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Hydrolase Activities Increase in the Rat Aorta with Growth and Aging 
but Not in Liver and Kidney' (42401) 
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Abstract. We examined specific activities (based on DNA) of six glycosidases and cathepsin C 
in aorta, kidney, and liver from male rats of 2, 6, 10, and 14 months of age. The premise was 
that assessing cellular catabolism of arterial and nonvascular tissues over age might more fully 
clarify the impact of age (and growth) alone upon vascular wall metabolism. All aortic glycosidases 
increased significantly (P < 0.05) over the holding period as follows: neutral a-glucosidase, up 
93%; 0-galactosidase, up 102%; N-acetyl-P-glucosaminidase, up 1 19%; a-mannosidase, up 77%; 
P-glucuronidase, up 65%; acid a-glucosidase, up 95%. Cathepsin C specific activity was unchanged 
as was aortic DNA content; total protein content increased 136%. In the kidney, all glycosidase 
specific activities declined over age with decreases ranging 39-55%; cathepsin C was unchanged. 
In the liver, neutral a-glucosidase increased 12%, acid a-glucosidase was unchanged, and the four 
remaining glycosidases decreased an average of 5-35% by 14 months of age. Liver cathepsin C 
decreased 44% over this period. Thus, enhancement of hydrolase baseline activities prevails during 
growth and aging in rat aortic tissue whereas hydrolases of kidney and liver tissues generally 
decline. 0 1986 Society for Experimental Biology and Medicine. 

In 1974, de Duve (1) proposed a model for 
transformation of aortic smooth muscle to 
foamy cells, attributing a central role to a 
functional deficiency of lysosomal cholesterol 
esterase. Subsequently, a variety of studies 
were undertaken to assess lysosomal responses 
to various manipulable atherogenic risk factors 
in several animal models. For example, dia- 
betic rats demonstrated depressed aortic hy- 
drolase activities which insulin treatment re- 
stored to nearly normal (2). Two-kidney 
Goldblatt hypertensive rats showed marked 
elevations of aortic hydrolases which reverted 
to control levels or less with removal of the 
renal artery clip (3). When rats were regularly 
swum, significant elevations of aortic hydro- 
lases resulted, compared to sedentary controls 
(4). Thyroidectomized rats had depressed aor- 
tic hydrolase activities which were restored to 
control levels or higher by T3 treatment (5) .  
Finally, dietary hypercholesterolemia in rab- 
bits (6) and monkeys (7, 8) induced lipid ac- 
cumulations and biochemical alterations in 
aortic smooth muscle cell lysosomes. 

Among the preceding manipulated risk 
factors, diabetes, hypertension, and hyper- 
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cholesterolemia are noted as age-related risk 
factors in humans (9). That is, the risk of vessel 
disease is greater with increasing age in indi- 
viduals with diabetes, hypertension, or hyper- 
cholesterolemia. In contrast to many risk fac- 
tors, age cannot be manipulated, yet epide- 
miological studies have identified age as a risk 
factor for vessel disease (9). Ultimately, the 
impact of the risk factor upon cellular metab- 
olism of the blood vessel wall must be assessed 
(4). Thus, we examined the underlying influ- 
ence of animal age, a nonmanipulable risk 
factor, on aortic hydrolase activities in rats. A 
preliminary report of this work has been pre- 
sented (10). 

Materials and Methods. Four groups of 15 
male Sprague-Dawley rats (Hilltop Lab Ani- 
mals, Inc.), 5-6 weeks old at the outset (weight, 
150-200 g), were housed on campus and 
maintained to the ages of 2, 6, 10, and 14 
months. Chow (500 1, Ralston Purina Co.) and 
water were provided ad libitum. The rats were 
exsanguinated under light ether anesthesia, the 
aortic segment between the left subclavian and 
celiac arteries was removed, and intima-media 
strips were prepared over ice by the peeling 
technique of Wolinsky and Daly (1 1). Each 
aortic datum represents aortic strips from two 
or three rats pooled in 3.0 or 4.5 ml, respec- 
tively, of an ice-cold 0.25 A4 sucrose solution 
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containing 1 .O mM EDTA. Similarly, the right 
kidney and anterior lobule of the right lobe of 
the liver were removed for comparisons to 
aortic tissue. Each of these organs was ho- 
mogenized in 10 ml of sucrose-EDTA solu- 
tion. All tissues were homogenized with a mo- 
tor-driven Teflon pestle in a Potter tissue ho- 
mogenizer at 4°C. DNA analyses were done 
on fresh 1.5-ml aliquots from each homoge- 
nate; remaining homogenates were frozen at 
-70°C for later enzyme and protein assays. 

