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Staff Meeting Report

Phenylketonuria
(Phenylpyruvic Oligophrenia)*

Heinz Berendes, M.D.t John A. Anderson, M.D., Ph.D.1
Betty Priggie, B.S.§ Diane Ruttenberg, B.A.{
Mildred R. Ziegler, M.D.t1

Phenylketonuria (phenylpyruvic oligophrenia) is an inborn error
of metabolism almost invariably associated with mental retardation.
This metabolic disturbance in phenylketonuric subjects was first noted
in Norway in 1934 by Foelling,! who called attention to the presence
of large amounts of phenylpyruvic acid in the urine of 10 of 430
~ institutionalized severely mentally retarded patients. The disorder
has been found in most countries in the world. This condition is
extremely uncommon among Jews; it has been reported among Neg-
roes. Its incidence in the United States is estimated as 1 in 25,000,
giving an approximate total of 6,400 cases in this country.? Severe
mental retardation with an 1.Q. below 50 is present in 95 per cent of
the reported cases, with less than 1 per cent of patients having 1.Q.’s
greater than 70.2 Phenylketonuria accounts for 0.5 to 3 per cent of
institutionalized mental defectives.?

The disease is transmitted by a single autosomal recessive gene,
its incidence in the offspring of two heterozygous parents being 1 out
of 4. Limited capacity to metabolize phenylalanine has been reported
in heterozygotes,t but phenylketonuria and excretion of other ab-
normal products of phenylalanine metabolism are not present in heter-
ozygotes fed large amounts of phenylalanine.

Of infants and children wth phenylketonuria, 80 per cent charac-
teristically have fair skin, blue-eyes, and blond hair, but a few patients
have been reported to have dark hair, pigmented skin and dark eyes.

®This report was given at the Staff Meeting of the University of Minnesota Hospitals
on May 23, 1958.

tInstructor, Department of Pediatrics

}Professor and Head, Department of Pediatrics

§Senior Dietitian, University Hospitals

{Junior Scientist, Department of Pediatrics

++Associate Professor, Department of Pediatrics
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The skin frequently (20% of cases) demonstrates eczema, derma-
tographia, hyperhydrosis, and increased sensitivity to sunlight.® Other
allergic manifestations such as asthma are more common in phenyl-
ketonuric patients than in the general population.¢ Physical develop-
ment is generally normal, but a tendency toward microcephaly has
been reported.”

Neurologic manifestations are variable, nonspecific abnormalities
that do not differ essentially from those found in groups of children
retarded from other causes. Approximately one-third of patients
have no associated neurologic abnormality. The common neurologic
manifestations are irritability, restlessness, clumsy movements, muscle
hypertonicity, and hyperactive tendon reflexes. Tremors and chorei-
form movements, ankle and knee clonus, and repetitive movements of
the head and extremities may occur. Seizures, particularly of the
petit mal or myoclonic type, are frequent in early life in 25 per cent
of all phenylketonuric children,? the convulsive episodes usually sub-
siding after these children reach ten years of age. Electroencephalo-
graphic abnormalities, seen in most phenylketonuric patients, are
not specific for this disorder, since the EEG’s of these patients, even
with no history of seizures, are similar to the inter-seizure patterns
of patients with epilepsy.

The congenital metabolic defect in phenylketonuria is an inability
to convert phenylalanine to tyrosine. Following Foelling’s work,
Jervis® in 1940 demonstrated the associated accumulation of phenyl-
alanine in the blood of these patients and postulated the defect in the
conversion of phenylalanine to tyrosine. Later, Jervis® described the
failure of formation of tyrosine from phenylalanine when incubated
with liver extract obtained from phenylketonuric patients. Mitoma
and coworkers!® and Wallace and coworkers!! independently demon-
strated the absence of a specific phenylalanine hydroxylase in phenyl-
ketonuria. Kaufman'? has shown that the enzymatic hydroxylation of
phenylalanine to tyrosine requires the presence of two enzymatic
fractions:* Fraction one is found only in the liver and is absent in
phenylketonuric patients, while fraction two is found in many other
organs besides the liver and is present in phenylketonuric patients.
Reduced diphospho- or triphosphopyridinenucleotide (DPNH or

®Phenylalanine hydroxylase activity has been shown to be absent in fetal rat liver near
term, due to lack of fraction one.lé
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TPNH) is required for this enzymatic hydroxylation,'? in which, tetra-
hydrofolic acid (THF) also participates.’® The pathway of phenyl-
alanine metabolism in phenylketonuria, with major excretory metabolic
intermediates, is:

Phenylalanine ——=> Phenylpyruvic acid —>» Phenylacetic acid

DPNH or TPNH

Phenylalanine >
hydroxylase Phenyllactic acid Phenylacetylglutamine
D T

Tyrosine

Phenylpyruvic acid, phenyllactic acid, and phenylacetic acid are ex-
creted in the urine of untreated phenylketonuric subjects, but of these,
only small amounts of phenylpyruvic acid have been observed in the
blood of such subjects.’® There is practically no phenylpyruvic acid
excretion with phenylalanine levels below 15mg/100 cc of blood.
During the first six weeks of life phenylpyruvic acid excretion may
not be apparent in the phenylketonuric infant despite a high phenyl-
alanine blood level, 18 although it has been observed in infants as
early as five and ten days of age.l?

Tyrosine, not as essential amino acid in the normal person, is an
essential amino acid in phenylketonuric patients because of the de-
fect in the hydroxylation of phenylalanine to tyrosine. It is therefore
not surprising that some manifestations of tyrosine deficiency are
seen in these patients. Tyrosine is a precursor of a number of physio-
logically important substances that lead to the formation of melanin,
epinephrine, norepinephrine, and thyroxin:

Phenylalanine
Thyroxin
Tyrosine Norepinephrine ———— Epinephrine

8,4 Dihydroxyphenylalanine ————»Melanin

The light pigmentation observed in phenylketonuria provides clinical
evidence of the melanin deficiency; Weil-Malherbe and Bone'® have
reported decreased circulating plasma epinephrine levels in these
_patients; hypothyroidism, however, has not been demonstrated in
phenylketonuria.

The relationship of the defect in-phenylalanine metabolism to the
cerebral abnormalities is still unclear, Intoxication by high blood
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phenyalanine levels or any of its abnormal metabolites has been
considered by many but is unproven. Himwich and coworkers!® in
1940 showed reduced cerebral oxygen uptake in phenylketonuric sub-
jects. Recent studies of brain slices have demonstrated a significantly
decreased oxidative phosphorylation in the presence of phenylpyruvic
acid.2® The relationship of the decrease in epinephrine and norepi-
nephrine synthesis to the mental retardation has not been explored.

The diagnosis of phenylketonuria is dependent upon demonstrable
elevation of phenylalanine, with values generally ranging from 15 to
about 60 mg/100 cc of blood. For screening purposes determination
of phenylpyruvic acid in the urine is of primary importance. This
test is carried out by the addition of 1 ml. of 5 per cent ferric chloride
solution to 3-5 ml. of a slightly acidified urine; the appearance of a
deep olive green color indicates a positive reaction. Because of the
correlation of phenylalanine values in the blood with phenylpyruvic
acid values in the urine, a negative ferric chloride test may be seen
occasionally in phenylketonuria.

A new approach to the problem of phenylketonuria was made in
1952 when Bickel and coworkers in Birmingham, England, began
using phenylalanine-low diets to treat phenylketonuric patients.?!
Amino acid analysis of food proteins usually shows the phenylalanine
content to be in the range of from 4 to 6 per cent.?2 The preparation
of a phenylalanine-low protein was essential for maintaining adequate
nutrition. Through phenylalanine absorption by charcoal, a phenyl-
alanine-low casein hydrolysate was prepared. Fat and carbohydrates
were added in suitable amounts, as well as a balanced mineral and
vitamin mixture. From 15 to 30 mg/kg/day of phenylalanine had
to be provided to keep these patients in positive nitrogen balance
and to promote weight gain. With this phenylalanine intake, blood
phenylalanine levels could be controlled at or near the normal range.

The reports of the effect of this phenylalanine-low diet by Bickel
and coworkers21,23 are very encouraging. Improvement in some of the
associated manifestations of phenylketonuria, such as eczema, seizures,
and electroencephalographic abnormalities, was most striking. A pro-
longed attention span and improvement in manageability were noted.
Increase in pigmentation was universally observed with darkening of
hair. Rate of mental development also appeared to increase slightly
while these patients were on the phenylalanine-low diet. Bickel's
original report dealt with children two years and older who had
evinced severe mental retardation by the time dietary therapy was
started. Armstrong and Tyler?¢ in 1955 noted even more encouraging
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results in the treatment of very young children with the phenylalanine-
low diet, and Horner et al.?5 reported normal mental development in
a two-year-old phenylketonuric child who had been on dietary therapy
since six weeks of age. A recent report by Hsia and coworkers?6
about lack of improvement of older phenylketonuric patients after one
year of dietary control may indicate critical age limitations; their
trial period, however, may not have been sufficient.

During the past two and one-half years, studies of 31 phenyl-
ketonuric children and adults have been made at the University of
Minnesota with the support of the McClure Medical Research Fund
in collaboration with the State School and Colony at Faribault, Min-
nesota. These data have shown, among other things, that no relation-
ship exists between the individual’s 1.Q. and the phenylalanine blood
level, and that the latter may, in fact, vary considerably from day to
day (Table 1).

TABLE 1

MENTAL OEVELOPMENT AND PLASMA PHENYLALANINE LEVELS
OF THIRTY-ONE UNTREATED PATIENTS WITH PHENYLKETONURIA

No Patient Age 1Q. Phenylolrg‘r;l.m{ ’?'?3,2’;% )Level
| ? 7 yrs. 63 32.8 (19.3-32.8)
2 [o4 5 yrs. 30 26.0 (22.3-26.0)
3 o 2 » 37 35.5 (35.5-38.5)
4 Q 2 v 60 25.7
5 ? 4 30 31.5  (18.1-31.5)
6 o 5 ¢ 10 23.5 (23.5-24.7)
7 <4 6 wks. Normal 40.0 (33.0-57.7)
8 ? 16 mos. 37 35.0 (35.0-55.3)
9 o 7 yrs. 15 29.9 (27.9-32.1)

10 o 6 mos. 50 52.0 (22.4-52.0)
I ? 10 yrs. 50 29.3 (15.3-29.7)
12 o 7 30 150 (15.0-21.0)
13 o 10 » 13 27.8
14 o 6 ° Idiot 19.8
15 ? [ o 29.0 (29.0-37.2)
16 .9 [N " 37.0
17 a 15 ! 26.8
18 Q 8 » 30 3.7 (28.9 - 31.7)
19 o ig 12 45.7

20 o i7" 23 42.6

2l o 52 ¢ tdiot 40.1

22 Q [ " 45.3

23 o 72 " 30 54.5 (301 - 54.5)

24 o’ 25 " 19 35.6

25 o 58 " 46 30.3

26 o 1y " 32 29.9

27 Q 48 v 25 33.9

28 Q? 14 * tdiot 24.6

29 ? 33 " 10 18.6

30 o 34 ¢ Idiot 20.7

31 ? 66 " 26 22.8
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Experience has also been gained at the University Hospitals with
phenylalanine-low diets. During the last two and one-half years
seven phenylketonuric children were carefully evaluated prior to diet
therapy by physical and neurological examination, EEG, psychological
testing, and phenylalanine blood determination. Of these seven, two
have been kept on the phenylalanine-low diet for two years, one for
one and one-half years, and four for approximately six months.

The initial diet consisted of casein-hydrolysate (obtained from
Allen and Hanbury in England, prepared according to the specifica-
tions of Bickel and coworkers) fortified with fat, carbohydrate, mine-
rals, and a vitamin mixture. Phenylalanine blood determinations, made
repeatedly during the initial period, showed that blood phenylalanine
usually returned to normal range within ten days of the start of the
diet, at which time 15-30 mg/kg/day of l-phenylalanine were added
to the diet.

Several problems were encountered in patients during the first
three to six months on this dietary therapy. Diarrhea, a common
difficulty due to the lack of bulk in the preparation, was relieved by
adding Cellu flour to the daily formula. Weight gain was poor for
a variable period, particularly in the children under one year of age;
this was partly due to inadequate caloric intake because of the poor
taste of this material. It was noted that the young infant’s requirement
for phenylalanine was different from that of the toddler, and that at
least 25 mg/kg/day of phenylalanine had to be provided for the
infant below six to eight months of age in order to keep him in positive
nitrogen balance and promote adequate weight gain. Severe neutro-
penia with bone marrow agranulocytosis was observed in one six-
month old infant approximately three weeks after the start of the
phenylalanine-low diet. This complication of unknown cause resulted
in no clinical manifestations but did not respond when this child was
again placed on a normal diet for three weeks. In accordance with the
wishes of the parents this infant was again given the phenylalanine-
low diet and he spontaneously recovered from his neutropenia within
one month (Fig. 1).

Data from repeated psychological testing of the three children who
have been on the phenylalanine-low diet for at least one and one-half
years reveal considerable and consistent improvement in rate of
mental development, improvement that has become increasingly ap-
parent following the first year of dietary therapy. Patient
appeared perfectly normal and had a normal EEG at age eight weeks
when he was first given the phenylalanine-low diet. He still had a
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Fig. 1. Mental Development of Three Patients with Phenylketonuria
on Phenylalanine-Low Diet.

normal EEG at three months when, because of poor weight gain and
hypoproteinemia, he was returned to a normal diet. EEG abnor-
malities that had appeared within four weeks disappeared again one
month after this child was restarted on the phenylalanine-low diet.
This child was tested at frequent intervals and has scored 1.Q.’s of
80 and 78, and the most recent determination gave him a score of 85
at 26 months. He appears perfectly normal in neuromuscular and
mental development but shows some retardation in speech, the signifi-
cance of which at his age is not clear.

The other four children have been on the phenylalanine-low diet
for too short a time (six months) to allow any conclusions, but at
present all seem to be doing well physically, with adequate weight
gain.

The degree of dietary control in these children was variable; con-
trol was particularly difficult in one child, but even in his case im-
provement was noted. It is still impossible to tell whether the degree
of dietary control is related to the rate of improvement.

Two phenylalanine-low formulas, now commercially available,
can be used in treating phenylketonuria:
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1) KetoniL® (Merck, Sharp and Dohme)

Ketonil® supplies other amino acids while allowing restriction of
phenylalanine. There is an adequate allowance of minerals; but no
vitamins are present in the mixture, because of their instability. The
dietary mixture is synthesized from an acid casein hydrolysate from
which phenylalanine has been removed and to which supplementary
amino acids, minerals, and choline have been added.

The usual procedure is to feed Ketonil® as the exclusive source
of protein for about three weeks, after which small amounts of other
protein foods are introduced to provide the daily phenylalanine re-
quirement. Fat and carbohydrate supplementation in the form of
vegetable oils, Dextri-maltose,® or sugar must be made to meet the
daily caloric requirement; vitamins are routinely prescribed.

Patients should receive 5 Gm/kg of basal mixture daily which will
provide 3 Gm/kg of protein. One gram of basal mixture equals 2.5
calories. The caloric requirement of a patient is 60 to 90 calories/
kg/day. Thirty-five per cent of the calories from fat and 50 per cent
of the calories from carbohydrate will complete the daily formula.
Fifteen mg/kg of phenylalanine are allowed in the daily diet after
the second to third week on the formula for patients older than two
years of age; 30 mg/kg for infants.

The average contents of the dietary preparation include the follow-
ing amino acids and minerals per 100 Gm. as listed below:

l-arginine .630 Gm. aluminum 370 mg.
I-histidine 11 Gm. calcium 1.1 Gm.
l-isoleucine 3.6 GCm. chloride 1.2 Gm.
l-leucine 86 Gm. copper 12 Gm.
I-lysine 6.2 Gm. iodine 5 mg.
d-methionine .320 Gm. iron .160 Gm.
l-methionine 1.5 Gm. magnesium .240 Gm.
l-threonine 3.8 GCm. manganese 1 mg.
dl-tryptophan .650 Gm. phosphorus 1.8 Gm.
l-tyrosine 3.3 GCm. potassium 1.8 Gmnm.
l-valine 46 GCm. sodium 27 Gm.
glycine 6.0 Gm. sulfur 3.0 Gm.
choline .590 Gm.

2) LorenNarac® (Mead-Johnson)

The main constituent as a protein source is a special protein hy-
drolysate that has been carbon treated to remove the phenylalanine.
This treatment has also destroyed tryptophan, methionine, and tyro-
sine; thus additional amounts have been added. The vitamins and
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minerals included in the product have been calculated to equal the
levels commonly present in cow’s milk formulas used for infant feed-
ing.

Lofenalac® contains Dextri-maltose,® casein hydrolysate, corn oil,
arrowroot starch, calcium gluconate, mineral salts, l-tyrosine, dl-
tryptophan, dl-methionine, and vitamins.

It is again the usual procedure to feed Lofenalac® exclusively for
two to three weeks before adding other solid foods. Caloric require-
ment is again calculated on the basis of 60-90 calories per kilogram.
One gram of mix provides 5 calories, 0.15 Gm. protein, 0.18 Gm.
fat, 0.57 Gm. carbohydrate. Water in the proper amount need only
be added to this mix.

The average contents of the dietary preparation include the follow-
ing per 100 Gm. of mix as listed:

protein equivalent 15 Gm.
fat 18 Gm.
carbohydrate 57 Gm.
mineral (ash) 4.2 Gm.
moisture 2.0 Gm.
l-phenylalanine 86 mg.
I-methionine 460 mg.
I-tyrosine 430 mg.
dl-tryptophan 320 mg.
l-leucine 1.4 Gm.
l-isoleucine 720 mg.
l-valine 1.3 CGm.
l-threonine 890 mg.
l-lysine HC1 2.0 Gm.
l-aspartic acid 1.5 Gm.
l-glutamic acid 4.6 Gm.
l-arginine HCI 460 mg.
l-cystine 86 mg.
I-histidine 360 mg.
monobasic potassium phosphate 900 mg.
dibasic potassium phosphate 500 mg.
calcium hydroxide 700 mg.
magnesium oxide 100 mg.

