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Staff Meeting Report

The Granulation of the Juxtaglomerular Apparatus in Relation
to Renal Hypertension, Desoxycorticosterone and Post

Desoxycorticosterone Hypertension, Adrenal Regen
eration Hypertension and Adrenal Insufficiency*

Louis Tobian, M.D.,' Janet 1. Thompson, B.S.: Robert M.
Twedt, PhD." and Jeannette G. Janecek, B.S.'

The patho~enesis of renal hypertension is not obvious. Renal dis
ease can be severe enough to produce terminal uremia without produc
ing hypertension. Hypertension can be induced by partial construction
of the renal artery, and the kidney may retain good excretory function.
The excretory activities of the kidney do not appear to be directly re
lated to the hypertensive, or anti-hypertensive activities of the kidney.
It is, therefore, inviting to consider aspects of renal anatomy other than
those directly and obviously concerned with excretion. Such a struc
ture is the juxtaglomerular apparatus. Cells of the juxtaglomerular
complex containing discrete secretory granules are usually in the wall
of the afferent glomerular arteriole, just before it joins the glomerulus.
They are in a position which would be particularly affected by Gold
blatt clamping. In the classic Goldblatt experiment, the renal artery
is partially constricted, producing a decrement in lateral blood pressure
downstream. Such a decrement in pressure would reduce the stretch
of the walls of the entire renal arterial arborization. There should also
be less stretch affecting the cells of the juxtaglomerular apparatus re
siding in the arteriolar walls. These cells, then, could be a possible
stretch receptor responding to the lower lateral pressure produced by
constricting a renal artery. With this in mind, the juxtaglomerular ap- 1·..

paratus was studied in relation to the Goldblatt type of experimental .
hypertension. If the juxtaglomerular apparatus has any fundamental
role in renal hypertension, it might also be altered in other forms of ex-

• This is a report given at the Staff Meeting of the University of Minnesota Hospitals on
May 17. 1957.
1 Associate Ptofessot, Department of Medicine
2 Assistant Scientist, Department of Medicine
3 Formerly Assistant Scientist. Department of Medicine
• Laboratory Technologist. Department of Medicine
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perimental hypertension. Thus rats with desoxycorticosterone hyper
tension, post-desoxycorticosterone hypertension, and adrenal regenera
tion were also studied.

METHODS

This study was greatly facilitated by the use of the staining technique
developed by the Hartrofts 1 for the juxtaglomerular (JG) apparatus.
Each granule is discretely stained in this method. A 40x fluorite oil
immersion objective enabled us to see the individual secretory granules
much better than the usual 43x achromatic "high dry" objective, and
yet, a large field for rapid scanning was provided. Compensating eye
pieces (12x) were used in conjunction with this objective. The de
gree of granulation in the ]G apparatus was estimated using the sys
tem derived by the Hartrofts." Their weighted juxtaglomerular index
(JG index) was utilized giving a total index number per 100
glomeruli. This system is advantageous in that it counts each ]G com
plex and weights it according to its degree of granulation. Whenever
a large number of ]G complexes were seen, the number of granules
per complex was usually also increased. Even though this is a semi
quantitative method, it has considerable precision. Two different ob
servors scanning the same slide rarely differed by more than 10
per cent.

Renal hypertension was produced in rats by partially constricting
the renal artery, using a silver ribbon clip. This is the method de
veloped by Byron and Wilson" and used extensively in recent
years by Floyer 3. In the rat, hypertension can be produced by con
stricting only one renal artery and leaving the other kidney un
touched 3. This form of hypertension was utilized in these studies.

The level of arterial blood pressure in rats was determined with the
Friedman microphonic method '. The rats were lightly anesthet
ized with ether during the blood pressure measurements.

RESULTS

Renal Hypertension
The average ]G index for 12 normal Wistar rats weighing between

200 and 300 grams, was 36, with a standard deviation of ±-S. The
mean blood pressure for 90 normal Wistar rats was 99 (S.D. ± 7)
mm.Hg.

In nine rats a sham operation on one kidney was performed. The
renal artery of one kidney was dissected out, a silver clip was applied
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to it, and the clip was then immediately removed and the incision
sutured. Five weeks after this sham operation, the manipulated kid
neys had a mean ]G index of 34 (S.D. ± 12) and the contralateral
untouched kidneys had a mean]G index of 35 (S.D. ~ 13).

