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Abstract-The stabilizing activity of tinoridine hydrochloride on biomembranes was estimated by means 
of determining the rate of release of acid phosphatase and aryl sulfatase from lysosomes, or of trans- 
aminases from liver parenchymal cells. Tinoridine hydrochloride (l&100 MM), benzydamine hydro- 
chloride (l&l00 PM) and phenylbutazone (l-100 pM) stabilized significantly intact lysosomes 
(700.-35009 fraction), while indomethacin and prednisolone showed only moderate activity. The lyso- 
somes treated with 0.3’): hydrogen peroxide were stabilized by tinoridine hydrochioride, phenylbutazone 
and indomethacin, but not by benzydamine in the concentration range of l-lOO$vi. On the fragile 
liver lysosomes prepared from rats pretreated with carbon tetrachloride and on kidney lysosomes 
(650-35OOg), only tinoridine hydrochloride had marked stabilizing activity at I--1OOpM among the 
tested nonsteroidal anti-inflammatory drugs. Prednisolone showed the same activity on these lysosomes 
as tinoridine hydrochloride. Both tinoridine hydrochloride and prednisolone also stabilized the liver 
parenchymal cells at l@--1OOpM. The elevation of the free activity of lysosomal enzymes in the liver 
fraction of rats caused by the intraperitoneal injection of carbon tetrachloride (0.5 ml/kg) was really 
inhibited by the oral treatment with tinoridine hydrochloride (l~mg~kg). 

Since the discovery of lysosomes as subcellular 
organelles by De Duve et al. [l], the lysosomal con- 
tents such as acid hydrolytic enzymes or cationic pro- 
teins are postulated to play an important role as the 
mediators of in~ammation [24]. On the other hand, 
clinically beneficial anti-inflammatory drugs have 
been reported to stabilize the lysosomes prepared 
from the liver [57] or polymorphonuclear (PMN) 
leukocytes [8,9]. However, Brown and Schwartz [lo] 
have reported that anti-inllammatory drugs such as 
indomethacin labilize rat liver lysosomes. 

In our previous paper, it was reported that tinori- 
dine hydrochloride,t an anti-inllammatory drug, stabi- 
lizes the rat liver lysosomes [ll], rabbit PMN leuko- 
cyte lysosomes [9], platelets [12] and erythrocytes 
[ll] in vitro. The mode of action of this drug on 
lysosomes, however, was suggested to be different 
from that of steroidal anti-inflammatory drugs, for 
tinoridine hydrochloride and phenylbut~one stabi- 
lize only intact lysosomes but steroidal anti-inflam- 
matory drugs stabilize both intact and unstable lyso- 
somes prepared from rabbit PMN leukocytes [9]. 

The purpose of the present paper is to study, under 
various experimental conditions, the effect of tinori- 
dine hydr~hloride on liver lysosomes, kidney lyso- 
somes and liver parenchymal cells in comparison with 
that of other anti-inflammatory drugs, and to deter- 
mine the effect of this drug on biomembranes. 

The data presented in this report illustrate that 
tinoridine hydrochloride stabilizes the liver and kid- 

* This paper corresponds to “Studies on Anti-inflamma- 
tory Agents----XL.” 

t 2-Amino-3-ethoxycarbonyl-6-benzyl-4,5,6.7-tetrahydro- 
thieno[2,3_c]pyridine hydrochloride. 

ney lysosomes and the liver parenchymal cells in all 
experimental conditions employed in vitro and in uivo, 

and has a different property from drugs such as 
benzyd~~~e hydrochloride, indomethacin or predni- 
solone. 

MATERIALS AND METHODS 

Drugs. Tinoridine hydrochloride, Y-3923 (debenzyl 
tinoridine; 2-amino-3-ethoxycarbonyl-4,5,6,7-tetra- 
hydrothieno[2,3]pyridine) hydrochloride, benzyda- 
mine hydrochloride, flufenamic acid, indomethacin 
and phenylbutazone were supplied by our labora- 
tories. Hydrocortisone and prednisolone were pur- 
chased from Sigma Chemical Co., Ltd. In the exper- 
iments with lysosomes, all drugs were dissolved in 
ethanol (&OH). In the experiments with parenchymal 
cells, the drugs tested were dissolved in dimethylsul- 
foxide (DMSO). which was used as solvent in the ex- 
periment using intact cells such as erythrocytes [ill 
or platelets [12]. A small amount of EtOH or DMSO 
employed as vehicle did not influence the stability 
of lysosomes or parenchymal cells in vitro. 

Aninmls. Wistar male rats, weighing between 200 
and 25Og, were used in all experiments. 

Preparation of liver fraction. Nonfasted rats were 
decapitated and exsanguinated. The liver was per- 
fused in situ with lOm1 of ice-cold 0.25 M sucro- 
se-0.04 M Tris-acetate buffer (pH 7.4) via the portal 
vein at a rate of approximately 5 ml/min, and then 
quickly excised and rinsed in the same cold buffer. 
After weighing, the tissue was cut into small pieces 
and dispersed in ice-cold 0.25 M sucrose-O.04 M Tris- 
acetate buffer in a homogenizer. Homogenization was 
carried out by ten strokes of the Teflon pestle in ice- 
water. The volume was adjusted togive a lo:/ (w/v) 

I I 
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homogenate, which was centrifuged at 700 y for 
10 min at 4”. The resultant supernatant (700 g super- 
natant fraction) was centrifuged at 3500 g for 15 min 
at 4”, and the sediment was rinsed once (7W35OOg 
lysosome fraction). This lysosome fraction was sus- 
pended to give 0.2 or 0.4g of the liver equivalent/ml 
in the above buffer solution. The lysosome-stabilizing 
activity of certain anti$nflammatory drugs is shown 
to be more prominent when this fraction is used by 
Tanaka and Iizuka [6]. 

