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Summary. This ultrastructural and histochemical study deals with the 
lysosomal storage phenomena occurring in the rat liver after repeated 
oral administration of tilorone, an agent with anti-tumor and anti-viral 
activities. In the sinusoidal endothelium and in Kupffer cells, the lyso- 
somes were changed into large vacuoles which contained material with 
the histochemical characteristics of acid glycosaminoglycans. The alter- 
ations closely resembled those previously observed in the splenic red 
pulp of tilorone-treated rats. In hepatocytes, the lysosomes were con- 
verted into large multilamellated inclusions indicating storage of polar 
lipids. The results show that, in the rat liver, tilorone induces cellular 
alterations mimicking those of inherited mucopolysaccharidoses and lipi- 
doses. After discontinuing drug treatment the two storage phenomena 
gradually faded at different rates: The lipidosis disappeared within 2 
to 4 weeks, whilst mucopolysaccharidosis-like changes were still found 
15 weeks after drug withdrawal. 

The occurrence of lipidosis is not surprising, since by its molecular 
structure tilorone can be regarded as belonging to the group of amphi- 
philic cationic drugs which often have this side effect. Much more sur- 
prising is the occurrence of mucopolysaccharidosis-like alterations. The 
exact biochemical identification of the polyanionic storage material and 
the molecular mechanisms responsible for this drug side effect remain 
to be established. 

Key words: Acid Glycosaminoglycans - Mucopolysaccharidosis - Lyso- 
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Introduction 

Tilorone (Fig. 1) is a drug which stimulates interferon production and has 
anti-viral and anti-tumor activities (Regelson 1981). Among its cytological 
side effects there are two which involve the lysosomes: (a) tilorone induces 
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Fig. 1. Molecular structure of tilorone depicted as the free base; the C-bound H-atoms are 
omitted. Due to the presence of an apolar ring system and two short side chains with protoniz- 
able nitrogens tilorone can be regarded as an amphiphilic cationic compound 

lamellated cytoplasmic inclusions in hepatocytes and renal tubular cells of 
animals (Leeson et al. 1976; Thelmo and Levine 1978) and in corneal epithe- 
lium of humans (Weiss et al. 1980); this side effect presumably reflects lipi- 
dosis which can also be produced by many other cationic amphiphilic drugs 
(Lfillmann-Rauch 1979). (b) Tilorone induces cytoplasmic vacuolation in 
several cell types (Levine and Sowinski 1977; Thelmo and Levine 1978); 
histochemical findings have recently provided evidence that the clear va- 
cuoles occurring in the splenic sinus endothelium are due to excessive lysoso- 
mal storage of acid glycosaminoglycans (aGAG) (Liillmann-Rauch 1982a) 
thus mimicking the cytological picture of inherited mucopolysaccharidoses 
(Van Hoof 1973). The purpose of this study was to examine whether muco- 
polysaccharidosis-like alterations are a more generalized phenomenon oc- 
curring also in the liver of tilorone-treated rats. 

Materials and methods 

Young adult female Wistar rats were used in all experiments. Tilorone-HCl was a gift of 
Merrell Dow Pharmaceuticals (Cincinnati, Ohio). The following dyes were used for histochemi- 
cal work: toluidine blue 0 (Merck, Darmstadt, FRG); Alcian blue 8 GX (Gurr; Hopkin 
& Williams, Chadwell Heath, GB). Most experimental animals and procedures were the same 
as those described in detail in a previous study (Liillmann-Rauch 1982a). Briefly, rats were 
treated (3-21 weeks) with tilorone-HCl at daily dosages of 60--80 mg/kg; the drug was added 
to the diet. Additional rats received higher drug doses by stomach tube (3 to 4 x 300 mg/kg 
within 8 days). Age-matched controls were kept under identical conditions without receiving 
the drug. To test the reversibility of the cellular alterations, 2 rats were allowed to survive 
without drug treatment for 2 and 4 weeks, respectively, following drug treatment for 4 weeks; 
3 other rats were allowed to survive for 4, 7 and 15 weeks, after treatment for 13 weeks. 

At the end of the experiments, animals were anaesthetized with pentobarbital and usually 
killed by vascular perfusion with glutaraldehyde. All methods for routine morphology and 
ultrastructural enzyme histochemistry (demonstration of acid phosphatase by means of 
Gomori's medium) were the same as described previously (Liillmann-Rauch 1982a). In addi- 
tion, demonstration of another lysosomal enzyme, trimetaphosphatase, was performed (Doty 
et al. 1977; Oliver 1980). Semithin Araldite sections were stained with toluidine blue-pyronin 
at alkaline pH (Ito and Winchester 1963); ultrathin sections were stained with uranyl acetate 
and lead citrate. 

