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When Goldblatt and coworkers (1) in 1934
first announced that a significant and sustained
elevation in arterial blood pressure could be pro-
duced in dogs by constriction of the renal arteries
they also reported a few experiments in which
the level of the guanidine bases in the blood
stream of these animals had been followed. Al-
though their preliminary studies indicated that
these substances were not involved in either the
production or maintenance of this type of experi-
mental hypertension, they suggested that the re-
sults were not conclusive and that the group as
a whole deserved further study. It is the pur-
pose of this report to record the results of several
experiments which have been undertaken in this
laboratory in an effort to determine what rela-
tionship, if any, these bases bear to this type of
hypertension.

That there might be some relationship between
the guanidine bases and hyperpiesia is not a par-
ticularly new concept. In 1924 Major and
Stephenson (2) emphasized that many of these
substances produced a marked and prolonged
rise in blood pressure. Following Major's in-
itial studies several efforts have been made to
demonstrate an increased amount of the guanidine
bases in the blood of hypertensive patients (3) as
well as in eclampsia (4). That these investiga-
tions have been inconclusive is evidenced by the
contradictory nature of the reports that have ap-
peared up to the present time. Of further in-
terest are the experiments of Minot and Dodd
(5) who report that an accumulation of guanidine
bases is present in the blood stream of dogs in
which a ricin necrosis has been produced. There-
fore, not only because of the normal existence of
these substances and their excretion by the kid-
ney, but also because of their relationship to
degenerating tissue, it has seemed significant to
establish what relationship, if any, they might
bear to that type of experimental hypertension

which may be produced by constriction of the
renal artery.

METHODS

Male and female dogs weighing between 10 and 12
kgm. have been used throughout the experiments. The
daily determinations of blood pressure have been made
either by the Van Leersum carotid loop method, or, in
several of the shorter experiments, by direct arterial
puncture. Constriction of the renal artery has been
obtained by either the Goldblatt clamp, or small silver
clips designed in this laboratory; complete occlusion of
the artery has been accomplished by ligature with heavy
silk. The blood urea nitrogen and nonprotein nitrogen
have been determined by the usual methods. The level
of the guanidine bases has been determined by the col-
orometric method of Major as modified by Minot and
Dodd (5). These chemical studies have been made in
all cases on blood withdrawn from the jugular vein at
least eighteen hours after the last intake of food. All
animals have been fed a normal balanced diet.
The experiments which have been undertaken are given

below.
Experiment I. Severe hypertension was produced in

two dogs with but a single kidney and that transplanted
to the femoral vessels. This was accomplished by con-
stricting the femoral artery with a small silver clip.
Both of these animals died, and at autopsy diffuse ne-
crosis of the kidney was found in each instance. The

TABLE I

Experiment I

Dog Date Blood Blood urea Guanidine
number pressure nitrogen base

1937 mm. Hg g mgm.pPer10c. 100 cc.

SA-37-2ad April 29 150 18.0 0.6
April 29 Constriction of the artery
May 10 180
May 13 230 70.0 4.3
May 14 160 5.0
May 14 Death of animal

SA-37-3ad May 5 140 20.4 0.6
May 6 140 18.0
May 6 Constriction of the artery
May 7 150
May 8 170
May 9 210 55.9 3.5
May 9 Death
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blood pressure, blood urea nitrogen, and guanidine base
values are given in Table I.
Experiment II. A marked rise in blood pressure was

produced in three normal animals by constriction of both
renal arteries, and in one dog with a single kidney which
had been transplanted to the femoral vessels by con-
striction of the femoral artery. In all three of these a
persistent hypertension was produced. The values are
given in Table II.

TABLE II

Experiment II

Dog Dae Blood Non.- Blood Guanidine

number Date D protein urea basenumber p~~ressure nitrogen nitrogen

1937 mm. Hg mgm. per mgm. per mgm. per10c. 100 cc. 100c.
SA-37-75 May 13 130

May 14 145 17.7 0.6
May 14 Constriction of both renal arteries
May 16 160
May 17 130 18.6 0.6
May 24 130
May 25 130 18.6 0.8
May 25 Further constriction of both renal

arteries
May 26 190
May 27 200
May 28 200 46.6 22.8 0.7
June 4 210 44.1 22.3 0.8
June 14 200 16.3 0.8