In certain experiments, rats were sacrificed 3 hr 
after intraperitoneal treatment with carbon tetra- 
chloride (0.5 ml/kg), or rats. intraperi’toneally injected 
with darbon tetrachloride (0.5 ml/kg) 1 hr after oral 
treatment with tinoridine hydrochloride suspension 
(100 mg/kg) or vehicle (OSo/, methylcellulose solution), 
were sacrificed 3 hr later. The preparation of the liver 
fractions from these rats was also carried out by the 
procedures described above. 

None of the drugs tested inhibited directly the activity 
of the marker enzymes. The test solution (20~1) or 
EtOH as solvent was added to a 25-ml conical flask 
containing 2.0 ml of the lysosome suspension (0.2 g 
of the liver equivalent/ml) in 0.25 M sucrosea. M 
Tris-acetate buffer (pH 7.4). After the incubation mix- 
ture was kept for 5 min at 2S. l.O-ml aliquots were 
removed to determine the initial activity of free 
enzymes in the supernatant. The residual mixtures 
were incubated at 37” for 30 or 60min with shaking 
at an agitation cycle of 75imin. After the end of the 
incubation period, the supernatant obtained by high 
speed centrifugation at 27,000 y for I5 min at 4” was 
used for the measurement of the marker enzymes 
released from lysosomes. The total activity of these 
enzymes was assayed using the supernatant obtained 
by centrifuging the lysosome suspension incubated at 
37” for 30 min in 0.2:: (v/v) Triton X-100 0.25 M suc- 
rosee0.04 M Tris-acetate buffer (pH 7.4). 

Preparation of kidney fractions. Since the free acti- 
vity of lysosomal enzymes in the kidney fraction, 
obtained by the same method of preparation used 
for the liver fraction, is higher than that in the liver 
fraction, it appears that the lysosomes in the kidney 
fractions become unstable during their preparation. 
Therefore, the preparation method of the liver frac- 
tion was slightly modified for preparing the kidney 
fractions. Rats were decapitated and exsanguinated. 
The kidney was quickly excised and rinsed in ice-cold 
0.25 M sucroseJJ.04 M Tris-acetate buffer (pH 7.4). 
After weighing, the tissue was cut into small pieces 
and dispersed in the same ice-cold buffer in a 
homogenizer. Homogenization was carried out by 
five strokes of the Teflon pestle in ice-water. The 
volume was adjusted to give a lo:;, (w/v) homo- 
genate. All subsequent procedures were carried out 
by the method described above. The 65&35OOg or 
65s12,000 g fraction was prepared and suspended to 
give 0.2 g of the kidney equivalent/ml in 0.25 M 
sucrose&.04 M Tris-acetate buffer (pH 7.4). The 65@ 
12,OOOg fraction in the rat kidney has already been 
demonstrated to be rich in lysosomal enzymes, such 
as acid phosphatase, by Shibko and Tappel 1131. 

The effects of hydrogen peroxide and test drugs on 
lysosomes were ascertained by the following pro- 
cedures. The test solution (40 ~1) was added to a 25-ml 
conical flask containing 2 ml of the lysosomc suspen- 
sion (0.4g of the liver equivalent/ml). This mixture 
was kept at 25” for 5 min. Immediately after the addi- 
tion of 2.0 ml of 0.6% (v/v) hydrogen peroxide in 
0.25 M sucroseq.04 M Tris-acetate buffer to the 
above mixture, 2.0-ml aliquots were removed to deter- 
mine the initial activity of fret enzymes and lipid per- 
oxides in the supernatant. The residual mixtures were 
incubated at 37” for 30 min with shaking, and centri- 
fuged at 27,000 g for 15 min at 4 

The liver fractions obtained from rats treated with 
tinoridine hydrochloride or vehicle. and with carbon 
tetrachloride or olive oil as vehicle in viva were incu- 
bated alone without addition of the test solution in 
aitro at 37’ for I5 or 30 min with shaking. The result- 
ing supernatants were used for the measurement of 
enzyme activity and lipid peroxides. 

Preparation C$ liver parenchymal cells. The liver 
parenchymal cells were prepared according to the 
method of Howard and Pesch [14]. Briefly, the per- 
fused liver with 15 ml of ice-cold enzyme solution 
(0.05% collagenase and 0.01% hyaluronidase dissolved 
in Ca’+-free Hanks’ solution, pH 7.4) was cut into 
slices. The slices (2-3 g) were placed in flasks each 
of which contained 10 ml of the enzyme solution. The 
flasks were incubated at 37’ with shaking in an at- 
mosphere of 95% 0, and 5% CO, for 70min. At 
the end of the incubation period, the contents of the 
flasks were filtered through a single layer of nylon 
stocking. The filtrate was centrifuged at 50 y for 
1 min. The supernatant was removed with a pipette. 
and the cells were washed twice. After washing, the 
cells were sedimented by centrifugation at 20 g for 
1 min. After the final centrifugation, the cells were 
resuspended to give 1Omg of the protein equiva- 
lent/ml in the incubation medium. 

Assay of parenchyrnal cell-menhrane stability. The 
stability of parenchymal cell-membranes was ascer- 
tained by determining the release of transaminases. 
The test solution (10 ~1) or DMSO as solvent was 
added to a 25-ml conical flask containing 2.0ml of 
the cell suspension. After the incubation mixtures 
were kept for 10 min at 25’. I.O-ml aliquots were 
removed and then centrifuged at 300 g for 10 min at 
4’. The residual mixtures were incubated at 37’ for 
15. 30 or 60 min with shaking at an agitation cycle 
of 75/min. Incubation was terminated by centrifuga- 
tion at 300 g for IO min at 4-. The resulting superna- 
tants were used for the measurement of transa- 
minases. 

The data showing latency of the marker enzyme 
of lysosomes and parenchymal cells used in each ex- 
periment are in the table or its footnote. 