Rats with unilateral constriction of a renal artet·y. In 16 Wistar
rats weighing between 150 and 250 grams, a clip made of silver rib
bon was applied to one renal artery in such a way as to partially con
strict it, the other kidney remaining untouched. Ten weeks later the
blood pressure of these rats was ascertained and eight were found to be
definitely hypertensive, with a blood pressure of over 140 mm. Hg.
The kidneys the renal arteries of which had been partially constricted
had an average ]G index of 76, which is significantly higher than that
of normal kidneys or of kidneys upon which sham procedures had been
carried out (p=.OOOI). The untouched contralateral kidneys of these
rats showed striking degranulation of the ]G apparatus. From a nor
mal value of 36 the index fell to an average of 1 in these kidneys, and
the ]G index ranged from 0 to 4, far below normal ]G indices.

In another group of 11 hypertensive rats with a similar operation the
ischemic kidney was examined 6 weeks after constricting the renal
artery. The]G index averaged 44 in these kidneys, a value not as
high as was seen in constricted kidneys 10 weeks after clipping.

Another group of seven hypertensive rats was sacrificed 7 to 14
days after a similar constriction of only one renal artery. The ischemic
kidneys had an average ]G index of 46 with a range of 28 to 63, and
the contralateral untouched kidney had a mean ]G index of 9 with a
range of 5 to 14. Even this brief interval after clipping one renal
artery allowed for considerable aegranulation of the untouched kidney
and hypergranulation ot the ischemic kidney.

Eleven other rats had the same clipping procedure as the foregoing
groups of rats. They failed to develop hypertension during 7 weeks
of constriction of one renal artery, however, and all had blood pressures
under 110 mm. Hg. Even these rats had significant hypergranulation \.
of the ischemic kidney. In this group the mean ]G index of the con- .
micted kidney was 48 (S.D. ± 15), with values ranging from 26 to
80. The contralateral untouched kidney had a mean ]G index of 6
(S.D. ± 6), with values ranging from 0 to 20.

Partial constriction of the renal artery of degranulated kidneys. In
five rats, one renal artery was partially constricted with the subsequent
development of hypertension. In all rats that had undergone this pro-
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cedure, the untouched contralateral kidney 7 weeks later had great de
granulation of the JG apparatus with an average JG index of 1, and
values ranging from 0 to 4. At this time (7 weeks after the initial
kidney operation) the renal artery of this degranulated untouched kid
ney was also partially constricted with a silver ribbon clip. Four weeks
later both kidneys were examined. In two of the five rats the previ
ously degranulated kidney was still degranulated despite the clipping
procedure. In the three other rats, however, the previously degranu
lated kidney had definitely regranulated as a result of the second clip
ping operation. The JG indices were 36, 28, and 14, in the previously
degranulated kidneys of these rats.

The effect of a low sodium diet on the granulation of the IG ap
paratus. Three experiments were done to assess the influence of the
amount of sodium in the diet on the degree of granulation. In these
studies a diet was made from purified materials which contained 20 %
casein, 70% sucrose, 5% corn oil, 5% sodium-free salt mixture made
with reagent-grade chemicals, and a vitamin supplement. This consti
tuted a "low sodium diet" and contained .002 % sodium. The control
diet with 0.4% sodium was made by adding pure sodium chloride to
the basic low sodium diet. Water was given ad libitum.

The two diets were offered to two groups of normal Wistar rats.
A group of eight rats on the diet containing 0.4% sodium for 5 weeks
had a mean JG index of 30 (S.D. ± 10). The group of eight rats on
the diet containing 0.002 % sodium for 5 weeks had a mean JG index
of 48 (S.D. ± 10). Thus the rats on a very low sodium intake had a
significantly higher degree of JG granulation (p= .001) . This con
firms the earlier observations of the Hartrofts.'

The next experiment dealt with hypertensive rats with a clip on one
renal artery, the other kidney remaining untouched. Sixteen weeks
after the clip was applied these hypertensive rats were divided into
two groups which were evenly matched for blood pressure. These
two groups were placed on the experimental diets described above for
8 weeks. There was a slight reduction in blood pressure in the group
of 22 rats on the 0.002 % sodium diet. Before going on the diet the
mean blood pressure of this group was 177 mm. Hg. After 8 weeks
on the diet, this mean had fallen to 169 mm. Hg. The other group
of 13 hypertensive rats on the 0.4 % sodium diet had an initial blood
pressure of 173 mm. Hg which rose to 180 mm. Hg while on this
diet. The group of rats on the 0.4 % sodium diet had almost com-
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plete JG degranulation in the untouched kidney. The mean JG index
of this group was 1 and the highest index for an individual rat was 4.
On the other hand, the average JG index of the untouched kidney was
6 in the rats on the 0.002 % sodium diet, and seven of the 22 rats in
this group had indices higher than 4. Three rats of this group had
indices higher than 17 in the untouched kidney, a very unusual finding
in operated rats on higher sodium intakes. The difference in granu
lation of the untouched kidneys of these two groups is highly signifi
cant (p= .005). The diet containing very little sodium unquestion
ably increased the JG granulation in these untouched kidneys. More
over, the slight reduction in blood pressure resulting from the low
sodium intake probably does not account for the increased granula
tion since all hypertensive rats on the low sodium diet had a blood
pressure higher than 140 mm. Hg. at the end of the experiment.

