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Staff Meeting Reports

The Impact of Acidosis on the Human Fetus*
Robert C. Goodlin, M. D.! and Irwin H. Kaiser, M. D., Ph. D.*

Acid-base balance of the fetus has been a matter of study for al-
most 75 years. Cohnstein and Zuntz in 1884 reported increased
blood carbon dioxide values in the fetal goat. Their work has been
continued, particularly by Barcroft and his associates, until at the
present time, fetal electrolyte and gas values are known for a number
of species.

It is simpler to study intrauterine physiology in the common farm
animals than in primates. The bicornuate uterus of these farm animals
allows study of multiple pregnancy, a single fetus at a time. The third
stage of labor is frequently prolonged, allowing ample time for fetal
study. In the ewe for instance, the fetus may be delivered by cesarean
section, and the placenta, which is contra-decidual in type, does not
immediately separate. Fetal respiration can be prevented by using a
nose bag filled with amniotic fluid. It is assumed that, under these
circumstances, the newborn lamb continues to function as a fetus.
The uterus simplex and the deciduate placenta, characteristic of most
primates, ordinarily react to the removal of the fetus by immediate
placental separation. It is possible, however, to petform intrauterine
studies on at least one primate. The rhesus monkey usually has two
placentae with interplacental vessels in an extra-amniotic position. It
is then possible to obtain fetal blood samples by hysterotomy, leaving
the pregnancy intact.

Because of species differences, information obtained on animal
fetuses must be applied to the human fetus with reservations. For
example, the structure and function of the placenta, the identity of the
blood sugars, the chemical characteristics of hemoglobin, and the
size and number of erythrocytes differ in the various mammals.

* This is an abstract of a report given at the Staff Meeting of the University of Minne-
sota Hospitals on May 31, 1957. A copy of the complete report, including tables, graphs,
and references, may be obtained by writing to the Editor, UNIVERSITY OF MINNESOTA
MEDICAL BULLETIN, 1342 Mayo Memorial, Minneapolis 14.

1 Medical Fellow, Department of Obstetrics and Gynecology
2 Associate Professor, Department of Obstetrics and Gynecology
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To date, no one has reported the study of human fetal blood sam-
Ples obtained in the coutse of a continuing pregnancy. On a few oc-
casions, we have drawn blood samples from pre-viable fetuses with
prolapsed cords. These are unphysiological conditions and data thus
obtained must be interpreted with caution.

Studies on the human fetus have, therefore, generally been limited
to the time of delivery. This limitation in turn has introduced experi-
mental variables due to changing intrauterine conditions in the process
of delivery. In addition, many physiologic conditions change signifi-
cantly during the course of the pregnancy. The data obtained at de-
livery should be cautiously interpreted in estimation of intrauterine
conditions at any other time.

Probably the earliest report of acid-base balance in the human fetus
at term was that of W. Blair Bell in 1928. He noted that the fetal
blood pH was uniformly lower than the maternal blood pH. Numer-
ous reports have since confirmed that the human fetus exists at a
higher blood hydrogen ion concentration than its mother or the nor-
mal adult,

In instances of asphyxia neonatorum, the infant has been found to
be in a severe degree of acidosis and hypoxia. Both the low pH and
the decreased oxygen saturation have been held responsible for the
high fetal loss found in this condition. As far as is known, the fetus
has never been observed to be in a state of relative alkalosis in com-
parison with its mother.

It seemed reasonable to study acidosis in the fetus by producing
acidosis in patients with apparently normal pregnancies and by study-
ing infants born of diabetic mothers.

Method

The maternal acidosis was produced with ammonium chloride.
Ammonium chloride has long been used in the laboratory as a means
of producing metabolic acidosis and clinically it is frequently used as
a mild diuretic agent. As long as renal function is adequate, fetal
deaths have not been reported from its extensive use. Patients in the
thirty-ninth week of gestation and not in labor were given 6 grams of
enteric coated ammonium chloride a day until the time of delivery.
The longest period of constant medication was 28 days. Blood was
collected from the umbilical vessels in heparinized, oiled syringes as
soon as possible after delivery, nearly always before the infant had
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begun to breathe. Umbilical artery, umbilical vein, and maternal
vein samples were obtained and placed in ice. At the time of cesarean
section, the cord was delivered first and the blood sampls obtained be-
fore any effort was made to deliver the infant.

Results

Blood was collected without stasis from the antecubital veins of
patients in the thirty-ninth week of gestation. These patients were
not in labor and had not received ammonium chloride. As the blood
flow is markedly increased in the upper extremities during pregnancy,
blood from the antecubital vein of pregnant women contains more
oxygen than that from non-pregnant women. This source of maternal
blood was chosen because of the technical difficulties in obtaining ma-
ternal arterial blood at the time of delivery. Values obtained for
blood pH, bicarbonate (HCOj ), and carbon dioxide partial pressure
(pCOy ) were slightly below the normal for non-pregnant individuals.
Maternal blood lactic acid levels are significantly elevated in the third
trimester of pregnancy, and the respiratory minute volume is known to
increase progressively as term approaches. These facts indicate that

the normal pregnant woman at term has a mild compensated metabolic
acidosis.

Blood chemical determinations were made at the time of delivery
in 11 patients who had received no ammonium chloride. Despite the
fact that all but one were in labor, with its associated frequent hyper-
ventilation and acetonuria, the maternal values were not materially
different from those of the thirty-ninth week of gestation.

The blood of the fetus has a lower pH than that of its mother, and
the pH of blood of the umbilical artery is lower than that of the vein.
The oxygen content of the maternal peripheral vein is approximately
equal to that of the umbilical vein, but the oxygen saturation of the
former is very much higher. The fetal pCOy and lactic acid are higher
than those of normal adults, with the umbilical artery having the
highest values. The fetal values of potassium and phosphate are
higher than those of the mother. The maternal blood proteins are in
greater concentration than those of the fetus.

Ammonium chloride shows its most profound effect on blood pH
during the first 3 or 4 days of administration. After this period of
time, the compensatory production of ammonia by the renal tubules
becomes sufficient to return the blood pH to less abnormal values.
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In our group of controls, the average maternal peripheral vein pH in
86 patients at term but not in labor was 7.38. In 41 patients at the
time of delivery, the average maternal pH was 7.37, an insignificant
change. In the newborn babies of these controls, the mean umbilical
vein pH was 7.32 and that of the umbilical attery, 7.28. Maximum
fall in pH values occurred by the third or fourth day of ammonium
chloride medication, and they were relatively stable thereafter. In 11
patients in whom the fetal pH values were low, more complete
chemical analyses were done. Values for pH, HCOjz, pCOs, chloride
lactic acid, and oxygen saturation were different from those of controls.
From the known action of ammonium chloride, the changes in the
values for pH, HCOj, and chloride were expected. The elevated fetal
lactic acid and pCO; and decreased oxygen saturation were unexpected.

Six of these infants showed a severe degree of acidosis. The pH
was low, the pCOy, potassium, calcium, phosphate, and lactic acid
were elevated, and the oxygen saturation was markedly reduced as
compared with the controls. The elevated calcium and phosphate have
been noted in experimental and clinical respiratory acidosis. Elevated
potassium has been noted in respiratory acidosis of short duration in
which the kidney has not had sufficient time to excrete the excess setum
potassium. By producing a metabolic acidosis in the mother, an in-
creased acidosis of respiratory type has been produced in the fetus.
Eastman, Noguchi, and Wilson and associates have reported low values
for pH and oxygen saturation and high values for pCOy in asphyxia
neonatorum. In the six severely acidotic infants in the present series,
pCO, and pH were equal to any reported in asphyxia neonatorum,
and oxygen values approached those reported. Except for the marked
cyanosis present at birth, these infants all appeared essentially normal
and did well in the hospital.

In 1954, Lowrey, Graham and Tsoa reported studies of blood elec-
trolyte balance in 11 infants born of diabetic mothers. They found ex-
tremely variable chloride and total base levels, and in a large propot-
tion of the infants pH was low. Three of the four infants with low
pH values, however, wete born to mothers who had received ammo-
nium chloride. The authors postulated a direct correlation between the
degree of fetal acidosis and the severity of the abnormal clinical picture
present in these infants. It seemed worthwhile to repeat these studies
in the light of our experience with ammonium chloride acidosis.

We studied 18 infants born to diabetic mothers. Sixteen of the
453




THE MEDICAL BULLETIN

infants survived. One infant died of hyaline membrane disease, and
the other of prematurity. The umbilical vein pH of the first was 7.18
and of the second 7.29. The lowest pH which was found in the entire
series was that of a 13-pound infant delivered with mid-forceps. The
umbilical artery pH was 6.75. After a stormy hospital course, the in-
fant survived and at last reports was doing well.

When compared with the controls, the only significant chemical
findings of the diabetic mothers and babies were the low maternal and
fetal values for pH and chlorides. The glucose values for both infant
and mother varied markedly, depending upon the circumstances of
glucose and insulin administration prior to delivery. There was no
correlation between chemical values and the clinical course of the in-
fants in our study. Both the pH and chloride values observed in the
diabetic patients are thought to represent the mild acidosis seen in
pregnant diabetic women. Many of these patients were on Diamox®
throughout the third trimester.

In all of our study groups, the fetal chloride level varied with the
maternal value. Values for chloride in maternal, umbilical artery, and
umbilical vein plasma in 28 deliveries suggest the occurrence of a
chloride shift at the placenta.

Utilizing data from 89 deliveries, maternal peripheral vein pH was
plotted against the umbilical vein pH. With the exception of the
seven infants in whom umbilical vein pH was below 7.15 and all of
whom wete born to mothers receiving ammonium chloride, a straight
line relationship was obtained. Fetal pH appears to be related to ma-
ternal pH.

In 19 cases, the mothers were given uncoated ammonium chloride
during labor. Uncoated ammonium chloride, if tolerated, has a rapid
onset of action. While the individual groups were small and the find-
ings not statistically significant, the data suggest that the establishment
of the usual maternal-fetal pH gradient requires about 4 hours in the
presence of a changing maternal pH. The same time lag was noted be-
fore re-establishment of a steady state in 11 patients in whom the am-
monium chloride had been discontinued and the maternal pH was
therefore changing in the opposite direction. Approximately one-half
of the infants born of diabetic mothers had increased maternal-fetal
pH gradients. This had no correlation with the clinical course of these
patients. There was little correlation between oxygen saturation and
pH, between oxygen saturation and lactic acid levels, or between lactic
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acid and pCO,. Fetal pH and fetal lactic acid, however, were cor-
related quite well as were oxygen saturation and pCOs.

Discussion

The fetal acidosis present in the normal newborn is characterized
by slightly decreased serum HCOjz and elevated pCOg, and has been
considered both metabolic and respiratory in origin. Because the
pCO; is elevated and there are associated decreases in oxygen satura-
tion and other laboratory findings characteristic of respitatoy acidosis,
many obsetvers think of the normal newborn as being in a state of
respiratory acidosis at the time of delivery. The normal adult pH level
is usually found in the normal newborn by 4 to 6 hours after birth.
Many premature infants, however, are acidotic for a much longer pe-
riod of time. Conditions associated with decreased respiratory function,
as hyaline membrane disease and pneumonia, ate also associated with
prolonged acidosis. The laboratory findings of an infant with hyaline
membrane disease are not unlike those of the normal fetus.

The etiology of the observed fetal acidosis is a matter of contro-
versy. The increased levels of lactic and pyruvic acid noted in the
normal newborn are the basis for considering the acidosis to be meta-
bolic in origin. Others, noting the elevated pCOy and decreased partial
pressure of oxygen relative to those of the normal adult, consider the
placenta to be an inefficient respiratory organ as compared with the
lung. The decreased pH may represent a respiratory acidosis due to in-
adequate carbon dioxide excretion.

The elevated fetal lactic acid has been known since Bell's work in
1928, and at present is considered to be fetal in origin. It seems
highly probable that the fetus makes use of anaerobic pathways of
metabolism which ate lost soon after birth. In instances of asphyxia
neonatorum, lactic acid is markedly increased. In newborn rats, ex-
posed to a pure nitrogen atmosphere, blood lactic acid is five times
normal. The survival time of such young rats is increased by sub-
cutaneous injections of glucose. The ability of newborn rats to sur-
vive in a nitrogen atmosphere is decreased from 50 to 3 minutes if
they are first injected with an inhibitor of sulfhydtyl enzymes.
Sulfhydryl enzymes are needed to convert glucose to pyruvic and
lactic acids. These facts strongly suggest that anaerobic glycolysis is
a mechanism which increases tissue sutvival under conditions of
hypoxia.
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The exact signficance of elevated lactic acid is difficult to evaluate,
for with human fetal tissue iz vifro no increase in the accumulation
of lactic and pyruvic acid results from hypoxia. Evidence suggests
that in instances of anaerobic glycolysis some intermediate beyond
pyruvate, other than COs, is accumulated. The measured lactic acid
production in hypoxia experiments would protect newborns only one-
tenth as long as actual protection can be measured. The whole subject
is further confused by the possibility that the lactic acid represents in
the fetus a link between the metabolism of fats and glucose.