E~IZJW~ assays. Acid phosphatase (EC 3.1.3.2. ortho- 
phosphoric monoester phosphohydrolase) and aryl 
sulfatase (EC 3.1.6.1, aryl sulfate sulfohydrolase) ac- 
tivities were assayed using sodium p-nitrophenyl 
phosphate or dipotassium p-nitrocatechol sulfate as 
substrate by the methods described previously [ISJ. 

Assays of lysosome membrane stability. The effects Glutamic-oxaloacetic transaminase (GOT, EC 
of test drugs on lysosome membranes were studied 2.6.1. I, L-aspartate: 2-oxoglutarate aminotransferase) 
by determining the release of lysosomal marker and glutamic-pyruvic transaminase (GPT. EC 2.6.1.2, 
enzymes such as acid phosphatase or aryl sulfatase. L-alanine: 2-oxoglutarate aminotransferase) activities 
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Table 1. Effect of drugs on spontaneous release of acid metricahy at 53Onm and expressed in terms of TRA 
phosphatase from liver lysosomes in z&o* values. 

Per cent inhibition of release of acid 
phosphatase 

Drug 

Tinoridine 
HCI 

1 PM 10pM 100pM 

I I.5 f 2.2 2X.3 2 1.W 43.6 & 0.8t 

Y-3923 HCI 
Benzydamine 

HCI 

5.2 * 2.8 13.8 f l.it 
11.3 + 2.2 26.3 + 4.4.t 38.9 + 3.Q 

Calculation ofper cent inhibition. The per cent inhi- 
bition of the enzyme release or lipid peroxidation by 
test drugs was calculated by the following formula: 
(A - B)!A x 100 (A, the free activity of marker 
enzymes or TBA value increased during the incuba- 
tion of controls; B, the free activity of marker 
enzymes or TBA value increased during the incuba- 
tion of test drugs). 

Phenylbutazone 18.0 * 1.2t 33.4 * 1.q 54.7 + 1.4t 
Indomethacin 6.4 +_ 1.3 11.0 k 2.4 22.6 k 1.8t 
Prednisolone 7.1 f 1.3 13.8 k 1.7 

* The lysosome suspension (2.0 ml) was incubated with 

RESULTS 

each test solution (20~1) in 0.25 M sucrose-O.04 M Tris- 
acetate buffer (pH 7.4) at 37” for 30 min. Results are shown 
as the means & S. E. of four to six separate experiments. 
Enzyme activity in controls: before incubation, 2.7; after 
incubation, 15.2; total activity, 109.9 pg p-nitrophenol 
formed. 

t P < 0.01 (significant). 

EfSects of drugs on stability of intact lysosomes in 
vitro. The data in Table 1 indicate that tinoridine 
hydrochloride, benzydamine hydrochloride and 
phenylbutazone inhibited the spontaneous release of 
acid phosphatase from the intact lysosomes in the 
7~35~g liver fraction. The inhibitory effects of 
Y-3923 hydrochloride, indomethacin and predniso- 
lone were less potent than those of the above anti- 
inflammatory agents in this experimental condition. 

were determined according to the method of Reitman 
and Franked [16], and expressed as Karmen units. 

Assay qf lipid peroxide formation. The formation of 
lipid peroxides was determined by the method of 
Desai et al [17]. Briefly, thiobarbituric acid (TBA) 
reactants were measured on the supernatant obtained 
by precipitating the supernatant of the above incuba- 
tion mixtures with IO:/, (w/v) trichloroacetic acid and 
incubating with 0.677; (w/v) TBA in 0.1 N HCI at 
loo” for 10 min. The red color was read spectrophoto- 

As shown in the footnote of Table 2, the addition 
of hydrogen peroxide (0.3% in a final concentration) 
accelerates the release of enzymes from lysosomes and 
the formation of lipid peroxides. Under these condi- 
tions, some of the above drugs showed different 
rest&s. Tinoridine hydrochloride, Y-3923 hydrochlo- 
ride, flufenamic acid, phenylbutazone and indometha- 
tin prevented the release of acid phosphatase or aryl 
sulfatase, and lipid peroxidation at concentrations of 
1LlOO ,uM. Of the drugs tested, only benzydamine hy- 
drochloride showed no effect on either at the above 
concentrations. At a high concentration of IOOOpM, 

Table 2. Effect of drugs on enzyme release and lipid peroxidation from or in liver lysosome fraction induced by hydrogen 
peroxide in &ro* 

Per cent inhibition of enzyme release and lipid peroxidation 

Drug Marker? 

Tinoridine HCI 

Y-3923 HCI 

Benzydamine HCI 

Ftufenamic acid 

AP 
AS 
LP 
AP 
AS 
LP 
AP 
AS 
LP 
AS 
LP 

Indomethacin 

Phenylbutazone 

Prednisolone 

AS 
LP 
AS 
LP 
AS 
LP 

10.5 + 1.9 
11.0 * 3.8 
13.2 + 1.6: 
5.3 f 2.2 
8.2 + 3.0 

14.5 * 3.4 
1.8 f 1.6 
4.8 + 1.8 
3.1 2 0.6 

L2.2 * 0.9 
6.3 f 4.7 

10.8 * 3.4 
12.9 + 3.4 
12.7 k 2.3 
12.8 f 1.9 
4.5 2 1.9 
6.1 + 2.8 

19.0 f 3.4s 
25.3 i: ?.Zf 
33.5 i: 2.Q 
14.4 f 3.3. 
19.3 * 3.7$ 
19.3 + 1.4f 
8.2 t_ 1.8 
7.4 ir. 1.9 

-6.9 ): 1.2 
34.1 i 1.21 
13.9 & 1.7 
22.8 * 1.7$ 
23.4 k 2.33 
33.7 I: 0.98 
31.2 f 1.Q 
9.5 f 2.2 
8.6 k 1.5 

32.2 f 2.01 
40.9 * 0.51 -68.9 _C 4.2f 
50.0 f 2.1$ 61.9 k 2.22 
24.7 + 3.71 
29.4 F 3.2$ 
43.3 + 2.0% 
10.5 k 3.5 