Enzyme assays.2 Glycosidases and cathep- 
sin C were assayed fluorometrically as de- 
scribed by Wolinsky et al. (2) with the follow- 
ing incubation conditions: 

Neutral a-glucosidase: 1 mM 4-methylum- 
belliferyl-a-D-glycopyranoside, 50 mM Na 
phosphate buffer, pH 6.9, and 0.1% Triton 
x- 100. 

N-Acetyl-0-glucosaminidase: 0.25 mM 4- 
methylumbelliferyl-2-acetamido-deoxy-~-~- 
glucopyranoside, 50 mMNa citrate buffer, pH 
4.4, and 0.1% Triton X-100. 

0-Galactosidase: 0.25 mM 4-methylumbel- 
liferyl-0-D-galactopyranoside, 50 mM Na ci- 
trate buffer, pH 3.6, 5 mM MgC12, and 0.1% 
Triton X- 100. 

a-Mannosidase: 1 mM 4-methylumbelli- 
feryl-a-D-mannopyranoside, 50 mM Na ace- 
tate buffer, pH 4.6, and 0.1% Triton X-100. 

Acid a-glucosidase: 1 mM 4-methylumbel- 
liferyl-a-D-glucopyranoside, 50 mM Na ace- 
tate buffer, pH 4.8, and 0.1% Triton X-100. 

0-Glucuronidase: 0.25 mM 4-methylum- 
belliferyl-0-D-glucuronide trihydrate, 50 mM 
Na acetate buffer, pH 4.8, and 0.1% Triton 
x- 100. 

Cathepsin C: 0.5 mM glycyl-L-phenylalanyl- 
0-naphthylamide, 50 mM Na acetate buffer, 
pH 4.2, 40 mM NaCl, 5 mM dithiothreitol, 
and 0.1 % Triton X- 100. 

Incubation mixtures consisted of 0.1 ml of 
appropriately diluted homogenate to which 0.1 
ml of substrate mixture was added. After in- 
cubating at 37°C for 20-60 min, the reactions 
were stopped and fluorescence of free 4-meth- 
ylumbelliferone or 0-naphthylamine was de- 
veloped by adding 2 ml of stopping solution 

* Trivial names for enzymes are used throughout. No- 
menclature recommended by the International Union of 
Biochemistry may be found elsewhere (12). 

(50 mM glycine with 5 mM tetrasodium 
EDTA, adjusted to pH 10.4 with NaOH). Un- 
der the incubation conditions used, enzyme 
activities were linear as a function of time and 
protein or DNA concentration. Enzyme ac- 
tivities are expressed as milliunits of activity, 
with 1 mU defined as 1 nmole of substrate 
hydrolyzed per minute at 37°C. 

Analytical procedures. DNA was measured 
by the method of Burton (1 3) using 2-deoxy- 
D-ribose and calf thymus DNA as standards. 
Tissue protein was determined by the Bio-Rad 
protein assay (Richmond, Calif.) with bovine 
serum albumin as the standard (14). 

Materials. All chemicals were of analytical 
grade. The 4-methylumbelliferyl glycoside 
substrates were purchased from Koch Light 
Laboratories, Ltd., through Research Products 
International Corp. (Mount Prospect, Ill.). 
Glycyl-L-phenylalanyl-0-naphthylamide, flu- 
orescent substrate standards (4-methylumbel- 
liferone and 0-naphthylamine), EDTA, Triton 
X- 100, and dithiothreitol were purchased from 
Sigma Chemical Company. Other reagents 
were purchased from Fisher Scientific Com- 
pany. 

Statistical analyses. One-way analysis of 
variance and determination of confidence in- 
tervals between group means were performed 
for the animal body weights, DNA, and total 
protein contents and enzyme data of each or- 
gan with age as the single variable. Subse- 
quently, multiple regression analysis was used 
to test if aortic enzyme activities were pre- 
dictable from animal age and liver and kidney 
enzyme activities. When this three-variable 
model was significant, we next performed a 
partial F test to determine if liver and kidney 
enzyme activities contributed significantly in 
the three-variable analysis. In all statistical 
tests, a confidence level of 95% or higher (P 
< 0.05 or less) was deemed significant (1 5) .  

