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Revival from Insufficiency and Maintenance of Adrenalecto- 
mieed Dogs with Low Serum Sodium and Chloride Levels. 

W. W. SWINGLE, W. M. PARKINS* AND A. R. TAYLOR. 
From the Biological Laboratory, Princeton University. 

In a previous publication' attention was called to the fact that 
the dog prostrate from adrenal insufficiency, with greatly dimin- 
ished volume of circulating fluid, low arterial pressure, marked 
hemwoncentration and exhibiting symptoms of severe dehydration 
and shock, retains large quantities of fluid apparently immobilized 
within the tissues. This tissue fluid was shown to be sufficient in 
quantity, when mobilized and shifted to the blood stream under the 
influence of cortical hormone, to revive the animal from collapse to 
the point where all symptoms disappear and advity, vigor and ap- 
petite return to normal. 

The present communication is concerned with the relation of 
this internal fluid shift to serum sodium and chloride changes. 

The dog exhibiting symptoms of adrenal insufficiency is unable 
to dilute its blood, i. e., shift the tissue fluids to the blood stream to 
bolster up a failing circulation. However, within a few hours 
following hormone administration blood dilution occurs, the hemo- 
concentration decreases along with a rise in arterial pressure, all 
symptoms disappear and activity and vigor return. Accompanying 
these changes is a marked diuresis with outpouring of a large 
volume of urine. 

We assumed on the basis of the experiments of Loeb, et d.,2 and 
Harrop, et aZ.,8 that the cortical hormone probably mobilized and 
redistributed sodium and chloride along with the tissue fluids. In- 
vestigation of this point, however, reveals that following hormone 
administration to dogs in severe insufficiency the shift of fluid from 
tissues to blood stream occurs despite no elevation of the serum 
sodium and chloride levels. On the contrary, these electrolytes may 
even decrease. The essential data obtained from a representative 
experiment are given in Table I. When given adequate hormone 

*E. R. Squibb and Sons Fellow in Biological Sciences. 
lSwingle, W. W., Pfiffner, J. J., Vms, H. M., and Parkina, W. M., Am. J. 

SLoeb, R. F., Atchley, D. W., Benedict, E. W., and Leland, J., J .  Enp. Me& 

* Harrop, 6. A., Soffer, L. J., Ellsworth, K,, and Tremher, J., J. Ew. Yd., 

Physiol., 1934, 108, 144. 

1933, 57, 775. 

1933, 58, 17. 



M
 

m
 b
 

T
A

B
L

E
 I

. 
0
 2 0 e 

C
ha

ng
w

 i
n 

H
em

oc
on

ce
nt

ra
tio

n 
(D

il
ut

io
n)

 
in

 t
he

 D
og

 B
ev

iv
ed

 f
ro

m
 A

dr
en

al
 

In
su

ff
ic

ie
nc

y 
an

d 
M

ai
nt

ai
ne

d 
F

re
e 

fr
om

 S
ym

pt
om

s 
at

 
L

ow
 S
er

um
 S

od
iu

m
 a

nd
 C

hl
or

id
e 

L
ev

el
s.

 
2 

Wt
. 

pe
r 
--

 Na 
c1
 

g
m
-
 

vo
l. 

R.
B.

C.
 

ur
ea

 
gl

uc
os

e 
m

 

11
/6
/8
5 

7.6
 

68
 

10
2 

14
0.
8 

11
4.
2 

11
.5
 

38
.2
 

5,
29
 

33
.3
 

80
 

N
or

m
al

 h
ea

lth
. 

z 
Pu

ls
e 

B
.P

. 
Se

ru
m

 
Se

ru
m

 
W
.
 

H
em

at
. 

B
lo

od
 

B
lo

od
 

v,
 

D
at

e 
Kg.'
 

m
n

. 
H

g.
 

m
-e

q.
 

m
-e

q.
 

/l
OO
cc
. 

%
 

m
ill

io
ns

 
m

g.
 %

 
m

g.
 70

 
R

em
ar

ks
 

E
xt

ra
ct

 d
is

co
nt

in
ue

d 
11
/1
6/
35
 

7.3
 

64
 

46
 

12
2.
9 

96
.4
 

18
.4
 

53
.4
 

8,
88

 
86
.9
 

73
 

se
ve

re
 i

ns
uf

fi
ci

en
cy

. 
.

