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I. STUDIES ON RADIATION EFFECTS
ON MALIGNANf'TUMORS* ---

H. Vermund, M.D., Ph.D.
K, w. Stenstrom, Ph.D.

S:uccessful radiat'~on therapy of
malignant tumors is characterized gross
ly by ,softening and regression of the
mass, healing of ulcerations and pro
liferation of granulation tissue with
scar 'formation. Studies of the biologi
cal processes which take place in irra
diated tissues are of, the greatest in
terest to the radiation therapist be
cause they increase his knowledge about
the mechanisms involved in arresting
tumor gro~vth and eradicating the cancer.
The intelligent 'application of irradia
tion in the treatment of malignancies re
'quires understanding of the fundamentals
of radiation physics and biology as well
as knowledge about the pathology and the
clinical behavior of the disease.

Under optimum conditions, infiltrat
ing cancer cells undergo irreversible
changes during radiation therapy, dis
integrate and are gradually absorbed by
macrophages and replaced by fibro
blasts, growing in from the surrounding
tumor bed. These processes of absorp
tion and repair are closely interrelated.
Poor distribution of the radiation with~
in the tissues,·overdosage and inade
quate protraction and fractionation tend
to disturb the balance be~ween absorp
tion and repair necessary for a satis~

factory'tumor response to irradiation.'
Numerous other factors influence the
radiosensitivity of 'tumors; many of which

;are still'unknown;5,16,27
;.

It is the purpose of this paper to
discus's somecurrel'lt· concepts regard
ing the mode of action of radiation
therapy in arresting growth of malig
nant tum0rs and to 'extend them in agree
ment withexperiinental results obtained

*Aided by grants from the Committee on
Growth and an Institutional Grant from
the American Cancer Society and from
The Graduate School Research Fund,
University of Minnesota.

in our laboratories.

Characteristically, morphological
changes in tumors follOWing radiation
therapy occur after a period of latency
often lasting several days and somet~mes

much longer. Under the microscope~ the
tumor cells look perfectly intact, on~y

the small vessels, capillaries and lym
phatics may be somewhat dilated. This
vasodilatation is apparently caused~y
the liberation of a still unidentified,
chemical substance or sUbstances.14 ; The
alteration of the conditions of the, .,.
stroma is also manifested by the accum~la

tion of leUkocytes and,mononuclear ~~~ls

'vith phagocytic. properties ,around.. ':t~e:.,
strands and ,sheets of tumor cells. 'Ip~i
bition of mitotic activity copstitutes
one of the earliest morpholo~ical'S:Lg118 in
the irradiated tumor cells.3J This in
hibition of cell division is a gener~r:.
radiation effect found in plants as well
as animal tissues and seen most striking
ly in a rapidly growing tissue, often
after relatively low dose. Frequent'iy,

. this arrest of
4
mitotic actiVity is only

transient.21,2 In suitable biological
materials, cells in interphase, :may be
seen to remain in the resting stage, while
those which rtave already started to divide
may be ~ble to complete the mitotic
cycle. 2b After larger doses, cells
which appear morphologically intact, .may
behave abnormally when they fina.l:l.Yen~er
mitosis. Chromosomes may stick together
and form bridges,11 Bizarre g:hmt-cells
containing clumps of irregular chroma~in
material result. The chromatin threads,
may break, the fragments become inverted
or deleted and distributed irregularly,
between the daughter-cell~which~re in
capable of further reproduction.~,9
Pyknosis, fragmentation e,nd lysis ,of cell
nuclei are non-specific, but signify ir
reversible cell damage. Cytoplasmic
changes with alteration of the permeabil
ity of nuclear and cell membranes result
in disturbance of the electrolyte ex
change with swelling l

23 but these are
less conspicuous follOWing doses in the
therapeutic range. The unique feature
about radiation, however, is its capabil
ity to affect the radiosensitive tumor
cells selectively without causing irrepar
able alterations in the surrounding normal
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tissues. Thus, the differential sensi
tivity of malignant versus normal tis
sues constitutes the most essential pre
requisite for successful radiotherapy.

When it comes to explaining the
radiation effects on malignant tumors,
there is considerable lack of informa
tion regarding the chain of reactions
which take place between the initial
ionization of tissue molecules and the
final morphological changes. 'Radia
tions are viaualized as quanta of energy
and below a certain wavelength these
quanta contain enough-energy to dislodge
'electrons from the orbits of the atoms
by which they are absorbed. This pro
cess of ionization has became the funda
mental concept regarding absorption of
shortwaved radiant energy. 'Chemical as
well as biological effects have been
found to be closely correlated with the

number of ion pairs formed.~5

Since displacement of orbital elec
trons results in breakage of chemical
bonds, alteration -of the molecular con
figuration and formation of new chemical
compounds within the tissues must be a
logical consequence.43 Experimental evi
dence points to the formation of radicals
which have a great affinity to surround
ing molecules and are, therefore, capable
in starting new chemical reactions. In
a biological system, such events are
liable to interfere with the orderly"
metabolism of the tissues. Since more
than 80% of the mass of soft tissues is
made up of water, it appears likely:that
their ionization products are of great
biological significance. Most experimen
tal evidence is now in accordance with
the theories first proposed by Weiss re
garding t~~ effectsof ionizing radiations
on water.

q + H:20 -+ H20+ + e

t
W +OH

OH+OH~~02

e- + H+.+H

e- + H20---rH20-~ R + OH
+

°24-R02 7

These reactions indicate the forma
tion of active radicals which are potent
oxidizing agents. These are capable of

, reacting with certain enzymes necessary
for the intra-cellular intermediary
metabolic reactions required'for the syn
thesis of organic compounds, cell repro
duction and tissue growth. The life-time
of these initial active radicals is pro
bably in the range of a fraction of a
micro-secorid·and the yield of chemical
change per ion pair formed depends to a
certain extent on the ion density and
distribution per uriit volume" of tissue.23
It is known that the ion distribution of
high voltage radiations i'nthe 'million
volt range and the gamma'radiation from
natural and artificial radioactive :Lso-

topes is different from medium and low
voltage roentgen radiation and this may
have same bearing on the radiation ef
fects on biological systems.

Studies on isolated enzyme systems in
vitro have indicated that there are cer
tain groups of enzymes that are more
easily iBactivated by radiation than
others. For instance, a number of en-
zymes which are characterized by the pres
ence of SUlfhydryl groups are very read
ily inactivated by relatively small doses
of radiation. 3 Several of these enzYmes
are known to play an important role in
the exchange of energy during the inter
mediary metabolic reactions. The chemical
reactions taking place may be Visualized
as follows:

Protein - SH + OR

Protein - SH+ OH
>

Protein

Protein

- s
"j
-,

- D

+ 2 HOH
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Such inactivation of these and other
enzyme reactions result in inhibition
of tissue growth, since the energy neces
sary for the anabolic biochemical reac
tions will not be available. Different
chemical compounds (e.g. cystein, gluta
thione, cysteinamine, thiourea, etc.)
can act as donors of sulfhydryl groups
in a system in vitro and reverse the
inhibition of these enzymes after a
small dose of radiation. Such compounds
also reduced mortality after total body
irradiation when administered a short
time before irradiation.35

The significance of hydration in d.e
termining radiosensitivity has been am
ply demonstrated by comparing radiation
effects on plant and animal tissues in
dried versus hydrated state. Without
exception, drying increases resistance
to radiation. Similarly, depression of
the intermediary metabolism of tissues
by chilling, lowering the oxygen-tension
or administration of chemical inhibitors
like HCN decreases radiosensitiv-
ity.12,13,43 '

In addition to these radiation ef
fects mediated through the aquaeous
phase, there are also effects due to
direct ionization of other tissue con
stituents. Such effects can be demon
strated by inactivation of viruses and
are independent on the presence of water,
but in 9rder to produce detectable
changes immense doses way .beyond t~e

therapeutic range have to be used. 0
The large nucleoprotein molecules serve
as targets and one single ionization may
be enough to produce the change. This
direct effect on large molecules seems
to be less significant for clinical radia
tion therapy than the indirect effect
with transfer of energy by means of
active radicals.

Generally speaking, the more complex
the compound is, the more probable it is
that an ionization occurring within the
molecule will lead to an irreversible
change in its biological properties.
However, it is also known that ionization
may occur in areas which are not bio
logically active and will there remain
undetected. Frequently, minor changes
in the molecular configuration of large

protein molec~les cannot be detected by
. chemical means, but still may be malli
fested biologically. Mutations may
thus represent a change in the configur
ation of the nucleoprotein of the genes
manifested only in subsequent ~enerations

in cross-breeding experiments. 9,30

The introduction of isotopic tracer
methods in the study of intermediary
metabolism by Hevesy and co-workers has
opened up a new field for investigations
of the intermediary biochemical reac
t:l,ons of tissue constituents .1,2,15,18

The effect of ionizing radiations on
the uptake of isotopically labelled
tracers by different tissue compounds has
been etudied by §ever~l investiga
tors.~,2,15,le,l~,32,j7

Such experiments have indicated that
certain biochemical reaction chains are
affected by radiation more easily than
others. In cooperation with Drs. C. P.
Barnum and R. A. Huseby we have studied

. the effects of roentgen irradiation on the
uptake of P32 by various compounds iso
lated from transplanted mouse mammary
carcinoma.41 ,

Tumors were transplanted to both hind
legs.' The right leg, including the tumor
transplant, was exposed to 4500 r of
x-rays, while the rest of the animal

, .including the transplant on the left leg
was shielded by lead.

The radioactive phosphorus was inject
ed intraperitoneally in doses of ~ to 1
microcurie per gram body weight. Some
animals received the P32 immediately after
the irradiation, other groups were inject
ed at 4, 12 and 24 hour intervals. All
animals were sacrificed one hour after the
.P32 injection. The tumors were dissected
out, homogenized and SUbjected to differ
ential centrifugation.

