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Bilateral nephrectomy of the dog is associated
with the development of hypertension (1), cardio-
vascular injury (2), and a hemolytic state (3).
The cardiovascular injury is characterized by
cardiac necrosis, followed in time by fibrosis; and
arteriolar necrosis, followed by arteriolarsclerosis
(4). The hemolytic state may be identified by a
shortening of the survival of the erythrocytes in
vivo (5). The hypertension of bilateral nephrec-
tomy has been shown to be aggravated by sodium
(6), sodium and dietary protein (7), and sodium
plus alanine, lactate or pyruvate (8). The evalua-
tion of this type of hypertension, as observed in
the dog, has been standardized in our laboratory by
giving the animal a prescribed amount of protein
by diet and of sodium by vein (7).

In the currently reported experiments groups
of nephrectomized dogs, receiving a prescribed
amount of protein and sodium, were subjected to
measurement of the arterial pressure and of the
survival of the erythrocytes. After sacrifice, tis-
sue from the viscera was prepared and the wall/
lumen ratio of the arterioles was measured as an
index of the state of the arteriolar wall. Certain
of these groups had the renal oblation after ex-
plantation of renal tissue either to the peritoneum
or lungs. The experiments were designed to test
for the existence of antihypertensive and antihemo-
lytic functions of renal tissue which were devoid of
excretory function.

METHODS

Explantation procedures

Group I: Whole kidney explanted to peritoneum. In 8
dogs the whole kidney was explanted to the peritoneum
under sodium pentobarbital anesthesia as follows. 1) The
left kidney was removed through an anterior midline ab-
dominal incision. 2) The renal capsule was stripped and

* Supported by a grant from the National Heart In-
stitute, Bethesda, Md.

with a large single-edged razor blade, using a wooden
block for a platform, the kidney was cut into serial cross
sections about 3 to 4 mmin thickness, and the larger
blood vessels at the hilum on each side of the papilla
were cut away. 3) The segments of the kidney were
placed in Gey's solution (15 to 20 ml) in a small War-
ing blendor, and the blendor was operated for 30 sec-
onds. 4) The remains from the blendor were pressed
through a siliconized sieve (32 meshes per inch) into a
beaker, with the aid of the closed end of a siliconized test
tube. Small volumes of Gey's solution were added
through the sieve to assist in this procedure. 5) The sus-
pended bits of tissue (about 1 mmor less in size) were
centrifuged in plastic tubes (2,000 rpm) and washed once
in abundant Gey's solution by agitating them back into
suspension, then recentrifuging. 6) The final suspension
was made to 100 ml in a beaker, and to this suspension an
antibiotic mixture was added so as to contain in the final
100 ml volume the following: polymyxin B sulfate, 100,000
units (10 mg equivalent); neomycin sulfate, 100mg (70 mg
neomycin base equivalent); and bacitracin, 10,000 units.
7) The final suspension was injected into the peritoneal
cavity through an indwelling polyethylene tube. The
entire procedure, from clamping of the renal pedicle to
the injection, required about 15 minutes. Sterile operating
room precautions were used throughout.

Twelve to 33 days later (average 26 days), the op-
posite or right kidney was removed through a posterior
incision, care being taken not to invade the peritoneal
cavity. In the interval between the nephrectomies the
animals were fed a mixture of commercially obtained dog
biscuits and canned food for dogs.

Group II: Explantation of medulla to lungs. In 8 dogs
the explantation procedure was conducted under open
drop ether anesthesia. The left kidney was removed;
the capsule was stripped and the kidney was cut into
serial cross sections as before. Next, with each cross
section on its side, the fibrovascular segments on each
side of the papilla were removed; with a single-edged
razor blade the cortex was separated from the medulla
precisely at the vascular arcade. The cortex was dis-
carded and the medulla, from the vascular arcade to the
papillary tip, was placed in the Waring blendor, and from
then on treated in the same manner as the whole kidney
with the exception that antibiotics were not added.
The renal tissue in the blendor amounted to 30 per cent
of the entire kidney by weight (average amount 8.8 g).
The medullary particles were washed 2 to 3 times in
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abundant Gey's solution. The final suspension was in-
jected intravenously into a forepaw vein, the plunger of a

50 ml syringe being driven home as rapidly as possible.
From the time the kidney was removed to completion of
the injection, about 15 to 20 minutes was required.
After the operation, the animal received one injection of
penicillin (500,000 units).

No reactions occurred when washed medullary particles
were infused intravenously. Experiments with whole
kidney, prepared and infused intravenously in the same

manner, were unsuccessful owing to pulmonary edema,
anoxia, convulsions and death. Thus, cortical tissue ap-
peared to initiate acute and lethal pulmonary complica-
tions. Twelve to 47 days after the intravenous injection
(average 24 days) the right kidney was removed, and
the experiment proceeded as with the other groups.

Group III: Outer medulla explanted to peritoneuin.
In 8 dogs the outer medulla, that is, the renal medulla ex-

clusive of the main bulk of the papilla, was treated in the
same fashion as the whole kidney and injected into the
peritoneal cavity. The amount of renal tissue placed in
the blendor averaged 5.6 g. Nineteen to 33 days later
(average 23 days) the right kidney was removed, and the
experiment was continued as with the other groups.

Group IV: Cortex explanted to peritoneum. In 8 dogs
the renal cortex was explanted to the peritoneum by the
same procedure used for the whole kidney and outer
medulla. In 4 of these animals the entire cortex, the
zone from the vascular arcade to the capsule, was used.
The amount of tissue placed in the blendor amounted to
64 to 69 per cent of the kidney by weight (average 66 per
cent). In 4 animals the outer half to two-thirds of the
cortex, or a portion of outer cortical tissue amounting to
40 per cent of the kidney by weight, was used. Nineteen
to 42 days after the explantation (average 28 days) the
opposite or right kidney was removed, and the experiment
proceeded as with the other groups.