Substrate histochemistry. Most histochemical preparations of liver tissue were obtained in 
the same experiments previously described when the spleen was investigated (Liillmann-Rauch 
1982a); thus a direct comparison between the two organs was possible. Briefly, air-dried 
cryostat sections of unfixed tissue were stained with 1% Alcian blue at pH 1 (0.1 N HCI) 
or with 0.1% toluidine blue at pH 2 (Michaelis buffer) and mounted with DePeX. It should 
be mentioned that in recent experiments, where we used a new batch of toluidine blue, the 
metachromatic staining of certain structures including mast cells was converted to blue during 
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the last stage of dehydration with ethanol. Thus the toluidine blue preparations had to be 
mounted with gelatine which required their immediate evaluation since complete fading of 
the stain occurred within days. High iron diamine staining (HID) according to Spicer et al. 
(1978), and determination of the "critical electrolyte concentration" of alcianophilia (Scott 
and Dorling 1965) were performed by using 40 lam vibratome-slices of glutaraldehyde-fixed 
liver tissue, with cartilage and mast cells (tracheal wall) serving as internal standards for 
the latter method (Liillmann-Rauch 1982a). PAS-staining was performed in two ways: (a) 
Araldite sections of freeze-dried, osmicated liver tissue (see below) were stained according 
to McManus (Pearse 1961), without removal of the Araldite; the periodic acid step was there- 
fore prolonged to 2 h. (b) Rats were starved for 18 h prior to sacrifice in order to reduce 
the background staining due to glycogen in the hepatocytes; cryostat sections of unfixed 
liver tissue were treated with 90% ethanol (10 min), following which the PAS method was 
applied in a similar fashion to that recommended by Hotchkiss (Pearse 1961) for water-soluble 
materials, by performing the periodic acid step (2 h) in 90% ethanol buffered with 0.2 M 
sodium acetate. 

Extraction and enzyme digestion experiments. Extractability of the Alcian blue positive material 
was tested by incubating air-dried cryostat sections of unfixed tissue for 2 h (20 ~ C) in methanol 
(100%), chloroform/methanol (2:1), chloroform/methanol/water (4:8: 3), or in saline (0.9% 
NaC1 solution). In an attempt to preserve the water-soluble material from complete extraction 
in saline, cryostat sections were pretreated either with paraformaldehyde vapour (60 ~ C, 60 min), 
or with methanol/formalin/acetic acid (85:10: 5, 10 min) according to Mayrhofer (1980); the 
former was without effect, the latter was able to preserve some material during a subsequent 
saline incubation for 2 h at 20 ~ C, but not at 37 ~ as required for digestion experiments with 
hyaluronidase. Thus the classical approach to characterize a material by its enzyme digestibility 
was not possible. 

Further attempts to test the digestibility of the storage material were made without success 
and are therefore described briefly here: (a) since Alcian blue (pH 1) and toluidine blue (pH 
2) obviously stained and precipitated the storage materials in cryostat sections, and since 
complexes of glucosaminoglycans with such cationic dyes are poorly water-soluble (Scott et al. 
1964), we tried to use the above dyes as "fixatives" prior to enzyme digestion experiments. 
As a positive control, cryostat sections of unfixed tracheal cartilage were included. The results 
were as follows: toluidine blue (pH 2) faded and was ineffective in preserving the storage 
material and the cartilagineous matrix during saline incubation (37 ~ C, 180 min). Pretreatment 
with Alcian blue (pH 1) did preserve the storage material and the cartilagineous matrix but 
made the latter undigestible by hyaluronidase (from bovine testes, Sigma type IV). The hyalur- 
onidase technique as such (enzyme 2,000 units/ml 0.9% NaCI solution, 3 h, 37 ~ C) had been 
controlled before by use of cartilage cryostat sections fixed with paraformaldehyde vapour. 
(b) Freeze-dried samples of liver and trachea were embedded in Araldite, either after osmication 
(OsO4-vapour, 2 h, 65 ~ C) or without osmication. Before the hyaluronidase experiment, Aral- 
dite had to be removed with NaOH-ethanol as described previously (Liillmann-Rauch 1982b). 
During this procedure the storage material was lost from the sections of non-osmicated tissue 
blocks. In the osmicated preparations, the storage material was retained during Araldite remov- 
al; however, osmication rendered the cartilagineous matrix undigestible. Therefore this proce- 
dure was regarded as unsuitable for enzyme digestion experiments. 

