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Recent studies on the dissolution of cartilage
matrix by vitamin A in vivo and in vitro have in-
dicated that the vitamin acts, at least in part, by
releasing endogenous acid proteases from cartilage
cells (1-5). Dingle (6) found that vitamin A
alcohol in vitro liberated acid protease(s) from a
particulate fraction of rat liver homogenized in
0.25 M sucrose. This fraction of tissue homoge-
nates contained the bulk of acid hydrolases inti-
mately bound to lysosomes, cytoplasmic organelles
described by de Duve (7).

Observations from this laboratory, based on
earlier experiments by Dingle, suggested that the
induction of hypervitaminosis A in vivo caused a
similar release of acid protease from lysosomes
(8, 9); the action of such enzymes was held re-
sponsible for the degradation of protein-polysac-
charide complexes in connective tissue. Morpho-
logic expressions of this phenomenon could be
seen in rabbit ear and articular cartilage (8) and
in the connective tissue (9) of amphibian tails,
tentacles, and chondrocranium. These studies, and
others carried out at the Strangeways Research
Laboratory in Cambridge, England, have also
indicated that cortisone and hydrocortisone antago-
nized the effects of excess vitamin A (10), per-
haps by stabilizing the lysosomes of tissues against
the vitamin and other injurious agents. Hydro-
cortisone retarded the release of acid hydrolases
from a large granule fraction prepared from rat
and rabbit liver after traumatic shock (11) or the
injection of bacterial endotoxins (12), and dimin-
ished the release effected by mercury arc irradia-
tion (13). It appeared possible, therefore, that

* Supported by grants A 5316 and RG6367 (C2) from
the National Institutes of Health, Bethesda, Md., and
contract DA 49 007 MD590 from the Surgeon General's
Office, Dept. of the Army, Washington, D. C.

± Senior Investigator, Arthritis and Rheumatism Foun-
dation.

adrenal steroids might partially protect isolated
lysosomes against an excess of vitamin A in vivo
and in vitro.

Evidence presented in this paper suggests that
an excess of vitamin A, when fed to young rab-
bits, caused the augmented release of acid hydro-
lases from a large granule fraction of liver homoge-
nates in vitro; an appreciable increase in the non-
sedimentable activity of these enzymes in vivo was
also observed. Depletion of cartilage matrix in
hypervitaminotic animals was associated with
an increased liberation of acid hydrolases from
cartilage. Both effects were diminished in ani-
mals given cortisone together with the vitamin.
Hydrocortisone added to rabbit liver homogenates
partially antagonized the effects of an excess of
vitamin A administered during life.

MATERIALS AND METHODS

Animals. Young hybrid, male, albino rabbits were
obtained from commercial sources and fed a stock labora-
tory diet. They weighed between 800 and 1,000 g.

Vitamin A. The yellow crystals of Vitamin A acid 1
were suspended in corn oil, 50 mg per ml, before feeding
animals by stomach tube. Vitamin A alcohol 2 was dis-
solved in anhydrous ethanol before use. The vitamin A
palmitate 2 was dissolved in cottonseed oil, 106 interna-
tional units per ml, and was also administered by stomach
tube.

Cortisone acetate. Cortisone acetate in aqueous sus-
pension 3 was given intramuscularly, 50 mg per kg, for 3
days. On day 4, 50 mg of hydrocortisone hemisuccinate
(Solu-Cortef) 4 was given intravenously 30 minutes be-
fore death of animals by air embolus. For in vitro ex-
periments, hydrocortisone was added to the whole homoge-
nates 30 minutes before further fractionation.

