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100-182 mg of marrow were found to be con- 
tained within femurs of 260-280 g rats; 5 5 %  
of this marrow was located within the dia- 
physis whereas the remainder was in epi- 
physeal regions. Using the cell enumeration 
procedure, approximately 140-32 5 million 
marrow cells were found within femurs of 
260-280 g rats with 65% being located within 
the diaphyses. 

v79, 58. 
1. Mechanik, N., Z .  Anat. Entwick1.-Gesch., 1926, 

2. Fairman, E., Corner, G. W., iinat. Rec., 1934, 

3. Kindred, J .  E., .4m. J. ilnat., 1942, v71, 207. 
4. Osgood, E. E., Blood, 1954, v9, 1141. 
5. Fruhman, G. J., Gordon, -4. S., PRO(-. SOC. EXP. 

6. Lamerton, L. F., Puoc. Royal S O C .  Mad., 1956, 

v60, 1. 

BIOL. AND MED., 1955, v88, 130. 

v49, 863. 

5 .  Patt, H. M., Blood, 1957, v12, 777. 
8. Suit, H. D., J .  Clin. Path., 1957, v10, 267. 
9. Donohue, I>. M., Gabrio, B .  W., Finch, C. A., 

10. Hudson, G., J .  ,4nat., 1958, v92, 150. 
11. Burke, W. T., Harris, C., Blood, 1959, v14, 409. 

12. Awaya, K., Fujii, H., Tanaka, Y., Okada, M., 

13. Ramsell, T. G., Yoffey, J .  M., Acta anat., 196!, 

14. Harrison, W. J., J .  Clin. Path., 1962, v l5 ,  254. 

15. Ralph, P. H., Stain Technol., 1941, v16, 105. 

16. Lamerton, L. F., Belcher, E. H., Harr i s ,  E. B., 
in Stohlman, Jr., Ed., The Kinetics o f  Cellular Pro- 
liferation, Grune and Stratton, S e w  York, 1959, 301. 

17. Jacobson, L. O., Goldwasser, E., Plzak, L. F.. 
Fried, W., PROC. Soc. EXP. BIOL. AXD MED., 1957, 
v88, 130. 

J .  Clin. Invest., 1958, v37, 1564. 

Arch. Hist. Jap., 1960, v18, 473. 

v47, 55. 

Received February 11, 1963. P.S.E.B.M., 1963, v112. 

Inhibition of Aldosterone-Stimulating Activity of Hog and Dog 
Renin by the Plasma of Dogs Immunized with Hog Renin.” (28251) 

WILLIAM F. GANONG, EDMUND E. VAN BRUNT, THOMAS C. LEE AND 
PATRICK J. MULROW 

Department of Physiology, University o f  California School of Medicine, Sun Francisco, and 
Department of Medicine, Yale University School o f  Medicine, N e w  Haven, Conn. 

The pressor activity of hog renin, and also 
that of dog renin, is inhibited if these renins 
are incubated with the plasma of dogs that 
have received multiple injections of renin. 
The inhibition is believed to be due to anti- 
hog renin antibodies which also neutralize dog 
renin ( 1,2). Recently, it has been shown that 
hog and dog renin stimulate the secretion of 
aldosterone in dogs(3,4,5). The present ex- 
periments demonstrate that the aldosterone- 
stimulating as well as the pressor activity of 
hog and dog renin is inhibited by the plasma 
of dogs immunized with hog renin. 