Fractions of nuclei, large ~ytoplasmic

Granules, m1crosomes and ultrasedimentable
granules 'were isolated from the superna
tant fluid. Nucleic acids, phospholipids
and phosphoproteins were isolated and
purified.

Inorganic phosphorus was isolated from
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an aliquot of the original homogenate.
Radioactivity and total phosphorus were
determined in liquid ashed samples.
The biological concentration coeffi-

cient was calculated and the relative
specific activities indicated in
the following tables:

TABLE I

RELATIVE SPECIFIC ACTIVITY OF DNA* SUMr4ARY OF ALL EXPERIMENTS

No. of Mean Relative Specific Significance of Difference
ExPeriments Activity ± Standard Error between Means = p.

Controls 27 0.96 ± 0.07 Controls and Shielded: 0.07

Shielded 34 0.81 + 0.05 Controls & irrad.: 0.001

Irradiation 34 0.42 ± 0.03 Shielded & irrad.: 0.001

TABLE II

Relative Specific Activity of DNA at Different
Time Intervals Following Irradiation

IMean Relative
Sample Time In- Number-of Spec. Activi- Significance of Difference

terval Experi- I ty ± Standard between Means = p.
Hours ments Error

Controls 5 1.19 ± 0.20 Control & Shileded: >- 0.5
Shielded 0 5 0.97 ± 0.22 Control & irrad.: 0.007
Irradiated 5 0.46 ± 0.11 Shielded & irrad.: 0.02

Controls 15 0.88 ±0.13 Control & shielded: 0.02
Shielded 4 15 0.72 ±0.09 Control & irrad.:<. 0.001
Irradiated 15 0.45 ± 0.06 Shielded & irrad.~O.OOl

Controls 3 0.79 ± 0.08 Control & shielded: >0 •.5
Shielded 12 3 0.81 ± 0.09 Control & irrad. : 0.04

Irradiated . 3 0.32 ± 0.18 Shielded & irrad.: O.O~

Controls 9 0.97 ± 0.11 Control & shielded: ~o.5
Shielded 24 9 0.92 :I: 0.12 Control & Irrad.: 0.005

Irradiated 9 0.39 ± 0.07 Shielded & irrad.: 0.002

..
Table I includes all observations made

on the desoxypentose nucleic acid (DNA)
from tumors in mice that had had no ir
radiation and in those which had one
tumor irradiated and the other shielded.
A dose of 9000 rlair did not produce any
significantly greater inhibition than
4500 ria. The mean incorporation of P32

into the DNA of the irradiated tumor
·was 53% of that for the controls.
Statistical evaluation revealed that
this was a highly significant inhibi
tion.

Table II refers to experiments in
which P32 was injected at various time
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intervals afterirradiat10nwith dose
of 4500 r. Here a marked: 'inhibitwn ' of
the incorporation of P32, ,ipto ,the DNA
of the irradiated ,tumor was clearly ap
parent at all time intervals, but,' in '
addition, there appeared to be a less
marked but still significant inhibition
of that of the shielded tumor four
hours after the irradiation.

In Graph I the inhibition of P32 up
take by the DNA immediately following
different doses of roentgen radiation
is indicated. It appears that asatur
ation dose is reached already after
500 ria.

While the P32 uptake of DNA was read
ily affected by the irradiation, the
other compounds studied showed no simi
lar inhibitJon with the exception of the
pentose nucleic acid of the nuclei
which showed slight depression of the

~p~cific~ctivity.

Thespecif1c activity of the inorgan
icphosphorus wasslightlylowered'~ri

the irradiated "tu~'ors • "'In' order to' eval
uate"'if theinhiblted incorporation of
'P32 in',;o DNA might merely mean 'that
less P32 was available in the irradiated
tumors due to a retarded circulation
the specific activities of the DNA and
of the nuclear phospholipids from 'the
same tissue samples were compared. 'This
possibility'did not seem very likeiy in
view of the fact that the relative spe
cific activities of the other constitu'
el1ts were unaffected by the irradiation.
This was also confirmed by the ffgur~s
in rrable ,IV. . "

'These results suggest that the roent
gen radiation exerts a rather specific
effect on the steps leading to the' for
mation of DNA. 'We know from other' .

TABLE IV·

Ratio Relative Specific Activity of DNA ~: 100 of Same
Relative Specific Activity of Nuclear Phospholipids Ti~~~~ample

O-Hour'Interval' 4-Hour Interval
Mean ± Stand. No. of Mean:i: Stand. No. of

Error E er. Error Exper.

Tumor lines Mean :i:
Alpha and Dose Stand. No. of
Theta Error Exper.

Controls· 55.6±5.2 12

Shielded 4500
Irradiated

44.2 :i: 4.8
21.0 :j: 3.8

6
6

27.a:i: 3.5
23.4±,,6.0

,,5.
. ,;

experiments that a dose of 4500 ria
causes campletecessation of the growth
of these tumors for at least two weeks
and apparently prevents new cells from
entering mitosis.

In spite of this the DNA continues
to incorporate p32 at about half the
rate observed in tumors of non~irradia

ted animals. This leads to the sugges
tion that the residual incorporation of
approximately 50% seen after irradiation
maybe ascribed to ,the turnover of DNA
in cells which do not divide. The impli
cation is that roentgen irradiation in
hibits the- synthesis of the new DNA
necessary for cellreproductibn, but does

not block the stimuli which are respon
sible for the turnover of the already

, ~ I . :existing DNA.

DNA has frequently been considered the
stable major constituent of the nucleo
proteins of t~e genes, carrying the here
ditary characteristicsfr~generation
to generation. -, The 'incorporation of p32
into the DNA has'been found; to be closely
correlatedgith the mitotic activity of
the tissue. . Thus, it is high in rapidly
proliferating tumors. Considerable exper
imental"e'vidence is' in acc'ordBilce with the
theory that cell division reqUireS bid~
synthesis of new DNA. Why' the stimuli
to DNA synthesis 'are so much greater in
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malignant cells are still unsolved
problems. HO"Tever, from the data avail
able at present it appears likely that
ionizing radiations inactivate sensi
tive enzymes, probably through the for
mation of intermediary radicals and
chemical SUbstances, and as a consequence
DNA formation is inhibited and the cells
are unable to divide.

The effect on the shielded tumor at
the four-hour interval can be explained
on the basis of the formation of inter
mediary chemical agents which are
stable enough to be transferred by the
circulation and exert a transient and
weaker but still demonstrable inhibitory
effect on the uptake of P32 by the DNA.
This effect is too transient to mani
fest itself on the growth of the tumor
in the shielded leg. HO"Tever, clinical
observations have occasionally indi
cated that distant lymph nodes not di
rectly exposed have regressed during
radiotherapy of a local area in patients
with lymphoblastoma or leukemia. Simi
larly, the leukopenia following local
irradiation is a manifestation of inhi
bition of the function of the bone ~ar

row, which can be explained by formation
of chemical products entering the blood.
The nature of these intermediary radia
tion products is still unknown.

It is commonly assumed that the
direct effect on the tumor resulting
from the actual absorption of radiant
energy by the tumor cells is responsi
ble for the inhibition of the growth of
the tumor and sometimes its eventual
disappearance. However, it is also
known that the condition of the normal
tissues in which the tumor grows or the
so-called tumor bed may modify the re
sponse to radiation. A tumor which is
growing in the highly vascularized bed
usually responds better to radiation
than one which is developing in tissue
which is highly fibrotic. One of the
main results of radiation therapy is the
production of fibrosis. Actively pro
liferating collagenous tissue can be
seen to penetrate tumor and divide it
up into smaller islands, sometimes one
gets the impression that the isolated
tumor cells may became completely choked
off and deprived of their blood supply.

Ewing believed that the radiation effects
on the smaller capillaries of the tumor
played an important role in depriving
the tumor cells of, adequate nutrition
resulting in regression of the tumorw~6
Numerous investigators have de~onstrated

that irradiation of a tumor in vitro
requires a much higher dose in order to
prevent growth on subsequent transplanta
tion than when the tumor 1s left in
situ.17b,20 This can be explained only
on the basis that there are factors ori
ginating in the host tissues which. con
tribute to the radiation effects on the
tumor. Radio-resistance may in many in
stances depend on certain factors in the
tumor bed rather than inherent qualities
of the tumor cells themselves.

. In order to study the contribution of
the .effect of the irradiation of the
tumor bed we have given the irradiation
both before and after the transplantation
of mouse mammary tumors and observed the
~ncidence and growth rate of tumors devel
oping and the survival of the animals.

'Experiments have been carried out on a
large enough scale to permit statistical
evaluation.

Experimental:
Male mice of the Z strain 6-12 weeks
old were inoculated with a 2~ sus
pension of pressed tissue pulp obtained
fram mammary tumors originating in Z
females. These tumors were transferred
over several generations by reinocu~a

tion of the transplants when they'had
developed into palpable tumors.. Sterile
physiological saline was used as the
suspending medium. 0.,1 - Q,.05 !ml.. ·w.as
injected sUbcutaneouslyinito the bindleg. .. ..

The roentgen radiation was deliv~red at
140 Kilovolt with 2 mm of aluminUm fil
ter at 27 cm focal skin distance .
(HVL 0.17 mm Cu) locally to the one
hind leg shielding the rest of the
animaL

Mammary carcinoma in mice as well as
numerous other carcinomas and sarcomas in
both rats and mice are known to be radio
resistant once they have become esta~8i~h
ed and reached a certain size .20,22, .. !~. 7,
39 Our results confirm this fact as .
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...,J

illustrated in Table V. In these exper
iments the animals were irradiated
more than one month after the trans
plantation and most of the tumors had
reached a cons~derable size.