-8.3 f 3.7 
-7.7 k 6.5 
28.1 f 1.0% - 19.5 ri: 2.51 
26.3 + 2.2s 29.5 + 1.9x 
40.3 + 0.q -25.1 ): 1.7$ 
30.8 + I.01 41.0 * 1.3: 
53.5 f 1.6$ -28.3 rf 9.9 
41.8 & 0.7$ 47.0 * 2.q 
12.5 & 2.1 19.5 _+ 2.l$ 
12.9 + 3.0 22.6 & 1.5: 

* The lysosome suspension (1.0 ml) containing each test solution (20 ~1) was incubated with 0.3% hydrogen peroxide 
solution (in fmal concentration, 1.0 ml) in 0.25 M sucroseeO.04 M Tris-acetate buffer (pH 7.4) at 37” for 30 min. Results 
are shown as the means f S. E. of four separate experiments. The negative sign preceding certain numbers means 
the per cent increase of the enzyme release. 

t AP, acid phosphatase. Activity in controls: before incubation, 4.1; after incubation, 30.4; total activity, 109.9m3 
p-nitrophenol formed. AS, aryl sulfatase. Activity in controls: before incubation, 4.1; after incubation, 31.7; total activity, 
116.9~18 p-nitrocatechol formed. LP, lipid peroxidation. TBA value (0.D.530) in controls: before incubation, 0.093; 
after incubation, 0.387. 

3: P < 0.01 (significant). 
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tinoridine hydrochloride, flufenamic acid, indometha- 
tin and phenylbutazone inhibited the latter alone, and 
they actually increased the former. Prednisolone inhi- 
bited significantly both the enzyme release and lipid 
peroxidation at a high concentration of 1000 ;LM. The 
TBA color reaction was not modified significantly 
with the anti-inflammatory agents tested. 

EfSrcts of drugs on stubility of unstable liuer iyso- 
somes of rats treated with carbon tetrachloride in 
vitro. The free activity of acid phosphatase or aryl 
sulfatase before incubation in the intact lysosome sus- 
pension shown in T’able 2 was 3-4 per cent of the 
total activity. On the other hand, the free activity of 
these enzymes before incubation in the liver lysosome 
suspension prepared 3 hr later from rats treated with 
SO”/, (v/v) carbon tetrachloride in olive oil was 13-16 
per cent of the total activity (Table 3). The release 
of acid phosphatase and aryl sulfatase, during the in- 
cubation period of 30min, from the unstable lyso- 
somes thus obtained was inhibited significantly by 
tinoridine hydrochloride to a degree that was propor- 
tional to the drug concentration. In this experiment 
with the unstable lysosomes, however, phenylbuta- 
zone and indomethacin failed to inhibit the release 
of enzymes. 

Anti-inflammatory steroids such as prednisolone or 
hydrocortisone did inhibit markedly the release of 
acid phosphatase and aryl sulfatase from the unstable 
lysosomes at concentrations in the range from 1 to 

100 /LM for incubation periods up to 60 min. 
Effect qf‘ titzoriditte hydrochloride otz the stability qf’ 

rat liver lysosomes in vivo. The data presented in 

Table 4 indicate the stability of lysosomes prepared 
from the liver of rats treated with or without tinori- 
dine hydrochloride 1 hr before the treatment with car- 
bon tetrachloride as a labilizer. The significant in- 
crease of free activities of lysosomal enzymes before 
incubation or after incubation for 15 or 30min in 
the 700 CJ supernatant fraction and the 70&35OOg 
fraction was observed by the treatment with carbon 
tetrachloride 3 hr before the preparation of the lyso- 
some fraction. Tinoridine hydrochloride inhibited sig- 
nificantly the increase of free activity of the above 
enzymes and showed a tendency to prevent the signi- 
ficant decrease of the total acid phosphatase. 

t$xts of’ druys ott the stahilit], of kidney lysosomes 
in vitro. The data in Table 5 indicate that the release 
of acid phosphatase and aryl sulfatase from two lyso- 
some fractions of the kidney is time-dependent for 
periods up to 60 min. The free activity of acid phos- 
phatase or aryl sulfatase, before incubation, in the 
650_35OO:q, kidney fraction is 14--15 per cent of the 
total actlvlty. which is higher than that in the 
70& 3500 <J hver fraction shown in the first footnote 
of Table 1. Tinoridine hydrochloride showed a 
marked inhibitory activity on the release of aryl sulfa- 
tase from the kidney lysosomes in the 65G35OOg 
fraction during the 30-min incubation period. How- 
ever, this drug failed to inhibit the enzyme release 
from the 65&12,000 9 fraction. 

Table 6 shows the effects of drugs on the stability 
of the kidney lysosomes in the 650-3500~~ fraction. 
Tinoridine hydrochloride inhibited the release of aryl 
sulfa&e from the lysosomes to a degree that was 

Table 3. Effect of drugs on enzyme release from liver lysohomes of rats treated with carbon tetrachloride in uifro* 

Per cent inhibition of release of: 

Drug 
Concn 

(FM) 

Acid phosphatase 

30 mint 60 mint Nf 

Aryl sulfatase 

30 mint 60 mini- N: 