The different amount of sodium in the diet did not greatly influence
the JG granulation of the clipped kidneys in these rats. The group
on 0.4% sodium in the diet had a mean JG index of 58, and the group
on the 0.002 % sodium diet had a mean JG index of 66. The clipped
kidneys of both groups were hypergranulated compared to a normal
kidney but were not significantly different from one another; however,
the low sodium diet was still associated with a tendency to increased
JG granulation.

Other rats were made hypertensive by applying a clip on one renal
artery and excising the contralateral kidney. All the rats studied had
blood pressures over 140 mm. Hg. Sixteen weeks after the operations
they were divided into two groups evenly matched for blood pressure.
One group was placed on the 0.002 % sodium diet and the other 0.4 %
sodium diet for 5 weeks and were then sacrificed. The blood pressure
of all the rats on either diet remained above 140 mm. Hg at the end
of the experiment. The eight rats on the 0.4% sodium diet had a
mean JG index of 45, while the 14 rats on the 0.002 % sodium diet
had a mean JG index of 55. This difference, though not statistically
significant (p=.3), still indicates that the low sodium diet tends to

increase the degree of granulation.

The effect on the JG apparatus of "curing" unilateral renal hyper
tension with a unilateral nephrectomy. Eleven rats were made hyper
tensive with blood pressures over 140 mm. Hg by clipping one renal
artery as described above. The average blood pressure of this group
was 159 mm. Hg 7 weeks after the operation. From previous expe-
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rience we know that the ]G apparatus of the untouched kidney is
virtually degranulated 7 weeks after the original clipping operation
in pypertensive rats. At this time the clipped kidney was excised.
Every rat had a decided fall in blood pressure following this procedure.
Ten of the 11 rats had blood pressure levels of less than 115 rom. Hg
2 weeks after the removal of the clipped kidney. By 6 weeks after
removal of the clipped kidney, all blood pressures were less than 111
mm. Hg with an average of 95 mm. Hg. Thus all rats eventually had
blood pressures well within the normal range. When the remaining
kidneys of these normotensive rats were examined they showed an al
most complete regranulation of the ]G apparatus with an average ]G
index of 28. Three such kidneys were examined 2 weeks after the
clipped kidney had been removed. The]G indices in these three were
32, 23, and 24, showing that regranulation was almost complete in this
short time. In the eight other rats that had become normotensive
following removal of the clipped kidney, the lone remaining kidneys
6 weeks after excision of the ischemic kidney had an average ]G index
of 28, with values ranging from 16 to 39.

While it is obvious that regranulation occurs in the ]G apparatus
of rats when they change from a hypertensive to a normotensive state,
it is of interest to compare the granulation in these lone kidneys with
the ]G granulation of rats that have had one kidney excised without
having undergone any clipping operations.

Eleven Wistar rats had one kidney excised and 2 months were al
lowed to elapse for a new equilibrium to be established. The lone
hypertrophied kidneys of these rats were then studied. The average
]G index of these lone kidneys was 34 (S.D. ± 11). Thus the regranu
lated ]G complexes of the previously hypertensive rats are not greatly
different from those of simple one-kidney rats. Moreover, these simple
one-kidney rats have a ]G granulation quite similar to that seen in
completely normal rats.

Adrenal Insufficiency

A number of male Sprague-Dawley rats were randomly divided into
two groups with 12 rats in each group. The rats in group I under
went complete bilateral adrenalectomy and subsequently were allowed
to drink only 1 per cent saline solution. They were fed ordinary
Purina laboratory chow. Those in group II ate the same chow and
drank tap water ad libitum. All rats were sacrificed 18 days after the
adrenalectomy of the rats in group I. The mean ]G index in the
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normal rats in group II was 30 (S.D. ± 6), that for the adrenalecto
mized rats in group I was 52 (S.D. ±24). This difference is highly
significant with a p value of 0.004. These results are similar to those
found by Dunihue in adrenalectomized cats.5

Rats Treated with Desoxycorticosterone itl Conjunction with Either
High or Low Sodium Diets

Twenty-nine rats were given two subcutaneous injections of 125 mg.
of desoxycorticosterone trimethylacetate (DCTMA) at intervals of 4
weeks. One group of 10 of these rats was fed a "synthetic" diet con
taining only 0.002 % sodium (described above) and water ad libitum.
The other group of 19 of these rats was fed this same diet with 0.4%
sodium added (described above) and was allowed to drink nothing
but 1 per cent sodium chloride.