Group V: Spleen or liver explantted to peritoneum.
The spleen was explanted to the peritoneum in 5 dogs, and
a portion of the liver was explanted to the peritoneum in
2 dogs; at the same time the left kidneys were removed.
The weight of the splenic or hepatic tissue placed in the
blendor was gauged by the weight of the entire left kid-
ney. For the spleen, the weight of tissue averaged 85 per
cent of the weight of the left kidney; for the liver, an

amount averaging 108 per cent of the left kidney by
weight was used. Both tissues were prepared as the
whole kidney was prepared. The entire spleen was re-

moved (weight, 18.6 to 25 g) from the 5 dogs, and one

lobe of the liver (weight, 22.2 and 32 g) was removed
from the other animals. Twelve to 26 days later (av-
erage 19 days), the .right kidney was removed and the ex-

periment was conducted as for the other groups. The
antibiotic mixture used in the explantation procedure to
the peritoneum was tested for toxicity against monkey
kidney cells and Hela cells in tissue culture. The cells
were maintained for 7 days without any cytopatho-
logic change. Similar cells in the same medium containing
minimal amounts of penicillin and streptomycin served
as controls.

Group VI: Bilateral nephrectomy without explantation.
A group of 10 dogs was subjected to bilateral nephrec-
tomy and then treated in the same way as the above
groups with respect to diet and sodium intake. The ex-
periments in this group were purposely interspersed
among the explantation experiments (1 to 3 with each
explantation group). This group constituted a reno-
prival control paired with the explantation groups. In
comparing the results of the groups having renal explants
with those following bilateral nephrectomy, the values ob-
tained in the present group of 10 nephrectomized dogs
were combined with the results from 28 dogs which had
been similarly managed (7) . This approach was justified
by the lack of a significant difference in the changes in
arterial pressure between the two groups of nephrecto-
mized animals.

Experimental protocol. Mongrel dogs (males and non-
pregnant females) were used. The mean arterial pres-
sure was measured by direct femoral artery punc-
ture and a mercury manometer. The original control ar-
terial pressures were obtained for 4 to 7 days before the
first nephrectomy in the explantation groups, and before
the nephrectomies in the renoprival group. Two to 7
weeks after the explantation, the right or opposite kidney
was removed under ether anesthesia. In the interval be-
tween the nephrectomies the mean arterial pressure was
taken periodically. The final control arterial pressure
was taken prior to the second nephrectomy. The changes
in mean arterial pressure during the 4 days subsequent
to the second nephrectomy were derived by two ap-
proaches: by considering the initial control pressure as
the zero control; and by considering the final control
pressure as the zero control. There was no statistical
difference in the two approaches of analyzing the data,
apparently due to minimal changes in the arterial
pressure between the nephrectomies. In this presenta-
tion, the final control arterial pressure is considered as
the zero base line for evaluating the changes of the ex-
planted groups after the second nephrectomy.

The body weight was obtained before and after the
nephrectomies. Each kidney was weighed upon removal.
The difference between the whole kidney weight and the
tissue discarded (the capsule, that cut away, and that
remaining on the sieve as a residue) was the amount
treated in the blendor (see Table I). No attempt was
made to determine how much renal tissue was lost in the
blendor through homogenization. After the second ne-
phrectomy, the diet consisted of a special formula, previ-
ously described (Diet no. 1) (7), which consisted of 3 to
4 g of protein (casein) per kg per day, a hypocaloric con-
tent (about 24 calories per kg per day) and a low elec-
trolyte content. Physiologic saline was infused intrave-
nously (16 ml per kg per day). The diet and saline were
given once daily. The general design of the experiment
was the same as that used previously (7, 8). After the
second nephrectomy, the mean arterial pressure was ob-
tained twice daily about 5 to 6 hours apart for 4 days.

Morphologic protocol. Four days after the second
nephrectomy the animals were sacrificed and autopsies
were performed. Tissues from the viscera were fixed in
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TABLE I

Effect of whole kidney implantation on postnephrectomy hypertension*

Kidney wt. Mean arterial pressure
Body wt. First (left: Days

No. of 1st to 2nd neph. injected) between Protein Before Change
Group dogs Body wt. After 2nd neph. Second (right) nephs. in diet Cointrol 2nd neph. 4th day

kg kg g g/kg/day mnmHzg mmHg
-3.0-+1.3 17.5-32.5

( - 1.09) (24.8)
I 8 6.0-12.7 -0.9-+0.2 17.2-43.8 12-33 2.6-6.0 105-130 105-125 -10-+5

(10.0) (-0.23) (28.7) (26) (3.9) (115) (114) (+1.0)

-3.0-+0.2 23.0-36.0
(-0.89) (30.2)

II 8 10.4-15.9 -1.5-+0.4 6.5-12.0 12-47 2.1-5.3 125-150 95-150 -20-+10
(12.8) (-0.58) (8.8) (24) (3.2) (138) (127) (+2.0)

26.1-37.6
(33.6)

-0.68-+0.68 16.5-34.5
(-0.06) (25.6)

III 8 6.6-11.8 -0.8- 0 4.0- 8.5 19-33 2.7-5.0 110-130 110-130 0-+50
(8.7) (-0.27) (5.9) (23) (3.8) (119) (119) (+13)

17.5-35.7
(28.5)

-1.9-+1.3 20.0-34.3
(-0.45) (26.7)

IV 8 8.4-10.7 -2.0- 0 8.0-20.3 19-42 3.0-4.1 105-130 105-130 +5-+50
(9.5) (-0.61) (13.8) (28) (3.4) (119) (114) (+24)

20.5-38.2
(32.0)

-0.9-+0.6 18.6-27.3
(-0.28) (22.5)

V 7 6.8- 8.6 -0.9- 0 13.0-32 12-27 3.6-4.4 105-130 100-120 +10-+35
(8.0) (-0.44) (20.7) (19) (3.8) (118) (108) (+21)

20.0-56.1
(30.0)

VI 10 6.4-11.7 -1.3- 0 0-4 2.7-4.7 100-150 +10-+45
(8.9) (-0.24) (3.5) (115) (+27)

* These data summarize the main features of the various groups. The figures separated by a hyphen represent
the range of the particular value while the figure in parentheses represents the corresponding mean value. By the term
"injected" in column 5 is meant the amount of tissue prepared in the blendor for injection as explant. Kg = kilogram
body weight; neph. = nephrectomy.

