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During mast cell degranulation the soluble component of the
granule is released into extracellular fluid, whereas two neutral
proteases and heparin proteoglycans form the extracellular gran-
ule remnants. These structures are negatively charged and bind
with high affinity LDL and other basic molecules.

In this study we show that granule remnants expelled into
extracellular fluid are able to bind the aminoglycoside antibiotic
gentamicin and the anticancer agent doxorubicin in a dose-depen-
dent manner. In addition, granule remnants loaded with the two
basic substances are subsequently phagocytosed by macrophages.
Indeed, when cells are incubated for 24 h with 1 mg/ml gentami-
cin, the intracellular concentration of the drug, which in basal
conditions is extremely low, increases significantly in the presence
of degranulating mast cells (from 5.1 + 1.0 to 25.4 = 2.5 ug/mg
protein) and a good correlation between histamine release and
gentamicin uptake is evident. The antineoplastic agent doxorubi-
cin can penetrate cells by passive diffusion; however, when mast
cells are added to macrophage monolayer, incubated for 30 min
with 50 uM of the antineoplastic agent, a significant increase in
intracellular doxorubicin concentration is observed (from 3.5 = 0.2
to 4.7 = 0.2 pg/mg protein).

Internalization of granule remnants carrying gentamicin or
doxorubicin is also evident in smooth muscle cells of the synthetic
phenotype. In particular, when smooth muscle cells are incubated
for 24 h with 1 mg/ml gentamicin, addition of isolated granules
increases the uptake from 2.4 = 0.2 to 4.8 = 0.4 pg/mg protein.
Similar results are obtained in smooth muscle cells incubated for
4 h with doxorubicin 50 uM (from 3.3 £ 0.2 to 4.8 = 0.5 ug/mg
protein). Data are confirmed by microscopic experiments by
means of fluorescence microscopy and electron microscopic
studies.

The study demonstrates that basic substances can enter phago-
cytic cells when loaded to granule remnants. The phenomenon can
be of particular interest for substances like the aminoglycosides
that do not cross biological membranes; indeed, the storage of
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these antibiotics in phagocytic cells could have important conse-
quences on their antibacterial activity in vivo. Macrophages and
smooth muscle cells can also act as a reservoir for doxorubicin.
High concentrations of the antineoplastic agent in these cells could
be responsible for toxicity, as well as play an important role in the
transport of the drug to tumor cells. © 2000 Academic Press

Key Words: phagocytic cells; mast cells; granule remnants; gen-
tamicin; doxorubicin.

Mast cell activation and consequent extrusion of cytopla
mic granules is extremely important in a variety of pathologice
and physiological events, including inflammatory reaction, inr
mediate hypersensitivity, cytotoxicity, angiogenesis, fibrosi
and atherosclerosis. During the degranulation process, the ¢
uble components of the granule, i.e., histamine, chondroit
sulphate proteoglycans, and a fraction of their heparin prote
glycans are solubilized and released from the granules into t
extracellular fluid. In contrast, two neutral proteases, chyma
and carboxypeptidase A, and the major fraction of hepar
proteoglycans remain tightly bound to each other, formin
extracellular granule remnants. It has been previously sho\
that the granule remnants bind with high-affinity LDL
(Kokkonen and Kovanen, 1987a) and this binding is mediate
by ionic interactions between the positively charged amin
acids and the negatively charged groups of the heparin glyc
aminoglycan chains of the granule remnants. In addition
lipoproteins, exocytosed mast cell granules bind other mol
cules that show high affinity for heparin, such as fibronectir
lipoprotein lipase (Kokkonen and Kovanen, 1987a), platele
factor 4 (McLaren and Pepper, 1983), aminoglycoside antib
otics (Decortiet al.,1997a), and doxorubicin (Crivellatt al.,
1997). As a consequence of exocytosis, granules expelled fre
mast cells are ultimately phagocytosed and degraded by sc
enger cells such as macrophages (Lindahlal., 1979). In
particular it has been shown (Kokkonen and Kovanen, 1987
Kokkonen, 1989) that LDL-bearing granule remnants are take
up by nonspecific phagocytosis and that the rate of uptake
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the granule remnants is the same whether or not they carnjterial smooth muscle cells were isolated from rabbits using the method
LDL. Wanget al. (1995). To obtain smooth muscle cells of the synthetic phenotypt