Tinoridine HCI 0.1 6.8 k 3.9 
I 21.6 k 3.X$ 

10 34.3 * 2.2s 
100 44.9 i 2.65 

Phenylbutazone I 4.5 * 3.1 
IO 9.5 * 2.7 

loo 10.8 * 4.4 
Indomethacin I 1.2 * 2.0 

10 4.0 f 2.1 
100 5.5 * 2.7 

Prednisolone 0.1 3.8 i 1.9 
I 16.4 + 4.7 

IO 31.8 i I.68 
100 46.7 f 2.05 

Hydrocortisone 0.1 2.1 * 0.9 
I 12.8 f 2.6 

10 25.3 + 3.38 
100 33.8 + 4.75 

4.0 * 1.7 
4.2 i 2.4 
1.2 * 2.9 

14.2 + 0.8 
1.0 * 2.1 
4.2 f 3.x 
I.2 & 2.9 
5.x + 3.7 
7.7 * 3.9 

10.5 * 4.7 
15.0 * 7.X 
32.1 + 2.9$ 
40.9 * 3.q 
47.X + 2. I # 

7.8 + 5.1 
15.4 & 2.3 
23.X k 4.6s 
39.4 * 3.98 

2 
4 

2 
2 

10.5 + 7.9 1.9 + 2.7 
30.8 ) 4.7$ 10.3 * 3.3 
44.9 f 3.25 17.8 * 4.9 
53.8 f i.38 20.4 & 7.9 

6.1 ) 3.7 0.3 * 2.9 
9.9 f 3.x 6.3 i 3.1 

Il.3 f 5.7 -3.0 i_ 2.7 
4.4 f 3.9 5.0 * 4.4 
5.X + 3.9 5.3 i_ 1.9 

IO.5 f 3.1 12.4 * I.8 
X.1 f 4.1 14.7 + IO.1 

‘7.9 f ?.7$ 2X.X k 6.05 
43.2 * 5.4$ 55.7 1 2.9s 
50.9 * 7.96 64.X + 3.8s 

9.0 f 3.4 10.4 * 5.7 
14.0 * 3.x 14.3 * 3.1 
27.2 + 4.2$ 2X.9 1 2.95 
35.1 + 7.76 40.0 1 2.48 

i 

2 
2 

2 
5 

* Rats were sacrificed 3 hr after intraperitoneal treatment with carbon tetrachloride (0.5 ml/kg) and the liver lysosome 
fraction (7OG3500 g) was prepared. The lysosome suspension (2.0 ml) was incubated with each test solution (20 ~1) 
in 0.25 M sucrose-0.04 M Tris-acetate buffer (pH 7.4) at 37”. Results are shown as the means f S. E. of separate 
experiments. Enzyme activity in controls for acid phosphatase: before incubation, 16.8: after incubation, 30.5 (30min) 
and 42.4 (60min); total activity, 107.5 pg p-nitrophenol formed. Enzyme activity in controls for aryl sulfatase: before 
incubation, 13.2; after incubation, 33.6 (30 min) and 54.7 (60 min); total activity, 101.6 pg p-nitrocatechol formed. 

t Incubation time. 
# Numbers of separate experiments. 
5 P < 0.01 (significant). 
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Table 4. Effect of tinoridine hydrochloride on stability of rat liver lysosomes in viuo* 

Treatment 
Marker 
enzymet 

Per cent of total activity 
Total 

0 min$ 15 min$ 30 minJ activity4 

700 g Supematant fraction 
Vehicle + olive oil 
Vehicle + CCL, in olive oil 
Tinoridine HCl + Ccl, in olive oil 

7W3500 g Lysosome fraction 
Vehicle + olive oil 

Vehicle + Ccl, in olive oil 

Tinoridine HCI + Ccl, in olive oil 

AP 

AP 
AS 
AP 
AS 
AP 
AS 

25.9 i 1.5/j 28.1 + i.l// 32.9 k 0.7 
37.9 + 1.5 48.2 2 2.1 60.4 It 2.4 
30.3 * 1.0/l 33.2 + 1.511 50.7 & 1.2 

10.4 + 0.4 14.2 -t_ 0.611 25.8 + 1.711 
6.4 f 0.411 9.6 + 0.711 13.6 + 1.611 

14.0 * 1.2 27.6 + 1.2 42.7 rf: 1.4 
9.7 f 0.2 17.0 f 0.7 32.7 rt 0.8 
9.8 f 1.1 ji 18.7 + 1.5 35.6 + 1.7 
6.8 * 0.711 13.1 * 1.011 22.4 + 1.111 

821.1 i: 13.211 
757.5 _+ 8.2 
791.9 rt 6.1 

114.9 t_ 11.0 
81.7 f 6.3 

109.0 & 6.9 
79.9 f 3.8 

129.6 + 5.5 
80.5 * 5.8 

*Carbon tetrachloride (0.5 ml/kg) was injected intraperitoneally into ten rats/group 1 hr after oral treatment with 
vehicle or tinoridine hydrochloride (lOOmg/kg), and the rat liver was obtained 3 hr thereafter. The two fractions of 
liver homogenate were incubated in 0.25 M sucrose-O.04 M Tris-acetate buffer (pH 7.4) at 37” for 15 or 30 min. Results 
are shown as the means + S. E. of ten rats. 

$ AP, acid phosphatase; AS, aryl sulfatase. 
t Incubation time. 
5 Amount of pnitrophenol formed for AP or a-nitrocatechol formed for AS (in pg). 
)/ P < 0.01 (significant) vs control. 

proportional to the drug concentration. The rela- 
tive order of the inhibitory activity on the release of 
the above enzyme was found to be tinoridine hydro- 
chloride > prednisolone > indomethacin = phenyl- 
butazone. 