As was noted in data presented, the fetal blood lactic acid levels
correlated well with fetal pH. There was little correlation between
lactic acid and oxygen saturation or lactic acid and pCOs,. With the
exception of one report, lactic acid has been found to be uniformly de-
creased in respiratory acidosis in the adult. Diabetic acidosis ex-
cepted, acidosis both 2 vivo and in vitro decreases glucose metabolism
and lactic acid formation. The association of increased fetal lactic
acid, acidosis, and hypoxia has been thought to represent metabolic
acidosis secondary to increased anaerobic glycolysis, in turn secondary
to hypoxia. Hypoxia has been considered the initiating event. Our
data suggest that the increased lactic acid in the instances of severe
acidosis associated with ammonium chloride acidosis probably rep-
resents the fetal reaction to the associated hypoxia, which is secondaty
to the ammonium chloride acidosis.

Oxygen saturation was found to be correlated with pCOg. There
was no apparent correlation between oxygen values and pH or lactic
acid. Following the development of the infant oximeter, numerous
investigators have reported oxygen saturation values in infants at the
time of birth. Except in those with extremely low values, no cot-
relation has been reported between fetal oxygen values at the time of
delivery and the clinical course of the infant. This has become more
apparent as the result of several studies attempting to correlate
cerebral palsy and oxygen saturation at birth. Apparently, the oxygen
saturation at birth reflects a transitory state which has no value in
predicting long-term effects upon the infant.

Our data show that the maternal oxygen values do not change
significantly with acidosis. The maternal supply of oxygen at the
placental barrier is not decreased. While carrier mechanisms bave
been postulated to explain the transport of different substances across
the placenta, none has been suggested for oxygen. It is then difficult
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to postulate a decreased oxygen supply to the umbilical vein in in-
stances of fetal hypercapnia. The decreased oxygen saturation asso-
ciated with increasing pCOz probably represents the effect of pCOg
and pH on the oxygen dissociation curve, causing the curve to shift
to the right. The expected oxygen saturation with the values of
pCO2 and pH found in these data is not predictable on the basis of
information currently available; nevertheless, the hypoxia noted is
probably the effect of induced acidosis.

Increased hemoglobin in the human fetus has been assumed to be
the result of erythropoietic response to the decreased fetal oxygen
saturation. The elevated hemoglobin may also represent a response
to the observed elevated pCO, as there is some evidence that elevated
pCO; is associated with increased hemoglobin and bone marrow ac-
tivity, In comparative mammalian physiology, one finds that fetuses
with significant blood levels of fructose at term have hemoglobin
values comparable to the maternal, while those with insignificant blood
fructose levels have high hemoglobin values. The human fetus is in
the latter group.

The transfer of carbon dioxide has been assumed to take place
across the placenta as it does across the alveolar membrance of the
lung, that is, as a gas. Our data show that the pCOg is always higher
on the fetal side. The pCO, gradients, however, varied markedly
under the various circumstances of the different clinical categories.
The bicarbonate ion, unlike the pCOg, maintained relatively constant
gradients. It may be that carbon dioxide moves across the placenta,
at least in part, in the form of the bicarbonate ion.

During the latter part of gestation, fetal respiratory movements
in rabbits, sheep, and goats are largely controlled by the oxygen ten-
sion of the fetal blood, not by carbon dioxide values. Eastman could
find no correlation between the catbon dioxide tension of infants’
blood and their ability to initiate respirations. While the facts con-
cerning the effect of carbon dioxide on neonatal respiration are few,
they indicate that the respiratory center is unresponsive at the time of
birth to elevated pCOs. The fetal homeostatic mechanisms, with no
functioning respiratory organ comparable to the lung in the adult,
are perhaps unaffected by pCO; levels. The newborn’s respiratory
center becomes responsive to carbon dioxide 2 hours after birth.

With this interpretation of the significance of fetal pCO, in mind,
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the ability of the fetus to function with its known low blood levels
of carbonic anhydrase is more readily understood.

If the fetal pCOy value has little significance, the usual adult
criteria for determining whether acidosis is metabolic or respiratory
in origin are not valid in the fetus.

The acidosis observed in the normal fetus probably is a metabolic
acidosis resulting from the high level of anaerobic glycolysis known
to occur. The decreased oxygen saturation and increased pCOs, which
in the adult are associated with respiratory acidosis, in the fetus are
both secondary to the decreased pH. With the advent of adequate
respiratory function, the products of anaerobic glycolysis are oxidized
and the newborn’s pH reaches the normal adult level a few hours
after birth.

Conclusion

The laboratory findings of acidosis, hypoxia, and hypercapnia in
the human fetus at the time of delivery have little or no correlation
with the clinical status of the newborn.

Notice

In the staff meeting report entitled “The Use of Radioactive Phos-
phorus in the Diagnosis of Intraocular Tumors,” by Robert M. Lund-
biad and James F. Marvin, which appeared in the May 15, 1957, issue
of this BULLETIN, Vol. xxviil, pages 398-4006, acknowledgment of
the financial support of the Minnesota Division of the American Can-
cer Society was inadvertently omitted. The authors and the Editor
wish to apologize for this omission.
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Statf Meeting Report

The Management of Scoliosis”

Donald C. Meredith, M. D." and John H. Moe, M. D.’

Scoliosis is lateral rotatory curvature of the spine. The alteration
in the spine, however, is representative of the pathological changes
in other tissues and is an index of the type and degree of deformity
of all the tissues.

MECHANICS OF SCOLIOSIS

In order to understand why scoliosis persists and progresses, we
must recall some basic engineering principles. Lateral motion of
the normal spine is accompanied by vertebral rotation and rotation
of attached appendages. As Schmidt has pointed out, the engineering
principle pertaining to a bent rod, “Eccentric loading efficiency in-
creases with deflection,” may be applied to any curvature of the spine.
In simple terms, it states that the more it is bent or curved, the
easier it is to bend it further; therefore, many cutves progress.

In scoliosis there occur through continuocus altered function
(Wolff’s law) changes in the external conformation and internal
architecture of the vertebra and attached appendages, which prevent
the spine from returning to its normal anatomical position; therefore,
many curves persist.

Curves seen on x-ray may be structural or functional, as defined by
Schmidt. The term “structural curve” implies that there are intrinsic
changes of acquired or congenital origin, such as abnormal rotation,
wedging, tilting, or gross malformation of vertebra with or without
contracted soft tissue.

A functional cutve is similar to that in a normal spine on lateral
flexion. No intrinsic changes are present and the curve corrects com-

* This is an abstract of a report given at the Staff Meeting of the University of Min-
nesota Hospitals on June 7, 1957. A copy of the complete report, including tables and
references, may be obtained by writing to the Editor, UNIVERSITY OF MINNESOTA
MEDICAL BULLETIN, 1342 Mayo Memorial, Minneapolis 14.

1 Medical Fellow, Division of Orthopedic Surgery
2 Professor and Director, Division of Orthopedic Surgery
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pletely when the extrinsic deforming forces are removed. When the
body is in balance, any angular deviation in one direction is equal to
an angular deviation in the opposite direction. This is called the
law of balance. Ferguson prefers to denote curvatures as primary
and secondary. A primary curve, then, is a lateral structural curve re-
sulting from a force acting contrary to the law of balance. Secondary
curves, therefore, are compensatory curves. As Cobb has pointed out,
when a secondary curve is of long standing and crosses the mid-
line, it nearly always takes on structural changes. The longer the
curve, the more deformity will be present; the shorter the cutves and
the greater the number of cutves, the less the deformity.

Assuming there ate no deforming elements below the pelvic
crest, the simplest form of scoliosis consists of three curves: a pti-
mary curve with secondary curves above and below which are at-
tempting to return the spine to the erect position. If the secon-
dary curves are successful in the attempt the spine is compensated; if
not, it is decompensated. A patient whose curve is compensated will
have his shoulders, eyes, and pelvis level with each other and with
the floor when he is standing. The patient with a decompensated
curve will present a list or deviation of the trunk from the midline;
a dropped shoulder or pelvic obliquity may be present. Cobb has
stated that the patient always lists toward the convexity of the pri-
mary curve and that the high side of the pelvis is on the concavity
of the primary curve.

ETIOLOGY
Idiopathic Scoliosis

Idiopathic scoliosis is a fairly characteristic clinical entity, but
the characteristics differentiating it from the curves resulting from
poliomyelitis and from other types are not always entirely distinct.
Various authors have implicated mechanical, neurogenic, embry-
logic, developmental, and endocrinologic factors, but none of these
theories have been proven. Many idiopathic cutves do not progress
to a deforming state and do not require treatment.

Post-Poliomyelitis
Scoliosis is due primarily to muscle imbalance.

Congenital Anomalies

Probably the commonest anolamy seen is the hemi-vertebra, but
there may be others such as unsegmented vertebra and fused ribs.
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These curves must be closely watched for they are unpredictable
and may progress rapidly.

Thoracogenic

Scoliosis following emphysema, thoracoplasty, osteomyelitis of
ribs, and radiation therapy in children often produces severe de-
forming curves in the thoracic region.

Osteochondrodystrophies, Muscular Dystrophies, Cerebral Palsy, and
Friedreich’s Ataxia

Scoliosis in these conditions is rare.

Neunrofibromatosis

Scoliosis is relatively rare. Curves of the idiopathic pattern are
occasionally seen associated with cafe am lait skin markings. They
do not necessarily differ from idiopathic scoliosis in progtess and
treatment; however, the presence of neurofibromata near the spine
may cause developmental defects often similar in appearance to con-
genital anomalies. Such defects produce sharp angular curves which
are usually progressive.

IDIOPATHIC SCOLIOSIS

A true understanding of any disease is based on the knowledge
of its etiology and natural history; with little knowledge of the for-
mer, the latter is of great significance for rational management. In
idiopathic scoliosis the majority of the characteristic features of the
primary curve pattern are present at the onset of the deformity and
rarely change. As the curve progresses, one or two vertebrae may
be added to the cutve, but the apex, location of the curve, and di-
rection of rotation are unchanged. In general, the majority of idio-
pathic curves are right thoracic, they occur predominately in females,
and they usually appear just prior to adolescence. According to Cobb,
fewer that 5 per cent of patients requite spinal fusion, and 80 per
cent of them never show progression to a noticeable deformity. In
our own experience, most patients with idiopathic curves come in for
treatment of an obvious deformity, and the less severe, non-progres-
sive curves are seen more rarely. According to Risser, idiopathic
cutves may progress until spinal growth ceases. Spinal growth ceases
simultaneously with completion of excursion of the iliac apophysis
across the iliac crest to the posterior superior iliac spine (Risset’s

sign).
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Idiopathic scoliosis may be classified into five main patterns after
Ponseti and Friedman. According to them the primary lumber curve is
the most benign and least deforming of all idiopathic curves. Its
apex is usually the first or second lumbar vertebra.

The thoraco-lumbar curve, with its apex at T11-12, clinically is inter-
mediate between thoracic and lumbar curves in regatd to its charac-
teristics. These curves, as a whole, are not severely deforming, but
the incidence of severe curves is significantly higher than in the
lumbar group.

The thoracic curve, according to these authors, progresses more
rapidly, becomes more severe, and produces greater clinical deformity
than any other pattern. Its apex is at T 8-9.

Combined thoracic and lumbar curves (double primary) are
symmetrical, the axis of rotation being towanrd the convexity of the
respective curves. The prognosis is good. The body is usually well
aligned, and the curves compensate each other.

The cervico-thoracic curve is rare. The apex is at the T 3 level.

In our series of 130 idiopathic curves, 42 per cent were right
thoracic and 31 per cent were right thoraco-lumbar curves. A majority
of these were severely deforming.

PARALYTIC SCOLIOSIS

The curve patterns in paralytic scoliosis vary according to the de-
gree and location of muscle paralysis and weakness. A high per-
centage of paralytic curves are right thoracic. There is no sex pre-
dominance. Scoliosis may develop 10 to 15 years following polio-
myelitis. Colonna and Vom Saal analyzed 500 cases of polio and
found scoliosis developed in 150 or 30 per cent of the patients.
These authors stated that thoracic curves are due to paralysis or
weakness of the scapular muscles. J. I. P. James stated that paralysis
of limb muscles is unrelated to the development of scoliosis but
that the intercostal muscles and lateral abdominal flexors produce
scoliosis when weaker on the convex side of the curve. Both authors
agreed that lumbar curves are due to paralysis or weakness of the
spinal muscles. The prognosis, unlike that in idiopathic scoliosis, is
related to the age of onset of the curvature and the degree of muscle
imbalance rather than the site of the primary curve. Paralytic curves
in general are longer, more progressive and deforming, and may
progress after completion of spinal growth. If soft tissue contrac-
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tures exist below the pelvic crest, they must be treated before cor-
rection and fusion is attempted.

MEASUREMENT OF THE ANGLE OF THE CURVE

A standing 14 by 17 inch x-ray of the spine showing the com-
plete curve to be measured is essential. An accurate and simple
method of measuring the degree of curvature on x-ray has been de-
scribed by Cobb. The top vertebra of the curve is the highest one the
superior surface of which tilts to the side of the concavity of the curve
to be measured. The bottom vertebra is the lowest one with the in-
ferior surface tilting to the side of the concavity. The angle formed
by erecting intersecting perpendiculars from the superior surface of
the top and the inferior surface of the bottom vertebra of the curve
is the “angle of the curve”.

CORRECTION OF THE CURVE

Three forces are necessary in the correction of lateral curvature
of the spine: distraction, lateral pressure, and derotation. These
forces are incorporated in the Risser localizer cast and the Milwaukee
brace. The Risser localizer cast, like the Milwaukee brace, holds the
compensatory curves relatively straight while the major curve is cor-
rected, eliminating the danger of creating increased structural changes
in the compensatory curves such as has occurred in wedging cast cor-
rection. Although Risser has stated that the localizer cast will per-
mit ambulation without loss of correction, this is not a common ex-
perience. All curves are increased by gravity and maximal correction
cannot usually be maintained except in the supine position.

