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Abstract--In an invcsti~~~tion of the basis for toxicity of vitamin A. 13 vitamin A compounds and 
analogues were evaluated for dest~~biiization of lysosomcs. Those most effective for the release of liver 
acid phosphatase were. in di~crcnsing order. retinal, h’.N-diethylretinamide, R;-ethylretinamide. retinyl 
acctatc. 9-c&retinal, retinoic acid. retinal, 13-cis-retinal? 13-cis-retinoic acid. For the release of liver 
/j-glucuronidase, deoxyribonuclease and h’-acetyl-l&D-glucosaminidase, these compounds were about 
equally active. The differential release of acid phosphatase. compared to the other enzymes. and a 
diKerentia1 spabilization by chloroquine and 3’S’-cyclic AMP of the rctinol-induced release of the four 
enzymes were consistent with the idea that a heterogeneous population of lysosomes exists within 
liver cells. Chloroqtline. which prevented the release of some lysosomal enzymes, did not reverse the 
toxicity of retinyl acetate to mice: and the release of ~-glllcuronidase form mouse L-929 fihroblast 
lysosomcs correlated poorly with toxicity of the vitamin A compounds to these cells in culture. The 
results indicate that the toxicity of vitamin A compounds is not due solely to destabilimtion of lyso- 
somcs. 

Although there is a mandatory requirement for vita- 
min A in the diet. little is known about the biochemi- 
cal functions of vitamin A. with the exception of its 
activity in the visual process [I]. By reversing squa- 
mous, metaplastic alterations [I] and/or by inhibition 
of carcinogen activation [-?I. vitamin A compounds 
exhibit an anticarcinogenic effect in several animal 
test systems [2,4].However, the potency of these com- 
pounds is limited by toxicity to the host. for large 
doses can cause weight loss. dermatitis and death of 
experimental animals and man [S]. 

Due to the toxic action of released hydrolytic 
enzymes from destabilized lysosomcs. the tissue 
matrix of chick embryo cartilage in culture is 
degraded, and carbohydrate is liberated into the 
medium when excess vitamin A is present [6.7]. De- 
stabilization of lysosomal membranes also occurs in 
intact animals. for rats fed a diet containing large 
amounts of retinyl acetate have increased levels of 
free acid protease activity in their livers and kidneys 
[X]. This information is consistent with the hypothesis 
that the changes seen in hypervitaminosis A in living 
animals are associated with the release of hydrolytic 
enzymes from lysosomes [9, IO]. 

The availability to us of a series of vitamin A com- 
pounds and analogues allowed an evaluation of the 
toxicity of these agents and their capacity to destabi- 
lize mouse lysosomes. 

ZlATERiALS A&II MWHODS 

Matr~ids. Retinyl acetate, retinoic acid, methyl 

* This work was presented in part at the Annual Mcet- 
ing of the American-Association fur Cancer Research. April 
1973. The investigation was supDorted bv Contract NIH- 
NCI-72-2064, witi Division of’dancer C&e and Prcven- 
tion, National Cancer Institute. National institutes of 
Health. Department of Health, Education. and Welfare. 

f Ro 8-7699: 9-(2-acetyl-5,5-dimethyl-l -cyclopen-l-yl)- 

3.7-dimethylnona-2.4.6.X-tctraenoic acid. 

retinoate. ethyl retinoate. 1%cis-retinoic acid, N-ethyl- 
retinamide, N‘, ~-d~ethylr~tinamide, and Ro S-7699? 
were prepared by the Hoffmann-LaRoche Co.. Nut- 
ley, N.J., and supplied to us by the Lung Cancer 
Branch of the National Cancer Institute. Retinol. 
retinal, O-c&retinal, 13-cis-retinal, retinyl palmitate. 
retinyl acetate in corn oil. p-nitrophenyl phosphate 
(Sigma 104 phosphatase substrate). vitamin K,. r- 
tocopherol, ~hloroquine diphosp~te, hydro~ortisone, 
calf thymus DNA (type I), 3’S’-cyclic AMP. pnitro- 
phenyl-IV-acetyl /j-r>-ghtscosaminide, and p-nitro- 
phenyl-/I-r, -glucuronide were purchased from Sigma 
Chemical Co.. St. Louis, MO. 