Permanent complete regression was
not obtained with a dose less than
6000 ria, even though considerable dim
inution of the tumor size occurred and

and the survival of the animals in
creased.

Graph 2 shows the increased percentage
tumor regression following increasing
dose.

The time interval between transplanta
tion and irradiation is a significant
factor. This is illustrated in Table VI.

TABLE V

Incidence of Tu~or Persistence Following
Irradiation of Established Tum.Jr

Weeks after irradiation-----
Dose 6 8 10 12 14 16

1500 r 60/60 44/44 34/34 22/22 14/14 6/6

3000 r 43/46 34/314- 33/33 20/20 12/12

4500 r 47/47 46/46 32/32 16/18 10/11 6/6

6000 r 10/10 9/9 1/7 0/6 1/6 3/6

0 60/60 26/26 16/16 6/6 1/1

20

1/1

2/4

Time between transplantation and irradiation -- 32··47 days.

TABLE VI

Incidence of Tumor Development Following
Post-Transplantation Irradiation

Time Between Weeks after IrradiationTransplantation --
Dose and Irradiation 4 6 8 10 12 14 16

1500 0 4/20 4/18 4/18 L~/18 5/18 7/17 7/17

4500 0 0/10 1/10 2/10 3/10 1/10 0/10 0/10

4500 2 Days 2/10 1/10 2/10 2/10 5/10 5/10 3/9

4500 7 Days 1/10 3/10 3/9 3/9 1/9 2/8 1/8

3000 3 Weeks 19/19 19/19 17/17 13/13 6/6

4500 3 vleeks 24/28 19/26 16/21 7/12 5/10 1/6 0/5

6000 3 Weeks 10/10 0/10 6/10 10/10 10/10 5/5

15000 3 Weeks 3/7 2/7 2/6 1/5 1/5 1/5 0/4

0 81/87 93/96 48/51 22/23 9/10 1/1

I
}

t
4
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When the radiation is given a short
time after the transplantation, eradi"
cation of the tumor ,vas accomplished
in a much higher percentage and with
a smaller dose. This is in agreement
with clinical observations on radio"
therapy of malignant tumors. Smaller
lesions frequently respond more favor
ably than larger ones.

Several reports in the literature
have indicated that irradiation of the
tumor bed before transplantation re"
sults in decreased incidence of tumor
development and inhibition of the growth
rate of the tumors that do develop in
the irradiated tissues.4,11,22,31,36 ,
38,39' However, the conclusions de"
rived have not beEn universally accepted
because many of these experiments were
carried out before the modern methods
of measuring quantity and quality of
radiation Here developed and because, as
a rule, statistical evaluation of the
significance of the differences ob
served ,,,as not performed. He have,
therefore, repeated and extended these
studies.

In our first series of experiments,
20 mice were used in each experiment,
10 of which received local irradiation
to the right leg. The 10 remaining
animals served as non-irradiated con
trols. A dose of 1500 ria of roentgen
radiation was delivered to the right
leg. 48 hours later, .1 cc. of 20%
suspension of mammary tumor cells was
injected subcutaneously into the irradi"
ated leg. Simultaneously, the shielded
leg was injected with the same quantity
of tumor cells. Non-irradiated control
animals were injected with the same cell
suspension. The animals were then ob
served at frequent intervals and the
growth of the tumors estimated by measur
ing their cross"section by calipers.
The mean cross"sectional area for groups
of ten animals or more was calculated
with the standard error and the signifi
cance of the differences observed eval
uated statistically using the Student's
"t"-test. The incidence of tumoJ;'
development at the different time inter
vals and the survival of the animals
were recorded in separate tables.

The data obtained furnish substantial
evidence that the growth of tumors in
oculated into areas which had received
1500 ria 48 hours prior to the trans
plantation was prevented or retarded sig
nificantly. The relatively small dose
of radiation caused slight temporary
epilation with rapid regrowth of depig
mented hair in these animals. An initial
slight edema would rapidly subside and
no circulatory sequelae or other per
manent damage to the normal structures
were demonstrated. Nevertheless, the
irradiation had altered these tissues
sufficiently to provide a less suitable
bed for the growth of the tumor cells
inoculated two days later. It. will also
be noticed that the growth inhibition
was quantitatively different for differ
ent tumor lines of the same type of mam"
mary carcinoma.

Merwin, et a128 have advanced the
theory that lack of establishment of
functional contact between capillaries
of the tumor implant and the irradiated
bed is responsible for this effect.
Their observations were made following~.

transplantation of fragments of tumor .
while the present experiments deal with
tumors developing after injection of
dilute suspensions of tumor tissue pulp.
It is, therefore, difficult to apply
their theory to our experimental condi
tions. The production of growth-inhibit"
ing chemical compounds in the tumor bed
resulting in a dormant state of the in
oculated tumor cells might serve as a
vrorldng hypothesis for the time' being as
an explanation for the inhibition by pre
transplantation irradiation.

In later experiments the inhibition by
pretransplantation irradiation was less
marked when highly malignant tumors trans
ferred for 28 generations were inoculated.
See Graph 4.

In the next series of experiments we
transplanted only the irradiated leg and
studied the effect of different dose
levels.

Increased inhibition of the growth rate
appeared up to a dose of 3000 ria. How
ever, further increase of the dose failed
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TABLE VII

Incidence of Tumor Development*
Following Pre-Transplantation Irradiation

Time of Exp.
Observe No. Controls Shielded Irradiated

Tumor P****.
Line Contr-irr.

Week 3

Total

1
2
3
4
5
6
7
8
9

10

20/20** 10/10 2/10
20/20 10/10 1/10
18/20 7/9 1/9
20/20 8/8 1/8
17/20 8/10 3/10
16/20 10/10 2/10
20/20 10/10 1/10
11/12 10/10 2/10
16/18 8/10 0/10
20 20 10 10 10

1 1 0= 1 7= 1 7=1

H20***
K19
M6
N3
1'13
N3
H21
K20
M7
L-

.000

P
Shield-irr.

.0005

..

.0005

.000.0005

.0005

20/20 10/10 2/10
18/18 10/10 3/10
16/18 9/9 0/9
20/20 8/8 3/8
20/20 10/10 2/10
17/20 10/10 4/10
20/20 10/10 7/10
11/12 10/10 2/10
18/18 10/10 0/10
16 16 10 10 10

17 1 2= Co 97 =1 2 =270

1
2
3
4
5
6
7
8
9

10

1 10/10 7/10
2 7/7 5/7
3 9/9 4/9
4 8/8 2/8
5 20/20 10/10 5/10
6 18/20 10/10 6/10
7 16/16 10/10 10/10
8 5/5 0/5
9 12/12 7/7 0/7

1: §~7§f=~ ~=100% !~~.49%

Week 5

Total

Week 4

Total

2
3 41.4 01.4
Ii- 8Z8 4Z8

l i~~~g 16710 ~~10
7 3/3 3/3
8 11.1 01.1
9 4/4 oZ4

10 10 10 10

Week 6

Total 55 55=100'0 = 2 .0005 .0005
* Tumors palpable at site of subcutaneous injection.of 0.2 Gm. wet tumor tissue

pulp.
** Total number of inoculated areas expressed by the denominatorj total number of

palpable tumors expressed by the numerator. .
*** Different tumor transfer lines designated by letters and the number of

transfer generation indicated by a sub-index. .
**** Estimated by Chi Squared test.

•
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Effect of 1500 r/air given 48 hours before transplantation of
mouse mammary carcinoma.
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where V is the tumor volume at time t

log l' = 01.. +' ~t

v = eel' +@'t

Since the volume could be expressed ap
proximately by some power of the meas
ured radius, l' , it f ollmTs from the
above that we expect a linear relation
ship between log l' and time t.

Apparently, increasing doses of ir
radiation cause increase in the delay of
gro~nh to a point where the tumors are
measurable, beyond which there is little
additional delaying effect. The amount
of irradiation within these ranges appar
ently;made little difference as to the
growt4 rate of measurable tumors in this
experiment.

Evaluation of the slop~ of the growth
curves for the different dose levels

Studies on the duration of. the inhibi
tory effect of pre-transplantation irradi
ation are still in progress'. ,We have ob
tained evidence that the effect is still
present if inoculation is performed as
late as eleven months after a single dose
of 1500 r/air. .

The estimates a and" b 'were- 'cbtained
by a standard statistical pr9cedure.
The tumor growth characte~istics:of any
one experime.ntal group are ',~ummarize,d,;,py
giving the average a and b ~or that
group. It is apparent .from" Table..XL
that irrsdiation at any of the observed
dose ranges, reduces growth" rate when
given 48 hours prior to the transplanta
tion. The values for b are approximately
the same for doses varying between 1000
and 4500 r/air. The values for a for the
1000 l' group was significantly lower than
for the controls. The other three dosage
groups had values for a significantly
lower than the 1000 l' group. Table XI,
Graph 8.

"It\'a control and a treated transplarlt
give rise to the same (3 but different

: ,~- 1,8" tbisimplies ,that it takes longer
for one;of the tumors to reach measurable
volume, even though it is growing at the
same rate when it be'comes·palpable. The
reason for this delay may ,vary from ex
periment to experiment. The animal re
sponses even .in inbred strains are var
iable. The tumor pulp inoculates may
vary with respect, .t.o ,number of viable
cells. The' measlJ,remebt of I average tumor
diameter is subject to error. ,These fac
tors make it necessary to talk about an
estimate, b, for the true'true value (3 ,
associated with anyone t:r-ansplanted.
tumor. Correspondingly, on~.must talk
of an estimate., a,. o.f 0( .!;, '.

= the rate of increase per
unit time

c.= the starting volume

e (3',

ed.!

