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accompanied by protein. Thus, both glucose 
and mannitol, but particularly the latter, in- 
creased the blood volume in hypovolemia. 

1. Goeller, V. R. ,  Schlegel, J .  U., Surg. Forum, 

2. Hostnik, W. J.. Powers, S. R., Jr., Boba, A., 

3. Bounous, G., Shumacker, H. B., Jr.,  i2nn. Surg., 

4. Moore, F. I)., S. C h i .  N. .4m., 1963, v.13, 577 .  

1961, v12, 487. 

Stein, A. A., ibid., 1959, v10, 872. 

1960, vl51, 453. 

5 .  Detmer, D. E., Zimmerman, J. M., King, T. C., 

6. Camishion, R. C., Fishman, N. H., Circulation 

7. Deavers, S., Smith, E. L., Huggins, R. A., Am. 

8. Barbour, H. G., Hamilton, W. F., J .  Biol. 

9. Smith, E. L., Huggins, R. A., Deavers, S., Am. 

J .  Surg. Res., 1965, v5, 552. 

(Suppl.), 1964, v29, 130. 

J. Physiol., 1960, v199, 797. 

Chem., 1926, v69, 625. 

J. I'et. Res., 1965, v26, 8-79. 

Received April 7, 1966. P.S.E.B.M., 1966, v122. 

Effect of Acetylsalicylic Acid on Lysosomes.* (31212) 

W. STACY MILLER AND J. GRAHAM SMITH, JR. (Introduced by Grace P. Kerby) 
Division of Dermatology, Department of Medicine, and Center for  the Study of Aging, 
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Since the description of lysosomes over 10 
years ago( 1)  , their occurrence in various tis- 
sues and important role in cellular metabo- 
lism have been the subject of much investi- 
gation (2,3). A number of agents, particularly 
corticosteroids (4) and chloroquine( 5 )  have 
been found to stabilize lysosomes in vitro and 
this action has been proposed as an explana- 
tion of certain of their therapeutic effects in 
various clinical diseases. 

Duthie( 6) has hypothesized that salicyl- 
ates might stabilize lysosomes. This study 
was carried out to investigate the influence of 
acetylsalicylic acid (ASA) on rat liver lyso- 
somes. 

Materials and mcthods.  Adult white rats 
(Wistar strain, Charles River Laboratories) 
were sacrificed by a blow to the base of the 
skull. The liver was dissected free, weighed, 
and placed in ice cold 0.25 M sucrose. In  
most experiments, 2 livers were used. The 
livers were homogenized in a Rosett grinder 
chilled with ice( 7 ) .  All centrifugations were 
done in a Servall RC-2 centrifuge with a SS- 
34 rotor at  5". The liver homogenate was 
centrifuged a t  2880 rpm for 10 minutes (10,- 
000 g minutes) to remove unruptured cells 
and nuclear debris. The residue was dis- 

*These studies supported in part by National 
Institut,es of Heakh Grants 5T1 AM 5335, AM 05812, 
AM 07583, and AM 10522. 

carded and the supernate was centrifuged at  
14,400 rpm for 10 minutes (250,000 g min- 
utes) to obtain a lysosomal residue. The su- 
pernate was discarded, the residue resus- 
pended in cold 0.25 M sucrose and centrifuged 
again a t  14,400 rpm for 10 minutes (250,000 
g minutes). Acetylsalicylic acid (USP-Mal- 
linckrodt) was dissolved in water in a 
M concentration and in 95% ethanol in a 
10- M concentration and serially diluted 
with water and 95% ethanol, respectively, to 

M. ASA was prepared fresh prior to 
each experiment to minimize hydrolysis. Hy- 
drocortisone sodium succinate (Solu-cortef, 
Upjohn) and chloroquine phosphate (Win- 
throp) were prepared in aqueous solutions 
similarly. The lysosomal residue was resus- 
pended in 0.25 M sucrose and 0.9 mf of the 
lysosomal suspension was added to 0.1 ml of 
water or 0.1 ml of 95% ethanol as a control 
(final ethanol concentration 9.5%). 0.1 ml of 
various concentrations of ASA, chloroquine, 
and hydrocortisone in water and ASA in etha- 
nol were added to 0.9 ml aliquots of the ly- 
sosomal suspension. After mixing, the lysoso- 
ma1 suspensions were incubated in a water- 
bath at  37" for 2 hours to labilize the lyso- 
somes (8) .  Following incubation, the lysoso- 
nial suspensions were centrifuged a t  14,400 
rpm for 10 minutes (250,000 g minutes) to 
remove mitochondria, unruptured lysosomes, 
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TABLE I. Acid Phosphatase and Beta Glucuronidase Release from Liver Lysosomes (2  H r  

+---ASA -- r-Hy drocortisone---7 ,-Chloroquine- 
Acid Beta glucu- Acid Beta glucu- Acid Beta glucu- 

phosphatase ronidase phosphatase ronidase phosphatase ronidase 

Incubations at 37"). 

Control 100 100 100 100 100 100 
10-3 M 30 30 40 38 42 40 
10-4 M 52 57 59 57 59 59 
10-5 M 84 80 93 95 96 95 

Results are expressed as percent of controls. 

and lysosomal mernbrpes. Lysosornal suspen- 
sions prepared in the same manner were incu- 
bated a t  37' with water as a control and vari- 
ous concentrations of aqueous ASA ( low3- 
lop6 M)  in a ratio of 9 :  1, lysosomal suspen- 
sion:water as a control or aqueous ASA. At 
1-, 2-, and 3-hour intervals,.aliquots were re- 
moved and centrifuged at  14,400 rpm for 10 
minutes (250,000 g minutes). The clear su- 
pernates were assayed -ffor acid phosphatase 
(9) a t  p H  5.4 using phenolphthalein diphos- 
phate (Sigma) as a substrate. The optical 
density of the samples was read at  5301 mp 
against blanks containing all reagents a t  zero 
time incubation. Standards contained 5-20 
pg phenolphthalein. Results were expressed 
as percent phenolphthalein released in com- 
parison with the control which was equated 
to 100%. /3-glucuronidase was assayed by a 
modification of the method of Fishman et al 
(10) a t  pH 4.5 using phenolphthalein ,mono- 

p-glucuronic acid (Sigma) as a substrate. 
Optical density was read at  540 mp and the 
results expressed as for the acid pliosphatase. 