All rats were killed 2Y2 weeks after the second injection of DCTMA.
The group on DCTMA and a high sodium intake demonstrated virtual
disappearance of ]G granulation. Average]G index in this group was
0.3 with a range of 0 to 3. Sixteen of the nineteen rats had ]G indices
of O. All of these rats had some elevation of blood pressure at the end
of the experiment with an average final blood pressure of 142 mm. Hg.
On the other hand, the group of rats that received DCTMA and a
diet very low in sodium did not show this extreme ]G degranula
tion. The mean ]G index was 17 for the group. None of these rats
on the low sodium diet became hypertensive during the course of the
experiment, and the average blood pressure for the group was 99 mm.
Hg at the end of the experiment. These results confirm the previous
observations of the Hartrofts 6.

Post-desoxycorticosterone Hypertension

It is well known that desoxycorticosterone in conjunction with a
generous intake of sodium will produce hypertension in rats. An ex
ample of this effect is demonstrated above. It has also been shown that I
in certain rats hypertension may persist long after the end of desoxy- I
corticosterone absorption and while the rats are taking in the usual I.•.
amounts of sodium'. This type of hypertension has been called
"post-desoxycorticosterone" hypertension and is a prime example of
the principle that hypertension may persist long after its original
cause has been removed.

To produce this type of hypertension a 25 mg. desoxycorticosterone
acetate pellet was implanted subcutaneously in each of 150 male wean-
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ling rats. Another similar pellet was implanted 5 weeks later. The
rats drank a 1 per cent sodium chloride solution for 6 months after
the first pellet implantation. Most of them became hypertensive dur
ing this period. They were then offered tap water for the next 4112
months, at which time the experiment was terminated. The blood
pressure of each rat was determined twice during the last week of the
experiment, and these readings were averaged to get the blood pres
sure for each animal. When the rat was killed the entire subcutane
ous area of the back was examined to be certain that both pellets had
been completely absorbed. In two rats the remnant of a pellet was
seen and these rats were excluded from the study. This was done to

insure that all the rats were indeed in the "post-desoxycorticosterone"
phase. Seventeen rats remained moderately to severely hypertensive
after the pellets had completely disappeared. The blood pressure was
above 140 in every rat of this group with a mean of 160 mm. Hg.
Many more rats had very mild hypertension with blood pressures be
tween 120 and 140 mm. Hg. Sixteen rats had blood pressures in the
normal range (below 118 mm. Hg) in the post-desoxycorticosterone
period. The mean blood pressure of this group was 104 mm. Hg.
The ]G granulation of the kidneys of the hypertensive group and the
normotensive group was compared. In the normotensive group the
mean]G index was 25 (S.D. ± 12), in the hypertensive group it was
7 (S.D. ± 4). This difference is quite significant (p= 10-7

).

Experimental Hypertension in Rats Associated with Adrenal Cortical
Regenerafion

Skelton 8 has recently demonstrated a form of experimental hyper
tension in rats which appears during the regeneration of adrenal corti
cal tissues following adrenal enucleation. In creating this experimental
situation, we removed one kidney a~d one adrenal in male weanling
Holtzmann rats. The contralateral adrenal capsule was nicked, and
the medullary and cortical tissue was gently pressed out through the
nick leaving only the capsule and a thin layer of adrenal cortical cells
subjacent to it. These rats were then given a 1 per cent saline solution
to drink. Hypertension subsequently developed in many of them.
A control group of weanling rats with intact adrenals was also in
cluded in the experiment. The rats in this group had one kidney
excised and drank a 1 per cent saline solution. Half of the rats with
single regenerating adrenals had blood pressures greater than 140 mm.
Hg 6 weeks after the initial operation. The average blood pressure
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of these nine rats at this time was 171 mm. Hg. Their average ]G
index was 7. The control group had a mean blood pressure of 121
mm. Hg. (S.D. ± 7), and an average ]G index of 20. The rats with
the hypertension of adrenal regeneration had a significantly lower ]G
index than the control rats (p= .0004). In certain aspects the hyper
tension of adrenal regeneration is similar to the hypertension associ
ated with desoxycorticosterone administration. In desoxycorticos
terone hypertension, however, the ]G granules practically disappeared,
whereas they were definitly present, even if in diminished numbers,
with the hypertension of adrenal regeneration.