10 per cent neutral formalin and sections of about 5 A in
thickness were stained with hematoxylin and eosin. The
renal explants were also fixed in Zenker's formal for 24
hours, washed in running water for 48 hours, and then
stained with crystal violet (9). In addition, the explanted
tissue was stained using the periodic acid Schiff reagent
procedure (PAS) (10) and Verhoeff's stain for elastic
fibers (11).

Technique of analysis

Wallllumen ratio. The state of the visceral arterioles
was appraised by measurement of the ratio of the wall
thickness to the diameter of the lumen as previously de-
scribed (12, 13). An elevation of this wall/lumen ratio
may be considered indicative of arteriolar thickening, a
change which occurs in hypertensive cardiovascular dis-
ease (14). Measurements of the wall thickness and lu-
menal diameter of arterioles were obtained in a blind
study. The study was confined to arterioles less than 100

, in outside diameter in the fixed preparation as found in
the heart, adrenal capsule, gastrointestinal tract, pancreas,
liver, and urinary bladder.

Red blood cell survival. The survival of the erythro-
cytes was evaluated in their native environment over 3
days' time by means of the radiochromium method (15).
Twenty ml of heparinized whole blood was incubated
under sterile conditions with 25 to 50 ,uc of Cr' (specific
activity 55 mc per mg Cr), at 370 C for 30 to 45 minutes.
The plasma was removed and the red cells were washed 3
times with cold sterile saline, using centrifugation. The
washed erythrocytes, suspended in an equal volume of sa-
line, were injected intravenously. The base line sample
(100 per cent value) was taken 24 hours later. There-
after, a blood sample for measurement of radioactivity
was obtained each 24 hours for 3 days. Data from the
explanted groups and the nephrectomized group were
compared with- those from a normal group of 10 dogs.

Standard laboratory procedures. The plasma urea con-
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centration was determined before the second nephrectomy
and at the end of the experiment 4 days later by means
of a urease method (16). The red blood cell count, he-
moglobin concentration (17), hematocrit reading (18, 19),
reticulocyte count (20), white blood cell count, and
-platelet count (direct and indirect methods) (20, 21)
were determined before the first nephrectomy, before the
second nephrectomy, and in all but one group (explanta-
tion of renal cortex) 4 days after the second nephrectomy.
On these occasions the direct antiglobulin (Coombs')
test was also conducted on the circulating erythrocytes
with the use of a canine antiglobulin serum prepared in
-rabbits in our laboratory (22).

Statistical methods

Mean arterial pressure. The change in mean arterial
pressure when related to time appeared to describe a
straight line. These data were fitted to a straight line
function (y = Ax + b) by the method of least squares.
The regression coefficients were tested for linearity, and
the regression coefficients of each group were compared
by t test as described by Batson (23). The correlation
coefficient calculated from the least squares fit was tested
against zero by t test (24).

WHOLEKIDNEY

Red blood cell survival. For the four day study period
the red cell survival curve is linear. These data were
tested and compared in the same manner as was the ar-
terial pressure.

Wall/lumen ratio of arterioles. A frequency distribution
plot of the wall/lumen ratio described a curve skewed to
the left. Transformation, using the logarithm of the wall/
lumen ratio, produced a normal curve. A t test was used
to compare the means of the different groups (24).

Kidney weight. When the two kidneys in any one dog
are considered as nonindependent samples, the difference
between them should be zero. Comparison of the mean
difference of the various groups was accomplished by t
test (24).

Blood urea concentration. A t test was used to com-
pare the means of the different groups (24).

RESULTS

Mean arterial blood pressure

Group I: Whole kidney explanted to peritoneum
(see Figure 1, Tables I and II). Whenwhole kid-
ney was explanted to the peritoneum no change in

EXPLANTEDTO PERITONEUM

i2 - 3 days| I

CONTROL 4e
B.P. 2MD

KIDNEY KIDNEY
INJECTED OUT

30[

20
. S.P.
rmHg

10

_. . .

-m S

FIG. 1. CHANGESIN THE MEANARTERIAL PRESSUREOBSERVEDFOR GROUPI
RECEIVING WHOLEKIDNEY EXPLANTS INTO THE PERITONEUM (8 DOGS). A
comparison with the changes in arterial pressure following bilateral nephrec-
tomy is depicted. The same general scheme is used in Figures 1 through
5. The solid line represents the average arterial pressure for the explanta-
tion group. The broken line represents the average pressure following bi-
lateral nephrectomy (38 dogs). The panel on the left relates a scattergram
and average value of the mean arterial pressure before the first nephrectomy
and explantation and the pressure before the second nephrectomy (in this
case 12 to 33 days later). The panel on the right relates a scattergram and
average of the changes in the mean arterial pressure for the four days follow-
ing the second nephrectomy. The black portion of the inset indicates the area

of renal tissue explanted. The "p" value was derived by an analysis of slopes
fitted to the data of the explanted and the nephrectomized groups.

401-

14S
B. D.P

mmHg
125

105

-sBILATERAL
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f0--B.P.=115rwHg
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_0 00c
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1 2
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4
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TABLE II

Statistical analysis of the changes in mean arterial pressure

p p
No. of Slope vs. Group vs.