TREATMENT OF SCOLIOSIS

Conservative Management

Mild cutves are often associated with poor postute and in these
cases postural exercises will improve the patient’s appearance. Ex-
ercise fails to reduce the amount of angulation of a curve, but com-
pensation can be improved by exetcises in many instances.

Certain curves can be improved by creating a pelvic obliquity by
the wearing of a high shoe and a buttock pad. Such measures must
be used with caution, as only mild curves which are mostly functional
will be improved thereby.

Cast correction as a means of conservative management will be
effective only if the primary curve can be fully corrected or recor-
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rected. In such instances, casts applied and worn for a period of
several months may sometimes tesult in definite and persistent im-
provement in the angle of the curve. If the child is young, cast ap-
plications may be repeated at intetvals. If the child is approaching
termination of spinal growth, such correction will often be main-
tained permanently. It must be emphasized that consetvative treat-
ment fails if the curve is severe, structural, and progressive.

Operative Treatment

Hibbs performed the first spinal fusion for scoliosis in 1914.
Attempts to fuse cotrected cutves have in the past led to many fail-
ures, for the bone graft did not sustain the cotrection in a high
percentage of cases. It is now known that most of these failures oc-
curred because of unrecognized pseudarthroses.

The improvement in surgical technique of bone grafting and im-
proved measures for the prevention of surgical shock in recent years
have promoted an upsurge of enthusiasm for maintenance of correc-
tion by surgical bone graft.

Spinal fusion will stop the increase in the scoliotic deformity
and will maintain a previously gained cotrection of the scoliotic de-
formity if external protection is afforded during consolidation.

Correction is possible and will be proportionate to the mobility
in the area of the curvature. Every cutve that is flexible must have
a structural and functional element. The functional component of
the curve is pliable and may be corrected by side bending. The struc-
tural curve is tigid and only partially corrected by forceable means.

The minimum fusion area, determined by x-ray before correction
is obtained, is the area between the end vertebrae of the primary
curve. The maximum fusion area is from parallel to parallel verte-
brae as seen on x-ray after the curve has been corrected.

The fusion area in poliomyelitis is usually from parallel to paral-
lel vertebrae. In some idiopathic curves fusion of the minimum area
is adequate. In others it may be necessary to include the entire maxi-
mum fusion area.

Spinal fusion is indicated in scoliosis for correction of cosmetic
deformity and in progressing curves. Pain is usually not a factor in
the developing curve, but fusion may be done later for pain resulting
from secondary degenerative arthritis, root compression, and pressure
of the ribs on the iliac crests.
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Spinal fusion may be safely undertaken in the young child if the
proper area is selected, but most fusions are done between the ages
of 11 and 15 years. The danger of lordosis developing in 2 young
child following fusion has been overemphasized. It is not desirable
to fuse mild, stable, and unprogressive curves, or a severe curve if
structural enough to permit little, if any, correction.

A review of 265 cases of idiopathic and paralytic scoliosis from
the senior author’s private practice and from the scoliosis service at
Gillette Hospital for Crippled Children, St. Paul, Minnesota, has re-
cently been undertaken. Patients treated between 1947 and 1956
are included. Most have been followed from 2 to 8 years after
surgery.

A total of 380 patients have been treated by cotrection and
fusion since 1947. Of these, 115 are still under treatment, and the
follow-up period is too short for adequate evaluation.

TABLE

ANALYSIS BY DIAGNOSIS OF PATIENTS TREATED FOR
ScoLIosIs SINCE 1947

Idiopathic . ___ L __ 151
Paralytic - 179
Congenital _____________________________ 48
Thoracogenic — - _____ 1

Friedreich’s Ataxia

Patients with paralytic curves who were found to have double
primary curves have not been included in this survey other than for
the purpose of determining the percentage and number of pseudar-
throses. In instances of idiopathic scoliosis the single curve with the
greatest angulation and structural change was used for comparative
evaluation.

In classifying results of treatment the cosmetic appearance has
been correlated with the correction of angulation shown on x-ray,
since x-ray evidence of corrected angulation is only one criterion
by which end results should be judged.

As Schmidt has pointed out, a fused column is easier to main-
tain in balance than a flexible column. The regaining of compensa-
tion and consequent improved appearance can sometimes be obtained
with little or no x-ray evidence of curve correction. In evaluating
the cosmetic appearance of the patients, repeated observations were
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made, and the patient’s opinion and that of the parents were con-
sidered. A good result is apparent to everyone; a fair result indi-
cates improvement and reasonable satisfaction; a poor result indi-
cates general dissatisfaction on the part of all people concerned.

Methods of Correction

The turnbuckle cast was used between 1948 and 1953. The
Risser localizer cast has been used on most patients since 1933.
The Milwaukee brace of Blount and Schmidt has also been used.

Idiopathic Scoliosis. For purposes of this study, no curve was
termed idiopathic when there was a history of poliomyelitis even
in the absence of demonstrable muscle imbalance. No curve with
vertebral anomalies, whether congenital or associated with neuro-
fibromatosis, was included in this group.

Of the 265 patients with scoliosis observed sufficiently long to
permit evaluation of treatment, 130 had the idiopathic variety. This
group included 116 (89.6 per cent) females and 14 (10.4 per cent)
males. The average age at the time of fusion was 13.8 years. The
youngest patient was 9 years old, the oldest 40. Eighty-one per cent
of the fusions were done in patients between the ages of 11 and 17.

Evaluation of correction in idiopathic scoliosis, The percentage
gain of correction in a given patient was obtained by subtracting the
final degree of angulation from the maximum precorrection angula-
tion shown in an upright x-ray. This difference was then divided by
the precorrection angulation. A standing x-ray taken when the
patient was last seen was used for the final evaluation.

The average gain of patients in our series was 40 per cent.
Patients in whom solid fusions without pseudarthroses were obtained
gained an average of 43 per cent. Those in whom pseudarthroses de-
veloped gained an average of 22 per cent, and when pseudarthroses
persisted average gain was only 13 per cent.

When the average percentage gain was correlated with the cos-
metic evaluation, it was found that 101 patients rated as good cos-
metically showed an average gain of 45 per cent, 20 patients rated
as fair gained 24 per cent, and eight rated as poor showed only
5 per cent gain.

In this series of idiopathic curves, results were regarded as good
cosmetically in 78 per cent of the total number of patients. When
solid fusions were present with no evidence of pseudarthrosis at any

466




THE MEDICAL BULLETIN

time, 86 per cent of the results were rated good. When pseudar-
throses were present in the graft, 53 per cent of results were rated
good, and with persistent graft defects results were rated good cos-
metically in only 25 per cent.

Factors which may cause loss of correction in the treatment of
scoliosis are: too short a fusion, removal of external protection before
the fusion mass has become consolidated and mature, and pseudar-
throses. Pseudarthroses account for nearly all major losses of cor-
rection. In this study the percentage of gain in correction was
markedly reduced by the development of pseudarthroses and particu-
larly by the presence of persisting defects. The average loss of cor-
rection in all patients was 12 degrees. In the presence of persistent
pseudarthroses the average loss was 39 degrees.

Incidence of pseudarthroses in idiopathic scoliosis. The cases of
130 patients with idiopathic scoliosis were analyzed. In this group
165 separate spinal fusions were performed. Operations performed
for repair of pseudarthrosis numbered 22.

“Early rype” fusion. The method of fusion performed between
1948 and 1952 is designated as the “early type” of fusion in this
study. The surgical exposure in this group was confined, and care-
ful soft tissue removal and decortication were inconsistent. Flaps
of bone from the laminae and spinous processes were turned down in
a crossing fashion. The joints and transverse processes were not ex-
posed. Bone in the form of bank bone or augotenous bone was
added. Pseudarthroses developed in 19 (55 per cent) of 34 patients
so treated.

Cobb method of fusion. This type of fusion, as used during
1952 and 1953, consisted of meticulous subperiosteal removal of all
soft tissue from the spines, laminae, and transverse processes. Mul-
tiple, interlocking small bone flaps were raised from the laminae and
transverse processes of adjacent vertebra. Bone was added generously.
Facet areas were exposed but the joints were not disturbed. Of 30
patients treated by means of the Cobb method of fusion, pseudat-
throses developed in two (6 per cent).

Facet fusions. The technique used was essentially that of Cobb
with the facets opened, denuded of cartilage, and filled with blocks
of bone. Ten instances of pseudarthroses occurred in 66 patients so
treated, an incidence of 15 per cent.

It would appear from these data that in idiopathic scoliosis the
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addition of facet fusion to the Cobb technique does not favorably
influence the incidence of pseudarthroses.

In 98 patients treated at Gillette Hospital, there were 31 in-
stances of pseudarthrosis, while in 32 private patients, no pseudar-
throses occurred.

Analysis of Paralytic Scoliosis

There were 136 patients with paralytic scoliosis, 81 (59 per cent)
females and 55 (41 per cent) males. The average age at time of
fusion was 13.4 years. The youngest patient submitted to surgery
was 3 years, the oldest 20 years.

The average gain in patients with paralytic scoliosis was 44 per
cent. In the patients whose fusions become solid without evidence
of pseudarthroses at any time, average gain was 47 per cent. When
pseudarthrosis occurred gain was 39 per cent, and 29 per cent in the
presence of persistent pseudarthrosis. ‘

Patients with results rated as good cosmetically showed an aver-
age gain of 49 per cent. Those with fair results gained 21%, while
those with poor results showed an average gain of 4%.

In the total series of patients with paralytic curves, 78 per cent
had results rated as good. In patients with evidence of graft defect at
any time, 85 per cent of results were rated good. When pseudat-
throses were present, 67 per cent of results were good, while of
those in whom the pseudarthrosis persisted, good cosmetic results were
obtained in 42 per cent.

The average loss of correction in the series was 12 degrees.
With pseudarthroses persisting, there was an average loss of 31
degrees.

Incidence of pseudarthroses in paralytic scoliosis. Patients with
paralytic curves numbered 136, and 212 separate fusion operations
were performed in this group. The “early type” of fusion resulted
in pseudarthroses in 17 of 26 cases (65 per cent); the Cobb type of
fusion in 14 of 28 cases (50 per cent); and the facet type of fusion
in 25 of 82 cases (30 per cent).

LOCATION OF PSEUDARTHROSES

The thoracic spine fuses solidly in a much higher percentage of
patients than do the thoraco-lumbar and lumbar segments. The high
incidence of curves limited to the thoracic spine in idiopathic
scoliosis and the relative stability of these curves contribute to the
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high occurrence of solid fusions in this group. Paralytic cutves in-
volve a greater portion of the lumbar spine, are more collapsing
and flexible, and tend to be longer. The transitional area between the
thoracic and lumbar vertebrae is the most vulnerable area in the spine.
In this series, 135 separate pseudarthroses occurred. Multiple defects
developed in many patients.

Above T6 there were six defects, above T10 there were 27. A
total of 53 defects were found in the T11-12 and the T12-L1 inter-
spaces.

OPERATIVE MORTALITY

No operative deaths occurred in this series. In the group of 265
patients analyzed there were 377 operations for spinal fusion and
69 operations for repair of pseudarthroses, a total of 446 operative
procedures.

SUMMARY
Idiopathic Scoliosis

One hundred and thirty cases of idiopathic scoliosis were analyzed
with respect to the percentage of correction obtained and the in-
cidence and effect of pseudarthrosis in the graft. Three methods of
fusions were analyzed.

The average gain in cotrection was 40 per cent. In the absence of
pseudarthroses, the average gain was 43 per cent. Patients with
graft defects showed an average gain of 22 per cent, and those with
persistent defects showed an average gain of 13 per cent.

Patients whose results rated as a good cosmetically showed an
average gain of 45 per cent while those with poor cosmetic results
gained only an average of 5 per cent.

Fusions performed in the eatly years of this series resulted in
pseudarthroses in 55 per cent of the patients while the Cobb method
of fusion, used later, resulted in pseudarthroses in only 6 per cent.
Facet fusions with autogenous bone gave no further improvement
in results.

Paralytic Scoliosis

One hundred and thirty-six cases of paralytic scoliosis were ana-
lyzed. Double curves were omitted in evaluating the percentage of
gain in correction.

The average gain in correction was 44 per cent. In the absence
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of pseudarthrosis the average gain was 47 per cent. Patients with
pseudarthroses averaged 39 per cent gain, and those with persistent
defects averaged 29 per cent gain.

Patients whose results were rated as good cosmetically showed an
average gain of 49 per cent, while those with poor cosmetic results
showed a 4 per cent gain in correction.

Eatly fusions were followed by pseudarthrosis in 65 per cent of
cases while the Cobb type of fusion resulted in graft defects in 50
per cent. Facet fusions resulted pseudarthrosis in 30 per cent, but
when autogenous bone was added, defects occurred in only 13
per cent.

Conclusions

Correction and fusion of the scoliotic spine is uniformly produc-
tive of results entirely satisfactoty cosmetically and functionally pro-
vided that the proper fusion area is selected and the fusion is success-
ful in providing a solid and mature graft. The presence of pseudar-
throses is the prime reason for loss of correction. Most pseudarthroses
can be discovered, repaired, and protected until solid without ap-
preciable loss of correction. A meticulous type of fusion, with wide
exposure, with all soft tissue removed, and with facets carefully
fused is productive of the best overall results.