The growth pattern of any one trans
planted tumor may be assumed to be
characterized by a constant rate of in
crease in volume. This assumption is
substantiated by several authors and ~s

in agreement with the observed data. 3
The mathematical formula for such a
growth curve .' may be expressed as

Two transplanted tumors may differ
from' one another with respect to either
or both of these 'paranieters C{, and 13 •
If a control transplant and a transplant
growing in an irradiated 'area give rise
to different {3 I s this implies that the
treatment has altered the growth rate.

StatisticaIAnalysis:

(Eugene. Johnson, Millicent Johnson
and Byron BrmIn of the Department of
Biostatistics have contributed to the
preparat~0n of this chapter.)

to result in more inhibition. Express
ing the increase in cross-sectional
area in terms of percentage ,of ,.the ,cor"'
responding area of the non-irradiated
controls at the time intervals the eval
uation of the differemces bet,ieen ,the ,.
dose levels of 1500 'and 3000 r!afailed
to reveal any statistically significant
differences. However, tqe probabilities
that the differences betWeen the 1000 l'

level· and the higher dose levels as. ,:
well as the differences bet~een the non
irradiated controls and the irradiated
animals regardless of the dose could ge
contributed to chance vTere very low (in
most experiments less than 1 in 1000).
See Table'.IX, Graphs 5, 6, 7.
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TABLE IX

Incidence of Tumor Development following Different
""""Doses of Pre-Transplantation Irradiation
"

Time # Controls 1000 r 1500 r 3000 r 4500 r 15000

1 10/10 10/10 9/10 3/10
4 week 2 8/10 10/iO 4/10 4/10

3 10/10 10/10 2/10 2/10 1/10
4 23/30 2/10 2/9 0·7

51/60=85"/0 ' 30/30=10<Y/o 17/40=43'10 9/30=33% 3/19=1610 0

1 6/6 10/10 10/10 5/10 '
2 7/9 ' 10/10 8/10 3/10

6 wk. 3 9/9 10/10 7/9 3/10 , 1/10
4 27/30 8/10 3/9 1/7

49/54=91% 30/30=10CY/o 33/39=85'/0 11/30=3710 4/19=21'/0 ' 1/7=1410

1 2/2 6/6 9/9 9/10
2 5/7 9/9 9/10 4/9

8 wk. 3 1/1 10/10 6/9 3/10 2/10
4 27/30 9/10 5/9 ''2/7

35/40=8810 25/25=1000/0' 33/38=87'P 16/29=55% 7/19=37% 2/7=2g:/o

1 1/1 6/6 8/8 9/10
2 0/2 4/4 9/10 5/910 wk. 3 1/1 6/6 8/9 7/10 ' 4/9
4 24/27 8/9 5/9 ' 6/7 "

"

26/31=84% 16/16=10O:P 33/36=9210 21/29=72% 9/18=5010 6/7=8610

1 7/7 8/9
2 0/2 3/3 9/10 5/6 .'-12 wk, 3 1/1 . 2/2 , 7/7 7/1 6/8
4 19/22 8/9 6/8 6/7

20/25=8dfo 5/5=10010 3l/33=94~b 20/22=91'10 12/16=7510 6/7=8610

Exper~ments 1 and 2 irradiated 48 hours before.transplantation.
Experiments 3 and 4 irradiated immediately before transplantation.

(or the values of b for the logarithmic Irradiation of a tumor which was
plot of the radius of the tumors) gave growing slowly in an area subjected to
no significant differences once the pre-transplantation irradiation resulted
tumors 'had resumed their growth after in temporary,arrest of growth, and there
the initial period of quiescence fo1low- was no evidence that any change in the
ing the irradiation. Yet, the slope sensitivity of these tumors to irradia-

"was less than that of non-irradiated tion had occurred., Graph 9.
"control tumors. - - - - ,

..



z
0-I l-

i <l:
I-
Z
<l:

--'~
.J
Q.
en
Z
<l:a::
I-

"';00 a::
LLJ
l-
II.

-~ <l:

en
~

-<0 LLJ
LLJ

, ~
~U)

j
!

,.;,
I
, S3l:fO.LS>lOoe A.LISl:f31\INO



..."";;,';.~.-w..,~.,,.. >~"'~;";';"'""'{ .,\..",,;, 'N',,~, ,,;k,j;:~;. _C.~,,,,;.;~<>&,;,,~,__~~~;~'.J.'W.:.~,,~,.,,~,;.;J.i.~;~,,,~,?,:_; 4'~,'" •. ,,;, (~ •

. ~R~fU ~ \,
W',.,.;";;,,,~~,,-'~,,i'"

AVERAGE PERCENTAGE I NHIBITION OF TUMOR GROWTH FOLLOWING

PRETRAN SPLANTATION IRRADIATION.

g::
0\

WEEK 3 WEEK 4 WEEK 5 WEEK 6 WEEK 7 WEEK 8

I"'"-

a:: 0:: 0::a: a::: 0::
..J a:::: ..J 0 a::: ..J 0

0..J 00 ..J ..J 0 0 0 0 0 0 0
0::: 0 0:: 0 0 0 0 0 0::

p:: It) 0 It)
0:: 0 0 ex:: ex:: 10 0 - 0 0:: 0:: - 0

I- - 0::: 0 0::: 0 Jo- 0 I-0
g::

,." .... 0 - rt) I 0 0 I r')
Z I- 0 .1- It) Z 0 I Z I

0::: 0::: 0 0 - I Z I I r') 0 I
0 Z 0::: Il) 0 z 0 I I

0 I 0 0 I 0 I
0 0 0 0 ,." 0 I 0 0 I (,) I (,) 0- 0 -0 0 0 (,) -0 I I 0 -

0 0 I -It) I- - 0
J- .

124 61 32.8 287132 29 25 380211 61 67 520309 98 85 660347155 107 804475189 150

100 49 26 100 46 10 9 100 56 16 18 100 59 19 16 100 53 24 16 100 59 24 19
, 18 19 8 18 20·'3 9 18 20 18 6 13 20 18 8 10 16 19 12 7 15 18 13~

s.,
1
.%"



~
'~ ~ % SURVIVAL
• en~ §UNIVEn~:ITY !~::>KSTORES 6 ~ GRAPH N~ 4 g UNIVERSITY OF MINNESOTA ~:

g: ·0'11 i·rCONTROl!.S .::1::;; iii' :' i': , .. 11 ~~~~ ;-: Ii':; Gi: '~.':~U~ ~ilPll:Hl Ifill 114++11+ i-'-Hlj-t-i+UJH

~ ~ .: fIO'OO Ri ,[: I. ::iIYI';';ii ' :1· ,!' , i: :: \ ~;i: :U Wi j :~~ 1~lt \IITI
j\; = 115!""'''''' R1 /.; 1::1 Ii .' :.: I: ,I "il':' ,I I :' 'it,; Ilt ilU :::0 '~tt I :II!o ClD tUU ,:. I" I '" ,.\ "i' ,if:!: '::0:;:;:; J " ,I:,

01 01 ":3000 R i: I'., : <I';: : I. I i ~'".,;:, 11:';, :.: !'~ ~t:;; i--I: i
o 0 I, I .. I .." " , II, ' -.;u"" ,

~ A '4500 R I!' Ii. "1' .' I· . I: I' I ' :' '--;'.! ,: I :'0 ~ ;f:'f-SlO 01 ! I I . 'I..- '~l:ll' I : .... {a~':' ':
I--~,..;;.!..;....;;;.....;..;;--~'-~,---!'----...+·I"""!',"';".. -J...~I.....I-_.......

l
. .. I i --):Ii ~" I' 7'~:

I I i I' I . : ":'L:: I' . " :.... ,: ,,': 1',-1 ',:"

~ :CO NTR 0 LS I r;'-I"'~r" '. I , ... ~--.. ,I , ~ ,,I: ,·'i::,i., ~·o ~:iITS
I\) 1000R I' !: .. i

l
' I I ,'" 1"1[:-:h:::\l:,Z:o'.::I r

"..., , .' ., rrI . ., "I" , ,', I ' ,

CD '1500 R i . I i I I' I 1 .. :'1" '. '-:--':-~: .. :~ I~:' ":. :.': ,~t~ ' 9 ::':+h:'~CD ' I i I' ',' .. " ',1: ,.:, ":: 1'1 'I "

: 4,3
5
0

0
0

0
0 RR "ii : Ii ,'! :.' ...•.... lD1;·')rfW;n"r~-l2

"' i "iii i '. '-"I' :'1' •'ijcaYj':'
t CONTRO.lS ~' ,.m .... .....J; ~"il:'••••.• ,'.-~I· _L,.:~)_.__

c;; 1000 R : !, .'. "f
l ~"ir" ;'.:\ ::',:"1 d ::'1:'::

I-
...;",;:;...;::;....;;..~ '__""'- ....... I' • .-. "I" I. ,.; i' .' .... ' " ..

en 1500 R : ,':'i;_' ",. • '-- i:' ,., """ '¢--:-l:-:-:; :.;' I::. '. :t .~ '. :Ti T:r:
I\) " I' ,: '1 I!:: .::; :: ::: ~::::':

! "2000 R ' I. I I . I " I I : I i il :. o-<i:';::' '1';::." '""1:;:;:':~
\N W I I' ::'" ! J I t ,",1 'I'j i", '." ~ ~:: "

~ 4500 R : I ; .[. , ." I ; , 'I! : 1 i i': ~~" t~-;+H [II :'! ;::. :': >~)d++~-!-t~, f
CD ': I ' I ' ! i I . I I" I ' , :Il::: ::. ::: :: ~

, .,! I'! 1 I I, , I:' 1 -~I'J:' ::1\\':~lt~:i;, ;:;: ~Il.:
1\)1------. C' O'lN' r'l R'Or-.-is··' ·t'-;--J·-··l------ "C" I ' .., ,. c.... ti··· '.':;: :::1;" ~:,. ~;;'~.:•. '.,
: : I--'~ooi R: I '-: . 'j:" .' " '.. ~'::I \,' ii/tn,lii':': -t.,
~ '31500000 RR' 11 11