EfSects of drugs on stability of liver parenchymal cells 
in vitro. The data in Table ‘7 illustrate the rate of 
release of transaminases from ~renchymal cells sus- 
pended in each of the incubation medium. Incuba- 
tion at 37” for 60min results in the release of 15 per 
cent of the total GOT activity in Hanks’ solution, 
of 59 per cent of that in Ca’+-free Hanks’ solution 

and 3 per cent of that in Ca”+-free Hanks’ solution 
containing 1% albumin, while 13, 25 and 11 per cent 
of the total activity are released spontaneously prior 
to any incubation (0 min) in the respective incubation 
medium. As long as parenchymal cells were incubated 
in Ca2 ‘-free Hanks’ solution, tinoridine hydrochlo- 
ride inhibited significantly the release of GOT for in- 
cubation periods up to 60min. On the other hand, 
incubation at 37” for 15min results in the release of 
2&31 per cent of the total GPT activity in the above 
three incubation media, while 3643 per cent of the 
total GPT activity is released spontaneously prior to 

Table 5. Effects of incubation time and tinoridine hydrochloride on stability of two 
lysosome fractions of rat kidney in vitro* 

Marker Test 
enzyme? drugf 

Per cent of total activity 
Total 

0 min$ 30 min$ 60 min$ activity11 

650-3500 g Fraction 
AP - 14.3 f 0.7 

+ 14.1 + 0.8 

AS - 14.0 * 0.8 
+ 14.5 + 0.7 

650-12,000 g Fraction 
AP - 14.4 f 1.3 

+ 14.0 f 0.7 

AS - 20.6 + 0.6 
+ 21.1 * 0.7 

22.1 * 1.2 38.0 + 1.6 43.4 & 1.9 
16.4 f 1.47 28.3 $- 1.47 

(33.8) (30.1) 
26.3 + 0.8 41.3 * 1.3 60.1 & 1.4 
20.3 + 0.57 30.8 + o.sp 

(47.3) (40.2) 

25.3 & 2.6 
22.6 f 3.0 

(13.8) 
31.8 & 0.4 
29.8 + 0.9 

(18.1) 

39.6 + 2.0 60.6 f 1.7 
35.6 + 2.1 

(9.2) 
49.0 + 0.7 73.9 5 1.9 
47.5 * 0.4 

(8.1) 

*Results are shown as the means + S. E. (N = 4) of two separate experiments; 
the numbers in parentheses show the per cent inhibition. 

t AP, acid phosphatase; AS, aryl sulfatase. 
$ Key: -, control; +, tinoridine hydrochloride (30 PM). 
5 Incubation time at 37” in 0.25 M sucrose+.04 M Tris-acetate buffer (pH 7.4). 
/I Amount of p-nitrophenol formed for AP or p-nitrocatechol formed for AS (in 

Leg). 
1 P < 0.01 (significant) vs control. 

B.P. 26/l-R 
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Table 6. Effect of drugs on enzyme release from kidney 
lysosomes (65@3500 g fraction) in citro” 

Per cent inhibition of release of aryl 
sulfatase 

Drug I JIM 10/1M 100 /IM 

Tinoridine 19.3 * 3.3”r 33.8 i: 2.4t 53.6 * 2.9t 
HCl 

Phenylbu~a~one I.1 * 2.2 5.4 & 2.8 15.0 & 2.8f 
lndome~hacin 2.9 + 2.8 8.2 I: 2.4 19.0 $I 2.4t 
Prednisolone X.6 2 0.9 19.5 -& 2.2* 33.3 * 1.9$ 

* The iysosome suspension (2.0 ml) was incubated with 
each test solution (20 ~1) in 0.25 M sucrose-O.04 M Tris- 
acetate buffer (pH 7.4) at 37 for 30 min. Results are shown 
as the means i S. E. of six to eight separate experiments. 
Enzyme activity in controls: before incubation, 7.8; after 
incubation. 14.6; total activity, 57.1 girg p-nitrophenoi 
formed. 

i P < 0.01 (significant), 

any incubation. The release of GPT during a IS-min 
incubation period was inhibited significantly by tinor- 
idine hydrochloride at a concentration of 3OpM in 
any incubation medium employed. 

Tabfe 8 indicates the effects of drugs on the stability 
of the liver parenchymal cells. The release of both 
GOT and GPT was inhibited by tinorid~ne hydro- 
chloride for the incubation period up to L5 min. In 
this system, hydrocortisone and prednisolone prc- 
vented markedly the release of CDT rather than that 
of GPT. Similar data were obtained on the release 
of GOT during a 3O-min incubation period. The in- 
hibitory activity of prednisolone on the release of 
transaminases was more potent than that of hydro- 
cortisone. 

DISCUSSION 

The results in this report. under all experimental 
conditions employed. illustrate that tinoridine hydro- 

chtoride possesses the ability to stabilize lysosomes 
in V&V contained within a crude mitochondriai frac- 
tion of both liver and kidney, lysosomes in viuo of 
the rat liver and the liver parenchymal cells in aitro. 
This property of tinoridine hydrochloride on these 
biomembranes is distinct from that of benzydamine 
hydrochloride. phenylbutazone, indomethacin or 
prednisolone, which have only the capacity to stabi- 
lize biom~mbranes in V&W under specific experimen- 
tal conditions. 

In our previous paper [.I I], tisoridine hydrochto- 
ride has been reported to prevent markedly the labili- 
zation of lysosomes in the 8~20,~O~ liver fraction 
caused by the incubation with 2.57; &OH. The stabi- 
lizing activity of the drug in this system was found 
to be the most potent among nonsteroidal anti- 
jnflammatory drugs tested. On the other hand, 
Tanaka and Iizuka [6] have reported that the lyso- 
some-stabilizing activity of certain nonsteroidal anti- 
inflammatory drugs is more prominent when the 
heavy lysosomal fraction (700-3500~) is used. The 
same results have been reported by Ignarro [7] that 
specific ex~ri~~ental conditions are necessary to 
measure drug-induced stabiIization of lysosomes. 
Specifically, the @k33SoOy liver fraction in sucrose 
Tris-acetate buffer (pH 7.4) was found to be the most 
suitable source of the Iysosomes. In this system. both 
steroidal and nonsteroidal anti-inflammator~~ drugs 
exhibit the tysosomc-stabilizing activity. 

The data in Table 1 suggest that tinoridine hydro- 
chloride, benzydamii~e hydrochloride and phenyl- 
butazone stabilize the lysosomes in the 700--35OOg 
liver fraction in 0.25 M sucroseXX04 M T&-acetate 
buffer (pH 7.4). while indomethacin shows only 
moderate activity, which is similar to the results 
reported previously by Ignarro [7J Under these ex- 
perimental conditions, however, prednisolone failed 
to stabilize the Iysosomes, which is not in accord with 
the results described by Ignarro [7f. 

