TABLE 2

EVIDENCE FOR THE PRESENCE OF DPN-ASE ON THE
SURFACE OoF THE RED CELL

Prepa- Nico-
Expt ration Added in ;&Oi do QY2 C02
No. (0.2 ml/ materials u lactate
flagk) ()
6a Stroma-free —_ —_ 27.20
hemolysate -+
DPN 0.865 x
10M
b  Stroma-free — 0.03 26.00
hemolysate +
DPN 0.865 x
10M
¢ Stroma-free Red cell — 4.25
hemolysate -+ suspen-
DPN 0.865 x sion,*
10M 0.05 ml
d Stroma-free Red cell 0.03 24.20
hemolysate + suspen-
DPN 0.865 x sion,
10M 0.05 ml
e Stroma-free Unwashed —_ 1.71
hemolysate +  stroma,t
DPN 0.865 x 0.05 ml
10-*M
f Stroma-free Unwashed 0.03 19.50
hemolysate +  stroma,
DPN 0.865 x 0.05 ml
10-4M
DPN alone Red cell 0.03 0.05
0.865x10“M  suspen-
. sion,
0.05 ml

* Corresponding to 2.34 mg dry-cell residue per flask.

i Corresponding to 2.67 mg dry-cell residue per flask. The
quantity of stroma used was about 10 times that represented
by the quantity of cells in *,

the DPN except when an excess of nicotinamide is
present (4, 10-12).

The evidence for the presence of DPN-ase on the
cell surface is not inconsistent with the recent findings
of Mcllwain (13) that the DPN-ase in minced neural
tissue preparations is associated with the cell debris.

One important implication of these observations is
that DPN as such, cannot exist in the circulating
plasma. Other workers (14), and the authors, have
demonstrated that the eoenzyme is not present in the
plasma. Even though, as MelIlwain (15) has shown,
the reduced form of the coenzyme (DPN-H,) is not
a substrate for DPN-ase, the existence of DPN - H,
in the plasma also is not possible since, in the presence
of the plasma lactic dehydrogenase and pyruvate, it
would be oxidized and thus be liable to rapid destrue-
tion by the red cells.
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Low-Temperature Sterilization of
Organic Tissue by High-Voltage
Cathode-Ray Irradiation® %3

Irving A. Meeker, Jr., and Robert E. Gross

Laboratory for Surgical Research of the
Children’s Medical Center and Department of Surgery,
Harvard Medical School, Boston, Massachusetts

Recently a limited number of human tissue banks
have been established to preserve blood vessels (1),
bone (2), and cartilage (3), since in this way these
substances can be made available for transplantation
into humans whenever needed. It has been rather diffi-
cult, however, to keep these banks supplied with ade-
quate amounts of sterile material since the tissues may
often be contaminated before, during, or after re-
moval from the body, at-operation or autopsy, and
as a result are not safe for transplantation. It is ob-
vious that if a method could be found for sterilizing
human tissue without denaturing it, this would be of
great value.

The Surgical Research Laboratory of the Children’s
Medical Center became interested in this broad prob-
lem of organie tissue sterilization while attempting
to sterilize blood vessels to insure a more constant
supply of sterile vaseular grafts for human use. In
initial experiments attempts were made to decon-
taminate blood vessel segments with chemieal anti-
septics (4) and complex antibiotic combinations (),
but consistently satisfactory or adequate results were
not obtained. In 1948 the Department of Food Tech-
nology at the Massachusetts Institute of Technology
reported the marked bactericidal action of high-volt-
age cathode-ray irradiation in the sterilization of food
(6). With the cooperation of John Trump at that in-
stitution, irradiation of intentionally contaminated
blood vessel segments was carried out using a compact
3-mev electrostatic generator he designed (7), which
produces high-voltage cathode rays that can penetrate
organic material to a depth of 1.5 em (8).

Initially, 125 blood vessel segments that had been

1 Acknowledgment is hereby made to Kenneth A. Wright,
of the High-Voltage Research Laboratory at the Massachu-
setts Institute of Technology, and to Bernard E. Proctor and
Samuel L. Goldblith, of the Department of Food Technology
at the Massachusetts Institute of Technelogy, for their valu-
able assistance in this work.

2 The electron sterilization aspects of the work were sup-
ported in part by the Atomic Energy Commission.

3 This work was supported by grants from the American
Heart Association and the U. S. Public Health Service.
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obtained from dogs were heavily contaminated with
a mixture of 24-hr pure cultures, of a-hemolytic strep-
tococeus, B-hemolytic streptococeus, Staphylococcus
aureus, bacillus subtilus, monilia albicans, Escherichia
coli, B. proteus, and B. pyocyaneus. They were then
sealed in individual polyethylene bags, frozen, and
irradiated at carbon-dioxide ice temperature with
from 1.5 million to 6.0 million roentgen equivalent
physical units (9), thawed, and cultured for 7 days
in beef heart broth. Of these specimens, only 3 grew
out in culture; one had been treated with 2.0 million
REP, another with 3.0 million REP, and the third
with 5.0 million REP, :