. P Is were seeded at a density of t@lls/ml in medium A (RPMI 1640 culture
The present study was designed to verify if granule remﬂa'r%nF dium containing 2 mM.-glutamine, 20% fetal calf serum, 100 U/ml

carrying cher positively charge_d drugs CO_U|d be taken up B¥nicillin, and 100..g/ml streptomycin) and at confluence were subculture
phagocytic cells of the body. This mechanism of entrance intn2) for up to five to nine passages.
cells could be particularly important for those drugs that do notRats were intraperitoneally injected with 20 ml of buffered saline solution ¢

cross biological membranes and hence in normal conditions 36 The whole fluid was collected from the abdominal cavity and cells wel
not enter most cells suspended in balanced salt solution containing 137 mM NaCl, 2.7 mM KClI,

. . . . . .mM CaCl, 1 mM MgCl,, 0.4 mM NaHPO,, 5.6 mM glucose, and 10 mM
The aminoglycosides are polybasic due to their amino sifgpes, supplemented with 0.2% bovine serum albumin (BSSA). The solutio
chains and thus are polycationic at physiological pH and do naire adjusted to pH 7.4 with NaOH before use. Mast cells were purified fro
cross biological membranes. Despite the introduction of neweeritoneal fluid with the method of Lagunoff and Rickard (1987). The lavag
less toxic antibiotics, aminoglycosides remain a mainstay f5gm five or six animals was centrifuged at thfdr 8 min at 4°C, and the

. . . . . llet of cells was resuspended in 4 ml of ice-cold BSSA The cell suspensi
therapy for serious gram-negative infections. The aim of O\av%as layered over 10 ml of Percoll suspension (7 ml Percoll, density 1.130 g/n

study was therefore to verify if gentamicin, the most widely p sait solution consisting of 1.54 M NaCl, 27 mM KCI, and 6.8 mM CaCl
used of these antibiotics, could be taken up by phagocytic cealls mi water; 0.14 ml Path-o-cyte 4, adjusted to pH 7.2 with 0.1 M,R®,)
when bound to granule remnants. The study was performedioma 40-ml conical glass centrifuge tube. The mast cells, sedimented to t
mice peritoneal macrophages. In addition, the uptake of gé}qnom of the tube on centrifugation for 20 min at 828 4°C, were collected,

tamicin-bound granules was studied also in smooth muséﬁg pellet was gently resuspended in 10 ml of BSSA, and the mast cells we
Sedimented at 1%¥or 5 min to remove Percoll. This wash was repeated once

Cel!s obtained from the intima and media of the rabbit aort@ne purity of the mast cells was greater than 90% in the final preparation,
which are also able to phagocytate granule remnants (\angletermined by staining with toluidine blue. For isolation of mast cell granule:
al., 1995). 1.5 X 10° mast cells were preincubated for 15 min at 37°C in BSSA, and the

Another antibiotic that, due to its positive charge, binds tﬁimulated by addition of compound 48/80 (&/ml), and incubation was

. .. . continued for 15 min to allow completion of mast cell degranulation a:
the granule remnants is doxorubicin (Crivellabal., 1997). . described by Lindstedtt al. (1993). The supernatant containing the secrete

Doxorubicin easily forms an ionic complex with heparinyanyles was removed and centrifuged at 125006 15 min to sediment the
(Aoyamaet al., 1987; Cofrancescet al., 1980; Foaet al., granule remnants. The concentration of granule remnants used in the exp

1983), with one molecule of heparin binding 16 molecules ofents is expressed in terms of remnant proteins.
doxorubicin (Aoyamaet al., 1987); hence, it is not surprising Uptake experiments. For experiments, macrophages were seeded at

that the drug binds to heparin proteoglycan of mast cell gra#ensity of 3 x 10° cell/ml in 1 ml of EBME medium containing 20%
ules. heat-inactivated fetal calf serum, 100 U/ml penicillin, and 1@@ml strepto-

In this studv. the possible phaagocvtosis of doxorubici mycin, in 35-mm dishes, and incubated overnight under an atmosphere of 9
Y P phagocy r‘]air and 5% CQ. Smooth muscle cells at the sixth passage were seeded a