Endocytosis experiments. Two rats treated with tilorone for 3 and 21 weeks, respectively, 
and age-matched control rats were used. They received a single intravenous injection of iron 
dextran (Myofer 100, Hoechst, Frankfurt, FRG). The amount of tracer injected corresponded 
to 5 mg iron per 100 g body weight in one experiment, and to 10 mg iron in the other. The 
animals were fixed by perfusion 4 days and 24 h, respectively, after the injection. For light 
microscopic demonstration, semithin sections were treated with NaOH-ethanol to remove the 
Araldite and were stained with Turnbull's blue and Safranin. Ultrathin sections were viewed 
unstained. 
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Fig. 2. Micrograph of the liver of a rat treated with tilorone (11 wk, 60 mg/kg x day). The 
sinusoidal endothelial cells show empty vacuoles. In Kupffer cells the vacuoles are either 
empty or contain pale-staining material. Hepatocytes show dense cytoplasmic inclusions. Aral- 
dite section, stained with toluidine blue-pyronin. • 640 

Fig. 3. Low-power electron micrograph of the liver of a rat treated with tilorone (11 wk, 
60 mg/kg x day). The endothelial cell has clear vacuoles; the Kupffer cell shows vacuoles con- 
taining heterogeneous material; the hepatocytes display numerous lamellated inclusions. 
x 4,000. Abbreviations used throughout the illustrations: D, space of Disse; E, endothelial 

cell; H, hepatocyte; K, Kupffer cell; S, sinusoidal lumen 
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Results 

In rats treated with tilorone, the following pathological features were imme- 
diately apparent upon light microscopic examination of routine semithin 
sections (Fig. 2). Sinus endothelial and Kupffer cells throughout the liver 
lobule contained many clear vacuoles; in addition, Kupffer cells showed 
vacuoles filled with a material which stained pink or pale-blue with toluidine 
blue at alkaline pH. Clear vacuoles were also numerous in endothelial cells 
of larger blood vessels and in the fibroblasts of periportal connective tissue. 
In the hepatocytes numerous dense inclusions were visible. This pattern 
of cellular alterations was consistently found in all tilorone-treated rats. 
The extent of these changes increased with the duration of drug treatment. 

Ultrastructurally (Figs. 3, 4), the vacuoles in endothelial cells closely 
resembled those described in the splenic sinus endothelium (Liillmann- 
Rauch 1982 a). They contained remnants of an electron-dense matrix adher- 
ent to the limiting membrane, while the remaining intravacuolar space ap- 
peared entirely empty. Kupffer cells (Fig. 4b) showed various vacuoles, 
some resembling those in endothelial cells, others containing flocculent ma- 
terial and loosely arranged lamellated structures. In addition, there were 
vacuoles which contained polymorphic material and also some sharply de- 
fined empty spaces. Fat-storing cells (Ito cells) were comparatively rare 
and displayed some abnormal vacuoles containing granular material. Hepa- 
tocytes showed numerous compact lamellated inclusions as described by 
Leeson et al. (1976); the hepatocytes located next to the central veins and 
to the periportal fields displayed, in addition to lamellated inclusions, small 
membrane-bound vacuoles, either empty or containing small amounts of 
flocculent and membraneous materials (Fig. 4 c). 

Enzyme h&tochemistry. Experiments to demonstrate acid phosphatase and 
trimetaphosphatase gave similar results. Both enzymes could be demon- 
strated most readily in the lamellated inclusions in hepatocytes (Fig. 5 a). 
In endothelial and Kupffer cells (Fig. 5 a, b) some vacuoles were also found 
containing heavy lead precipitates. In many sinusoidal wall cells the vacuoles 
were without reaction product. 