Following this, human aortic segments of larger
caliber and wall thickness were collected at random,
in an unsterile manner, from routine human autopsies
that had been performed 6-36 hr post mortem by
pathologists at the Massachusetts General Hospital,
Peter Bent Brigham Hospital, and the Boston City
Hospital. These were individually sealed in poly-
ethylene bags and stored at —50° C. A total of 194
aortic segments was irradiated with 1.5-6.0 million
REP. Ninety-four specimens were thawed, irradiated
at room temperature, and then cultured; bacterial
growth was obtained from three. The remaining 100
vessels were irradiated while still frozen (on dry ice
at —80°), then thawed and cultured; two showed per-
sistence of viable organisms. (Frozen but unirradiated
controls were thawed, and all were positive when cul-
tured.) These results showed the great effectiveness
of cathode-ray irradiation in sterilizing tissue, and
they suggested that the temperature of the contami-
nated tissue during the irradiation did not signifi-
cantly alter the bactericidal effectiveness of the
cathode rays.

Encouraged by these preliminary experiments, we
irradiated 5 dog arterial segments at room tempera-
ture with 1.5 million REP, the dosage recommended
for sterilizing foods. When these arterial grafts were
transplanted into recipient animals they did not pro-
vide satisfactory vascular pathways, sinee in each
case large oceluding thrombi developed in the lumen
of the graft and obstructed the blood flow.

Following this thirty-eight unsterile or intention-
ally contaminated frozen dog aortic segments were
irradiated in a dry ice trough at —80° C with 1.5 or
2.0 million REP. Subsequently these blood vessels
were transplanted into the abdominal aortas of dogs.
In this group of animals there have been no large
occluding thrombi, and there has been only one graft
failure, that from dehisecence of a suture line because
of infection. The remaining 37 vascular transplants
appear to have retained their usefulness as grafts.

An additional 22 contaminated arterial grafts were
irradiated at low temperatures, with higher dosages
ranging from 3.0-6.0 million REP, and were then
implanted as aortic grafts in recipient dogs; vessel
wall destruction was encountered that became pro-
portionately more marked as the dosage of irradiation
was increased (10).

Of the 60 unsterile or intentionally contaminated
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grafts that were irradiated at low temperatures and
implanted into animals, only 2 showed any evidence
of infection. Apparently, low temperatures had suec-
ceeded in protecting vessel walls (in ranges of 1.5-2.0
million REP), but they had not significantly impaired
the bactericidal effectiveness of this irradiation.

Recent studies have indicated that ionizing radia-
tions may induce a great variety of chemical reac-
tions, which in turn exert many different biological
effects on organic tissues (11). The primary or direct
action of irradiation on organic molecules is the pro-
duction of ionization that causes them to undergo
degradation, denaturation, or depolymerization. A sec-
ondary or indirect action of irradiation is caused by
the ionization of intercellular and intracellular water
molecules, which leads to the production of free radi-
cals (hydrogen atoms and hydroxyl radicals), which
have oxidizing and reducing capabilities (12). In the
frozen state the diffusion rate of these free radicals
is slowed down (13). In view of this, and from the
results obtained in our experiments, it seems reason-
able to assume that by maintaining grafts at low
temperature during irradiation, one may succeed in
blocking or minimizing those secondary reactions that
are so prominent when organie tissue is irradiated at
room temperature. In contrast, the degrading, depoly-
merizing, or denaturing direct action of ionizing
irradiation on tissue appears to continue in spite of
the frozen state of tissue during irradiation; this re-
sults in appreciable organic tissue destruction, which
ultimately manifests itself, in the case of blood ves-
sels, when they have been irradiated with dosages
above 3.0 million REP.

Fortunately, the direct ionizing action of irradia-
tion accounts for bacterial damage and destruction
and is independent of temperature ranges, since it
causes ionization in the genes and chromosomes of the
microorganisms, which in turn gives lethal mutations
or prevents reproduction (17).

The experimental findings in the irradiation of
canine and human arterial segments already deseribed
lend support to these theories, since the microorgan-
isms used to contaminate these arterial segments were
destroyed in a very high percentage of cases, regard-
less of the protective effects of low temperature on
the organie tissue.

From the facts at hand it appears that micro-
organisms are vastly more susceptible to the direct
action of relatively low dosages of ionizing irradiation
than are the cells that constitute vascular grafts. It is
believed that the indirect or secondary action which
takes place following the irradiation of the inter-
cellular and intracellular ‘water is not necessary to
achieve the destruction of bacteria with a high degree
of regularity.

It is apparent that at low temperatures one finds a
zone of irradiation dosage which lies above that neces-
sary to sterilize, but which is below that which will
cause damage to, the tissues. When infected organic
tissue is reduced to a low temperature and irradiated
in this zone, bacteria are killed off with a high degree
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of effectiveness, and the substance is still fit for use in
medicine and surgery.