1
'--!I~~"::'-': I .I"": ... _( ..•.......... ~-.:1'1--~~~r~~~r~~::-.1~0~'

~ ":1 I" , U. I . I" f -- ,I ;:1

I\) '4500 R I I I • I· , 'I' ,;.:.__. , '-: --;- .;:' ':: i; i ' ~'""
CD ',", i ,I':. :,~'.> 1::. I. I~·.::·' .' .: ::.; ii :i l ;:: .~:!:: ;,:~

1 : I : I ., '1" ,:;,,' "~I, : j:"", i :,', "I, ., ':: .' i 'it·
1 iT IT,,;;:; "I,' "

I
! I,. 1: : " " :' : :I' :: i: :. .;, I, 1,._,' 1,' ., ri; ~ j t I; Ii:; : -a':, 1 ::

~1------1_1CONTI,RbiJs-+-';i :' lii!:!::li;:: "-1'-~' . "I'~:'-I::: ": ~-~: :T:. '.i Ii::: iii] .~ ,;: Iii,:
1-.-.-,,-- " : .. . '. ~ : ': I!~j ;i ,; , : ; ; . I . t I; :i ;. F11 :-" ~ 1 i;~ I'" :f~i' IT ,:: p

--fOOOR "1" " /:Ii:' :.1 li:{i:: ' I'. j. li'l "~Ii rr1 .:: i,I:I)'1 ,:, ;1; I :i, ,:,:

g: 1500 R I.. : I"":'!-" ",1: i.,:! : 1:·,,1::::(: '--!'-~(";'I I: ",; ',,'f,: ~,:,;,;:; I::: ,,:;:. ::., ;'~::;: ;:':
. : I I : • ' , : I '; L : I I ' '1 ': 'jL'! I :; l i - T,; I, ;;:" ; :i! ':: '·a':1;.: :

I\) 3'000 R I ' I ,ii',':" ," I : . " , . , :. :',; -:t :i ~: ',' , ,,:: ,::' ',; , : H'~"en ' It, I ~: : i I ~ ~; I I. iI, ! ;:: ' ::: .... ; i j 1 ;:: .: ;,:; : i: . j: : : ;: ::.
I ',' ~,I , , 'I' .,.. . j! -, I: . I " ; ~ I ~ ,~ I

I\) 4500 R! " '1'1 : '1',:1 ,:'., ,I; 'II: ::I':'--;-:":-;-i:'~~:'[':- [:' LI'Ii" ,:'--,. ;lIT,:':i :'i',li;:;: ',,::: '-, ',,1/: ,o : '" , II 'I:: .. '1;:::'" . . I' ... '. ,;; ii, " "iili;:; I: '" ". 'd l ,'"
: I' I i : , ; '. ,.: : ';:II·,·H:-iiT'i::;'rl,t:I:-i;: ',- II : ::1':: 'if '~:; ':il..- ,Ii.' :' ';:.' ~;~L'::J:+~H~;

I . I. . I· .' .1' I·. '. " " .. ., I ,., , :' , . , ' ' . ". '. : : '. ...":::::: .' : ,: .1' ;.:. . ~. "'1: '1--__ ' .. :. ..' ",. "'t., . .,.:;, , .··...,"I'II~i·

(;il . l--COt+TROLiS;"::: ::' .:;i: "ii, i:ij'-~~·j.''~': ~~~I;~ :.. ;I:i;; ---: ~;il:rl:i i ii: I:: I')J:::; :.:
_ 'I . I ., . I I:;,;' :.'~, ri .. , :,~T;; :;;. c.;:,. .: "i':" .' :II: rrt:~~>;':'-" I . :" [ ,,::