Incubation and irradiation. These procedures are de-
scribed in detail elsewhere (12). Briefly, a large granule

1 Hoffman-LaRoche Co., Nutley, N. J.
2 Nutritional Biochemicals, Inc., Cleveland, Ohio.
3 Philadelphia Ampoule Laboratories, Philadelphia, Pa.
4 The Upjohn Company, Kalamazoo, Mich.
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TABLE I

Fractionation scheme for preparation of rabbit liver granules*

Homogenate in 0.25 Msucrose

800 X g, 10 min

Supernatant fluid

15,000 X g, 20 min

Supernatant fluid Sediment
"Unsedimentable" Large granule fraction

Divide into 3 parts
after washing with 0.25 M
sucrose at 15,000 X g, 20 min

Sediment
Discard

Blendorize 5 min
Incubate 370 C, 40 min
15,000 X g, 20 min

Supernatant Sediment
"Total" Discard

Incubate 370 C, 40 min
15,000 X g, 20 min

Supernatant Sediment
" I ncubated" Discard

Incubate 370 C, 40 min,
with UV irradiation

15,000 X g, 20 min

Supernatant Sediment
"Irradiated" Discard

* See text for details of this scheme and reference 12.

fraction of rabbit liver homogenized in 0.25 M sucrose
was isolated between 800 X g for 10 minutes and 15,000
X g for 20 minutes in a Servall superspeed centrifuge.
Samples of the large granule fraction were either incu-
bated at 37° C for various times, or the fragility of lyso-
somes was tested by incubating them in the presence of
mercury-arc irradiation, a procedure leading to the forma-
tion of lipid peroxides (14) and release of lysosomal en-
zymes (13). After incubation and irradiation, fractions
were again centrifuged at 15,000 X g for 20 minutes, and
the enzyme activities of the supernatant fluids determined.
These samples are termed "incubated" and "irradiated."
"Total" activity represented activity released into the
15,000 X g supernatant fluid of the large granule fraction
after it had been mechanically disintegrated in a Waring
Blendor for 5 minutes. "Unsedimentable" activity repre-
sented enzyme activity in the original homogenate which
was unsedimentable after an initial 15,000 X g, 20-minute
centrifugation. Our use of this term differs slightly from
that of de Duve (7). These steps are summarized in
Table I.

Enzyme assay. Cathepsin was assayed by the method
of Anson (15), beta-glucuronidase by the method of
Fishman, Springer, and Brunetti (16), and acid phos-
phatase by the method of Huggins and Talalay (17) with
phenolphthalein diphosphate as the substrate. Protein
was determined by the method of Lowry, Rosebrough,
Farr, and Randall with crystalline egg-white lysozyme as
a standard (18). Details of these procedures have been
described before (8).

Tabulation of results. Paired samples were used in
most experiments, and the appropriate t test performed.
Results are expressed as percentage of total enzyme ac-

tivity of the large granule fraction, or in absolute units,
micrograms substrate hydrolyzed per 100 ,g protein per
hour. It must be emphasized that changes in protein
concentration could therefore alter these values, inde-
pendent of any changes in enzyme activity. In cases
where the effects of several agents were to be compared,
all data have been transposed to percentages of control
values.

Viscosity studies. Samples of a purified chondromuco-
protein from bovine nasal septum (PP-L) in powdered
form were generously provided by Dr. Maxwell Schubert.
The preparation and properties of this material are de-
scribed elsewhere (19). Solutions, 0.5% wt/vol, in 0.1 M
acetate buffer at pH 4.5 were freshly prepared daily.
Viscosities were determined in Ostwald viscosimeters
having a water flow time of 30 to 40 seconds at 370 C.
PP-L solutions, 2.5 ml, were placed together with 0.5-ml
samples of the 15,000 X g supernatant fluids of the irradi-
ated large granule fractions prepared from the livers of
normal and vitamin A-treated rabbits. Sucrose, 0.5 ml,
was added to control samples; in some experiments,
cysteine hydrochloride, 10 mmoles, or iodoacetamide, 10
mmoles, was also added to each viscosimeter.