Results. Characteristics of the animal 
groups. Table I summarizes the final body 
weights, DNA, and total protein contents of 
the pooled aortic specimens, liver samples, and 
right kidneys. The period of rapid growth be- 
tween 2 and 6 months was reflected by a sig- 
nificant increase of mean body weight which 
essentially leveled off thereafter. Because of 
premature deaths of two rats in the 10-month 
group and one in the 14-month group, three 
aortic preparations contained two aortas rather 
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TABLE I. CHARACTERISTICS OF RATS 

Group age in months" 

2 (15) 6 (15) 10 (13) 14 (14) 

Final body weight (8) 376 f 44 593 f 50' 569 k 43 ' 600 f 54 ' 
Pooled aortic DNA (pg) 145 f 13 163f  13 157 f 14 160 f 8 
Kidney DNA (mg) 2.17 f 0 . 1 5  2.83 f 0.23 3.68 k 0.39'7" 3.97 f 0.58b-d 
Liver lobule DNA (mg) 1.78f0.18 2.05 f 0.55 2.73 f 0.41 'J 2.54 f 0.73',' 
Pooled aortic protein (mg) 1.85 f 0.60 3.86 f 0.6 1 ' 2.37 k 1.61 4.36 f 0.75 b,d 

Kidney protein (mg) 159.5 f 44.6 163.5 2 26.1 174.1 f 11.1 184.4 f 13.7' 
Liver lobule protein (mg) 225.3 f 38.4 276.6 k 45.2 ' 24 1.4 f 44.1 253.1 _t 44.1 

Note. The right kidney and anterior lobule of the right lobe of the liver were used. 
" Results are expressed as means f SD. Numbers in parentheses = number of rats. ' P < 0.05 compared to 2-month group. 
" P < 0.05 compared to 6-month group. 

P < 0.05 compared to 10-month group. 

than the usual pool of three aortas. Hence, 
DNA contents of the "two aorta" pooled Sam- 
ples were normalized prior to determining the 
group means. Insignificant differences of DNA 
content between the pooled, anatomically de- 
fined aortic specimens were found over the 
age groups. The liver and kidney DNA con- 
tents increased significantly by 10 months of 
age and again in the kidney at 14 months (al- 
though this increase was barely significant at 
P = 0.05). 

Mean protein contents of pooled aortic 
specimens increased significantly from 2 to 6 
months and again from 10 to 14 months of 
age. The apparent decline seen between 6 and 
10 months, however, was not statistically sig- 
nificant. Mean protein contents of the kidney 
tissues demonstrated a progressive rise across 
the age groups with the increase by 14 months 

being significantly higher compared to the 2- 
month-old group. Liver samples reflected a 
significant increase of protein contents from 
2 to 6 months; protein contents at 10 and 14 
months were intermediate to and not signifi- 
cantly different from the 2- and 6-month lev- 
els. Thus, protein contents of aortic and kidney 
tissues significantly increased from the young- 
est to the oldest ages examined. Aortic and 
liver protein contents significantly increased 
during the period of most rapid weight gain 
(2 to 6 months), after which liver protein levels 
fell slightly for the remainder of the holding 
period. 

Biochemical jindings. Mean hydrolase spe- 
cific activities, expressed as milliunits of en- 
zyme activity per milligram of DNA, for the 
aortic specimens are summarized in Table 11. 
Every glycosidase significantly increased be- 

TABLE 11. AORTIC HYDROLASE SPECIFIC ACTIVITIES PER UNIT DNA IN RATS DURING GROWTH AND AGING 

Group age in months" 

Neutral a-glucosidase 18.7 f 4.9 29.2 f 3.5 ' 26.0 f 7.0' 36.0 f 3.0b-d 
24.8 f 1.2 '-d 8-Galactosidase 12.3 k 2.3 16.9 f 1.3' 15.0 f 2.6' 

