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Increased Activity of Lysosomal Enzymes in Experimental 
Atherosclerosis, and the Effect of Cortisone* (33766) 
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BENJAMIN I;. MILLER 

Harrison Depart ntent of Surgical Research, University o f Pennsylvania School of Medicine, 
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The activity of beta-glucuronidase is in- 
creased in atherosclerotic human arteries 
( 1-3 ) . Noting that beta-glucuronidase is a 
key marker enzyme in evaluating lysosomal 
enzyme activity, we decided to investigate 
other lysosomal enzymes in human atheros- 
clerotic vessels. I t  was found that in addition 
to beta-glucuronidase, the lysosomal enzy- 
mes, acid phosphatase, cathepsin and aryl 
sulfatase showed increased activity in human 
atherosclerotic aortas (4). The present report 
describes the activities of these four enzy- 
mes in the aortas of rabbits in which atheros- 
clerosis has been induced by adding choles- 
terol to the diet. 

The effect of cortisone added to the diet 
has been observed. Cortisone tends to in- 
crease the level of serum cholesterol in the 
cholesterol-fed animals; nevertheless, this 
compound greatly decreases the intensity of 
atherosclerosis (5 ,  6 ) .  I t  is of interest that 
cortisone exerts a strong effect on lysosomal 
membranes (7). We have therefore investi- 
gated the effect of cortisone on the activity of 
the lysosomal enzymes in the cholesterol-fed 
rabbits. 

Materials and Methods. Male, white New 
Zealand rabbits, weighing 2.0 to 2.5 kg were 
fed the diets ad libitum for a period of 100 
days. The control group of 5 rabbits received 
standard rabbit chow. Another 10 animals 
were fed the same chow to which was added 
1 c/r cholesterol acetate. Of these, five survived 
the 100-day. period. A third group of 8 rab- 
bits received the cholesterol-containing diet 
to which was added cortisone acetate to give 
a concentration of 0.005%]. Of the third 
group, 5 rabbits were alive a t  the end of the 
experiment. The animals were sacrificed in- 
stantly by mechanical means a t  100 days. 

*Aided by a grant from The William H. Donner 
Foundation. 

The aortas were dissected out and scored 
grossly with a hand lens for atherosclerotic 
involvenient by two observers working inde- 
pendently. The arch, the thoracic and ab- 
dominal portions of the aorta were graded 
separately on a scale of 1 to 4, and the total 
score was recorded: 1+ represents fatty 
streaks and small plaques covering up to 
10% of the area; 2+ indicates 10-25%; 3+, 
25-50%; 4+ from 50% to total involvement. 

Representative samples of each portion of 
the aorta were taken for histologic examina- 
tion, and the remainder were employed for 
the enzyme assays. The histological examina- 
tions were performed by Dr. M. A. Farooki, 
Professor of Pathology, Khyber Medical Col- 
lege, Peshawar University, who a t  the time of 
these experiments was Visiting Pathologist 
at  the Philadelphia General Hospital. 

For the determination of enzyme activities, 
the aortas were carefully stripped of adven- 
titia. The intima-media residuals were then 
homogenized by hand in a cold 0.25 M 
sucrose solution with a glass tissue grinder. 
The homogenate was centrifuged a t  2520g 
for 10 min to remove debris. The supernatant 
was employed for the estimation of the en- 
zyme activities. The enzymic tests were all 
carried out a t  37". Activities are expressed in 
units//gram of tissue; 1 unit refers to the 
decomposition of 1 pg or 1 pmole of sub- 
strate/hr under the conditions of assay. For 
beta-glucuronidase and aryl sulfatase the re- 
sults are in micrograms, and for acid phos- 
phatase and cathepsin in micromoles. 