Incubation of cartilage slices. Immediately after sacri-
fice, ears were removed from rabbits in a cold room at
40 C. Skin and perichondrial tissues containing soft tis-
sue and blood vessels were dissected free, and the thin,
avascular cartilagenous plates were sliced into squares
(0.5 cm X 0.5 cm). Slices obtained from both ears of
each animal were incubated at 37° C for 18 hours in 40
ml of acetate buffer, pH 4.5, 0.1 M. The supernatant
medium was decanted, filtered through Whatman no. 1
filter paper, and the slices washed three times in acetone
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FIG. 1. VITAMIN A ALCOHOLin vitro. Vitamin A induced release of beta-glucuronidase and
acid phosphatase from the large granule fraction of rabbit liver homogenized in 0.25 Msucrose.
The fractions sedimenting between 800 and 15,000 X g were incubated and irradiated in vitro
at 370 C for times shown. They were then centrifuged for 20 minutes at 15,000 X g and the en-
zyme activity of the supernatant fluid determined. C = control liver fraction incubated at 370 C;
C+ UV= control liver fraction, incubated and irradiated by a mercury arc lamp at 370 C; A =
liver fractions incubated with vitamin A alcohol, 3.5 X 10' M at 370 C; and A + UV= liver
fraction incubated with vitamin A alcohol 3.5 x 10' at 370 C, and irradiated.

and dried in vacuo over CaCl2 to a constant weight.
Enzyme activities were determined in samples of the
buffer medium, and expressed as micrograms substrate
hydrolyzed per milligram dry weight of the cartilage
slices.

RESULTS

The effects of vitamin A alcohol in vitro on re-
lease of acid hydrolases from a large granule frac-
tion of rabbit liver. Dingle (6) had found that
3.5 x 10-' M vitamin A alcohol would release
bound protease from the large granule fraction of
rat liver. This amount of the vitamin was added
in ethanol to the large granule fraction of rabbit
liver; an equal volume of ethanol (0.25 ml per 50
ml) was added to control suspensions. Fractions,

20 ml, were incubated and irradiated for periods
indicated in Figure 1, when 5-ml portions were
withdrawn. It may be seen that the vitamin in
vitro caused gradual release of acid phosphatase
and beta-glucuronidase, more being released from
those fractions which were exposed to the mercury
beam. A period of 40 minutes' incubation was
chosen for subsequent experiments. Data in
Table II show that three acid hydrolases are re-
leased in roughly parallel fashion. Enzyme ac-
tivities of unsedimentable and total fractions did
not differ significantly from controls, since the
vitamin was added in vitro. The results suggest
that all three enzymes were released as a result
of the addition of vitamin A, and that the vitamin
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TABLE II

Activity of acid hydrolases in rabbit liver

Cathepsins Beta-glucuronidase Acid phosphatase

Treatment Treatment of Enzyme Enzyme Enzyme
Animals of animals granules Fraction* activity SD activity SD activity SD

no.
21 None None Incubated 11.7t :1: 3.3 9.2t it 2.3 16.1t A= 7.3

(control) (control) Irradiated 27.Ot it 5.9 22.0t :1 3.9 32.9t it 6.7
Total 21.0t it 3.8 6.1§ it 1.4 1.60§ it 0.14
Unsedimentable 1.7 it 0.2 0.025§ -- 0.004 0.75§ it 0.12

Percentage of Percentage of Percentage of
control valuesjI control values II control valuesjI

6 None Vitamin Incubated 154.0¶ 41 20. 151.0¶ 4- 19.3 179.0** ±t 19.2
A alcohol, Irradiated 200.2** it 18. 165.0¶ t 21.9 141.5¶ i 17.6
3.5 X 104 M Total 112.8 it 20.1 100.3 it 14.3 107.8 it 16.1

Unsedimentable 100.4 -- 13.0 109.1 it 12.9 94.0 -- 14.5
9 Vitamin None Incubated 138.0¶ =1 17.4 93.9 4- 19.8 154.0¶ 4t 18.9

A acid, Irradiated 152.2 4- 20.2 100.8 4- 23.2 119.0 -- 20.2
50 mg/kg Total 95.2 it 24.3 69.0¶ - 12.6 110.2 it 17.3
X 4 Unsedimentable 147.0** 4- 12.4 130.0** -- 8.7 140.4** it 12.1

4 Vitamin None Incubated 53.0¶ 4t 21.7 75.4 -- 26.2
A acid, Irradiated 49.0¶ - 20.7 79.6 it 22.2
50 mg/kg Total 90.1 -- 21.4 35.5** - 18.3
X 4, and Unsedimentable 15.5** it 16.4 26.0** i 12.7
cortisone