Additional foods are supplied to provide a daily phenylalanine
intake of 15 mg/kg for children above two years and 10 mg/kg for
infants below two years although individual variations are sometimes
necessary depending on the level of plasma phenylalanine. Phenyl-

506




THE MEDICAL BULLETIN

alanine accounts for from 4-6 per cent of the amino acids of the
various food proteins. Exact values for phenylalanine content of a
variety of foods are available now,2728,29.30

While the alterations of phenylalanine metabolism in phenyl-
ketonuria have been studied by many investigators in the past, a dis-
turbance in tryptophan metabolism was only recently demonstrated:
Armstrong and Robinson’s report in 1954 of a probable decreased
excretion of 5-hydroxyindolacetic acid in phenylketonuric patients®!
was confirmed by Pare, Sandler, and Stacey®2 observing low 5-
hydroxyindolacetic acid excretion with correspondingly low serotonin
blood levels in such patients. The probable disturbance of tryptophan
metabolism involving its pathway to serotonin was further investigated
by the authors in untreated and treated phenylketonuric patients.
The normal metabolic pathway of tryptophan through serotonin is
as follows:

Tryptophan
5-Hydroxytryptophan
5-Hydroxytryptamin (serotonin)
5-Hydroxyindolacetaldehyde

5-Hydroxyindolacetic acid

Measurements of urinary excretion of 5-hydroxyindolacetic acid
were made in phenylketonuric subjects to determine changes in the
metabolism of tryptophan. The excretion of 5-hydroxyindolacetic acid
was observed in 11 phenylketonuric children on normal diets and
during administration of phenylalanine-low diets. In these phenyl-
ketonuric children with high phenylalanine blood levels, 5-hydroxy-
indolacetic acid excretion was 0.55 mg. per 24 hours. Lowering of
phenylalanine below 8 mg. per 100 cc. of blood on phenylalanine-low
diets resulted in a 5-hydroxyindolacetic acid excretion of 1.6 mg. per
24 hours (Fig. 2). The excretion of 5-hydroxyindolacetic acid is
significantly lower in untreated phenylketonuric patients than in nor-
mal children of comparable age. Only infants below three months of
age demonstrated excretion values for 5-hydroxyindolacetic acid as
low as as those observed in untreated phenylketonuric subjects.
(Fig. 3).
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When 5-hydroxytryptophan was infused in amounts of 10-20 mg.
into untreated phenylketonuric children, some improvement in the
electroencephalographic pattern (expressed by a decrease in spike
activity and voltage) was observed during the infusion period.

The significance of these findings is not clear. The reported dis-
turbance in tryptophan metabolism may be significant for the limita-
tions in mental development, since serotonin is an endogenous inter-
mediate and, theoretically, may be important for the development and
function of the brain.

Conclusions:

Evidence provided in the literature and our own observations
indicate the beneficial effect of early phenylalanine restriction on the
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? developmental limitations of phenylketonuric subjects. The mechanism

of this effect is unknown at the present time. Although this disease
is fairly uncommon, it must be diagnosed early for possible prevention
i of mental retardation and the catastrophe of life-long institutionaliza-
tion. Routine screening with ferric chloride of the urine of every infant
seems to be advisable at monthly intervals during the first three
months of life. The relationship of inadequacies in epinephrine,
norepinephrine, and serotonin synthesis to the cerebral abnormalities
of phenylketonuric subjects reguires further study.
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Staff Meeting Report

Adenocarcinoma of the Endometrium
with Special Reference to Vaginal Involvement®t

Konald A. Prem, M.D.{

InTRODUCTION

A systematic study of adenocarcinoma of the endometrium treated
on the gynecological services at the University of Minnesota Hospitals
has shown secondary vaginal involvement to be a common problem
complicating the therapy and prognosis of this disease. Because the
medical literature contains few detailed reports on this subject, it is
desirable to review the experience of a large center for the treatment
of gynecological malignant disease in managing this problem.

In 1939 a deflnite plan was initiated at the University of Minne-
sota Hospitals to study the effectiveness of x-ray, radium, and simple
surgery in the treatment of this disease. Bias in selection was virtually
€liminated by applying a single method of treatment to as many of
the total patients with this disease as possible for a chosen time period.
Results (reported previouslyl:?) were evaluated in terms not of the
number of cures among the patients treated but in terms of the num-
ber of cures in the entire group presenting itself for treatment dur-
ing this time. Regardless of the combination of treatments studied,
each patient was offered (unless contraindications were present) the
most effective single therapy, namely panhysterectomy and bilateral
salpingo-oophorectomy. The study also evaluated the effectiveness
of x-ray and intracavitary radium when added to the basic surgical
treatment. Experience had demonstrated that there was no justifi-
cation for exposing patients to x-ray and intracavitary radium alone,
since these were clearly inferior when applied without removal of
the uterus.

In the procedure observed during 1939 and 1940, patients with
endometrial adenocarcinoma began therapy with 3,000 tissue roent-
gens of deep x-ray to the mid-pelvis via five or more fields over a
four-week period. This was followed immediately by 50 to 65 mg.
®This report was given at the Staff Meeting of the University Hospitals on June 6, 1958.
+A portion of this work was done while the author was a Fellow of the American Can-

cer Society.
$Instructor, Department of Obstetrics and Gynecology
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of intracavitary radium distributed in the uterus as shown in Figure
1. The radium was left in place for 100 hours. Six weeks after radium
therapy, a total hysterectomy and bilateral salpingo-o&)phorectomy
were performed. In 1941 routine x-ray therapy was discontinued,
and in mid-1946 the routine use of radium was abandoned, so that

N
Y 225em 455
LI ]
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Arbifrary

Adenocarcinoma of endometrium
Rodium dosoge SOMgm. X 100 hr: = 5,000 Mgm. hr:
*Uterine cavity 4.5 cm. ocross fundus, Tem.long 1948
Fig. 1. Compound isodose curve showing intensity of radium radiation
from multiple intracavitary source used in treating adenocarcinoma of
the endometrium.
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from mid-1946 to the present the sole routine treatment has been
surgical. Occasional minor modifications of the planned therapy
have not significantly influenced the overall results.

STUDY ANALYSIS

Cases Studied

The data reported here were gathered by studying all patients
with adenocarcinoma of the endometrium admitted to the Gynecology
Service of University of Minnesota Hospitals from January 1, 1939
to December 31, 1953. No patients with questionable lesions were
included. Microscopic evidence for endometrial and vaginal adeno-
carcinoma is available for each patient. The progress of all patients
with vaginal lesions was followed to death or to January 1, 1958.

The lesions were classified as “reportable” or “nonreportable.”
The reportable group includes patients admitted to the Hospitals
either with no previous treatment for adenocarcinoma of the endo-
metrium or after negligible attempts at therapy which did not inter-
fere with the planned treatment in use at the time of admission. The
patients in this group are further divided into those in whom secon-
dary vaginal adenocarcinoma developed before primary treatment and
those in whom it developed after primary treatment. The nonre-
portable group contains patients who were referred here for further
treatment after having had definitive therapy for the primary tumor
elsewhere. Many of these were referred specifically because of
vaginal lesions.
Incidence

During the period studied, 324 patients with diagnoses of pri-
mary adenocarcinoma of the endometrium were admitted to the
Hospitals. The division into reportable and nonreportable groups
as outlined above is shown in Table 1. Of the total number, 47 or
14.5 per cent had secondary vaginal adenocarcinoma. This incidence
is compared in Table 2 with those reported by other authors for
similar groups of patients. Of 51 patients treated elsewhere and re-
ferred here during this period for completion of therapy or because
of recurrence, 15 or 29.6 per cent had secondary vaginal involvement.
Compared with the incidence of 11.7 per cent (32 of 273) in the
patients with no treatment before referral; this indicates an abnor-
mally high degree of secondary vaginal involvement among the non-
reportable group.

Signs and Symptoms
A secondary vaginal lesion developed in 18 patients after treat-
ment of the primary endometrial lesion at University of Minnesota
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TABLE 1

SECONDARY VAGINAL ADENOCARCINOMA CLASSIFIED ACCORDING TO TIME OF
APPEARANCE WITH REFERENCE TO PRIMARY TREATMENT

Total Number
Patients Patients
Reportable 273 Vaginal recurrence after primary
treatment at UMH 18

Vaginal adenocarcinoma
on admission to UMH.

No previous treatment 14
Nonreportable 51 Primary treatment elsewhere.
Vaginal adenocarcinoma on

admission to UMH, 15

324 47.

Hospitals. Of these, 12 were asymptomatic when the recurrence was
discovered on routine follow-up examination. Six patients had had
symptoms for one to seven weeks before presenting themselves for
pelvic examination; four of these six had vaginal bleeding, one had
bladder pain, and one complained of a vaginal discharge.

Of the 14 patients with vaginal involvement prior to primary
treatment, 13 had a history of vaginal bleeding and 12 complained
of multiple signs and symptoms. Weight loss, back, abdominal or
pelvic pain, vaginal discharge, and edema of the lower extremities
were the other signs or symptoms in order of frequency, most of
these being indications of a far advanced malignant process.

Only two of the 15 patients referred because of a secondary

TABLE 2

INCIDENCE OF SECONDARY VAGINAL ADENOCARCINOMA
IN SimiLArR Groups OF PATIENTS

Number with

Total secondary Per
Author Patients Vaginal Tumor Cent
Meigs® 2086 25 12.1
Way* 102 14 13.7
Strachan® 30 5 16.7
Finn® 266 14 6.4
Prem - 324 47 145
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vaginal lesion after primary treatment elsewhere were without signs
or symptoms when the vaginal lesion was discovered. Twelve of the
remaining 13 had had signs or symptoms for the preceding two weeks
to 12 months. Bleeding was the presenting complaint in 11 of the 13
symptomatic vaginal recurrences in this group.

Interval Between Primary Treatment and Vaginal Recurrence

Among the 259 patients with no vaginal involvement prior to
primary therapy for endometrial carcinoma at University of Minne-
sota Hospitals, the first vaginal recurrence was discovered in all
but one of the 18 reportable patients within three and one-half years
of the primary treatment. Thus it is unlikely that an initial vaginal
lesion will develop after the present date in a patient who received
primary treatment before December 31, 1953—the terminal date of
the period of study. In the single exception in this group a small
lesion, which proved to be adenocarcinoma, developed to the right
of the urethral meatus 78 months after original treatment. The
median time between original treatment and diagnosis of the secon-
dary vaginal lesion was ten months. Among this group lesions in
the vaginal vault appeared earlier than those lower in the vaginal
tube.

In twelve of the 15 patients in the nonreportable group secon-
dary vaginal lesions developed within three and one-half years of
initial treatment. In the other three, secondary vaginal lesions ap-
peared 44, 74, and 107 months respectively after primary therapy,
the median interval in this entire group being 13 months. Again,
lesions in the vault appeared earlier than did lesions in the lower
vagina.

Site of Recurrence

The 47 patients with vaginal involvement in this study are
tabulated according to general location suggesting mode of spread
in Table 3. Thirteen of the vaginal lesions occuring after primary
treatment here or elsewhere were described on the patients’ records as
being in the vault. If five other lesions simply designated as located
in the upper one-third of the vagina are included, 18 of 33, or nearly
55 per cent, were vault recurrences. Eleven other leisons were located
in the lower anterior vagina, most of them within 1-2 cm. of the
urethral meatus in the midline or slightly eccentric. Three lesions
were in the posterior lower vagina just inside the hymenal ring. One
lesion involved the vault and lateral lower vagina.

516

44‘




THE MEDICAL BULLETIN

TABLE 3

SECONDARY VAGINAL LEstoNs CLASSIFIED ACCORDING TO
GENERAL LOCATION SUGGESTING MODE OF SPREAD

—Reportable— Nonreportable.

Type of Vagi- Initial =~ Vaginal lesion Initial B
nal Involvement R UMH pre-B Elsewhere Totals
1. Discontinuous

lesion 9 9 4 22
2. Vaginal vault 8 10 18
3. 1&2 1 1
4, Continuous

extension R 1 4
5 1&4 2 2

Totals 18 14 15 47

About one-half of the patients with vaginal involvement prior
to primary treatment had multiple lesions. Although lesions were
observed in almost every area in the vagina, the majority were
located in the vault and beneath the urethral meatus, and several
were located elsewhere in the lower vagina and vulva.

Cervical Extension

A high incidence of extension of the primary endometrial tumor
to the cervix was found among the reportable patients who had a
vaginal lesion before or after primary treatment. The diagnosis of
cervical extension was made by gross and microscopic examination
of the cervix after differential curettage or panhysterectomy. In
some, clinically identifiable tumor protruded from the cervical canal.
The incidence of cervical extension among the reportable cases is
shown in Table 4. Included in the group with isthmic tumor were
three lesions that did not involve the cervix but diffusely covered the
endometrial cavity, stopping abruptly at the level of the internal
cervical os, and one early lesion solely confined to the isthmic portion
of the uterus. In six other cases there was not sufficient information
in the records to indicate whether or not the uterine isthmus or cervix
was involved. Only one patient was definitely known to have no
tumor in the cervix or the isthmus.

Classification of the nonreportable patients as to cervical or
isthmic extension was not possible because the gross specimen or
accurate gross and microscopic description of the location of the tumor
in the uterus was not available.
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TABLE 4
REPORTABLE PATIENTS WITH VAGINAL LESIONS SECONDARY TO
ADENOCARCINOMA OF THE ENDOMETRIUM WITH CERVICAL OR
IstaMICc EXTENSION

Total Cervical Isthmic Not
Cases Extension Tumor Neither known

Tumor in vagina after

original treatment 18 11 3 1 3
Tumor in vagina before

original treatment 14 10 1 0 3

Totals 32 21 4 1 6

Influence of the Type of Primary Treatment

The program of planned therapy as previously outlined provided
an ideal opportunity to determine the effect of various types of treat-
ment on the incidence of vaginal recurrence. The results tabulated in
Table 5 show no significant difference in the incidence of vaginal
recurrence in patients treated during the three planned program
periods.

TABLE 5

INCIDENCE OF SECONDARY VAGINAL ADENOCARCINOMA IN REPORTABLE
PaTieNTs RELATED TO PERIOD OF PLANNED THERAPY

Total No. Vaginal Tumor No Vaginal Vaginal Recur- Per
Patients Prior to Pri- Tumor Prior rence After 1° Cent

Seen mary Rx UMH Rx UMH Rx UMH Recurrence
1939-40a 39 4 35 1 2.8
1941-46b 117 3 114 8 7.0
1947-53¢ 117 7 : 110 9 8.2
Totals 273 14 259 18 7.0

a. An attempt was made to treat as many patients as possible with full course of deep
x-ray, intrauterine radium, and panhysterectomy with bilateral salpingo-cophorectomy.

b. Same as ““a” with exception of deep x-ray

. As many patients as possible treated by panhysterectomy and bilateral salpingo-

oophorectomy only.

il

Influence of Primary Treatment on Site of Vaginal Recurrence

All patients with vaginal recurrence after initial treatment were
studied to determine if the type of treatment received for the primary
lesion influenced the location of the subsequently developed vaginal
lesion. The results are shown in Table 6.
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TABLE 6
INFLUENCE OF PRIMARY TREATMENT ON SI1TE OF VAGINAL RECURRENCE
Amonc Patients WHo Dip Nor Have DEMONSTRABLE VAcGINAL Tumor
At TiME oF ORIGINAL DraGNoOsis

Type of Total No. —Reportable—— Nonreportable—,
Primary Treated Upper %  Lower % 6pper %  Lower %
Treatment UMH of Vagina of Vagina of Vagina of Vagina
X-ray — Radium —

Surgery 27 0 3a 0 0
Radium — Surgery 61 1b 6d.h 1t 0
Surgery only 118 Te lc 7 3e
X-ray — Radium 6 0 0 0 1
Surgery — X-ray 7 0 0 2 0
Radium only 27 0 0 1s 0
None 13 0 0 - -

Totals 259 8 10 11 4

. One post-op x-ray; one post-op intravaginal radium for prophylaxis

. 10-month interval between radium and surgery

Wertheim radical hysterectomy

12 years between radium and surgery in one patient

One subtotal hysterectomy

Inadequate dose of radium 3 years before subtotal hysterectomy

. 44 months after token dose radium; continuous extension of tumor over cervix to
vaginal vault

. One patient also had vault involvement.

T mmopooe

These data show that the incidence of upper vaginal recurrence
is reduced when preoperative intracavitary radium is used in ade-
quate dosage. Incidences of vaginal recurrence for each type of
primary treatment can be calculated from this table for the whole
period of the study. The true relationship between rates of recur-
rence for the various types of primary treatment is not apparent in
Table 6, since the group receiving surgery alone is favorably weighted
with patients who are better risks and those with less advanced
lesions.

Since the total number of nonreportable patients given primary
treatment is not known, it is not possible to calculate vaginal recur-
rence rates according to type of treatment for this group.

TREATMENT OF SECONDARY VAGINAL LESIONS

The treatment of vaginal recurrence in the 33 patients in whom
the secondary lesions developed only after the initial treatment here
or elsewhere was more standardized than was apparent at first glance:
Interstitial implantation of radon seeds usually in one plane in and
around the lesion was the treatment of choice when the lesion was
located where the urethra, bladder, or rectum would not be seriously
endangered. When the use of radon seeds was contraindicated,
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screened short-focal-distance surface radiation was employed. This
radiation therapy was usually administered from a linear source in a
dental wax mold fitted to the vagina, a 2x3.5cm. rubberized
cylindrical container, or a Kaplan colpostat. Vault lesions were us-
ually treated with the cylindrical container or colpostat tightly
- packed with gauze against the vaginal apex to prevent displacement.
The dental wax mold was favored when lesions were located beneath
the bladder or urethra or in the rectovaginal septum. Standard tables
were used to calculate the quantity of element and the time necessary
to administer a cancerocidal dose to the depth of the tumor. In the
earlier years of the study period, 7-8 erythema skin doses were ad-
ministered to the depth of the tumor and a short distance beyond.
More recently this dosage has been increased to 10 or 12 erythema
skin doses without increasing radiation damage to normal surrounding
tissue.

The vaginal lesions of three patients were not treated. One other
patient with a very small lesion had no further treatment after an
excision biopsy. Seven patients received 3,000 tissue roentgens of
deep x-ray given diffusely to the mid-pelvis in addition to screened
surface or interstitial radiation. When x-ray was given, a perineal field
was included if the lesion was in the lower vagina. Two other
patients were treated with combinations of the above methods.

Of the 14 reportable patients with secondary vaginal tumor found
on first admission, 10 either were not treated or were treated with
token amounts of radium. Of these 10, three had the uterus partially
or completely removed, and one of these three patients was given
x-ray therapy as well. Four received intensive radiological treatment
consisting of intrauterine and vaginal radium with or without deep
x-ray or radon seeds. One patient after this type of radiation therapy
was operated upon but the tumor was found inoperable.

REsULTS OoF TREATMENT
Reportable Patients

Of the 18 patients with secondary vaginal lesion after primary
treatment at University Hospitals, six have survived five or more years
after first such recurrence. One of these six patients was alive with
presumed mediastinal metastasis after treatment of three separate
recurrences of vaginal involvement. The others were without clinical
tumor at death or at the last examination. The patient who has sur-
vived the longest was alive and well 205 months after vaginal treat-
ment. The minimum five-year survival for this group after discovery
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of the first vaginal lesion is 33 per cent, and after primary treatment,
50 per cent.