SA-37-81 April 28 160 18.8 0.5
April 28 Constriction of both renal arteries
May 12 240 34.0 2.1
May 18 260 32.1 2.5
May 21 240 30.2 1.6
May 26 230 53.4 32.6 1.8
June 2 210 39.9 22.3 0.8
July 16 200

SA-37-73 May 6 130 19.0 0.6
May 6 Constriction of femoral artery
May 12 230 34.0 0.4
May 17 160 25.1 0.4
May 21 180 24.2 1.5
May 25 170 20.0 0.8
June 10 180 18.6 0.9
June 16 170 20.9 0.9

Experiment III. Two animals have been studied in
which there had been an elevated blood pressure for
over six months. As the initiation of the hypertension
in these animals antedated these experiments no normal
values are available (Table III).
Experiment IV. In an attempt to gain a nearer ap-

proach to the significance of the guanidine bases four
animals were studied in which one renal artery was

ligated. In two of these the ligature was removed after
a few days in an effort to promote absorption of necrotic
renal tissue.
Experiment V. As there seemed little doubt but that

the values for the guanidine bases paralleled those ob-
tained for the blood urea nitrogen and, when determined,
the nonprotein nitrogen, it seemed of significance to con-

TABLE III

Experimentt III

Dog Date Blood Blood urea Guanidine
number pressure nitrogen base

1936 mm. Hg mgm. per mgm. per1936 mm. Hg 00 cc 100 cc.
SA-36-55 Oct. 20 110

Oct. 23 Constriction of both renal arteries
1937

June 9 220 16.7 0.6
June 11 220 14.9 0.6

1936
SA-36-34 Sept. 8 120

Sept. 9 Constriction of both renal arteries
1937

June 11 190 13.0 0.6
June 15 190 17.2 0.5

TABLE IV

Experiment IV

Non- Blood

number Date pressure protein urea basenum.er pressure nitrogen nitrogen

SA-37-52

SA-37-70

SA-37-73

SA-37-74

1937

June 1
June 1
June 3
June 4
June 5
une 7
June 7
June 8
June 10

May 24
May 25
May 26
May 26
May 27
May 28
May 29
May 29
May 30
May 31
June 1
June 2
June 3
June 4
June 8
June 14

June 7
June 7
June 8
June 9
June 10
June 11

June 7
June 7
June 8
June 9
June 10
une 11

June 14
June 16

mm. Hg

108
Ligati
124
160
178
140

122
106

160
160

Ligatt
180
180
195

160
160
150
160
160
160
155
155

106
Ligatt
102
100
100
128

98
Ligatt
132
120
134
146
110
116

mgm. per mgm. per
100 cc. 100 cc.

33.3 17.9
Ire of the left renal

34.2 17.9
34.2 15.8
38.0 13.0
34.2 13.5

Removal of ligaturi
27.2 12.5

15.8

mgm. per
100 cc.
0.6

artery
0.7
0.7
0.6
0.8

0.7
0.8

36.0 17.7 0.7
ire of the left renal artery

39.9 20.0 1.9
57.0 30.7 2.1
66.0 37.7 2.2

Removal of ligature
16.3 2.2
22.3 2.1

65.1 33.0 2.7
57.0 27.9 2.5
60.0 29.8 2.3
44.4 21.4 0.8

22.3 0.8

29.5 14.4 0.6
ire of the left renal artery

32.1 13.0 0.6
27.9 12.5 0.5

25.6 0.5
24.6 0.5

36.3 17.7 0.7
Ire of the left renal artery

48.0 20.5 0.7
37.5 15.3 0.8

19.5 0.7
17.7 0.7
15.6 0.7
16.3 0.7
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trol these experiments by performing similar determina-
tions on bilaterally nephrectomized dogs.

DISCUSSION

In analyzing the above results as they appear
under their various headings, one fact of particu-
lar significance is evident, that in general the rise
in guanidine bases parallels the nitrogen reten-
tion in the blood stream irrespective of the blood
pressure. Dogs SA-37-61 and SA-37-77 in
which bilateral nephrectomy was undertaken
show a rise in guanidine bases comparable to Dogs
SA-37-2ad and SA-37-3ad which died follow-
ing restriction of the renal blood supply. No

TABLE V

Experiment V

Dog Blood Non- Blood Guandine
numberDate ~~protein urea bsnumber ~~pressure nitrogen nitrogen

1937 mm. Hg mgm. per mgm. per mgm. pce1(X) cc. lOO'cc. 100 cc.

