor(3), has recently

* Aided by grants from the U. S. Public Health
Service and the American Philosophical Society.

been highly purified(4,3), crystallized(6), and
tentatively renamed lipoic acid(6). As was
expected, lipoic acid was found to be capable
of replacing protogen in the growth of Tetra-
hymena(7,8). The initial reaction of pyru-
vate oxidation may be considered as involving
2 components (as shown in reaction 1): oxi-
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dative decarboxylation, which involves a
hydrogen transfer to diphosphopyridine nu-
cleotide (DPN), and secondly, a transfer of
the acetyl group to coenzyme A (Co A).

1. pyruvate + Co A 4+ DP\Noxm_ =

acetyl~Co A + DPN . + COg

Kidder and Dewey have(9) suggested that
protogen is necessary for the hydrogen trans-
fer mechanism, whereas Gunsalus(5) holds
that the factor is probably concerned with the
acetylation stage of the reaction. When pure
preparations of the factor recently became
" availablet it was possible to initiate investiga-
tions as to the exact enzymatic role of the
factor in the oxidation of pyruvate.

Methods. Pyruvic oxidase prepared by
precipitation at pH 5.4(10) of a washed ex-
tract of Tetrahymena geleii S. was used for
the study of the oxidation reaction. Assays
for protogen indicated the presence of sig-
nificant quantities of the growth factor in the
preparation, which however could be readily
removed by shaking with alumina(5). Oxi-
dative activity was measured by spectrophoto-
metrically following the rate of reduction of
the dye, 2,6-dichlorophenol indophenol(10).
The acetylation activity of the preparation
was assayed by following the rate of acetyl
formation by the hydroxylamine reaction(11).
When the acetylation reaction was studied, the
enzyme was first heated to 54°C for 10 min-
utes to destroy transacetylase activity(12).

Results. Removal of protogen from the
pyruvic oxidase by treatment with alumina
did not decrease the oxidative activity of the
preparation as measured by the rate of dye
reduction. In like manner, the addition of
protogen to alumina treated preparations (in
amounts up to 25 units/ml) had no effect.
On the other hand, when the acetylation re-
action was measured, protogen was found to
be necessary for activity. As shown in Fig. 1,
alumina treated enzyme is completely inactive
in the pyruvic oxidase acetylation step. The
addition of protogen to the mixture containing

t Thanks are hereby extended to Drs. E. L. R.
Stokstad and L. J. Reed for making available gener-
ous quantities of protogen and lipoic acid, respective-
Iv, which were used interchangeably.

7 Highly purified Co A was kindly supplied by
Dr. F. M. Strong.
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FIG. 1. Acetylation activity of pyruvie oxidase
expressed as micromoles of acethydroxamie acid
formed. Incubation mixture contained .2 ml of
enzyme, 35 units of coenzyme A, and the follow-
ing in micromoles: Sodium pyruvate, 200; co-
carboxylase, .4; diphosphopyridine nucleotide, .9;
MgCly, .4; NaHCOg, 10; cysteine, 8.4 pH, 6.8. The
final volume of the incubation mixture was 1 ml
Temp., 25°C. Curve 1, untreated enzyme. Curve 2,
enzyme treated with alumina, 25 units of protogen
added at time indicated by arrow.

alumina treated enzyme restores the activity
to a rate greater than obtained with untreated
enzyme. It is thus apparent that the factor
is necessary for the acetylation, and not the
oxidative activity of the pyruvic enzyme. In
the purification of the enzyme, protogen was
not entirely removed, as evidenced by acetyla-
tion activity of the untreated enzyme in the
absence of added protogen. The amount of
the factor remaining in the preparation how-
ever, is not optimal since greater activity was
obtained when excess amounts (25 units) were
added to alumina treated enzyme.

Summary. Protogen has been found to be
essential for the acetylation reaction, but not
for the oxidative phase, of pyruvate oxidation,
when assayed in a purified pyruvic oxidase
preparation from the ciliate Tetrakymena
geleii S.
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The increasing use of blood and blood
products in civilian and military medicine has
brought to the fore, as one of the most urgent
problems, the control of serum hepatitis (SH).
The natural history of this virus diseasz is
still obscure, but it has been definitely estab-
lished that a carrier state may exist in indi-
viduals without a known history of jaundice
and that such persons may harbor the virus
in their blood in the absence of abnormal liver
function tests(1). This situation obviously
prevents the proper selection of safe donors.
It is essential, therefore, to devise methods to
sterilize blood and blood products. As far as
plasma and sera are concerned an effective
method appears to be at hand. Ultraviolet
irradiation of these products has decreased the
subsequent incidence of SH although the full
extent of its efficacy has not as yet been criti-
cally evaluated. On the other hand, steriliza-
tion of whole blood has not been accomplished
at present. In view of the relatively high
incidence of the disease following transfusions

* This investization was conducted under the
sponsorship of the Commission on Liver Disease,
Armed Forces Epidemiological Board, Office of Sur-
geon General, U. S. Army.

the need for a satisfactory method of inactiv-
ating SH virus in whole blood is most urgent.
The experience gained with nitrogen and sul-
fur mustards in the inactivation of various
viruses seemed to offer an approach to this
problem. It was first noted by Bawden and
Pirie that mustards abolished the infectivity
of certain plant viruses, the agents causing
tobacco mosaic and bushy stunt disease, as
cited by Gilman and Phillips(2). Later it
was reported that sulfur mustard inactivated
the viruses of rabies, Eastern equine enceph-
alomyelitis, and hog cholera(3), and that both
sulfur and nitrogen mustards rendered in-
fluenza virus non-infective(4). Herriott(5)
studied the rates of inactivation of 6 animal,
one plant, and 2 bacterial viruses by mustard
gas and noted that those containing desoxy-
ribose nucleic acid were more rapidly affected
than the viruses containing ribose nucleic acid.
Hartman ef al.(6,7) demonstrated that the
nitrogen mustard salt (methyl-bis- (beta-
chloro-ethyl) amine hydrochloride) was an
effective virucidal and bactericidal agent
when added to plasma or whole blood in a
concentration of 500 mg per liter. Plasma or
blood thus treated, and subsequently neutral-



