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The decreased blood volume in hemor- 
rhagic shock has been shown to stimulate 
antidiuretic hormone (ADH) release( 1 ) pre- 
sumably via volume receptors(2). On the 
other hand when small volume of hyper- 
tonic saline is injected into the carotid 
artery an antidiuresis results which has been 
attributed to ADH liberation( 3,4). This 
paper reports studies on monkeys in which 
dehydration was produced using the tech- 
niques reported by Darrow and Yannet(5), 
and Gregersen and his colleagues (6)  which 
resulted in a hypo- or hyper-osmotic plasma 
depending on the technique used. It will 
be shown that in the dehydration with hyper- 
osmotic plasma there is a marked release 
of ADH. Further, in the dehydration with 
plasma osmolarity below normal there is also 
appreciable ADH release. 

Materials and methods. Eight monkeys 
(Macaca cyclopis) of both sexes with body 
weight between 2.30 and 5.17 kg obtained 
from the mountain area of Taiwan were used. 
Food and water were withdrawn for at least 
1 6  hours before actual experiment to render 
them somewhat dehydrated. They were anes- 
thetized with sodium ptobarb i ta l  in doses 
of 25 mgJkg intravenously, with supple- 
mental doses of 10 mg/kg every 4 hours 
by the same route. The left femoral artery 
was cannulated for collecting blood samples 
and the left femoral vein for administering 
fluid. Two types of dehydration were pro- 
duced experimentally. 

Dehydration with high plasma osmolarity 
was produced ;by the diuresis resulting from 
intravenous injection of freshly prepared 
510% sucrose in doses of 22  ml/kg at the 
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rate of 1 ml/rnin(6). Diuresis due to the 
sucrose was usually complete within 1 0  hours. 
This type of dehydration was corrected, after 
a lapse of 2 hours, by intravenous infusion 
of a hypotonic solution which contained 
d-glucose and NaCl in concentrations of 
1.1% and 0.0776, respectively. The infused 
volume equalled the urine output in the 
period of diuresis. 

Dehydration with low plasma osmolari ty 
was produced by intraperitoneal injection of 
5 %  glucose in a dose of 1 0 0  ml/kg(5). 
Marked dehydration was present 2 hours 
after intraperitoneal injection of the glucose 
solution. This type of dehydration was cor- 
rected, after obtaining an arterial blood 
sample, by intravenous infusion of 30 mlJkg 
of 2% NaCl at the rate of 2 ml/min. Hy- 
dration was maintained by intravenous in- 
fusion of 0.9% NaCl at the rate of 1 ml/min. 
This was necessary since water and elec- 
trolytes continued to be "lost" into the peri- 
toneal cavity. 

Four heprinized blood samples of 12 ml 
each were taken from each animal. Sample 
A was taken in the pre-dehydration or con- 
trol period, about 2 hours after the animal 
was anesthetized. Sample B was taken at  
the end of dehydration period. Sample C was 
taken when dehydration had been corrected. 
Sample D was taken one hour after sample C 
for a further check. 

Six determinations of microhematwrit 
(V,) ( 7 )  were made on each blood sample 
and the results averaged. The plasma ob- 
tained by centrifugation was shaken with 
2 volumes of absolute alcohol and the mix- 
ture centrifuged. Antidiuretic hormone was 
removed in the supernatant which was then 
concentrated by distillation in YOCUO (8). 
Each extract was assayed against U.S.P. 
Standard Posterior Pituitary Powder by its 
antidiuretic action after intravenous injec- 
tion into 3 water loaded rats anesthetized 
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TABLE I. Data on Dehydration with High Plasma Olsmolarity. 

