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Renin  Substrate a n d  Angiotonase in  Dogs’ Lymph a n d  Plasma.” 

MEYER FRIEDMAN, WALTER MARX,~ AND ERNA LINDNER. 
Front the Harold E r i ~ n n  I i i s t i tu tp  for  Cardiovasciilrtr Rcsearclt, Mount Zion Hospitul, S m  

l irmcisco,  Cal i f .  

Besides renin, two substances of protein 
nature appear to be primarily responsible for 
the regulation of the angiotonin (hypertensin) 
concentration in the blood: Renin substrate 
(hypertensinogen) and angiotonase (hyper- 
tensinase) , precursor and inactivator respec- 
tively of angiotonin.1.2*3 Both have been 
demonstrated in the blood of dogs but not as 
yet in other body fluids. The present com- 
munication deals with the occurrence of these 
two substances in lymph. 

Lymph was obtained from the 
cervical lymph ducts of normal dogs anesthe- 
tized with sodium pentobarbital. From the 
same animals, blood was taken simultaneously 
for preparation of plasma samples. Heparin 
was used as anticoagulant. 

For determination of renin substrate con- 
tent, lymph and blood plasma samples were 
incubated in quantities varying from 0.1 to 
1.0 cc with a constant amount of renin for 
10 minutes at room temperature (approxi- 
mately 20 to 28”C), and the vasoconstrictor 
activity of the angiotonin formed was meas- 
ured using the Lawen-Trendelenburg toad 
preparation. In  order to insure a complete 
conversion of the renin substrate into nngio- 
tonin, an excess of renin was used. It was 
assumed that the amount of angiotonin so 
formed was proportional to the quantily of 

* *4ided by a grant from the Dazian Foundation 
for Medical Research. 
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its precursor, the renin substrate originally 
present. I n  preliminary experiments, the 
quantity of renin was determined, which, when 
incubated with 1.0 cc of plasma, produced a 
maximal vasoconstrictor effect. A fodrfold 
amount was adopted as a standard quantity 
in the substrate assays. 

For determination of angiotonase, angio- 
tonin was incubated with 1.0 cc of lymph or 
plasma for one hour at  37°C. Care was taken 
to avoid hemolysis of the blood, in order to 
exclude contamination of the samples with 
angiotonase derived from red cells. As ob- 
served by Fasciolo et aZ.,3 the latter contain 
approximately 100 times as much angiotonase 
as plasma. Since practically no renin is 
present under such conditions, it was possible 
to estimate the quantity of angiotonase from 
the amount of angiotonin inactivated during 
incubation. Thus, angiotonin activity was 
used as an indirect criterion of the concen- 
tration of both renin substrate and angio- 
tonase. 

For estimation of the angiotonin, the sam- 
ples were diluted immediately after incubation 
to 100 cc with Ringer’s solution contnining 
0.5 % sodium citrate. Their vasoconstrictor 
activity was then tested on the toad prepara- 
tion which was perfused with the same modi- 
fied Ringer’s solution. Neither lymph nor 
plasma alone, in the dilutions used, produced 
any significant change in the rate of flow. In 
order to avoid effects due to differences in the 
responsiveness of individual toads, lymph and 
plasma samples from each dog, along with 
a suitable control, were always assayed in 
the same toad. The order was varied to offset 
any effects of decreasing responsiveness in the 
toad preparation. 

The renin preparation was extracted from 
acetone-treated hog kidney cortex with 
NaCl/h’aHCOX according to the Wakerlin and 
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TAIJLE I. 
llcnin Subat r:i tc in Lynipli and I'1~sni:i. 

V;isoc.oiistrictor Effects aftcr Incubation wit11 Rcnin. 

70 change in flow (toad perfusion) 
Mean value and standard errort 

Amount ,- --- 7 Difference 
body fluid" KO. of A B c (A-B) and 

CC toads Lymph" + reiiiii I'lasm:~" + icnin Rcnin control standard error t 

1 .oo 7 - 7 1 2  3 -68 2 5 - 1 2 4  - 3 2 6  
0.50 7 -63 2 5 -64 2 6 + l+lO + 1 f 8  
0.20 8 -40 2 4 -57 =!= 4 +13 2 4 
0.1.5 3 -36 f 2 --38 & i +11 -F t! 
0.lU '7 -38 2 3 -32 2 3 + 7 2 7  0 & 7  

y ;  ;; 
++ Samples obtained from 12 dogs. 
t Standard error of the mean (Sx) ;tiit1 stanc1:u-d error of the difference of the means (S,) 

coniputcd for small samp1t.a 

The difference ( A  - B) is 

:? s .  = 

consider med significant only 

TABLE Ir. 
Angiotoii:tsc in L y n ~ ~ ) l i  :rnd I'lasimi. 

V:tsoconstrictor Effects of Angiotonin aftcr Incubation with These Fluids. 

