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Hypertensinase Activity of an L-Aniinoacid Oxidase Preparation and of the 
Venom of Botltrops neuwidii. 

There is a certain degree of agreement 
concerning the possible hydrolytic nature of 
hypertensinase as an enzyme. Kevertheless 
its inactivation by tyrosinase (Schroeder and 
Adams,l Croxatto et a l? ) ,  by oxidized cy- 
tochrome, and by the oxidizing effect of cer- 
tain reagents (Cruz Coke:{) suggest that 
anoxemia might impair the ability of tissues 
to destroy the vasoconstrictor properties of 
hypertensin. as i n  the case of kiclney ischeniia. 
Furthermore. Raska4 reported that osygeii 
consumption and the osidrrtive deamination 
of amino acids by slices and estracts of kid- 
neys from hypertensive dogs are markedly 
decreased as compared to kidneys from nor- 
mal animals. 

The fact that the kidney is one of the richest 
sources of hypertensinase and also has a high 
d- and Z-amino-acid oxidase activity led us 
to study the action of preparations of the 
latter enzyme on hypertensin. As amino- 
polypeptidase hydrolyzes hypertensin, (Crox- 
atto and Cr0xatto.j) this substance must con- 
tain free amino groups. Blanchard et a/.‘; 
were able to separate Z-amino-acid oxidase 
from rat kidney and a similar enzyme was 
recently shown to be present in snake venom 
by Zeller and mar it^.^ Croxatto and Croxat- 
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to“ have shown a high hypertensinase ac- 
tivity in several of these venoms. We at- 
tribute this activity to proteolytic enzymes, 
in spite of the fact that the activity is higher 
than that of any single crystallized proteolytic 
enzyme. 

In the following experiments, we have used 
an Z-aniino acid oxidase preparation obtained 
from rat kidneys by the method of Blanchard 
cf 01. and the dry venom of a South American 
sii;d<e, Botlzrops neuwidii.$ Hypertensin was 
prepared by the method of Braun Menendez 
cf aL9 

Expcriments. Kidney 1-amino-acid oxidase. 
X series of tubes containing 10-20 U of hy- 
pertensin per ml, 0.2 M acetate or phosphate 
buffer (pH 5, 7.4, and 10.4) and different 
concentrations of 1-amino-acid oxidase were 
incubated at  37.5 O with aseptic precautions. 
Tubes containing all the other elements but 
lacking the enzyme preparation were treated 
in the same way and served as controls. 
The rate of hypertensin inactivation was 
determined by the method of Fasciolo et aZ.1° 

11>* injecting aliquots of the incubated mixture 
into the femoral vein of an anesthetized cat 
(bLDialyy) and comparing the effect on blood 
pressure with that of the control. The sample 
used for determination was previously de- 
proteinized by boiling in a water bath and 
centrifuging to separate the precipitate; the 
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TABLE I. 
HFpertensinase ActivitJ- of I-aminoxidase Extract. 

Time of Hyper tcnsin 
Enzyme incub:i tion Cone. inactivation 

ml" min PH Oxygen i Inhibitor N 5% 
0.02 
0.02 
0.05 
0.05 
0.05 
0.1 
0.1 
0.1 
0.1 
0.1 
0.02 
0.05 
0.05 
0.1 
0.05 
0.05 

400 
40 0 

60 
60 

180 
100 
100 

60 
60 
60 

400 
60 

180 
100 
180 
180 

i .4  >, 
? 7  

?, 

7 ,  

9 7  

7 9  

5.4 
10.5 

i .4  
7.4 

7 ,  

9 )  

9 9  

7 9  

7 ,  

- 
- 
-- 
- 
- 
- 
- 
- 
- 
- 

Salicylic acid 0.4 
.4mrnonium sulphate 0.25 

* *  * ?  

? 9  9 9  

I-leucine 0.1 
7 7  7 7  

60 
60 
50 
50 

100 
80 
80 
7 0 
80 
100 

GO 
50 

100 
80 

100 
100 

* Three units of hypertensin were incubated a t  37.5"C with the amount of enzyme indicated 

t (+) Indicates prcscnce of oxygen and (-) absence of oxygen in the mixture. 
i n  this column. 

TABLE 11. 
Hypcrtcnsinasc Effect of Bothrops muwidhi Venom. 