N- Acetyl-P-glucosaminidase 64.6 f 22.0 100.4 f 12.6' 84.6f21.8' 141.3 f 13.96-d 
a-Mannosidase 9.7 f 3.6 13.1 f 1.2' 10.7 f 2.7 17.2 f 1.9'-d 
P-Glucuronidase 10.5 k 3.0 13.6 f 1.3' 12.5 f 2.7 17.3 _t2.26-d 
Acid a-glucosidase 1.70 k 0.37 2.96 f 0.38 ' 
Cathepsin C 20.6 f 7.0 23.7 f 5.6 21.3 f 3.6 

2.66 4 0.32' 3.32 _t 0.1 1 b-d 

21.6 k2.1 

Results are expressed in milliunits of enzyme activity/mg DNA, means f SD. 1 mU of activity is defined as 1 
nmole of substrate hydrolyzed per minute at 37°C. Number in parentheses = number of pooled aortic specimens. ' P < 0.05 compared to 2-month group. 

P < 0.05 compared to 6-month group. 
P < 0.05 compared to 10-month group. 
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tween 2 and 6 months of age with increases 
ranging from 30% for P-glucuronidase to 74% 
for acid a-glucosidase. Further significant in- 
creases through 14 months of age were mea- 
sured for each glycosidase as compared to 6 
months of age and ranged from 12% for acid 
a-glucosidase to 47% for P-galactosidase. In 
marked contrast to the glycosidases, specific 
activities of the protease cathepsin C did not 
change in aortic specimens over the ages ex- 
amined. 

Table I11 lists aortic hydrolase mean specific 
activities expressed per milligram of protein. 
As aortic protein content increased or de- 
creased between age groups (Table I), recip- 
rocal changes were found for all hydrolases. 
For example, as protein content increased 
from 2 to 6 months of age, mean specific ac- 
tivities for all hydrolases decreased, four sig- 
nificantly. As protein content declined be- 
tween 6 and 10 months of age, all enzyme 
specific activities increased, six significantly. 
Finally, as protein content increased to its 
highest level between 10 to 14 months of age, 
all hydrolase mean specific activities decreased 
again, four significantly. Thus, when aortic 
hydrolase specific activities were expressed per 
unit of protein, the data were inversely asso- 
ciated to changes of aortic protein content. 

Mean hydrolase specific activities of the 
right kidney are summarized in Table IV. 
From 2 to 6 months no changes were noted 
except a significant decrease for N-acetyl-P- 
glucosaminidase. However, by 10 months ev- 
ery mean glycosidase specific activity had de- 

clined significantly and further decreases were 
evident to 14 months of age. Overall, decreases 
from 2 to 14 months ranged from 39% for P- 
glucuronidase to 55% for a-mannosidase. Ca- 
thepsin C showed no significant changes be- 
tween nor over all age groups for the kidney. 

Table V lists the mean hydrolase specific 
activities measured from liver specimens. The 
results were less consistent over the age groups 
than data for aortic and kidney tissues. In gen- 
eral, significant declines were found at 10 
months of age (exceptions are P-galactosidase 
and N-acetyl-0-glucosaminidase). From 10 to 
14 months significant increases were found for 
neutral a-glucosidase, P-glucuronidase, and 
acid a-glucosidase; the other hydrolase activ- 
ities were essentially unchanged from the 10- 
month levels. 

Prior to performing multiple regression 
analyses, the liver and kidney enzyme data for 
the rats were pooled, corresponding to the 
pooling of the aortic specimens. A model with 
three variables was tested in which aortic en- 
zyme activity was examined for dependence 
upon animal age and liver and kidney enzyme 
activities. In all multiple regression analyses, 
a significant F ratio was found for each gly- 
cosidase but not for the protease, cathepsin C. 
Subsequent examination of the t ratio for each 
variable (animal age and liver and kidney en- 
zyme activities) of a significant F test indicated 
that aortic enzyme activities correlated signif- 
icantly to age only. The one exception to this 
was the significant reciprocal correlation of 
increasing aortic P-glucuronidase activities to 

TABLE 111. AORTIC HYDROLASE SPECIFIC ACTIVITIES PER UNIT PROTEIN IN RATS DURING GROWTH AND AGING 

Group age in months" 