Only one of 10 patients who had vaginal tumor when first seen,
and who was not treated or incompletely treated radiologically or
surgically, survived beyond seven months. She died 15 months after
total hysterectomy and two courses of vaginal radium. The only
long-term survivors were four patients who underwent intensive
intrauterine and intravaginal radium treatments with or without the
addition of external radiation. These four survived 26, 31, 56, and
78 months, respectively. All eventually died of tumor or are pre-
sumed to have died with tumor present. The five-year survival rate
for this group is shown in Table 7.

TABLE 7

Five YEAR SUrvivaLs OF PATIENTS WITH
SECONDARY VAGINAL ADENOCARCINOMA

——Five-Year Survivals—

Following  Following B

Grou, Primary  of First Vagi-
Tota B nal Recurrence
Reportable
Primary B at UMH 18 9 (50%) 625 (33%)
Vaginal lesion on
admission to UMH 14 1(7%) 1(7%)
Nonreportable
Primary B elsewhere 15 6 (40%) 5¢ (33%)
Totals 47 16 (34%) 12 (26%)

a. 4 living without tumor, 1 dead without tumor, 1 living with presumed tumor
b. Two additional living without tumor at 23 and 53 months
c. 3 alive, 2 dead, all without tumor

Nonreportable

The five-year survival rate for the 15 patients who received pri-
mary treatment elsewhere and were referred to University of Minne-
sota Hospitals with vaginal recurrence is also shown in Table 7. Of the
five survivors, two died of unrelated causes 66 and 144 months,
respectively, after treatment of the vaginal lesion. The other three
are well and clinically free of tumor 60, 82, and 110 months, respec-
tively, after vaginal treatment. The five-year survival rate following
primary treatment is also shown.
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TABLE 8

Five-YEAar SurvivaL ReELATED TO TIME INTERVAL BETWEEN
PriMARY TTEATMENT AND VAGINAL RECURRENCE

5-Year Survival
After Vaginal

Time of Patient Total Recurrence
Recurrence Classification Number Number Per Cent
<< 24 months Reportable 13 4a 95
Nonreportable 11 2

> 24 months Reportable 5 2b 56
Nonreportable 4 3

Totals 33 11 33

a. One additional patient alive without tumor 53 months after vaginal recurrence
b. Two others alive—one with tumor at 10 months, one without tumor at 23 months
after vaginal recurrence

Factors INFLUENCING PROGNOSIS
Time interval between primary treatment and vaginal recurrence

The five-year survival rate as related to the time interval between
the primary treatment and the vaginal recurrence is shown in Table
8. The prognosis appears better among those in whom vaginal
lesions developed not earlier than two years after primary treatment.

Location of lesion

Although the groups are too small to warrant absolute conclusions,
study of five-year survival among patients who developed a vaginal
lesion after primary treatment as related to location of the vaginal
lesion shows the prognosis to be better when the site of recurrence
was the lower vagina. Of the 13 patients with vaginal metastasis in
the lower one-half of the vagina, seven, or 55 per cent, have survived
five years or more after vaginal treatment. Of the 19 with the lesion
located in the upper one-half of the vagina only four, or 21 per cent,
survived more than five years after such treatment. A single patient
with involvement of the upper and lower vagina survived less than
five years,

Type of treatment

The five-year survival rate as related to the type of treatment of
the vaginal recurrence developing after primary treatment is shown
in Table 9.
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TABLE 9
F1ve-YEAR SURVIVAL AS RELATED TO TYPE OF TREATMENT OF VAGINAL
RecUuRrReENCE AMONG PaTiENTS WrTHOUT VAGINAL LESIONS
Prior To PRiIMARY THERAPY

No. of Five-Year Per

Method of Treatment Patients Survival Cent
Radon seeds 122 7 59.5
Screened contact
Radiation via dental wax mold T 3e 429
Rubber cylinder 7e 0 0
Colpostat 24 0 0
Excision 2 1 50
None 3 0 0
Totals 33 11 33
a. One had x-ray and one a vaginal mold in addition.
b. Four had x-ray in addition.
c. One had surgical excision and one had x-ray in addition.
d. One had x-ray in addition.
e. Two bad x-ray in addition.

Discussion

Finn® and Speert” reported that 69 per cent and 75 per cent,
respectively, of recurrences of adenocarcinoma of the endometrium
are discovered within two years after initial therapy. Of the secon-
dary vaginal adenocarcinomas that developed after treatment of the
primary lesion, 69.7 per cent did so within two years and 90 per
cent within three and one-half years. Vaginal recurrences appeared
in three patients 74, 78, 107 months, respectively, after primary ther-
apy. Late vaginal recurrences have also been reported by others.
Finn® reported three cases of vaginal recurrence five, seven, and
eleven years after primary treatment. Meigs® and Strachan® men-
tioned patients with a five- and a nine-year interval, respectively,
between primary treatment and vaginal recurrence. In six of Dob-
bie’s® patients vaginal lesions developed four to seven years after
primary therapy.

Although the patient previously treated for endometrial adeno-
carcinoma should recognize by virtue of her experience the signifi-
cance of vaginal bleeding, she does not always immediately report
to her physician this common sign of vaginal recurrence. Further-
more, a study of recurrences of endometrial carcinoma by Finn®
indicated a 1 per cent per year recurrence rate after three years. These
data and experiences demonstrate the necessity for frequent planned
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follow-up examinations of all patients for at least three years after
primary treatment and ideally at periodic intervals for life.

Our experience shows that routine periodic pelvic examination of
the treated patient will demonstrate the vaginal recurrence before it
becomes symptomatic. The number of patients is too small to permit
us to determine statistically if early discovery significantly increases
the five-year survival rate, but it is reasonable to believe that it does.

Secondary vaginal adenocarcinoma may be found in any area of
the vagina or subjacent tissue. 1) Lesions in the lower two-thirds of
the vagina are usually submucosal and may or may not ulcerate the
surface; they are discontinuous or true metastatic lesions because they
are located some distance from the primary tumor but identical to it
histologically. These lesions probably result from retrograde lymphatic
or venous spread from the cervix. When the cervix is involved,
viable tumor cells may gain entrance to the paracervical lymphatic
and venous channels. When interference with the natural route of
drainage from the paracervical tissues occurs, migration through the
communicating channels to the lower vagina is probable.

2) Following hysterectomy the tumor often recurs at the vaginal
apex or vault adjacent to the removed cervix, frequently in the scar
of the vaginal incision. Two modes of spread may be responsible for
this type of recurrence: Either the lesion may arise in the line of
resection as a true implant of viable tumor cells spilled during
hysterectomy, or tumor cells in lymphatic or venous channels sur-
rounding the cervix may implant and grow in the vaginal incision
when these channels are interrupted at hysterectomy. Lesions in
this location, referred to as vaginal “vault” or “cuff” recurrences, are
usually polypoid, they bleed easily, and grossly they often resemble
granulation tissue.

3) A third type is seen in the untreated patient in whom the
malignant process is far advanced, with vaginal involvement resulting
from contiguous spread over the cervix to the vagina. Often the
entire cervix and upper vagina are replaced by clinically obvious
tumor. Patients exhibiting the “contiguous extension” that character-
izes this pattern of spread often have metastatic lesions in the vagina
as well.

This study indicates that vaginal recurrence is more frequent
among patients who have an original cervical or isthmic spread of the
endometrial tumor. This type of involvement can usually be dignosed
before treatment by a careful differential or fractional curettage when
gross tumor is not visible on the cervix or in the cervical canal.
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Although cervical extension is usually a manifestation of advanced
tumor, Leissner? has stated that cervical spread may occur when the
primary lesion is superficial and localized in the uterine isthmus.
When the cervix is involved with tumor, lymph and venous vessels
in the paracervical tissues that communicate with pelvic and vaginal
venous and lymphatic channels may contain viable tumor cells. This
probably accounts for the generally inferior results of standard treat-
ment of endometrial adenocarcinoma when cervical extension is
present as reported by Kottmeier,’® Randall and associates,!! and
Taylor and Becker.12

The techniques reported here for the treatment of vault recur-
rences produced a 21 per cent five-year survival rate. This relatively
poor rate suggests that clinically undetectable tumor may have ex-
isted beyond the reach of the maximum local vaginal radiation ther-
apy administered. This would be expected if vault recurrence were
the result of venous or lymphatic spread rather than direct implanta-
tion into the line of resection of viable tumor cells spilled from the
uterus at hysterectomy.

When the uterus and cervix are treated by intracavitary radium
before surgery, the incidence of secondary vaginal lesions is the same
as among those treated by simple surgical methods alone, but the
lesions are more likely to recur in the lower vagina than in the
vaginal vault. This indicates that the vaginal vault and paracervical
tissues receive sufficient radiation to prevent the vault lesion but not
sufficient to destroy tumor cells in lymphatic or venous channels at
slightly greater distances from the vault. These cells subsequently
migrate toward the pelvic walls and lower vagina to produce clinically
detectable lesions. Our figures show the prognosis is better following
treatment of the lower vaginal lesions, suggesting that the intracavi-
tary radium is partially effective in preventing pelvic as well as vault
recurrence.

If these arguments are valid, irradiation of the upper vagina and
cervix with radium doses similar to those given for carcinoma of the
cervix should be administered preoperatively to the patient with
extension of endometrial adenocarcinoma to the lower uterine segment
or cervix. Irradiation thus distributed will produce a greater effect in
the lateral pelvis and lower vagina than will irradiation given from
intrauterine sources alone. When administered to patients with
cervical or lower uterine extension, this treatment should increase
the five-year survival rate while decreasing the incidence of subse-
quent vaginal involvement.
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Prophylactic postoperative radiological treatment of the vagina
has reduced the number of secondary vaginal lesions after surgical
treatment. This type of treatment may take several forms: Finn®
suggested the use of low voltage x-ray by means of the intravaginal
cone for this purpose. Postoperative screened surface radium irradia-
tion of the vaginal vault as employed by Kottmeier,!9 or of the entire
vaginal tube as recommended by Dobbie? is more popular than x-ray.
Dobbie? reported an incidence of vaginal recurrence of 10-11 per
cent in two groups, one treated by hysterectomy alone and one by
hysterectomy plus postoperative external x-ray to the pelvis; but in
a third group, receiving routine postoperative intravaginal radium
treatment instead of x-ray, the incidence decreased to 2.4 per cent.
Although the incidence of vaginal recurrence was reduced in the
group treated with intravaginal radium, the five-year survival rates
in all three groups were nearly identical.

The main disadvantage to the postoperative use of radium intra-
vaginally is the resulting stenosis, which makes the upper vagina un-
available for subsequent direct examination.

Finn,% observing no prolonged survival after irradiation of re-
current vaginal lesions, advocated radical or ultra-radical surgical
removal of these lesions if cures were to result. Routine radical surgi-
cal attack on vaginal recurrences, however, is unrealistic since the
patient with this disease is often elderly, obese, diabetic, and hyper-
tensive. Moreover, the high applicability rate, nearly complete ab-
sence of morbidity, and the excellent results obtained with local
radiation treatment reported here and by Dobbie® indicate that radio-
logical attack is the treatment of choice for the secondary vaginal
lesion. Radical surgery should be considered only if the vaginal
lesion is too large or extensive to benefit from radiation therapy and
if the patient represents a reasonable operative risk. Recently at the
University of Minnesota the interstitial implantation of radon seeds
has been increasingly favored over other methods in the treatment
of secondary vaginal lesions.

The treatment of the patient with vaginal metastasis or extension
before primary therapy is discouraging. Surgical attack short of
ultra-radical procedures gives poor results. Occasionally hysterectomy,
if the uterus is small and mobile, plus radiation treatment applied to a
solitary vaginal lesion may be indicated. Intensive intrauterine,
vaginal radium therapy and deep x-ray have produced good but
merely palliative results.

Dobbie® has reported a 30 per cent five-year survival rate among
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patients in whom secondary vaginal lesions occurred after being
clinically free of tumor three months after primary treatment. The
minimum five-year survival rate of 33 per cent reported here follow-
ing treatment of the first vaginal recurrence exceeds any previously
described.

Since two additional patients in our series are alive and without
evidence of recurrence 23 and 53 months after vaginal treatment, the
five-year survival rate may eventually reach 40 per cent. These re-
sults indicate that vaginal recurrence following treatment for adeno-
carcinoma of the endometrium need not be fatal.

The prognosis for the patient who has adenocarcinoma of the
endometrium with extension or metastasis to the vagina prior to pri-
mary treatment is poor, however. Among the small group of patients
treated here palliative therapy in the form of intensive radium radia-
tion gave the best results.

SuMMmARY

1. Of 324 consecutive patients with adenocarcinoma of the endo-
metrium treated at the University of Minnesota Hospitals between
1939 and 1953, 14.5 per cent have had secondary vaginal tumor
either when first seen or after primary treatment.

2. Among these patients the most commonly observed sign of
vaginal recurrence is vaginal bleeding.

3. Although an occasional secondary vaginal lesion may appear
many years after primary treatment, 90 per cent occur within three
and one-half years after primary therapy.

4. Secondary vaginal lesions may be found in any area of the
vagina. They may result from retrograde lymphatic or venous spread,
implantation of viable cells, or continuous growth from the endo-
metrium over the cervix to the vagina.

5. Extension of the tumor into the cervix and/or lower uterine
segment predisposes to secondary vaginal lesions. It is important
that this fact be recognized and that appropriate changes from stan-
dard therapy be applied accordingly.

6. Preoperative x-ray and intracavitary radium, either singly or in
combination, do not seem to alter the total incidence of secondary
vaginal lesions but do appear to influence their location. After treat-
ment by hysterectomy alone, secondary lesions tend to occur in the
vault, whereas following preoperative treatment with intracavitary
radium, they recur more frequently in the lower vagina.

7. The treatment of choice for the recurrent vaginal lesion is
interstitial implantation of radon seeds if the pelvic organs are not
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endangered by such treatment. Where such danger is probable,
screened surface radiation is used. If the tumor be excessively large,
preliminary x-ray treatment may be used to reduce it.

8. Treatment of the vaginal recurrence as outlined has produced a
minimum five-year survival rate of 33 per cent. Lesions discovered
more than two years after primary therapy and those in the lower
vagina seem to offer a better prognosis than do others.

9. A plan is outlined for treating the patient with adenocarcinoma
of the endometrium in whom vaginal recurrence is most likely to
develop. This treatment is designed not only to reduce the incidence
of vaginal recurrence but also to increase the five-year survival for
the whole group of patients with endometrial adenocarcinoma.
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Metabolic Effects of Radiation and Chemotherapy

On Mammary and Ascites Carcinomata*

Merle K. Loken, Ph.D.} Robert J. Salmon, M.S.§
Donn G. Mosser, M.D.{ James F. Marvin, Ph.D.?*

INTRODUCTION

The eradication of cancer, which is the ultimate goal of researchers
in this field, can only be accomplished by understanding the mecha-
nisms involved in the origin and growth of cancer cells. Information
of this nature is being sought in our laboratories using transplanted
mammary and ascites carcinomata in mice. Analyses have been made
of various organic compounds in the cells of these tumors, with
special consideration of the effect of irradiation on the nucleotides in
acid-soluble extracts from tumor homogenates. It is hoped that this
work, some of which will be considered here, will assist in a better
understanding of metabolic processes involved in malignant disease,
and of changes in these processes brought about by such agents as
radiation and chemicals, which are also being used for cancer treat-
ment.

Survival data on cancer patients subjected to radiation or chemo-
therapy for control of the disease indicate the value of these methods
of treatment. It is believed, however, that these survival figures can
be improved by continued investigation of treatment methods. Part
of our research has been devoted specifically to studying the effects
of combined administration of chemicals and radiation. Data from
these investigations, are also expected to yield basic information on
the biological phenomena associated with cancer metabolism.

I. INVESTIGATION oF THE METABOLISM OF CANCER CELLS
In studying the metabolism of malignant tumors, we have been

#This report was given at the Staff Meeting of the University of Minnesota Hospitals on
June 13, 1958.

+Support for this work has come from the Atomic Energy Commission, U.S, Public
Health Service, American Cancer Society (Minnesota Division), and the Graduate
School of the University of Minnesota.

fAssistant Professor, Division of Radiation Therapy

§Research Associate, Division of Radiation Therapy

flAssociate Professor and Director, Division of Radiation Therapy

#®Associate Professor, Division of Radiation Therapy
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concerned with the biochemical processes that lead to the uptake of
radioactive phosphorus (P32) into organic compounds of the trans-
planted mammary carcinoma and ascites carcinoma in mice. A de-
crease in the uptake of P32 into deoxyribonucleic acid (DNA) has
been observed after the administration of a dose of roentgen rays as
low as 250 r (roentgens).!> This effect gradually increases with doses
up to a maximum at about 1500 r for mammary carcinoma, resulting
in 50 per cent inhibition. Further increases in the x-ray dosage do
not result in greater inhibition of the P32 uptake. Similar inhibition
of DNA synthesis by radiation has been observed in normal regener-
ating tissues such as liver.? Beltz and associates recently reviewed
the effects of radiation on nucleic acid synthesis.*

The incorporation of P32 into other cellular components of the
mammary carcinoma, such as ribonucleic acid, phospholipids, and
phosphoproteins, does not appear to be affected by irradiation.
Furthermore, the specific activities of the P32 of complete homogenate
are not significantly different in irradiated and nonirradiated tumors.
The specific activity of the acid-soluble extract from the homogenate
of irradiated tumors, however, appears to be lower than that of a
comparable extract from nonirradiated tumors. Further evidence of
this difference has appeared from the analyses in the fractions ob-
tained by eluting the extracts from a Dowex 1 column (anion ex-
change resin) by formic acid and ammonium formate buffer. While
the patterns of the fractions obtained appeared much the same
qualitatively, certain differences became apparent when sufficient
material was available for quantitative determination of the specific
activity of the individual fractions. Some of this difference in specific
activity may have been due to phosphorus compounds which passed
through the column without the addition of the eluent. Certain
fractions eluted by formic acid showed higher specific activities in
the irradiated than in the nonirradiated samples. One interpretation
of these results is that these substances have not been utilized in the
biosynthesis taking place in irradiated tissues.

Considerable effort has been made to identify the fractions ob-
tained from the acid-soluble extracts by column chromatography,
facilitated in many cases by analyses of ultraviolet absorption spectra
and paper partition chromatography.

Materials and Methods

Inbred mice of the Z strain were inoculated with mouse mammary
carcinoma in the dorsal aspect of the right hind leg. Two to three
weeks later, when the tumors were about 1 cm. in diameter, each
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animal in one group was placed on a treatment cone shielded with
lead in such a way that only the leg bearing the tumor was irradjated
with 4500 r (dose rate 150 r per minute) while the rest of the animal
was protected.5 Animals in the control group were immobilized in a
similar cone for the same time, but were not subjected to irradiation. -
All animals both irradiated and nonirradiated were given an intra-
peritoneal injection of P32 as inorganic disodium phosphate in physio-
logical saline solution (1 microcurie per gram body weight). Each
animal was killed by cervical dislocation exactly 160 minutes after
this injection, whereupon the tumors were immediately excised and
frozen in liquid nitrogen. The irradiated tumors were homogenized,
together with four volumes of 0.6 N perchloric acid, as were the non-
irradiated tumors. After setanding half an hour in the cold tempera-
ture, the homogenates were centrifuged at 1450 g, and the residue
was washed with 0.2 N perchloric acid equal in volume to that of
the original homogenate. The original extracts, together with the
washings, were neutralized with ice-cold 5 N potassium hydroxide.

