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Previous evidence has indicated that in dog and
man, the administration of adrenal hormones ef-
fects a temporary shift of sodium, chloride, and
water in iso-osmotic proportions into the extra-
cellular fluid (1, 2). This conclusion was based
on the assumption that inulin afforded a reliable
measure of the volume of the fluid phase of the
extracellular compartment (3). It has been con-
tended that after the administration of adrenal
hormones a molecule like inulin might enter areas
from which it was previously excluded (4). In
this event, the increased volume of distribution of
inulin would not reflect an expanded extracellular
volume but rather a change in tissue permeability
to inulin. To test the validity of the original con-
clusion, similar experiments were repeated in
monkeys. In this protocol inulin spaces were
measured before and after five days of desoxy-
corticosterone acetate (DCA) administration to
monkeys. As in the experiments previously cited
(1, 2), the animals were maintained on a low salt
intake so that any expansion of the inulin space
could not be attributed to retention of salt. In
these experiments, however, sodium, chloride,
potassium, and water content of muscle were stud-
ied in control animals and in those subjected to
DCA administration. Tissue electrolyte compo-
sition was measured to determine whether the
expanded inulin space would be associated with a
comparable increase in sodium and chloride con-
tent of muscles. Such a correspondence would
strongly favor the hypothesis that the extracellular
volume had actually increased. Alternatively, it
would be difficult to accept the presence of an ex-
panded extracellular volume without a propor-
tional increase in the salt content of muscle.

It has been demonstrated that the stimulus of
severe and uncompensated acidosis evokes a rapid

'This study was supported by grants from the Na-
tional Foundation for Infantile Paralysis (CTAE 104)
and the United States Public Health Service (No. A277).

transfer of sodium from bone and tendon into the
extracellular fluid (5, 6). Assuming that adrenal
hormone administration actually does produce a
transfer of sodium, chloride and water into the ex-
tracellular fluid, it was considered likely that bone
and dense connective tissue might provide a source
of those electrolytes. Accordingly, the electrolyte
and water composition of bone and tendon as well
as muscle were measured in both control and
hormone treated monkeys.

MATERIALS AND METHODS

These studies were performed on unanesthetized, adult,
male cynomolgus monkeys. Female animals were not
used in order to avoid the possible effects of hormonal
changes upon water and electrolyte metabolism. Anes-
thetic agents were avoided since these have been shown
to exert an effect upon the distribution of body fluids (7).

Pre-treatment control values for normal body weight,
volume of distribution of inulin, inulin clearance (GFR),
and plasma sodium, potassium and chloride concentra-
tions were obtained in each monkey studied. There-
after, each animal received 10 mg. of DCA intra-
muscularly daily for five days. Body weight, volume of
distribution of inulin and plasma electrolyte concentra-
tions were again determined. As soon as these meas-
urements were completed, the animals were sacrificed and
tissue samples of muscle, bone and tendon were obtained.
Beginning five days before the pre-treatment studies,
each monkey received a diet of one orange, three bananas,
and distilled water ad libitum daily. On analysis, this
diet contained 0.13 mEq. of sodium, 31.0 mEq. of potas-
sium and 2.5 mEq. of chloride per day. The electrolyte
and water content of the tissues of the control group
were determined in untreated normal monkeys of com-
parable weight. The control animals were maintained on
the same low salt diet as the hormone treated group for
a period of eight to ten days before they were sacrificed.

The volume of distribution of inulin (fluid phase of
the extracellular compartment, inulin space) was deter-
mined by the post-infusion technique (8, 9) wherein the
plasma inulin concentration (corrected for blank) pres-
ent at the end of an equilibrating infusion is divided into
the amount of inulin excreted in the urine after a steady
equilibrating infusion has been discontinued. Inulin
clearances were performed by standard methods previ-
ously used in this laboratory.
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TABLE I

Body weight and inulin space before and after
DCAadministration

Monkey
number Weight Inulin space

Kg. ml. %
25 5.8 Control 955

5.8 DCA 1216
Difference +261 27

39 5.8 Control 908
5.5 DCA 1280

Difference +372 41

44 7.4 Control 1214
6.9 DCA 1512

Difference +298 25

45 5.1 Control 680
5.0 DCA 922

Difference +242 35

46 4.1 Control 552
4.1 DCA 784

Difference +232 42

The animals were sacrificed by decapitation in order to
avoid the influences of anesthetic agents, exsanguination
or prolonged agonal states. Immediately thereafter, tis-
sue samples were obtained and cleaned of as much fat
and connective tissue as possible. All marrow and peri-
osteum were removed from bone specimens so that only
the cortical portion remained. The samples were placed
in weighing bottles, minced and weighed immediately.
The tissues were then placed in a drying oven (1000 to
1050 C.) for 48 hours, by which time constancy of weight
was attained. Bone required a longer period of drying
(five days). The total water content of the tissues was

calculated as the weight loss which resulted from drying.
For sodium, potassium and chloride analysis, dried tis-
sues in known amounts were placed in vitreosil crucibles
and ashed over night at 4500 to 5000 C. in a muffle fur-
nace. Dry samples to be analyzed for chloride were