Sample" Nat  K t  c1 t OsmS G, V, ADH t 

A 158 2 1.7Q 3.4 .2 120 1.9 3085 k 6.9 1.026 -+- .001 35.3 -i- .8 10 k .4 
B 171 k 2.6 4.6 k .4 127 2.2 355 tll.1 1.034 2 .001 43.0 51.6 279 575.2 
C 149 f: 2.7 3.2 f: .2 109 2 2.7 3(08 k 7.3 1.027 f: .001 36.9 e 1 . 3  13 -i- 1.7 
D 147 i- 4.5 3.2 k .2 108 2.9 501 f: 9.7 1.027 .001 36.8 f: .9 18 -i- 9.3 

P values between A and B (I) and between B and C (11) 
I <.Ol <.05 <.05 < .01 < . O l  < .Oi l  <.05 
I1 <.Ol >.05 <.Ol <.05 <.Ol <.Sl <.05 

* Sample A's were taken in control period, sample B's at the end of dehydration, sample C'S 

t Expressed as mEq per liter plasma water or pU per ml plasma water. 
$ Expressed as mOsm per liter plasma. 
Q Values are means -t. standard error of mean (4  experiments). 
Gp represents plasma specific gravity. 
V, represents hematocrit expressed in percentage, 

and D's in the period when dehydration had been corrected. 

TABLE 11. Data on Dehydration with Low Plasma Osmolarity. 

ADHt Sample" Na t  K t  at OsmS G* VC 

A 164 k 2.5Q 2.9 f: .3 123 -+. 2.1 314 2 6.0 1.025 k .001 32.2 k .6 13  k 3.2 

C 160 k 1.5 2.3 f: .3 124 -+. 1.3 310 2 4.3 1.024 2 .OOl 35.2 k1 .6  31  -I- 5.6 
B 153 5 1.8 2.7 .2 110 .9 299 5 6.8 1.029 5 .0101 41.9 51 .3  44 511.1 

D 159 5 .9 2.4 .4 125 3- .9 307 2 4.3 1.022 .0101 34.2 k .6 20 2 4.1 
P values between A and B (I) and between B and C (11) 

I < . O l  >.05 < . O l  >.05 <.Ol < .Oil <.05 
I1 <.015 >.05 < . O l  > .05 <.02 <.Ol > .05 

* t $ $ G, Vc-See footnotes to Table I. 

with ethanol and sodium salt of ethyl- ( l-meth- 
yl-propyl) -thiobarbituric acid (Inactin) (9) .  
Plasma samples were also analyzed for spe- 
cific gravity ( Gp) by the copper sulfate meth- 
od( lo), sodium and potassium by flame pho- 
tometry, chloride by the Cotlo've titrator 
and osmolarity by the Fiske osmometer. 
The packed cells in each Muod sample were 
resuspended with 0.9% NaCl and infused 
back into the animal's circulation. Sampling 
losses were thus confined to plasma protein 
and electrolytes other than sodium and 
chloride. 

Results. The findings by these two types 
of dehydration are summarized in Table I 
and Table 11, respectively. Data of elec- 
trolytes and ADH have been corrected for 
plasma protein concentration by conversion 
to mEq per liter of plasma water or pU per 
ml of plasma water (1 1). Dehydration was 
successlfully produced as evidenced by sig- 
nificant increase of V, and G, in samples 
labelled B. There was marked and signifi- 
cant increase of plasma ADH level in de- 
hydration with high plasma osmdarity in 
which electrolytes such as sodium and chlo- 

ride were signifiantly elevaked (Table I ) .  
When the alterations of blood volume and 
plasma osmolar'ity were corrected by rehy- 
dration, the p l a s m  ADH returned to pre- 
dehydration level. 

There was moderate, but significant in- 
crease of plasma ADH level (Table 11) whep 
dehydration with low pllasma osmdarity was 
prduced in which both sodium and chloride 
concentration in plasma were significantly 
lowered. The antidiuretic activity in each 
plasma extract was completely inactivated 
by adding freshly prepared potassium thio- 
glycollate to a final concentration of 0.05 M. 