470




Staff Meeting Report

The Effect of Ionizing Radiation on Some
Biological System with Special Reference
to Their Inactivation of Pepsin*t

Merle K. Loken, Ph.D.! Donn G. Mosser, M.D.}
Halvor Vermund, M.D.,* and James F. Marvin, Ph.D.*

A better understanding of mechanisms by which ionizing radia-
tions affect biological systems is most certainly an objective of
everyone associated with radiation therapy. Any significant achieve-
ments toward this goal necessitate an appreciation of certain as-
pects of physics, chemistry, and biology which together with radio-
therapy constitute an ever growing discipline known as “radiation
research.” Only through the effective functioning of this discipline
can the effects of ionizing radiations on biological systems be under-
stood. Each advancement in this area has improved the clinical pro-
gram of radiation therapy. It is likely that new discoveries will con-
tinue this trend. Furthermore, no field of human endeavor can stop
asking and attempting to answer questions of this basic nature with-
out incurring the risk of deterioration of aptitude, attitude, and
morale within its ranks.

Believing then that the most important questions which continu-
ally confront the radiotherapist can be attacked most effectively
through research, we are endeavoring to promote “radiation research”.
At the present time our major research efforts involve the investi-
gation of:

a. Metabolism of tumor cells using radioactive phosphorus (P*)

* This is an abstract of a report given at the Staff Meeting of the University of Minnesota
Hospitals on June 14, 1957. A copy of the complete report, including references and
additional tables and graphs, may be obtained by writing to the Editor, UNIVERSITY OF
MINNESOTA MEDICAL BULLETIN, 1342 Mayo Memorial, Minneapolis 14.

4 Financial support for this work has come from the Atomic Energy Commission and the
Graduate School of the University of Minnesota. We are grateful for the technical assist-
ance of Miss Ardis Brown and Mrs. Kathleen Terrill in some phases of these studies.

1 Assistant Professor, Division of Radiation Therapy

2 Assistant Professor and Director, Division of Radiation Therapy
3 Associate Professor, Division of Radiation Therapy

4 Associate Professor, Division of Radiation Therapy
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to tag phosphorylated compounds, the most notable of which are
precursots to the nucleic acids.

b. The effect of ionizing radiations and the administration of
chemicals on metabolic pathways in cells of normal and tumor-
bearing animals.

c. The effects of irradiation on the host-tumor relationship
in mice.

d. Dosimetry problems using fixed and rotating fields from a
Cobalt-60 (Co™) teletherapy unit.

e. Improved radiation detection devices with associated elec-
tronic apparatus for automatic recording of radioactive emanations
in both iz vivo and in vitro systems.

f. The effect of ionizing radiations on enzymatic activity.

Information on several of these projects has been presented in
past years. The present discussion concerns some of our recent in-
vestigations using the protease pepsin. A brief review of pertinent
literature is in order first, however.

As early as 1896, only a few months after Roentgen’s discovery,
bold attempts were made to treat patients without any knowledge
about the biological effects of the x-rays. The results indicated that
the rays had profound effects, manifested at first by the reactions on
the skin (erythema, dermatitis, and necrosis). SjOgren and Steinbeck
have been credited with the first successful attempt, in 1899, to cure
a cancer of the skin using radiation therapy. Since that time, many
manifestations of the biological effects of ionizing radiations have
been noted. Among these are lethality, lymphopenia, granulocyto-
penia, anemia, epilation, genetic mutations, respiratory changes, pro-
tein denaturation, enzyme inactivation, and a host of others.

These biological effects are initiated by the absorption of radiant
energy quanta (photons) in the system under consideration. These
photons may interact with the atoms of a biological system to re-
move orbital electrons (ionization by the photoelectric and Compton
effects) or displace electrons from stable orbits to higher energy
orbits (excitation). High energy photons may react with nuclei to
produce a positron and electron (pair production). The ionization
resulting from these interactions is considered to be the most im-
portant cause of the biological changes.

Because of the importance of the orbital electrons in the mainte-
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nance of molecular structure, ionization may cause molecular decom-
position and, consequently, changes in the physical and chemical
properties of the system. The ejected electron will be able to produce
further ionizaticn depending upon its kinetic energy derived from the
initial photon encounter. Thus, the absorption of one photon may
result in a large number of secondary electrons being formed, many
with high kinetic energy and all of which are considered significant
in the ultimate biological effect.

The maintenance and growth of most biological structures are
dependent upon a multitude of chemical reactions which must be
kept in delicate balance. The absorption of radiant energy with sub-
sequent ionization and formation of highly reactive radicals from
water often leads to a change in this balance with ultimate modi-
fication and/or destruction of the system. Because of the inherent
complexity of most biological systems, there is difficulty in assay-
ing the immediate effects of photon absorption. To gain informa-
tion on the mechanisms involved, it is oftentimes advantageous to
utilize simple systems #z vitro such as enzymes and colloids.

In most biological systems, the major constituent is water. In-
asmuch as the ionization produced by radiation occurs at random in
the system, it is expected that the majority of biological action follow-
ing irradiation is the result of radicals or molecular fragments formed
in the water. This reasoning led investigators in the early 1930’s to
postulate the existence of “activated water.” Further studies showed
the existence of hydrogen and oxygen gases formed in irradiated
water. Hydrogen peroxide is also present in water exposed to high
doses of roentgen rays under aerobic conditions. The formation of
atomic hydrogen and OH radicals was probably first postulated in 2
paper by Risse. Further evidence that “activated water” could be
identical with H atoms and OH radicals is credited to Weiss. The
formation of the perhydroxyl (HOg) radical in irradiated water
has been discussed by Burton and others.

Certain of these radicals are expected to recombine depending
upon their spatial distribution. The remainder are capable of initiating
oxidative and reductive reactions depending upon the characteristics of
the solute and its pH. The H radicals may participate in reduction
processes while the HO, and the OH radicals with their great affinity
for electrons are expected to cause oxidation of molecules in the
system being irradiated. It has also been shown, however, that the

473




THE MEDICAL BULLETIN

OH radicals may act as an agent of reduction and under certain con-
ditions, H atoms can cause oxidation by dehydrogenation. Sten-
strom and co-workers and Fricke and his associates, working with
solutions of inorganic and organic compounds, and Dale, working
with enzymes, obtained evidence that the action of ionizing radia-
tions on water has a pronounced effect on the solute molecules.

The biological effects of ionizing rays brought about through the
aqueous medium have been termed the “indirect effect” of radiation
as opposed to the “direct effect” in which the rays act by jonization
or excitation of the solute molecules. In the deamination of glycine,
the yield is nearly the same for dry material as it is for a 20 per cent
solution. It cannot be assumed, however, that glycine when dissolved
does not change its properties and, therefore, its response to a direct
hit. Certain biological systems, such as seedlings, spores, tumor cells,
and cell cultures have shown a radiosensitivity which is dependent
upon water content. Experiments by Patt and co-workers have shown
that radiosensitivity of certain animals may or may not be altered by
dehydration. The decrease in radiosensitivity with dehydration in
some systems may be explained in terms of a shift from indirect to
the direct effect. At the present time, however, one cannot obtain
absolute values for each of the two modes of action. From the bio-
chemical point of view, both the direct and the indirect effects may
be of biological importance. The average water content in most of
these systems is about 75 per cent or higher so that it is reasonable to
assume that the indirect mode of action of radiation is of major im-
portance.

According to the concept of indirect action, the localization of
an effect within a biological system will depend upon the nature of
the system as well as upon the disttibution of the radicals in space.
A dense ionization track, such as would be produced by an alpha
particle, is believed to consist of a dense central core of Ht and
OH (H,O0T™—OH +Ht) surrounded by a sheath of H and OH—
(HpO——OH~ +H). In environments with relatively poor dif-
fusion kinetics, the reaction will be confined to a very limited space
surrounding the ion track. The H atoms readily combine to form
hydrogen gas whereas any oxygen gas formed is likely a byproduct
of the decomposition of hydrogen peroxide. Through diffusion of
these radicals, HoO may again be formed. Contrasted with this is
the effect expected with low density ion paths in which the initial
distribution is considered to be more random in character.
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Hydrogen peroxide production is considered to be a secondary
product of the reaction of two perhydroxyl radicals with the release
of oxygen. With x-rays as the source of ionizing radiation, the yield
of HyO2 is negligible in the absence of oxygen. The reaction of
two OH radicals to produce H, O2 is probable only in cases of high
ion density radiations in which these radicals are formed in close
proximity. In the irradiation of water with x-rays undet aerobic con-
ditions, the yield of Hy O, has been estimated to be 54 micro-
grams/cc/10°t. A measurement by Bonet-Maury is in good agree-
ment with this. The pH appears to have a profound effect on perox-
ide production, declining sharply above pH 8 and rising abruptly
below pH 3. In the majority of i wivo systems, the presence of
catalase is expected to minimize any peroxide effect.

Dissolved oxygen has a profound effect on the ultimate destruc-
tion of the radicals formed in water by ionizing radiations although
this effect is smaller for ionizing radiations producing heavily ion-
ized tracks (i e. alpha particles) than it is for x-rays. The presence
of oxygen probably permits the formation of the highly oxidative
perhydroxyl radical with H atoms. The removal of the H atoms in
this manner permits the OH radicals to exist for a longer period and,
therefore, engage in more extensive reactions. Thus, oxygen is ex-
pected to increase the radiosensitivity of biological systems, whereas
anaerobic conditions or the presence of oxygen acceptors will likely
produce the opposite effect.

A decrease in radiosensitivitv by lowering the oxygen tension in
the tissues of the exposed area was first discussed by Schwarz. Hol-
thusen in 1921 elaborated on this phenomenon in his findings of in-
creased radioresistance of Ascaris eggs irradiated anaerobically. In
1933, Crabtree and Cramer presented a detailed account of the in-
fluence of anoxia and related chemical factors on the radiosensitivity
of tumor cells. The possible relation between this phenomenon and
the reactions of activated water was suggested by Thoday and Read
in 1947.

Oxygen deprivation during exposure to roentgen rays has been
shown to decrease the following radiation effects: oxidation of quin-
hydrone, auxin, glutathione, and other thiols; deamination of amino
acids; inactivation of bacteriophage suspended in buffer; destruction
of tumor cells; and lethality to bacteria.

Lacassagne and Dowdy have shown that reduced oxygen tension

475




THE MEDICAL BULLETIN

decreases the mortality among mice and rats exposed to roentgen rays.
Also complete asphyxia for 20 minutes before irradiation provides
marked protection to newborn mice. Investigations of the usefulness of
oxygen as an adjunct to clinical radiation therapy have been reported.

On the other hand, it was shown by Dale that the inactivation of
carboxypeptidase by x-rays is unaffected by oxygen concentration.
Furthermore, the lack of oxygen affords no protective effect from ex-
posure to alpha rays, which may be explained in terms of the spatial
distribution of the radicals formed in water. Bacteria grown and irradi-
ated anaerobically are 10 times more resistant than their aerobic coun-
terparts, and the shape of the survival curve appears to be dependent
on the environment for growth while the oxygen tension in the me-
dium during irradiation determines the slope of this curve.

Chemical modification of the effects of ionizing radiations has re-
ceived the attention of many investigators and is of more than aca-
demic interest when considered in terms of either protection of an
exposed biological system or increased radiosensitivity of malignant
telative to normal tissues. A compound producing the latter effect may
be said to potentiate the effect of local irradiation of, synonymously, to
improve the therapeutic ratio.

Since the advent of atomic energy, the investigation of protective
agent has been accelerated for obvious reasons. The most potent pro-
tective agents known today contain thiol groups, although side chains
with amino groups also appear to be significant in this regard. Gluta-
thione, cysteine, and beta-mercaptoethylamine (cysteamine) have been
used in our laboratories. Of these, cysteamine appears to be the most
effective protective agent of both iz vivo and in vitro systems exposed
to roentgen rays.

Improvement of therapeutic ratio has received considerable atten-
tion at this hospital during the past 2 years. In connection with a proj-
ect under the direction of Dr. Schwartz of the Department of Medicine,
we have been concerned especially with a study of some relationships
of porphyrins to tumors and to radiosenpsitivity. We have found that
certain porphyrins, particularly a copper complex of hematoporphyrin,
may provide this potentiation, although further investigation is re-
quired. Other investigators have attempted to potentiate the effects of
fonizing radiations in 4z vivo systems by adrenal insufficiency, increased
metabolic activity, vitamin deficiency, and cortisone administration.
Among the compounds reported to potentiate radiation effects have
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been colloidal lead orthophosphate, guanazole, 8-azoguanine, urethane,
and malonic and maleic acids. Studies in our laboratories indicate that
folic acid analogues may also be added to this list.

In most biological fluids irradiated with moderate doses, it may be
shown by calculation that the number of molecules changed in solu-
tion is extremely small. One to two ionizations are formed on the av-
erage per cubic micron per roentgen of x-rays delivered. With an ionic
yield M/N (molecules changed per ion pair formed) of unity, only
an insignificant number of the total molecules present in a biological
system will be changed with x-ray doses in the therapeutic range. If
one considers the transfer of energy via the “activated watet” to induce
chemical changes, however, an appreciable percentage of a solute may
undergo change with reasonable doses.