To date this method of low-temperature sterilization
of vaseular grafts has been employed in two humans
with coarctation of the aorta, in whom the gap re-
maining in the aorta, after resection of the narrowed
portion, could not be overcome by primary anasto-
mosis. Frozen, irradiated aortic grafts (from human

autopsy material) have been used in each case to
bridge the aortic gap. These two patients have been
followed 4 and 6 months postoperatively, and there
has been complete relief of hypertension in each. It is
believed that this represents the first time that any
human organic substance sterilized by high-voltage
cathode-ray irradiation at low temperatures has been
sucessfully transferred from one human to another.

References

1. Gross, R. B, BILL, A. H.,, JR., and PEIRCE, B. C. Surg.
GQynecol. Obstet., 88, 689 (1949).

2. WILSON, P. D. Ann. Surg., 126, 932 (1947).

3. BROWN, J. B., and DEMERE, M. Plastic and Reconstruc-
tive Surg., 3, 283 (1948).

4. SRGNITZ, R. H., and Gross, R. E. Unpublished data.

5. RHEINLANDER, H. F., and GROSS, R. E. Presented ‘at the
Forum on Fundamental Surgical Problems at the 35th
Clinical Congress of the American College of Surgeons,
Oct. 18, 1949, Chicago.

6. DUNN, C. G., et al. J. Applied Phys., 19, 605 (1948).

7. TRUMP, J. G., and VAN DE GRAAFF, R. J. Phys. Rev., 55,
1160 (1939).

8. TRUMP, J. G., WRIGHT, K. A., and CLARKE, A. M. J. Ap-
plied Phys., 21, 345 (1950). :

9. BvaNs, R. D. Nucleonics, 1, 39 (1947).

10. MEEKER, I. A., JR., and GROSS, R. E. Presented at the

~ 12th Annual Meeting of the Society of University Surgeons,
Feb. 9, 1951, Durham, N. C.

11. Lea, D. E. Action of Radiation on Living Cells. New
York : Macmillan (1947).

12, ZIRKLE, R. E. Radiology, 52, 846 (1949).

13. PROCTER, B. E., and O’MEARA, J. T. Ind. Eng. Chem., 43,
718 (1951). .

s 2

Comments and Communications

Ktrebiozen?

KRrEBIOZEN is a term applied to an agent of un-
known nature alleged to be useful in the treatment of
malignant tumors. It is stated to have been discovered
by Stevan Durovie, and to have been investigated for
clinical activity by A. C. Ivy, head of the Department
of Clinical Science, University of Illinois, in collabor-
ation with others. A brochure concerning the agent
and the experience with it was circulated as a presen-
tation by Dr. Ivy at a meeting called by him in
Chicago on March 26, 1951.2

Krebiozen is described as a white powder, soluble
in water, mineral oil, and most organic solvents, pre-
pared in an unspecified fashion from the serum of a
horse treated in an unspecified way. It is certified as
devoid of toxicity and is said to have been capable of
restraining the growth of malignant neoplasms in an
unstated number of dogs and cats.

The brochure describes the results of the use of
Krebiozen in the treatment of 22 patients with vari-
ous types of cancer. The patients can be divided into
three groups on a chronological basis:

1) Seven patients treated during August, Septem-
ber, and October of 1941. Of these six are reported
as dead.

2) Seven patients treated between January and
June 1950. Two of these are reported as dead and five
as living. Of the five, two are described as having
early and advanced disease.

3) Eight patients treated between July and De-

1 This communication was solicited by the Editorial Board.

2 Krebiozen: An Agent for the Treatment of Malignant
Tumors. Discovered by 8. Durovic, M.D.; presentation by
A. C. Ivy, Ph.D,, M.D. Chicago: Champlin-Shealy Co. Pp.
1-106 (1951). .
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cember 1950, of whom all are living. Of these, three
are described as having early disease, one as having
had the cancer removed surgically, and only two as
having advanced lesions. In two the degree of exten-
sion is not specified.

One patient of Group 1 and three of Group 2, or
four at most, of the total 14 individuals can be con-
sidered, on the basis of survival, as possibly showing
evidence of control of the neoplasm, since eight of the
14 are dead, and two were not in an advanced stage.
The period of observation was about a year.

Of the four patients (of the individuals included in
the recently treated Group 3) who could, from the
data, be regarded as having advanced cancer, the pe-
riod of observation was only something over four
months.

It is evident, therefore, that at the present time we
cannot make any certain judgment that the claims on
behalf of Krebiozen are valid.

Caution in cases like this is doubly indicated by
the well-known faect that the history of the search for
better means of cancer control is littered with the
hidden wrecks of premature announcements based
upon unwarranted conclusions. These cruel and ir-
revocable disappointments are due, uniformly, to
three errors: (1) undue reliance on the subjective
response of the patient; (2) unfamiliarity with the
course of untreated cancer; (3) failure to require
unequivocal objective evidence of an effect of the
procedure on the cancer.

The unreliability of the subjective response of can-
cer patients in classic. Weil stated in 1915:

It is a curious and interesting fact that almost every
therapeutic claim made in recent years in connection with
cancer has included among its virtues the relief of
pain. . . . In view of this it is probably fair to assume

285



