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In  the dog, a loss of a t  least 10-2076 of the 
estimated blood volume by hemorrhage is 
usually necessary to cause an increase in the 
concentration of antidiuretic hormone (ADH) 
in plasma (1, 2). This observation has 
k n  interpreted as indicating that blood 
volume plays a role in the physiological regu- 
lation of ADH release (2, 3). The effect of 
hemolrrhage on plasma ADH in normal man, 
the subject of the present communication, 
has not to our knowledge been reported pre- 
viously, although indirect evidence produced 
some years ago (4, 5) suggested that effective 
ADH levels do not change following hemor- 
rhage in humans unless syncope, and hence 
presumably severe hypotension, is induced as 
a result of venesection. The present report 
also describes the effect of hemorrhage on 
plasma renin activity (PRA) . 

Materials and Methods. Blood donors a t  a 
local community blood center served as ex- 
perimental subjects. The nature of the study 
was described to ealch subject and participa- 
tion in the project was voluntary. Sixteen 
men and eight women ranging in age from 19 
to 53 (mean, 34) participated in the study. 
All experiments were conducted between 4: 30 
and 7:OO PM; earlier in the day each subject 
had followerd his normal daily activities. 

The {experimental protocol consisted of ob- 
taining blood samples for the determination 
of ADH and PRA before and after each 
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subject donated one unit of blood. Subjects 
were seated for at least 10 min before the 
procedure was begun. The control blood sam- 
ple (35 ml) was withdrawn by venipuncture, 
and withdrawal of one unit of bload (450 
ml) was then started. Each unit of blood was 
collected over 5-7 min. Three minutes after 
the collection ended, a posthemorrhage blood 
sample (35 ml) was obtained. Each subject 
had lost 485 ml of blood (control sample plus 
one unit of blood) before the posthemor- 
rhage sample was taken. Blood volume was 
estimated to be 65 ml/kg body wt in women 
an'd 75 ml/kg body wt in men; these values 
wene chosen after reviewing data compiled 
from numerous blood volume determinations 
(6). Before each blood sample was taken, 
heart rate was determined by palpation of 
the radial pulse and blood pressure was de- 
termined with a sphygmomanometer. 

A group of laboratory personnel ranging in 
age from 20 to 40 served as control subjects. 
Blood samples were withdrawn in the after- 
noon after the subject had been seated for at 
least 10 min; after the first blood sample of 
35 ml was withdrawn, the subject remained 
seated until the second blood sample was 
withdrawn 10 min later. Blood pressure and 
heart rate were determined as described 
above. 

An 11-14 ml aliquot of plasma from each 
blood sample was extracted and concentrated 
to a final 1.0 ml vol and then assayed for 
ADH in the ethanol-anesthetized rat as de- 
scribed previously (7,  8). Plasma renin activ- 
ity was estimated by means of the Schwarz- 
Mann radioimmunoassay kit which measures 
the amount of angiotensin I generated by 
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plasma. Plasma sodium and potassium con- 
centrations were determined by flame photom- 
etry and plasma osmolality by freezing p i n t  
depression. 

Results. The loss of 485 ml of blood rep- 
resented a mean decrease of 9.9% of esti- 
mated blood volume in the 24 subjects. The 
hemorrhage produced no significant change 
in either plasma ADH or PRA. Similarly the 
blood loss produced no significant change in 
blood pressure, heart rate, or osmolality of 
the plasma. Small but statistically significant 
decreases in the plasma concentration of sodi- 
um and potassium were evident following hem- 
orrhage. Data from these experiments are 
summarized in Table I. 

A summary of the results from the control 
subjects appears in Table 11. None of the 
measured variables in these subjects showed 
statistically significant changes. 

Discussion. This study demonstrates that 
removal of approximately 10% of estimated 
blood volume in the human causes no signifi- 
cant short-term changes in plasma A D S  or 
PRA. The results with ADH, therefore are 
comparable with much of the reported work 
with experimental animals which has shown 
'that 10-20747 of blood volume must be re- 
moved by hemorrhage before an increase in 
plasma ADH is detectable (1, 9 ) .  A sugges- 
tion that ADH responds to smaller blood 
losses recently came from Claybaugh and 
'Share (10) who reported that loss of as little 
as 2.6% of blood volume in anesthetized 
dogs caused an increase in plasma ADH. 
'However, animals in that study had under- 
'gone major surgery prior to the experiments, 

and blood lost during the surgical procedures 
was not taken into account when estimating 
the amount of blood removal necessary to 
produce an increase in ADH titer. Also, plas- 
ma concentration of ADH was elevated above 
physiological levels in the period before the 
experimental hemorrhage was started. We 
therefore connot accept the conclusion of 
Claybaugh and Share that they have demon- 
strated that ADH release is extremely sensi- 
tive to changes in blood volume. 