Carrying_remnants was studied in peritoneal _macrophagesd@i%ity of 16 cells/ml in 35-mm dishes in 2 ml of medium A, under an
well as in smooth muscle cells. Indeed, during therapy, tlhénosphere of 95% air and 5% G@t 37°C.

patient’s vasculature is exposed to high levels of doxorubicin After 24 h (macrophages) or 72 h (smooth muscle cells), the dishes we

and it has been Suggested that. in addition to the effects v@?hed twice with 4 ml of PBS at 4°C, and then 2 ml of medium containin

he drugs was added in the presence or absence of intact mast cell$q6

cardiac muscle, doxorubicin may have effects on Vascu't_.%rllslwell) or of granule remnants (20g/well) and the incubation continued

smooth muscle at doses that produce no sign of cardiotoXicity predetermined times at 37°C.

(Dalske and Hardy, 1988). Moreover, it is noteworthy that After incubation, the medium was removed, and dishes were rinsed thr
doxorubicin has been shown to induce a marked non-cytotosiges with ice-cold PBS. The cells were scraped with a rubber policeman in
histamine release from rat peritoneal (Crivellatoal., 1999; 2 ml of ice-cold PBS. The dishes were then rinsed again with 4 ml of PBS 1

. . . improve the recovery. The cells obtained from both procedures were cent
Decortiet al., 1986) and cardiac (Decortit al., 1997b) mast fuged at 4°C for 5 min at 15 The supernatants were aspirated and the ce

cells. _ _ _ _ pellet was resuspended gently in 6 ml of ice-cold PBS and centrifuged aga
The incorporation of drug-carrying remnants in phagocytim evaluate gentamicin uptake, the final pellet was resuspended in 0.5 ml

cells present in various tissues could represent a peculiar riBS and the cells were homogenized with a sonicator. Gentamicin concent

dality of internalization and intracellular repository of basi@ons were determined in the whole homogenate by an immunoenzyma
echnique (EMIT AMD, Bracco, Italy).

drugs. The phenomenon could lead to long-term toxicity and/tor'l'o evaluate doxorubicin uptake, the cell pellet was resuspended in 2 ml

to a modified pharmacological effect. 0.3 N HCl in 50% ethanol, mixed thoroughly in a vortex mixer, and centri
fuged at 709 for 10 min at 4°C. Doxorubicin content in the supernatant
MATERIALS AND METHODS fraction was determined fluorimetrically with the method of Backural.

(1970). Standard curves of doxorubicin dissolved in 0.3 N HCI/50% ethan
Animals. Wistar rats (200—400 g) and CD1 male mice (20—30 g) belongvere used for computation of doxorubicin content.
ing to a local conventional breeding colony, and New Zealand white rabbits (4Histamine was determined by the fluorimetric method of Sketeg. (1959).
to 8 weeks) obtained from Harlan, Italy, were used. Animals were housedP§Ptein concentration of samples was determined by the method of Letwry
20°C on a 12-h light/dark cycle and had free access to both food and watak. (1951).
Cell isolation and culture. Macrophages were harvested from anesthe- Statistical analysis. Averages* SE of the means were calculated on data
tized CD1 male mice using the method of Kokkonen and Kovanen (1987yom three to six replicates from a single typical experiment; statistical eva



PHAGOCYTOSIS OF DRUG-CONTAINING MAST CELL GRANULES 271

a RESULTS
50
g a0l Mast cells were treated with compound 48/80u&/ml) to
g induce noncytotoxic degranulation; the granule remnants e
2 sl pelled into extracellular fluid accumulated gentamicin as we
S as doxorubicin in a dose-dependent manner (Figs. 1a and 1
£ 20t This is not unexpected, as it has been demonstrated that
E major components of the remnants bind many different pos
€ 10r tively charged molecules by ionic interactions.
© Figure 2 shows the intracellular gentamicin concentratior
o00 0-2 0-4 0-6 0-8 1'0 of mz_igrophages incubated for_ 2_4 h with ma_st cells. In bas
' | ’ : ' : conditions intracellular gentamicin concentrations were, as €
b 50 mM pected, extremely low. When mast cells were induced to ex
cytate with compound 48/80, a significant increase in gent
5 40 micin intracellular concentrations was observed. Incubatic
2 with avidin, a compound with strongly positive charges tha
g 20 - could compete with gentamicin for binding to the granuls
] remnants, significantly reduced gentamicin uptake. When i
£ 20 creasing concentrations of compound 48/80 were used, a gc
g correlation between histamine release and gentamicin upte
g 10 3 was evident (Figs. 3a and 3b).
© Similar results were obtained with the anticancer drug dox
0 : * : : rubicin (Fig. 4). Basal doxorubicin concentrations were no
0.0 125 25.0 37.5 50.0 . .
however, as low, as this drug can enter cells by passi
MM