4 Cortisone, None Incubated 87.2 :1 20.2 67.0 :1 19.2
50 mg/kg Irradiated 83.0 it 23.2 83.6 4- 30.0
X 4 Total 82.8 it 18.2 79.3 -- 28.1

Unsedimentable 17.5** it 12.3 54.0 -- 17.4
4 Vitamin Hydro- Incubated 39.5¶ - 20.6 70.8 it 26.2

A acid, cortisone, Irradiated 69.6¶ t 19.8 82.5 -- 28.3
50 mg/kg 10-3 M Total 110.5 it 24.3 77.1 it 16.4
X 4 Unsedimentable 134.1¶ -+- 12.6 138.0¶ t 15.2

4 None Hydro- Incubated 77.8 4- 24. 72.4 it 20.3
cortisone Irradiated 77.2 :- 19. 71.8 It 28.4
10- M Total 106.8 it 17.3 101.2 i 21.3

Unsedimentable 101.3 it 10.8 96.4 ± 12.8
4 Vitamin None Incubated 81.2 it 19.4 93.2 i 21.2

A palm- Irradiated 106.7 ±t 32.1 90.7 it 19.8
itate, Total 94.3 it 24.3 84.9 -- 23.2
106 X 4 Unsedimentable 123.6 ±- 14.8 99.7 ±- 18.9

* See Table I for preparation of these fractions.
t Activity found in the supernatant fluid of incubated or irradiated granules after centrifugation at 15,000 g for 20

minutes expressed as percentage of the value similarly obtained for the Blendor-treated preparation (total).
t Cathepsin unit: jug acid-soluble tyrosine per 100 ,g protein per hour.
§ Beta-glucuronidase or acid phosphatase unit: jig phenolphthalein liberated per 100 gug protein per hour.

Control values arbitrarily assigned, 100%.
<.p<0.05.
p < 0.01 vs. controls.

augmented the release effected by mercury arc ir-
radiation. This is compatible with an effect upon
the stability of lysosomes.

The effect of vitamin A acid in vivo on release
of acid hydrolases from a large granule fraction of
rabbit liver. To determine whether the in vivo
effect of vitamin A in excess would be similar to
the in vitro action, vitamin A acid was chosen.
This form of the vitamin is not stored in the liver

to any appreciable degree (20), and therefore the
amount still present in subsequent in vitro stud-
ies would be negligible. An earlier study (8) has
indicated that significant cartilage lesions may be
effected by 250 mg of vitamin A acid a day given
orally. To determine whether a lesser amount,
not associated with epilation, weight loss, or
other toxicity, would affect liver lysosomes, vita-
min A acid was given for four successive days
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at a dose of 50 mg per kg in corn oil, while con-
trols received corn oil alone. The last dose was
given one hour before sacrifice. In Figure 2 the
results of this treatment upon the subsequent re-
lease of acid protease in vitro may be seen. In
each case, the vitamin A-treated fractions released
more enzyme than did controls. This effect was
magnified in fractions exposed to the mercury
beam. In subsequent experiments, an incubation
period of 40 minutes was used, and the vitamin
was given at a dose of 50 mg per kg. In Table I
the results of this treatment on release of acid hy-
drolases may be seen. A 30 to 40%7o increase in
the unsedimentable activity of all three enzymes
was found. This is compatible with a release of
these enzymes from granules into the cytoplasm
in vivo, before homogenization. A comparable
decrease in the total, or sedimentable, activity was
constant only in the case of beta-glucuronidase.
A compensatory increase in synthesis of acid pro-

60 _ 30 MIN.

> 50 _
F

40
4

U-
o 30

0.aJ
20

tease and acid phosphatase may have followed hy-
pervitaminosis A. Such a finding has been re-
ported by Dingle and Fell (21) for bone rudi-
ments exposed to vitamin A in vitro. In vitro in-
cubation and irradiation showed that this treat-
ment schedule resulted in more active release of
acid protease and acid phosphatase than of beta-
glucuronidase from the particles in vitro. A pref-
erential release of the protease has been noted
previously in fractions prepared from animals in-
jected with bacterial endotoxin (12).

