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Abstract It has been proven that the anthracyclines induiﬁ ducti
an important, noncytotoxic histamine release from rdttroduction

peritoneal mast cells. As mast cells derived from different . . . -
tissues exhibit marked heterogeneity, the effect of Adri _ardmmyopa_ﬁhy IS a unique chara_cterlstlc_ of.the anthrg—
cline antibiotics. The pathogenesis of this side effect is

mycin in comparison with other antineoplastic agents w&¥ ) ; i
tested on fragments of the right heart auricle, which contdift Yet clear, and it has been suggested that it has multiple
a great number of mast cells. In this experimental mod guSes [18], but there.ls .eV|dence_that the release of
Adriamycin induced a dose-dependent histamine rele gtamine may b.e. crucial In pmd“C'F‘g both acute and
that was significantly limited by the antiexocytotic drud'onic cardiotoxicity. In previous studies we have shown
sodium cromoglycate. The antineoplastic agents cispla t the anthracycl_lnes induce an Important histamine
and 5-fluorouracil, in contrast, did not provoke any co €lease from rat pgntoneal mast cells in vitro [.4]' .aﬂd that
parable histamine release. In the formulation employed ¢ mas;-cell stabilizer s_od|.u.m cromoglycate inhibits th|s
clinical settings, paclitaxel was also capable of inducingeé(c.’c.ytOtIC eff_ect and S|gn|f|_can_tly reduces the cardiac
histamine release comparable with that of Adriamycin: tHXiCity of Adriamycin and epirubicin [2, 5, 13].
exocytotic activity, however, was also evident when the Mast Cells have been identified in heart tissues of
tissue fragments were treated with Cremophor EL anrﬁImals [10] and humans [1, 7, 10, 23], and it has long
without the addition of paclitaxel, whereas treatment Of°€" su_spected th"’.‘t these cells pllay a pathophysiologic role
samples with paclitaxel dissolved in ethanol did not indudB this tissue function [22]. Cardiac mast cells have also
any releasing action. These data thus suggest that fgen Implicated in various cardiomyopathies such as
secretory activity should be ascribed to the solvent Cremgjron.'c chagasp _cardlo_myqpathy [3]’. eosinophylic myo-
phor EL and not to paclitaxel. The release of histami .rd|t|s_ [9]'. and |d|opr?1th|c dilated cardlomyopathy [7, 11].
induced by paclitaxel in Cremophor EL/ethanol was al Istamine Is present in the mam”.‘a"a” heart, a}nd concen-
frations as high as @g/g are found in the right atrium [17].

limited by sodium cromoglycate. These results again i s b h h ; b includi
dicate that histamine release from mast cells derived rbf’@S &/s0 been shown that various substances, including

only from the peritoneal cavity but also from the cardia@P!0lds, compound 48/80, calcium ionophore [8], local and
tissue could play a role in the cardiotoxicity of anthracygeneral ane_sthetlps, and contrast me_dla [16] can induce the
clines and of paclitaxel in the clinically employed formulal€!€ase of histamine from the heart tissue. .
tion. Mast cells derived from different anatomic sites display
marked heterogeneity and differ in cell size, staining
characteristics, ultrastructure, and, above all, mediator con-
tent and responsiveness to activating stimuli [19, 24, 29]. It
therefore seemed of interest to study the pattern of respon-
siveness to the histamine-releasing action of Adriamycin in
comparison with other antineoplastic agents using frag-
ments of the right auricle of rat hearts. In addition, the
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adriamycin (ug/mi) Fig. 2 Histamine release from rat heart induced by Adriamycin and

. . . - other antineoplastic agents. Fragments of right auricle were prewarmed
Fig. 1 Effect of sodium cromoglycate (2M) on Adriamycin-induced ¢4 5 min at 37°C; the antineoplastic drugs were added and the

histamine release from rat heart. Fragments of right auricle Wefgpation was continued at 3T for 45 min. Spontaneous histamine
prewarmed for 5 min at 37C; Adriamycin and sodium cromoglycate q|ease (approx. 5%) was deduct@blumnsmean valuesr] = 4—10],
were added and the incubation was contlnl;ed at@Tor 45 min.  \ertical barsstandard errors] 5-fluorouracil [1 mg/mi], &2 cisplatin
Spontaneous histamine release (approx. 5%) was deduPdtY 500 | g/ml], & Adriamycin [400ug/mi], EE paclitaxel [250pg/mi]).