After the neutralized extract had stood in the cold for at least 30
minutes, the potassium perchlorate was centrifuged out. Aliquots of
the neutralized extracts were taken for the determination of inorganic
phosphorus,® total phosphorus,” nitrogen,8 and radioactivity. The
radioactivity was assayed by transferring 2 ml. from each fraction to
an aluminum cup which was placed over a thin end-window Geiger
tube.

The extracts from each of the irradiated and nonirradiated tumors
were then fractionated on identical Dowex 1 columns (22 cm. long
and 1 cm. in diameter) according to the method of Hurlbert and
associates.? The two columns were fed by siphons from the same
mixing flask in which the concentration of formate ions was gradually
increased. The rate of flow was adjusted in each column so that a
6 ml. fraction was collected every 25 minutes.

The radioactivity and ultraviolet absorption (260 microcuries) of
each fraction were determined, the resulting values being plotted
against the volume of eluate through the column (Fig. 1). The
fractions corresponding to eack peak were pooled, and ten samples
from each were ashed with sulfuric and nitric acids. From the
determinations of radioactivity and phosphorus content the specific
activity was calculated. (No correction was made for self-absorption
during counting, and the specific activity of each sample was re-
corded as a percentage of that of the inorganic phosphorus.)

To test the resproducibility of the method, identical extracts were

531




ABSORPTION AT 260 mn

01
ACTIVITY (counts per min.)

300 320 360 260 380

VOLUME OF ELUATE
R Se— L]

Fig. 1. Radioactivity (solid lines) and Ultra-Violet Absorption (dotted lines) of Acid-Soluble Phosphorus Compounds
of Irradiated (A) and Non-Irradiated (B) Mouse Mammary Carcinoma (L). (See Table 1 for identification of peaks)
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placed on both columns; extremely high agreement was obtained in
measurements of radioactivity and ultraviolet absorption of the var-
ious fractions collected.

Results

A. Nucleotides from Mouse Mammary Carcinoma. Results of a
study with a tumor (L) are shown in Table 1. Irradiation produced
no significant change in the relative specific activities (r.s.a.) of CMP,
DPN, AMP, GMP, and UDPGA.* The failure to obtain real differences
in r.s.a. of GMP and DPN may have been due to the small amount
of material available for analyses. The r.s.a. of the whole acid ex-
tract appears to be decreased slightly by irradiation, with the de-
crease most evident in r.s.a. of ADP, UDPAG, UDPG, GDP, CTP,
ATP, GTP and UTP.

Another mammary tumor (Aj;) gave similar results, but after
further transplantation its response to irradiation appeared to change.
Table 2 shows that after three transplantations, the r.s.a. of the total
acid soluble phosphorus was lowered by irradiation, as was the r.s.a.
ot the ADP, UDPAG, and GTP. After the fourth and fifth transplanta-
tions, the r.s.a. of the total acid soluble phosphorus was apparently
increased by irradiation, as was the r.s.a. of ADP, UDPAG, UDPG,
UDPGA, and ATP. The reason for this change in behavior after re-
peated transplantation is being investigated.

B. Nucleotides from Ehrlich Ascites Cells. Results obtained us-
ing the mammary carcinoma might be criticized on the basis that
changes observed had resulted from altered metabolism in tissue cells
other than those of the tumor itself. To check this possibility, the
procedure was repeated with Ehrlich ascites tumors. Mice of the Z
strain bearing the ascites tumors were treated with 1000 r total body
irradiation, after which they were injected intraperitoneally with P32
in physiological saline solution (30 microcuries per animal). Three
hours later as much of the ascitic fluid as possible was withdrawn
by peritoneal puncture. Cells from both irradiated and nonirradiated
groups were centrifuged and washed twice with physiological saline

#Abbreviations used:

AMP adenosine mono-phosphate GTP guanosine tri-phosphate
ADP adenosine di-phosphate HMP hexose mono-phosphate
ATP adenosine tri-phosphate IMP inosine mono-phosphate
CMP cytidine mono-phosphate UMP uridine mono-phosphate
CDP cytidine di-phosphate UDP uridine di-phosphate
CTP cytidine tri-phosphate UTP uwridine tri-phosphate

DPN diphosphopyridine nucleotide = UDPAG uridine di-phosphate acetyl-glucosamine
TPN triphosphopyridine nucleotide =~ UDPG uridine di-phosphate glucose

GMP guanosine mono-phosphate UDPGA uridine di-phosphate glucuronic acid
GDP guanosine di-phosphate
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TABLE 1
RELATIVE SPECIFIC ACTIVITIES OF AcCID-SOLUBLE PHOSPHORUS COMPOUNDS OF
IRRADIATED AND NON-IRRADIATED MoUsE MaMMARY CarciNnoMA (L.)

Non-

Total Acid-Soluble Material Irradiated Irradiated

Nitrogen to Phosphorus ratio 2.28 2.30

Relative Specific Activity (counts per minute per g P/specific activity of inorganic phosphorus) 68.36 54.6

Effluent Passed Through the Column
Nitrogen to Phosphorus ratio 7.1 7.02
Relative Specific Activity 23.9 21.56
Nitrogen as 9% of total acid-soluble Nitrogen 62.0 61.6
Phosphorus as % of total acid-soluble Phosphorus 20.0 20.2

Peak No.

Relative Specific Activity of Nucleotides Fig. 1 p Value
Cytidine monophosphate CMP 1 44.65 45.37 .164
Diphosphopyridine nucleotide DPN II 43.2 49.6 .253
Adenosine monophosphate AMP 11 75.7 63.8 132
Unidentified compound v 92.7 95.1 498
Guanosine monophosphate GMP v 74.1 63.6 .2186
Hexose monophosphate HMP VI 82.8 57.3
Adenosine diphosphate ADP X1 93.5 82.5 <.001
Uridine diphosphate acetylglucosamine UDPAG XIII 108.5 86.4 .008
Uridine diphosphate glucose UDPG X1v 110.9 84.0 .002
Guanosine diphosphate GDP XV 96.9 67.8 <.001
Cytidine triphosphate CTP XVi 99.6 69.3 <.001
Uridine diphosphate glucuronic acid UDPGA XVII 100.5 80.3 438
Adenosine triphosphate ATP XVII 90.6 73.7 < .001
Guanosine triphosphate GTP XIX 98.9 78.1 .005
Uridine triphosphate uTP XX 100.9 79.2 - .004
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TABLE 2

RELATIVE SPECIFIC ACTIVITIES OF ACID-SOLUBLE PHOSPHORUS COMPONDS OF IRRADIATED AND
NON-IRRADIATED MOUSE MAMMARY CARCINOMATA (A;, A and As)

Tumor As* Tumor A, Tumor As
Non- Non- Non-

Total Acid-Soluble Material Irradiated Irradiated Irradiated Irradiated Irradiated Irradiated

Nitrogen to Phosphorus ratio 1.65 1.45 1.98 2.11 — —

Relative Specific Activity 76.3 67.2 63.3 73.6 67.7 72.3

Effluent Passed Through Column
Nitrogen to phosphorus ratio 6.9 6.5 9.17 9.56 6.97 6.70
Relative Specific Activity 34.9 31.4 311 31.9 23.5 25.2
Nitrogen as % of acid-soluble nitrogen 25.6 26.7 68.2 66.5 — —
Phosphorus as % of acid-soluble phosphorus 6.16 5.95 14.7 147 11.3 12.8

Total Nitrogen on the column 24.4mg. 23.3 mg. 16.7 mg. 12.0 mg. — —

Total Phosphorus on the column 7.5mg. 8.9mg. 23.2 mg. 19.3 mg. 14.6 14.4

Relative Specific Activities P Value P Value
Cytidine monophosphate — — 74.4 61.3 146 57.3 58.0 558
Diphosphopyridine nucleotide 25.6 30.2 55.3 49.1 .031 40.9 65.6 <.001
Adenosine monophosphate 49.8 38.5 57.2 61.8 044 39.6 52.5 <.001
Guanosine monophosphate — —_ —_ —_ 59.4 59.9 507
Hexose monophosphate — — — — 65.6 74.3 .008
Adenosine diphosphate 81.1 70.8 64.1 78.8 < .001 66.8 93.6 <.001
Uridine diphosphate acetylglucosamine 79.3 59.2 54.8 82.0 ¢.001 109.1 114.5 .290
Uridine diphosphate glucose 106.8 108.9 70.4 104.7 < .001 109.0 116.8 0.82
Guanosine diphosphate —_ — — — 111.9 89.2 <.001
Cytidine triphosphate — —_— — — 95.7 98.0 555
Uridine diphosphate glucuronic acid — — 79.2 121.0 < .001 63.4 93.9 <001
Adenosine triphosphate —_ — 72.3 87.8 < .001 93.5 114.53 ¢.001
Guanosine triphosphate 86.7 79.5 — — — —

#Unfortunately during the fractionation of extracts of tumor A, a failure in the gradient elution system caused poor resolution of some of the
O that sufficient analytical data were not obtained for statistical evaluation.
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solution. Five ml. of packed cells from each of the groups were then
homogenized with 20 ml. of ice-cold 0.6 N perchloric acid, after which
the homogenates were handled exactly as described earlier for the
mammary carcinoma. The pattern of the elution curve obtained, while
similar, is distinct from that found with mammary carcinoma (Fig. 2).
While the same phosphorus compounds are present, they occur in
very different proportions: The adenosine nucleotides and CDP are
more prominent, while UDPAG is barely detectable. Table 3 shows
that the r.s.a. of the total acid-soluble phosphorus was increased by
irradiation. Similarly, the r.s.a. of GMP, CDP, and UDPG was in-
creased by the irradiation, while that of HMP, IMP, ADP, and ATP
was reduced.

TABLE 3
RELATIVE SPECIFIC ACTIVITIES OF AcCID-SOLUBLE PHospHORUs COMPOUNDS
Or EnrLicH AsciTEs CELLS FROM IRRADIATED AND
NoN-IRRADIATED MiIcE

Non-

Total Acid-Soluble Material Irradiated Irradiated
Nitrogen to phosphorus ratio 2.08 1.87
Relative Specific Activity 80.5 85.0
Effluent Passed Through Column
Nitrogen to phosphorus ratio 4.04 5.58
Relative Specific Activity 17.7 17.3
Nitrogen as 9% of acid-soluble nitrogen 37.1 39.8
Phosphorus as %, of acid-soluble phosphorus 19.1 13.4
Non- Change Relative to
Relative Specific Activities Irradiated Irradiated  Non-Irradiation®
Pentose nucleic acid 71.4 73.6
Deoxyribonucleic acid 61.9 17.4
Total alcohol soluble lipids 62.5 50.7
Phospholipids (Bloor’s extract) 78.7 80.0
Total
Amt.
Phosphorus Compound D from effluent 58.4 35.6 —39%
First peak from Dowex 1 77.2 59.5 —22.9 —15.4
Cytidine monophosphate 87.6 82.8 — 5.5 +31.6
Diphosphopyridine nucleotide 58.4 57.3 — 1.9 +23.5
Adenosine monophosphate 149.8 154.0 + 2.8 +34.7
Guanosine monophosphate 78.4 95.6 +21.8 +31.5
Hexose monophosphate 82.0 54.1 —35.3
Inosine monophosphate(?) 59.2 47.8 —18.9
Triphosphopyridine nucleotide(?) 55.4 —
Cytidine diphosphate(?) 105.9 129.5 +23.0 +4-89.5
Adenosine diphosphate 1334 100.0 —25.4 —353.5
Uridine diphosphate glucose 95.6 101.5 + 6.2 —44.5
Adenosine triphosphate 109.1 93.8 — 4.9 —71.2
Guanosine triphosphate 108.5 — + 83
Uridine triphosphate 64.9 — —31.2

® | indicates increase
—indicates decrease
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Irradiation appears to bring about an increase in the amount of
CDP, GMP, CMP and DPN and a decrease in the amount of ADP,
ATP, UDPG, and UTP.
~ C. Non-ionized Phosphorus Compounds. Early in this work it
became apparent that a considerable fraction of the organic phos-
phorus of the acid-soluble extracts was not retained by the Dowex
1 resin. The proportion of the total that was not accounted for by
the above separation varied from experiment to experiment (from
10 per cent to 25 per cent), depending on the thoroughness with
which the columns were washed prior to the elution of the fractions
by formic acid. Hence, a standard method was adopted in which one
bed volume of water was passed through the column before fractions
were collected. The efluent (pH 4.5) which passed through with
this washing was collected and put on a long column of Dowex 50
(cation exchange resin, 30 cm. by 1 cm. diameter). By being washed
slowly with distilled water, the radioactive material was divided into
four major fractions, which were studied by paper chromatography.
A summary of the results of chromatography using five different sol-
vents on the third of these fractions is shown in Figure 3. Each
chromatogram was run in duplicate; after drying, one of the dupli-

cates was inspected with ultraviolet light and any absorbing areas

were outlined. The areas containing amino nitrogen were then identi-
fied by the ninhydrin reaction, and the localization of P32 was deter-
mined from radioautograms. The second chromatogram of each pair
was examined for phosphorus compounds by the method of Hanes.14

The fraction that passed most freely through both anion and
cation columns contained one phosphorus compound in addition to
many amino acids. The second fraction to pass through the Dowex
50 contained a phosphorus compound which did not give a ninhydrin
reaction, but did give a positive Fiske-Subbarow reaction on paper.
The third fraction contained the major portion of radioactivity and
gave a positive ninhydrin spot with an Rf value corresponding to that
of O-phosphoethanolamine in four of the five solvents. A second
phosphorus compound was also present. This material yielded a pink
color with ninhydrin and moved slightly faster than phosphoethanol-
amine on the paper chromatograms, but did not separate completely.
The fourth fraction to be washed through the Dowex 50 column was
also highly radioactive; the phosphorus compound in this fraction did
show absorbed ultraviolet light (260 microcuries), but it was too
stable to give a Fiske-Subbarow reaction on the paper, and did not
give a ninhydrin reaction.
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Discussion

In the experiments here reported, the time interval allowed for the
reaction of the injected P32 after the irradiation was deliberately kept
, constant. It has been shown that the distribution of P32 among the
b different phosphorus compounds varies greatly with time,5:16.17 and
that in normal animals, there is a diurnal variation, which differs with
different organs, in the rate of uptake of P32,

It has also been shown that the uptake of P32 into DNA is only
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inhibited by ionizing radiation during a certain period of the inter-
phase of the mitotic cycle of the cell. If the mitotic cycle of all the
cells can be synchronized and the irradiation timed to coincide with
the sensitive period, the uptake of P32 can be cut down almost 100
per cent. Thus, the failure to get more than a 50 per cent reduction
in the uptake of P32 can well be due to the complete randomization
of the mitotic cycle of the tumor cells. To minimize these compli-
cations, our experiments were performed on a uniform time schedule
and always in the morning.

It should be pointed out the results of the experiments with ascites
carcinoma may not be exactly comparable to those with mammary
carcinoma, since the latter neoplasm received only local irradiation,
whereas in the former, the total body of the host was irradiated.
Moreover, some of the results observed in ascites cell preparation
may have been due to the effect of irradiation on leukocytes present
in the samples.”

The nature of the phosphorus compounds that are not retained
by either anion or cation columns is an intriguing subject. At first
the most plentiful of these was thought to be O-phosphoethanolamine,
but the behavior of this compound in one of the five solvents used for
chromatography has made this doubtful. In view of the recent report
of the isolation by several Japanese investigators!® of a new phospho-
lipid, “Malignolipin,” from four types of human cancer, it may be
that these phosphorus compounds which were not retained on the
columns are breakdown products of such a phospholipid. Moreover,
the peculiar affinity of this lipid for Porphyrin III may have some
bearing on the effect of hematoporphyrin on the radiosensitivity of
biological systems, as will be considered in the second part of this
report.

Summary

1. The phosphorus compounds in the acid-soluble extracts of
mouse mammary and Ehrlich ascites carcinomata rendered radio-
active by the injection of P32 into the host have been fractionated.

2. Irradiation of the mammary carcinoma usually causes re-
duction in the relative specific activity of the polyphosphonucleotides
but not of the monophosphonucleotides.

3. After repeated transplantation of mammary carcinoma in inbred
mice of Z strain, it appears that irradiation no longer reduces the rela-
¢In order to eliminate possible effects of normal cells present in both mammary and
ascites carcinoma preparations, we are presently investigating the uptake of P into

HeLa cells in culture. This study is being carried out in cooperation with Dr. Leroy
McLaren of the Department of Bacteriology.
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tive specific activity of some phosphorus compounds but, rather, in-
creases them.

4. In Ehrlich ascites tumors, total body irradiation of the host
was observed to increase the total amount of CDP, GMP, CMP, and
DPN, but to reduce the amount of ADP, ATP, UDP, and UTP. The
relative specific activity of the total acid-soluble extract, as well as of
GMP and CDP, was increased by total body irradiation.

5. Several phosphorus compounds that have been isolated are
retained on neither anion nor cation resin columns. These appear to
be closely related to the phospholipid recently isolated from human
malignant neoplasms.

II. InvESTIGATION OF COMBINED CHEMICAL AND RADIATION
THERAPY IN TREATMENT OF CANCER

During the past four years, several departments at the University
of Minnesota Hospitals have been seeking to learn how chemicals
modify the effects of x-rays on various biological systems. Particular
emphasis has been given to the study of porphyrins® as chemical
modifiers when used in conjunction with ionizing radiations for cancer
treatment.19.20,21,22  Interest in porphyrins has stemmed primarily
from the observation that regressions in the size of transplanted
mouse mammary carcinoma were more pronounced when tumors
were treated with radiation after the host animals were inoculated
with a crude hematoporphyrin, than when tumors were treated with
radiation alone.’®

The compounds in addition to the porphyrins that have been used
in our experiments include: folic acid analogues, sulfhydryl com-
pounds, cortisone, sodium cyanide, dichlorovinyl cysteine, and etha-
nolamine phosphate.

Mice bearing tumors were treated in various ways with these
chemicals (selected on the basis of their carcinostatic, antimetabolic,
or radiation-protective properties) and with radiation therapy, in
order to determine the optional dose levels and time relationship of
administration of these agents. In some instances, tumors treated by
combined therapy regressed faster and remained at a smaller or non-
palpable dimension for longer periods, thus definitely increasing the
life span of tumor-bearing animals.