Group dogs Slope SE zero Group VI

mm/day
1 8 0.336 0.79 0.9 0.001

II 8 -1.188 1.53 0.2 0.001
III 8 3.558 0.91 0.001 0.04
IV 8 6.191 1.33 0.001 0.9
V 7 3.055 1.31 0.001 0.1
VI 10 6.296 1.00 0.001

the mean arterial pressure occurred following re-
moval of the second kidney. The average mean
arterial pressure for the group was 115 mmHg
before the first nephrectomy, and remained the
same 12 to 33 days later, and prior to the second
nephrectomy. After the second nephrectomy this
average value also remained the same. A slope
fitted to these data yielded no significant difference
when compared to zero (p = 0.9). Following bi-
lateral nephrectomy and the same intake of sodium,
water, protein and calories, the mean arterial pres-
sure was sharply elevated (average increment of
mean pressure over control + 28 mmHg). A
slope fitted to these data yielded a significant dif-
ference from zero (p = 0.001). Analysis of the
slopes fitted to the data on the arterial pressure of
Group I (whole kidney explants) and the ne-

RENALMEDULLA

12-47day/S

CONTROL
B.P. 2ND 4 ,<

RENAL KIDNEY (f4
MEDULLA OUT
INJECTED 30

20
4 B.S.

0 mrnz'r7
140 ~_0 /

440M * 0------ /
10 _....

/

1201

phrectomized groups, demonstrates a significant
difference between these two groups (p = 0.001 ) .
Thus, whole kidney explantation appeared to pro-
tect against accelerated hypertension occurring un-
der these circumstances.

Group II: Renal medulla explanted to lungs
(see Figure 2, Tables I and II). Renal medulla
explanted to the lungs was associated with a slight
elevation of the average value of the arterial pres--
sure for the entire group during the first two days
due to early and transient hypertension in two
dogs. This was followed by return of the average
value to the base line. The slope of the line was
not significantly different from zero (p = 0.2).
The statistical difference between the regression
coefficient of the line for the bilateral nephrectomy
group and the group with medullary explants to
the lungs was significant (p = 0.001). Thus, ex-
planted renal medulla also appeared to protect
against the accelerated hypertension of bilateral
nephrectomy.

Group III: Outer medulla explanted to peri-
toneum (see Figure 3, Tables, I and II). Whlien
outer medulla was explanted to the peritoneum, the
slope derived from the change in arterial pressure
over the control value was significantly different
from zero (p = 0.001). This finding indicates an
elevation in the arterial pressure for this group.

I EXPLANTEDTO LUNGS

1 2 3 4
.DAY5

FIG. 2. CHANGESIN MEANARTERIAL PRESSUREOBSERVEDFOR GROUPII RE-

CEIVING EXPLANTS OF WHOLERENAL MEDULLA INTO LUNGS.

270



RENAL AUTOEXPLANTATIONAND NONEXCRETORYRENAL FUNCTION

OUTERRENALMEDULLAEXPLANTEDTO PERITONEUM

DAYKS
FIG. 3. CHANGESIN MEANARTERIAL PRESSUREOBSERVEDFOR GROUPIII RE-

CEIVING EXPLANTSOF OUTERRENALMEDULLAINTO PERITONEUM.

However, when the slope of the outer medulla
group was compared with that following bilateral
nephrectomy, a significant difference remained
(p = 0.04). The observations may be taken to in-
dicate that outer renal medulla explanted in this
fashion is partly protective against the hyper-
tension.

Group IV: Renal cortex explanted to peri-
toneum (see Figure 4, Tables I and II). When
the entire renal cortex or the outer portion of
the cortex was explanted to the peritoneum, no

140
B.S.

mmHfg
t20

joe

RENALCORTE]

i9W4diery I

CONTROL 40
B.P. 2KD

RENLAL KIDNEY
CORTEX OUT
INJECTED 30

20
'd 2.,Q

r-nmH.,g
. 40

* 0

0

F, .1

protection against hypertension occurred upon
removal of the second kidney and the intake of
sodium and dietary protein (slope vs. zero, p =
0.001). Analysis of the slopes derived from the
changes in arterial pressure for this group and the
nephrectomized group revealed no significant dif-
ference (p = 0.9).

Group V: Spleen or liver explanted to peri-
toneum (see Figure 5, Tables I and II). This
group was not protected against hypertension (p
vs. zero 0.001; vs. bilateral nephrectomy 0.1).

X EXPLANTEDTO PERITONEUM

i 2 3 4
DAYS

FIG. 4. CHANGESIN MEANARTERIAL PRESSUREFOR GROUPIV RECEIVING EX-
PLANTS OF RENAL CORTEXINTO PERITONEUM.
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/iNEPHRECTOMY

_* -B.P.=15mMN9
oA~iu~9 in38

,#o -~~EXPLAN:T_m so RENAL
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m. . n'8

0.

p-0.9
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SPLEEN-(5) ORLIVER-(2) EXPLANTEDTO PERITONEUM

12-26 d

CONTROLa.P. 40
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LWR KIDNEY
INJECTED ouT

30
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IF
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/S * SD 0

L yps0.l

2 3
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4

1IG. 5. CHANGESIN MEANARTERIAL PRESSUREFOR GROUPV RECEIVING EX-

PLANTS OF SPLEEN OR LIVER INTO PERITONEUM%.