The effect of cortisone and hydrocortisone upon
the release of acid hydrolases from a large granule
fraction of rabbit liver. When cortisone was ad-
ministered intramuscularly in doses of 50 mg per
kg together with the vitamin, release of enzymes
into the unsedimentable fraction was significantly
inhibited (Table II). Whereas no appreciable
change in the total content of acid protease re-
maining sedimentable was noted, beta-glucuroni-

40 MIN. 60 MIx.

C A C+LUV AtUV C A C+UV AtUV C A C+UV AMUV
FIG. 2. VITAMIN A ACID in V0VO. Vitamin A induced release of acid protease from the

large granule fraction of rabbit liver homogenized in 0.25 M sucrose. The fractions sedi-
menting between 800 to 15,000 X g were incubated and irradiated in vitro at 370 C for times
shown. They were then centrifuged for 20 minutes at 15,000 X g and the enzyme activity of the
supernatant fluid determined. C = control liver fraction incubated at 37° C; C+ UV= control
liver fraction incubated and irradiated with a mercury arc lamp at 370 C; A = liver fraction
prepared from a rabbit given 50 mg vitamin A acid for 4 days, incubated at 370 C; and A +
UV= liver fraction prepared from a rabbit given 50 mg vitamin A acid for 4 days, incubated
at 370 C.
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FIG. 3. VISCOSITIES OF A CHONDROMUCOPROTEINFRAC-

TION FROMCOWNASAL SEPTUM ( PP-L ) IN 0.1 M ACETATE

BUFFER, PH 4.5, 370 C. PP-L alone = 2.5 ml 0.5%0
PP-L plus 0.5 ml sucrose; PP-L C + UV= 2.5 ml

0.5%0 PP-L plus 0.5 ml of C + UV fraction (see Figure

2); and PP-L A + UV= 2.5 ml 0.5% PP-L plus 0.5

ml of A UV fraction (see Figure 2).

dase was depressed even more than in animals

given vitamin A alone. An additive effect of vita-

min A and steroid may be seen in the data for

animals given cortisone alone. Beta-glucuroni-

dase is decreased significantly in these total frac-

tions. In vitro release of acid protease from the

large granule fraction prepared from animals given

vitamin A and steroid together was significantly

lower than from control fractions. Comparison

of these data with those obtained from animals

given cortisone alone (Table II) suggests that the

stabilizing effect of adrenal corticoids is relatively

independent of the presence of the vitamin.

When animals were made hypervitaminotic and

hydrocortisone, 10-a M, was added in vitro, re-

lease of hydrolases was retarded, both in incubated

and irradiated fractions (Table II). This sug-

gested that steroids given after the initial insult to

the particles could still serve to stabilize the sys-

tem (s) responsible for their integrity. This

amount of hydrocortisone itself, in the absence of

excess vitamin A, caused a 25 to 30%o decrease of

enzymes released from all fractions. This de-

crease was as marked for beta-glucuronidase as for

acid protease.

The effect of vitamin A4 palmitate on release of

acid hydrolases. Vitamin A palmitate given by

stomach tube in doses of 106 international units
per day causes collapse of the ears of rabbits (4,
8). Yet this form of the vitamin, which is eventu-
ally stored as an ester in the liver, is unable to re-

lease acid protease from rat liver particles in vitro
and is similarly inactive to causing damage to em-

bryonic cartilage in organ culture (22). When
the palmitate was administered to rabbits, the ex-

pected cartilage changes followed (8), but as may
be seen in Table II, no effects on hepatic lysosomes
could be demonstrated. A modest increase of un-
sedimentable activity was noted, but no other
changes were seen. This would imply that the
esterified vitamin is not active upon lysosomes of
the tissues in which it is chieflv stored.