OJ , :1--il~Q9-~~r'.::· "~i,: ill' ::::~> ~';"T'..~~.,.c- _ • : :; ill ':I;i rr1'r irr::!'::: i if: ;::1 i~ '::1 ;;::
-i'2.'O·OO R II :1"," ,::i~ ", !i' : " f"'j ;::':,,' "j :, .il! .;, .": iii i' , ~ '1";' I::!' . ': I''''' 'I'-tt; .

~~~OOR 'l,l':~,::'T)r' :,: I:: iin '::"'i \' 'H): iii: ::I:Ht :;!ol'i:; ifT ;:;; )I';;!;! }:;':i;tJiL: f

·!IJ:~m-,i:"'::I,'· i:: .. f,lIl.',)' •.•• "II,!' ii'il"it,ihi :::;'j;; liM ,;
CDm.CON:TROSJ: it:: lli :iii .. If i: [1 i']li":!:'i': iii:: ri'; ~., flil;: L; ,:-r.'~r'l [(I

..>- t-lb()P'RJ,'j;lm;,,."i'! nit I] rrrl i :1/1' Ii,] Ii ': :,. I~" [ilL,:: :;:~::; iii; m.
N~ ~~.I['20"O'I-\'.R' --::i'i:il-:'~:i ,:i:! il:I *1" ii '::' I:;, 1;1/':::,11 I'll' :~~t '::~ ::':1: . :,;' ;~;~I;::

'. : . ~. ~. I.';: 1:1: ::'1 :::1 I :i!! :il· ;1:. I:,·,!i 'i ' "i!:; :~ ';, " ;,1 1 i:iI', i::: ;,T' ,1,:

...,1 ... 1 .. ITII-:'j!4.~,:.·e'.···-o.(irl'-~~F!:tr'}: ;::; , !);[1;: .1,.·.)1 ~i;r!i:':: I i.i.: : ~i ;1:i U .:: .~. ' "#:.ti: '.1 1d.' ;';H:W:::~'[.. [,1' ;iU;.. LH.:
~. ,'; c,::' ':l;l~ r:1nT .,:,:'r U 11I'l', ·::1':;1,;1; elJ +4 :'H (+it :m :;f+ ,f.;;

i,l::, :.:;:~.;II'", r: I: IHlf !t!: lltf'j, II I; ::.:;':: ,,:.: ;1 iflli~I1J11;ft~rq I . lit; fm1T
:;

L:~ ." '111i IJ e!:; I::: H ,U If·I:, II 'i '.il;,'··I'i!, .... II I~ til' J,I -t-'t· "', "1; "l+ll!". LIt:;' ",' 1 ""'~ I ~t-·· :'. ,:-~." .....,. I ~ ,+ fJ-;:



- 668 -

TABLE XI

"

V = ec{ I + ?"t"",;

V is the tumor volume at time t

e~1 the rate of increase per unit time
rA' the starting volumee

r radius of the tumor

log r =c{ +~t

Experimental
b SE;; SEltGroup a

Control .0312 .0029 1.732 .0763
1000 r .0211 .0016 1.127 .0942

1500 r .0185 .0020 ·379 .1543

3000 r .0186 .0045 .562 .2966

4500 r .0227 .0028 .758 ·3713

Re-inoculation of a tumor which was
growing slowly in a previously irradia
ted tissue, into non-irradiated tissue
resulted in re-establishment of the growth
rate seen in non-irradiated animals.
This suggests that the tumor cells had
retained their potentialities for growth
in spite of their sojourn in the irradia
ted tissues.

Discussion:

Though physical and chemical studies
are necessary for rational irradiation
therapy, they cannot be used to predict
biological effects except in a relative
manner. The response of cells and tis
sues to ionizing radiation must be deter
mined empirically. It is evident that
the biological action of irradiation is
very complex. Great differences in re
sponse can be expected for different cell
types, organs and species of animals.
Certain generalizations can, however, be
made and studies on radiation effects on
cells, organisms and on animals supply
valuable information for radiation ther
apy of human beings. Any living cells

can be killed by means of ionizing
radiations but the lethal dose extends
over an enormous range for different
types of cells and for different stages
of the same cell type. Living cells are
in a state of dynamic equilibrium.
Chemical reactions take place continu
ously in the living cell and a certain
amount of repair occurs when the damage
is produced with radiation. We believe
that all biological effects of ionizing
radiation are the result of alteration of
the biochemical reactions which take
place in the living cells. Ionization
of tissue compounds leads to the forma
tion of molecular fragments or radicals
which enter into chemical reactions and
form new compounds. The exchange which
takes place between the cell and its
surroundings leads to indirect effects
of irradiation reaction in the environ
ment. Alteration of the chemical en
vironment within a tumor may therefore
result in a change of the response to
radiation. Chemical modifiers have been
shown to decrease irradiation reactions
in both normal and malignant tissues.
Current experiments at this institution
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suggest that it is also possible to po
tentiate radiation effects on tumors by
chemicals which are photo-sensitizing
and concentrate in certain tumors. The
use of radioactive isotopes as tracers
has proved to be a valuable aid in the
stud.y of radiation effects and affords
an objective means of quantitating such
effects. Any consideration of radia
tion effects on malignant tumors will
have to include the important factors
which originate in the host tissues and
contribute to the radiation response.

It seems that there are great poten
tialities in radiation therapy of malig
nant tumors which have not yet been fully
utilized. A better understanding of the
modes of action of radiation at the
cellular level will undoubtedly greatly
improve radiation therapy in the future.
More knowledge about the mechanisms
involved in the reaction of the tumor
bed to irradiation and in mobilization
of the defense mechanisms against the
invading tumor cells at the local level
as well as the general response of the
entire organism may be expected to aid
materially in the application of this
potent agent in cancer therapy.

Summary:

(

I

f

i,

Current concepts regarding the
direct and indirect effects of radia
tions on malignant tumors have 'been dis
cussed and 'experiments dealing with use
of radioactive phosphorus as a tracer
for determining radiation effects on ex
perimental tumors have been described.
Investigations regarding the relative
significance of pre- and post-transplan
tation irradiation in mice and its im
plications for a better understanding of
the host-tissue reaction in clinical
radiation therapy have been discussed.

Acknowledgment:

We are greatly indebted to Mrs.
Margaret Hornbeck, ~~. Paddy Theis, and
members of the staff of the Department
of Biostatistics for valuable assistance.

6. Brues, A. M., Tracy, M. M., and
Cohn, W. E.

Nucleic Acids of Rat Liver and Hepa
toma. Their Metabolic Turnover
in Relation to Growth.

J.Biol.Chem.155, p.619, 1944.

7. Burton; M.
Some Elementary Physical and Chemical

Processes in Radiobiology.
Proc.Indiana Acad. of Science, 60:
p. 130, 1950.

8. Carlson, J. G.
Effects of X-rays dn the Neuroblast

Chromosomes of the Grasshopper.
Genetics 23: p. 596, 1938.

9. Catcheside, D. G.
Frequency of Induced Structural

Changes in the Chromosomes of Dro
sophila.

J.Genetics 36: p. 307, 1938.



- 672 -

16. Ewing, J.
Tissue Reactions to Rad.iation.
Am. J. Roentgenology 15: p.93, 1926.

12. Dowdy, A. H., Bennett, L. R. and
Chastain, S.

Protective Action of Anoxic Anoxia
Against Total Body Roentgen Irradia
tion of. Mammals.

Radiol. 55: p. 879, 1950.

15. Euler, H. v. and Hevesy, G.
Wirkung del' R5ntgenstrahlen auf d.en

Umsatz der Nukleins~ure im Jensen
sarkom.

Kgl. Danske Videnskabernes Selskab
Bio1. Med. 17: No.8, 19h2.

Arkiv Kemi, Miner. Geol. l7A: No. 30,
1944.

13. Ellinger, F.
Influence of Pharmacological Agents

on Effects of Irradiation.
Radiol. 50: p. 234, 1948.

14. Ellinger, F.
The Biological Fundamentals of
Radiation Therapy.

Elsevier, New York, 1941.

...
Juul, J.
E;~erimental Studies on Roentgen

Treatment of Malignant Tumors.
Acta Radiol. Supple 9, 1929·

Holmes, B. E.
The Inhibition of Ribo- and Thymo
nucleic Acid Sunthesis in Tumor
Tissue by Irradiation with X-rays.

Brit.J.Radiol. 20: p. 450, 1947.

Delay in Cellular Division.
Brit. J. Radiol. 11: 554, 1938.

Melnick, P. J. and Bachem, A.
The Time Factor in the Irradiation

of Malignant Tumors.
Arch. Pathol. 23: p. 757, 1937.

26. Marshak, A.
Effects of X-rays on Cl~omosomes in
Mitosis.

Proe. Nat. Acad. Sci. Wash. 23: 362,
1937.

25. Lind, S. C.
Chemical Effects of Alpha particles

and Electrons.
New York, 1928.

23. Lea, D. E.
Actions of Radiations on Living Cells.
Cambridge Univ. Press, 1947.

24.

22. Krebs, c.
The Effect of Roentgen Irradiation

on the Interrelationship Between
Malignant Tumors and Their Hosts.

Acta Radiol. Supple 8, p. 60, 1929.

21. Koller, P. C.
Effect of Radiation on the Normal

and Malignant Cell in Man.
Brit.J.Radiol. Supple 1, 1947.

20.

19·

1448,

Darlington, C. D.
Chromosome Chemistry and Gene
Action.

Nature 149: p. 66, 1942.

Dale, VI. M.
Effect of X-rays on Aqueous Solutions

of Biologically Active Compounds.
Brit.J.Radiol. 16: p. 171, 1943.

Frankl, O. and Kimball, C. P.
fiber die Deeinflussung von ~use

tumoren durch RBntgenstrahlen.
Wiener Klin. Wochenschrift 27: p.

1914.

17·

11.

10.

17b. Goldfeder, A.
Further Studies on the Radiosensi
tivity of Mouse Mammary.

Tumors •••Radiol. 57: 845, 1951.

18. Hevesy, G.
Effect of X-rays on the Incorporation

of Carbon-14 into Desoxyribonucleic
Acid. .

Nature 163: p. 869, 1949.

28. Merwin, R., Algire, G. H. and
Kaplan, H. S.

Transparent- Chamber Observations
of the Response of a Transplantable
Mouse Mammary Tumor to Local Roent
gen Irradiation.

J.Nat.Cancer Instit. 11: p. 593, 1950.

29. Muller, H. J.
Artificial Transmutation of the Gene.
Science, 66: p. 84, 1927.



- 673 -

30. ",--=----=_ ._-:--':""':'"'_~_
Induced Mutations in Drosophila.
Cold Spring Harb. Symp. 9: p. 151,

1941.

f
I

31.

32.

33·

34.

35.

Murphy, J. B.
Experimental Studies on Roentgen Ray
Effects.

Am.J.Roent. 11: p. 544, 1924.

Payne, A. H., Kelly, L.S. and
Entenman, C.

Effect of Total Body X-irradiation
on Relative Turnover of Nucleic
Acid Phosphorus.

Proc. Soc. Exp. Biol. Med. 81:
p. 689, 1952.

Perthes, G.
Versuche tiber den Einfluss der
RBntgenstrahl.en undRadiumstrahlen
auf die Ze1l-teilung.

Deutsche Med. Wochenschrift 30:
p. 632, 1904.

Reinhard, M. C., Goltz, H. L. and
Warner, S. G.

The Effect of Radiation on Trans-
plantable Mouse Tumor Cells.

Cancer Research 12: p. 433, 1952.

Rugh, R.
Radiobiology. Irradiation Lethality

and Protection.
Military Surgeon 112: p. 395, 1953.