Methods. Male mongrel dogs weighing 
approximately 10 kg were treated with hog 
renin prepared by the technique of Haas and 
Goldblatt(6). The amount of this renin 
preparation which raised the systolic blood 
pressure of pentobarbital anesthetized normal 

*Supported by grants from U. S. Public Health 
Service. 

dogs 30 mm Hg was designated as one “unit.” 
The injected dogs received approximately 2 5 
“units” per day subcutaneously 5 times a 
week for 5 to 36 weeks. The plasma of the 
dogs was assayed for its effect on the pressor 
and adrenal stimulating activity of renin. As 
a control, frozen plasma which had been ob- 
tained from the dogs before they were immu- 
nized was also assayed. Two “units” of hog 
or dog renin were mixed with 2 ml of plasma. 
The mixture was incubated a t  room tempera- 
ture for one-half hour, then injected intrave- 
nously into nephrectomized hypophysecto- 
mized assay dogs. The assay dogs were pre- 
pared as described previously ( 5)  with adrenal 
venous cannulae, and with arterial cannulae 
for measuring blood pressure continuously, 
using a Statham strain gauge and Grass model 
5 polygraph. Two control adrenal venous 
blood samples were collected before the first 
renin-plasma mixture was injected. Each as- 
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TABLE I. Effects of Renin Incubated with Control or Immune Plasma in  Nephrectomized 
Hypophysectomized Assay Dogs. Values are nieans of each value 4 minutes after injection 

minus value before injection. 

Mean change (k standard error) i n  
Aldosterone 17-hydroxycor- Systolic 

No. of ex- secretion ticoid secretion blood pressure 
periments (mpg/min) (pg/min) (mm Hg)  

Hog renin & immune plasma 8 1.5 k .6* -.2 & .7 4 * 2.8* 
Hog renin & control plasma 8 8.8 2 2.4 1.2 * .4 5 1  -I 7.4 

Dog renin & immune plasma 9 0 k 1.3t .3 2 .3 2 2 1.7t 
Dog renin & control plasma 4 19.8 2 4.1 2.0 k 1 . 8  40 t 3.5 

* Significantly different from hog renin and control plasma, p <.02. 
t Significantly different from dog renin and control plasma, p < . O l .  

say dog received renin and control plasma, 
and renin and immune plasma, but the se- 
quence of injections was intentionally varied 
from dog to dog. The interval between in- 
jections was 60-120 minutes. Adrenal venous 
samples were collected just before and from 
the 4th to the 14th minute after each injec- 
tion. They were also collected at  %-hour in- 
tervals between injections. After each collec- 
tion, the assay dogs were transfused with a 
volume of blood from nephrectomized hypo- 
physectomized donor dogs equal to the 
amount collected. In 10 of the 11 assay dogs, 
one I.U. of ACTH was injected intravenously 
at  the end of the experiment, and an adrenal 
venous blood sample collected starting 4 min- 
utes later. All adrenal venous blood samples 
were centrifuged promptly and the plasma 
stored in the frozen state for analysis of al- 
dosterone by the double isotope derivative 
method of Kliman and Peterson(7) and 17- 
hydroxycorticoids by the method of Silber 
and Porter (8) .  

ResuEts and discussion. Control aldoster- 
one and 17-hydroxycorticoid output values 
and blood pressure in the assay dogs were in 
the same range as the values previously re- 
ported from this laboratory(3,5). In Table 
I the effects of hog and dog renin after inac- 
tivation with immune plasma are compared to 
their effects after incubation with control 
plasma. The plasma of the immunized dogs 
inhibited the aldosterone and 1 7-hydroxycor- 
ticoid-stimulating, as well as the pressor ac- 
tivity of both hog and dog renin. 

Tn the experiments in which renin and im- 
mune plasma was injected after renin and 
control plasma, it could be argued that the in- 

hibition was due to tachyphylaxis to renin( 1) 
rather than antirenin antibodies, even though 
the interval between injections was 60-120 
minutes. Conversely, in the experiments in 
which immune plasma and renin were given 
before control plasma and renin, the response 
to the control renin might be diminished by 
excess antirenin antibodies remaining in the 
blood of the assay dogs. To circumvent these 
difficulties, the effects of the first injections 
given to each of the 11 assay dogs were ana- 
lyzed separately. The results are summarized 
in Table 11. The number of animals in each 
group is small, but the inhibition of the renin 
effects by incubation with immune plasma is 
still clear. The effects of injections of renin 
and control plasma after injections of renin 
and immune plasma are also shown in Table 
11. The effects of these subsequent control 
injections are less than those of the first in- 
jections, and although the differences are not 
statistically significant, they suggest that 
there was some passive transfer of antirenin 
antibodies. 