The effect of enzyme(s) front the large gran-
ules of rabbit liver on a chondromucoprotein. To
study whether the protease (s) released from the
large granule fraction of rabbit liver could be held
responsible for degradation of connective tissue
following hypervitaminosis A, viscosities of PP-L
were determined in the presence of 1 ) sucrose

alone, 2) the supernatant fluid of a large granule
fraction prepared from a normal rabbit and sub-
sequently exposed to a mercury beam, and 3) the
supernatant fluid of a similar fraction from a rab-
bit given 50 mg per kg of vitamin A acid for four
days. The results of such an experiment are

shown in Figure 3. There was insufficient pro-

teolytic activity in nonirradiated fractions to change
the viscosity of PP-L. When similar incubations
were carried out in the presence of 10 mmoles
cysteine, no increase in the viscosity-reducing ef-
fects of the fractions could be detected, and 10
mmoles iodoacetamide did not cause any change
in the opposite direction. Changes in viscosity of

TABLE III

Release of acid hydrolases from rabbit
ear cartilage in vitro *

Acid phos- Beta-glucu- Acid pro-
Animals phataset ronidaset tease:

Control 1.00 2.66 6.36
Vitamin A§ 1.15 3.90 11.60
Vitamin A + cortisone§ 1.10 2.86 7.34
Cortisone§ 1.02 1.53 2.94

* Cartilage slices were incubated in 0.1 Macetate buffer, pH 4.5, for
18 hours at 370C, the medium was filtered, and enzyme activity
determined.

t Micrograms phenolphthalein hydrolased per milligram cartilage
per 18 hours.

$ Micrograms acid-soluble tyrosine released per milligram cartilage
per 18 hours.

§ See text for treatment schedule.
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similar substrates brought about by papain (23,
24), trypsin (25), or plasmin (26) are generally
regarded to result from the action of protease upon
a protein-polysaccharide complex, with the forma-
tion of a protein-poor chondroitin sulfate of lesser
molecular weight and lesser relative viscosity.
Failure of sulfhydryl compounds to alter the
curves would suggest absence of sulfhydryl-de-
pendent proteases in the irradiated supernatant
fluids.

The effect of hypervitaminosis A on release of
hydrolases from cartilage slices in vitro. Cartilage
slices from normal rabbits, from rabbits given
vitamin A acid, 50 mg per kg, from rabbits given
cortisone, 50 mg per kg, and from rabbits given
both the vitamin and the steroid were incubated as
described above. Results are listed in Table III.
All three hydrolases were released to a greater
degree from the cartilage of animals given only
the vitamin than from the other three groups.
This would suggest that vitamin A acted not
only upon hepatic lysosomes, but also upon those
of cartilage cells. It is of course impossible to
determine whether increased synthesis also played
a role in such a system.

DISCUSSION

The data presented above support the hypothesis
that vitamin A in vivo as well as in vitro (6)
causes release of acid hydrolases from lysosomes.
This has been shown not only for particles iso-
lated from the liver of rabbits, but also for cartilage
slices. Adrenal glucocorticoids inhibited the re-
lease of lysosomal enzymes, both in vitro and in
vivo. These findings also agree with the hypothe-
sis that one action of cortisol and its analogues
is the stabilization of lysosomes against the ef-
fects of vitamin A in excess.

The limitations inherent in this isolation pro-
cedure of hepatic granules with the presence of
numerous mitochondria have been discussed at
length elsewhere (8). Changes in protein con-
centration caused by various treatments would of
course alter the interpretation of results; similar
objections could be raised against use of dry
weight, wet weight, or DNAmeasurements as a
reference in treated animals.

During these experiments, and in experiments
dealing with the effects of endotoxin, shock, and

mercury arc irradiation (11-13), it has become
increasingly apparent that the particles within the
large granule fraction may be quite heterogeneous.
At low in vivo doses of vitamin A, iil vitro stud-
ies indicate a fragility of the particles mainly with
respect to acid protease, and very little with re-
spect to beta-glucuronidase. Similarly, both hy-
pervitaminosis A and cortisone pretreatment can
reduce the total activity of beta-glucuronidase of
the granules, without changing the activity of acid
protease or acid phosphatase. Most in vitro ex-
periments in which agents are added to the frac-
tions after isolation indicate a parallel release of
all lysosomal enzymes (27). This was the effect
of vitamin A in vitro, and the actions of other
in vitro agents on lysosomes such as mechan-
ical disintegration (27), freezing and thawing
(28), exposure to detergents (27, 28), and mer-
cury-arc irradiation have been similar. The dis-
crepancy between in vivo and in vitro effects sug-
gests that lysosomes in vivo may respond selec-
tively to various stimuli by release or storage of
particular enzymes.