diffusion. Addition of mast cells to macrophages caused
FIG.1. Binding of basic molecules to extruded mast cell granules. Gragignificant increase in the uptake. In this case, however, it w

ules were obtained by stimulation of mast cells witag/ml compound 48/80 not necessary to add the secretagogue compound 48/80,

for 15 min at 37°C. The assay was performed in BSSA containing@®l  doxorubicin is by itself a histamine-releasing agent (Deacairti

granules and different concentrations of gentamicin (a) or doxorubicin (la| 1986) Incubation of macrophages with cytochalasin B. 3
After incubation for 10 min at 37°C, granules were centrifuged and the,’ : ’

concentrations of the two drugs were assessed as described under Matéﬁmébltor_o_f phagocytos_ls (AXIme and Reaven, _1974)' reduc_e
and Methods. Each point represents the mea8E of data from three to six doxorubicin concentrations to levels observed in samples wit
determinations from a typical experiment. out mast cells (Fig. 4).

To study the uptake of drugs by smooth muscle cells of tf
uation of results was carried out using Student’s t test for independent samp?e)émhetlc phenotype,_the _Ce”S were used after they have be
All experiments were repeated at least three times. Valugs<0f0.05 were subcultured at least five times (Waagal., 1995)' Indeed, the
considered significant. change from contractile to synthetic phenotype in smoo

Microscopic studies. Mouse peritoneal macrophages and rabbit smooth
muscle cells were incubatedrfd h at37°C with doxorubicin (10Qug/ml) in

the presence of rat peritoneal mast cells or mast cell granules, respectively, and a5
observed under a Zeiss Axioskop microscope. The instrument contained two . %
illumination sources, a tungsten bulb for bright-field observation and a mercury .g 30 ! I |
lamp (Osram HBO 100 W, Berlin-Mhchen, Germany) for epifluorescence ° T
examination. The fluorescence setting was equipped with fluorescein/rhodamin g a7 7/
optics. Cells were studied using a 20@®lan-Neofluar N.A. 1.30 objective at E 2t
oil immersion, by alternate bright-field and fluorescence observations. At least 2
100 cells were examined for each experiment. £ 15+
For electron microscopic investigations, the cells, treated as above, were '€ 10l
fixed with 2.5% glutaraldehyde in phosphate-buffered solution, pH 7.4, at 4°C g
for 1 h and postfixed with 1% osmium-tetroxide at 4°C for 1 h. The pellet was S s5¢ ﬁ
dehydrated through graded ethanol, infiltrated with propylene oxide and epoxy 0 m

resin, and embedded in Epon 812. Thin sections were counterstained with a
uranyl acetate and lead citrate sequence and observed in a Philips CM12|G. 2. Gentamicin concentrations in macrophages and mast cells inc
electron microscope at 80 kV. bated for 24 h with 1 mg/ml gentamiciri]), gentamicin plus Sug/ml

Chemicals. Doxorubicin, gentamicin, compound 48/80, avidin, and cyeompound 48/80%), gentamicin plus 40Qug/ml avidin ), or gentamicin
tochalasin B were purchased from Sigma Chemical Co. (St. Louis, MQlus compound 48/80 plus avidifily. Each bar represents the mearSE of
Percoll and Path-o-cyte 4 were purchased from Pharmacia and Miles Scientdi@ta from three to six determinations from a typical experimemt<<*0.05,
respectively. All other chemicals were of analytical grade. **p < 0.01, Student's test for independent data.
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b FIG.5. Gentamicin concentrations in smooth muscle cells of the synthet
25 phenotype incubated for 5 or 24 h with 1 mg/ml gentami€il) 6r gentamicin
plus isolated granule€d). Each bar represents the meanSE of data from
c three to six determinations from a typical experimenfp ¥ 0.01, Student’s
£ 20} .
=1 t test for independent data.
a :
g 151
> . .
= when incubated with granule remnants. The phenomenon
2 or evident for gentamicin (Fig. 5) as well as for doxorubicin (Fig
2 6).
¢ 5 i . . . .
o Data were confirmed also by microscopical observation
0 ‘ , , , ‘ Indeed, when mouse peritoneal macrophages were coincube
0 1 2 3 4 5 with rat peritoneal mast cells, treated with doxorubicin, an
compound 48/80 (ug/ml) observed_ by.ﬂuorescence microscopy, numerous §pherical Y
low-reddish intensely fluorescent structures, showing the sat
FIG. 3.