Neutral a-glucosidase 33.12 f 2.75 21.46 f 2.22 38.42 f 1.75' 30.19 f 7.37d 
P-Galactosidase 22.77 f 5.45 15.90 f0.90'  23.82 f 2.45" 20.84 k 4.65 
N-Acetyl-P-glucosaminidase 113.32 f 22.00 94.59 f 10.19 132.44 f 10.44' 1 18.00 f 24.39 
a-Mannosidase 16.50 f 3.64 12.38 f 1.04 15.89 f 1.32 14.32 f 2.37 
P-Glucuronidase 18.59 -t 2.25 12.87 f 1.01 ' 18.74 f 1.74' 14.36 f 2.54b,d 
Acid a-glucosidase 3.20 f 0.65 2.78 f 0.42 3.99 -t 0.64' 2.79 f 0.66d 
Cathepsin C 35.97 f 5.16 22.39 f 5.52 33.06 -t 10.42' 18.42 f 5.82b,d 

Results are expressed in microunits of enzyme activity/mg protein, means f SD. I pU of activity is defined as 1 
pmole of substrate hydrolyzed per minute at 37°C. Number in parentheses = number of pooled aortic specimens. ' P < 0.05 compared to 2-month group. 
' P < 0.05 compared to 6-month group. 

P < 0.05 compared to 10-month group. 
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TABLE Iv. n D N E Y  HYDROLASE ACTIVITIES IN RATS DURING GROWTH AND AGING 

Group age in months" 

Enzyme 2 (15) 6 (15) 10 (13) 14 (14) 

Neutral a-glucosidase 258 k 53 260 k 47 164 + 38 ',' 148 k 48 ',' 
P-Galactosidase 411 f 6 2  406 k 94 221 k 39'3" 189 k 40'j" 
N- Acet yl-(3-glucosaminidase 996 k 158 905 k 185' 508 f 83 ',' 487k Il lb3'  
a-Mannosidase 227 k 41 221 k 4 7  I13 k 22'9" 102 -t 19''' 
P-Glucuronidase 125 k 25 135 k 29 79 f 11 ',' 76 k 18''" 
Acid a-glucosidase 136 k 33 125 -t 23 75 k 17'9' 64 +. 24 ',' 
Cathepsin C 608 k 134 690-t 171 689 k 11 1 592 -t 82 

Note. The right kidney was used. 
" Results are expressed in milliunits of enzyme activity/mg DNA, means k SD. 1 mU of activity is defined as 1 

' P < 0.05 compared to 2-month group. 
' P < 0.05 compared to 6-month group. 

nmole of substrate hydrolyzed per minute at 37°C. Number in parentheses = number of rats. 

the declining P-glucuronidase activities of the 
kidneys over age. Lastly, a partial F test was 
performed to assure that age, and not liver nor 
kidney enzyme activities, was truly the variable 
correlated with the aortic findings. For each 
enzyme, the F test of the joint contribution of 
liver and kidney enzyme activities to the three- 
variable model was found to be insignificant, 
thus supporting the model that aortic enzyme 
activities was correlated to animal age, but not 
liver nor kidney enzyme activities. 

Discussion. Underlying this study is our be- 
lief that assessment of baseline metabolic ac- 
tivity of vascular smooth muscle cells, partic- 
ularly catabolic activity, is critical prior to 
understanding influx-efflux imbalances of 
intracellular materials as may be implicated 

in atherogenesis (1). Manipulable risk factors 
and clinical interventions may affect this bal- 
ance to the detriment or benefit of the arterial 
wall, respectively ( 16). Within this framework 
we have examined the influence of the non- 
manipulable clinical risk factor of age on aortic 
catabolic hydrolase activities. For strictly 
comparative purposes, liver and kidney tissues 
were also assessed. We would remind the 
reader that the rat is generally considered to 
be resistant to naturally occurring and exper- 
imentally induced atherosclerosis and thus a 
poor model for human atherosclerosis ( 17). 
The data and discussion of the present study 
are solely intended to examine the potential 
impact of animal age, as one recognized risk 
factor, upon aortic smooth muscle and non- 

TABLE V. LIVER HYDROLASE ACTIVITIES IN AGING RATS 

Enzyme 

Neutral a-glucosidase 
0-Galactosidase 
N- Acetyl-P-glucosaminidase 
a-Mannosidase 
P-Glucuronidase 
Acid a-glucosidase 
Cathepsin C 

Group age in months" 