Crude preparations of liver lysosomes from female 
mice were obtained essentially according to the pro- 
cedure of Fukuzawa et (II. [ I1 J. The mice were killed 
by cervical dislocation. and livers were excised and 
placed on ice. All subsequent steps of the preparation 
were accomplished at 4’. The livers were then washed 
and homogenized in 9 vol. of 044 M sucrose. The 
preparation was centrifuged at 2000 9 for 5 min and 
the resulting supernatant centrifuged again at 13.OOO 
9 for 10 min to give a pellet containing lysosomes. 
The pellet was suspended and washed once with 044 
M sucrose. The lysosomal preparation was resus- 
pended in 044 M sucrose-O.177 M KC1 at a con- 
centration of 0.1 g liver/ml. 

L-929 cells were obtained from Microbiological 
Associates and grown in monolayer culture in SRI-14 
medium [ 121 s~~pplemented with lord calf serum. Log- 
phase cells were harvested by trypsinization and 
homogenized in 10 vol. of 0.25 M sucrose in a 
Dounce homogenizer with a loose-fitting pestle until 
about 95 per cent of the cells were broken. which 
required about 100 up-and-down strokes. The homo- 
genates were spun at 800 $1 for 10 min to precipitate 
nuclei. The super~latant was further spun at 13.300 
y for 10 min to yield a crude lysosomal fraction. To 
prepare the microsomal fraction, the post-lysosomal 
supernatant was spun at 105.000 Q for 60 min. For 
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destabilization studies. the lysosomal pellets wcrc sus- 
pended in 0.25 M sucrose in a volume ratio of I :6. 

Arlcllyticcl/ /~~c,rhntl.s. For rclcase of Iysosomal 
enzymes by vitamin A compounds. each standard sys- 
tem contained 0.85 ml of the lysosomal preparation. 
0.1 ml of 0.1 M Tris-chloride huffcr (pH 7.1) and 0.05 
ml of 35 mM test compound. Acidic vitamin A com- 
pounds were dissolved in 90”,, ethanol containing an 
equivalent amount of NaOH. and others were dis- 
solved in ethanol. An appropriate control was run 
for each test compound. The preparations were incu- 
bated at 37 for I5 min, placed in ice and centrifuged 
at 13.000 g for 10 min at 4 The supcrnatants wcrc 
removed and assayed for lysosomal en7ymcs. 

The assay for acid phosphatase was similar to that 
used by Fukuzawa rt cl/. [1 I]. To a reaction mixture 
containing 6.25 mM p-nitrophcnyl phosphate and 50 
mM sodium acetate buffer (pH 5.0). 0.05 ml of the 
supernatant was added to start the enrymatic rcac- 
tion. The final volume was I ml. After incubation 
of the tubes at 37 for 10 min. the reactions wet-c 
stopped by addition of 0.15 ml of IO”,, NaOH; the 
absorbance of I>-nitrophenol was measured spcctro- 
photometrically at 420 nm. h:-acctyl-li-I,-glucose- 
minidase was assayed in the same manner as acid 
phosphatase. except that 3, I mM p-nitrophcnyl-,~‘- 
acetyl-/I-II-glucosoaminidc was used as the sub- 
strate. 

The procedure for assay of /Gglucuronidase was 
identical to that for acid phosphatase. cxccpt that the 
substrate was p-nitrophenyl-[I-D-glucuronide and that 
0.2 ml supernatant was used. The reaction was 
stopped with I ml stopping solution, which consisted 
of 0.133 M glycinc. 0.067 M NaCl and 0083 M 
Na,CO,. pH 10.0 [ 131; the samples were centrifuged 
before measurement of the released p-nitrophenol. 