Degranulation of mast cells (a) and gentamicin intracellular Consize and microscopical appearance of peritoneal mast ¢
centrations (b) as function of 48/80 concentrations. Compound 48/80 was nules. could be observed in the macrophage cvtoplasm (F
added to monolayers of macrophages containing mast cells and 1 mg ?‘ ules, cou phage cytop

gentamicin and incubated for 24 h. Each point represents the me8f of /2)- Electron microscopy strongly suggested t_hat these strt
data from three to six determinations from a typical experiment. tures were phagocytosed mast cell granules (Fig. 7b); they s

displayed the particulate pattern of mast cell granular matrice
despite advanced proteolytic digestion. This intracytoplasmi
muscle cells has been found to be irreversible after subcultmmembrane-bound material can be easily differentiated fro
ing aortic cells five times, corresponding to at least eight celther granular or vacuolar material because it retains ma
doublings (Chamley-Campbell and Campbell, 1981). Similaftrastructural characteristics of released mast cell granule
to macrophages, smooth muscle cells of the synthetic phe@ranule remnants exhibit a unique dotted and/or reticula
type were capable of taking up higher concentrations of drugechitecture, consisting mostly in a reticular framework mad
up of minute electron-dense patrticles joined together by fil:

5 i

1}
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0

doxorubicin pg/mg protein
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._|
\\: :l
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FIG. 4. Doxorubicin concentrations in macrophages incubated for 30 min
with 50 uM of the antineoplastic agentl), with doxorubicin and mast cells  FIG. 6. Doxorubicin concentrations in smooth muscle cells of the syn
(®), or with doxorubicin, mast cells, and 1y/ml cytochalasin B#). Each thetic phenotype incubatedrfd h with 50.M doxorubicin (J) or doxorubicin
bar represents the mean SE of data from three to six determinations from gplus isolated granule€4). Each bar represents the meanSE of data from
typical experiment. f < 0.05; **p < 0.01, Student'q test for independent three to six determinations from a typical experimemqt.<* 0.05, Student's
data. test for independent data.
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FIG. 7. Microscopical and ultrastructural appearance of mouse peritoneal macrophages and smooth muscle cells of the synthetic phenotype active
up doxorubicin-loaded mast cell granules. (a) Paired fluorescent and bright-field photographs showing fluorescent granules (arrows) phagocy
macrophages. (b) Electron microscopy allows recognition of typical mast cell granule remnants in the cytoplasm of this macrophage (arreevexposafe
to doxorubicin-containing mast cell granules, smooth muscle cells present numerous fluorescent structures filling their cytoplasm. (d) Deksthiretd
semithin section that confirms the presence of metacromatic granules inside smooth muscle cell cytoplasm (arrows). (e) Electron microscigyifittaticn
of phagocytosed structures (asterisk) showing the characteristic texture of mast cell granules. The structure presented in f is a higheomafghigicminule
in e. Bars represent pm (a, ¢, and d); Jum (b, e); and 0.2%m ().

mentous material, which are peculiar for mast cell granul®ghen these cells were incubated with doxorubicin-loaded me
(Dvorak, 1991). The ultramicroscopic evaluation of 100 cellsell granules and examined by fluorescence microscopy,
in the control group and 100 in the mast cell-treated growggeat number of small, round, intensely fluorescent structur
demonstrated the complete absence of granular structuregonld be observed filling the cell cytoplasm (Fig. 7c). Thes
control cells and the presence of typical granular material gtructures showed the same dimension as well as the sa
more than 90% of cells conincubated with mast cells, confirrfluorescence properties and microscopic appearance of rat p
ing, therefore, the nature of these inclusions. toneal mast cell granules after exposure to doxorubicin. The