Russ, S. and Scott, G.
The Growth of Tumors in Tissues
Exposed to X-rays and Radium.

Lancet 1: p. 815, 1921. Brit.J.Radiol.
32: p. 289, 1921.

31. Skipper, H. E. and Mitchell, J. H.
Effect of Roentgen-Ray Radiation

on the Biosynthesis of Nucleic Acids
and Nucleic Acid Purines.

Cancer 4: p. 363, 1951.

38. Stenstrom, K. W" Vermund, H.,
Mosser, D. G. and Marvin, J. F.

Effects of Roentgen Irradiation on
the Tumor Bed.

Radiation Research. In ~.

39. Sugiura, K.
Studies on Radiosensitivity of Mouse
Sarcoma.

Radio1. 29: p. 352, 1931·

40. Syverton, J. T., Berry, G. P. and
Harren, S. L.
The Roentgen Radiation of Papilloma
Virus (Shope).
J.Exp.Med. 74: p. 223, 1941.

41. Vermund, H., Barnum, C. P., Huseby,
R. A. and Stenstrom, K. W.

The Effect of Roentgen Radiation on
the Incorporation of Radiophosphorus
into Nucleic Acids and Other Consti~

tuents of Mouse Mammary Carcinoma.
Cancer Research, 13: p. 633, 1953.

42. 'l-Ieiss, J.
Radiochemistry in Aqueous Solutions.
Nature 153; p. 748, 1944.

43. Zirkle, R. E.
Relationship Between Chemical and

Biol.ogical Effects of Ionizing
Radiations.

Radiol. 52: p. 846, 1949.



- 674 -

r II. MEDICAL SCHOOL NEvlS---
Coming Events

May 23

May 23 - 25

May 26 - 28

Minnesota Medical Foundation Annual Luncheon; Junior Ballroom,
Radisson Hotel; 12:30 p.m.

Minnesota State Medical Association Annual Meeting; Minneapolis
Auditorium.

Continuation Course in Surgery for General Surgeons.

* * *
Alumni Senior Luncheon

The third annual luncheon for the Senior Class in Medicine was held last Wednes
day, May 18, in the Junior Ballroom of Coffman Memorial Union. The luncheon, spon
sored by the Minnesota Medical Alumni Association, serves as the initiation of the
graduating seniors into the Alumni Association. Alumni and members of the faculty
were hosts to more than 100 seniors. Dr. Vernon Smith served as the Master of
Ceremonies, and Dr. Louis Buie was the featured s:?eaker. All who attended thought
that it was another top-notch event.

* * *
Faculty Ne,ls

Dr. Edmund B. Flink, Associate Professor, Department of Medicine, was elected
to membership in the American Society for Clinical Investigation, and Dr. William W.
Stead, Associate Professor, was named secretary of the American Federation for Clin
ical Research at the recent meetings of these organizations in Atlantic City. ~lO

former members of the faculty of the Department of Medicine were likewise honored at
the same meetings. Dr. A. I. Braude became a member of the A.S.C.I., and Dr.
Carleton Chapman was elected President of the A.F.C.R.

Dr. W. H. Murphy, Instructor, Department of Bacteriology and Immunology, pre
sented a paper entitled "The Absorption and. Translocation of Mouse Encephalomyelitis
Virus by Plants" at the meeting of the American Association of Immunologists held in
San Francisco on April 11.

Dr. A. B. Baker, Professor and. Director of the Division of Neurology, will
speak on May 24 at a conference on the problem of epilepsy and employment. The con
ference, which will be sponsored by the Chicago Association of Commerce and Industry
and the Illinois Epilepsy League, will be held in Chicago.

Dr. Irving C. Bernstein, Clinical Instructor, Department of Psychiatry and
Neurology, presented a paper on "The Psychiatric Aspects of Dysmenorrhea" at the
meeting of the North Dakota State Medical Association on May 3 in Bismarck. He also
spoke on "Psychosomatic Problems in Obstetrics and Gynecology" at the meeting of the
North Dakota State Society of Obstetrics and Gynecology.

The School of Public Health was recently host to Major General Alvin L. Gorby
of the Walter Reed A1UY Medical Center. During his visit, General Gorby participated
in a Public Health Seminar and also discussed the use of television in medical edu
cation with several faculty members at a luncheon meeting.
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UNIVERSITY OF MINNESOTA MEDICAL SCHOOL
WEEKLY CALENDAR OF EVENTS

Physicians WelcOlue

May 23 - 28, 1955

Monday, May 23

12: 15 -

12:30 -

*12:30 p.m.

Medical School and University Hospitals

9:00 - 9:50 Roentgenology-Medicine Conference; L. G. Rigler, C. J. Watson and'
Staff; Todd Amphitheater, .U. H.

9:00 - 10:50 Obstetrics and Gynecology Conference; J. L. McKelvey and Staff; W~612,
U. H.

10:00 - 12:00 Neurology Rounds; A. B. Baker and Staff; Station 50, U. H.

11:30 - Tumor Conference; Doctors Hitchcock, Zimmermann, s,nd Stenstrom; Todd
Amphitheater, U. H.

11:30 - Physical Medicine and Rehabilitation Staff Seminar; R. S. Blanchard;
Heart Hospital Theater.

Obstetrics and Gynecology Journal Club; Staff Dining Room, U. H.

Minnesota Medical Foundation Annual Luncheon; Junior Ballroom, Radisson
Hotel.

Physiology Seminar; A Physiochemical Theory of Nerve Function; Rufus
W. Lumry; 214 Millard Hall.

1:00 - 2:00 Roentgenolo[;,y-Surgical-Pathologica1 Conference; Paul Lober and 1. G.
Rigler; Todd Amphitheater, U. H.

1:30 - 2:30

1:30 - 3:30

4:00 - 6:00

4:30 -
5:00 - 6:00

Pediatric-Neurological Rounds; R. Jensen, A. B. Baker, and Staff; U. H.

Dermatology Hospit.al Rounds; H. E. Michelson and Staff; Dermato1ogy
Histopathology Room, C-394, Mayo Memorial.

Anesthesiology Conference; F. H. Van Bergen and Staff; Todd Amphi
theater, U. H.

Pediatric-Medicine Infectious Disease Rounds; Station 33, U. H.

Urology-Roentgenology Conference; C. D. Creevy, O. J. Baggenstoss,
and Staff; Eustis f~phitheater.

Ancker Hospital

8:00 - 9:00 Pediatric Contagion Rounds; Richard Lein; Contagion 5.

8:30 - 10:30 Medical and Surgical Chest Conference; Dr. Gehlen and Staff;
Auditorium.

9:30 - 12:00 Visiting Staff Rounds •

.; 10:00 - 12:00 Surgery Grand Rounds; Begin Floor E4.

*Indicates special meeting. All other meetings occur regularly each week at the same
time on the same day. Meeting place may vary from week to week for some conferences.
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Monday, May 23 (Cont.)

Ancker Hospital (Cont.)

..,

11:00

12:30 •

2:00

12:00 Pediatric Rounds; Harry Orme; Contagion 1.

2:30 Surgery Out·Patient Clinic;~Room 8.

3:00 Routine EKG Interpretation; Dr. Sommers and House Staff; Medical
Record Library.

2:30

3:00 .

3:00 •

4:00 ..

3:00

4:00

4:00

. 5:00

Discussion of Problem Case; Auditorium.

Surgery Journal Club; Classroom.

Lectures on Electrocardiography; Ben Sommers; Auditorium.

Medical Clerk Journal Club; Auditorium •

Minneapolis General Hospital

10:30 • 12:00 Medicine Rounds; Thomas Lowry and Staff; Station 11.

iO:30· Orthopedic and Fractllre Rounds; Drs. John Moe and O. J. Campbell;
Station 20.

11:00 - Pediatric Case Discussions; Erling Platou; Station 8.

.9; 30

1:30 -

12:30 • Surgery Grand Rounds; O. J. Campbell, Station 21.

1:30 - 2:30 Tuberculosis Conference; J. A. Myers; Station 8.
2:00 - Pediatric Rounds; William Krivit; Stations 4, 5, &6.

Veterans Administration Hospital

Infectious Disease Rounds; Drs. Hall, Zinnemann, and Doe •

Cardiac Conference; Drs. Smith, J. Brown, Hoseth, Simonson, and
Farquhar; Conference Room, Bldg. I; Rounds immediately following con-ference. .

Tuesday, lliay 24

Medical School ~ University Hospitals

9:00· 9:50 Roentgenology-Pediatric Conference; Samuel Feinberg, JohnA. Anderson
and Staffs, Eustis Amphitheater, U. H.

12:30 - 1:20 Pathology Conference; Autopsies; J. R. Dawson and Staff; 104 Jackson
HalL'

12:30 -

12:30

12:30 .

3:30 .

3:30

Bacteriology and Immunology Seminar; Mechanisms of Virulence; Dr. H.
Smith, Microbiological Research Department, Portland, England; 1050
Mayo Memorial.

1:30 Physiological Chemistry Seminar; Recent Studies on Vitamin C; Harian
Faylej 214 Millard Hall.

Anatomy Seminar; The Fetal Hypophysis; Mona L. Coetzee; 226 Jackson
Hall.

General Physiology Seminar; 323 Zoology Building.

Pediatric Seminar; Coagulation Defects; William Krivit; ~450Mayo

Memorial
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Tuesday, May 24 (Cant.)

Medical School and University Hospitals (Cont.• )

4:00 - 5:00 Pediatric Rounds on WardS; John A. Anderson and Staff; U. H.

4:00 - 5:00 Physiology-Surgery Conference; Todd Amphitheater, U. H.

4:30 5:30 Clinical-Medical-Pathological Conference; Todd Amphitheater, U. H.

5:00 - 6:00 X-ray Conference; Presentation of Cases by Veterans Hospital Staff;
Eustis Amphitheater, U. H.

Ancker Hospital

8:00 - 9:00 Pediatric Rounds; Dale Cumming; Contagion 1.

9:00 - 10:30 Visiting Staff Rounds.

9:00 - 12:00 Practical Diagnostic Clinic; Harry Orme; Out-Patient Department.

11:00 - 12:00 Medical X-ray Conference; J. R. Aurelius; Auditorium.

2: 30 4: 00 Routine EKG Interpretations; Resident Staff.

4:00 - 5:00 Medical-Pathological Conference; W. F. Mazzitello, Auditorium.

Minneapolis General Hospital

9:30 - Pediatric Rounds; Elizabeth Lowry and A. Bridge; Station 5.

10:00 - Cardiac Rounds; Paul F. Dwan; Classroom, Station 4.

10:00 - Psychiatry Grand Rounds; R. W. Anderson, Station 3.

12:30 - 2:30 Dermatology Rounds on Clinic; Carl W. Laymon and Staff.

1:00 - Tumor Clinic; Drs. Eder, Coe, and Lipschultz; Classroom.

Veterans Administration Hospital

7:30 - Anesthesiology Conference; Surgical Conference Room, Bldg. 43.

8:30 - Surgery Journal Club; Conference Room, Bldg. I.

9:30 - Surgery-Pathology Conference; Conference Room, Bldg. I.

10:30 - Surgery-Tumor Conference; D. Ferguson and J. Jorgens.

1: 00 - Review of Pathology, Pulmonary Tuberculosis; Conference Room, Bldg. I.

1:30 - Combined Medical-Surgical Chest Conference; Conference Room, Bldg. I.

2:00 - 2:50 Dermatology and Syphilology Conference; H. E. Michelson and Staff;
Bldg. III.