The method of Bernardi and Griffe [14] was used 
to assav for deoxyribonucleasc. Calf thvmus DNA 
(0.4 mg;‘ml) was dissolved in 0.15 M sodium acetate 
(pH 5.0) containing 10 mM EDTA and 10 mM cys- 
teinc. To 0.7 ml of the DNA solution. 0.15 ml supcr- 
natant was added to start the reaction. After incuha- 
tion of the tubes at 37 for IO min. the reaction was 
stopped by the addition of 0.25 ml of 12”,, HCIO,. 
The preparations wcrc placed in ice for IO min and 
centrifuged to precipitate DNA. The absorbance of 
the supernatant was measured at 260 nm. 

The procedure for stabilization of retinol-treated Iy- 
sosomes was the same as that for the relcasc of 
lysosomal enzymes. except that 0.75 ml of the lysoso- 
mal preparation and 0.1 ml of stabilizing agent in 
HZ0 or lo”,, ethanol were used. The cnqmatic assays 
were also the same as descrihcd above. cxccpt that 
0.1 ml of the supcrnatant was used in the assay for 
acid phosphatase and N-acctyl-/~-I,-glL]cosaminidaso 
and that the incubation time was 30 min for the assay 
of /Gglucuronidase and deoxyribonuclcasc. 

In all the experiments. a control containing the 
potential destabilizing compound and. if necessary. 
the stabilizing agent being tested and all the assay 
components except the enzyme substrate was used to 
determine the absorbance due to the test compound. 
The absorbance was subtracted from values obtained 
with the complete system. The amount of enlyme 
released was measured by the diffcrcncc between the 
absorbance values for systems with and without dcs- 

tabilizing agents. Each assay for cn/ymatic activity 
was performed in duplicate. 

‘Ih.~ic,it,r .~rrlies. To test for possible reversal of the 
toxicity of retinyl acetate bv lysosomal stabilizing 
agents. four groups (A. B. 6 and D) of 10 female 
BDF, mice weighing 20 22 g were utilized. On days 
I. 2 and 3 of the experiment. groups A and C wcrc 
in.jected with the stabilizer. while groups B and D 
rcccived only saline. On day 2. groups C and D 
rcceivcd I60 mg retinyl acetate in corn oil; groups 
A and B rcceivcd only corn oil. The weights and the 
deaths of animals wcrc rccordcd daily for a period 
of I6 dajs. 

Toxicity studies with mammalian cells in culture 
wcrc accomplished with L929 and KB cells. Mouse 
L-929 fibroblasts wcrc propagated in Eagle’s MEM 
medium [I_‘] supplemented with lo”,, fetal calf serum. 
To a sterile. scrcwcap tube. 5 x 104 L-929 cells in 
2 ml medium was added, and the tubes wcrc placed 
at an angle of 5 from horizontal in an incubator 
set at 37 After a 24-hr establishment period. protein 
was determined by the procedure of Oyama and Ea- 
gle [ 161. The average value was 30 &tube. Fresh 
medium. to which vitamin A compounds had been 
added at concentrations of 0. I. 10 or IOU Acg,:ml. was 
placed in the remaining cultures; the cultures were 
incubated further for 72 hr. after which control tubes 
contained an average of 330 {cg protein. The amount 
of test compound required to rcducc growth to 50 
per cent of control (I I)~,,) was calculated by use of 
a computer program based on that of Drug Research 
and Development. National Cancer Institute. NIH. 

Propagation and inhibition of growth of human 
KB cells were accomplished by an identical pro- 
cedure. except that Eagle’s basal medium 1171 con- 
taining lo”,, calf serum was used. 