Discussion and Summary

These studies do not delineate the exact function of the ]G appa
ratus. It is reasonable to assume, however, that the secretory state as
sociated with hypergranulation is the opposite of that associated with
degranulation. It is not even certain whether the degranulation of the
.JG apparatus is associated with rapid secretion or with a cessation of
secretion; however, the state of granulation varies greatly in certain
hypertensive states as well as with variations in sodium intake and
adrenal function. It has been thought by some that the ]G granules
may contain renin. No direct proof of this exists, but Peart and Gor
don" have shown that renin exists only in or around glomeruli and not
in tubular areas. It is possible that the hypothesis is correct.

In summary, whenever a kidney is protected from the full force of
arterial pressure by a clip on the renal artery, the granules increase
in number. It is possible that the lower pressure levels distal to the
clip reduce the stretch on tae ]G cells and thereby promote the hyper
granulated state. A low sodium diet and adrenalectomy also produce
the hypergranulated state and, by reducing blood pressure and blood
volume, would also be expected to reduce the stretch on the ]G cells.
Conversely, when a kidney is exposed to hypertension caused either by
renal ischemia or by adrenal regeneration, or by desoxycorticosterone
in the present or in the past, degranulation of the ]G cells occurs.
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Staff Meeting Report

The Cancer Detection Center: Nine-Year Report'

W. Albert Sullivan, Jr., M.D.,1 and John B. Lunseth, MD.'

The population of the United States now approximates 170,000,000
people. If present trends continue, cancer will develop in 42,000,000.
One-third of cancer patients can now be cured using current methods
of therapy. Probably one-half to two-thirds of them could be cured
using the same therapeutic methods, however, if diagnosis of serious
visceral cancer in the asymptomatic stage were to become possible on
a large scale.

No longer is there doubt about the reality of an increased amount
of cancer in our population. Better detection and a higher index of
cancer suspicion by physicians and laity alike are only partial answers.
The ranks of the more cancer-susceptible members of our popula
tion are expanding. The number of persons in this country 40 years
of age and over has increased from 23.4 per cent in 1900 to 35.3 per
cent in 1950. Moreover, deaths from cancer are increasing continu
ously. Today, cancer is the second leading cause of death not only
in adults but also in children.

The picture is not entirely gloomy, however, for in our experience
it is possible to increase survivors in direct proportion to the detec
tion in the earliest phases of most serious visceral malignant lesions.
Currently, prophets of doom have spawned a new excuse for procrasti
nation and laissez faire, "biologic predetermination"; yet data from
the Cancer Detection Research Center strongly support the value of
the earliest possible diagnosis of malignant disease.

This Center was organized at the University of Minnesota nine
years ago as a cooperative enterprise of the Cancer Committee of the
Minnesota State Medical Association, the Minnesota Division of the
American Cancer Society, and the Department of Surgery, University
of Minnesota Hospitals. Its basic purpose is to appraise methods en-

• This is a report given at the Staff Meeting of the University of Minnesota Hospitals on
May 24, 1957.
1 Assistant Professor, Department of Surgery, and Director. Cancer Detection Center
, Research Assistant, Department of Surgery, and Assistant Director, Cancer Detection

Center
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abling doctors to diagnose cancer still in the asymptomatic stage. The
only prerequisites for enrollment are (1) legal residence in the state
of Minnesota and (2) lack of symptoms that would ordinarily re
quire a physician's services. In addition, age limitations are imposed
-45 years and over for females and 50 years and over for males-to
select the segment of population in which the greatest proportion (90
per cent) of all Cancers occur.

Methods of Procedure

Prior to admittance each patient fills out a questionnaire regarding
vital statistics, past history, and a system review. Minor symptoms may
thus be evaluated. If there is indication that the patient is truly symp
tomatic on arrival at the Cancer Detection Center, examination is re
fused, and that individual is immediately referred to his own physi
cian for evaluation.

Preparation for examination includes a meat-free diet for three days,
overnight fasting, and enemas to permit proctosigmoidoscopic inspec
tion. The examination requires one day and includes the following
procedures for every patient:

Gastric analysis
Proctosigmoidoscopic examination

Pelvic examination with Papanicalaou smears (in female patients)
Ear, nose, and throat examination including indirect laryngoscopy
General physical examination
Complete blood count
Urinalysis
Testing of stool for occult blood
Chest x-ray (14 x 17 film)

Additional special procedures are done as indicated:
1. An upper gastro-intestinal x-ray is ordered if one or more of the

following conditions are present:
a. Achlorhydria or hypochlorhydria less than 30°.

b. Hemoglobin below 11.0 grams without obvious explanation.
c. Occult blood in the stool (3 or 4+ reaction).

d. Symptoms which might in any way be related to cancer of
the stomach.

e. A strong family history of gastric cancer.