To evaluate the effects of ASA on free acid 
phosphatase and p-glucuronidase, suspensions 
of rat liver lysosomes were prepared as above. 
These suspensions were freeze-thawed 10 
times to labilize the lysosomal enzymes ( 1 1 ) 
and centrifuged a t  14,000 rpm for ten min- 
utes (250,ODO g minutes) to remove mito- 
chondria, lysosomal membranes, and unrup- 
tured lysosomes. Aliquots of the- supernates 
were incubated with various concentrations of 
aqueous and ethanolic ASA with controls and 
acid phosphatase and p-glucuronidase activ- 
ity assayed. 

ResuEts. The effects of aqueous ASA, hy- 
drocortisone, and chloroquine in stabilizing 
rat liver lysosomes are given in Table I. Aque- 
ous ASA stabilized the lysosomes slightly 

Average of 3 experiments. 

better than equimolar concentrations of hy- 
drocortisone and chloroquine. The effects of 
ethanolic ASA on lysosomes are given in Ta- 
ble I1 with some stabilization apparent up to 
a M ASA concentration. Table I11 
gives the acid phosphatase and p-glucuroni- 
dase activity of supernates obtained from 
timed incubations of lysosomes in ASA solu- 
tions a t  1, 2,  and 3 hours. A stabilizing effect 
is apparent a t  all 3 time intervals in concen- 
trations of ASA as dilute as lop5 M. 

Neither aqueous ASA (10-3-10-5 M )  nor 
ethanolic ASA ( 10-2-10-5 M)  had any sig- 
nificant inhibitory effect on free acid phos- 
phatase or p-glucuronidase activity (Table 

Discussion. These results demonstrate that 
ASA stabilizes rat liver lysosomes in vitro 
and suggest that the anti-inflammatory and 
anti-pyretic effects of ASA may be mediated 
by a lysosomal mechanism. ASA has been 
demonstrated in plasma a t  levels of 0.2-1.4 
mgJlO0 ml (< l ( ~ - ~ - > l O - ~  M)  30 minutes 
after oral administration of 1.2 g of ASA( 12). 
ASA has also been recovered in unhydrolyzed 
form in the urine(l3) indicating that com- 
plete hydrolysis of ASA in vivo does not 
occur. Thus, these concentrations which have 
TABLE 11. Acid Phosphatase and Beta Glucu- 
ronidase Release from Liver Lysosomes in  the 
Presence of Ethanolic ASA (2  Hr Incubations a t  

IV)  . 

37"). 

Acid Beta 
phosphatase glucuronidase 

-~~ ~ 

100 
23 33 
45 45 
79 78 
91 92 

Control (9.5% ethanol) 100 
M ASA 

l o 4  M ASA 
10-4 M ASA 

M ASB 

Results are expressed as percent of controls. 
Acid phosphatase average of 6 experinien ta. 
Beta-glucuronidase average of 3 experiments. 
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TA T3LN 11 1. Acid Phosphatasc and Rcta Gliicuronidase Release from Timed Incubations of 
Liver Lysosoines at 3'7". 

I- 1 hr ---, ,---- 2 hr -\ r 3 hr-, 
Acid Beta glucu- Acid Beta glucu- Acid Beta glucu- 

phosphatase ronidase phosphatase ronidase phosphatase ronidase 

('o11trol 44 6 4 78 88 100 100  
10-3 11 A s h  1 7  29 2 1  33 52 54 
lo-& hl A S h  24 39 30 45 68 66 
1 0-5 M ASA 27 .it; 39 50 76 79 

$1 ASA 44 f i  2 7 G 87 100 97 

Results are  esprrsscd in pclcent of 3 lir control. 
R,csults a rc  averagc. of 2 cx1)rriinciits. 

TABLE IV. ERcc,t of Aqueous : i i i ( l  Et1i:iiiolic A9,4 011 Free  Acid Phosp1i:tt:ise aiicl  Beta Glucn- 
ronidase. 

Et1i:inolic ASA Aquwus ARA 
Acid Reta Acid Beta 

~ ~ l i o s ~ ~ 1 1 a t : t s ~  glucuronitl:isc pllo sph a t a se glucu r onj da se 
~~ ~~ 

Control (aqueous) 100 100 
9.5% Ethallol - - 

M ,4SA - - 
1 0 - 3 ~  ASA 9 8 100 
10-4 M ASA 97 95 
10-5 1c1 ASA 9(i 92 

100 100 
1 0 3  1 0 1  
96 97 
96 96 

100 97 
1 0 1  90 

V:tlues :ire expressed :IS perccnt of ziqueoiis control. 

stabilizing effects on lysosomes in vitro can 
be achieved in vivo following administration 
of a single dose of 1.2 g of ASA orally. 

Szimmary. Acetylsalicylic acid ( ASA) stabi- 
lizes rat liver lysosomes in vitro from the 
labilizing influence of incubation a t  37". On 
a molar concentration basis, this stabilization 
is slightly greater than that achieved with 
hydrocortisone and chloroquine. Concentra- 
tions of ASA of lo-? Ill and below do not 
inhibit either free acid phosphatase or p-glu- 
curonidase enzyme activity. 
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