Although hypervitaminosis A may have more
general membrane effects than upon the lysosomes
alone (29), it would appear that damage to car-
tilage matrix and connective tissue (30) may be
attributed to release of acid protease from lvso-
somes. Lysosomal protease has been studied in
acute experiments at pH 4.5 (6). In longer ex-
periments, however, Dingle has found such en-
zymes to be active on matrix at near-neutral pH
(31). Since acid proteases are active upon chon-
dromucoprotein in vitro and are released in in-
creased amounts from cartilage removed from
hypervitaminotic animals, the above hypothesis
would seem warranted. Further evidence is af-
forded by the histologic similarities between the
effects of vitamin A excess and the exogenous
protease, papain in vivo (4) and in vitro (5).
This plant protease can degrade chondromuco-
protein (24), and upon intravenous injection,
papain causes a loss of metachromasia from car-
tilage (32). These actions can be simulated by
enzyme (s) released from lysosomes by hyper-
vitaminosis A.

A protective effect of adrenal glucocorticoids on
isolated granules of rat and rabbit liver has been
previously demonstrated against damage caused
by ultraviolet irradiation (13), injections of bac-

667



GERALDWEISSMANNAND LEWIS THOMAS

terial endotoxins (12), and simple incubation at
acid pH (33). Indeed, several fat-soluble agents,
such as vitamin D2, act in vitro to labilize the
granules; others, such as cholesterol, act to stabilize
them (33). Thus, a coincidence between the in
vitro and in vivo actions of vitamin A as a labilizer
and cortisol as a stabilizer can conceivably be for-
tuitous. However, on morphologic grounds, too,
protection of lysosomes by glucocorticoids has
been shown against hypervitaminosis A in vivo
(8, 9) and in vitro (10), and against ultraviolet
irradiation in vivo (34) and in vitro (35). De-
soxycorticosterone acetate was not effective in
such systems. It seems reasonable, therefore, to
assume that cortisone acts, at least in part, by
stabilizing lysosomes in a variety of situations.
Since recent experiments by Janoff and Kaley
(36) have indicated that lysosomal enzymes are a
potent inflammatory stimulus in the skin of small
laboratory animals, the anti-inflammatory action
of cortisol and its analogues may also be partially
due to a stabilization of lysosomes.

SUMMARY

Vitamin A acid was fed to young rabbits and
the activities of three lysosomal hydrolases de-
termined in liver homogenates prepared in 0.25 M
sucrose. An excess of the vitamin in vivo caused
an increase in the activities of acid protease, beta-
glucuronidase, and acid phosphatase unsedimenta-
ble at 15,000 X g. In vitro incubation and ultra-
violet irradiation caused a greater release of acid
protease and acid phosphatase from granular
fractions prepared (between 800 and 15,000 x g)
from hypervitaminotic animals than from control
fractions. The simultaneous administration of
cortisone largely prevented the change of sedi-
mentability and retarded release of hydrolases
from granules. Hydrocortisone in vitro also
stabilized the granules against the effects of pre-
treatment with vitamin A. Cartilage slices pre-
pared from the ears of hypervitaminotic rabbits
released significantly more acid hydrolases into
the surrounding medium; extracts of their liver
granules caused a reduction in the viscosity of
chondromucoprotein. These results are compati-
ble with the hypothesis that excess vitamin A re-
leases acid hydrolases from liver and cartilage ly-
sosomes in vivo and in vitro, and that cortisone
antagonizes this action.

ADDENDUM

Experiments initiated before the ones described in this
paper and confirming an action of excess vitamin A on
lysosomes in vivo have recently been reported (37).
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