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Angiotensin I converting enzyme activity was measured in homogenates of guinea pig
and chicken organs (lung, kidney, heart, ileum, diaphragm and liver), using a spectrophoto
metric assay for hydrolysis of hippuril-L-histidyl-L-leucine. High specific activities were
found in lung, kidney and diaphragm, but the highest corresponded to guinea pig lung and
chicken kidney. Acute hypoxia decreased angiotensin I converting enzyme activity in guinea
pig lung and chicken diaphragm, but the changes in kidney were considered non-significant
in both the guinea pig and chicken.
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Angiotensin. I coverting enzyme (EC
3.4.15.1) is a peptidyl dipeptide hy
drolase found in several mammalian tis
sues. This enzyme hydrolytically re
leases the dipeptide, His-Leu, from the
carboxyl terminus of the decapeptide
angiotensin I. The resulting octapeptide,
angiotensin II, is a potent vasopressor.
The enzyme also inactivates bradykinin,
a vasodepressor.

The distribution of the angiotensin I
converting enzyme activity in various
tissues of the rat was studied by HUG
GINS and Thampi (4) and Cushman and

CHEUNG (1). The latter authors reported
the highest enzyme activity in epi
didymis and fairly high concentrations
in testis and lung. Converting enzyme
activity was measured in other tissues
like hypothalamus, aorta, choroid
plexus, neurohypophysis, adenohypo
physis, kidney, heart, plasma, cere
brospinal fluid, medulla oblongata (3,

Converting enzyme activity of the
systemic vascular bed in anesthetized
dogs was inhibited by acute hypoxia
(12). Hypoxia also inhibits angiotensin I 
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converting enzyme activity in cultured
endothelial cells (13), but mice exposed
to chronic alveolar' hypoxia showed ele
vations of serum and lung angiotensin I
converting enzyme activity during tire
second week of exposure (7).

As nothing is known about the dis
tribution and the effect of hypoxia on
that enzyme activity in birds, this study
reports the activity in tissues of chicken
and guinea pig and the changes of activ
ity in lung, kidney and diaphragm after
acute hypoxia.

Materials and Methods

Ten guinea pigs weighing 250-300 g
and ten chickens with a weight of 1.5-
2.0 kg were used in hypoxia experi
ments. The same number of animals
were taken as controls. The birds and
the guinea pigs were housed and kept in
cages under natural conditions with
standard dry food and water ad libitum.
The experimental animals were placed
in a low pressure chamber constructed
by us and exposed to a simulated
altitude of 4,000 m (462 Torr) for 48
hours.

Organs were removed immediately
after being killed and rinsed gently
with chilled saline solution. They
were chopped into small pieces and
homogenized in 5 vol. of 100 mM potas
sium phosphate buffer, 300 mM NaCl,
pH 8.3, using a Potter-Elvehjem type
homogenizer. The extract was centri

fuged at 3,COO g for 40 min Protein con
centration of supernatant fluid con
verting enzyme in homogenates was mea
sured using the spectrophotometric
procedure of Cushman and Cheung
(2) modified for us as follows: hippuryl-
L-histidyl-L-leucine was 0.5 mM instead
of 5 mM; tire assay mixture was incu
bated at 37° C for 60 min instead of 30
min, and the reaction was stopped by
adding 0.25 ml of IN HC1. The Iiippuric
acid was extracted with 1.5 ml of ethyl
acetate. The concentration of Iiippuric
acid was determined by measuring the
absorbance at 228 nm against a zero
time blank prepared by adding 0.25 ml
of IN HCi to die assay mixture before
the reaction.

Hippuryl-L-histidyl-L-leucine was pur
chased from Sigma and other chemi
cals used in the experiments were of
reagent grade. Activities of angiotensin
I converting enzyme are calculated as
specific activities, (yxM Iiippuric acid re
leased from hippuryl-L-histidyl-L-leu-
cine per minute and mg of protein at
37° C). The significance of data was de
termined according to the Student’s t
test and the difference of P < 0.05 were
considered significant and P < 0.01
highly significant.