.
 

E
xt

ra
ct

 i
nj

ec
te

d.
t 

0
 

11
/2
0/
35
 

6.9
 

12
8 

10
6 

12
0.
7 

93
.0
 

14
.9
 

44
.8
 

6.
76
 

26
.6
 

78
 

N
or

m
al

. 
no

 s
vm

u-
 

m
 

I
,

 

to
m

s,
 

'a
ct

iv
e,

 
-v

ig
- 

T
h

ie
 a

ni
m

al
 h

ad
 b

ee
n 

bi
la

te
ra

ll
y 

ad
re

na
le

ct
om

ie
ed

 4
 m

on
th

s 
pr

ev
io

us
 t

o 
ua

e 
in

 th
es

e 
ex

pe
ri

m
en

ts
 a

nd
 m

ai
nt

ai
ne

d 
in
 n

or
m

al
 h

ea
lt

h 

#D
og

 gi
ve
n 

fr
ee

 a
cc

ea
s 

to
 w

at
er

 b
ut

 a
ll
 f

oo
d 

w
ith

he
ld

 f
or

 4
 b

y
e

. 
Th
is
 a

ni
m

al
 w

as
 m

ai
nt

ai
ne

d 
fr

ee
 f

ro
m

 s
ym

pt
om

s 
fo

r 
14
 d

ay
s 

tc
or

ti
ca

l h
or

m
on

e 
(3

 cc
. 

pe
r 

kg
.) 

in
je

ct
ed

 in
tr

av
en

ou
sl

y.
 

T
he

re
af

te
r 

si
m

il
ar

 a
m

ou
nt

s 
of

 h
or

m
on

e 
gi

ve
n 
da
il
y 

in
tr

ap
er

it
on

ea
ll

y 
in

 

* H
 

or
ow

.$
 

r
 

by
 W
il
y 

in
je

ct
io

ns
 o

f 
co

rt
ic

al
 h

or
m

on
e.

 

di
vi

de
d 

do
ee

g.
 

c z s 
w

it
h 

lo
w

 s
od

iu
m

 a
nd

 c
hl

or
id

e 
le

ve
ls

 a
nd

 u
se
d 

in
 a

no
th

er
 e

xp
er

im
en

t. 
2 



ELECTROLYTES IN ADRENAL INSUFFICIENCY 77 

such animals can be returned to normal health and vigor and main- 
tained so for considerable periods (e. g., 2 weeks) with negligible 
change of the serum sodium and chloride from their low pre-injec- 
tion levels.? If the dog is to be maintained in normal condition at 
low serum sodium and chloride concentrations the animals should 
be allowed free access to water and fed a diet relatively free of 
these electrolytes. 

Results similar to those described above for adrenal insufficiency 
have been obtained in adrenalectomized dogs which have had their 
sodium and chloride depleted 'by intraperitoneal injections of iso- 
tonic glucose according to the method of Darrow and Yannet,* and 
Gilman.5 Using such animals it is possible by withholding hormone, 
to shift body fluids from the blood to the tissues, and by injection of 
adequate hormone to shift the fluid back to the blood stream despite 
the fact that throughout the experiment the serum sodium and chle  
ride are at  all times extremely low. 

(1) The clinical condition of the adrenalectomized 
dog revived from severe insufficiency is independent of the serum 
sodium and chloride levels. (2) Such animals can be maintained 
in apparently normal condition for 2 weeks or longer with the serum 
sodium and chloride at  the levels observed when the animal is verg- 
ing on death from insufficiency. ( 3 )  The disappearance of symp- 
toms is largely due to the effect of the cortical hormone on the m e  
bilization and shift of tissue fluids to the iblood stream. This shift 
occurs in the face of low serum sodium and chloride concentration. 
(4) The serum sodium and chloride levels remain unaffected by 
repeated large injections of cortical hormone if all food is withheld 
or a salt-free diet fed. 

t Allimnln maintained free from symptoms, with serum sodium below 120 m-eq 
per liter and ehloride below 95 m-eq, can be run through the complete w l e  of 
adrenal insuficiency and recovery by withholding and injmting hormone. The 
electrolytes ramah unchanged. 

Summwy. 
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