Endoeytosis experiments. As another attempt to test whether or not the 
abnormal vacuoles were functional parts of the lysosomal apparatus, iron 
dextran was injected since this electron-dense tracer is known to be taken 
up by endocytosis and delivered to the lysosomes (Daems et al. 1969). Light 
microscopic staining for iron revealed that the cellular distribution pattern 
of the tracer throughout the liver lobule was similar in control rats and 
tilorone-treated rats, both 24 h and 4 days after the injection of the tracer. 
Ultrastructurally, the tracer was found within many vacuoles of Kupffer 
and endothelial cells and also in the lamellated inclusions of hepatocytes. 
Within the clear vacuoles (Fig. 6), the tracer was always located in the 
electron-dense matrix at the periphery, while the rest of the intravacuolar 
space remained empty. 
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Fig. 4. a Portion of the same endothelial cell as in Fig. 3. The vacuole appears empty except 
for remnants of an electron-dense matrix adherent to the limiting membrane (arrowheads) 
N, nucleus x 22,600. b Various types of vacuoles in a Kupffer cell from the same animal 
as in Fig. 3. Vacuoles 1 and 2 display empty areas within the electron-dense matrix; vacuole 
3 contains flocculent material; vacuole 4 is filled with electron-lucent granular material and 
lamellated structures, x 22,600. c Vacuole and lamellated inclusion L in a hepatocyte which 
was located near a periportal field. (Tilorone 6 wk, 60 mg/kg). The vacuole contains flocculent 
materials of various electron-densities, x 22,600 
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Fig. 5a. Demonstration of acid phosphatase; liver of a rat treated with tilorone (8 days, 
4 x 300 mg/kg). Lead precipitates are seen in the lamellated inclusions of the hepatocyte and 
in one vacuole of the sinus endothelial cell. b Demonstration of trimetaphosphatase in the 
vacuoles of a Kupffer cell from a rat treated with tilorone (3 wk, 60 mg/kg x day). a, b x 7,400. 
Unstained sections 

Fig. 6. Liver of a rat treated with tilorone (21 wk, 60 mg/kg x day). Iron dextran (Fe 10 mg/ 
100 g body weight) was injected i.v. 24 h before tissue fixation. The electron-dense tracer 
is found in the tilorone-induced vacuoles. Unstained section, x 22,600 
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Fig. 7a, b. Cryostat sections stained with Alcian blue (pH 1). a Liver of a rat treated with 
tilorone (13 wk, 60 mg/kg • day). The sinusoidal wall cells are intensely stained. Some hepato- 
cytes near the central vein CV show faint granular staining. • 220. b Liver of an untreated 
control rat. The only stained structure is a mast cell MC in a periportal field. • 220 

Fig. 8. Liver of a rat treated with tilorone (12 wk, 60 mg/kg x day). Slices (40 p.m) of glutaralde- 
hyde-fixed tissue were incubated with Alcian blue (pH 5.8) plus MgC1 z (molar concentrations 
indicated). Sinusoidal wall cells are stained up to a MgC12 concentration of 0.5 M; at 0.7 M 
no clear staining is achieved, a, b, e, • 320 
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Substrate histochemistry 

a) Cryostat sections stained with cationic dyes. Alcian blue (AB) at pH 1 
gave a brillant granular staining of the sinusoidal wall cells (Fig. 7). The 
intensity of staining and the size of the granules clearly increased with the 
duration of drug treatment. AB-positive granules were also seen in many 
cells of the periportal connective tissue and in the endothelium of larger 
blood vessels. Most hepatocytes remained unstained; only in the periphery 
and centre of liver lobules, some hepatocytes showed granular staining. 
In control rats, liver tissue was completely devoid of AB-positive structures 
at pH 1, except for mast cells in the periportal connective tissue (Fig. 7 b). 

Staining with toluidine blue at pH 2 yielded basically the same pattern 
as with AB. In detail, endothelial cells displayed metachromatic (purple) 
granules; Kupffer cells showed blue and purple inclusions; with increasing 
time of tilorone treatment (1 to 21 weeks), the proportion of blue to recta- 
chromatic inclusions clearly shifted towards the latter. Hepatocytes in the 
lobular periphery and centre displayed small blue and purple granules; the 
remaining hepatocytes were as faintly stained as those of control rats. The 
cytoplasm of sinusoidal wall cells of controls was not stained at all. The 
only metachromatic (purple) structures present in controls were periportal 
mast cells. 

Extraction experiments showed that the abnormal material staining in- 
tensely with AB was highly water-soluble (0.9% NaC1 solution) but resistent 
to treatment with mixtures made up mainly of organic solvents (see Meth- 
ods). Attempts to preserve the material from extraction by aqueous media 
were without success as already described in Methods. Enzyme digestion 
experiments for further characterizing the biochemical nature of the storage 
materials were unsuccessful for the same reason. 