The incorporation of drug-carrying remnants was also vegould be found not only inside the cell cytoplasm but als
fied in smooth muscle cells of the synthetic phenotype kapparently attached to the cell surface or free floating in tt
fluorescence microscopic and electron microscopic studiesedium.
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Examination by light microscopy of smooth muscle cektudy, induces a significant histamine release. The histamir
preparations revealed large polyhedrical or spindle-shaped releasing action of doxorubicin has many features in commic
ements, whose cytoplasm presented a vacuolated, foamy ajh that induced by compound 48/80 and other basic mast c
pearance. Exposure of these cells to mast cell granules caussdtetagogues (Decost al., 1986). Indeed, the release is not
the intracytoplasmic presence of 1pPa diameter, round to sustained by extracellular calcium but is largely dependent
oval, metachromatic granules (Fig. 7d). Observed by electrmtracellular stores of this cation, is blocked by extremes of ter
microscopy, these granules exhibited the general ultrastructyvatature, and is very rapid and virtually complete within 10 s.
characteristics of rat peritoneal mast cell granules (Fig. 7&ariety of stimuli, whether immunological or nonimmunological
They were surrounded by an endocytic membrane and shoveze known to activate the mast cells and cause their degranulati
the typical features of loose-textured granular matrices (Figowever, the process of mast cell degranulation is the sal
7f). Similarly to macrophages, these granular structures wemnespective of the type of stimulus (Ga#it al., 1984). Any
observed in more than 90% of granule-treated cells and welegranulating stimulus probably induces the same sequence

completely absent in control samples. events that finally leads to the uptake of drug-loaded remnants
phagocytic cells.
DISCUSSION This phenomenon seems of particular interest for the an