One reason for combining chemical therapy with radiation therapy
is an attempt to increase the “therapeutic ratio,” i.e., the ratio of the

#*This work with porphyrins has been directed by Dr. Samuel Schwartz, Department of
Medicine.
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radiosensitivity of tumor tissue relative to surrounding normal tissue.
If the therapeutic ratio could be increased by this means, it would
be possible to deliver a cancerocidal dose with minimal damage to
normal tissues. This may be accomplished either by sensitizing the
tumor to the effects of x-rays or by preferentially protecting normal
tissues.

A second reason for expecting synergistic action of chemicals and
radiation in treatment of malignant tumors is evidence that alternate
metabolic pathways may exist in cells, so that blocking one path by
administration of a particular chemical or by radiation therapy may
not produce the desired response. However, if a major pathway
and alternates as well are blocked, one might achieve a specific result,
such as inhibition of nucleic acid synthesis in tumors.

To determine whether or not the chemicals used are capable of
altering the therapeutic ratio, their effects on the radiosensitivity of
other biological systems have been studied. Observations have been
made on the effects of porphyrins, sulfhydryl compounds, sodium
cyanide, and dichlorovinyl cystine on the radjosensitivity of normal
mice. Similar experiments have been conducted using proteolytic
enzymes, cells in culture, and the bacteria, E. Coli20.23

Materials and Methods

Mice of Z or ZBC stock, weighing from 15 to 20 Gm. were used
in most of these studies. Male mice were used when available be-
cause of reported variations in the radiosensitivity of females, de-
pending upon their phase of estrus.2¢ But since so many mice (more
than six thousand) were involved in these studies, it was necessary to
utilize females in some instances.

Prior to its use as a modifier of the effects of radiation on mice,
each compound was studied for toxic effects. The compounds were
then employed in amounts well below their lethal ranges to eliminate
deaths due solely to their injection. In some experiments, a total
dosage exceeding the lethal dose for a single injection was adminis-
tered by fractionating the amount over several days or weeks.

Irradiations were performed with a G. E. Maximar 220 X-ray
machine. For studies involving total body irradiation of mice, the
machine was operated at 220 KVP and 15 MA with a filter of % mm.
copper and 1 mm. aluminum (HVL - 0.95 mm. copper), and a focal-
skin distance of 60 cm. Under these conditions, the output was 48
r per minute, as measured with a Victoreen r-meter. Full backscatter
was achieved by supporting the treatment chambers with at least
10 em. of presdwood. During irradiation, the mice were placed in
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a lucite box similar to the unit described by Ellinger,? and the
average skin dose to the mice was 68 r per minute. The irradiation
of mice bearing transplanted ascites or mammary tumors was carried
out as described in the preceding section.

Experimental Results

1. Porphyrins

Although other porphyrins and metal complexes of these porphy-
rins have also been tested, hematoporphyrin has been the compound
of principal interest. Studies made by Dr. S. Schwartz of the Depart-
ment of Medicine, and by chemists of General Mills Research Labora-
tory and of Merck and Company, have shown that the hemato-
porphyrin prepared in their laboratories, as well as all other commer-
cially available hematoporphyrin, is a mixture of several different
porphyrins which vary greatly in their propensity for localizing in
tumor tissues. At present we are attempting to measure the localiza-
tion of various porphyrins in tumors and other tissues by methods
employing radioactive metalloporphyrins or porphyrins labeled with
radioactive carbon (C14).

The purest hematoporphyrin fractions thus far available appear to
localize poorly, and within one to two days after injection show but
little red fluorescence in the transplanted mouse mammary carcinoma.
Following administration of some of the minor porphyrin contami-
nants, on the other hand, considerable fluorescence persists in the
tumor for a week or more. Furthermore, different preparations vary
considerably in their toxic effects; many of these toxic manifestations
in mice can be partially eliminated by administration of proto-
porphyrin.22

The radiosensitivity of transplanted mammary carcinoma in mice
injected with hematoporphyrin has been found to vary depending on
the source and relative purity of the material used. More comprehen-
sive studies by Schwartz of mice bearing mammary or ascites carci-
noma treated with porphyrin fractions prepared in his laboratories
have shown similar results.26 Other factors that appear to determine
whether prior administration of porphyrins increases or decreases the
radiation response of tumors are: the dose levels of the porphyrin and
radiation, and the time intervals between their administration, and the
sequence of their administration.20,2

The dose of hematoporphyrin (Mann Chemical Company) has
also been shown to be an important factor in the effect of x-rays on
enzymes,2%?1 paramecia, 2926 and normal mice. Table 4 summarizes
results in mice exposed to 450 r of total body roentgen irradiation
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three hours after receiving an intraperitoneal injection of 0.5 ml
containing 5, 1, or 0.1 mg. of hematoporphyrin. Animals inoculated
with isotonic saline solution served as controls. Only 30 per cent of
those receiving 5 mg. died within a 30-day period, whereas an average
of 87 per cent of the mice treated with 1 or 0.1 mg. died in the same
period. On the other hand, mice treated with saline solution followed
by 450 r showed a 65 per cent 30-day mortality, i.e., midway between
the porphvrin treated groups. Changing the time intervals between
porphyrin inoculation and subsequent irradiation to more or less
than three hours did not produce these large differences between por-
phyrin treated groups, or between these and control groups.

TABLE 4

MorTALITY AMONG ZBC MICE INJECTED INTRAPERITONEALLY
Turee Hours BErFore Exposure To ToraL Bopy
X-IRrADIATION (450 r)

Number of Injection % Mortality =+ 8.D.
Animals (30 days)
60 5 mg. Hp 30 11
50 1 mg. Hp 92 7
20 0.1 mg. Hp 75 15
120 Saline 65 9

Other studies have shown that any protection or potentiation of
the effects of total body irradiation can only be demonstrated with
doses of radiation near the L.D 50/30 (50 per cent lethal dose in 30
days) for the control mice. At doses near the LD100/30 for control
mice (550 r), and for doses as high as 850 r, there is no difference
in mortality rate between the animals treated with porphyrin and
those treated with saline solution.2?

Postirradiation injections of hematoporphyrin appear to enhance
the lethal effects of x-rays. This is most pronounced for the 5 mg.
dose, which was shown to protect when given three hours before
irradiation.20

2. Sulfhydryl Compounds

Sulthydryl compounds have been shown to be potent protective
agents of a wide variety of biological systems if administred prior to
irradiation.?%28 We have confirmed these results by exposing groups
of mice from our colony to total body irradiation 30 minutes after an
intraperitoneal injection of equimolar amounts of cysteine, glutathione,

or cysteamine. Results of studies in which mice were exposed to
either 450 r or 550 r are shown in Table 5.
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TABLE 5

MorraLiTy AND WEIGHT CHANGES IN ZBC MicE
INyECTED INTRAPERITONEALLY 30 MINUTES PRIOR TO TOTAL
Bopy X-IRRADIATION

—~———450 roentger

550 roentgens—-——

A} [

Ave. % Ave. %

% Weight % Weight

No. of  Mor- Change No. of Mor- Change

Injection Animals  tality (15 days) Animals  tality (15 days)
15 mg. Cysteine 30 13 + 4 30 85 — 14
86 mg. Glutathione 20 10 — 2 20 75 — 18
11.5 mg. Cysteamine 30 7 4 8 30 15 + 2
Saline 30 70 — 18 30 100 —

These compounds were also found to protect tumors from radiation
effects, for animals treated with them prior to irradiation of their tum-
ors did not survive nearly as long as did animals treated with radiation
alone (Fig. 4). The treatment was divided into 3 parts, indicated by
SURVIVAL OF TUMOR BEARING

MICE AFTER TREATMENT WITH
SH COMPOUNDS AND /OR X-RAYS

EFFECT OF THE SH COMPOUNDS (CYST-
EAMINE & CYSTEINE)  ON GROWTH OF
MAMMARY CARCINOMA IN ZBCO+ MICE

(8 mice / GROUP)
L - X-Rays + cysteine or
* Cysteine 100]== _\ - ‘ -‘\_ T 7 Tsdine T
Y 1 \ X-Rays + cysteamine
8ol \
a0} o
74
(o]
s
; sor Cysteamine
o} 3
3¢
XRoys + Cysteaming 40
— -
L7
20F .
’ . 20 Cysteine
X-Rays +cysteine \
\
\
10 ry > i Py L i A L 1 1 -
) 4 8 12 28 3 o 4 8 12 1§ 20 24 28 32
A 4 x- Rays + saline. ’ t
|« = == = — = —Pgpable tumor—~ —- - -
size DAYS
o]

Fig. 4
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arrows on the time scale. Each treatment consisted of an intraperito-
neal injection of isotonic saline or 0.25 mole of a sulfhydrye compound
30 minutes prior to 1500 r of x-rays to the tumor. The average tumor
sizes in mice receiving the sulthydryl compounds increased more
rapidly after x-ray treatment than did sizes of comparable tumors in
mice inoculated with saline solution.

It was of interest to learn whether or not the combined adminis-
tration of a sulfhydryl compound and hematoporphyrin might affect
the radiosensitivity of biological systems. If the modes of action of
these compounds were related in such a way that their combined
administration could enhance the therapeutic ratio, one might then
use them effectively in cancer treatments. Table 6 shows results of
intraperitoneal administration of hematoporphyrin (Mann Chemical
Company )and cysteine or cysteamine to groups of mice prior to total
body irradiation (450 r). The porphyrin was injected three hours
before, and the sulfhydryl compound one-half hour before, x-ray ex-
posure. The action of the sulfhydryl compounds increased the pro-
tection normally afforded by 5 mg. of hematoporphyrin, whereas it
was antagonistic to the action of 1 mg. of the porphyrin.

We have also investigated the effect of cysteine on the incorpor-
ation of P32 into components of tumor cells in vivo. Our studies have
failed to show that cysteine produces any changes in P32 uptake into
either irradiated or nonirradiated tumors.

Recently we have become interested in another sulfhydryl com-
pound, dichlorovinylcysteine. This compound, thought to be the

TABLE 6
MorraLITY AND WEIGHT CHANGES IN ZBC Mice INJECTED
INTRAPERITONEALLY WITH HEMATOPORPHYRIN (HP) 3 HoURs BEFORE AND
SuLrFuYDRYL CoMPOUNDs 30 MnuTEs BEFORE Torar, Bopy X-IRRADIATION

(450 r)
Number of % Mortailty Avg. 9% Weight
Injection Animals (30 days) Change (15 days)
1 mg. Hp 20 75 — 10
1 mg. Hp plus
7.5 mg. Cysteine 20 75 — 5
1 mg. Hp plus
15 mg. Cysteine 20 30 + 5
§ mg. Hp plus
15 mg. Cysteine 10 20 4+ 2
5 mg. Hp plus
11.5 mg. Cysteamine 10 10 — 4
Saline 20 60 — 15
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toxic factor in soy bean meal, has been shown by McKinney and
associates?® to induce aplastic anemia in cattle, similar to that caused
by radiation. These findings have been confirmed by Schultze, who
has reported in addition that this material is much more toxic to
cattle than to rats when administered on the basis of weight.3® We
have found that mice can readily tolerate an intraperitoneal injection
of 25 mg/kg of body weight, and that one-fifth of this amount is
capable of affording considerable protection from total body x-
irradiation. In other experiments, we have found that 5mg/kg of
body weight is capable of inhibiting the growth of ascites carcinoma
but not of mammary carcinoma. Further investigations with this
compound are currently in progress.

3. Folic Acid Analogues®

Results of many of our studies have indicated that the folic acid
antagonists used in conjunction with x-ray therapy for treatment of
malignant tumors in mice provide a better control of tumor growth
than is possible with either agent alone. Studjes in our laboratories
involving the effect of folic acid analogues on ascites tumors have
been reported recently by Kim.51

Since the development of the first folic acid antagonist by the
Lederle group®? for use by Farber and associates?? in clinical in-
vestigations of acute leukemia in childhood, many investigators have
sought to use these 4-amino derivatives in treatment of various forms
of cancer. Higgins and Woods3¢ reported that aminopterin restricted
the growth of transplanted mammary tumor in mice during the period
of its administration. Several investigators have studied the effect of
aminopterin on the growth of sarcoma-180 in mice%80 and have
shown that partial inhibition of tumor growth is possible through
simultaneous administration of folic acid. Taylor and Carmichael3?
have shown that this analogue causes preferential inhibition of mouse
mammary tumor in embryonated eggs. Sugiura and associates3:39
found that folic acid analogues inhibited the growth of melanoma
and mammary and ascites carcinomata in mice.

No extensive investigation has been made of the use of folic acid
analogues as an adjunct to radiation therapy in cancer treatment.
Thomas?0 recently reported good results when using aminopterin and
radiation therapy in the treatment of a cancer patient. However, his
results in limited trials on tumors in mice were very discouraging be-
cause of the high mortality among treated animals.

Inasmuch as the folic acid analogues and ionizing radiations have

*We are indebted to Lederle Laboratories for supplying these compounds.
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similarities in their effects on biological structures, we felt it worth-
while to explore their possible synergistic action in carcinostasis. Such
synergistic action, possibly related to the inhibition of major and
alternate metabolic pathways, might eliminate the refractoriness
known to develop in tumors after repeated treatment with either agent
alone.

The effect of folic acid antagonists is to inhibit transmethylation,
which provides a block in the synthesis of purine bases and nucleic
acids. Ionizing radiations also interfere with the synthesis of nucleic
acid. The sites of action of these agents have not yet been clearly
demonstrated, but several metabolic steps in the synthesis of nucleic
acid appear to be involved.

The results in Table 7 indicate that each of the analogues admin-
istered 30 minutes prior to exposure of 450 r appeared to potentiate
the effect of the radiation (total body). Aminopterin, the most effec-
tive, is also the most toxic of the group. At 550 r (total body), a dose
at which hematoporphyrin was ineffective, each of the analogues
again provided a slight potentiation of the radiation effect—potentia-
tion in terms of the 50 per cent survival time, since all animals suc-
cumb to this treatment.

TABLE 7

MoRTALITY IN Z MICE INJECTED INTRAPERITONEALLY
30 MinuTtes Prior To ToraL Bobpy X-IRRADIATION

450 r 550 r
! % Days?l)r - Days Q’
o No. of  Mortality 50% No. of 509,
Injection Animals (30 days) Mortality Animals  Mortality
250 4g. Aminopterin 20 100 7 20 6
250 ,g. Aminoteropterin 20 70 9 20 8
250 8. Methotrexate 20 70 12 20 10
250 4g. An-Fol-A 20 70 12 20 7
Saline 20 60 15 20 12

The response of mammary tumors to radiation therapy 30 minutes
after injection of analogues is shown in Figure 5. The treatment was
divided into three parts, indicated by the arrows on the time scale,
each treatment consisting of an intraperitoneal injection of 250 micro-
grams of the analogue and 1500 r to the tumor. As this figure indi-
cates, tumor growth was definitely inhibited by the combined therapy.

The effect of chemical treatment combining hematoporphyrin
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SURVIVAL OF TUMOR BEARING
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(Mann Chemical Company) and aminopterin on the radiosensitivity
of mice exposed to total body irradiation was also studied. One milli-
gram of hematoporphyrin was given two hours before, and 250
micrograms of the analogue 30 minutes before, exposure to 450 r.
The rate of 30-day survival of this group was no different from
that of a group treated with the analogue and radiation. Under the
conditions of the study, no synergistic action of these two compounds
was found.

Preliminary studies have been carried out on the effect of folic
acid analogues administered prior to tumor irradiation on the uptake
of P32. Thus far we have not been able to demonstrate any signifi-
cant differences between groups so treated and groups receiving an
injection of saline solution prior to tumor irradiation.

4. Sodium Cyanide

Cyanide is believed to protect in vivo systems from the effects of
ionizing radiations by creating tissue anoxia through interference
with the function of cytochrome oxidase. Large doses of hematopor-
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phyrin administered to mice have been shown to be protective, and it
has been postulated that the mechanism of action is similar to that
of cyanide.20

As a test of this postulate, several experiments have been con-
ducted in which sodium cyanide or a combination of sodium cyanide
and hematoporphyrin (Mann Chemical Company) was administered
to ABC mice weighing 30 Gm. before and after a total body ex-
posure to either 450 or 550 r. Table 8 shows the results of a study
in which 0.025 mg. of sodium cyanide was injected intraperitoneally
30 minutes after preparation of the solution. These data indicate
that distinct protection is afforded by cyanide when administered
prior to exposure, particularly in the case of the 450 r dose. This
protection is enhanced by the addition of 5 mg. of hematoporphyrin.
When both compounds were administered (porphyrin at three hours
and cvanide at one-half hour before x-ray exposure) no deaths re-
sulted. Under these conditions, the two effects are synergistic. When
1 mg. of hematoporphyrin was given with cyanide, it was apparent
that at this concentration of porphyrin the actions are not additive.
These observations agree with the observation discussed earlier, i.e.,
that the ultimate survival of mice exposed to combined hematopor-
phyrin and x-ray treatment depends upon the dose of porphyrin ad-
ministered.

Also of interest in this table is the 50 per cent difference in mor-
tality observed for mice receiving cyanide before and after 550 r.
Inasmuch as the group receiving saline solution and 550 r have a

TABLE 8

MorTaLiTy AMONG ABC MicE INJECTED INTRAPERITONEALLY BEFORE OR
AFTER ToraL Bopy X-IRRADIATION

Y%
Time of Dose of No. of Mortality
Injection Injection Radiation Animals (30 days)
NaCN 30 min. before 450 r 30 7
NaCN 30 min. after 450 r 30 33
5 mg, Hp 3 hours before 450 r 10 0
plus NaCN 30 min. after
1 mg. Hp 3 hours before 450 r 10 50
plus NaCN 30 min. after
Saline 30 min. before 450 r 30 53
NaCN 30 min. before 550 r 10 40
NaCN 30 min. after 550 r 10 20
Saline 30 min. before 550 r 10 70
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mortality of 70 per cent, which lies almost midway between the mor-
talities exhibited by the cyanide groups, it appears that cyanide ad-
ministered prior to 550 r total body irradiation is protective, whereas
if administered after irradiation it renders the animals more radio-
sensitive. This is comparable to the effect of administering 5 mg. of
hematoporphyrin in similar circumstances.

Attempts to show differences in the uptake of P32 into various
organic compounds of the tumor cells treated with cyanide and
radiation, or radiation alone, have been inconclusive.

Discussion and Summary

Any chemical, used alone or in conjunction with radiation therapy,
which can be demonstrated to have a profound adverse effect on
tumor metabolism with little effect on normal tissues would be of
real potential value in combination therapy. Its presence in the tumor
might permit the use of smaller doses of ionizing radiations, provided
the compound were taken up by viable and actively growing tumor
cells and not limited to necrotic tumor or pus.

A study has been made of the merit of combined chemical and
radiation therapy in cancer treatment. It is evident from these re-
sults that many factors must be considered in evaluating a particular
type of treatment. The effects of varying the doses of the chemicals
and radiation, and of the changing time interval between their ad-
ministration require further investigation.