Body weight (Table 1). During the interval
between nephrectonmies, 13 of the 24 animals in
the groups receiving explants of whole kidney or
renal medulla, Groups I, II and III, lost weight
(- 0.9 to - 3.0 kg), while 11 animals either
gained weight or lost none (0 to + 1.3 kg). Fol-
lowing the second nephrectomy, nmost of these
animals lost a slight amount of weight during the
four days of observation (average - 0.2 to - 0.57
kg). Of the 15 animals in the groups receiving
explants of renal cortex, spleen, or liver, eight lost
wveight (- 0.4 to - 1.9 kg) between the nephrec-
tomies while seven either gained weight or lost
none (0 to + 1.3 kg). After the second nephrec-
tomy the weight loss was comparable to that of
the other groups (average - 0.4 and - 0.6 kg).
The average weight loss during the four days fol-
lowing bilateral nephrectomy of Group VI was

TABLE III

Statistical analysis of the data on the wall/lumen
ratio of arterioles

p

No. of Log Group Group
arteri- (mean W/L vs. vs.

Group oles X 10) SE normal Group VI

Normal 499 0.6042 0.00939 0.001
I 353 0.6430 0.0136 0.02 0.001

IV 365 0.6953 0.01410 0.001 0.04
VI 383 0.7405 0.0138 0.001

- 0.24 kg. From these data it appears that the
state of the body weight did not bear directly on

the state of the mean arterial pressure since lack
of hypertension and the presence of hypertension
were al)out equally (listributed among animals los-
ing, gaining, or having steady body weight.

Weight of kidneys (Tables I and V). The right
kidney (obtained at the second nephrectomy)
weighed more than the left kidney in 19 of the
24 observations of Groups 1, 11, and III combined.
The mean difference of all 24 observations was

+ 3.43 g. The right kidney of all 15 dogs in
Groups IV and V conmbined, weighed more than
the left. The mean difference was + 6.47 g. The
weight of the kidneys from 16 normal dogs in the
type of colony used in the experiments was ob-
tained after bilateral nephrectomy performed at
the same time. In these cases the right kidney
usually weighed slightly more than the left kidney.
The mean difference was + 0.513 g. In Table V
it may be noted that the differences in kidney
weight between combined Groups I, II, and III,
and Groups IV and V, and the normal group were

significant. Moreover, the difference between
Groups I, II, and III, and Groups IV and V was

also significant. These data indicate a greater
degree of hypertrophy of the remaining kidney in

groups which subsequently became hypertensive
(Groups IV and ) than was observed with the

130
13.R

mwrn Hq
110
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groups which were protected against the hyper-
tension (Groups I, II, and III). This observa-
tion implies partial protection by the explants
containing renal medulla against hypertrophy
during the 19 to 28 days of observation.

Wall/lumen ratio of visceral arterioles (Table
III). The wall/lumen ratio of visceral arterioles
was increased over the normal in all groups. By
this approach a disparity seemed to exist between
the degree of protection against hypertension and
protection against arteriolar change. Analysis
of the data, however, suggests some protection
against arteriolar thickening by whole kidney ex-
plants. Thus, the results from Group I (whole
kidney explantation) were nearer the normal than
the results from the other groups, while also mark-
edly different from those of Group VI (bilateral
nephrectomy) ; and the results from Group IV (re-
nal cortex explantation) were markedly different
from the normal and to a greater extent approxi-
mated those following bilateral nephrectomy than
did the results from Group I.

Survival of erythrocytes (Figure 6 and Table
IV). The slope of disappearance of radioactivity

from the peripheral blood over the three days of
observation when erythrocytes were tagged with
radiochromium was not different when the group
with whole kidney explants was compared with
the normal (p = 0.6). The slope of disappear-
ance of radioactivity following bilateral nephrec-
tomy and following explantation of the renal cortex
did not differ from each other (p = 0.6), while
both of these slopes differed from the normal group
and the group receiving whole kidney explants
(p = 0.001 and < 0.001). Explanation of the re-
nal medulla was partly protective toward the he-
molytic state. The slope derived from the changes
in radioactivity following explantation of renal
medulla was not different from that following
whole kidney explantation (p = 0.2), but it dif-
fered from that obtained from normal dogs (p =
0.02), and that obtained following explantation of
renal cortex (p = 0.001).

Azotemia (Table VI). Prominent azotemia
was observed on the fourth day following the sec-
ond nephrectomy in all groups. The level of azo-
temia observed in Groups III and IV was not dif-
ferent from that following bilateral neplirectomy

RBCSURVIVAL (Cr51 4 Days)

FIG. 6. RESULTS OF SURVIVAL OF ERYTHROCYTESOVER THE FOUR DAYS OF
OBSERVATIONAS DERIVED WITH THE RADIOCHROMIUMMETHOD. A scattergram
of the remaining radioactivity of Cr1 for Days 2, 3 and 4 is depicted, utilizing
the value of Day 1 as the 100 per cent reference. The solid line represents
the best fit for the data. The "p" were derived by comparing these slopes.
The arrows indicate which groups are being compared. For convenience
the normal slope is reproduced in the two lower panels.

273



E. E. MUIRHEAD, J. A. STIRMAN AND F. JONES

TABLE IV

Statistical analysis of the data on red blood cell survival

p p
No. of Group vs. Group vs.

Grouip dogs Slope SE niormtal Group VI

Normal
I

II, III
IV
VI

-%/0 da v

10 3.174
6 3.52

10 4.69
8 9.49

13 7.02

0.428
0.67
0.498
1.123
0.513

0.6
0.02
0.001
0.001

TABLE VI

Statistical analysis of the change in plasma
urea concentration*

No. of Meaii Meani Group vs.
Group ) dogs conitrol 4 days SE Group VI

0.001 I 5 48 210 23.2
0.001 II 5 49 228 10.9
0.005 III 5 52 299 28.5
0.1 IN 5 51 312 13.7

VI 5 46 276 22.1

alone (Group VI). There was a suggestive dif-
ference in the level of azotemia between Groups I
and II and the nephrectomized group (Group VI).
It is to be noted that Groups I and II were wvell
protected against the hypertension while Group IV
was not protected and Group III was only partly
so.