195 f 38 232 f 46' 182 k 35" 219 f 53d 
185 k 45 I63 k 31 140 f 47 161 +44 
433 f 96 432 f 92 366 f 101 375 k 87 
154 f 27 170 f 35 94 f 17b" 100 k 31 b,c 

695 k 115 664 + 149 5 1 0 f  141'7" 661 f 177d 
16.0 f 2.7 20.1 + 4.7 9.9 + 2.3 16.2 f 3.3C9d 

5795 f 663 6247 f 1955 2853 + 858 b,c 3242f719b7' 

Note. The anterior lobule of the right lobe of the liver was used. 
" Results are expressed in milliunits of enzyme activity/mg DNA, means -t SD. 1 mU of activity is defined as 1 

' P < 0.05 compared to 2-month group. 
" P < 0.05 compared to 6-month group. 

nmole of substrate hydrolyzed per minute at 37°C. Number in parentheses = number of rats. 

P < 0.05 compared to 10-month group. 
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vascular tissue hydrolase activities in this 
mammalian species, thus complementing nu- 
merous earlier studies of other risk factors and 
these same rat tissues (2-5, 18). 

Across the age groups of our study, body 
weights and DNA contents of the pooled aortic 
specimens are consistent with Sprague-Daw- 
ley rats of comparable ages reported by others 
(2-4, 19). Relative to the control data of Wol- 
insky and co-workers (2-5, 18) for aortic, kid- 
ney, and liver enzyme activities, our data are 
lower but well within the same orders of mag- 
nitude reported for each tissue. However, in 
comparing the levels of aortic hydrolase activ- 
ities to those in kidney and liver tissues, the 
enzyme activities of the aorta, on a per cell 
basis (DNA), are one order of magnitude lower 
than those of the kidney and liver tissues, 
which is also in agreement with the data of 
Wolinsky and co-workers (4, 5 ,  18). We have 
expressed our enzyme-specific activities per 
unit of tissue DNA to allow direct comparisons 
of our data to earlier studies of rat aortic hy- 
drolases and risk factors (2-5, 18) and because 
the hydrolases and DNA studied are constit- 
uents of the intracellular compartment of the 
vascular smooth muscle cells in these peeled 
aortic preparations (devoid of endothelium 
and adventitia). Although we did not specifi- 
cally determine aortic cell numbers in this 
study, we believe that the unchanged aortic 
DNA content across our age groups is reflec- 
tive of a relatively stable number of aortic 
smooth muscle cells, whereas the kidney and 
liver DNA contents reflect animal growth over 
the ages studied. 

We have observed consistent increases 
ranging from 65 to 119% in glycosidase activ- 
ities, yet no change of cathepsin C protease 
activity in aortic preparations from rats 2 to 
14 months of age. Similarly, Kritchevsky ( 19) 
has reported that aortic lipolytic activity of 
Sprague-Dawley rats increases with age up to 
24 months. Even though cholesterol ester syn- 
thesis also rose through this period, he further 
reported that the ratio of cholesteryl oleate 
synthesis to hydrolysis in the aorta fell from 
1.95 at 2 months of age to 0.3 1 by 24 months, 
and suggested this may contribute to the ath- 
erosclerosis-resistant nature of the rat. The 
pattern of our data for aortic glycosidases is 
consistent with Kritchevsky’s lipase findings, 
suggesting that increases (or at least no decline, 

as with cathepsin C) of aortic lysosomal hy- 
drolases are a natural concurrence of increas- 
ing age in arterial tissue of rats. The fact that 
vascular lysosomes can adapt to changing 
physiological states has been clearly and re- 
peatedly shown with experimental diabetes 
and hypertension (2, 3), physical activity (4), 
altered thyroid states ( 5 ) ,  and dietary hyper- 
cholesterolemia (6-8). It now appears that in 
the rat, lysosomal glycosidase activities in- 
crease with age, as does lipase activity (1 9), 
but protease activity, as indicated by cathepsin 
C, remains unchanged. 

Although blood pressure measurements 
were not made in the present study, the pos- 
sibility must be raised that our observed in- 
creases of aortic enzyme activities reflect blood 
pressure increases reported to occur in male 
rats during growth and aging (20). Wolinsky 
(20) has shown that between 2 1 and 3 1 weeks 
of age, even normal rats experience significant 
age-related increases of blood pressure. Sub- 
sequent studies by Wolinsky and co-workers 
demonstrated that elevations of blood pressure 
could prompt enhanced lysosomal enzyme 
activities in the rat aorta ( 3 ) .  