Beta-glucuronidase activity was deter- 
mined by the method of Fishman et al. (8) 
as modified by Plaice (9).  Incubation was 
carried out for 6 hr in 0.2 M acetate buffer, 
pH 4.5, containing phenolphthalein glucuron- 
ide to give final concentration of 0.006 M. 
For cathepsin the incubation medium con- 
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tained in a total volume of 1 ml, 0.00026 M 
denatured hemoglobin and 0.17 M acetate 
buffer (pH 3.6) in addition to the enzyme 
preparation. The reaction was stopped by 2 
vol of 5% TCA. The mixture was filtered in 
the cold. The product of reaction was mea- 
sured on the filtrate by the method of Lowry 
et a2 (10). The modified method of Valentine 
and Beck ( 11) was used for the determina- 
tion of acid phosphatase activity. Assay mix- 
ture contained 1.8 ml, 0.052 M Na- 
p-glycerophosphate in 0.05 M acetate buffer 
(pH 5.0) and the enzyme preparation. The 
liberated inorganic phosphate was determined 
by the method of Chen et al. (12). Aryl 
sulfatase B activity was determined by the 
method of Roy (13); 0.06 M nitrocatechol 
sulfate was used as the substrate in a volume 
of 1 ml containing 0.05 M acetate buffer (pH 
5.0). The end product was determined by 
alkaline quinol reagent. In the present 
studies the addition of phosphotungstic acid 
was omitted. The enzyme activities are re- 
ported on the basis of wet weight of the 
aortas. I t  has been our experience and that of 
other laboratories that nothing is gained by 
referring the activities to a DNA basis. 
Serum cholesterol was determined on blood 
drawn from the rabbits the day before they 
were sacrificed at the end of the experimental 
periods. The method of Zlatkis et al. (14) 
was employed. All the animals gained weight 
satisfactorily during the 100-day period of 
the experiment. 

Results. In  the animals on the 1% choles- 
terol diet there was very significant gross 
atherosclerosis in the aortas of each rabbit. 
Dr. Farooki’s histologic examinations con- 
firmed the gross diagnosis of typical choles- 
terol-induced atherosclerotic lesions. Also, in 
no instance did he observe infiltration of 
leukocytes; this is important because leuko- 
cytes contain relatively high concentrations 
of Iysosomd enzymes. 

In each instance where gross atherosclero- 
sis was found, there was observed a distinct 
elevation of the level of the four lysosomal 
hydrolases. When one averages these small 
numbers, the increase in beta-glucuronidase 
approximates fifteenfold; the cathepsin and 

aryl sulfatase roughly five to six times; and 
the acid phosphatase about a five-fold in- 
crease. 

As shown in Table I the increases in beta- 
glucuronidase activity appear to follow the 
severity of the lesions. There is a suggestion 
of this relationship with the aryl sulfatase, 
but not with cathepsin or acid phosphatase. 

When cortisone was added to the 1% 
cholesterol diet there was a marked inhibition 
of the atherosclerosis. Our results agree with 
those observed by others (5, 6). As shown in 
Table I, the activities of each of the four 
lysosomal enzymes remained at  the same 
levels as observed for those for the control 
rabbits. 

Discussion. The marked increase in activi- 
ty of the four enzymes in the animals given 
1 %  cholesterol-containing diet suggest a ly- 
sosomal effect in the affected aortas. Even 
though the numbers of animals that survived 
the 100-day period were small, all the values 
for the four enzymes stand clearly higher 
than any for the control group. There is no 
overlapping of enzyme activities between the 
experimental and control groups. The p val- 
ues are all < .001. 

Usually a concomitant increase of activity 
of the two marker enzymes, beta- 
glucuronidase and acid phosphatase, is taken 
as presumptive evidence of increased activity 
of lysosomes in a tissue (7) .  Here, in addi- 
tion to these two enzymes, we found in- 
creased activities of cathepsin and aryl sulfa- 
tase. 

The inhibition of the experimental atheros- 
clerosis by cortisone is in agreement with the 
results of others (5, 6). The cortisone effect 
is extremely interesting because this com- 
pound tends to increase the serum cholesterol 
levels over that produced by feeding 1% 
cholesterol alone. Thus the atherogenic stress 
is augmented. 

Our results show that the animals fed the 
cholesterol diet with added cortisone did not 
have increased activities of any of the ly- 
sosomal enzymes. This would indicate that 
the marked increases of activities of these 
enzymes in the group fed only the 1% 
cholesterol did not occur as a response to the 



T
A

B
L

E
 I
. 

A
ct

iv
iti

es
 o

f 
Ly

so
so

m
al

 E
nz

ym
es

 i
n 

R
ab

bi
t 

A
or

ta
 w

ith
 a

nd
 w

ith
ou

t 
A

th
er

os
cl

er
os

is
. 