C‘or~ditio,~.s f;,r I~MS~~ of’ /yso.\o/d cw~~wrc~.s. The 
extent of release of the four lysosomal enzymes. acid 
phosphatase. /i-glucuronidase. dcoxyribonuclease and 
N-acctyk/i-I,-glucosaminidasc. was dependent on 
several factors. The rclcase of dcoxyribonuclcasc by 
retinol was essentially complete as early as 7.5 min 
after adding the destabilizer (Fig. I). However. a 15- 
min incubation with destabilizing agents was rou- 
tinely used for release of the cnryme prior to Assam 
and was convenient in that it allowed more samples 
to be included in each experiment. An increase in 
the concentration of the test compound above I.75 
mM did not produce greater release of enzymes (Fig. 
I). Curves similar to these were obtained for each 
test compound with each of the four cnrymes. The 
release of the l>sosomal cnrjmes was also dependent 
upon the pH of the suspending buffer. The profiles 
for acid phosphatasc are shown in Fig. 2. Similar 
results were obscrvcd for the other enzymes. The lyso- 
somcs were most stable at pH 6 and below. 

When the lysosomal preparation was sonicated 
prior to exposure to vitamin A compounds. the 
enzyme activity released was greater than for any of 
the destabilizers. and there was no further release of 
either of the tcstcd enzymes and no indication of di- 
rect inhibition of the enzymes bq the vitamin A com- 
pounds or stabilizers being tested (results not shown). 
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Fig. I, Relationship between deoxyribonuclease release and 
time of incubation (a) and retinol concentration (b). The 
upper (0) and lower points (x ) in Fig. la represent the 
release of cnLyme in the presence and absence of retinol 
respectively. The values in Fig. I b have been corrected 
for the values obtained in the absence of retinol. Each 

value represents mean + S. D. 

1 I 

5 6 7 

PH 

1 8 

Fig. 2. Effect of pH on the release of acid phosphatase by 
rctinol (I.75 mM). The buffer concentration is 0.01 M in 
each case for sodium acetate (0). potassium phosphate (0) 
and Tris-Cl (A). The dashed lines represent the release of 

enzyme in ethanol control. 

aEfltict of’ riturnir~ A ad ardoguco on thr r&use of 
/l;.sosor~~/ CKJV~~~. Table 1 presents the relative values 
for the release of the four marker enzymes by vitamin 
A compounds and analogues. The release of the 
enzymes as the result of action by retinol was arbi- 
trarily set at 100; all other values are relative to that. 
The most effective destahilizers were retinol. N.N- 
diethylretinamide. lV-ethylretinamide. retinyl acetate, 
9-cis-retinal. retinoic acid. retinal. I3-&-retinal and 

13-cis-retinoic acid. Less active were Ro 8-7699, re- 
tiny1 palmitate. methyl retinoatc and ethyl retinoate. 

Table I. Release of lysosomal enzymes by vitamin A compounds and analogucs and toxicity of these agents to cultured 
cells 

“bRelease of lysosomal enzymes compared with that from retmol-treated 
lysosomes* Toxicity (ED,,,)t 

Liver acid Liver Liver Liver h’-acet>l- L-929 Toxicity (ED,,,)t 
phos- /Gglucu- deoxyribo- /Cl>-glucosamini- p-ghlcu- 

phatase ronidase nuclease dase ronidase L-929 KB 

Rctinol 100 100 IO0 IO0 100 2.3 22 
,%‘.,V-dlethylretinamidc x7* 17 97 i_ 25 82 + 7 74, * IO 01 2.8 7.2 

,v-ethylretinamide 16 * I1 82k I? 76 * 2 69 * I3 37 2.4 13 

Retinyl acetate 74+ 17 82 * 3 9x * 5 95* I2 8 2.8 27 

9-c,is-Rctlnal 64 k 4 94* I3 85 11 * 95 21 f I03 1.2 3.1 
Retinoic acid 58 f 3 123 28 * 78 5 + 110 2 * I25 5.6 24 
Retinal 55 4 * 79 3 * 79 5 * 7x 7 * x3 ND$ 3.2 
I3-cis-Retinal 54& 15 83 7 * 73 I1 + 82+ I5 104ll I.2 2.1 