Previously published data have generally 
been interpreted as indicating that blood vol- 
ume plays a physiological role in the regula- 
tion of ADH secretion (1 , 2 ) .  Although this 
interpretation may be correct, it is somewhat 
disturbing to consider that a decrease in 
blood volume of 10% in experimental animals 
often causes no detectable increase in plas- 
ma ADH ( 1 , 9 ;  Bond and Goetz, unpublished 
observations). We now have demonstrated 
comparable results in humans. In view of 
these results, it seems that in order to con- 
clude that blood volume does play a physio- 
logical role in the regulation of ADH, it is 
necessary to assume that blood volume nor- 
mally fluctuates by t 10% or more. We can 
find no evidence to indicate that such large 
variations in blood volume do occur physiolo- 
gically. Consequently we would suggest that 
it may be more plausible to consider that an 
increase in plasma ADH which occurs after 
sufficient blood loss may represent a path- 
ophysialogical (as opposed to physiologi- 
cal) response which is elicited to adapt the 
ci.rculation to a significant loss af blood. 

I t  has been reported that there is a prog- 

TABLE I. Effect of Loss of 485 ml of Blood in 24 Experimental Subjectsa 

Control Pos themorrhage 

ADH bU/ml) 2.1 f 0.2 1.8 f 0.2 
Renin (ng Angio I/ml/hr) 2.12 f 0.24 1.86 f 0.21 
Blood pressure (mm Hg) - Systolic 124 f 3 121 f 2  

- Diastolic 77 f 2 74 f 2 
Heart rate (bts/min) 77 f 2 76 f 2 
Sodium (meq/l plasma) 137.9 f 0.5 136.8 f 0.4b 

Osmolality (mosm/kg plasma H20) 295 f 2 295 f 2 

=Values represent mean f SE. 
bIndicatesp < .02. (Statistics based on Student's t test for paired samples.) 
"Indicates p < .001. 

Potassium (meq/l plasma) 4.2 f 0.1 3.9 f 0 . 1 c  
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TABLE 11. Results from Ten Control Subjects.a 
~~ 

Control 1 Control 2 

ADH (pU/ml) 
Renin (ng Angio I/ml/hr) 
Blood pressure (mm Hg) - Systolic 

Heart rate (bts/min) 
Sodium (meq/l plasma) 
Potassium (meq/l plasma) 
Osmolality (mosm/kg plasma HzO) 

- Diastolic 

2.8 f 0.6 
2.60 f 0.29 
124 f 3 
79 f 2  
78 f 1 

139.1 f 0.7 
3.9 f 0.1 
299 f 4 

2.8 f 0.8 
2.57 f 0.48 
121 f 3 
77 f 2 
78 f 3 

138.5 f 0.7 
4.1 f 0.1 
301 f 4 

Values represent mean f SE. 

ressive increase in the concentration of ADH 
in blood of human subjects as they change 
'from the supine to the sitting and then to a 
passive standing position (1 1), but other in- 
vestigators have reported that mean plasma 
ADH concentration measured after 4 hr of 
ambulation was not different from the control 
value obtained when subjects were supine 
( 12 ) . Plasma renin activity was increased 
after 4 hr of arnbulation in the latter study 
(12). We doubt that body position had a 
significant influence on the results of our 
study because control subjects, who followed 
the same general protocol as the blood don- 
ors, had constant levels of ADH and renin in 
plasma. 

Our finding that plasma renin activity was 
not changed significantly by the loss of 485 
ml of bloold is comparable to the results of 
Brown et al. (13)  who demonstrated that 
removal of 400-500 ml of blood from human 
subjects caused only small and inconsistent 
changes in plasma renin. Similarly, Bull et 
al. (14) have demonstrated that a gradually 
induced average blood volume deficit of over 
600 ml was associated with normal levels of 
renin secretion when sodium balance was nor- 
mal. Bull et al. (14) concluded that intravas- 
cular volume per se was not of major 'impor- 
tance in the control of renin secretion. 