Results of our studies with hematoporphyrin indicate that its
effect on the radiosensitivity of biological systems (including tumor
tissue) depends upon: (1) the dose of the compound administered,
(2) the dose of radiation used, (3) the time interval between their
administration, and (4) the sequence of their administration. It is
thought that the radiation protection afforded mice by 5 mg. of
this porphyrin may be due to the creation of a hypoxic state in the
animals. The synergistic action of 5 mg. of hematoporphyrin and
sodium cyanide supports the theory that both compounds inhibit
the functioning of respiratory enzymes. The mechanism by which
1.0 and 0.1 mg. doses of this porphyrin potentiate the effects of
radiation is not clear, but it may be that these smaller doses stimulate
respiration and thus render the animals more radiosensitive. This
phenomenon of diametrically opposed effects of different concentra-
tions of hematoporphyrin on other biological systems has been re-
ported by others.4!

Sulfhydryl compounds are known to provide considerable pro-
tection of mice exposed to total body irradiation. Whether these
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materials protect tumors from radiation effects is not conclusively
known, but definite evidence of tumor protection has been found.
Antagonistic or synergistic action of the sulfhydryl compounds and
hematoporphyrin was found to depend upon the amount of hema-
toporphyin used.

We have shown that the combined use of folic acid analogues and
x-ray therapy provides better control of cancer growth than is possible
with either agent alone. Tumors were found to regress faster with
this combined treatment and remained at a smaller or nonpalpable
dimension for a longer period. This treatment was also capable of
increasing the survival time of tumor-bearing animals, On the other
hand, mice treated with folic acid analogues plus total body irradia-
tion exhibited a higher mortality than did comparable mice treated
with irradiation alone.

It is interesting to compare the findings in folic acid analogue and
sulfhydryl compound experiments. The sulfhydryl compounds afford-
ed protection from the otherwise lethal effects of radiation and pro-
tected tumors in like manner. The analogues potentiated the lethal
effects ‘of x-rays, and likewise enhanced the radiation effect on
tumors. Under the conditions of these studies, neither the sulfhydryl
compounds nor analogues appear to alter the therapeutic ratio signifi-
cantly. However, the analogues do potentiate the effects of x-rays
on tumors and therefore they may have therapeutic value provided
that normal tissues can be protected by other means. This finding
appears particularly important in view of the longer survival of the
animals treated with analogues.
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Editorals

A Glance Backward and Forward

Editor’s note: The following editorial was written by Dr. Harold S.
Diehl, who retires on June 30, 1958, after 23 years as Dean of the
University of Minnesota College of Medical Sciences. The faculty,
alumni, and members of the Minnesota Medical Foundation wish him
success and happinesss in his role as Senior Vice President for Re-
search and Medical Affairs and Deputy Executive Vice President of
the American Cancer Society.

It is with real antici- e
pation that I accept Dr.
Gault’s invitation to pre-
sent a few editorial com-
ments in this final issue
for the year 1957-58 of
the UNIVERSITY OF
MINNESOTA MEDICAL
BULLETIN.

Glancing backwards: I
remember vividly the be-
ginning of the Minnesota
Medical Foundation. The
concept of such an organ-
ization grew out of the
intimate and effective co-
operation between the
faculty and the alumni of
the Medical School in the
development of the splen- Harold S. Diehl
did program held in rec-
ognition of the fiftieth anniversary of the Medical School. Following
this event, several alumni and faculty members suggested that con-
tinuing cooperation between the alumni and the faculty of the School
should be mutually rewarding and of real value in the future develop-
ment of the School.

Pursuant to these suggestions, I invited some one hundred
alumni to meet at the University to discuss the possibility of an
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organization of alumni and other friends of the Medical School to
keep in close touch with the activities and the needs of the School
and to give support in selected areas of special interest and import-
ance. Acceptances of this invitation were almost unanimous; and after
the thorough discussion at the meeting, I was authorized to appoint
a committee to formulate a plan of organization and a program of
activities. The result was the Minnesota Medical Foundation, which
Dr. Erling Platou and Dr. Maurice Visscher served as President and
Secretary-Treasurer, respectively, during the injtially important, form-
ative years.

Over the intervening years, which now total almost two decades,
the contributions of the Minnesota Medical Foundation to the progress
of our Medical School have been many. Prominent among these I
might mention especially its role in initiating the Mayo Memorial
Fund Drive activities, the expanding scholarship program which has
been of great help to our medical students, the support that it has
provided for the new expansion of the underground research facili-
ties, and the responsibility it has assumed in publication of the
BULLETIN—the means by which alumni and friends of the Medical
School are kept informed of activities here. To me the increasing
strength of this organization has been a matter of great personal
gratification; and as I relinquish the position of Dean, I do so with
a feeling of very real assurance that this splendid organization will
help to underwrite to the continuing strength and development of
the Medical School that means so much to us all.

—H. S. Diehl, M.D.
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The New Dean

The Board of Regents of
the University of Minnesota
has announced the appoint-
ment as of July 1, 1958, of
an alumnus, Dr. Robert B.
Howard, as Dean of the
College of Medical Sciences
to succeed Dr. Harold S.
Diehl.

Born and reared in St.
Paul, Minn., Dr. Howard de-
veloped an interest in medi-
cal science at an early age.
He was educated in the St.
Paul public school system
and was graduated from
Central High School. He
was elected to Phi Beta
Kappa at the University of

Minnesota, graduating mag-
Robert B. Howard na cum laude in June, 1942,
He received his M.D. de-
gree from the University of Minnesota Medical School in 1944 and
began his postgraduate medical education as an intern in the Depart-
ment of Internal Medicine at the University of Minnesota Hospitals.
With a major in Medicine and minors in Pathology and Hemotology,
he prepared a thesis entitled “Studies on the Metabolism of Iron,”
and earned a Doctor of Philosophy degree in June, 1952.

Dr. Howard has had a variety of assignments and has demon-
strated many abilities during his years on the faculty. He served as
Chief Resident of the Department of Medicine in 1948-49, then as
Assistant Director of the Qutpatient Department. For one year he
was Consultant in Internal Medicine to the University Health Ser-
vice. He was in charge of the undergraduate teaching program in
the Department of Medicine in 1951. Since January, 1952, when
he became Director of the Department of Continuation Medical Edu-
cation, his effectiveness as an administrator and teacher has become
known to the hundreds of physicians who registered for the continu-
ation medical education courses. On October 1, 1957, he was ap-
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pointed Associate Dean when Dean Diehl was granted a leave of
absence. In announcing Dr. Howard’s appointment as Dean, Presi-
dent Morrill commented, “We are fortunate to have had, within our
own staff, an administrator meriting so clearly the confidence of his
College of Medical Sciences colleagues and the central administration
of the University.

“The deanship is a position of leadership which Dr. Harold §.
Diehl has dignified and developed to the highest degree of responsi-
bility and of professional influence. To the challenge of its future,
Dr. Howard will respond with devotion and competence, I am
fully confident.”

Dr. Howard has been a member of many Medical School and
University committees, among them the Medical School Admissions
Committee, the University Press Committee, the University Radio
Advisory Committee, the All-University Selection Committee for
Short-Term Faculty Leaves, the Mayo Memorial Dedication Com-
mittee, and the Committee on Continuation Medical Education of
the Association of American Medical Colleges. He has been a mem-
ber of the Executive Board of the Minnesota Medical Alumni Associ-
ation and has served as Secretary-Treasurer of the Minnesota Medical
Foundation. In addition to being Editor of the UNIVERSITY OF
MINNESOTA MEDICAL BULLETIN, he served on the editorial
boards of Minnesota Medicine and Journal-Lancet. He is a member
of the Minnesota Society of Internal Medicine, the Minneapolis
Society of Internal Medicine, and the American College of Physicians.

He is married to the former Lorraine Leavitt, and the Howards,
who now live in St. Louis Park, have five children, Gregory, David,
Carol, Irene, and Bradley. During the summer the family lives on
Bass Lake near New Richmond, Wisconsin.

On behalf of the Minnesota Medical Foundation, we congratu-
late Dr. Howard and pledge our support of his leadership of the
College of Medical Sciences.
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In Memoriam

The Minnesota Medical Foundation and the Minnesota
Medical Alumni Association extend sincere sympathy to the
surviving members of the families of the following alumni:

Erling S. Platou was born in Cooperstown, North Dakota,
on August 30, 1896. He earned the B.S. degree in 1919, the
M.B. degree in 1920, and the M.D. degree in 1921, all at
the University of Minnesota. Postgraduate training in inter-
nal medicine and in pediatrics was obtained at the Long
Island College of Medicine, the Minneapolis General Hos-
pital, the Boston Floating Hospital, the New York Nursery
and Children’s Hospital, the Willard Parker Hospital in New
York City, and concluded by a year of postgraduate work
in pediatric clinics in Germany and Austria.

His death is a serious loss to the University of Minnesota
and to the Medical School. Few men in the clinical practice
of medicine have contributed so unselfishly of their time and
talent to the ideals and objectives of their University as did
Dr. Platou. His devotion to the Medical School and to the
Univeristy of Minnesota from his student days until the
time of his death is expressed by a continuous record of
achievements, honors, and recognition given him throughout
the years. He was an outstanding athlete in student days,
captain of the basketball team that won the National cham-
pionship, and acclaimed in a recent poll as one of the ten
all time greats in this sport. He obtained a Western Confer-
ence Medal for scholarship and athletic prowess.

Dr. Platou had been president of the Northwestern
Pediatric Society, the Minnesota State Board of Health, the
Minnesota Alumni Association, and the Northwestern Hos-
pital staff. He was a founder and past president of the
Minnesota Medical Foundation. Dr. Platou was a superla-
tive and stimulating clinical teacher whose weekly rounds
with the students and the staff at the Minneapolis General
Hospital and the University Hospitals on infectious diseases
and other pediatric problems were rated as the best and most
practical of teaching sessions. Always a student and a
clinical investigator, he had contributed 69 publications to

559




THE MEDICAL BULLETIN

the literature at the time of his death, and his chapter on
“Diphtheria” is currently in press.

It is said that the true qualities of 2 man are revealed
through companionship on a hunting and fishing trip. These
sports Dr. Platou dearly loved. Devotion to duty, sincerity
of purpose, good sportsmanship and fairness, a gentle
kindness and concern for others are qualities well known to
a large number of true friends who had the privilege of his
companjonship on these trips.

Surrounded by the beauty of the North Woods area,
Erling Platou met death as he and his family were about
to leave for a day of fishing near Grand Marais. He is sur-
vived by his wife, Helen, a son John, 19, and two daughters,
Nancy, 16 and Susan, 14.

Arthur Kirschbaum, Ph.D. 1936, M.D. 1943, died of coronary
thrombosis on March 28th. Dr. Kirschbaum was an Associate
Professor in the Department of Anatomy, University of Min-
nesota until 1951. At the time of his death he was Chairman
of the Departments of Anatomy of Baylor University College
of Medicine and of the University of Texas Dental College,
Houston. He was also Consultant to the M. D. Anderson
Hospital. He had gained an international reputation for
his research in experimental carcinogenesis.

Louis L. Freidman, M.D. 1933, served faithfully on the
clinical staff of the Department of Obstetrics and Gynecology
until his death on June 14, 1958.

Herbert L. Stolpestad, M.D. 1934, met death at the hands of
a mentally ill patient on May 21, 1959. A member of the
Academy of General Practice, Dr. Stolpestad practiced medi-
cine in North St. Paul and was beloved by his patients and
medical colleagues.

Dr. John R. Meade, M.D. 1930, contributed to the teaching
program for undergraduate and graduate students in the
Ancker Hospital until his death in May, 1958.
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CUMULATIVE INDEX 1953-1958

From October, 1951, until June 1955, the name of this publication was “Bulletin
of the University of Minnesota Hospitals and Minnesota Medical Foundation.” In
October, 1955, the name was changed to “UNIVERSITY OF MINNESOTA MEDI-

CAL BULLETIN.”

A

Abdominal gas pattern in infants, de-
ficient (Samuel B. Feinberg, Alexander
R. Margulis, Charles M. Nice) XXVII:
90:92; Dec. 15 ’55.

Absorable bronchographic contrast med-
ia (see Bronchographic)

“Acidosis”, the impact of, on the human
fetus (Irwin H. Kaiser and Robert
C. Goodlin) XXVIII: 450-458, June
15 °57

Acne vulgaris, serum lipids in {C. Gor-
don Vaughn) XXVI: 475-479; Mar.
18 ’55

ACTH and cortisone therapy, }l)sychotic
reactions of two adolescent girls during
(see psychotic)

Acute pancreatitis: a clinical and patho-
logical study (see pancreatitis)

Adenocarcinoma of the endometrium
with special reference to vaginal in-
volvement (Konald A. Prem) XXIX:
512-528; June 15 58

Adrenal insufficiency (see juxta-glomer-
ular apparatus)

Agammaglobulinemia (Robert A. Good)
XXVI: 1-19; Oct. 8 ’54

Anemias, hemolytic, the diagnostic use of
radioactive chromium in (William Kri-
vit and Robert A. Good) XXVIII: 330-
351; Apr. 15 °57

Anesthesia for emergency surgery (John
R. Gordon, Frederick H. Van Bergen,
Stuart P. Weatherhead) XXVII: 122-
125; Feb. 1’56

Annuloplasty or a valvular prosthesis, the
direct vision surgical correction of pure
mitral insufficiency by use of (see di-
rect)

Antibiotic-resistant

staphylococei  (see
staphylococei )

Aphasia, clinical studies in (Hildred
Schuell) XXVIII: 98-104; Nov. 15
’56

Arteriography, femoral (see femoral)

Arteriovenous malformations of the brain
(see brain)

Arteriovenous shunts, temporary, produc-
tion by cross circulation of; cardiac
lesions in rabbits (see cardiac)

Artificial kidney (see kidney)

Ascorbic acid and cerebral metabolism:
some clues to the biochemical signifi-
cance of vitamin C (Harold P. Cohen
and Maynard M. Cohen) XXVII: 74-
76; Dec. 1 55

Aseptic meningitis in Minnesota, 1957,
Epidemic of ECHO 9 (see epidemic)

Ataraxic effect of two phenothiazine
drugs on an out-patient population,
the (William Fleeson, Bernard Glueck,
Jr., Gordon Heistad, Janet E. Kin(f,
David Lykken, Paul Meehl, Abelardo
Mena) -XXIX: 274-286; Mar. 1 ’58

Atherosclerosis, fatty acids and (see
fatty)

B

Bacteria, gram-negative (see shock)

Biliary stricture (J. Bradley Aust and
Richard L. Varco) XXV: 483-492;
May 7 ’54

Biliary system, tumors of the pancreas
and extrahepatic (see pancreas)

Biological systems, some effects of ioniz-
ing radiation on (see radiation)

Biopsy, as an aid to diagnosis (see cu-
taneous ) .

Biopsy, renal (see renal)

Biopsy studies of the gastric mucosa (see
gastric)

Blood, coagulation of (see coagulation)
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Blood pressure, comparison of indirect
and direct methods of measuring arter-
ial (Donald S. P. Weatherhead, Fred-
rick H. Van Bergen, Alan E. Treloar,
Allen B. Dodkin, Joseph J. Buckley)
XXV: 866-376; Mar. 12 '54

Blue Shield and Blue Cross, some effects
of, on medical practice (Edwin J.
Simons) XXVII: 58-59; Nov. 15 °55

Brain, arteriovenous malformation of the
(P. L. Gould, William T. Peyton, Lyle
A. French) XXVI: 611-622; May 6
’55

Breast cancer (see hypophysectomy)

Bronchographic contrast media, absorb-
able (Charles M. Nice, Jr., Ismail Nik-
nejad, Manoucher Azad) XXVI: 154-
162; Nov. 12 ’54

Broncho-pulmonary segments, Minnesota
studies on the (Edward A. Boyden)
XXV: 543-550; June 4 54

Bulbar poliomyelitis (see poliomyelitis)

C

Cancer, Breast (see hypophysectomy )

Cancer, cervical (see cervical)

Cancer detection center, the, nine-year
report (W. Albert Sullivan, Jr. and
John B. Lunseth) XXVIII: 439-445;
June 1 °57

Cancer, metabolic aspects of advanced
(B. J. Kennedy) XXV: 82-91; Nov. 13
’53

Cancers, “second look™ operations for
gastric, colic, and rectal (Stuart W,
Arhelger, Victor A. Gilbertsen, F. John
Lewis, O. H. Wangensteen) XXVI:
650-661; May 27 '55

Carcinoma, Ehrlich ascites, in experimen-
tal cancer research (see Ehrlich)

Carcinoma, metabolic effects of radiation
and chemotherapy on mammary and
ascites (see metabolic)

Cardiac demands of rehabilitation (see
rehabilitation )

Cardiac lesions in rabbits: production by
cross circulation or temporary arterio-
venous shunts (Richard L. Davis)
XXVII: 142-145; Feb. 15 ’56

Cardiac output during occupational ther-
apy activities (Arthur B. Quiggle,
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Frederic J. Kottke, Jean M. Nelson)
XXVI: 118-125; Oct. 29 '54

Cardiopulmonary bypass, the effect of
total, on ceregrovascular permeability,
(J. L. Story, P. Hodges, L. A. French)
XXIX: 287-293; Mar. 1 '58

Cell cultures, human, for investigative
studies (Jerome T. Syverton) XXVIII:
162-167; Jan. 15 57

Cerebral hemispherectomy for intractable
seizures (see hemispherectomy)

Cerebral metabolism, ascorbic acid and
(see ascorbic)

Cerebral vessels, influence of endotoxin
on the permeability of the (see endo-
toxin)

Cerebrovascular permeability, studies on
(James E. Mclntosh, Lyle A. French,
William T. Peyton, Barry Grundland)
XXVII: 250-255; Mar. 1’57

Cerebrovascular permeability, the effect
of total cardiopulmonary bypass on
(see cardiopulmonary)

Cervical cancer, surgical therapy of (John
L. McKelvey and M. G. Tompkins)
XXVI: 718-726; June 10 '55

Cervical disks, herniated (see herniated)

Chemistry, quality control in clinical
(Esther F. Freier, Verna L. Rausch)
XXIX: 190-205; Feb. 1 58

Children, elbow fractures in (see frac-
tures)

Children, strabismus in (see strabismus)

Children’s in-patient psychiatric service
(see psychiatric)

Cholangjolitic cirthosis (F. W. Hoff-
bauer) XXIX: 2-18; Oct. 15’57

Chlorpromazine and reserpine in psy-
chiatry (Burtrum C. Schiele, Richard
W. Anderson, Werner Simon) XXVII:
138-141; Feb. 15 56

Cholesterol, sterol intermediates in the
synthesis of (Ivan D. Frantz, Jr., Elinor
D. Dulit, Ann S. Davidson) XXVIII:
33-37; Oct. 15 ’56

Chromium, radioactive, diagnostic use in
hemolytic anemias (see anemias)

Chronic renal disease (see renal)