440
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2. A barium enema is ordered if one or more of the following con
ditions are present:

a. Polyps or suspicious lesions noted on proctosigmoidoscopic ex
amination.

b. Hemoglobin below 11.0 grams without obvious explanation.

c. Occult blood in the stool (3 or 4+ reaction).

d. Symptoms which might in any way be related to colonic cancer.

e. A strong family history of colonic cancer.

As we have stressed repeatedly, there is no procedure or examination
routinely carried out at the Cancer Detection Center which cannot
easily be performed in doctors' offices or local hospitals.

Following examination the patient is directed to return to his own
physician to whom we send a complete summary of the findings.
Biopsies, further evaluation, and treatment are carried out under the
direction of the private physician or a consultant selected by him. We
do request, however, that the patient's physician inform us regarding
additional diagnostic studies, therapy, and the outcome of the cancer
problem. If, after 6 weeks, a patient has not returned to his physician
for evaluation of our examination, we send this patient a letter (a
carbon copy of which is forwarded to the physician) advising him
that he should do so immediately.

Results

In the first 9 years of operation 8,229 patients have been examined.
Almost an equal number of males and females have been seen: 3,946
males (48 per cent) and 4,283 females (52 per cent). Some patients
have had only one examination, but since yearly re-examination is em
phasized, some have had as many as nine. Altogether, 25,158 ex
aminations have been performed; the average per patient is 3.0.

A total of 225 histologically proven cancers have been found during
this period. That is, we have found one proven malignant lesion in
every 36 patients examined, an incidence of 2.7 per cent. These cancers
are listed in Table 1.

The order of frequency of these various tumors corresponds closely
with the nationat" pattern. Therefore, we believe that beyond the limi
tations originally imposed, our patients do not constitute a specially
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TABLE 1

1

I
Total

4
1
1

17
1

18
22

1
1
3

25
12

7
8

23
2
1
3

57
5
3
4
6

225

1
1
1
1

12
6
1

1
25
I?

7
8

1
1

25
3
1
1
1

117

11

6
16

1
2

23
2

2
32

2
2
3
5

SITES OF HISTOLOGICALLY PROVEN CANCERS

Male Pemale
4

TOTALS 108

Lip _
Floor of Mouth _
Parotid _
Stomach _
Duodenum . _
Colon _
R~tum _
Omentum _
Lung (Primary) _
tung (Metastatic) _
Breast _
Cervix _
Endometrium _
Ovary _
Prostate _
Bladder _
Vulva _
Malignant Melanoma _
Skin _
Thyroid _
Lymphosarcoma _
Hodgkin's and other Lymphoma _
Leukemia _

select group. A comparison of our order of frequency with that of
the state of Connecticut is made in Tables 2 and 3.

TABLE 2

CANCER INCIDENCE

Males
Connecticut
1935-1951

Skin _
Prostate _
Colon _
Lung _
R~tum _
Stomach _
Leukemia _
Lip _

Cancer Detection Center
Rank 1948·1957

1 S~n

2 Prostate
> R~tum

4 Stomach
5 Colon
6 Leukemia
7 Lip
8

TABLE 3

CANCER INCIDENCE

Females
Connecticut
1935-1951

Bteast _
Ce~ix _
Skin _
Colon _
Endometrium _
R~tum _
Stomach _
Ov~y _

Cancer Detection Center
Rank 1948·1957

1 Skin
2 Breast
> Cervix
4 Colon
5 Ovary
6 Endometrium
7 R~tum

8 Stomach

The significance of doing annual complete examinations of this de
tailed cancer-searching type is readily apparent when it is noted that
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52.8 per cent of the cancers were found on recheck examination. Per
haps even more significant to the long term benefit of patients in this
study is the number of precancerous lesions that have been detected.
In the group of 8,229 examinees, 4,573 such lesions have been found.
The abnormalities classified as precancerous and the number found are
given in Table 4. In addition many benign tumors have been found.
Many other conditions requiring further medical care have also been
brought to the patients' attention as a result of their examinations.

TABLE 4
PRECANCEROUS LESIONS

Lesion N11mber
Rectal & Colon Polyps 2386
Leukoplakia 589
Senile Keratoses .. 573
Irritated Pigmented Nevi 394
Thyroid Adenomas . .. . 240
Kr:.urosis Vulvae 57
Gastric Polyps . .__ . 39
Vocal Cord Polyps 1

Total . __ .. 457.)

The final success of this venture cannot be stated at this time, but
our data clearly indicate a significant improvement in gross survival
statistics. Including only the patients with visceral cancers (all pa
tients with skin cancer are doing well), the over-all survival rate in
our group is 68 per cent. This is to be contrasted with an over-all
survival rate for the country as a whole of 25 to 30 per cent. Further,
by carefully scrutinizing the patients' histories we found that 37 per
cent of those with visceral cancer actually had minor but related symp
toms. Survival rate in this group is 53.2 per cent. This is to be com
pared with the group completely asymptomatic at the time of diag
nosis in which the survival rate is 76.9 per cent.