4:00 -

5:00 -

5:30 -

Thoracic Surgical Problems; Conference Room, Bldg. I.

Fluid Balance Conference; Conference Room, Bldg. I.

Physiology Seminar; Surgical Conference Room, Bldg. 43.
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~lednesd.aYJ May 25

Medical School and Universi!l Hospitals

11:00 - 12:00 Pathology-Medicine-Surgery-Pediatrics Conference; Todd Amphitheater,
U. H.

Radioisotope Seminar; Francis Spurrell; Betatron Room in Cobalt
Underground Section, U. H.

Dermatology Clinical Seminar; F. W. Lynch; 300 North Clinic.

Pediatrics Allergy Clinic; Albert V. Stoesser and Lloyd Nelson;
W211, U. H.

Dermatology-Pharmacology Seminar; 3rd Floor Conference Room, Heart
Hospital.

Dermatology-Infectious Disease Seminar; 3rd Floor, Conference Room,
Heart Hospital.

5:00 - 6:00 Radiology Residents' Lecture; CODgenital Heart; Joseph Jorgens; Todd
Amphitheater, U. H.

5:00 - 5:50 Urological-Pathological Conference; C. D. Creevy and Staff; A503, Mayo
Memorial..

5:30 - 7:30 Dermatology Journal Club and Discussion. Groupi Hospital Dining Room.

7:30 - 9:30 Dermatology Seminar; Review of Interesting Slides of the Week; Robert
W. Goltz; Todd Amphitheater, U. H.

Ancker Hospital

8:30 9:30 CHnico-Pathological cont'erence; J. Noble; Auditorium.

11:00 - 12:00 Pediatric and Contagion Rounds; Harry Orme; Contagion 1.

11:00 - 12:00 Medicine Resident Rounds; V. F. Mazzitello.

3:30 - 4:30 Pediatric Surgery Conference; Harry Orme; Auditorium.

Minneapolis General Hospital

8:30 - 9:30 Obstetrical and Gynecological Grand Rounds; William P. Sadler and
Staff; Station 30.

'\-

t

10:30

11:00 

12:30 -

12:00 Medicine Rounds; Thomas Lowry and Staff; Station 31.

Pediatric Rounds; Erling Platou and Richard Raile; Station 6.

Pediatrics Staff Meeting; Classroom, Station 4.

Veterans Administration Hospital

8:30 - 10:00 Orthopedic X-ray Conference; E. T. Evans and Staff; Surgical Conference
Room, B1dg~ 43.

8:30 - 12:00 Neurology Rehabilitation and Case Conference; A. B. Baker.

9:00 - Gastro-Intestinal Rounds; Drs. Wilson, Zieve, Ferguson, Brakel,
Vennes, Nesbitt and Sadoff.
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Wednesday! May 25 (Cont.)

Veterans Administration Hospital (Cont.)

,.""I
f
I,

10:30 

12:30 

12:30 -

1:30 

3:30 -

Psychosoma~ic Conference; C. K. Aldrich; 7th Floor, Bldg. 43.

Medical Journal Club; Doctors' Dining Room.

X-ray Conference; J. Jorgens; Conference Room, Bldg. I.

3:00 Metabolic Disease Conference; Drs. Flink and Shapiro.

Urology Pathology Slide Conference; Dr. Gleason; Conference Room,
Bldg. I.

7:00 - Lectures in Basic Science of Orthopedics; Conference Room, Bldg. I.

Thursday, May 26

Radiology Seminar; Long Term Survival Study of Carcinoma of the
Breast; James V. Testor; Eustis Amphitheater, U. H.

Physiology 211 Seminar; Selected Topics in Heart and Circulation;
Hemodynamics; M. B. Visscher and Robert Evans; 271 Lyon Laboratories.

12:30 - 1:30

12:30 - 1:30

1:30 - 4:00

4:00 - 5:00

5:00 - 6:00

7:30 - 9:30

Medical School and Univers!!l Hospitals

9:00 - 11:50 Medicine Ward Rounds; C. J. Watson and Staff; Room, 3.148 Mayo
Memorial.

11:00 - 12:00 Cancer Clinic; K. Stenstrom, B. Zimmermann; Todd Amphitheater, U. H.

Physiology Seminar 210; Transport; Selected Topics in Advanced Permea
bility; Nathan Lifson; 214 Millard Hall.

Endocrine Seminar; Studies on Amino-Acid Deficiency in Relation to the
Endocrines; Dr. Van Pilsum; 271 Lyon Laboratories.

Cardiology X-ray Conference; Heart Hospital Theatre.

Anesthesiology Seminar;F. H. Van Bergen and Staff; Room 100, Mayo
Memorial.

Ancker Hospital

8:00 - 9:00 Pediatric Clinical Staff Conference; Contagion Classroom.

9:00 - 10:00 Ped.iatric Contagion Rounds; Alexander Stewart, Contagion 5.

9:30 - 10:30 Medical Grand Rounds; Auditorium; Visiting Staff Rounds immediately
following Grand Rounds.

11:00 - 12:00 Medicine Resident Rounds; W. F. Mazzitello.

11:00 - 12:00 Pediatric X-ray Conference.

2:00 - 3:00 Routine ECG Interpretation; Ben Sommers; Medical Record Library.

Minneapolis General Hospital

10:00 -

Neurology Rounds; Heinz Bruhl; Station 4.

Psychiatry Grand Rounds; R. W. Anderson and Staff; Station 3.
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Thursday, May 26 (Cont.)

Minneapolis General Hospital (Cont.)

11:30 - 12:30 Clinical Pathological Conference; John I. Coe; Classroom.

12:30 - 2:30 Dermatology Rounds and Clinic; Carl W. Laymon and Staff.

1:00 -Fracture X-ray Conferenoe; Drs. Campbell and Moe; Classroom.

Veter~ Administration Hospital

Experimental Surgery Laboratory Meeting; Conference Room, Bldg. I.

Hematology Rounds; Drs. Hag~n and Duryea.

Surgery Grand Rounds; Conference Room, Bldg. I.

Surgery Hard Rounds; D. Ferguson and Staff; Ward II.

Surgery-Roentgen Conference; J. Jorgens; Conference Room, Bldg. I.

Infectious Disease Confe~ence; Conference Room, Bldg. I. (Rounds
immediately following conference). " .

4:00 - 5:00 Seminar on Radioisotopes 1n Medicine; Biochemical Applications of
Radioisotopes-Principles; Conference Room, Bldg. I.

Friday, l-1ay 27

Medical School and University Hospitals

8:00 - 10:00 Neurology Grand Rounds; A. B. Baker and Staff; Station 50, U. H.

9:00 - 9:50 Medicine Grand Rounds; C. 'J. Hatson and Staff; Todd Amphitheater, U.H.

10:30 - 11:50 Medicine Rounds; C. J. Watson and Staff; Todd Amphith~ater, U. H.

11:00 - 12:00 Vascular Rounds; Davitt Felder and Staff Members from the Departments
of Medicine, Surgery, Physical Medicine, and Dermatology; Eustis
Amphitheater, U. H.

11:45 - 12:50 University of Minnesota Hospitals Medical Staff Meeting; Results of
the "Second Look" Program in Abdominal Cancer; Stuart W. Arhelger,
F. John LeWis, O. H. Wangensteen, et al;Mayo Memorial Auditorium.

1:00 - 2: 50 Neurosurgery·,Roentgenology Conference; W. T. Peyton, Harold O.
Peterson and Staff; Todd Amphitheater, U. H.

1:00 - 2:00 Physiology Seminar 212; Selected Topics in Respiration: Respiratory
and Circulatory Effects of Hypothermia; E. B. Brown; 214 Millard Hall.

1:30 - 2:30 Dermatology Grand Rounds; Presentation of Cases from Grouped Hospitals
(University, Ancker, General and Veterans) and Private Offices;' H. E.
Michelson and Staff; Eustis Amphitheater, U. H.

2:30 - 4:00 Dermatology Hospital Rounds; H. E. Michelson and Staff; Begin at
Dermatological Histopathology Room, C-3~4 Mayo Memorial.

3:00 - 4:00 Neuropathological Conference; F. Tichy; Todd Amphitheater, U. H. '-

3:30 - 4:30 Dermatology-Physiology Seminar; 3rd Floor Conference Room, Heart
Hospital.
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Friday, Mal' 27 (C()nt. ~

~ Medical School and University Hospitals (Cont.),
j 4 :00 ~ 5: 30 Chest X-ray Conferenoe; Chest Staff and Charles Nice; Todd Amphi-

theater, U. H.

4:30 - 5:20 Ophthalmology Ward Rounds; Erling W. Hanson and Staff; E-534, U. H.

5:00 - Urological Seminar and X-ray Conference; A-503, 'Mayo Memorial.

Ancker Hospital

8:00 - 9:00 Pediatric Rounds; Charles Steinberg, Contagion 1.

10:30 - 11:30 Pediatric Contagion Rounds; Richard Smith; Contagion 1.

11:00 - 12:00 Contagion Rounds; Harry Orme; Contagion 5.

2:00 - 3:00 Routine EKG Interpretation; Resident Staff.

3:00 - 4:00 Medical-Surgical-Pathological Conference; Auditorium.

4:00 - 5:00 Medical Journal Club; Conference Room, E5.

4:00 - 5:00 X-ray Surgery Conference; Auditorium.

Minneapolis General Hospital

10:00 - Otolaryngology Conference; Robert A. Priest, Large Classroom.

10:30 • Pediatric Surgical Conference; TaGue Chisholm and B. Spencer; Class
room, Station 4.

12:00 - Surgery-Pathology Conference; Drs. Campbell and Coe; Classroom.

1:00 - 2:00 ECG Conference; Boyd Thomes and Staff; Classroom, Station 4.

2:00 - 4:00 Clinical-Medical Conference; Thomas Lowry; Classroom, Station 8.

Veterans Administration Hospital

10:30 - 11:20 Medicine Grand Rounds; Conference Room, Bldg. I.

11:00 - 12:30 Psychiatry Case Conference; Werner Simon; Psychiatry Department, VA
Hospital Annex.

12:30 - Urology X-ray Conference; X-ray Department.

1:00 - Autopsy Conference; E. T. Bell; Conference Room, Bldg. I.

2:00 - Chest Pathology Follow-Up Conference; E. T. Bell; Conference Room,
Bldg. 1.

f' •
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Saturday, May.. 28

Medical School and University Hospitals

1:45 - 8:50 Orthopedic X-ray Conference; U. H. Cole and Staff; M-109, U. H.

9:00 - 9:30 Pediatric Grand Rounds; Eustis Amphitheater, U. H.

9:00 - 11:50 Medicine Ward Rounds; C. J. Watson and Staff; Heart Hospital Amphi
theater.

9:15 - 10:00 Surgery-Roentgenology Conference; Alexander R. Margulis, Owen H.
Wangensteen and Staff; Todd Amphitheater, U. H.

10:00 - 11:30 Surgery Conference; Todd Amphitheater, U. H.

10:00 - 12:50 Obstetrics and Gynecology Rounds; J. L. McKelvey and Staff; Station
44, U. H. ",

10:00 - 12:00 Otolaryngology Seminar on Current Literature; L. R. Boies and Staff;
Todd Memorial Room, A-615, Mayo Memorial.

Ancker Hospital

8:30 - 9:30 Surgery Conference; Auditorium.

9:30 - 11:00 Medicine Grand Ward Rounds; W. F. Mazzitello.

11:00 - 12:00 Medical Clerk Case Conference; W. F. Mazzitello.

Minneapolis General Hospital

8:00 -

9:00

9:30 -

Urology Staff Conference; T. H. Sweetser; Main Classroom.

Psychiatry Grand Rounds; R. W. Anderson; Station 3.

Pediatrics Rounds on all Stations; R. B. Raile.

11:00 - 12:00 Medical X-ray Conference; O. Lipschultz, Thomas Lowry and Staff;
Main Classroom.

Veterans Administration Hospital

8:00 

8:30 -

Proctology Rounds; W. C. Bernstein and Staff; Bldg. III.

Medical X-ray Conference; Conference Room, Bldg. I.
."