Hypert ensin 
Dried rcnom Time Cone. inactivation 

Pg* min Oxygen t Inhibitor M rc 
1 
1 
1 
1 
2.5 
2.5 
2.5 
2.5 
1 
1 
2.5 
2.5 
2.5 
2.5 

90 
90 
60 
GO 
15 
15 
20 
30 
60 
60 
30 
30 
20 
20 

- 100 
- 100 
- 80 
- 80 

40 
- 40 
- 40 

60 

80 
60 
60 

4 nitrotoluen sulf. 0.15 40 
40 

- 

- 

8alirJ-lie acid 0.4 80 
,? 9 7  

9 9  9 9  

7 9  9 9  

) 7  7 ,  

* Thrcc unit,s of hypertensin were incubatcd 

t (+) Indicates presence of oxygen and  (-) 
dicated in this column. 

a,t 37.5"C with thc amount of t,he renom in- 

absence of oxygen in the mixture. 

same procedure was applied to the control. 
Additional experiments were performed in 
Thunberg tubes, one series in anaerobic con- 
ditions obtained by high vacuum and another 
in pure oxygen. 

Table I shows that hypertensin was in- 
activated by 2-amino-acid oxidase preparation 
and that a complete inactivation of 3 U of 
hypertensin was achieved by 0.05 cc in 3 
hours at pH of 7.4. A lower activity was 
observed at  pH 5.4 and 10.4. 

The rate of hypertensin inactivation was 

the same under aerobic and anaerobic con- 
ditions. 

The same table shows that 0.25 M am- 
monium sulfate does not inhibit the inactivat- 
ing action on hypertensin, contrary to the 
effect shown on amino acid deamination by 
Blanchard et a2. No competitive effect of 
0.1 M 2-leucine was observed; inactivation 
went on at  the same rate as in its absence. 

Bothrops neuwidii venom. Applying the 
technic already described, we studied the ef- 
fect of this venom on hypertensin. Amounts 
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oi dried venoiii ranging froni 1 to 5 pa u were 
added to 3 U of hypertensin in a medium 
buffered to p H  7.4 where the venom shows 
maximum hyper tensinase act jvi ty . 

The results obtained are summarized in 
Table 11. There was no difference in the 
rate of inactivation whether oxygen was y e s -  
ent or absent. The effect of 4-nitrotoluene 
sulphonic acid and of salicylic acid was studied 
by addition of 10 mg of the first compound 
or 20 mg of the second (adjusted to p H  7.4) 
for every 3 1?' of hypertensin. Since there 
was no change in the course of the inactiva- 
tion, this process is probably not due t o  
the action of  the I-amino-acid oxidase. as 
Zeller et QZ.; have reported inhibition of this 
enzyme by these 2 substances. 

There are further differences between the 
inactivation of hypertensin and the deamina- 
tion of amino acids by I-amino-acid osidase 
extract. The hypertensinase activity is not 
affected by absence of oxygen or presence of 
ammonium sulfate. The inactivation of hy- 
pertensin is at  a niasiniuni at  pH 7.5  and 

does not decrease sharply when the pH is 
decreased or increased. According to Blanch- 
ard et QZ. the rate of oxygen uptake and am- 
monia production from amino acids has a 
pH maximum about 10. Above and below 
this p H  the velocity of oxidation declines 
sharply, being negligible at p H  7. 

Conclusion. The hypertensinase activity 
shown in the same preparation of Z-amino- 
acid oxidase used by Blanchard et d. may be 
attributed to another enzyme, associated as 
an impurity. The results obtained with the 
venom of Bothrops neuwidii support our pre- 
vious view that the hypertensinase activity 
of this venom is due to the presence of a 
proteolytic agent, and do not support the 
hypothesis that the Z-amino-acid oxidase par- 
ticipates in the inactivation of hypertensin 
by the same venom. 

I :in1 indebted t o  Dr. D. %. Grecn for  his gen- 
o r o w  supply of I-:imino-:tcid osirlnsc and to  Prof. 
0. L<ra;vc.r for  his kindness in putting the facilities 
of  Iiis d ~ ~ p : i r t i ~ i r n t  a t  my disposal. 
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Effect of Steroid Sex Hormones on Distribution of Alkaline Phosphatase 
in Uterus of Mouse."t 
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The distribution of alkaline phosphatase in 
the uterus during the reproductive cycle and 
pregnancy has been described in several spe- 
cies'-" following the development by Gomori'. 
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of methods for demonstrating the presence of 
this enzyme in tissue sections. I t  is generally 
agreed that alkaline phosphatase may be found 
in any of the component tissues of the 
endometrium, the exact distribution varying 
with the physiological state and the species 
studied. Although the specific function of 
phosphatase in the physiology of reproduction 
is not clear, there is reason to believe that 
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