I3-cis-Retinoic acid 39 * 6 l36+ II 74 2 * IO7 5 + I 70 2.0 I5 
Ro 8-7699 34 * 4 89 1 * 46 5 i_ 6Ok I4 27 33 65 

Retinyl palmitatc l6k 8 7+3 2&2 _ 2 _t 3: 19 >2Oil 96 

Methyl rctinoate 7+5 IO * 3 I4 + 4 -5 * 4: 21 ‘I 7.3 IX 
Ethyl retinoate 4*3 5*1 2+2 -14* 3: 20 II IX IX 

* The amount of liver acid phosphatase. P-glucuronidase. deoxyribonuclcase. N-acrtyl-/Cr)-glucosaminidase and L-929 
cells /Cglucuronidase released from retinol-treated lysosomes was 22 + 4. 37 _t 13. 61 f IO. 50 f 12 and 49 per cent 
respectively. of the “total” acid hydrolase activities, determined by incubation of lysosomal fractions in buffer containing 
O.l”,, Triton X-1000. Values are mean &, SD. 

+ ED,,, is defined as that concentration of compound in pg/ml which inhibits cell growth to 50 per cent of control 
cell growth. The values are averages of two separate determinations, 

$ Average relative value for two separate determinations. 
? Not determined. 
,( Single determination. 



Some of the analopues (cg. retinoic acid) release ii- 

glucuronidasc. dco\~rihontlcle~rsc and :V-acctyl-/I-D- 
glucosaminidasc to ;I greater e~itent than acid phos- 

phatasc. 

I:‘rYr/lfirtiorl o/ /w/C,ltitr/ /~‘.\o.st,rllrl/ .srtrh/iiY,\. Several 
compounds. reported to bc lysosomal stabili7crs and 
therefore potcntiall!~ calmblc of reversing the action of 
the vitamin A compounds. wcrc evaluated for preven- 

tion of destabilization by rctinol (Table 2). As detected 
by assays for acid phosphatase and :V-ncct~l-/i-I,-glu- 

cosammrdasc. chloroquinc and 3’Scyclic AMP were 
stabilizing agents. That is. thq prevented. to some 

extent. the rctinol-induced release of these two cn- 
qmcs. On the other hand. the relcasc of /I glucuroni- 
dasc and deo~! ribonuclcasc M;IS stabilired only by 

chlorocluinc and .J’.i’-cyclic AMP respectivclq 
Ncithcr hydrocortisonc. r-tocopherol nor vitamin K, 

at maximum solubilit! rcduccd the rcleasc of the four 
I~sosomal en/) mcs by rotinol. 

LC/(,/\ of’ ~:/~~~(~f qf C~/l/o,~oc/l/iw trrrrl Ifl~t/,oc~o~ri.so/lc, 017 

f/w ro\ic:ir\, of’ wrir~~d ow/tr~~~. Expc~imcnts dcsigncd 
to test for- rc\,crsal -of the toxicit) of rctinyl acctatc 

to mice wcrc acconiplishcd. Weight loss and the 

median day of death of mice giben the IoMcst Icthal 
dose (I60 mg) of rctinyl ncctatc wrc: the same 
M-hcthcr or not the highcst non-toxic dosr of chloro- 

quint (20 mgkg) wa5 gi\,en. No rcvcrsal of toxicity was 
noted. and similar result5 \vcrc obsorvcd when the 
highest non-toxic dose of hydrocortisone (50 mg,‘kg) 

was used as ;I potential reversing agent. 

To.~ic,it,r of rifwfiu .4 c~o~17/wwfrls to Infrnctr7 KH cl/It/ 
~no~~,w L-020 w//s ill c~~~/rrrw. The toxicity of the vita 
min A compounds and ~~log~~cs was dctcrmined fol 
mammalian KR and L-93 cells in culture (Table 1). 
The KB cells UCI-c gcnerallg less sensiti\c to the com- 
pounds. For rctinol and rctin! I acctatc. thcrc \\a 
about ;I IO-fold ditl’crcnce in toxicit! to the ~MO cdl 
lines. 