When aortic hydrolase specific activities 
were calculated on the basis of tissue protein, 
the data fluctuated inversely between age 
groups compared to increases or decreases of 
protein content. We believe one must interpret 
these data with caution since this basis for ex- 
pressing enzyme specific activities (Bio-Rad 
protein) in Table I11 was itself changing with 
animal growth and aging. More importantly, 
the data do not clarify what percentage of total 
aortic protein was measured by the Bio-Rad 
assay. For the same aortic segment as we stud- 
ied, Wolinsky (20) reported a significant in- 
crease of noncollagenous, alkali-soluble pro- 
tein in normotensive male rats between 21 to 
31 weeks of age. We did not, however, deter- 
mine noncollagenous, alkali-soluble protein in 
this study, which would have estimated intra- 
cellular protein content (20). 

Our findings that kidney and liver glycosi- 
dases exhibit general declines with age after 
the first 6 months of growth suggest that the 
arterial wall may be presented with an in- 
creased circulating glycoside substrate load, 
and in turn, vascular lysosomes adapt their 
baseline hydrolytic activities to maintain new 
higher activity levels in the rat. However, 
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without determinations of endogenous gly- 
coside loads and clearance rates, linking aortic 
glycosidase activity levels to those of nonvas- 
cular organs is speculative. 

Possible correlation between aortic and 
nonvascular tissue hydrolase activities has 
been examined in relation to circulating low- 
density lipoprotein (LDL). Reports by Wol- 
insky et al. (18) and Katz-Feigenbaum et al. 
( 5 )  have indicated that LDL clearance from 
the circulation of rats is more closely linked 
to lysosomal acid cholesterol esterase (ACE) 
activity of liver and kidney than aorta. 
Changes of ACE specific activity in these non- 
vascular organs reflected the fractional cata- 
bolic rate (clearance) of LDL in diabetic, ex- 
ercised, and hypothyroid rats, both in direction 
and degree of change. These authors con- 
cluded that the catabolic capacity of the aorta 
may be a minor factor in total body LDL me- 
tabolism, and does not follow the same pattern 
of changes found in kidney and liver. Yet ac- 
cording to Wolinsky, the catabolic capacity of 
arterial tissue certainly plays a pivotal role for 
maintaining an influx-efflux balance between 
the arterial wall and circulating macromole- 
cules, especially those containing lipid ( 16). 

Bonner et al. (21) reported that aortic ly- 
sosomal enzyme activities of species resistant 
to experimental atherosclerosis (rat and guinea 
pig) have baseline levels two to four times 
higher than susceptible species, such as the 
rabbit and pig. They suggested that the aortas 
of resistant species are better adapted to resist 
the pathophysiological changes occurring with 
the early experimental fatty lesion. Although 
we did not specifically assess lipase activity, 
the findings of Kritchevsky (19) and Bonner 
et al. (21) complement the conspicuous ab- 
sence of any age-related declines of aortic hy- 
drolase activities in the present study. Collec- 
tively, these studies demonstrate that over in- 
creasing ages the rat aorta experiences 
intrinsically enhanced cholesteryl esterase ( 1 9) 
and glycosidase activities with no diminution 
of cathepsin C protease activity. 

In summary, rat aortic glycosidase activities 
increased between 2 and 14 months of age 
while cathepsin C activity was unaltered. For 
example, we observed age-related elevations 
of specific activities ranging from a 65% in- 
crease for @-glucuronidase to a 119% increase 
for N-acetyl-@-glucosaminidase. In contrast, 

whole kidney glycosidase activities declined 
between 39 and 55%; cathepsin C was un- 
changed. Liver tissue enzyme activities varied 
between a 12% increase (neutral a-glucosidase) 
to a 35% decline (a-mannosidase) over the 14- 
month period. Multiple regression analyses 
indicated that elevations of aortic glycosidase 
activities correlated with animal age, not kid- 
ney nor liver enzyme activities. In addition to 
lipase studies by others (19), our findings in- 
dicate that the intrinsic catabolic state of the 
rat aorta does not decline with growth and 
aging. 
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