Hematologic observations. With rare excep-
tions, slight or no anemia occurred between the
nephrectomies (Table VII). After the second
nephrectomy, the animals in Groups I, II, and III
displayed slight or no anemia as a group. Four
animals of the 24 became prominently anemic. All
seven dogs in Group V became prominently anemic
after the second nephrectomy. The erythrocytes in
general remained normochromic and the cell size
remained unchanged. The percentages of reticu-
locytes remained in the normal range in most in-
stances. The direct Coombs' test remained nega-
tive throughout the entire study. The white cell
count was usually elevated after the second ne-
phrectomy. The platelet count remained in the
normal range for all groups except for the two
dogs that received explants of liver and became
thrombocytopenic.

Morphologic features of explants. The peri-
toneum was studded with grey and grey-brown
granules in the animals in Groups I III, and IV.

TABLE V

Statistical analysis of the difference in kidney weight*

p
No. of Meaii p Vs. Groups

Groulp dogs dif. SE Vs. normal IV, V

g

Normal 16 0.513 0.296
I, II, III 24 3.43 0.827 0.001 0.001
IV, V 15 6.47 1.070 0.001

* The right kidney weighed more thani the left kidney in
the mean difference.

* Given in milligramiis per 100 ml.

The granules varied in size from 1 to 10 mm.

These foci were Imlost abundant in the omentum

and nmesentery and on the under surface of the dia-
phragm (Figure 7). Foci were also observed on

the surface of the spleen, on the colon, and on the
liver. Microscopically, the explants of Group I
contained hyaline foci surrounded by viable-ap-
pearing epithelial cells. These cells formed tu-

bules and irregular clumps emlbedded in a vas-

cular stroma (Figures 8 and 9). The hyaline foci
consisted of hyalinized glomeruli and structures
that appeared to be collapsecl and compressed
basement miiemiibranes of tubtules. The most com-

mon cell ty-pe displayed a clear cytoplasm. Rarely,
a mitotic figure involving these epithelial cells was

observed. The PAS-stained tissues supported
the view that collapsed basement membranes
were present. These structures were PAS-posi-
tive and had a compressed, tindulated configu-
ration. These observations indicated resorption
of the convolutedl tubes. The arterioles near

I I I 1 jIf.I I i t j I
c 2 3 4 5 6 7

C1h^ DOG92 4

FIG. 7. OMENTUMFROMDOG 37 DAYS FOLLOWINGEX-

PLANTATION OF WHOLEKIDNEY, OBTAINED BY TRANSILLU-

MINATION. Granules of various sizes are shown in the
omentum. These are the structures that containi viable-
appearing cells.

0.07
0.07
0.6
0.2
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FIG. 8. MICROSCOPIC SEGMENTOF A GRANULE (X 260; HEMA-

TOXYLIN AND EOSIN STAIN) AS NOTED IN FIG. 7. The pink hyaline
foci are interpreted as collapsed basement membranes of resorbed
tubules. About these foci are noted tubules and clusters of epi-
thelial cells.

the glomeruli revealed atrophy of the smooth mus-
cle of the media and reduplication of the internal
elastic lamina as indicated by the Verhoeff elastic
stain. Attempts to identify juxtaglomerular cells
in the arterioles near the glomeruli with the crystal

violet stain were not successful. Thus, the cortex
seemed to undergo widespread atrophy and re-
sorption of all of its structure.

Atrophy and resorption of cortical tissue were
emphasized in the explants of Group IV (cortex

FIG. 9. CLUSTERSOF CLEAREPITHELIAL CELLS IN THE OMENTUM. This
was the most common cell type observed.
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FIG. 10. EXPLANT OF RENAL MEDULLA IN THE LUNG. A vascular
branch, presumably arterial, is filled with clear epithelial cells in clusters
or forming tubules. This is the same cell type as that observed over the
peritoneum.

only). There were few viable-appearing cells in
these nodules and these few cells appeared to be-
long to atrophic convoluted tubules. Clear cells
wvere very rarely encountered in these explants.
The explants of Group III were small (1 to 5 mm
in diameter) and difficult to find. These struc-
tures contained mainly tubules and clumllps of
clear cells.

The lungs of Group II revealed scattered gray
foci grossly, 1 to 4 mmin size, and a rare small
infarct. Most areas of the lungs appeared normal
grossly. Microscopicallyv the lungs of Group II
contained hyaline enmboli in branches of the pul-
monary artery and focal thickening of the alveolar
walls. Most alveolar spaces wAere empty, and
most alveolar walls Nere normal. Within blood
vessels, masses of renal epithelium were identified.
These formed tubules and sheets of cells, most of
which were of the clear type (Figure 11). In some
areas the epithelium appeared to have broken
through the vascular wall and spread out in the
nearby pulmonary tissue. Certain of these areas
were cellular, and a distinction between cells due
to local pneumonitis and cells fronm renal tissue
was not clear-cut. The hyaline emboli also con-
tained clumps and clusters of clear epithelial cells.

The splenic explants of Groupl) ere evident

over the l)eritoneal suirfaces, particularly over the
omenitumiii and mesenterv. Grossly, these appeared
to be vascular. 'Microscopically, they consisted
of endothelial lined sinusoids and other cells re-
semibling reticuloendothelial cells. The hepatic
explants wN-ere mostly necrotic. A few biliruibin
staine(l cells remained.

DISCUSSION

The classical experimnent of Goldblatt, Lynch.
Hanzal and Summlnierville (25), demonstrating the
(levelol)ment of sustained hypertension followving
partial constriction of a renal artery and removal
of the opposite kidney of the (log, was followed by
support for the concept whilich considered the liber-
ation into the blood streamii of a vasopressive agent
from the kidney as responsible for the elevation of
the arterial pressure. Notable among observations
in this area were those of Braun-Menendez and
associates (26), and Page (27). The earlier con-
cept of renin (25) was expanded into the more
complex v-iew of hypertensin or angiotonin (an-
giotensin). The role of such substances in pro-
longed hypertension has been challenged. How-
ever, as Floyer's review (28) indicates, the con-
tribution of renin to certain types of hypertension
and to the early phases of experimental hyperten-
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sion appears to have been strengthened by more
recent as well as by earlier considerations of this
proposal.