moistened with a saturated solution of sodium carbonate
and those to be analyzed for sodium and potassium with
concentrated sulfuric acid to prevent volatilization of
chloride, and sodium and potassium, respectively. The
tissues to be analyzed for chloride were ashed in a sepa-
rate muffle furnace from those analyzed for sodium and
potassium in order to prevent cross contamination.
Ashed tissues were analyzed for chloride by the Van
Slyke and Hiller modification of the Sendroy technique
(10). The ashed tissues to be analyzed for sodium and
potassium were dissolved in 1 N sulfuric acid and di-
luted with distilled water and appropriate equantities of
lithium nitrate. The resulting solution was then ana-

lyzed for sodium and potassium in an internally standard-
ized flame photometer. The fat content of bone and
muscle was determined by the use of a soxhlet appara-

tus. Blood contamination of muscle was determined after
the method of Eichelberger and Roma (11). That the
calcium of bone does not interfere with the determina-

tion of sodium and potassium in a flame photometer was
demonstrated by the use of an aqueous solution of so-
dium and potassium chloride in the concentration ob-
tained in bone analysis. Duplicate aliquots were removed
and calcium was added to one in an amount calculated to
be the concentration present in solutions analyzed for
bone sodium and potassium. The electrolyte concen-
trations in the various aliquots were not found to be
significantly different. The electrolyte content of ten-
don is expressed as mEq. per Gm. of dry tissue, those
of cortical bone as mEq. per Gm. of fat free, dry tis-
sue, and the values in muscle as mEq. per Gm. of blood
free, fat free, dry tissue. The water content of all tis-
sues is expressed as Gm. per Gm. of wet tissue.

Plasma was analyzed for chloride by the Van Slyke
and Hiller modification of the Sendroy technique (10).
Sodium and potassium concentrations in plasma were
determined by the use of an internally standardized flame
photometer. Inulin was analyzed by the resorcinol
method of Schreiner (12).

RESULTS

In five of the nine DCA treated monkeys
studied, the body weight and volume of distribu-
tion of inulin were measured before and after
DCA treatment (Table I). No significant
change in body weight occurred as a result of the
treatment. Each of the five animals studied pre-
sented significant expansion of the inulin space.
Post-treatment volumes averaged 34 per cent (25

TABLE II

Plasma electrolyte concentrations before and after
DCAadministration

Monkey
number Na K C1

mEq./L.
19 Control 141.8 3.3 111.7

DCA 140.0 3.5 113.8

23 Control 142.0 3.6 114.3
DCA 139.4 3.8 110.0

25 Control 140.8 4.4 117.3
DCA 141.6 3.9 114.8

29 Control 139.0 3.6 107.5
DCA 142.0 3.4 110.0

39 Control 142.0 3.0 109.1
DCA 134.5 3.0 102.2

44 Control 135.0 3.1 105.0
DCA 140.0 3.7 112.4

45 Control 138.0 4.2 102.8
DCA 138.0 4.2 109.8

46 Control 134.2 4.0 108.4
DCA 135.7 4.7 112.6

66



THE EFFECT OF DCA ON WATERAND ELECTROLYTEDISTRIBUTION

t C-OnU)0
up (1 NN C14 C11 C CS 4

00of m)000 m t
o t- --Ie,4Co)-4
Ce4 C1 , m mCN cq
0 0 000ooo

6oo ooooo

CN

ONO 0q Ot- Ir

C0J>- NOC CONC C

r1 cq. N. q.q .q . .

N ~~~~~Coo ooooo-

U ~~~~~\OOr- 00OO

U)O CU) 0 O C)

- 0000 NO CN )C)

q \ o0000000
tN Omo oo

00t ,0-000

>oo o6oo6

N00 0 N0000
U t 000oN

(= C) O C

e00 000-00

C0U)NOC t C5 CNoo

Soooooo0000

Uc t in C, \C o- CS e

t oooo 00o 0

U0~Oo ON OOO

S O- O NO O- U)OONOG00ONU

U 0-0 0- 0- 0 0- 0--0- 0- O- --

0-000~ 0-o 00O

N 0000 0 00

m 0so

oi 0

U) 0
CN )

6 6

o m0oo
-0C

CN)

00014
C)0

o

6 6
o NO

6 6

t-00

\0

o o

CS\

0

1)0
66

o-0
No 0

o 0

-0o

0)

b.

o o

01400 "! 01-0101)0Cm - 0-

C 00-0)000001)O0N -0N 1 U) 0

C) 000101\ 00

O NC001000 ON - ON

0 0-0 0~OZ) NO a001

0 NO 0 NO NO 0000 -

U)O U C) U) U) U)o U) U

0100-01 o-001
C1 x - N \C - C1o

0 C0- N -t - 0 -

" .1 . . .N . . . .

000000000

oooo66666

- in - 0 Ul) 01)0 NO\00
--m0)0 t- r-0m0N 00

-0--00000o

000000000CN

666666666

- It U) U) 0t- 0000 --
U) ON U) 00 - ) ON U)

cq CN CN Cm

_ - o ( ) 001c-00

_-O OUo1o-0o

0--C.0 ON .NO U .00'

U) 01 ON0-- 01)NO "4 to

9401)- U) NO 000

_ NO U) ON -0

NONO U) U) NO No NO

ON01 U) ONON m U)N
b0011o '1'c m4U)

o0 ooo

(. . . . .