Table 7. Effects of incubation medium. incubation time and tinoridine hydrochloride on enzyme release from rat liver 
paienchyma! cetts if? r>irro* 

Incubation 
medium 

Marker Tttst 
enzyme? drugt 0 min$ 

Per cent of total activity 

15 minS; 30 min4 60 min$ 
Total 

activity I/ 

Hanks’ solution GOT 

GPT 

Ca’ + -free Hanks’ 
solution 

GOT 

GPT 

Ca”-free Hanks’ 
solution containing 
$0’ BSA ” 

GOT 

GFT 

- 12.9 + 0.4 
f 12.7 f 0.5 
- 35.7 + 0.7 
-I. 33.x + 0.X 
- 24.8 + 0.X 
-F 24.0 + 0.3 
- 43.3 + 0.7 
+ 41.X & 0.6 
- IQ.5 2 0.4 
t IO.2 2 0.5 
- 36.1 $- I.2 
+ 34.7 & I.1 

13.4 _t I.1 19.4 + 1.3 28.2 + 2.4 470 f 12 
13.0 * 0.7 18.3 -t_ 1.2 25.0 ) 2.0 
59.6 2 1.5 78.2 * 2.4 279 i_ IX 
48.4 * 1.2*- 72.7 + 1.8 
43.7 +_ r.9 62.1 + 2.8 84.0 * 3.8 422 IfI I6 
36.6 + 1.-i*+ 49.1 5 2.2‘ 67.3 $- 2.I’ 
74.2 & 1.8 88.8 * 2.9 243 -t 19 _- 
61.7 * I.01 81.6 rf: 2.2 
11.0 i: 0.9 13.6 * I.0 17.6 f 1.5 489 & 16 
10.7 * I.0 13.3 + I.1 16.4 + 1.3 
56.3 7fi 2.7 75.6 & 2.8 238 & 21 
46.6 & 1.4** 70.3 i: 1.0 

* The cell suspension (LO ml) was incubated with each test solution (10~1) at 37”. Results are shown as the means 
i: S. E. of three separate experiments. 

+ GOT, glutamic-oxaloacetie transaminase; GFT. glutamic-pyruvic transaminase. 
$ Key: -. control; +, tinoridine hydrochloride (30/tM). 
$ Incubation time. 
jI Katmen un~~s~rnl~hr for GOT and GPT. 
li P < 0.01 (s~gnj~can~) vs control. 
** P cc 0.05 (significant) vs control. 
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Table 8. Effect of drugs on enzyme release from rat liver parenchymal cells in vitro* 

Incubation 
time (min) 

15 

f5 

i5 

30 
30 
30 

Per cent inhibition of enzyme release 
Marker 

Drug enzyme? l@f 10j~M lOOJIM 

Tinoridine HCI GOT 13.8 + 4.3 24.2 & 1.62 36.0 + 1.51 
GPT 15.8 f 2.7 30.4 i: 4.53 43.4 f 6.53 

Hydrocortisone GOT 1.3 k 2.4 9.2 i 1.3 24.6 rt 1.7$ 
GPT 2.1 + 0.8 8.4 f 0.9 

PrednisoIone GOT 16.6 f 3.2 30.0 If: i.O$ 42.9 f 2.q 
GPT 4.3 * 0.9 12.9 & 2.3 21.7 i 4.3f 

Tinoridine HCl GOT 14.7 f 2.9 24.4 2 l.8$ 33.5 + i.O$ 
Hydrocortisone GOT 10.8 + 1.6 14.1 + 2.0 24.0 k 1.51 
Prednisolone GOT 18.8 & 1.4 28.8 -t_ 1.q 37.7 * 1.4f 

* The cell suspension (2.0 ml) was incubated with each test solution (10 ~1) in Ca’+- 
free Hanks’ solution at 37”. Results are shown as the means f S. E. of three separate 
experiments. Enzyme activity (Karmen units) in controls: before incubation, 85.1 
(GOT) and 123.9 (GPT); after incubation for 15min, 186.7 (GOT) and 226.2 (GPT); 
after incubation for 30 min, 295 (GOT); total activity, 486.2 (GOT) and 226.2 (GPT). 

t GOT. glutamic-oxaloacetic transaminase; GPT, glutamic-pyruvic transaminase. ,., 
$ P < 0.01 (significant). 

Interesting findings have been reported by Desai 
et al. [I71 that isolated rat liver lysosomes peroxidize 
at a comparatively slower rate than either mitochon- 
dria or microsomes, but when subjected to induced 
free radical systems, such as hydrogen peroxide, the 
lysosomal membranes are extremely labile to such 
damage as indicated by the release of bound enzymes 
like aryl sulfatase. Therefore, hydrogen peroxide was 
used as a labilizer of lysosomes. In the incubation 
system indicated in Table 2, hydrogen peroxide was 
found to increase the rate of enzyme release and to 
cause lipid peroxidation. The data in Table 2 clearly 
show that nonsteroidal anti-inflammato~ drugs, 
except for benzydamine hydrochloride and Y-3923 
hydrochloride. which is one of the metabolites of 
tinoridine hydrochloride [IS], prevented both the 
labilization of intact lysosomes and lipid peroxidation 
in the liver fraction. The above findings suggest that 
benzydamine hydrochloride prevents only mild 
damage of the intact lysosomes such as that which 
occurs in incubation alone. The lysosome-stabilizing 
activity of certain drugs like tinoridine hydrochloride 
or Bufenamic acid is not necessarily proportional to 
the inhibitory activity on lipid peroxidation. There- 
fore, it seems likely that the lysosome-stabilizing acti- 
vity is not due to the prevention of lipid peroxidation, 
and that lipid peroxides derive mainly from peroxida- 
tion of mitochondrial membranes in the 70~35~~ 
fraction employed. 