While experiments dealing with a positive con-
tribution of the kidney toward the genesis of hy-
pertension were in progress, the possibility of anti-
hypertensive functions of renal origin were enter-
tained as a consequence of experimental results
inconsistent with the renin hypothesis. The con-
cept has been reviewed by Grollman (29), who has
supported the view that the kidney elaborates a
substance, possibly of a hormonal nature, which
protects against hypertension.

The demonstration of a high incidence of hyper-
tension following bilateral nephrectomy by Braun-
Mienendez and von Euler (30) for the rat, and by
Grollman, Muirhead and Vanatta (1) for the dog,
lent additional emphasis to a possible renal anti-
hypertensive function. This type of hypertension,
termiied renoprival, was soon corroborated by
other workers (6, 31-33). A potentiating role
towxard renoprival hypertension by overhydration
with sodium and water (6, 31-35), by sodium
without overhydration (36), and by dietary pro-
tein (7, 37), seemed apparent as work in this field
progressed. Grollman, Turner, Levitch and Hill
(38) demonstrated a hemodynamic state in reno-
prival hypertension that was similar to that of es-
sential hypertension in man. Turner and Groll-
man (39) also demonstrated a lack of dependency
of the hypertension on secretions from the adrenal
glands, since bilateral adrenalectomy did not
prevent elevation of the arterial pressure. In other
observations Muirhead, Jones and Graham (37,
40) demonstrated that the hypertension of bilateral
nephrectomy was neither entirely dependent on an
exogenous sodium load nor on an evident expan-
sion of the extracellular fluid volume.

Earlier, Grollman and co-workers (1) showed
protection against hypertension by renal tissue in-
capable of urinary excretion to the outside of the
body. In these experiments the following mianipu-
lations were used: ureteral ligation, anastomosis
of the ureter to the vena cava, and anastomosis of
the ureter to the small bowel. The effectiveness of
turetero-caval anastomosis in this respect was con-
firmed by Kolff, Page and Corcoran (41).

Utilizing two separate approaches. Kolff and
Page (42), and Muirhead, Stirman, Lesch and
Jones (12) demonstrated a recession of renoprival

hypertension when the circulation of the hyper-
tensive animal was connected to intact renal tissue.
Kolff and Page perfused the circulation of the
nephrectomized hypertensive animal through the
intact kidneys of a normal animal, a procedure
w-hich promptly lowered the arterial pressure.
lIuirhead and colleagues demonstrated a prompt

and sustained lowering of renoprival hypertension
by the placement of a renal homotransplant in the
neck of the hypertensive nephrectomized recipient.
As the transplanted kidney deteriorated one week
later, the hypertensive state recurred. These ex-
periments with renal homotransplants also sug-
gested protection by renal tissue against arteriolar
disease (13).

Amelioration of the hypertensive state by a re-
nal homotransplant in man has been shown by
MIerrill. Murray, Harrison and Guild (43) in the
case of a hypertensive subject who received a re-
nal transplant from his identical twin. The effec-
tiveness of renal transplants in lowering the ar-
terial pressure in other forms of experimental hy-
pertension (figure-of-eight tie of kidney) has been
presented by Blaquier, Gomez and Hoobler (44).

Muirhead, Stirman and Jones (45) repeated the
experiment wherein one ureter was anastomosed
to the inferior vena cava, and the opposite kidney
was removed, by changing it into an acute experi-
ment in which the intake of sodium and protein
was controlled. The sodium intake, dietary pro-
tein intake, and the tinme interval of four days were
the same as in the experiments recorded in the
present communication. Protection against ac-
celerated hypertension over the four days' time
was observed in 16 experiments of this type.
During the same time interval, the kidney with the
uretero-caval anastomosis underwent an outstand-
ing degree of hypertrophy, the average weight in-
crement over its partner being 60 per cent. Study
of this hypertrophied kidney indicated a normal
anatomical configuration associated with an in-
crease in the nonaqueous. nonlipid residue (46).
The latter findings supported a true hypertrophy
as opposed to waterlogging of the tissues. Mitotic
figures were evident in this hypertrophied kidney
and the mitoses were most numerous in the outer
zone of the medulla below the vascular arcade.
There was, therefore, the theoretical possibility
that the zone which seemed to reflect maximum
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TABLE VII

Summary of red cell count, hemoglobin and hlematocrit*

Group

II

Tests

RBC
Hgb.
Hemat.

RBC
Hgb.
Hemnat.

RBC
1II Hgb.

Hemat.

IV
RBC
Hgb.
Hemat.

RBC
Hgb.
Hemat.

Control
range Average

5-7 6.3
12-18 14
41-55 46

4-6
11-16
35-53

5-8
11-20
38-56

5-7
12-18
37-49

5.6
14
46

6.0
15

45

5.6
14
42

5-6 5.5
12-15 14

36-47 44

Prior 2ni(d
nep)h.