In  2 instances, aldosterone output rose 60 
minutes after injection of hog renin and im- 
mune plasma. I t  increased from low values 
to 13 mpg/min in one instance, and to 32 
mpg/min in the other. This suggests that 
the blocking effect of the plasma may 
wear off after a period of time. However, in 
the other 6 hog renin and immune plasma ex- 
periments, no significant late rise occurred. 
This was so even though specimens were 
taken every half hour for 2 hours in one dog. 
Similarly, in none of the 9 instances in which 
dog renin and immune plasma was injected 
was a delayed response observed. 
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TARI,E 11. Rcsponse to the First Incubated Sample Injected into Each of the 11 Assay Dogs, 
A11d the Effect of Iiijectiiig Renin that had been Incubated with Control Plasma into Assay 

Dogs that had Received Renin plus Immune Plasma 60-120 Minutes Before. 
~~ ~ 

Mean change (k standard error) i n  
Alclosteioue 17-hydroxycor- Systolic 

No. of ex- secretion ticoid secretion blood pressure 
perinieiits (nip,g/min) (@g/min) (mn1 Hg) 

Hog renin Lk control plasma (1s t  i n j )  2 14.5 .4 63 
Hog renin & immune plasma (1st in j )  5 1.0 t 1.0* -.5 & .2 6 2 4  * 
Hog renin & control p1asm:i a f te r  in?- (i 6.8 2 2.8 1.5 k .5 48 f 9.5 

n11111c pln s1115 
Dog rciiin & control plasnin (1st iiij) 2 29.0 4.1 45 
Dog renin 6; ininiunt plnsin:~ (1st i n j )  2 1.0 t .3 3 t  
Dog rcnin & control 1)lasni:i after iin- 2 14.5 -. 1 35 

niune p1:isiiia 

* Sigiiificantly different from hog renin and control plasma, p < . O l .  
t Significantly different from clog renin and control plasma, p < . O l .  

The adrenals of the assay dogs remained 
responsive to ACTH a t  the end of the experi- 
ment in the 10 dogs tested. The mean aldos- 
terone output in these dogs after ACTH was 
32.3 t 4.3 mpg/min, and the mean 17-hy- 
droxycorticoid output was 8.2 t 0.8 pg/min. 

Summary. The aldosterone-stimulating and 
1 7-hydroxycorticoid-stimulating activity, as 
well as the pressor activity, of both hog and 
dog renin were inhibited when prior to in- 
jection into nephrectomized hypophysecto- 
mized assay dogs, the renin preparations were 
incubated with the plasma of dogs immunized 
with hog renin. Incubation with normal dog 
plasma had no effect on their activity. 

.4CTH was generously supplied by Dr. J .  Stucki, 
Upjohn Co., Kalamazoo, Mich. The authors wish to 

thank Miss Angela Boryczka, Miss Margaret Saari, 
and Mr. Roy Shackelford for technical assistance. 
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We have demonstrated( 1,2) that injection bodies to these extracts and to similarly pre- 
of saline extracts of rabbit tendons into young pared extracts of guinea pig tendons. The 
guinea pigs elicits the production of anti- antigenic component of these connective tis- 

sue extracts (CTE) could not be isolated; 

with the general term “Connective tissue anti- 
bodies” (CTA). The growth of the injected 
animals was stunted, but following cessation 

* W e  are grateful to Dr. John Peters, Boston, 

these connective tissue studies and to the Medical 
111ustration Service, v.A. West Side Hospital for in- 
dispensable assistance in microphotography. 

Mass,, for  valuable advice in the initial phases of therefore these antibodies were designated 