Cirrhosis (see cholangiolitic)

Clinical chemistry, quality control in (see
chemistry)
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Coagulation of blood, the mechanism of
(Paul G. Frick) XXV: 114-126; Nov.
27 53

Cobalt beam therapy unit, radioactive
(see radioactive)

Cold injury—an epidemiological approach
(Leonard M. Schuman) XXVI: 400-
415; Feb. 18 ’55

Colectomies, total and subtotal (Richard
C. Lillechei and Owen H. Wangen-
steen) XXV: 21-30; Oct. 16 °53

Colic cancer (see cancer)

Colon, some comments on polyps of the
rectum and (see polyps)

Community agency participation in medi-

" cal care ( Annie Laurie Baker, Anthony
M. Cremers, Bernard Sandler, Claire E.
Censky) XXVIII: 366-379; May 1 57

Congenital heart disease, isotope circu-
lation studies in (see isotope)

Congenital vascular syndromes (see he-
mangiomata)

Continuation medical education, a report
of the activities of the department of
(Robert B. Howard) XXVIII: 407-
422; May 15 ’57

Contractile proteins of the failing myo-
cardium (see myocardium)

Convulsive disorders, some aspects of
treatment and rehabilitation of patients
with (Frank Morrell) XXIX: 410-4183;
May 1 °58

Coronary heart disease, obesity, body
build, and (see obesity)

Cortisone therapy, psychotic reactions of
two adolescent girls during ACTH and
(see psychotic)

Cross circulation or temporary arterio-
venous shunts, cardiac lesions in rabbits:
(see cardiac)

Crush syndrome in dogs, experimental
(see myoglobin)

Culture, energy and the evolution of (see
energy )

Cutaneous biopsy as an aid to diagnosis
(Robert W. Goltz) XXIX: 54-57; Nov.
1°57

D

Deficient abdominal gas pattern in in-
fants (see abdominal)

Desoxyribonuclease and the versatility of
group A streptococci (Lewis W. Wan-
namaker) XXIX: 38-53; Nov. 1’57

Diabetes, patient education in the man-
agement of (Frederick C. Goetz, Flor-
ence Brennan, Anette Haseth, C.
Knight Aldrich) XXVI; 446-452; Mar,
4755

Diagnosis, physical (see physical)

Direct vision surgical correction of pure
mitral insufficiency by use of annulo-
plasty or a valvular prosthesis, the
(Vincent L. Gott, Richard A. DeWall,
Juan L. Gonzalez, Paul C. Hodges,
Richard L. Varco, C. Walton Lillehei)
XXIX: 69-79; Nov. 15’57

Disinfection of blankets with a synthetic
phenolic compound (Otto H. Raven-
holt, Everette F. Baker, Jr., Donald
N. Wysham, W. R. Giedt) XXIX: 421-
429; May 1 ’58

Disks, herniated cervical (see herniated)

E
Editorials

About the new bulletin; XXVII: 15; Oct.
15’55

Animal experimentation at the University
of Minnesota Medical School; XXVII:
244-245, May 1’56

Antibiotic sensitivity studies 1954-1955;
XXVII: 184-185; Mar. 15 '56

In appreciation; XXIX: 294; Mar. 1’58

Asians in Minnesota and Minnesotans
in Asia; XXIX: 270-271; Feb. 15 °58

Atherosclerosis—are its days numbered?;
XXVIII: 78-79; Nov. 1’56

Bibliographic tools and medical progress;
XXVII: 146-148; Feb. 15 ’56

Bulletin readership survey; XXVIII: 39-
40; Oct. 15 ’56

Minnesota statehood centennial year;
XXIX: 184-186; Jan. 15 ’58

A century of service; XXVIII: 423-424;
May 15 °57

The clinical pathologist and medical prac-
tice; XXVII: 64-65; Nov. 15 °55

Conservation; XXVIII: 362-363; Apr. 15
57

Harold S. Diehl; XXIX: 19-20; Oct. 15
’57
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What is a good doctor?; XXVIIL: 151-
153; Dec. 15 ’56

Education for general practice; XXVIIL:
148; Feb. 15 '56

A glance backward and forward; XXIX:
555-556; June 15 ’58

Greetings to the staff; XXVII: 14; Oct.
15 *50

Greetings to the staff; XXVIII: 38-39;
Oct. 15 56

Hospital committee on infections; XXIX:
491-492; June 1’58

The house officer speaks; XXVII: 65;
Nov. 15’55

Importance of the internship; XXIX: 464-
465; May 15 °58

Laboratory medicine; XXVII: 126-127;
Feb. 156

LeadershiP in medicine; XXVII: 128;
Feb. 1’56

Man in space; XXIX: 115-116; Dec. 1
58

The management of patients with multi-
ple injuries; XXVII: 279; June 1 ’56

The interrelationship of postgraduate
and undergraduate medical education;
XXIX: 151; Dec. 15 °57

Medical education week, Apr. 22-28,
1956; XXVII: 206; Apr. 1 °56

Medical education week; XXIX: 374-
375: Apr. 1758

Medical Manpower in Minnesota; XXIX:
341; Mar. 15 58

Medical school grading system; XXVII:
45-46; Nov. 1’55

The Minnesota basic science law; XXVII:
114-116; Jan. 15 ’56

New observations on vitamin B.. absorp-
tion; XXVII: 204-205; Apr. 1°56

The New Dean; XXIX: 557-558; June
15 ’58

Ophthalmology at Minnesota;
490; June 1 ’58

The passing of a physician; XXVII: 127-

~ 128; Feb. 1 ’56

Physiologic periodicity; XXVIII: 202;
Feb. 1°57

Politics and the medical scientist; XXVIII:
105-106; Nov. 15 '56

Publish or perish; XXVIII: 243-245; Feb.
15 ’57

- 564

XXIX:

BULLETIN

Response to the new bulletin; XXVII:
46; Nov. 1 ’55

Rocket-age research; XXVII: 78-79; Dec.
1°55

The teaching of science; XXVIII: 132:
Dec. 1 ’56

Ischemic ulcers; XXIX: 221; Feb. 1 58

The university — the medical school —
scholarship; XXVIII: 446-447; June
1°57

Serendipity in medicine XXVII: 170-
171; Mar. 1 56

Silo-filler’s disease: a newly recognized
syndrome; XXVII: 203; Apr. 1 "56

Some new horizons for clinical medicine;
XXVII: 96-99; Dec. 15 '55

Staff ‘meeting reports; XXVIII: 132; Dec.
1°56

Earliest history of tissue transplanta-
tion in Minnesota; XXIX: 58; Nov. 1
57

Medical student finances; XXVIII: 320-
823; Apr. 1’57

Surgery for congenital cardiac defects;
XXVII: 77-78; Dec. 1’55

Until Fall; XXVII: 305; June 15 56

As 5the year ends; XXVIII: 488, June
15 °57

: E

Education, continuation medical (see con-
tinuation )

Education, medical (see medical)

Education, medical, philanthropic founda-
tions and (see philanthropic)

ECHO 9 aseptic meningitis in Minnesota,
1957, epid[;mic of (see epidemic)

Effects of fever and hypoxia in dogs, ob-
servations on the (see fever)

. Ehrlich ascites carcinoma in experimental

cancer research (Young Song Kim)
XXIX: 430-444; May 1 58

Elbow fractures in children (see frac-
tures)

Elderly patient, rehabilitation of the (sec
rehabilitation )

Electrolyte balance in the newborn in-
fant, observations on water and (Elea-
nor Colle and Elsa Paulsen) XXVII:
239-243; May 1 ’56
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Electron microscopy in chronic renal dis-
ease (see renal)

Emergency surgery, anesthesia for (see
anesthesia )

Encephalitis virus in Japan, studies of
natural history of (William F. Scherer)
XXIX: 154-156; Jan. 15 58

Endolymphatic hydrops (Kurt Pollak and
Lawrence R. Boies) XXVII: 254-257;
May 15 °56

Endometrium, adenocarcinoma of the,
with special reference to vaginal in-
volvement, (see adenocarcinoma)

Endotoxin, influence of on the permea-
bility of the cerebral vessels (Philip L.
Eckman, William M. King, Joel G.
Brunson) XXIX: 226-234; Feb. 15 ’58

Energy and the evolution of culture (E.
Adamson Hoebel) XXIX: 62-68; Nov.
15 ’57

Epidemic of ECHO 9 aseptic meningitis
in Minnesota, 1957 (Herman Klein-
man, David Rogers, Paul M. Ellwood,
Jr., Heinz Bruhl, Lenorad M. Schu-
man, Henry Bauer) XXIX: 306-328;
Mar, 15 °58

Epidemiological approach, an, cold in-
jury (see cold)

Epidemiological studies on antibiotic re-
sistant staphylococei (see staphylo-
coccei)

Epilepsy, effects of experimental on con-
ditioned electrical potentials (Frank
Morrell) XXIX: 82-102; Dec. 1 57

Evolution of culture, energy and the
(see energy)

F

Facial skelton, injuries to the (Jerome A.
Hilger, Donald Boucher, Yuichi Nito,
Albert Hohmann) XXVIII: 3852-361;
Apr. 15 ’57

Factitial proctitis (see proctitis)

Fatal neoplasms; 1911-1952 (see neo-
plasms)

Fatty acids and atherosclerosis (Naip
Tuna, Ivan D. Frantz, Jr.} XXIX:
479-489; June 1 °58

Female, urinary incontinence in the (see

urinary )

Femoral arteriography, small vessel
changes in (Alexander R. Margulis
and T. O. Murphy) XXVIII: 123-131;
Dec. 1’56

Femoral head prosthesis (Frank J. Iwer-
sen) XXV: 291-297; Feb. 5 54

Fetus, human, the impact of “acidosis”
on the (see acidosis)

Fetus in utero, some observations on the
(Irwin H. Kaiser) XXVII: 110-113;
Jan. 15 °56

Fever and hypoxia in dogs and monkeys,
observations on the effects of (William
G. Kubicek, Wesley D. Anderson, Fred-
eric J. Kottke) XXV: 39-44; Oct. 23
’53

Fibrinogen and heparin precipitable fib-
rinogen (see fibrinoid disease)

Fibrinoid disease, experimental and clin-
ical studies of fibrinogen and hei)arin
precipitable fibrinogen, particularly as
related to (Richard T. Smith, Carol
Vaubel, Lewis Thomas) XXVI: 562-
580; Apr. 22 °55

Fibrinoid diseases, systemic (Joel G.
Brunson, Richard L. Davis) XXVI:
362-370; Feb. 4 ’55

Fibroplasia, retrolental (Jose H. Vidal)
XXV: 877-391; Mar. 19 ’54

Fractures in children, elbow (Sheldon
Lagaard) XXVI: 702-708; June 3 °55

G

Gamma globulins, human serum (see im-
munochemical )

Gas pattern in infants, deficient abdom-
inal (see abdominal)

Gastric mucosa, biopsy studies of the (R.
S. Ylvisaker, James B. Carey, Sr., James
Myhre, James B. Carey, Jr.) XXV:
345-357; Mar. 5 54

Gastric resection, segmental, evaluation
of (see segmental)

Gastric tumors, roentgen diagnosis of
(Leo G. Rigler, John Amberg, Donn
G. Mosser) XXV: 531-535; May 28 ’54

Glaucoma (Richard C. Horns) XXVI:
633-640; May 13 ’55 v

Gram-negative bacteria (see shock)

Granulation of juxtaglomerular apparatus
(see juxtaglomerular)
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Gynecology, psychosomatic problems in
obstetrics and (see psychosomatic)

H

Heart disease, coronary, obesity, body
build and (see obesity)

Hemanginomata and some associated con-
genital vascular syndromes (James L.
Tuura and Ramon M. Fusaro) XXVIII:
277-288; Mar. 15 '57

“Hematoporphyrin” with sgecial reference
to its relationship to radiosensitivity of
tumors, some physiological effects of
(Jerome Modell) XXVIII: 385-387;
May 1 °57

Hemoglobin, studies on myoglobin and,
in experimental crush syndrome in
dogs (see myoglobin)

Hemolytic anemias, diagnostic use of
radio-active chromium in (see anemias)

Hemorrhoids, treatment of grade 4 (Wil-
liam T. Smith) XXVII: 93-95; Dec.
15’55

Hemispherectomy, cerebral, for intract-
able seizures (David R. Johnson, Lyle
A French, William T. Peyton) XXV:
277-283; Jan. 29 ’54

Heparin precipitable fibrinogen (see fib-
rinoid disease)

Herniated cervical disks (Howard C.
Chandler, Bo Sung Sim, Lyle A.
French, William.T. Peyton) XXVII:
154-158; Mar. 1756

Hormonal effects of the islets of Langer-
hans, the (Arnold Lazarow) XXIX:
446-456; May 15 58

Hospitals report 1952-1953 (R. M. Am-
berg) XXV: 177-194: Dec. 18 °53

Hospitals report 1953-1954 (R. M. Am-
berg) XXVI: 64-93; Oct. 22 "54

Hospitals report 1954-1955 (R. M. Am-
berg) XXVII: 2-8; Oct. 15 ’55

Hospitals annual report, University of
Minnesota (Ray M. Amberg) XXVIII:
2-32; Oct. 15 56

Hospitals annual report, University of
Minnesota (Ray M. Amberg) XXIX:
157-183; Jan. 15 '58

Host parasite factors in group A strepto-
coccal infection (see streptococcal)

Human cell cultures (see cell)

566

Human serum gamma globulins, immuno-
chemical studies of (see immuno-
chemical)

Hyaluronidase the effect of, on experi-
mental urinary lithiasis (Kenneth S.
Helenbolt and C. D. Creevy) XXVII:
219-223; Apr. 15’56

Hydrops, endolymphatic (see endolym-
phatic)

Hypertension and unilateral renal disease
Milton P. Reiser, and C. D. Creevy)
XXVI: 507-519; Apr. 1 °55

Hypertension, renal (see juxtaglomerular
apparatus)

Hypoglycemosis in infancy (Richard B.
Raile, Mildred R. Ziegler, Irvine Mc-
Quarrie) XXV: 1-11; Oct. 9 ’53

Hypophysectomy in advanced breast can-
cer, total (B. J. Kennedy, William T.
Peyton, Lyle A. French) XXVI: 528-
551; Apr. 15’55

Hypoxia in dogs and monkeys, observa-
tions on the effects of fever and (see
fever)

I

Ileum, complications following urinary
diversion through a segment of (see
urinary )

Immunochemical studies of human serum
gamma globulins (Solomon J. Zak)
XXVIII: 383-385; May 1 °57

Index, cumulative, 1949-54; XXV; 580-
590; June 11 ’54

Index, cumulative, 1950-55; XXVI: 746-
757; June 10 °55

Index, cumulative, 1951-56; XXVII: 311-
320; June 15 °56

Index, cumulative, 1952-1957; XXVIII;
494-504, June 15 57

Index, cumulative, 1953-58; XXIX: 561-
572; June 15 °58

Infancy, hypoglycemosis in (see hypogly-
cemosis )

Infant, observations on water and electro-
lyte balance in the newborn (see elec-
trolyte)

Infants, deficient abdominal gas pattern
in (see abdominal)

Infection, streptococcal, host-parasite fac-
tors in group A (see streptococcal)
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Insanity, psychiatric evidence in legal
tests of (Burtrum C. Schiele and Mon-
rad G. Paulsen) XXVI: 825-332; Jan.
28 ’55

Intestinal obstruction, acute mechanical;
a study of 346 cases (Earl Y. Bickel,
Grafton A. Smith, L. Stephen Rich-
ards) XXVII: 286-289; June 15 ’56

Intoxications in neurology (see neurclogy)

Intracellular distribution, metabolic activ-
ity, and possible function of ribo-
nucleic acid, the (see ribonucleic)

Intraocular foreign bodies: prevention,
diagnosis and treatment (Richard A.
Ness) XXIX: 457-463; May 15 ’58

Ionizing radiation, some effects of, on
biological systems (see radiation)

Ischemic ulcers, an evaluation of pressure
as a factor in the production of
(Michael Kosiak, William G. Kubicek,
Mildred Olson, Jean N. Danz, Fred-
eric J. Kottke) XXIX: 206-220; Feb.
1’58

Islets of Langerhans, the hormonal effects
of the (see hormonal )

Isotope circulation studies in congenital
heart disease (Richard H. Greenspan,
Richard G. Lester, James F. Marvin)
XXIX: 103-114; Dec. 1’57

Juxtaglomerular apparatus, granulation of,
in relation to renal hypertension, de-
soxy-corticosterone and post desoxy-
corticosterone hypertension, adrenal re-
generation hypertension and adrenal
insufficiency (Louis Tobian, Janet L.
Thompson, Robert M. Twedt, Jeanette
G. Janecek) XXVIII: 430-438; June
1°57

K
Kidney, artificial, further use of at the
University of Minnesota Hospitals (].
S. Ansell, M. P. Reiser, C. D. Creevy)
XXVIII: 312-319; Apr. 1 °57

L

Lead poisoning with special reference to
porphyrin metabolism (Fouad A. Bas-
hour) XXVI: 423-436; Feb. 25 ’55

Legal tests of insanity (see insanity )

Lesions, cardiac, in rabbits (see cardiac)

Levels of scientific inquiry (see scientific)

Lithiasis, urinary, the effect of hyaluroni-
dase on experimental (see hyaluroni-
dase)

Liver necrosis, the increasing incidence
of unexplained (Joel G. Brunson,
Philip L. Eckman, John B. Campbell)
XXVIII: 197-201; Feb. 1’57

Lobe, temporal (see temporal)

Lupus erythematosus (William Kushni-
ruk) XXV: 401-412; Mar. 26 '54

M

Malignancy, advanced, of the upper re-
spiratory region (Jerome A. Hilger and
Bradley W. Kusske) XXV: 100-105;
Nov. 20 ’53

Malignant disease, the value of asympto-
matic diagnosis of (Claude R. Hitch-
cock and J. Bradley Aust) XXVI: 29-
46; Oct. 15 '54

Marshall-Marchetti-Kranz operation for
urinary incontinence in the female (see
urinary )

Maternal mortality study (Donald W.
Freeman) XXV: 470-475; Apr. 30 '54

Media, absorbable bronchographic con-
trast (see bronchographic)

Medical diagnosis, early objective per-
sonality evaluation in (see personality )

Medical education and the Medical
School after twenty-four years in gen-
eral practice, thoughts on (Herman E.
Drill) XXVI: 57-63; Oct. 22 ’54

Medical education at Minnesota: a sur-
vey of opinion by medical students in
1953 (Elsa Proehl, William Feller,
Mitchell Rosenholtz) XXV: 216-221;
Jan. 8 ’54

Medical practice, some effects of Blue
Shield and Blue Cross on (see Blue
Shield)

Medical school in relation to medical
practice in the state, the (see medical
practice )