4-6
8-15

29-50

4-6
10-16
32-49

Average

5.0
12
38

5.3
14
44

5-6

11-15 14
31-47 42

4 days
after

4-6
7-15

24-53

4-7 5.5
8-16 12

30-47 39

4-6 5.3
9-12 11

27-40 34

5-6 5.6
10-15 1 3

29-46 38

4-6 5.0
8-15 11

26-44 34

2-4.5 3.7
6-11 8.5

19-32 26

* RBC = red cell count in millions per cubic millimeter; Hgb. = hemoglobiin conicentration in grams per 100 ml;
Hemat. = hematocrit reading in percentage.

proliferation or hyperplasia might be thie zone re-

lated to the protection against hypertension.
These various observations, indicating protec-

tion against hypertensive cardiovascular disease
by intact renal tissue incapable of the external ex-

cretion of urine, led to the currently reported ex-

periments. The present experiments indicate pro-

tection against accelerated renoprival hypertension
by explanted autogenous renal tissue which is in-
capable of excretory renal function from the physi-
ologic viewpoint. Whole kidney explantation ap-

peared most protective while renal cortex was

nonprotective. Whole renal medulla seemed to
offer substantial protection against the hyperten-
sion while the outer medulla was protective, but
only to a lesser extent. The net results seem to
indicate that the function which appears to pro-

tect against this type of hypertension is found
mainly within the renal medulla.

The explants contained cells which appeared
viable. The presence of mitotic figures involving
renal epithelial cells 20 or more days after the ex-

plantation, and the arrangement of cells in clumps
or clusters as well as in tubules, suggested expan-

sion of the tissue in a proliferative sense. The
main cell type contained a prominent clear cyto-
plasm in the regular hematoxylin and eosin prepa-

ration. The explants were smallest and least nu-

merouis in the group receiving a prel)aration of the

otiter imie(lulla. This group, of those receiving
medullary tissue, was the least protected against
hypertension. Since whole kidney was most pro-

tective toward hypertension and cortex was not
protective, it may be appropriate to speculate on

differences between explants of whole kidney and

outer medulla. Under the circumstances of the
preparation used, a greater loss of cells in the
blendor, through homogenization when outer
medulla alone was used, was possible. Also, the
viable-appearing cells in the whole kidney explant
appearedl to orient themselves about the absorbed
and collapsed cortical tissue. Such orientation
could conceivably have influenced the take and
growth of the cells, a feature which was not avail-
able to the outer medullary explants. Thus, the
differences in results between animals receiving
whole kidney explants and those receiving medul-
lary explants may have been due as well to tech-
nical as to other specific causes.

Protection against arteriolar thickening, as meas-

ured by the wall/lumen ratio of fixed tissues, was

not observed for any group. The most encourag-

ing results were noted in Group I (whole kidney
explants) in which a suggestive protection against
arteriolar thickening was encountered. Con-
versely, protection against arteriolar thickening or

reversion of this change was observed in another
study in which renal homiotransplants mvere uised

Average

5.0
11
37
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following bilateral nephrectomy (12, 13). In the
latter experiments uremia was relieved in part,
while in the present experiments the level of urea
mounted rapidly. The contrast between these
results raises the issue of whether uremia per se
may be a factor in the arteriolar thickening.

The protection against hemolysis in vivo ob-
served following explantation of whole kidney
(Group I), the partial protection against hemoly-
sis observed following explantation of renal me-
dulla (Groups II and III), and the lack of protec-
tion against hemolysis noted following explanta-
tion of renal cortex (Group IV), represent re-
sults in one parameter which correspond to the
results in another parameter as revealed by the
observations related to the cardiovascular system.
The indication of protection against hemolysis
characterizes further a function (s) exerted by the
explants which apparently is of nonexcretory type.
As with the cardiovascular measurement, the func-
tion appears to be exerted mainly by medullary
renal tissue.

The nature of the function(s) exerted by the
renal tissue, which appears to protect against
renoprival hypertension and hemolysis, remains
unresolved. As a consequence of the present ex-
periments, attention may now be focused on the
renal medulla as a potential major source of such
a function(s).

SUMMARY

1. Renal tissue has been explanted to the peri-
toneum and lungs of the same dog. When whole
kidney or renal medulla is explanted, certain cells
appear to take hold and proliferate locally. The
cells assume the appearance of tubules and irregu-
lar clusters and lack an organized excretory ar-
rangement. The main cell type has a clear cyto-
plasm when observed in a regular hematoxylin and
eosin preparation.

2. Protection against accelerated hypertension,
as encountered following bilateral nephrectomy
plus a sodium and protein intake, has been ob-
served following explantation of whole kidney,
whole renal medulla or outer renal medulla derived
from one kidney followed by removal of the other
kidney. The explanted animals received the same
amount of sodium and protein as the nephrecto-
mized group. Protection against accelerated hy-
pertension was not afforded by explantation of

renal cortex from one kidney followed by removal
of the other kidney, or by explantation of the
spleen or a portion of the liver followed by renal
ablation.

3. Explanted whole kidney, whole renal medulla
and outer renal medulla in the absence of both
normal kidneys also affords protection against the
hemolytic state as observed following bilateral
nephrectomy. Explanted renal cortex does not
protect against the hemolysis.

4. Suggestive protection against arteriolar
thickening has been observed following whole kid-
ney explantation but not following explantation
of renal medulla.

5. The protective function(s) against the hyper-
tensive state and the hemolysis appears to be of
nonexcretory type and to be mainly within the re-
nal medulla. The nature of this function(s) is
unknown.
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ANNOUNCEMENT

A Grant Award for travel funds to the First International Congress
of Nephrology in Geneva, Switzerland, September 1, 2, 3, 1960, has been
awarded by the U.S.P.H.S. to the American Society for Clinical Investi-
gation.

Members and nonmembers are eligible to apply for travel funds to the
Congress. Funds are available to send 20 individuals to the meetings.

Applications for funds should include in quadruplicate:

a) Letter of application stating interest in the field and in the
Congress.

b) Curriculum vitae.

The deadline for receipt of a) and b) is March 1, 1960. Awards will
be made around March 15, 1960.

Applications should be sent to Saul J. Farber, Secretary, American
Society for Clinical Investigation, New York University College of Medi-
cine, 550 First Avenue, New York 16, New York.
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