noglycosides; indeed, these antibiotics are highly polar catio

The present study demonstrates that rat peritoneal mast cafisl hence do not cross biological membranes and are larg
are able to promote accumulation of some basic drugs in moeseluded from most cells. The intracellular concentration c
peritoneal macrophages and in rabbit smooth muscle tellsgentamicin was indeed extremely low when macrophages
vitro. Under normal conditions, granules are located in the@mooth muscle cells were incubated for long periods of tinr
mast cell cytoplasm; after stimulation, and subsequent degravith this agent and resting mast cells. However, when ma
ulation, the granules, which are negatively charged due to theglls were stimulated to exocytate, the intracellular concentr
heparin glycosaminoglycan chains, can interact with basic suten of the aminoglycoside rose sharply. The storage for lor
stances in the extracellular fluid. It has been shown (Kokkonegeriods of the aminoglycosides in phagocytic cells, where the
and Kovanen, 1987) that the granule remnants derived frorarmally cannot penetrate, could have important consequen
extruded granules of stimulated mast cells bind LDL, and tlua their antibacterial activityn vivo. On the other hand, the
binding sites are part of the heparin proteoglycan moleculéscrease in intracellular delivery of gentamicin could improve
Phagocytosis of mast cell granule remnant-bound LDL ke therapeutic effect on intracellular infections.
macrophages and smooth muscle cells of the synthetic phenoPhagocytosis has been also observed in several types
type results in the formation of typical foam cells, filled withmuscle cells. Garfiel@t al. (1975), comparing three types of
cytoplasmic cholesteryl ester droplets (Waetgal., 1995), a muscle cells, found that the aortic smooth muscle cells of t
major cellular component of the early stage of atherosclerotiontractile phenotype were more active in phagocytosing lat:
lesions. Besides LDL, exocytosed mast cell granules bipdrticles than skeletal or cardiac muscle cells. Blaesl.
several other cationic molecules; indeed, it has been shown t{i#182) have found that smooth muscle cells of the synthet
fibronectin and lipoprotein lipase, two proteins with affinity fophenotype from rat aorta phagocytosed carbon particles mc
heparin, are also bound by granule remnants (Kokkonen aaxtively than fibroblasts derived from rat skin. Finally, Waatg
Kovanen, 1987). Immunoelectron microscopic studies haaé (1995) have demonstrated that smooth muscle cells of tl
revealed the presence of platelet factor 4, a protein with clusmthetic phenotype derived from rabbit aorta phagocyto:
ters of positively charged amino acids, in mast cell granulesiimast cell granule remnants more actively than their contract
human skin and breast tissue (McLaren and Pepper, 1983)ctunterpart. Hence, smooth muscle cells of the synthetic cot
previous studies we have shown that the aminoglycosidespart were chosen in this study as, among muscle cells, th
gentamicin and tobramycin (Decost al., 1997a), as well as have the highest phagocytic capacity.
the antineoplastic agent doxorubicin (Crivellabal., 1997, Mast cells are ubiquitous cells, are present in the intima
Decorti et al., 1989), bind to mast cell granules as a conséhe human aorta (Kamiet al., 1979), and are particularly
quence of exocytosis. Doxorubicin is a basic compound whielbundant in areas of inflammation. In these areas, in addition
forms an ionic complex with heparin (Aoyan& al., 1987; mast cells, which are often activated, i.e., degranulated,
Cofrancesccet al., 1980; Foaet al., 1983), and it has beenlymphocytes and macrophages are also present, both of wh
shown (Crivellatcet al., 1997) that the drug binds to the granulesecreted factors that can stimulate mast cells to degranule
remnants extruded into the extracellular fluid, as well as to tBxocytosed granules are quite large and remain in the micr
granules remaining inside the mast cells. To stimulate mast cetsvironment of their parent cells; hence, the granule-mediat
and induce their degranulation, we used the well-known secrgitagocytosis of drugs must be a local phenomenon restrictec
gogue compound 48/80. This compound was not used in these tissues in which degranulation occurs. However,
experiments with doxorubicin, as this anticancer drug is a secsgaooth muscle cells are able to phagocytate doxorubici
tagogue by itself, and, at the concentrations employed in thi®ded granules extruded from mast cells located in the arter
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wall, the anticancer drug could accumulate at high concentRgcorti, G., Bartoli Klugmann, F., Candussio, L., Furlani, A., Scarcia, V., an
tions in these cells and hence be responsible for tOXiCity.BaId'n" L. (1989). Uptake of adriamycin by rat and mouse mast cells an
. L . . . . lati ith histami leas€ Res49, 1921-1926.
Cardiotoxicity is the main toxic effect of doxorubicin; how- Caton Wit RiSAMIng releassancer Kesds, 295 o
ever, besides the effects on cardiac mast cells, the drug act$gP"t &-» Candussio, L., Kiugmann, F. B., and Baldini, L. (1997a). Bindin
| h | d h d . ogammoglycoyde antibiotics by degranulating mast celleemotherapy
vasc_u ar _SI’.TIOOt muscle even at doses that produce no sign g .36-42.
CardIOtO)_(l_Clty (DaISke and Hardy' 1988)' Decorti, G., Candussio, L., Klugmann, F. B., Strohmayer, A., Mucci, M. P.
In ad(_jltlon, macrop_hages an_d smooth mUSde cells can a_Ct &Rosco, A., and Baldini, L. (1997b). Adriamycin-induced histamine releas
reservoirs for the antineoplastic drug. This should be particufrom heart tissue in vitroCancer Chemother. Pharmacel0, 363—366.
larly important for macrophages, as these cells seem to havexgérak, A. M. (1991) Basophil and Mast Cell Degranulation and Recovery:
important role in tumor cell destruction and it has been dem-Blood Cell Biochemistryyol. IV. Plenum Press, New York.
onstrated (Haskill, 1981) that macrophages loaded with cytaa, P., Cofrancesco, E., Lombardi, L., Colombi, M., Pogliani, E. M., an
plasmic doxorubicin-containing inclusions play an important Polli, E. E. (1983). Non interference by heparin with the cytostatic effect c
role in the transport of the drug to tumor cells. adriamycin: An in vitro study on a human promyelocytic leukemia cell line
These data demonstrate a peculiar modality of entrance of - 2 ©ancer4s. 735-738. _
basic molecules into phagocytic cells by means of granLﬁ;éllll, S. J., Dvorak, A. M., and Dvorak, H. F. (1984). Basophils and mast cell:
remnants extruded from activated mast cells. The phenomen Morphologic insights into their biology, secretory patterns, and function
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