67

-0o
0~0IC
r.

++

0

U

~4

z
Cd
x

Cdz

L

CZ
z

Cd

Ira

0

0I
0

U)
r- O

_~ Q

C4- U)U)

01 0') - -

O -O0

0\00

01 U)0C

0100

C1) 00to

UON00

6666

0 00 0

01) U) 0o

01) NO0S

C3Coi oo C5

6c. . 6
+

0 --

00-

0-1

6- 6

00o

+

U) 010o

~ 0

rn -
*- C.)

a~o
~ _

= 0-;

0 o_ v_.

W O O CO

s0 . 0.0.0

COw
-CO cO

0))44
.0)or0)

4) > > >

4- {n00 0

a4) .)4.
XO UU).)

0)rnrn0r
*z141-cO



A. Y. SWEET, M. F. LEVITT, AND H. L. HODES

to 42 per cent) beyond those obtained prior to
DCA administration. The plasma concentra-
tions of sodium, potassium and chloride in eight
monkeys were not significantly altered by the
treatment (Table II).

A comparison of water, sodium, potassium and
chloride contents of muscle in normal, and DCA
treated animals is presented in Table III. Only
a small diminution occurred in water content.
The 30 per cent rise in sodium content (0.03
mEq. per Gm.) in the treated group represents a
considerable increment above the normal. This
change was accompanied by a similar increase in
chloride content of 0.018 mEq. per Gm. which
averaged 27 per cent. The validity of these
changes is attested to by t values of 3.18 and 2.514
and p values of 0.005 and 0.01 for sodium and
chloride, respectively. The fall in potassium con-
tent averaged 0.04 mEq. However, significant
changes occurred in only half of the animals. A
comparison of the electrolyte and water composi-
tion in bone of normal and DCAtreated monkeys
revealed small changes of questionable significance
(Table III). Similarly, the tendon in both
groups showed no noteworthy difference (Table
III).

No demonstrable change occurred in the glo-
merular filtration rate as a result of DCA ad-
ministration.
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FIG. 1. THE EFFECT OF DCA ON FLUID AND ELECTRO-
LYTE SPACES

The black portions of the bar graphs represent the total
body inulin spaces and the calculated sodium and chloride
spaces of muscle in the control animals expressed as 100
per cent. The stippled areas represent the per cent in-
crease in those spaces following DCA administration.

DISCUSSION

The mean expansion of the inulin space of 34
per cent compared reasonably well with that noted
after the administration of DCA, cortisone, and
adrenocorticotropic hormone (ACTH) in dogs
and man, respectively (1, 2). The 30 per cent
increment in sodium and chloride content of
muscle without any change in the plasma elec-
trolyte composition suggests a comparable ex-
pansion in the extracellular fluid phase of muscle.
The similarity between this expansion and that
detected with the inulin space (Figure 1) argues
that a true increase in extracellular volume had
occurred. It is difficult to explain the increased
quantity of salt in the muscle by any other hy-
pothesis. The quantity of salt contained in the
low salt diet throughout this five day period could
account for only one-fourth of such an expansion.
That the sodium content of muscle increased some-
what more than the chloride content may be at-
tributed to the shift of a fraction of the retained
sodium into cells to replace some of the lost po-
tassium. These experiments, then, support the
conclusion that the administration of DCA ef-
fects a transfer of sodium and chloride into the
fluid phase of the extracellular compartment. The
absence of comparable changes in bone and tendon
electrolyte composition indicates that this re-
distributed electrolyte did not derive from these
solid phases of the extracellular compartment.
Some have suggested that the gastrointestinal
tract might serve as a source of salt and water
(1, 2), and these experiments indirectly suggest
that such may be the case.

The slight fall in the total muscle water content
suggests that the intracellular volume of muscle
decreased after DCA administration. The out-
ward shift of cell water may have occurred in as-
sociation with the slight potassium loss and/or in
order to maintain extracellular iso-osmolarity.
The latter hypothesis would imply that the salt
was transferred into the extracellular phase of
muscle in relatively hypertonic concentrations.

The absence of a marked fall in muscle and
plasma potassium and the meager degree of ex-
tracellular alkalosis are somewhat different from
the typical responses described by others after
DCA administration (13, 14). Most of the
experimental work was performed in animals
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treated with the hormone for prolonged periods
and maintained on normal or even high salt in-
takes. It has been shown by others that DCA
administration in animals or man maintained on
salt-free diets causes far less urinary potassium loss
(15). The meager degrees of potassium defi-
ciency and extracellular alkalosis are, therefore,
probably attributable to the marked salt restric-
tion and the short period of hormonal treatment.

SUMMARY

1. The administration of DCA produced an
increment in inulin space in monkeys maintained
on a low salt diet.

2. Proportionate increases in the sodium and
chloride spaces of muscle were also observed.

3. The sodium and chloride transferred to the
extracellular fluid did not derive from bone or
tendon.
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