Fluids incubated 

'% change in  flow 
s o .  of (toad perfusion) Diff cwnce ( A-B) 
to:icls l h n  and st:ind:ird error :tiid standard error 

A:  Angiotoiiin + lympli" 1 -38 * s 
C :  Angiotonin + control" J -71 * 2 
I3 : Angiotonin + plasma" } 12 -14 & 3 

* Sainplcs obtained from 6 dogs. 

Johnson modification of Grossman's 
For each renin substrate assay, 0.2 cc of a 
standard renin solution containing 1.2 mg 
nitrogen per cc was used. Five cc of this 
solution produced a rise in blood pressure of 
60 mm Hg. in 2.5 minutes, when injected 
intravenously into a normal unanesthetized 
dog. 

Purified angiotonin preparations containing 
approximately 5 units per ccp were most 
kindly supplied by Dr. I. H. Page. In each 
angiotonase assay, the smallest quantity of 
angiotonin was used which, when tested alone, 
produced a decrease in flow of from 60 to 80%. 

Results. The experimental data obtained 
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for renin substrate are summarized in Table I. 
For a given dose level, lymph and piasma, 
after incubation with renin, produced prac- 
tically the same degree of vasoconstriction. 
With decreasing concentrations th.e effect de- 
clined at  the same rate for both fluids. If it 
be assumed that in lymph the same mechanism 
is involved in causing the observed vascular 
effects as in plasma, it is apparent that renin 
substrate is present in similar concentrations 
in both. 

However, the concentrations of angiotonase 
were found to be considerably different in 
these body fluids. Table I1 indicates that 
1.0 cc of plasma contained enough angio- 
tonase to inactivate most of the angiotonin 
present. Under identical conditions, 1 .O cc 
of lymph, on the other hand, neutralized a 
considerably smaller fraction of the angio- 
tonin, the pressor action being reduced only 
to approximately one-half of that of the 
angiotonin control. If the inactivation of 
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angiotonin by lymph and plasma involves the 
same mechanism, it is evident that the con- 
centration of angiotonase in lymph is con- 
siderably lower than in plasma. It is not 
known whether the relatively much higher 
angiotonase content of the red blood cells'{ 
is responsible for the higher concentration of 
this substance in plasma, as compared to 
lymph. 
Summary. Cervical lymph and plasma 

from normal dogs were compared as to their 
contents of renin substrate and angiotmase. 
I t  was observed that renin substrate occurs 
in similar concentrations in both lymph and 
plasma, but that the quantity of angiotonase 
present in lymph is considerably less than 
that in plasma. 

The authors arc gratcful to Eleanor Kruger and 
IIelcii Yendelsoii for their excelleiit assistance. 
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Action of Testosterone and Prolactin on the Corpora Lutea of the Rat.* 

C. F. FLUHMANN AND G. L. LAQUEUR. 
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In previous it was shown that 
under certain experimental conditions the con- 
tinuous administration of testosterone pro- 
pionate (total dose, 20 to 40 mg) to female 
rats led to the formation of hypertrophied 
corpora lutea such as normally occurs during 
pregnancy. These structures likewise were 
found to have an active function, since decidu- 
omata could be produced in the uteri while 
they were present. At that time we felt that 
the hypertrophy and function of these corpora 
resulted from an excessive secretion of pro- 
lactin due to a direct effect of the testosterone 
on the anterior hypophysis. 

The present report deals with a series of 
experiments designed to determine (1) 
whether large dosages of prolactin lead to 
hypertrophy of corpora lutea, and (2)  whether 
this luteal hypertrophy is necessary tor active 
function, as indicated by the production of 
deciduomata. 

* Supported in part by the Rockefeller Fluid 
Research Fund of Stanford University School of 
Nedicine. Our thanks arc due to Mr. V. Monte- 
sclaros and Nrs. Agncs Cliinn for their technical 
assistance. 
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Fifty-nine adult female rats of the Stanford 
strain, averaging 110 days of age, were em- 
ployed. Daily vaginal smears of each animal 
were studied for 28 days previous to injection, 
and the first injection was always given during 
late estrus. The injections were administered 
subcutaneously for a period of 10 days. The 
testosterone propionatet was dissolved in 
sesame oil in varying concentrations and given 
in single daily doses of from 0.1 cc to 0.05 cc, 
according to the total dosage indicated in 
Table I. The prolactin was made up in saline 
solutions of varying concentrations and from 
2 to 4 injections were given daily, but each 
consisted of 0.2 cc. The control animals 
received equivalent amounts of sesame oil or 
saline solution. 

On the 5th day the animals were anesthe- 
tized, the abdomen opened, and a silk thread 
introduced for a distance of about 1 cm 
through the lumen of one of the uterine horns. 
The rats were sacrificed on the 11 th day and 
the ovaries, together with sections of the uteri 
taken at  the level of the traumatization with 

t Our thanks are due to the Ciba Pharmaceutical 
Products, Inc., Summit, N.J., for the testosterone 
propionatc (Pcrandren-Ciba) and to the Schering 
Corporation, Bloomfield, N.J., (Lactogcnic Hor- 
mone-Scheriiig) used in this study. 