Ionizing events occurring at random within a volume are expected
to have a greater effect for a given concentration of large solute mole-
cules than for the same concentration of small molecules because of
the greater percentage of the volume occupied by the solute. Also, with
large molecules, it is to be expected that the probability of recombina-
tion of the active radicals will be smaller. Oftentimes the assay of
changes in large molecules is difficult to make. Considerable alterations
in structure are expected to occur, some of which may not be detecta-
ble. Changes which are consideted most readily detectable with large
molecules are those occurring in enzymes and, inasmuch as these mole-
cules are intimately associated with the metabolic function of biological
systems, an analysis of these changes is considered to be of value in
interpreting at least a part of the radiation syndrome as exhibited
n vivo.

To study the effects of ionizing radiations on enzymes, we have
chosen the proteases, pepsin and trypsin, primarily because they are
available in crystalline form and have been used by several investigators
in related studies. The early work on radiation inactivation of pepsin
by Hussey and Thompson and later investigations by Northrop have
been interpreted by Stenstrom, Fricke and others as indicating an in-
direct effect of x-rays mediated via the aqueous phase. More recent
studies with pepsin by Anderson were concerned with an interpretation
of a delayed inactivation of pepsin following irradiation. This was also
studied by McDonald, who in addition has investigated the effect of
pH, temperature, and solvent on the x-ray sensitivity of trypsin.

Pepsin has a molecular weight of 35000 * 3000, has an isoelectric
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point less than pH 1, and is optimally active near pH 2, although this
optimal pH may be shifted in either direction depending upon the
substrate. Trypsin, on the other hand, has a molecular weight of
22000 2000, has an isoelectric point near pH 11, and hydrolyzes
protein substrate with maximum velocity between pH 7 and 9.

Materials and Methods

The pepsin used in our studies has been USP crystalline enzyme.
Trypsin was purchased under the trade name Tryptar® (lyophilized
crystalline trypsin, Armour Laboratories). Egg albumin (Mallinckrodt
Laboratories) dissolved in buffer of appropriate pH and rendered radi-
oactive by the addition of microcurie amounts of radiocactive iodinated
setum albumin (RISA,® Abbott Laboratories) served as substrate.
When albumin to which iodine has been bonded is used as a substrate,
it has been shown that the radioactivity in the split products is pro-
portional to the enzyme activity.

The enzyme was dissolved in various media depending upon the
nature of the investigation. These enzyme solutions were then exposed
to roentgen radiation, always maintaining adequate non-irradiated con-
trol solutions. Pyrex tubes containing enzyme were arranged in cart
wheel fashion on a presd wood phantom in the field of a General Elec-
tric Maximar x-ray machine operated at 220 KVP, 15 MA and no
filter (HVL = 0.35 mm. Cu). Using a FSD of 35 c¢m, an output of
455 r/min (with backscatter) was obtained.

After completion of the irradiation, a fixed amount of buffered
substrate was added to each tube in the series and all tubes were incu-
bated in a water bath at 37° C. for one hour. At least two analyses were
made for each experimental point. For studies with pepsin, a phos-
phoric acid buffer was the solvent for the albumin substrate to main-
tain an incubation pH of 2.0. A phosphate buffer was used in a similar
manner to maintain a pH of 7.7 for incubation of trypsin. After in-
cubation, instantaneous inactivation of the enzyme and precipitation
of both enzyme and substrate were achieved by the addition of con-
centrated sulfosalicylic acid. The radicactive iodine freed from the
digested albumin molecules by the action of the enzyme remained in
the supernatant fluid after centrifugation for five minutes at about
4000 times gravity. The gamma radiation emitted by the iodine in an
aliquot of the supernatant was determined in a well scintillation coun-
ter as a measute of the enzyme activity.

478




THE MEDICAL BULLETIN

Results

Experiments using both the RISA method as presented and the
Anson hemoglobin method showed good agreement when pepsin ac-
tivity was measured as a function of either pepsin concentration or
time of incubation. In comparable experiments with trypsin, it was
found that the Anson method and the spectrophotometric method of
Kunitz are both more sensitive than is the technique using RISA. Be-
cause of similarity in results obtained when either of these enzymes
was exposed to ionizing radiations under various experimental condi-
tions, only those data obtained from some of the pepsin studies will
be discussed in the following patragraphs.

The results of typical experiments on the inactivation of a solu-
tion of crystalline pepsin in deionized water or in water containing
0.05N acid by x-rays ate shown in Figure 1. The inactivation of this
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enzyme is a first order reaction as evidenced by the straight line ob-
tained when plotting the logarithm of the pepsin activity as a function
of the radiation dose. At first glance, this result seems to imply a direct
effect of the roentgen rays because in such a case the enzyme would
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be inactivated in proportion to its concentration which represents a
first order reaction. When this type of experiment was repeated using
initial concentrations varying over a wide range, however, it was found
that the ionic yield (M/N) was constant over a wide range of con-
centrations so that the inactivation was no longer proportional to the
original concentration as would be expected from the direct or tar-
get theory.

This phenomenon is explainable in terms of the dilution theory which
postulates that when the concentration of the solute is very low, many
of the radicals formed by radiation will recombine before drifting to
the sites of solute molecules so that the yield will depend upon con-
centration. Above a certain concentration, all of the radicals formed
will react with solute molecules so that the ionic yield, M/N, will be
constant over a wide range of concentrations. Furthermore, if one has
in solution two solutes, which are assumed to be capable of reacting
with radicals, it is expected that they will compete for these intermedi-
ate products formed in water by ionizing radiations. Because of this,
there are fewer radicals available for reaction with either of the solutes
than there would be if this solute were alone in solution. The radia-
tion effect on either of them, singly, is reduced with the result that an
apparent “protection” exists.

The exponential relationship existing between the chemical change
of an organic substance and the dose of roentgen rays may be explained
in terms of this protection effect as a special case of two solutes. Before
the irradiation is started, only the active type of molecule exists. By
the action of radiation, originally active molecules lose their activity
and become a second kind of solute, inactive molecules, which are still
capable of further reactions. These latter reactions are not measured
since the usual criterion for evaluation of the radiation effect is the
change in the original active molecules.

It appears that a significant sensitization to the effect of x-rays ob-
tains when pepsin is in the acid solution. The mechanism of this effect
is not known although it is conceivable that in acid solutions in which
this enzyme is most active, it may be in an ionic state which is more
vulnerable to radiation. Citric acid, on the other hand, affords consid-
erable protection even though the pH’s of the solutions ate much the
same. This protection is believed to be associated with the ability of
organic molecules to compete for active radicals formed in water, or
as has been postulated recently, certain compounds may provide chem-
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ical linkages to sensitive sites on the solute molecules and thus account
for their effectiveness as protective agents.

The effect of pH during irradiation on peptic activity was studied
by varying amounts of 0.005N citric acid and 0.005N sodium hydrox-
ide to give a pH range from 2.2 to 12.1. Changes in the radiosensitivity
of pepsin due to the changes in the concentration of citrate and sodium
ions necessary to effect the pH shift were found to be negligible at the
concentrations used.

It was found that most of the pepsin is irteversibly denatured if the
pH of the solution is permitted to go above pH 6.5, as has been re-
ported by several investigators. In these reports, it has been stated that
the denaturing of pepsin in the interval of pH above 6.0 is a first order
reaction with the rate proportional to the concentration of the hy-
droxyl ions.

Dome-shaped cutves, typical of studies of enzyme activity as a
function of pH, wete obtained when irradiated pepsin was incubated
with substrate at pH varying from 1.0 to 7.0. Pepsin was irradiated
either at pH 2.5 using 0.0IN citric acid as the solvent or near pH 5.5
using de-ionized water. It was found there is a shift of the pH optimum
for peptic hydrolysis toward lower pH with the enzyme irradiated in
de-ionized water from that found for either non-irradiated pepsin or
that irradiated in citrate.

Autolysis possibly accounts for the slight decrease in the activity
of unirradiated pepsin which was noted as its concentration was in-
creased (Table 1). On the other hand, the activity was definitely de-
pendent on concentration when solutions of the enzyme were exposed
to 30,000 and 50,000 roentgens. The smaller petcentage inactivation of
pepsin with increased concentration is attributed to a protective effect
afforded by enzyme molecules previously inactivated.

) TABLE 1
Dose of Pepsin Concentration (mg./ml.)
radiation _ 0.01 0.025 0.05 0.1 0.25 0.5

0r 100 8 *+5 80+9 8+3 82+2 8 * 3
30Kr 0 2+1 81+4 27+3% 45+ts5 60 *£ 10
SOKr 0 0 0 3 10+3 245+ 8

Pepsin activity - (arbitrary units) as a function of jts concentration during exposure.
Solvent: ‘H,PO. buffer (0.1 M). The data tabulated are average values together with
deviations found in three experiments.
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The effect of 0.25 mg./ml. (4x10-*M) “hematoporphyrin” (Mann
Chemical Company*) on the radiosensitivity of pepsin is shown in
Table 2. Under the conditions of this experiment, porphyrin produced

TABLE 2
Per cent Inactivation of:
X-ray Dosage Pepsin in Pepsin in Buffer
(Kiloroentgens) Buffer and Hematoporphyrin
0 0 10.5
2.5 0.2 11.
5 7.5 13.5
10 12 16.0
20 18.5 19.0
30 30 22.0
40 39.6 23.0
50 56 26
60 69 28.5

Per cent inactivation of pepsin by roentgen rays. Pepsin dissolved in 0.1 M buffer (pH 1.8)
with and without Mann hematoporphyrin added. Pepsin concentration: 0.05 mg./ml.
Hematoporphyrin concentration: 0.25 mg./ml.

an inactivation of pepsin equivalent to that produced by 10,000 roent-
gens. Above 20,000z, this concentration of porphyrin afforded definite
protection of the enzyme. If the inactivation due to porphyrin is ig-
nored, it may be concluded that the dose of radiation can be an impor-
tant factor in determining whether the radiosensitivity of this system
is increased or decreased. Evidence of a similar response in in vivo
systems treated with porphyrin has been considered elsewhere.

In Figure 2, a comparison is made of the protective capacities of
glucose and “hematoporphyrin” on an equimolar basis. The maximum
protection afforded was very nearly the same for both compounds.
With porphyrin, however, this maximum protection was achieved at
less than one-tenth the molar concentration of that required with glu-
cose. The appearance of a pronounced dome-shaped curve following
exposure of pepsin to 50,000r in solution with various concentrations
of porphyrin is worthy of note. The explanation appears to embody
two properties of porphyrin, which at high concentrations is capable
of inactivating the enzyme, whereas at moderate concentrations, this
toxic effect becomes less pronounced while the protection afforded the

* Studies made by S. Schwartz, M.D., of the Department of Medicine, University of Min-
nesota Hospitals, and by chemists of General Mills Research Laboratory and of Merck
and Company have shown that “‘hematoporphyrin” prepared in their laboratories as
well as all other commercially available ‘“‘hematoporphyrin’ is composed of a mixture
of several porphyrins.
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X-RAY INACTIVATION OF PEPSIN — COMPARISON
OF HEMATOPORPHYRIN AND GLUCOSE
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pepsin by the porphyrin molecules becomes a more important factor.
At very low concentrations, the toxicity as well as the protective qual-
ity of porphyrin completely disappear. Experiments in which mice
were exposed to total body x-irradiation following intraperitoneal in-
jections of various concentrations of “hematoporphyrin” yielded results
which have been interpreted in a similar manner.

The sulfhydryl compounds, cysteine, and cysteamine (beta-metcapto-
ethylamine), have been found to protect pepsin in much the same
manner as glutathione was found to protect ribonuclease which is also
a non-sulfhydryl enzyme. In equimolar concentration, cysteamine af-
fords the greatest protection of irradiated systems followed closely by
cysteine. This protection patallels that found when these compounds
were administered to mice before exposure to total body x-itradiation.
Glucose affords some protection but not to the same extent as that
afforded by the sulfhydryl compounds. Other studies have shown that
albumin is also a protective agent for pepsin exposed to x-rays.

We have also investigated the inactivation produced by hydrogen
peroxide and by OH radicals formed chemically by the reaction of hy-
drogen peroxide and ferrous sulfate and the effect of oxygen tension
on the radiosensitivity of the enzymes. We have found in this regard
that hydrogen peroxide in concentrations well above those which could
conceivably be produced by 50,000 roentgens does not appreciably alter
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the activity of pepsin. When ferrous sulfate is added to the mixture,
however, there is a very marked inhibition of peptic activity. (Table
3). This is attributed to the formation of OH radicals according to the

TABLE 3

Pepsin in Time of Exposure (Minutes)

Solution with 1 15 30 Y] 90.
H.0 10.0 10.0 10.0 10.0 10.0
H.O + FeSO4 (2 x 10 "3M) 9.8 9.8 9.8 9.2 9.0
H:O + FeSO; (4 x 10 73M) 9.6 9.5 10.2 9.2 9.0
H,0: 10.0 9.9 9.8 9.2 9.1
H:0, + FeSO.* (10 73M) 8.1 7.8 7.3 7.7 7.4
H:0: 4+ FeSO.* (2 x 10 73M) 6.5 6.1 5.9 6.0 6.2
H:0: + FeSO4* (3 x 10 73M) 3.1 3.5 3.3 3.0 2.8
H:0: + FeSO.* (4 x 10 73M) 1.8 2.0 1.8 1.5 1.5

Inactivation of pepsin by OH radicals with controls to determine the effect of various
chemicals alone (pepsin activity in arbitrary units). *OH radicals formed.

reaction (FeSO, + HoO > OH— + Fe t++ 4+ SO j—*-OH). The

OH radicals appear to be the most important single factor in produc-
ing inactivation of pepsin. This conclusion is based on studies in which
pepsin was itradiated under anaerobic conditions. Under these condi-
tions, we found that the inactivation was identical to that produced
when the radiation was carried out in the presence of air.