C‘oIwILltloll /lcwcwl r/w I?llUW of /i-(//llc~lrl~ollft/ll.\~~ 

ilIlt/ r/w ro\-ic,ir I’ of ririr,r?iJl ,I Co/Il/Iol~,lt/.\ ro 1,.920 w/6. 
In the subcklular fractionation studirs lvith L- 

929 cells. /~-glucuronidase. !V-acet\ I-/i-I)-glucosamini- 

dase. acid phosphatasc and dcoxvribonuclcasc wcrc 
found to ha\c similar distribu&n patterns (not 
shown). The cnrichmcnt of the specific actkity of the 

lyosomal fraction. compared to the spccilic acti\it! 
of the homogcnatc. \\;I’; 3.3. 1.9. 1.5. and 1.6 for the 

lactiow in bufli‘r containing ().I”,, ‘Triton X-100 

four cnzymcs respecti\ elv. Since /i-glLlcuronidasc was 
most cnrichcd in this wfruction. it C\:IS used 3s ;I 
marker cnqmc in the study of lysosomal labilization 
with vitamin A compounds and analogucs (Table I ). 
Although some of the vitamin A compot~nds and ana 
logucs relcascd L-Y2Y /i-glLrctIronidase to e\tcnts simi- 

lar to those for liver P-glucuronidnsc. rctinyl acctatc 

XKI ,‘l;-cth~lrctin~uiiidc were notable cxceptlons. 

One ol” the best know’n clh_?s oT vitamin A com- 
pounds is that they labili/e lysosomcs and allou 
rclcasc of the lysosomal cnrymcs [ 6 IO]. Our studies 
cvtend considerably the number of vitamin A com- 
pounds and annlogucs known to have such an cffcct. 

A previous investigation in\ol\ ing the rclcase of ;I 
protease from rat liver Iysosomcs b! vitamin A com- 
pounds shows that rctinol is vu) cflcctive but that 

neither rctinyl acctatc. retinoic acid nor retin! I palmi- 

tatc is wry active [7]. We find. howc\cr. from studies on 
acid phosphatasc. /I-~lucuro~~idnse. deo~~ribonuclcasc 

and ,Y-acctyl-/i-I,-gltrcosaminidasc of I~OLI\~‘ liver that 
rctinq I acetate and rctinoic acid arc almost as active as 
rctinnl (Table I ). Tho fact that different spccics of 

animal was used and that dilTercnt cnrytncs \vcrc 

assayed in the two cxpcrimcnts ma> account for this 
diffcrcncc. The effects of pH on lysosomc stabilit! 
(Fig. 2) arc not grcntly difl?rent from those reported 

191. 
In our cxpcrimcnts. the relcasc of each of the lyso- 

somal aqmcs is csw~tially complctc within 7.5 min. 
ARCi- that time. further I-clcase of cwymc5 can he 

attributed to lvsosomal autol\sis (see Fig. I). These 

results arc similar to those involving retinal-induced 
release of arvlsullhtusc .A from liver lysosomcs of vita- 

min A-dcficicnt ratj (after subtraction. in both C;ISCS. 
of values for appropriate controls) [IX]. In contrast. 

the rctinol-induced rclcasc of cathcpsin from rat liver 

Iysosonics is apparently lincai- \i ith t imc i-07- 30 
min [?I]. and the relcasc of acid phosphatase and malic 