The most remarkable results have occurred in patients with gastro
intestinal tract lesions. Here, survival of the asymptomatic patients ap
proximates three times that of the symptomatic group. These data are
listed in Table 5.

Location
Stomach
Colon
Rectum

TABLE 5
SURVIVORS

Asymptomatic
44%
85%
81%

Symptomatic
12%
20%
33%
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In addition to the 225 malignant lesions detected in the Center, 119
C:lllcers have been found in Cancer Detection Center patients by their
private physicians. Forty-two of these developed in individuals failing
to return for re-examination (inactive group), while 77 occurred in
the active group undergoing regular re-examination. Thus we were able
to detect 75 per cent (225 of 302) of the malignant lesions known to
have developed in our active group. Of those cancers not diagnosed
at the Center some developed in patients no longer returning for ex
am:n:Hion, some developed in patients not returning to their physi
cians for abnormalities detected here, and some were missed by the
Cancer Detection Center, either as a result of failure to find the lesions
or of failure to make proper recommendations. Table 6 enumerates
Clncers not diagnosed here and lists the reasons why they were missed.

TABLE 6
LESIONS NOT DIAGNOSED AT CANCER DETECTION CENTER

Lesions Developing between Examinations ~~ 59
Skin l~

Breast & Female Genital 11
Genito·urinary tract 9
Pancreas & Biliary tract 7
Gastro-intestinal tract 4
Central Nervous System 3
Miscellaneous or Undetermined 10

Failure of Cancer Detection Center 12
Patients Failing to Return to See Physician 5
Physician Failing to Institute Adequate Diagnostic Procedures 1
Lesions Developing After Patient Had Stopped Coming to Cancer DetectionCenter 42

Tot,l 116

Adequate diagnostic methods for certain organ systems are not yet
available. Early diagnosis of lesions of the urinary tract, pancreas, and
biliary tract, for instance, has been abysmally poor; and until better
diagnostic tools are forthcoming, unfortunately, reliance must be placed
upon symptoms. In areas that are accessible to examination such as
the skin, oral cavity, gastro-intestinal tract, breast, and lymphatic system
we have been much more successful.

Summary
The parallelism of ageing and the incidence of cancer produces a

population group highly susceptible to this disease. A technique of
finding presymptomatic cancers in this group has been outlined. A
total of 8,229 patients have been enrolled in the Cancer Detection
Center and 25,158 examinations made.

Cancers have been found in 225 of the actively examined group of
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patients. The incidence of precancerous lesions was 55.6 per cent. The
over-all survival rate of patients whose cancers were found here was
68 per cent. Survival in the truly asymptomatic group was 76.9 per
cent while that in the group with minor symptoms was 53.2 per cent.
In patients with lesions of the gastro-intestinal tract the survival rate of
those without symptoms was approximately three times that of the
symptomatic group.

We are convinced that early, presymptomatic malignant lesions can
routinely be disclosed by thorough periodic physical and laboratory
examinations. There is every indication that tumors uncovered at this
stage offer increased opportunity for cure.
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Editorial

The University-The Medical School-Scholarship
The academic year is drawing to an end, and this University presents

another group of young men and women qualifying as Doctors of
Medicine. These individuals have been the participants in a magnifi
cent social privilege. As a reward for ability they were selected from a
large list of candidates to enter a great university for the purpose of
preparing for a medical career. Medicine has long occupied an hon
ored position in the university. The first and oldest university in
Europe, the University of Salerno, started as a medical school around
the year 1000 A. D. Our own country from its earliest days has al
ways respected the place of the university in its culture, with the clergy
man and the physician occupying positions of dignity and honor in
the community.

The purposes of a university in the mid-twentieth century are com
plex. Fundamentally, according to Whitehead, "the proper function of
a university is the imaginative acquisition of knowledge." The fac
ulty should "wear their learning with imagination." The student
should probe into the past, and acquire a contemporary concept of
medical science with enthusiasm and in a spirit of excitement. His
teachers must not only master a knowledge of the present but should
push beyond the horizon creating new knowledge, thus contributing to
the general welfare and happiness of man.

The Medical School at the University of Minnesota in a relatively
short period of time has assumed a position with the best in the United
States. The faculty has been possessed with imaginaion and enthusi
asm. A documentation of their creative achievements would be boast
ful. But a wise and sympathetic administration has recognized their
accomplishments. Standing in the midst of the University are modern
laboratories and enlarged hospital facilities. But the heart of a uni
versity, or of any professional school, is the faculty-student relation
ship. Without this bond buildings are just so much dust.