D ~ S G U S S ~ O ~ .  It has been reported that anti- 
diuretic hormone is liberated in response to 
an increase in osmotic pressure of ibdy fluid 
(4,12) even in the absence of d d n i t e  volume 
change, while in hemorrhage as reviewed by 
Moore( 13) or in patients suffering from 
cholera, isotonic fluid deficiency has been 
postulated to be responsible for the strik- 
ing increase in the rate of ADH liiberation. 
Our experiments in dehydrated monkeys com- 
pared these variables in two different com- 
binations, i.e., reduction of blood volume with 
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high osmolarity and reduction of blood vol- 
ume with low osrnolarity. In the first case 
tremendous release of ADH was noted. This 
27-fold increase of plasma ADH level (Table 
I) is apparently due to concomitant re- 
sponses to these two potent stimuli. In de- 
hydration with low plasma osmolarity there 
was also a significant elevation in plasma 
ADH level though less marked in degree. 
This 3-fuld increase of plasma ADH level 
(Table 11) is in agreement with the obser- 
vation of Mirsky et aZ(14). They found 
that in adrenalectumized rats, a state of 
hypo-osmotic dehydration with salt loss, plas- 
ma ADH level incremed 3 to 4 times that 
of control rats within 7 days after adre- 
nalectomy. Our results imply that these two 
stimuli are bas id ly  independent. Elimina- 
tion of osmolar stimulus did not abolish 
the response to reduction of blood volume. 

Comparison of the hematocrit (V,) in 
Tables I 'and I1 indicates that the dehydra- 
tion produced by sucrose diuresis or by shift- 
ing fluid into peritoneal cavity is a b u t  the 
same in the two experimental procedures; 
sample B is 1.22 )( sample A in Table I 
and sample B is 1.30 X sample A in Table 11. 

Summary. Release of antidiuretic hor- 
mone in two types of dehydration was studied 
in monkeys. I t  was found that dehydration 
with high plasma osmolarity led to a tre- 
mendous elevation of plasma ADH level, 
and dehydration with low plasma osmolarity 

also led to a significant increase of plasma 
ADH level though less marked in degree. 

The authors wish to acknowledge the encourage- 
ment and help of Drs. Harry B. van Dyke, A. C. 
Liu and R. C. Li in these studies. 

1. Ginsburg, M., Brown, L. M., Brit. J. Phar- 

2. Welt, L. G., Circulation, 1960, v21, 1008. 
3. Verney, E. B., Proc. Roy. SOC. B., 1947, v135, 

4. Zuidema, G. D., Clarke, N. P., Am. J. Physiol., 

5. Darnow, D. C., Yannet, H., J. C h .  Invest., 

6. Painter, E. E., Holmes, J. H., Gregersen, M. I., 
Am. J .  Physiol., 1948, v152,66. 

7.  Strumia, M. M., Sample, A. B., Hart, A. D., 
Am. J. Clin. Path., 1954, v24, 1016. 

8. Bisset, G. W., Hilton, S. M., Poisner, A. M., J. 
Physiol., 1963, v169, p40. 

9. Sawyer, W. H., Meth. Med. Res., 1961, v9, 
2 10. 

10. Phillips, R. A., Van Slyke, D. D., Hamilton, P. 
B., Dole, V. P., Emerson, K., Jr., Archibald, R. M., 
J. Biol. Chm.,  1950, v183, 305. 

11. Watten, R. H., Molrgan, F. M., Sonkhla, Y. N., 
Vandoati, B., Phmillips, R. A., J. Clin. hvest., 1959, 
v38, 1879. 

12. Sawyer, W. H., Pbarmctcol. Rev., 1961, v13, 
225. 

13. Moore, F.  D., New England J .  Med., 1965, 
v273, 567. 

14. Mlrsky, I. A., Padisch, G., Stein, M., Endocri- 
nology, 1954, vS4, 691. 

macol., 1956, v l l ,  236. 

25. 

1957, v188, 616. 

1935, V114, 266. 

Received April 21, 1967. P.S.E.B.M., 1967, v125. 
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Hypovolemia, secondary to reduced circu- ments during diuresis, when aldosterone ex- 
lating albumin, is postulated to stimulate cretion is low, have not consistently shown 
increased secretion of aldosterone in the ne- an increase of plasma volume(4-5). Physio- 
phrotic syndrome( 1-3) ; however, measure- logic responses to h p v o l e m i a  also include 

*%ppoded by a graM from Mi&@a Kidney increased activity of the autonomic nervous 
Foundation land in part by Resear& &ant 5 ~ 0 1 -  system (adrenergic) ( 6 ) .  This suggested that 
FR42-06 from Nat. Inst. Health, USPHS. investigation oIf catecholamine excretion 