Medical students, problems in the selec-
tion of (C. Knight Aldrich, Donald
W. Hastings, William F. Maloney)
XXV: 261-268; Jan. 22 ’54
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Medicine, problems and obligations of
organizecF (see organized medicine)
Meningitis in Minnesota, 1957, epidemic
of ECHO 9 aseptic (see epidemic)
Meningitis, poliomyelitis and aseptic (see

poliomyelitis }

Metabolic aspects of advanced cancer
(see cancer)

Metabolic effects of radiation and chem-
otherapy on mammary and ascites
carcinoma (Merle K. Loken, Robert
J. Salmon, Donn G. Mosser, James
F. Marvin) XXIX: 529-554; June 15
’58

Metabolism, cerebral, ascorbic acid and
(see ascorbic)

Metastatic growth of tumors in mice
(see tumors)

Methods of measuring blood pressure
(see blood)

Microscopy, electron, in chronic renal dis-
ease (see renal)

Microsurgery in otology (Lawrence R.
Boies, Donald E. Kilgore) XXIX: 391-
405; Apr. 15 '58

Mitral insufficiency, pure, the direct
vision surgical correction of, by use of
annuloplasty or a valvular prosthesis
(see direct)

Morphology, nuclear, sex determination
from (see sex determination)

Mucosa, gastric (see gastric)

Muscle relaxants, current status of (J.
Albert Jackson, J. H. Matthews, J. J.
Buckley, D.S.P. Weatherhead. F. H
Van Bergen) XXVIII: 114-122; Dec.
1°56

Myocardium, some experimental observa-
tions on the contractile proteins of the
failing (Ellis S. Benson, Ben E. Halla-
way, Esther F. Freier, Joseph L. Spraf-
ka, Ivan D. Baronofsky) XXVI: 278-
290; Jan. 14 °55

Myoglobin and hemoglobin in experi-
mental crush syndrome in dogs, studies
on (Wayne W. Thompson) XXVIII:
380-383; May 1 '57

N

Necrosis, lever (see liver)

Neoplasms, fatal (Robert Hebbel and E.
568

T. Bell) XXV: 305-311; Feb. 19 54

Neurology, intoxications in (Maynard M.
Cohen and Ian A. Brown) XXVI: 381-
390; Feb. 11 °55

Nitrogen dioxide inhalation (see silo-
filler’s disease)

Nuclear morphology, sex determination
from (see sex determination)

Nurse, you and the, a study in role per-
ception, (Marvin J. Taves, Eugene
Haas, Jean Anderson Pool) XXIX:
346-361; Apr. 1’58

Nursing, practical, the student and the
graduate (Eugenia R. Taylor and Ruth
V. Johnston) XXVIII: 306-311; Apr.
1°57

Nursing program, the (Dorothy Titt,
Joan Dargis, Martha Aitchison, Beverly
Thompson, Lorraine Pikal, Dorothy
Bruhl) XXVI: 488-497; Mar. 25 ’55

Nursing service administration, studies in
(Isabel M. Harris, Doris I. Miller,
Helen F. Watters) XXVII: 198-202;
Apr. 1°56

Nursing, some studies in (Katharine ]J.
Densford, Rena E. Boyle, Ruth V.
Johnston) XXV: 421-432, Apr. 2 '54

6]

Obesity, body build, and coronary heart
disease (Joef Brozek and Ancel Keys)
XXVII: 159-164; Mar. 1 ’56

Obstetrics and gynecology, psychosomatic
problems in (see psychosomatic)

Obstruction, intestina}l) (see intestinal )

Occupational therapy activities, cardiac
output during (see cardiac)

Operation, Marshall-Marchetti-Kranz, for
urinary incontinence in the female (see
urinary )

Organized medicine, problems and obli-
gations of (O. J. Campbell) XXV: 68-
74; Nov. 6 ’53

Otology, microsurgery in (see micro-
surgery )

Otology, progress in (Lawrence R. Boies)
XXVI: 198-206; Nov. 26 *54

P

Pancreas and extrahepatic biliary system,
tumors of the (Peter A. Salmon, Fred-
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erick Neher, Alan Thal, Bernard Zim-
mermann) XXVIII: 61-64; Nov. 1 ’56

Pancreatitis: a clinical and pathologic
study, acute: (Alan Thal, Jose E.
Molestina, John F. Perry, Willadene
Egner) XXVII: 40-44; Nov. 1 °55

Parasite, host, factors in group A strep-
tococcal infection (see streptococcal)

Patient education in the management of
diabetes (see diabetes)

Patients referred to the psychiatric clinic,
what happens to the (see psychiatric)

Patient’s gresenting complaint—signpost
or goal? the (Richard M. Magraw,
Everett P. Dulit) XXIX: 829-340;
Mar. 15 ’58

Peritoneoscopy (James B. Carey, Jr.)
XXV: 561-565; June 11 °54

Permeability of the cerebral vessels, in-
fluence of endotoxin on the (see endo-
toxin)

Permeability, cerebrovascular, the effect
of total cardiopulmonary bypass on
(see cardiopulmonary)

Personality evaluation, early objective, in
medical diagnosis (Donald W. Hast-
ings, Starke R. Hathaway, Eugene L.
Staples, Lucy Balian) XXVIII: 228-
242; Feb. 15 57

Phenolic compound, synthetic, disinfec-
tion of blanEets with (see disinfection)

Phenothiazine drugs, the ataraxic effect
of two on an out-patient population
(see ataraxic)

Phenylketonuria (Heinz Berendes, John
A. Anderson, Betty Prigge, Diane
Ruttenberg, Mildred Ziegler) XXIX:
498-511; June 15 ’58

Philanthropic foundations and medical
education (A. A. Heckman) XXVIII:
65-77; Nov. 1’56

Phosphorus, radioactive, in the diagnosis
of intraocular tumors (see tumors)

Photosensitvity, porphyria cutanea tarda
and (see porphyria)

Physical diagnosis, errors and pitfalls in
(M. . Murray) XXVIII: 266-276; Mar.
15 °57

Poisoning, lead (see lead)

Poliomyelitis, bulbar, absence of tonsils
as a factor in the development of

(Gaylord W. Anderson and Jeanne L.
Rondeau) XXV: 319-337: Feb. 26 ’54

Poliomyelitis and aseptic meningitis (J].
O’H. Tobin, K. T. Brunner, P. M. Ell-
wood, J. T. Syverton) XXVI: 234-
245; Dec. 10 ’54

Poliomyelitis vaccine with special refer-
ence to its use in Minnesota, 1955-56,
the efficacy of (Leonard M. Schuman
and Herman Kleinman) XXVIII: 210-
227; Feb. 15’57

Poliomyelitis vaccine in newborns and
infants under six months, studies of
orally administered attenuated live vi-
rus (Mauricio Martins da Silva, John
L. McKelvey, Konald A. Prem, Henry
Bauer, Marion K. Cooney, Eugene A.
{ohnson) XXIX: 133-150; Dec. 15 °57

Polyps of the rectum and colon, some
comments on (Richard B. Capek and
William C. Bernstein )XXIX: 122-132;
Dec. 15 ’57

Porphyria cutanea tarda and photosensi-
tivity (Nadine G. Smith) XXVII: 194-
197; Apr. 1°56

Porphyrin metabolism lead poisoning
with special reference to (see lead)

Porphyrins, x-rays, and tumors, some re-
lationships of (Samuel Schwartz, Karel
Absolon, Halvor Vermund) XXVII: 7-
13; Oct. 15’55

Proctitis, factitial (Bernard J. Kaplan)
XXVI: 301-315; Jan. 21 °55

Prosthesis, femoral head (see femoral)

Proteins, contractile, of the failing myo-
cardium (see myocardium)

Psychiatric clinic, what happens to pa-
tients referred to the (Ruth Nyquist
and Frank Kiesler) XXVII: 270-273;
June 1 °56

Psychiatric evidence in legal tests of in-
sanity (see insanity)

Psychiatric service, the children’s in-
patient (Reynold A. Jensen, Wentworth
Quast, Gertrude Shiely, Ellsworth Stens-
wick, Marilyn Dumke, Marian W.
Eliason, William D. Wolking) XXV:
454-461; Apr. 23 '54

Psychiatry, chlorpromazine and reserpine
in (see chlorpromazine)
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Psychosomatic problems in obstetrics and
gynecology (Irving C. Bernstein) XXVI:
216-224; Dec. 8 54

Psychotic reactions of two adolescent
girls during ACTH and cortisone
therapy (Hilde M. Adams, Reynold
A. Jensen, Robert A. Good) XXVII:
34-39; Nov. 1’55

Quality control in chemical chemistry
(see chemistry)

R

Radiation effects on malignant tumors,
studies on (H. Vermund and K. W,
Stenstrom) XXVI: 650-673; May 20
’55

Radiation, ionizing, some effects of, on
biological systems (Merle K. Loken,
Halvor Vermund, James F. Marvin,
Donn G. Mosser) XXVIII: 471-487,
June 15 °57

Radiation therapy section, history of the
(K. W. Stenstrom) XXVI: 293-304;
June 15 ’56

Radioactive chromium in hemolytic
anemias, the diagnostic use of (see
anemias )

Radioactive cobalt beam therapy unit
(Donn G. Mosser, K. W. Stenstrom,
Halvor Vermund) XXV: 53-59; Oct.
30 °53

Radioactive phosphorus in the diagnosis
of intraocular tumors (see tumors)

Radiosensitivity of tumors (see hemato-
porphyrin)

Rectal cancer (see cancer)

Rectal prolapse, certain aspects of (Char-
les A. Neumeister) XXV: 230-232;
Jan. 15 '54

Rehabilitation, cardiac demands of (Wil-
liam G. Kubicek, Frederic ]. Kottke,
Jean N. Danz) XXVIII: 143-150;
Dec. 15 56

Rehabilitation of patients with convulsive
disorders, some aspects of treatment
and (see convulsive disorders)

Rehabilitation of the elderly patient
(Glenn Gullickson, Jr. and Frederic J.
Kottke) XXVII: 60-63; Nov. 15 ’'55

570

Relaxants, muscle, current status of (see
muscle)

Renal biopsy in the study of chronic re-
nal disease in children by light and
electron microscopy (Robert L. Ver-
nier, Marilyn G. Farquhar, Joel G.
Brunson, Robert A. Good) XXVIII:
58-60; Nov. 1 56

Renal disease, unilateral hypertension
and (see hypertension)

Renal hypertension (see juxtaglomerular
apparatus)

Resection, evaluation of segmental gastric
(see segmental)

Reserpine in psychiatry (see chlorpro-
mazine)

Respirator, the development and testing
of a new (Earl A. Schultz, John R.
Gordon, D. Stuart P. Weatherhead,
Frederick H. Van Bergen, Joseph J.
Buckley, Charles W. Field) XXVIi:
136-145; Nov. 5 ’54

Respiratory insufficiency, acute, a ward
for the care of patients with (Arthur

]5. Oswald) XXIX: 235-246; Feb. 15
58

Respiratory region, upper, advanced ma-
lignancy of the (see malignancy)

Retrolental fibroplasia (see fibroplasia)

Retrorectal tumors (Richard B. Capek)
XXVIII: 1388-142; Dec. 15 ’56

Rheumatoid hip, surgery of the (see
surgery )

Ribonucleic acid, the intracellular distri-
bution, metabolic activity, and possible
function of (Cyrus P. Barnum) XXVI:
461-466; Mar. 11 °55

Roentgen diagnosis of gastric tumors (see
gastric)

Roundsmanship (Henry Jacob Bulfinch,
’56) XXVIII: 289-299; Mar. 15 *57

S

Scientific inquiry, levels of (Herbert
Feigl) XXVIII: 90-97; Nov. 15 ’56
Scoliosis—evaluation and results of treat-
ment (Donald C. Meredith and John
’}517 Moe) XXVIII: 459-470, June 15
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Segmental gastric resection, evaluation
of (Peter A. Salmon, John F. Perry,
Jr., O. H. Wangensteen) XXIX: 378-
390; Apr. 15 °58

Seizure patients, social work with (see
social work)

Serum gamma globulins, human (see im-
munochemical )

Serum lipids in acne vulgaris (see acne)

Sex determination from nuclear morphol-
ogy (Edgar L. Makowski) XXVIII:
190-196; Feb. 1 °57

Shock caused by gram-negative bacteria,
studies on the mechanism of (Max H.
Weil, Lloyd D. MacLean, Wesley W.
Spink, Maurice B. Visscher) XXVII:
174-178; Mar. 15 ’56

Shwartzman phenomenon, the general-
ized (Charlgs N. Gamble and Joel G.
Brunson) XXVI: 255-268; Jan 7 *55

Shwartzman phenomenon in rats, the
generalized (John A. Gronvall and
Joel G. Brunson) XXVH: 214-218;
Apr. 15 '56

Silo-filler’s disease: a newly recognized
syndrome caused by nitrogen dioxide
inhalation with a report of six cases
(Thomas Lowry and Leonard M. Schu-
man) XXVII: 234-238; May 1 °56

Social service at University Hospitals,
forty years of (Annie Laurie Baker)
XXVI: 591-600; Apr. 29 ’55

Social work with seizure patients, (Rhoda
V. Roadfeldt) XXIX: 414-420; May 1
58

Social workers, use of, in a medical edu-
cation program (Fred Gross) XXV:
517-522; May 21 ’54

Staphylococci, epidemiologic studies on
antibiotics-resistant (Robert I. Wise,
Caroline Cranny, Wesley W. Spink)
XXVI: 174-190; Nov. 19 ’54

Statistics, sophistication, sophistry, and
sacred cows (Louis Lasagna) XXVI:
165-169; Mar. 1 '56

Stero! intermediates in the synthesis of
cholesterol (see cholesterol)

Strabismus in children {Clifford D. Mol-
zahn) XXVII: 258-261; May 15 *56

Streptococcal infection, host-parasite fac-
tors in group A (Dennis W. Watson )

XXVII: 106-109; Jan. 15 ’56
Stricture, biliary (see biliary)
Streptococci, Group A, d};soxyribonuc-

lease and the versatility of (see de-

soxyribonuclease )

Students, medical, problems in the selec-
tion of (see megical students )

Surgery, anesthesia for emergency (see
anesthesia )

Surgery of the rheumatoid hip (David
G. Skagerberg, Richard D. Granquist,
John H. Moe) XXIX: 470-478; June
1°58

Surgical arena three decades ago, then
and now—the (Owen H. Wangen-
steen) XXIX: 247-269; Feb. 15 ’58

Surgical therapy of cervical cancer (see
cervical)

Synthesis of cholesterol (see cholesterol)

Systemic fibrinoid diseases (see fibrinoid)

T

Technology, medical (Ruth F. Hovde)
XXVIII: 168-181; Jan. 15 ’57

Temporal lobe in medical practice (V.
Richard Zarling, Ian A. Brown, Lyle
A. French) XXV: 501-507; May 14
’54

Tonsils, absence of, in the development
of bullbar poliomyelitis (see poliomye-
litis)

Total and subtotal colectomies—a clinical
evaluation (see colectomies)

Transplantability and metastatic growth
of tumors in mice (see tumors)

Trauma, trends in (Maung Soe Thein)
XXVII: 290-292; June 15 ’56

Tumors, factors affecting the transplanta-
bility and metastatic growth of, in
mice (Carlos Martinez) XXVII: 179-
183; Mar. 15 ’56

Tumors, gastric, roentgen diagnosis of
(see gastric)

Tumors of the pancreas and extrahepatic
biliary system (see pancreas)

Tumors, intraocular, the use of radio-
active phosphorus in the diagnosis of
(Robert M. Lundblad and James F.
Marvin) XXVIII: 398-406; May 15
57
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Tumors, porphyrins, x-rays (see porphy-
rins)

Tumors, radiosensitivity of, some physio-
logical effects of “hematoporphyrin”
with special reference to its relation-

- ship to (see hematoporphyrin)

Tumors, retrorectal (see retrorectal)

Tumors, studies on radiation effects on
malignant (see radiation)

U

Ulcers, ischemic, an evaluation of pres-
sure as a factor in the production of
(see ischemic)

Unilateral renal disease (see hyperten-
sion )

Ureters, surgical injuries of the (C. D.
Creevy) XXV: 440-447; Apr. 9 '54
Urinary diversion throufh a segment of
ileum, complications following (C. D.
Creevy, Donald D. Bravick) XXIX:

362-373; Apr. 1 °58

Urinary incontinence in the female, eval-
uation of Marshall-Marchetti-Kranz op-
eration for certain types of (George W.
Janda) XXVII: 274-278; June 1 ’56

Urinary lithiasis, the effect of hyaluroni-
dase on experimental (see hyaluroni-

dase)

v

Vaccine, poliomyelitis (see poliomyelitis)

Vaginal involvement, adenocarcinoma of
" the endometrium with special reference
to (see adenocarcinoma)

Vascular syndromes, congenital (see he-
mangiomata)

Vitamin C, ascorbic acid and cerebral
metabolism, some clues to the bio-
chemical significance of (see ascorbic)

Voices, with many (Robert B. Howard)
XXVIII: 388-392; May 1 57

Vulgaris, acne, serum lipids in (see
acne)

w

Water and electrolyte balance in the
newborn infant (see electrolyte)

XYZ
“X” marks the spot (P. S. Hench)
XXVIII: 256-259; Mar. 1’57
X-rays, porphyrins, and tumors (see por-
phyrins)
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WEEKLY CONFERENCES OF GENERAL INTEREST

Physicians Welcome

Monday, 9:00 to 10:50 a.m.

12:30 to 1:30 p.M.

4:00 to 6:00 p.M.

Tuesday, 12:30 to 1:20 p.M.

Thursday,
11:30 a.M. to 12:30 .M.

Friday, 7:45 to 9:00 A.M.

8:00 to 10:00 a.m.

9:00 to 10:00 a.n.

1:30 to 2:30 p.M.

Saturday,  7:45 to 9:00 a.M.

9:15 to 11:30 a.m.

OBSTETRICS AND GYNECOLOGY
Old Nursery, Station 57
University Hospitals

PrysioLoGY-
PrysiorocicaL, CHEMISTRY
214 Millard Hall

ANESTHESIOLOGY
Classroom 100
Mayo Memorial

Patnorocy
104 Jackson Hall

TuMoOR
Todd Amphitheater
University Hospitals

PED1IATRICS
McQuarrie Pediatric Library,
1450 Mayo Memorial

NEUROLOGY
Station 50, University Hospitals

MEDICINE
Todd Amphitheater,
University Hospitals

DerMATOLOGY
Eustis Amphitheater
University Hospitals

ORTHOPEDICS
Powell Hall Amphitheater

SURGERY
Todd Amphitheater,
University Hospitals

For detailed information concerning all conferences, seminars, and
ward rounds at University Hospitals, Ancker Hospital, Minneapolis
General Hospitals, and the Minneapolis Veterans Administration Hos-
pital, write to the Editor of the BULLETIN, 1342 Mayo Memorial,
University of Minnesota, Minneapolis 14, Minnesota.