The small, but statistically significant, de- 
creases in plasma sodium and potassium fol- 
lowing hemorrhage are difficult to interpret. 
Although the data may be of no biological 
significance, it is possible that the slight de- 
crease in the plasma cation concentration 
reflects a movement of interstitial fluid, 
which has a slightly lower cation concentra- 
tion because of the PQnnan equilibrium, into 
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the vascular compartmlent following hemor- 
rhage. 

Summary. The effect of a moderate hemor- 
rhage on plasma antidiuretic hormone and 
plasma renin activity was studied in normal 
human blood donors. An average blood loss 
of 9.9% of estimated blood volume in 24 
subjects caused no significant change in ei- 
ther plasma antidiuretic hormone or plasma 
renin activity. Systolic and diastolic blood 
pressure anld heart rate also were unchanged 
by the hemorrhage. I t  thus appears that the 
ADH response to hemorrhage in humans is 
no more sensitive than it is in the dog where 
often 10-2076 of the estimated blood volume 
must be removed by hemorrhage before an 
increase in plasma ADH concentration is de- 
tectable. In  addition, the data confirm previ- 
ous reports which demonstrated that hemor- 
rhage of this magnitude does not alter plasma 
renin activity. 

We express our appreciation t o  Dr. William L. 
Bayer, Director of the Community Blood Center of 
Greater Kansas City, fior his kind cooperation and 
assistance with this 9tudy. We also wish to thank 
the nursing staff at  the Center for their invaluable 
assistance. Expert technical assistance was provided 
by Mrs. Pamela Geer, Mrs. Mary Ann Hill, Dr. 
George Saba, and Mrs. Gloria Flora. 

Supported by a Grant from the Missouri Heart 
Association. 

1. Henry, J. P., Gupta, P. D., Mcehan, J. P., Sin- 
dair, R., and Share, L., Can. J. Physiol. Pharmacol. 
46, 287 (1968). 

2. Gihare, L., Amer. J. Med. 42, 701 (1967). 
3. Gauer, 0. H., Henry, J. P., and Behn, C., Ann. 

4. Bxun, C., Knudsen, E. 0. E., and Raaschou, 
Rev. Physiol. 32, 547 (1970). 

F., J. Clin. Invest. 25, 568 (1946). 



280 ADH AND R E N I N  AFTER BLOOD LOSS I N  M A N  

5. Noble, R. L., and Taylor, N. B. G., J. Physiol. 
122, 220 (1953). 

6. Dittmar, D. S. (ed.), “Blood and Other Body 
Fluids,” pp. 1-2. Federation of American Societies 
for Experimental Biology, Washington, D. C. (1Wl).  

7. Goetz, K. L., Bond, G. C., Hormaeck, A. S., 
and Trank, J. W., Amer. J. Physiol. 219, 1424 
(1970). 
8. Goetz, K. L., and Bond, G. C., Proc. SOC. Exp. 

Biol. Med. 140, 604 (1972). 
9. Share, L., in “Frontiers in Neuroendocrinology” 

(W. F. Ganong and L. Martini, eds.), p. 183. 
Oxford Uniwisity Press, Inc. New Yo& (1969). 

10. Claybaugh, J. R., and Share, L., h e r .  J. 

Physiol. 224, 519 (1973). 
11. Segar, W. E., and Moore, W. W., J .  Clin. In- 

vest. 47, 2143 (1968). 
12. Share, L., Claybaugh, J. R., Hatch, F. E., Jr., 

Johnson, J .  G., Lee, S. ,  Muirhead, E. E., and Slhaw, 
P., J. Clin. Endo. Metab. 35, 171 (1972). 

13. Brown, J. J., Davis, D. L., Lever, A. F., Rob- 
ertson, J. I. s., and Verniory, A., J. Physiol. 182, 
649 (1966). 

14. Bull, M. B., Hillman, R. S., Cannon, P. J., and 
Laragh, J. H., Circ. Res. 27, 953 (1970). 

Received May 16, 1973. P.S.E.B.M., 1974, Val. 145. 