The prospective students of medicine have always been carefully
selected, and rightfully so, since the physician's responsibility to his fel
low man is direct and exacting. The selection has been based primari
ly upon ability and character. A student who elects a career of medi
cine must be dedicated. The training demands the utmost in self
discipline, and the course is long and expensive. Unfortunately, many
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qualified young persons cannot select medicine because of the financial
barrier. And equally unfortunate is the student who cannot give of
his best when in Medical School because he must weary himself with
outside employment.

Members of the faculty, graduates of the Medical School, and many
friends have long recognized the need for scholarships to aid the capa
ble student who would otherwise not enter medicine, or to help those
individuals in school who were seriously handicapped by financial
needs. This need for scholarships was one of the basic reasons for or
ganizing the Minnesota Medcial Foundation. Through the efforts of
Dr. Donald Cowling, Dr. Owen Wangensteen, Dr. Karl Anderson, and
many others, a modest but meritorious scholarship program has been
started. Generous contributions have come from physicians, industry,
medical organizations, and grateful lay people. The philosophy of the
Foundation in awarding the scholarships has been two-fold. First, awards
have gone to individuals who have demonstrated scholastic ability, and
who at the same time have presented evidence of financial need. Sec
ond, scholarships have been awarded to those students whose financial
needs have been so severe that they have not had a fair chance to demon
strate their intellectual abilities. The pursuit of scholarship demands a
certain modicum of leisure. The frustrated, fatigued and worried stu
dent, devoid of adequate financial resources, simply cannot do good
work. In many instances, financial help to such persons has been most
gratifying, and has resulted in notable improvements in the student's
class standing. The Foundation has not embarked upon a program
of loans to needy students. The management of such a program would
require a larger fund and an increase in staff. Furthermore, the Uni
versity does have a loan fund available to students of medicine.

The University of Minnesota and the Medical School are proud of
their heritage. The present faculty and the students will continue to
uphold the high standards of scholarship. It is the continuing hope
that no worthy student shall be denied the privilege of studying medi
cine because of financial want, or that any student shall fall by the
wayside because of finances. The Foundation will not only continue
the scholarship program, but will do so on a broader scale. An en
dowment fund that will perpetuate the program is urgently needed,
and should occupy the attention of all the members and of their
friends.

WESLEY W. SPINK, M.D.,
President, Minnesota Medical Foundation
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Medical School Activities

Department of Medicine Dinner
On Wednesday evening, May 22, the Department of Medicine had a

dinner at the Calhoun Beach Hotel. There were 150 in attendance,
which included the full-time and part-time staff members of the Uni
versity Hospitals, the Ancker Hospital, St. Paul, the Minneapolis Gen
eral Hospital, and the Minneapolis Veterans Hospital. Interns and res
idents at these hospitals were guests of the staff members. Tribute
was paid to two distinguished members who are retiring this year:
DR. HENRY E. MICHELSON, Professor and Director, Division of Derma
tology; and DR. JAY A. MYERS, ProfeSJor, School of Public Health.
Recognition was also given to DR. THOMAS A. PEPPARD, Clinical Asso
ciate Professor, who retired a year ago, and who for many years was on
the staff of the Minneapolis General Hospital.

Faculty News
DR. JOHN J. BITTNER, Professor and Director, Division of Cancer

Biology, accompanied by Mrs. Bittner and their daughter, will leave for
Europe on June 28 for a month-long visit to Italy, Austria, and Switz
erland. Dr. Bittner will lecture at the University of Milan and at
Kantonspital, Zurich, Switzerland. At Innsbruch, Austria, he will
meet with members of the staff of the medical school which he visited
as a member of the 1947 medical teaching mission. He will attend
the Fourth Congress of the International Association of Gerontology
in Merano (Bolzano) and Venice where he will speak on "Further Bio
logical Characterization of the Causative Factors of Spontaneous Mouse
Mammary Cancer." He will also attend the Second International
Symposium on Mammary Cancer at the University of Perugia, Italy.
An honorary Doctorate in Medicine and Surgery will be conferred on
him by the University of Perugia. Titles of papers he will present to
the Symposium are: "The Influence of Inherited Hormonal Mechan
isms on the Genesis of Mammary Cancer in Mice," and "'Transmis
sion of the Mammary Tumor Agent (MTA) by Males of Cancerous
Stocks."

448



Friday,

Monday,

Tuesday,

WEEKLY CONFERENCES OF GENERAL INTEREST

Physicians Welcome

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

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

7: 45 to 9: 00 A.M. PEDIATRICS
McQuarrie Pediatric Library,
1450 Mayo Memorial

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

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

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

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

9:15 to 11:30 A.M. 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.