SA-37-61 May 24 130 17.7 0.6
May 24 Bilateral nephrectomy
May 25 35.8 0.5
May 26 150.0 83.8 3.0
May 27 136 211.5 109.9 3.7
May 28 126 264.0 138.8 4.1
May 29 345.0 183.1 5.1

SA-37-77 June 2 116 32.4 17.2 0.6
June 2 ilateral nephrectomy
June 3 75.0 39.6 1.4
June 4 104 155.7 75.9 3.1
June 5 81 222.0 94.0 5.0

hypertension appeared in the nephrectomized ani-
mals, while the rise was marked in those in which
the femoral arteries were constricted. The ques-
tion may be brought up whether or not these
latter two animals merely died from renal insuf-
ficiency. Undoubtedly this played a part, but
their death was associated with a marked degree
of hypertension, a phenomenon not shown by
animals dying in total renal insufficiency such as
is demonstrated by nephrectomized dogs.

In the experiments in which an acute rise in
blood pressure was produced by constriction of
the renal artery, and following which the animals
survived, Dog SA-37-75 showed an insignificant
transient rise in blood pressure following the first
constriction without any change in the blood urea
nitrogen, the nonprotein nitrogen, or the guani-
dine bases. Following the further constriction
of the arteries, there was a marked rise in blood

pressure accompanied by but slight rise in non-
protein nitrogen, blood urea nitrogen, and guani-
dine bases. In Dog SA-37-81, however, there
was a marked rise in blood pressure, moderate
rise in nonprotein nitrogen, blood urea nitrogen,
and guanidine bases. These two experiments are
compatible, within the limits of experimental er-
ror, with a conclusion that any rise in guanidine
bases is related merely to the degree of nitrogen
retention. In Dog SA-37-73 a contradiction is
found to this conception for here is an animal in
which an elevated blood urea nitrogen is asso-
ciated with an increased blood pressure while the
guanidine bases are normal. In fact, as the blood
pressure and blood urea nitrogen fall, there is
even a slight rise in guanidine bases. This ani-
mal cannot be justly compared with the first two
for the experimental situations differ somewhat;
this animal possessed but one kidney and that
transplanted. Although this theoretically should
be of little significance, still it vitiates comparison.
When the two animals with hypertension of

long standing, six and eight months respectively,
are compared, the blood urea nitrogen and non-
protein nitrogen and guanidine bases are found
to be normal, yet both of these animals show ele-
vations in blood pressure far above their normal
level.

In the last group in which a correlation between
the absorption of necrotic renal tissue, hyperten-
sion, and the guanidine bases was attempted, the
results are contradictory. In three, Dogs SA-
37-52, SA-37-70, and SA-37-74, ligature of the
renal artery was followed within twenty-four
hours by a rise in blood pressure. In Dog SA-
37-73 no rise appeared, at least not until late in
the course of the experiment. In Dogs SA-
37-52, SA-37-73, and SA-37-74 there were no
significant changes in the blood urea nitrogen,
nonprotein nitrogen, or guanidine bases. But in
Dog SA-37-70 all of these three factors showed
a moderate transient rise. No explanation can
be given for this other than to suggest that this
animal experienced some difficulty in rapidly ac-
commodating itself to the functional removal of
one kidney. It will be noticed that these values
returned to normal after thirteen days.

In Dogs SA-37-52 and SA-37-70, the ligature
was removed from the artery in an attempt to pro-
mote a more rapid absorption of necrotic renal
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tissue. No unusual results of this procedure were
noted, as reflected in either the blood pressure, the
blood urea nitrogen or the guanidine bases.

CONCLUSIONS

1. The guanidine bases in the peripheral blood
stream rise following bilateral nephrectomy.

2. The guanidine bases rise in the peripheral
blood stream in animals in which both arteries are
partially constricted. This rise is roughly pro-
portional to the nitrogen retention, and apparently
depends on the degree of renal damage occasioned
by constriction of the artery.

3. The guanidine bases do not rise in the blood
stream following ligature of one renal artery, un-
less a nitrogen retention appears, which in turn is
apparently dependent upon the occasional inability
of the normal kidney to take over immediately
the function of the opposite organ.

4. No etiological relationship could be demon-
strated between this type of experimental hyper-
tension and the appearance of the guanidine bases
in the blood stream occasioned either by partial

constriction of one or both renal arteries, or by
ligature of one renal artery.
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