Our most recent investigations have been concerned with a delayed
inactivation of pepsin following exposure to various doses of radiation
up to 100 Kr. Both conventional x-ray (220 KV) and Co™ gamma
rays delivered from one of our teletherapy units or from a high intens-
ity Co"" soutce available at the General Mills Research Laboratory have
been used as sources of ionizing radiations.

Delayed inactivation of pepsin has been assayed using our RISA
method and the Anson hemoglobin method and more recently by a
spectrophotometric technique developed in our laboratories. The sens-
itivities of these methods are comparable, and it was gratifying to find
that results obtained by these methods agreed very well. Our most con-
sistent data have been obtained using the RISA method.

During these studies, it was noted that pepsin (0.05 mg./ml) in
0.005 M buffer at pH 4.5 to 5.0 that had been partially inactivated by
roentgen rays continued to lose activity after completion of the irradi-
ation. This delayed inactivation was found to depend upon dose of
irradiation, enzyme concentration, pH, nature of the solvent, time,
quality of the ionizing radiation, and temperature. Similar temperature
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dependence has been reported for trypsin, hemoglobin, thymus nucleic
acid, and pepsin.

There was a slight inactivation of unirradiated pepsin stored at
room temperature for 24 hours, with a greater decrease in activity as
the temperature was raised. In order to study any delayed inactivation
following irradiation, it was necessary to adjust for this spontaneous
loss. This was done by including adequate controls, i.e., at least five in-
dependent measurements of the activity of unirradiated enzyme.

This spontaneous inactivation is also dependent upon enzyme con-
centration, pH, and nature of the solvent. Because dissolved pepsin is
most stable near pH 4.5, this pH has been used in the majority of our
studies. The enzyme concentration was governed by our assay methods.
We found that spontaneous inactivation increased with enzyme con-
centration. It is probably a first order autolytic reaction as has been
reported by Kunitz, Northrop, and others.

Table 4 shows the effect of storing pepsin at 25°, 37°, and 45° for

TABLE 4

Por cent of Unirradiated Pepsin Activity as

Assayed by Two Methods (+S. E.)
Method Anson  RISA | Anson  RISA | Anson  RISA |Amson  RISA
Delay sime (hr) 0 OL| 24hr 24hr| 24hr 24hr|24hr 24hr
Delay temperature - —L| 25° 25° 1 37° 37°145° 45°
0t 100 100 | 100 100|100 100 (100 100
10 Kr 81+ 85+ |81t 7617661 79% |713+ 77+
1.6 1.8 4.1 3706 0.711.0 20
120 Kr 76+ 75t 71 67L| 66 68 64+ 587%
1.0 1.0 20 40
30 Kr 64t 6515861 58t |61t 54+ |s2+  s0t
1.7 1.0 3.2 3429 1.124 2.8
50 Kr 48+ 47t |37+ 40+ |39+ 35+ 32+ 336+
2.2 13128 48] 1.1 23133 34

Delayed inactivation of pepsin following exposure to roentgen rays.

24 hours after exposure to doses of radiation up to 50,000r. Standard
errors are indicated. When these data, the results of 14 separate experi-
ments using both RISA and the Anson hemoglobin methods, are plot-
ted on semi-logarithmic paper, straight lines are obtained indicating
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that both the initial and the continued inactivations are unimolecular
reactions.

It is evident that the delayed inactivation is markedly temperature
dependent with increasing inactivation with increased temperature.
This temperature dependence suggests that delayed inactivation reflects
some internal change in the pepsin molecule produced by x-rays which
enhances its sensitivity to thermal denaturation as has been postulated
for other molecules by Fricke, Barron, and McDonald.

Caldecott has shown evidence of a continued inactivation of barley
seeds following exposure to radiation and that this continued inactiva-
tion is very dependent on the presence of oxygen. He has shown, fur-
ther, that the effect is present for a period as long as 6 hours following
exposure. We studied the effect of oxygen on this delayed inactivation.
Results to date indicate that oxygen tension affects neither the imme-
diate inactivation nor the delayed inactivation of pepsin exposed to
jonizing radiations. We have found evidence that cysteine tends to re-
duce the extent of the delayed inactivation following irradiation. This
part of our investigation has been complicated by the fact that solu-
tions of cysteine tend to be very acid, and consequently, mote concen-
trated buffering action is required to maintain a pH of near 4.5 so that
the pepsin will not be spontaneously inactivated on standing due to
autolysis. With regard to dependence on the radiation quality, we have
found that the delayed inactivation is somewhat smaller following ex-
posure to Co” gamma rays than it is following exposure to x-rays from
a conventional x-ray therapy unit.

Studies of changes in the ultraviolet spectra of pepsin following
irradiation, as well as iontophotesis and chromatography, have been in-
itiated. It is hoped that these investigations will shed some light on the
mechanisms by which the actual inactivation is produced. Further-
more, it is hoped that these studies will also aid in an evaluation of
the continued inactivation of pepsin following exposure to ionizing
radiations.

Summary

Using RISA and hemoglobin substrate for assaying enzymatic ac-
tivity, various factors affecting the radiosensitivity of pepsin have been
investigated. Among these are enzyme concentration, solvent, pH, tem-
perature, concentration of inorganic and organic ions, and oxygen ten-
sion. Studies have also been made of the mechanism responsible for
the gradual loss of activity of these enzymes after termination of ir-
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radiation. This delayed inactivation is dependent upon temperature of
storage of the irradiated enzyme, enzyme concentration, and the dose
of radiation, but not on oxygen tension. The effects of radiation qual-
ity and the addition of various chemicals before and after radiation
have also been investigated.
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Editorial

As the Year Ends

As the current academic year draws to a close, the BULLETIN
ronnds out its second year of publication in its present, printed format.
We believe that it has been a successful year for the BULLETIN, for
it seems to have met with the continued apptoval of its readers.

During the past year many staff meeting reports appeared in their
entirety. Those that were abridged were abridged far less drastically
than was the case during the preceding year. Readers are once again in-
vited and urged to let us know whether they prefer the short abstracts,
such as were published during the first year of the new BULLETIN, or
the complete papers and longer abridgments such as were printed
during the past year.

We wish to extend our thanks to the authors of the various staff
meeting reports, which this year hit a new high in excellence; to the
Associate Editors, each of whom accepted the complete responsibility
for one issue of the BULLETIN during the year; and to the girls of
our office staff, Miss Gloria Norell and Miss Louise Liggett, without
whose skillful preparation of the material to be printed the BULLETIN
could not be published. Special thanks are due, too, to Miss Elva
Lavers and her co-workers of the Mimeograph Department who once
again have done their usual fine job in providing us with the mimeo-
graphed copies of the staff meeting reports which are handed out to
those attending the staff meetings.

To all of our students, members of the Faculty, members of the
Foundation, and friends of the Medical School, we express the hope
that the coming summer will be a pleasant one, and that it will pro-
vide an opportunity to rest, to relax, and perhaps to recharge the in-
tellectual batteries.
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Medical School Activities

Recognition Exercises

Recognition Exercises honoring the Senior Class in Medicine
were held on Friday, June 14, at 4:00 p. m. in the Mayo Memorial
Auditorium. Held on the day preceding the all-University Com-
mencement, the Recognition Exercises provided the Faculty an op-
portunity to honor its graduating Seniors in a more personal way
than is possible at the larger University-wide event.

Following the invocation by RABBI LEWIS MILGROM, DEAN H. §.
DIEHL welcomed the 110 Seniors and members of their families,
and JOHN R. SHEFVELAND, President of the Senior Class, responded
on behalf of his classmates. The Borden Award for outstanding re-
search carried out as an undergraduate student was presented to
SOLOMON J. ZAK. JOHN S. GLETNE was recipient of the Southern
Minnesota Medical Association Award, recognizing the outstanding
senior student in the Medical School on the basis of greatest profi-
ciency during his junior and senior years in the clinical fields of
medicine and surgery. The award was presented by DR. C. F. STROE-
BEL. ALLEN M. ANDERSON, RICHARD D. CUNNINGHAM, CARL B.
HEGGESTAD, ROBERT J. OLSON, and JEROME H. SACKS received Mosby
Scholarship Book Awards.

The Declaration of Geneva was administered to the class by
DR. LEO G. RIGLER, This was followed by presentation of the Uni-
versity’s Outstanding Achievement Award to DR. LOUIS H. RODDIS,
member of the Class of '13, by DR, CHARLES W, MAYO on behalf of
the Board of Regents. Dr. Roddis was honoted “as a retired cap-
tain and surgeon of the United States Navy, a prominent author of
books and articles on nautical medical history, outstanding and dili-
gent editor of scientific publications, and efficient administrator of
military hospitals in peace and in war.”

The principal address of the evening was given by DR, PAUL
DUDLEY WHITE, Dr. White’s address, entitled “The Patient Leads
the Way,” provided a most fitting climax to the impressive ceremony.

Alpha Omega Alpha

On May 23, the following members of the Senior Class were re-
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ceived into membership in Alpha Omega Alpha, honorary medical

fraternity:

ALLEN M. ANDERSON
WILLIAM E. BRADLEY
PAUL E. BRENK

LELAND R. CHRISTENSON

PETER E. FEHR
ROBERT R. FOLEY
DONALD S. HARDER
NORMAN M, HORNS

ROBERT J. OLSON

JAMES P. ROBINSON
JEROME H, SACKS

GEORGE J. SCHROEPFER, JR.
WAYNE W, THOMPSON
FRANK W. VAN DE WATER
JOSEPH O. YOUNG

In addition, the following members of the Junior Class were also

initiated:
GERALD A, GRETSCH
GLENN A, HARTQUIST

EUGENE T. O’'BRIEN

The Senior Class

The following is a complete list of all of the members of the
Senior Class. With each physician’s name we have listed where he

will serve his internship.

ALLEN M. ANDERSON
Philadelphia General Hospital
Philadelphia, Pennsylvania

DANIEL C. ANDERSON
U. 8. Public Health Service
San Francisco, California

WILLIAM W. BAAK
Ancker Hospital
St. Paul, Minnesota

JEROME M. BACH
U. S. Public Health Service
Baltimore. Maryland

Lucy J. BALIAN
Philadelphia General Hospital
Philadelphia, Pennsylvania

GEORGE B. BAUDER
Asbury Methodist Hospital
Minneapolis, Minnesota

JoHN H. BEGGS
Gorgas Hospital
Ancon, Canal Zone

PAUL G. BELAU
U. S. Public Health Service
Staten Island, New York

AVI BEN-ORA .
San Joaquin County Hospital
Stockton, California

LAVONNE B. BERGSTROM
Minneapolis General Hospital
Minneapolis, Minnesota
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JOHN A. BERMAN .
Highland-Alameda County Hospital
Qakland, California

GEORGE C. BINGHAM
Mount Sinai Hospital
Minneapolis, Minnesota

WILLIAM E. BRADLEY
University of Minnesota Hospitals
Minneapolis, Minnesota

PAUL E. BRENK
United States Army
Fort Benning, Georgia

BANCROFT M. BROOKS
Kaiser Foundation
San Francisco, California

CHARLES T. BROWN
Bellevue Hospital, Third Surgical Division
New, York, New York

FRANK T. BROWN
Parkland Memorial Hospital
Dallas, Texas

JounN J. CASEY
Bethesda Hospital
St. Paul, Minnesota

GEORGE R. CHAPMAN
Minneapolis General Hospital
Minneapolis, Minnesota

LELAND R. CHRISTENSON
Bethesda Hospital
St. Paul, Minnesota
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GEORGE M. CROW
Mercy Hospital
Toledo, Ohio
RICHARD D. CUNNINGHAM
Tripler Army Hospital
Honolulu, Hawaii
WALTER J. DAWSON
St. Luke’s Hospital
Cleveland, Ohio
JAMES P. DUDLEY
Ancker Hospital
St. Paul, Minnesota
JOoHN C. EDGERTON
Brooke General Army Hospital
San Antonio, Texas

S. PAuL EHRLICH
U. S. Public Health Setvice
Staten Island, New York
E. DUANE ENGSTROM
St. Luke’s Hospital
Duluth, Minnesota

JoserH H. EUSTERMAN
Abington Memorial Hospital
Philadelphia, Pennsylvania

LELAND L. FAIRBANKS
U. 8. Public Health Service
New Orleans, Louisiana

PETER E. FEHR
Minneapolis General Hospital
Mianeapolis, Minnesota

ROBERT R. FOLEY
Santa Clara County Hospital
San Jose, California

JOSEPH GELLER
Minneapolis General Hospital
Minneapolis, Minnesota
JOHN S. GLETNE
Santa Clara County Hospital
San Jose, California
M. MELVIN GOLDFINE
U. S. Public Health Service
San Francisco, California
ALAN L. GOLDSTEIN
St. Charles Hospital
Toledo, Ohio
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CARL B. HEGGESTAD