(b) Tissue slices incubated with cationic dyes. Incubation of tissue slices 
(40 ~m) with toluidine blue (pH 2) gave results very similar to those obtained 
with cryostat sections. The inspection of tissue slices, which were more 
favourable than cryostat sections for discriminating between endothelial 
and Kupffer cells, confirmed the rather homogeneous population of meta- 
chromatic inclusions in endothelial cells, in contrast to a mixed population 
of blue and metachromatic inclusions in Kupffer cells. Occasionally, both 
types of staining were seen in the same inclusion. 

AB staining was performed according to Scott and Dorling (1965) for 
determining the "critical electrolyte concentration" in order to further char- 
acterize the polyanionic nature of the storage material (Fig. 8). Sinus endo- 
thelium and Kupffer cells showed brillantly staining inclusions up to a 
MgC12 concentration of 0.5 M. Staining intensity was greatly reduced at 
0.7 M MgC12 and was totally abolished at 0.9 M MgC12. For comparison, 
cartilage stained intensely up to 0.5 M MgC12 and remained unstained at 
0.7 M MgC12 . 

(c) High iron diamine method (HID). The HID method of Spicer et al. 
(1978) for the demonstration of sulfated polyanions gave consistently posi- 
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Fig. 9a--c. Liver of a rat treated with tilorone (7 wk, 4 x 300 mg/kg and 17 • 75 mg/kg). High 
iron diamine procedure (HID), unstained sections, a Sinus endothelial cell; within the vacuole 
positive staining is found at the sharp edge between the clear space and the remnants of 
the lysosomal matrix. Arrowheads point to the membrane of the vacuole. • 22,600. b Kupffer 
cell; some vacuoles show the same pattern of positive staining as seen in the endothelial 
cell (arrows). Some vacuoles which are filled with an electron-lucent material remain unstained 
(asterisk). x 11,500. e Endothelial cell from a control preparation incubated in a medium 
containing MgCI 2 instead of FeCI 3. No staining is obtained. • 24,700 

tive results in the clear vacuoles o f  sinus endothelial cells and Kupffer  cells 
(Fig. 9). A nar row rim of  electron-dense precipitate was found  at the sharp 
border  betweefi the dense matrix and the empty  space o f  the vacuoles. 
In  contrast ,  those vacuoles in Kupffer  cells that  were filled with po lymorphic  
material  wi thout  showing any empty areas, were unstained or inconsistently 
stained by the H I D  method.  
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(d) PAS-staining. With both methods used, Kupffer cells displayed PAS- 
positive inclusions. Endothelial cells remained unstained. 

Recovery experiments 

After discontinuance of tilorone treatment, the lysosomal storage phenom- 
ena faded at greatly differing rates. The lamellated inclusions in hepatocytes 
largely disappeared within 2 to 4 weeks, which corresponds to previous 
experience with lipidosis induced by other drugs (Liillmann-Rauch 1979). 
In contrast, the vacuoles in sinusoidal wall cells were hardly reduced after 
a drug-free interval of 7 weeks, and were still present, though less numerous, 
after 15 weeks. 

Discussion 

Considerations concerning the storage materials. Two types of lysosomal 
storage phenomena were observed in tilorone-treated rats. Lipidosis was 
most conspicuous in hepatocytes, less so in Kupffer cells and absent from 
endothelial cells. Mucopolysaccharidosis was most prominent in endothelial 
cells, Kupffer cells, fibroblasts, and was probably also present in the hepato- 
cytes adjacent to central veins and periportal triads. The vacuoles in fat- 
storing cells cannot be judged on the basis of the present results. The diagno- 
sis of lipidosis is based on the ultrastructural similarities between the lamel- 
lated inclusions induced by tilorone and those produced by many other 
amphiphilic cationic drugs, for some of which lipidosis was also demon- 
strated biochemically (Lfillmann-Rauch 1979). The diagnosis of mucopoly- 
saccharidosis is based on the histochemical findings. They provide evidence 
for lysosomal storage of polyanionic water-soluble materials which have 
staining characteristics of sulfated GAG. The determination of the critical 
electrolyte concentration according to Scott and Dorling (1965) indicated 
that the polyanionic character of the storage materials in sinusoidal wall 
cells was similar to that of cartilagineous GAG, and slightly less acidic 
than the abnormal material stored in the splenic sinus endothelium of tilor- 
one-treated rats (Liillmann-Rauch 1982a). A more detailed diagnosis con- 
cerning the particular types of aGAG could not be achieved as explained 
in Methods; this problem has to be tackled biochemically. 