On the mode of action of anti-inflammatory drugs, 
recent studies of u.v.- and hydrogen peroxide-induced 
lipid peroxidation and haemolysis in Caine erythro- 
cytes have suggested that certain anti-inflammatory 
drugs may inhibit haemolysis by stabilizing lipopro- 
tein of the membrane, or by absorbing and destroying 
free radical or peroxides [ 19.203. Tinoridine hydro- 
chloride has been reported by Fugita et al. [21,22] 
to have the same protective effect as a-tocopherol on 
changes with fatty acid composition in the liver lyso- 
somal lipids and microsomal lipids obtained from 
ff-t~opherol-deficient rats. It is interesting that both 
tinoridine hydrochloride and its metabolite (Y-3923) 

inhibit potently lipid peroxidation rather than the 
release of lysosomal enzymes (Table 2). Consequently, 
the mode of action of this agent on biomembranes 
may be somewhat different from that of the other 
anti-inflammatory drugs listed in Table 2. 

The results of recent studies [9] in our laboratories 
suggest that both steroidal and nonsteroidal anti- 
inflammatory drugs have a membrane-stabilizing acti- 
vity on intact lysosomes, and the former also stabilize 
the unstable lysosomes prepared from rabbit peri- 
toneal PMN leukocytes in vifro. However, the differ- 
ence between the effects of tinoridine hydrochloride 
and nonsteroidal anti-inflammatory drugs such as 
phenylbutazone on these lysosomes remains unclear. 
In this paper, it is also revealed that only tinoridine 
hydrochloride among the nonsteroidal anti-inflamma- 
tory drugs tested stabilizes the unstable liver lyso- 
somes caused by pretreatment with carbon tetra- 
chloride. The steroidal anti-inflammatory drugs such 
as prednisolone stabilize also the unstable lysosomes. 
However, the data in Table 3 suggest that the mode 
of action of tinoridine hydrochloride is different from 
that of steroidal anti-inflammatory drugs. 

It has already been proven that tinoridine hydro- 
chloride given to rats is distributed highly in the liver 
and kidney in the form of unchanged tinoridine and 
debenzylated metabolite (Y-3923) [IS]. In preliminary 
experiments in our laboratories, the increase of both 
lysosomal enzymes (i.e. aryl sulfatase) and transa- 
minases in sera of rats treated with carbon tetra- 
chloride was found to be inhibited by pretreatment 
with tinoridine hydrochloride. Therefore, additional 
experiments were carried out to reveal the effect in 
uiuo of this drug on liver lysosomes and the effect 
in vitro on kidney lysosomes and liver parenchymal 
cells. 

The kidney lysosomes in the 65s35OOg fraction 
were found to be more sensitive to tinoridine hydro- 
chloride than those in the 65&12,000 g fraction, as 
is apparent from Table 5. Consequently, this fraction 
was used as lysosomes of the kidney for determining 
the effects of drugs on their stability. These lysosomes 
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were stabilized more potently by tinoridine hydro- 
chloride, moderately by prednisolone and slightly by 
phenylbutazone and indomethacin (see Table 6). 
Therefore, it is concluded from the above data that 
nonsteroidal acidic anti-inflammatory drugs such as 
phenylbutazone stabilize only intact lysosomes, and 
steroidal anti-inflammatory drugs such as predniso- 
lone stabilize markedly the unstable lysosomes rather 
than the intact lysosomes. These conclusions are the 
same as those reported previously [YJ 

On the mechanism of action of these drugs on bio- 
membranes, Mizushima et al. [X3] have proposed 
that the stabilizing action of nonsteroidal acidic anti- 
inflammatory drugs on the Caine erythrocytes is due 
to a stabilizing effect of the drugs on certain proteins 
in the membranes. On the other hand. Lewis et al. 
[24] have reported recently that the stabilizing action 
of steroidal anti-inflammatory drugs on lysosomes is 
due to drug-phospholipid interactions rather than 
drug--protein interactions. All of these findings sug- 
gest that nonsteroidal acidic anti-inflammatory drugs 
stabilize the intact lysosomes by preventing the dena- 
turation of certain proteins in the membranes and 
that steroidal anti-in~a~atory drugs, although 
being sensitive to unstable lysosomes rather than in- 
tact fysosomes, stabilize membranes by preventing the 
denaturation of certain phospholipids in the mem- 
branes. 

In contrast, tinoridine hydrochloride was found to 
stabilize both the intact and unstable lysosomes of 
the liver or kidney, and inhibit the lipid peroxidation 
in the liver fraction. Therefore, this drug may prevent 
injury of the liver or kidney in vivo. In fact, tinoridine 
hydrochloride does prevent labilization of the liver 
lysosomes in aiuo (Table 4) and suppresses the in- 
crease of both Iysosomal enzymes and transaminases 
as described above. The data in Tables 7 and 8 sug- 
gest that this drug actually stabilizes not only lyso- 
somes but also the liver parenchymal cells in vitro. 

Steroidal anti-inflammatory drugs, such as hydro- 
cortisone. administered to rats have been shown to 
have a preventive action of leakage of GPT from the 
liver cells [25]. In the experiments in uitro, as shown 
in Table 8, hydrocortisone and prednisolone pre- 
vented the release of transaminases. However, the 
property of these drugs seems to be different from 
that of tinoridine hydrochloride. 

The conclusion drawn from these experiments was 
that tinoridine hydrochloride has a membrane-stabi- 
lizing activity on the liver and kidney lysosomes irr 
vitro or in r~it~o, and on the liver paren~hymal cells 
irz vitro. In addition. the effect of this drug on bio- 

membranes was suggested to be different from that 
of benzydamine hydrochloride, phenylbutazone, indo- 
methacin or prednisolone. The mode of membrane- 
stabilizing action of tinoridine hydrochloride may bc 
due to a stabilizing effect of this drug on both certain 
proteins and phospholipids in the membranes. 
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