G
ro

ss
 

Se
ru

m
 

B
 et

a-
gl

uc
u-

 
at

he
ro

sc
le

- 
ch

ol
es

te
ro

l 
ro

ni
da

se
 

A
ci

d 
ph

os
ph

at
as

e 
C

at
he

ps
in

 
A

ry
ls

ul
f a

ta
se

 
D

ie
ta

ry
 s

up
pl

em
en

t 
ro

tic
 sc

or
e 

(m
g/

10
0 

m
l)

 
(u

ni
ts

/g
 t

is
su

e)
 * 

(u
ni

ts
/g

 t
is

su
e)

 
(u

ni
ts

/g
 t

is
su

e)
 

(u
ni

ts
/g

 t
is

su
e)

 

I 
C

on
tro

ls
 

I1
 

C
ho

le
st

er
ol

 (
1%
) 

I1
1 

C
ho

le
st

er
ol

 (
1%
) 

+ 
co

rt
is

on
e 

0 0 0 0 

(0
.0
05
%)
 

0 

10
4 80
 

13
4 79
 

65
 

92
 2

 2
7.
2"
& 

20
00
 

39
35
 

31
50
 

17
70
 

16
00
 

24
91
 2
 1
00
9 

24
30
 

24
00
 

67
65
 

57
20
 

43
29
 2

 2
25
1 

92
 

11
3 83
 

41
 

86
 

83
 -t

- 
26
 

22
20
 

12
20
 

75
4 

56
4 

13
34
 

12
18
 2

 6
44
 

13
5 68
 

13
1 85
 

14
8 

11
3 
2
 3
5 

25
 

61
 

38
 

22
 

30
 

35
 &

 1
6 

18
2 

15
5 

16
8 

20
8 

18
2 

17
9 
2
 2
0 

40
 

19
 

29
 

32
 

34
 

31
 2

 7.
7 

17
 

14
 

19
 

20
 

15
 

17
 2

 2.
5 

10
3 

16
4 

12
8 83
 

95
 

11
5 

-c
 3
2 

11
 

10
 

15
 

11
 

21
 

14
 2

 4
.6
 

29
5 

50
5 

36
0 

36
9 

32
8 

37
1 
2
 8
0 

27
60
 

20
60
 

10
20
 

76
0 

36
10
 

20
42
 =

I: 
11
90
 

27
0 

39
5 

47
0 

48
2 

39
0 

40
1 
2
 8
5 

M 5 m
 E 

a 
M

ea
n 
k
 S

D
. 

Fo
r 

p-
gl

uc
ur

on
id

as
e 

an
d 

ar
yl

su
lf

at
as

e 
th

e 
un

it
s 

ar
e 

in
 m

ic
ro

gr
am

s 
pe

r 
ho

ur
. 

Fo
r 

ac
id

 p
ho

sp
ha

ta
se

 a
nd

 c
at

he
ps

in
 t

he
 u

ni
ts

 a
re

 in
 m

ic
ro

m
ol

es
 p

er
 h

ou
r. 

T
he

 m
ea

n 
va

lu
es

 f
or

 th
e 

fo
ur

 ly
so

so
m

al
 e

nz
ym

es
 in

 g
ro

up
s 
I 

an
d 

I1
 d

if
fe

r 
si

gn
if

ic
an

tly
 (

p
 <0
.0
01
).
 

T
he

 m
ea

n 
va

lu
es

 f
or

 th
es

e 
en

zy
m

es
 i

n 
gr

ou
ps

 I
 

an
d 

I1
1 

do
 n

ot
 s

ho
w

 s
ig

ni
fi

ca
nt

 d
iff

er
en

ce
s.

 



1256 LYSOSOMAL ENZYMES IN ATHEROSCLEROSIS 

elevated serum cholesterol per se. Rather, it 
suggests that the atherosclerotic process in 
the aorta is the stimulus for the increase in 
lysosomal activity . 

It is not possible to discern from these 
experiments the relationship between in- 
creased enzyme activities and the appearance 
of the atherosclerotic lesions. A time se- 
quence study of this relationship will be 
necessary, and might hopefully lead to an 
enzymatic assay method for the presence of 
atherosclerotic changes in the aortas of rab- 
bits before anatomical changes become evi- 
dent. 

Summary. Four hydrolytic enzymes pres- 
ent in lysosomes, beta-glucuronidase, acid 
phosphatase, cathepsin, and aryl sulfatase 
were studied in the aortas of rabbits with 
cholesterol-induced atherosclerosis. Each of 
the enzymes showed a marked increase in 
activity. I t  was found in agreement with oth- 
ers that addition of cortisone to the athero- 
genic diet inhibits the atherosclerosis despite 
very high levels of serum cholesterol. In the 
aortas of the cortisone-treated rabbits, the 
four lysosomal enzymes showed no increases 
in activity. 

We thank Dr. Johannes Ipsen, Professor of Medi- 

cal Statistics, for arranging ,the statistical presenta- 
tion in Table I. 
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