University of Minnesota Hospita!
Minneapolis, Minnesota

RoOBERT R. HILKER

St. Mary’s Hospital
Duluth, Minnesota

NORMAN M. HORNS

Minneapolis General Hospital
Minneapolis, Minnesota

VINCENT W. HOVERSTEN

Santa Clara County Hospital
San Jose, California

GEORGE E. JACKISH

Hurley Hospital
Flint, Michigan

DwIGHT E. JAEGER

Ancker Hospital
St. Paul, Minnesota

FREDERICK W. JENSEN

San Francisco Hospital
San Francisco, California

PAUL A. JENSEN

Letterman Army Hospital
San Francisco, California

DoRIs I. JOHNSON

Orange County Hospital
Orange, California

WENDALL A. JOHNSON

St. Mary”’s Hospital
Duluth, Minnesota

HAROLD W. KEAIRNES

U. S. Public Health Service
San Francisco, California

MICHAEL ]J. KOZAK

Mount Sinai Hospital
Minneapolis, Minnesota

GERALD K. KVISTBERG

Minneapolis General Hospital
Minneapolis, Minnesota

RONALD R. KYLLONEN

Minneapolis General Hospital
Minneapolis, Minnesota

DEAN W. LARSON

Cleveland City Hospital
Cleveland, Ohio

MOSES LICHTIG
Montefiote Hospital
New York, New York
WILLIAM L. LIFSON
Milwaukee County Hospital
Milwaukee, Wisconsin

THOMAS H. GONIOR
University of Minnesota Hospitals
Minneapolis, Minnesota
GARY D. Goop
Salt Lake County Hospital
Salt Lake City, Utah
AsA B. GRAHAM DALE D. LINDHOLM
Mercy Hospital St. Luke’s Hospital
Toledo, Ohio Duluth, Minnesota
DaviD G. HANEY RICHARD R. LUND
Wayne County General Hospital Minneapolis General Hospital
Eloise, Michigan Minneapolis, Minnesota
DONALD S. HARDER RICHARD P. LYNCH
Ancker Hospital St. Mary's Hospital
St. Paul, Minnesota Duluth, Minnesota
JEROME L. HARTY FRED A. LYON
St. Luke’s Hospital Mount Sinai Hospital
Duluth, Minnesota Minneapolis, Minnesota
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MERLE S. MARK
Ancker Hospital
St. Paul, Minnesota

RONALD MATSON
St. Luke’s Hospital
Duluth, Minnesota
ARTHUR M. MCGUIRE
Philadelvhia General Hospital
Philadeiphia, Pennsylvania
JAMES L. MICHIE
Sacramento County Hospital
Sacramento, California
JosEPH P. MLINAR
Philadetphia General Hospital
Philadelphia, Pennsylvania
JEPOME H. MODELL
St. Albans Naval Hospital
Lone Island. New York
WATTER W. MOE
Minneapolis General Hospital
Minneapolis, Minnesota
GENE C. MUCHOW
Ancker Hospital
St. Paul, Minnesota
JOHN E. MULVAHILL
Ancker Hospital
St. P-ul, Minnesota
Jack A. NAROs
Southern Pacific Hospital
San Prancisco, California
ANDREW A. NIELSEN
Ancker Hospital
St. Paul, Minnesota
JOHN A. NILSEN
Ancker Hospital
St. Paul. Minnesota
SoM N. NAYYAR
University of Minnesota Hospitals
Minneapolis, Minnesota
ROBERT J. OLsoN
U. S. Public Health Service
San Francisco, California
RICHARD H. OPHE'M
Snutkern Pacific Hospital
San Francisco, California_-
MARTIN W. OrBUCH §
Minneapolis General Hbspical
Minneapolis, Minnesota

AUSMA V. Oss
St. Michael’'s Hospital
Newark, New Jersey
CHARTES A. PETERSON
1. S. Public Health Service
Boston, Massachusetts
JOHN A. PETERSON
Bethesda Hospital
St. Paul, Minnesota
Paur H. PoBOR
Los Angeles County Hospital
Los Angeles, California
JOHN W. POLLARD
Valley Forge Hospital
Valley Forge, Pennsylvania
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CurTIS C. REEMSNYDER

Bethesda Hospital

St. Paul, Minnesota
CHARLES A. ROACH

Miller Hospital

St. Paul, Minnesota
JAMES P. ROBINSON

Walter Reed Army Hospital

Washington, D. C.
ARTHUR J. RUSHAY

Ancker Hospital

St. Paul, Minnesota
JOHN RYDBERG

Receivine Hospital

Detroit, Michigan
JErOME H. SACKS

niversity of Minnesota Hospitals

Minneapolis, Minnesota
NORMAN 1. SACKS

Harbor County Hospital

Torrance, California
KE'TH D. SAYTHER

San Toacuin Hesoital

French Camp, California
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Faculty News

DR. RICHARD A. DEWALL, Research Assistant, Department of Sut-
gery, shares the American Association for Advancement of Science-Ida
B. Gould Memorial Award with DR. C. WALTON LILLEHEI, Professor,
Department of Surgery. The award which consists of $1,000 was
given to the two doctors for their pioneering developments in heart
surgery. Presentation was made at a recent meeting of the American
Association for Advancement of Science.

DR. MILAND E. KNAPP, Clinical Professor, Department of Physical
Medicine and Rehabilitation, has received the distinguished service
key from the American Congress of Physical Medicine and Rehabili-
tation.

IN MEMORIAM

Our friend and colleague, DR, JOHN P. STREET, Instructor,
Department of Medicine, died on April 28, 1957, at age 31.
Dr. Street, a 1950 graduate of the University of Minnesota
Medical School, served his internship at Ancker Hospital, St.
Paul. After completion of his military service, he became a
Medical Fellow at the Minneapolis Veterans Administration
Hospital. He joined the Faculty as an Instructor in July,
1956, and was a member of the full-time staff of the Medical
Service of the Veterans Administration Hospital up to the
time of his death. Dr. Street was a capable clinician and
teacher whose promising career was cut short by his untimely
death.

Dr. Street is survived by his wife, Charlotte, and an infant
daughter. Members of the Faculty join in extending deepest
sympathy to his family.

i |
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CUMULATIVE INDEX: 1952-1957
From October, 1951, until June, 1955, the name of this publication was “Bulletin
of the University of Minnesota Hospitals and Minnesota Medical Foundation.” In
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CAL BULLETIN.”
A

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

Absorbable bronchographic contrast med-
ia (See Bronchographic)

“Acidosis” on the human fetus, the im-
pact of (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 's5

ACTH and cortisone therapy, psychotic
reactions of two adolescent girls during
{see psychotic)

ACTH and cortisone in allergy (J. S.
Blumenthal) XXIV: 395-404; Feb. 27
53

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

Adenomas of the large intestine (Walrer
A. Fansler) XXIV: 296-300; Jan. 23
’53

Adrenal insufficiency (see juxta-glomerular
apparatus

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

Allergy, ACTH and cortisone in
ACTH)

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

Anesthesia, hypotensive (Frederick H.
Van Bergen, Joseph J. Buckley, Allen
B. Dobkin, William T. Peyton, Lyle
A. French, Ian A. Brown) XXIV: 452-
459; Mar. 20’53

Anesthesia for emergency surgery (John
R. Gordon, Frederick H. Van Bergen,
Stuart P. Weatherhead) XXVII: 122-
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125; Feb. 1°56
Antibiotic - resistant
staphylococci)
Aortography, translumbar (see translum-
bar)

staphylococci  (see

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

Arteries, carotid, spontaneous thrombosis
of (see thrombosis)

Arteriography, femoral (see femoral)

Arteriovenous malformations of the brain
(see brain)

Arteriovenous shunts, temporaty, 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

Audiology (Frank M. Lassman) XXIV:
281-287; Jan. 16 ’S3

B

Bacteria, gram-negative (see shock)
Bacterial endocatditis, coronary emboliz-
ation in (see coronary embolization)
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 ionizing
radiation on (see radiation)

Biopsy, renal (see renal)

Biopsy studies of the gastric mucosa (see
gastric)

Blood, coagulation of (see coagulation)

Blood pressure, comparison of indirect
and direct methods of measuring arter-
ial (Donald S. P. Weatherhead, Fred-
rick H. Van Bergen, Alan E. Treloar,
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Allen B. Dobkin, Joseph J. Buckley)
XXV: 366-376; Mar. 12 '54

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

Bone marrow in pregnancy (Roy G.
Holly) XXV: 134-148; Dec. 4 '53

Bowel, small, roentgen studies of the
(see roentgen)

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 re-
port (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 gas-
tric, colic, and rectal (Stuart W. Arhel-
ger, Victor A. Gilbertsen, F. John
Lewis, O. H. Wangensteen) XXVI:
650-661; May 27 ’55

Carcinoma sz sitw of the cervix: a gen-
eral consideration (John L. McKelvey)
XXIV: 101-105; Oct. 24 ’52

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,
Frederic J. Kottke, Jean M. Nelson)
XXVI: 118-125; Oct. 29 '54

Carotid arteries (see thrombosis)

Causes, correlates and chance (Alan E.
Treloar) XXIV: 611-615; May 29 '53

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)

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

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

Cervical disks, herniated (see herniated)

Cervical spine in relation to age, degen-
erative changes of the (see degenera-
tive)

Cervix, carcinoma i» sitw of the (see
carcinoma)

Children, elbow fractures in (see frac-
tures)

Children, strabismus in (see strabismus)
Children’s

in-patient psychiatric service
(see psychiatric)
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)

Coagulation of blood, the mechanism of
(Paul G. Frick) XXV: 114-126; Nov.
27 ’53

Cobalt beam therapy unit,
(see radioactive)

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

Colectomies, total and subtotal (Richard
C. Lillehei and Owen H. Wangen-
steen) XXV: 21-30; Oct. 16 ’53
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Colic cancer (see cancer)

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 (see heart dis-
ease)

Congenital vascular syndromes (see he-
mangiomata)

Continuation medical education, & 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)

Coronary embolization in bacterial endo-
carditis (Joel G. Brunson) XXIV: 130-
139; Nov. 7 52

Coronary heart disease,
build, and (see obestiy)

Correlates, causes and chance (see causes)

Cortisone and ACTH in allergy (see
ACTH)

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)

obesity, body

Crush syndrome in dogs, experimental
(see myoglobin)
Culdoscopy (David I. Seibel) XXIV:

503-507; Apr. 17 '53
Cultures, tissue, in medicine (see tissue)
D

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

Degenerative changes of the cervical
spine is relation to age (Frederic J.
Kottke and Russell S. Blanchard)
XXIV: 470-479; Mar. 27 '53

Dermatomyositis (Sheldon L. Mandel)
XXIV: 570-585; May 15 ’53

Detachment, retinal (see retinal)

Diabetes, patient education in the man-
agement of (Frederick C. Goetz, Flor-
ence Brennan, Anette Haseth, C.
Knight Aldrich) XXVI; 446-452; Mar.
455
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Diagnosis, physical (see physical)

Diet and the incidence of heart disease
(Ancel Keys) XXIV: 376-388; Feb. 20
53

Disks, herniated cervical (see herniated)

E

Editorials

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

Animal experimentation at the Univer-
sity of Minnesota Medical School;
XXVII: 244-245, May 1 '56

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

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

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

What is a good doctor?; XXVIII: 151-
153; Dec. 15 ’56

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

Greetings to the staff; XXVII: 14; Oct.
15 ’55

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

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

Laboratory medicine; XXVII: 126-127;
Feb. 1’56

Leadership in medicine; XXVII: 128;
Feb. 1 '56

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

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

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

The Minnesota basic science law; XXVII:
114-116; Jan. 15 ’'56
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New observations on vitamin Biz absorp-
tion; XXVII: 204-205; Apr. 1, ’56

The passing of a physician; XXVII: 127-
128; Feb. 1 '56

Physiologic periodicity;
Feb. 1 ’57

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

Publish or perish; XXVIII:
Feb. 15 ’57

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

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

XXVII:  202;

243-245;

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

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 mewly 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

Medical student finances; XXVIII:
323; Apr. 1°'57

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

Until Fall; XXVII: 305; June 15 ’56

As the year ends; XXVIII: 488, June
15 ’57 B

Education, continuation medical (see con-
tinuation)

Education, medical (see medical)

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

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

Elbow fractures in children (see frac-
tures)

Elderly patient, rehabilitation of the (see
rehabilitation )

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

320-

Electron microscopy in chronic renal dis-
ease (see renal)

Embolization, coronary (see coronary em-
bolization)

Emergency surgery,
anesthesia)

Endocarditis, bacterial, coronary emboliz-
ation in (see coronary embolization)

Endolymphatic hydrops (Kurt Pollak and

anesthesia for (see

Lawrence R. Boies) XXVII: 254-257;
May 15 ’56

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

Epidemiological studies on antibiotic-
resistant  staphylococci  (see staphylo-
cocci)

Essential Hypertension (see hexamethon-
ium)

F

Facial skeleton, injuries to the (Jetome A.
Hilger, Donald Boucher, Yuichi Nito,
Albert Hohmann) XXVIII: 352-361;
Apr. 15 °57

Factitial proctitis (see proctitis)

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

Female, urinary incontinence in the (see
urinary)

Femoral arteriography, small vessel changes
in (Alexander R. Margulis and T. O.
Mutphy) 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 #n wutero, 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 heparin
precipitable fibrinogen, particularly as
related to (Richard T. Smith, Carol
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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: 377-391, Mar. 19 '54
Fractures in children, elbow (Sheldon
Lagaard) XXVI: 702-708; June 3 ’55