The present findings suggest some differences with respect to the polyan- 
ionic materials stored in the sinus endothelium and in Kupffer cells. In 
the endothelium, the predominant metachromatic staining with toluidine 
blue (pH 2), the consistent HID stainability and the invariable ultrastructur- 
al picture of the clear vacuoles suggest that the storage material was rather 
homogeneously composed of sulfated GAG. In contrast, the vacuoles in 
Kupffer cells were heterogeneous in their ultrastructure and in their histo- 
chemical staining characteristics. It appears likely that, in addition to storing 
sulfated GAG, they contained other non-sulfated anionic materials such 
as acidic glycoproteins ultrastructurally represented by flocculent HID-nega- 
tive material; this is also suggested by the presence of PAS-positive inclu- 
sions in Kupffer cells. 
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Comparison with inherited mucopolysaccharidoses. The basic potency of tilor- 
one to induce generalized mucopolysaccharidosis is also indicated by some 
preliminary findings on urinary excretion of aGAG. The urine of chronically 
treated rats contained abnormal metachromatic material (B. Christensen 
and G. Michel, personal communication) as demonstrated by Berry's spot 
test (Spranger and v. Germar 1967); the excreted hexuronic acids per gram 
of creatinine were increased 20-fold compared with the control (J. Gehler, 
personal communication). Further studies are necessary to elucidate the 
exact biochemical nature of the excreted materials and of those stored in 
liver and other organs. 

Concerning the cellular pattern of GAG storage, the tilorone-induced 
condition does not directly mimic a particular type of the inherited mucopo- 
lysaccharidoses. In several types, the hepatocytes are heavily vacuolated 
(Van Hoof 1973), which was not a prominent feature in tilorone-treated 
animals. On the other hand, the vacuolation in Kupffer cells was reminiscent 
of the descriptions in most types of inherited aGAG storage diseases. Sinus 
endothelial cells are rarely mentioned in this context; in two cases of chon- 
droitine-4-sulfate storage (Freitag et al. 1971) and in a case of type IV (Mor- 
quio's disease) (Wisse et al. 1974) the sinus endothelia were described as 
having numerous clear vacuoles. 

Considerations on the mechanisms of the drug side effects. In view of previous 
experience with at least 30 other amphiphilic cationic drugs it appears rea- 
sonable to explain tilorone-induced lipidosis by the same mechanism as 
proposed previously, i.e. by drug-lipid interaction leading to interference 
with intralysosomal lipid digestion (Liillmann et al. 1978). As to aGAG 
storage, a preliminary finding suggests that this also is due to decreased 
degradation rather than to increased synthesis. In tilorone-exposed cultured 
human fibroblasts the kinetics of sulfate degradation (Fratantoni et al. 1968) 
were similar to those in fibroblasts from individuals with inherited mucopo- 
lysaccharidosis (K. v. Figura, personal communication). This observation 
is reminiscent of the effects of other weak bases such as chloroquine upon 
the sulfate kinetics of cultured cells (Lie and Schofield 1973; Glimelius 
et al. 1977). 

The molecular mechanisms responsible for decreased aGAG degradation 
are entirely open to speculation at present. Obviously, there is a dissociation 
between the potencies to induce lipidosis and mucopolysaccharidosis: 
among all cationic amphiphilic drugs so far investigated, tilorone is the 
only compound producing both storage phenomena in intact organisms. 
It appears reasonable to assume that tilorone is a "lysosomotropic" drug 
like chloroquine and other weak bases (DeDuve et al. 1974), and that this 
property is somehow related to the lysosomal side effect under debate here. 
It is tempting to speculate that the drug interferes with the supply of newly 
synthesized enzymes towards the lysosome as has been described in chloro- 
quine-exposed cultured fibroblasts (Gonzalez-Noriega et al. 1980; Hasilik 
and Neufeld 1980; Neufeld 1981; Sly et al. 1981). It should, however, be 
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emphasized that we have not so far found any morphological signs that 
chloroquine, although producing severe lipidosis, would induce mucopoly- 
saccharidosis-like alterations in the liver or any other organ of the intact 
rat comparable to those seen with tilorone. Thus it remains unclear to 
which extent the concept of Sly et al. (1981) is applicable to explain the 
alterations found with tilorone under in vivo conditions. Further studies 
are now in progress to elucidate the molecular drug characteristics required 
to induce lysosomal aGAG storage. 
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