Results

Comparative activities of angiotensin
I converting enzyme in guinea pig and
chicken tissues are shown in figure 1.
The percentages are calculated with ref-
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Fig 1 Distribution of the angiotensin I converting enzyme activity in lung, kidney, heart, ileum,
diaphragm and liver of the guinea pig (A) and chicken (B)



CONVERTING ENZYME IN GUINEA PIG AND CHICKEN 373

Table I. Activities of angiotensin converting enzyme in lung, kidney and diaphragm of guinea pig and
chicken of controls and hypoxic animals.

Values are expressed as specific activities’ (Mean ± S.E.) • 103. Number cf experiments arc shown in
parentheses.

Lung Kidney Diaphragm

Guinea pig Chicken Guinea pig Chicken Guinea pig Chicken

Control 301 ± 72 253 ± 47 100 ± 37 293 ± 36”* 66 ± 42 828 ±399”*
(9) (10) (8) (10) (3) (7)

Hypoxia” 241 ± 43 248 ± 51 117 ± 43 268 ±67”* 45 ± 23 404 ± 218*”
(10) (11) (10) (11) (7) (11)

■ pM hippunc acid/min mg protein " Po, = 462 Torr. ‘ ‘' P < 0.001

erence to the total activity which is the
total amount of the activities of the six
organs. The activity in the lung of the
guinea pig was 53 %, whereas that in
the lung of the chicken was only 18 %.
The highest activity in chicken was
found in the kidney (27 %). The activity
was lowest in the liver of both the
guinea pig and the cliicken.

Table I shows the converting enzyme
activity in the lung, kidney and
diaphragm in control and hypoxia condi
tions. The difference in activity for the
same organ among the different species
was highly significant in the kidney and
diaphragm, but in the lung the differ
ence was not significant. With regard to
the changes due to hypoxia, it can be
seen from the table I that a fall of activ
ity was significative in the guinea pig
lung (I* < 0.05) and the chicken dia
phragm (P < 0.05).

Discussion
The high concentrations of angio

tensin I converting enzyme found in the
lung of guinea pig are consistent with
the findings of CUSHMAN and CHEUNG
(1) but differ from those of HUGGINS
and THAMPI (4), who found much lower
activities in general and only small dif
ferences in the activities of the lung.
liver, diaphragm and heart. The prelimi

nary acidification and (NH,?lSO4
fractionation employed by the latter au
thors could have resulted in a low yield
of the enzyme.

Although the enzyme activity in the
kidney of the guinea pig is low, this
finding does not rule out, in this
organism, an intra-renal role for
angiotensin I converting enzyme; this
low' activity may be quite significant if
the enzyme is located in site such as the
afferent arteriole. Various authors (8)
have demonstrated significant conver
sion of angiotensin I to angiotensin If in
the renal vascular beds of dogs.

Angiotensin I converting enzyme
activity in chicken kidney and dia
phragm was higher than in the same
organs of the guinea pig.

Both guinea pig lung and the chick
en diaphragm decrease significatively
(P < 0.05) converting enzyme activity
by hypoxia. This experiment has con
firmed that another enzymatic com
ponent of the renin-angiotensin-
aldosterone system (angiotensin I con
verting enzyme) could also be influ
enced by hypoxia in both guinea pig and
chicken.

MOLTEN I el ul. (7) in mice at short
time hypoxia (2 days) found that
angiotensin I converting enzyme de
creased in serum and lung, but that mice
exposed to chronic alveolar hypoxia 
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showed a rise of converting enzyme
activity during the second week of ex
posure. ZAKHEIM et al. (15), demon
strated a rapid decline in arterial levels
of angiotensin II after the onset of
hypoxia in rabbits, which is caused by
the inhibition of converting enzyme by
hypoxia.

Studies of converting enzyme activity
in cultures endothelial cells (13) show
the same effect of hypoxia on enzyme
activity as seen in these chicken and
guinea pig experiments.

Resumen

Se mide en distintos organos de cobaya y de
polio la actividad del enzima de conversion de
angiotensina I por un metodo espectrofotometrico
que hidroliza el tripeptido hipuril-L-histidil-L-leu-
cina. Se encuentran actividades especificas altas
en pulmon, rihon y diafragma, pero las mayores
actividades corresponden al pulmon en cobayas y
al rihon en polios. La hipoxia aguda hace decrecer
la actividad del enzima de conversion en pulmon
de cobaya y en diafragma de polio; pero los cam
bios en rinon no son significativos ni en cobaya ni
en polio.
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