G

Galactosemia (see glycogen storage dis-
ease)

Gamma globulins, human serum (see im-
munochemical)

Gas pattern in infants, deficient abdominal
(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 tumors, roentgen diagnosis of (Leo
G. Rigler, John Amberg, Donn G. Mos-
ser) XXV: 531-535; May 28 '54

Gastric resection (see tubular)

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

Glycogen storage disease and galacto-
semia (Robert A. Ulstrom, Mildred R.
Ziegler, Doris Doeden, Irvine Mc-
Quarrie) XXIV: 54-66; Oct. 10’52

Gram-negative bacteria (see shock)

Granulation of juxtaglomerular apparatus
(see juxtaglomerular)

Gynecology, psychosomatic ptoblems in
obstetrics and (see psychosomatic)

H

Heart disease, congenital, the surgical
treatment of (C. Walton Lillehei, Ivan
D. Baronofsky, Richard L. Varco)
XXIV: 75-93; Oct. 17 ’52

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

Heart disease, diet and the incidence of
(see diet)

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

“Hematoporphyrin” with special reference
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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 ctush 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

Hemisphetectomy, cerebral, for intractable
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. 1 ’S6

Hodgkin’s disease, irradiation therapy in
(see irradiation)

Hospitals trepott 1951-1952 (R. M. Am-
berg) XXIV: 1-32; Oct. 3 ’'52

Hospitals repott 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 'S4

Hospitals teport 1954-1955 (R. M. Am-
berg) XXVII: 2-6; Oct. 15 ’55

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

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

Human cell cultures (see cell)

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

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

Hydrops, endolymphatic
phatic)

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

(see endolym-
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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

Hypotensive anesthesia (see anesthesia)

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

I

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

Index, cumulative, 1948-53; XXIV: 671-
681; June 12 °53

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, 1952-57;
494-504, June 15 '57

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)

Insanity, psychiatric evidence in legal
tests of (Burttum C. Schiele and Mon-
rad G. Paulsen) XXVI: 325-332; Jan.
28’55

Intestinal microorganisms, the nutritional
role of (K. R. Johansson) XXV: 156-
168; Dec. 11’53

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

Intestine, adenomas of the large (see
adenomas)

XXVIIL;

Intoxications in neurology (see neurology)

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

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

Irradiation therapy in Hodgkin's disease
(C. M. Nice and K. W. Stenstrom)
XXIV: 430-442; Mar. 13 ’53

J

Juxtaglomerular apparatus, granulation of,
in relation to renal hypertension, desoxy-
corticosterone and  post-desoxycorticos-
terone hypertension, adrenal regenera-
tion hypertension and adrenal insuffi-
ciency (Louis Tobian, Janet L. Thomp-
son, Robert M. Twedt, Jeanette G.
Janecek) XXVIII: 430-438; June 1 °57

K

Kidney, artificial, further use of at the
University of Minnesota Hospitals (J.
S. Ansell, M. P. Reiser, C. D. Creevy)
XXVII: 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, utinary, 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 'S4

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-
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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)

Masked schizophrenia (see schizophrenia)

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

Media, absorbable bronchographic con-
trast (see bronchographic)
Medical diagnosis, early objective pet-

sonality evaluation in (see personality)

Medical education and the Medical School
after twenty-four years in general prac-
tice, 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 'S4

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

Medical practice in the state, the Medical
School in relation to (Charles G. Shep-
pard) XXIV: 115-121; Oct. 31 ’52

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

Medicine, problems and obligations of
organized (see organized medicine)

Meningitis, poliomyelitis and aseptic (see
poliomyelitis)

Metabolic aspects of advanced cancer (see
cancer)

Metabolism, cerebral, ascorbic acid and
(see ascorbic)

Metastatic gtowth of tumors in mice (see
tumors)

Methods of measuring blood pressure (see

blood)
Microorganisms, intestinal (see intestinal)
Microscopy, electron, in chronic renal dis-
ease (see renal)
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Mitral stenosis (see valvotomy)

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. Sprafka,
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, liver (see liver)

Neoplasms, fatal (Robert Hebbel and E.
T. Bell) XXV: 305-311; Feb. 19 '54

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

Neurosurgical procedures for the relief of
pain (Carrel M. Caudill, William T.
Peyton, Lyle A. French) XXIV: 355-
366; Feb. 13 ’53

Nitrogen dioxide
filler’s disease)

Nuclear morphology, sex determination
from (see sex determination)

Nursing needs, how the University of Min-
nesota School of Nursing meets (Kath-
arine J. Densford) XXIV: 625-636;
June 5 ’53

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

Nursing program, the (Dotothy Titt, Joan

inhalation (see silo-

Dargis, Martha Aitchison, Beverly
Thompson, Lotraine 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
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Nursing, some studies in (Katharine J.
Densford, Rena E. Boyle, Ruth V.
Johnston) XXV: 421-432, Apr. 2 '54

Nutritional role of intestinal microorgan-
isms (see intestinal)

(0]

Obesity, body build, and coronary heart
disease (Josef Brozek and Ancel Keys)
XXVII: 159-164; Mar. 156

Obstetrics and gynecology, psychosomatic
problems in (see psychosomatic)

Obstruction, intestinal (see intestinal)

Obstruction, strangulation, roentgen ob-
servations in (Harry Z. Mellins and
Leo G. Rigler) XXIV: 241-249; Dec.
19 ’s2

Occupational therapy activities,
output duting (see cardiac)
aration, 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, progress in (Lawrence R. Boies)
XXVI: 198-206; Nov. 26 '54

P

Pain, neurosurgical procedures for the re-
lief of (see neurosurgical)

Pancreas and extrahepatic biliary system,
tumors of the (Peter A. Salmon, Fred-
erick Neher, Alan Thal, Bernard Zim-

cardiac

mermann) XXVIII: 61-64; Nov. 1
’56
Pancreatitis: a clinical and pathologic

study, acute (Alan Thal, Jose E. Moles-
tina, John F. Perry, Willadene Egner)
XXVII: 40-44; Nov. 1°'55

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

Pathogenesis of rheumatic fever, the (see
theumatic fever)

Patient education in the management of
diabetes (see diabetes)

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

Peritoneoscopy (James B. Carey, Jr.)
XXV: 561.565; June 11 '54

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

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

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

Photosensitivity, porphyria cutanea tarda
and (see porphyria)

Physical diagnosis, ertors and pitfalls in

(M. J. Murray) XXVIII: 266-276;
Mar. 15’57
Pneumothorax, simple spontaneous (]J.

Arthur Myers) XXIV: 524-538; Apr.
24’53

Poisoning, lead (see lead)

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

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

Pregnancy, bone marrow
marrow)

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

Prosthesis, femoral head (see femoral)

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

in (see bone

Kaplan)
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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)

Psychosomatic problems in obstetrics and
gynecology (Irving C. Bernstein) XXVI:
216-224; Dec. 3’54

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

R

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

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

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

Relaxants, muscle, current status of (see
muscle)

Renal biopsy in the study of chronic renal
disease in children by light and electron
microscopy (Robert L. Vernier, 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, gastric (see tubular)

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) XXVI:
136-145; Nov. 5 ’'54

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

Retinal detachment (Malvin J. Kirkeeng)
XXIV: 488-494, Apr. 10 ’53

Retrolental fibroplasia (see fibroplasia)

Retrorectal tumors (Richard B. Capek)
XXVIII: 138-142; Dec. 15 ’56

Rheumatic fever, the pathogenesis of
(Lewis Thomas, Floyd W. Denny, Jr.,
Robert A. Good, Richard T. Smith)
XXIV: 341-348; Feb. 6 ’53

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)

Roentgen observation in strangulation ob-
struction (see obstruction)

Roentgen studies of the small bowel
(Jack Friedman) XXIV: 593-602; May
2253
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Roundsmanship (Henry Jacob Bulfinch,

’56) XXVIII: 289-299; Mar. 15 '57
S
Schizophrenia, masked (Frank Kiesler)

XXIV: 211-217; Dec. 5 ’52
Scientific inquiry, levels of (Herbert Feigl)
XXVII: 90-97; Nov. 15 '56
Scoliosis—evaluation and results of treat-
ment (Donald C. Meredith and John
’H. Moe) XXVIII: 459-470, June 15

Seizures, cetebral hemispherectomy for in-
tractable (see hemispherectomy)

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 generalized
(Charles N. Gamble and Joel G. Brun-
son) XXVI: 255-268; Jan. 7 'S5

Shwartzman phenomenon in rats, the gen-
eralized (John A. Gronvall and Joel G.
Brunson) XXVII: 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 setvice at University Hospitals,
forty years of (Annie Laurie Baker)
XXVI: 591-600; Apr. 29 ’55

Social service reports: A. The University
Hospital’s use of nursing homes (Annie
Laurie Baker) B. Nursing homes and
related facilities in Minnesota (Helen
L. Knudsen) XXIV: 548-559; May 1
53

Social workers, use of, in a medical edu-
cation program (Fred Gross) XXV:
517-522; May 21 'S4

Spine, cervical, degenerative changes of
the (see degenerative)

Spontaneous pneumothorax, simple (see
pneumothorax)

Staphylococci, epidemiologic studies on
antibiotics-resistant (Robert 1. Wise,
Caroline Cranny, Wesley W. Spink)
XXVI: 174-190; Nov. 19 54

Staphylococcal disease, Management of
(Robert 1. Wise and Wesley W. Spink)
XXIV: 645-658; June 12 '53

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

Stenosis, mitral (see valvotomy)

Sterol intermediates in the synthesis of
cholesterol (see cholesterol)

Strabismus in children (Clifford D. Mol-
zahn) XXVII: 258-261; May 15 ’56
Strangulation obstruction, roentgen ob-

servations in (see obstruction)

Streptococcal infection, host-parasite fac-
tors in group A (Dennis W. Watson)
XXVII: 106-109; Jan. 15 '56

Stricture, biliary (see biliary)

Students, problems in the selection of
medical (see medical students)

Surgery, anesthesia for emergency (see
anesthesia)

Surgical therapy of cervical cancer (see
cervical)

Surgical treatment of congenital heart
disease (see heart disease)

Synthesis of cholesterol (see cholesterol)

Systemic fibrinoid diseases (see fibrinoid)

T

Technology, medical (Ruth F. Hovde)
XXVIIL: 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

Thrombosis, spontaneous, of the carotid
arteries (Sidney K. Shapiro and Wil-
liam T. Peyton) XXIV: 188-203; Nov.
21’52

Tissue cultures in medicine, current ap-
plication of (William F. Scherer)
XXIV: 225-233; Dec. 12’52

Tonsils, absence of, in the development
of bulbar poliomyelitis (see poliomye-
litis)
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Total and subtotal colectomies—a clinical
evaluation (see colectomies)

Translumbar aortography, an evaluation
of (C. D. Creevy, Ronald W. Krumbach,
William E. Price) XXIV: 413-420;
Mar. 6 53

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

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

Tubular gastric resection: a preliminary
evaluation (Lloyd D. MacLean) XXIV:
255-273; Jan. 9 ’53

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
biliaty system (see panctreas)

Tumors, intraocular, the use of radioactive
phosphorus in the diagnosis of (Robert
M. Lundblad and James F. Marvin)
XXVIII: 398-406; May 15 ’S57

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
Unilateral renal disease (see hypertension)
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Utreters, surgical injuries of the (C. D.
Creevy) XXV: 440-447; Apr. 9 '54
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)

Urobilin problem, recent studies of the
(Paul T. Lowry, N. R. Ziegler, C. J.
Watson) XXIV: 166-180; Nov. 14 ’52

v

Vaccine, poliomyelitis (see poliomyelitis)

Valvotomy in mitral stenosis (A. M.
Richards, Ivan D. Baronofsky, Craig
Borden) XXIV: 310-333; Jan. 30 °S3

Vascular  syndromes, congenital  (see
hemangiomata)

Vitamin C, some clues to the biochem-
ical significance of, ascorbic acid and
cerebral metabolism (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 new-
born infant (see electrolyte)

XYZ

“X"” marks the spot (P. S. Hench)
XXVII: 256-259; Mar. 1 °'57

X-rays, porphyrins, and tumors (see por-
phyrins)




WEEKLY CONFERENCES OF GENERAL INTEREST

Physicians Welcome

Monday,  9:00 to 10:50 A.M. OBSTETRICS AND GYNECOLOGY
Old Nursery, Station 57
University Hospitals

12:30 to 1:30 P.M. PHYSIOLOGY-
PHYSIOLOGICAL CHEMISTRY
214 Millard Hall

4:00 to 6:00 P.M. ANESTHESIOLOGY
Classroom 100
Mayo Memorial

Tuesday,  12:30 to 1:20 P.M. PATHOLOGY
104 Jackson Hall

Friday, 7:45 to0 9:00 AM. PEDIATRICS
McQuarrie Pediatric Libraty,
1450 Mayo Memorial

8:00 to 10:00 AM. NEUROLOGY
Station 50, University Hospitals

9:00 to 10:00 AM. MEDICINE
Todd Amphitheater,
University Hospitals

1:30 to 2:30 p.M. DERMATOLOGY
Eustis Amphitheater,
University Hospitals

Saturday, 7:45 to 9:00 AM. ORTHOPEDICS
Powell Hall Amphitheater

9:15 to 11:30 AM. SURGERY
Todd Amphitheater,
University Hospitals

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