dchydrogenase from rabbit li\cr Iysosomcs is linear for 

30 min [ 191. Perhaps the cxtcnt of linearity of rclcasc 

of cnrymcs from dcstabilircd I~sosomes \arics M ith 
diffcrcnt cnr! me’s and hvith the type of ~~ninxils used. 
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Compared to /&glucuronidase. deoxyribonuclease 
and N-acetyl-/I-r,-glucosaminidase. there is a differcn- 
tial release of acid phosphatasc from liver lysosomes 
by some of the vitamin A compounds and analogues 
(Table 1). The relative values for release of acid phos- 
phatase arc graded. whereas those for deoxyribonuc- 
lease. /&glucuronidase and il’-acctyl-P-I,-glucosamini- 
dasc arc polarized into high and low categories. This 
fact is consistent with the presence of a heterogeneous 
population of lysosomes in mouse Iivcr. Such hetero- 
geneity was noted by Fukuzawa ct d.[ 1 I] in studies of 
acid phosphatasc and /i-glucuronidase of mouse liver 
lysosomes and by Futai rt d.[20] in rat liver lyso- 
somes. The heterogeneous distribution of acid hydrol- 
ases in Chinese-hamster ovary fibroblasts was also 
suggested [21]. 

In contrast to vitamin A. two other fat-soluble vita- 
mins have been implicated as lysosome stabilizers. Z- 
Tocophcrol reportedly inhibits. to a small extent. the 
release of acid phosphatasc and /&glucuronidase by 
mouse liver lysosomes [I I]. and dietary r-tocopherol 
stabilizes lysosomes from the livers of vitamin A-defi- 
cient rats [IX. ?I]. Vitamin K, inhibits the vitamin 
A-induced release of arylsulfatasc from isolated rat 
colon Iysosomcs and the release in t?tro. during hy- 
pervitaminosis A, of arylsulfatase. acid phosphatasc 
and /I-glucuronidase from these structures [23]. Other 
compounds which have been reported to have a stabi- 
lizing etrect on isolated liver lysosomes include 
3’S’-cyclic AMP 124,251, chloroquine [26] and 
hydrocortisone 127.281. Hydrocortisone and other 
steroids prevent the release of acid phosphatase more 
than the rclcase of /I-glucuronidase 1281. 

The results shown in Table 2 confirm that chloro- 
quine and 3’.5’-cyclic AMP act as stabilizers in the 
prevention of the retinol-induced release of acid phos- 
phatase and ,Y-acetyl-/l-D-glucosaminidasc from 
mouse liver lysosomes. Little or no such stabilization 
is noted for hydrocortisone, z-tocopherol or vitamin 
K,, The release of /j-glucuronidase is reduced by 
chloroquine. whereas the release of dcoxyribonucleasc 
is inhibited by .i’.5’-cyclic AMP. These results also 
tend to support the idea that lysosomes are a hctero- 
gcncous mixture of particles [ 1 I, 201. 

The action of vitamin A compounds on lysosomes 
apparently contributes to the toxicity of the vitamin 
to organs maintained in culture 17.291. However. for 
the vitamin A compounds studied here. there is no 
correlation between release of the four lysosomal 
cn7ymes and toxicity to KB cells. an established 
human cell line. There arc only poor correlations 
between rcleasc of P-glucuronidase. deoxyribonuc- 
lease and N-acctyl-ii-n-glucosaminidasc from sliver 
lysosomes and toxicity to mouse L-929 fibroblasts 
and between release of /I-glucuronidase from the lyso- 
somes of L-929 cells and toxicity to L-929 cells (Table 
1). The lack of correlation between toxicity and lyso- 
some destabilization may bc due to the alteration of 
membranes other than those of lysosomcs by the test 
compounds. 

It secmcd possible that chloroquinc and hydrocor- 
tisonc might prevent the release of hydrolytic enzymes 
in intact mice and reverse some of the toxicity of 

vitamin A because hydrocortisonc has some protec- 
tive effect for rabbits to which excess amounts of 
retonic acid have been administered [27] and for 
organ culture explants of limb bone rudiments exposed 
to high levels of vitamin A [30]. However, in our 
experiments in Go, no reversal of vitamin A toxicity 
was observed. and it is therefore not likely that the 
toxicity of retinyl acetate to intact mice is due entirely 
to its effect on liver lysosomes. 
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