mean valuesr = 4—12],vertical barsstandard errors@ Adriamycin  +p 5 05-*p <0.01 (significantly different f treated trol
alone,O Adriamycin + sodium cromoglycate) P*<0.05; **P <0.01 <9 <0.01 (significantly different from untreated controls)

(significantly different from Adriamycin alone)

Chemicals
j Adriamycin, paclitaxel, 5-fluorouracil, cisplatin, sodium cromoglycate,
Materials and methods and Cremophor EL were purchased from Sigma Chemical Co. (St.
Louis, Mo.). All other chemicals were of analytical grade. All the test
Study design substances except paclitaxel were dissolved in BSSA. As the paclitaxel

formulation for human administration consists of a solution of 6 mg
Wistar rats (200—-400 g) belonging to a local conventional breedisgug/ml in a mixture of 50% (v/v) Cremophor EL and dehydrated
colony were used. Animals were housed in groups of three &€2fh  alcohol, we dissolved and used paclitaxel from Sigma Chemical Co. in
a 12-h light/dark cycle; all animals had free access to both food aitt¢ntical concentrations of Cremophor EL and ethanol, according to
water. Rats were anesthetised with ether and then killed by exsandbe instructions of the manufacturer, and paclitaxel dissolved only in
nation. The heart was rapidly removed and flushed free of blood viegethanol. As a control we added Cremophor EL to the tissues at the
cannula inserted into the aorta. The right auricle was removed aine concentration used for investigation in combination with pacli-
tissue was chopped into approximately 1-nfragments and thor- taxel.
oughly washed in cold buffered saline solution (BSSA) to remove
peripheral blood cells; BSSA had the following composition: NaCl
154 mM, KCI 2.7 mM, CaCk 0.68 nmM, NaeHPQs 10 mM, KH2POu
10 mM, and bovine serum albumin 1 g/l, adjusted to pH 7.2. Tissue
fragments were divided in individual tubes to obtain samples &esults
approximately the same weight. Chopped tissue was incubated in

quadruplicate in the presence of slowly bubbling 0r 45 min at The anthracycline antibiotic Adriamycin induces a dose-
37 °C with various concentrations of the test substances in a metabalic

shaker under gentle mechanical agitation. epe'nd'en.t histamine release from. rat hea(t tissue in vitro
At the end of the incubation period the samples were centrifugedthi@t is limited by the mast-cell stabilizer sodium cromogly-

150g for 3 min at 4°C, and 0.5 ml of 4% HCl@was added to 0.5 ml cate (Fig. 1). The antineoplastic agents cisplatin and 5-

of the supernatants. The tissue fragments were sonicated in 1 ml of §ffgrouracil, tested at equitoxic doses, did not induce any

HCIO4 to release residual histamine. All the samples were assayed : : p ; L
histamine using thé23-Histamin(e)-Ria Amicyl-Test (Immuno Biolo- (E(Hmparable histamine release from rat cardiac auricles; in

gical Laboratories, Hamburg, Germany). As the acylation tubes woR@ntrast, paclitaxel induced significant exocytosis, compa-
only at pH > 7.4, a known quantity of phosphate buffer was added t@ble with that of Adriamycin (Figs. 2, 3). It is noteworthy
all samples to obtain this pH value. Prior to the radioimmunoassay ti¢at histamine release was evident when paclitaxel was

sample preparation, i.e., derivatization of histaminentacylhista- dissolved in Cremophor EL/ethanol, and almost identical
mine, was performed in active-ester-coated assay tubes. The deriva- !

tized histamine was subsequently measured using competitive bindifgults were obtained when mast cells were treated with
with 125-conjugated tracer, and experimental values were read frondemophor EL alone, without the addition of paclitaxel. In
reference curve prepared using known standards. contrast, treatment with paclitaxel dissolved in ethanol did
The amout of histamine released was expressed as a percenta finduce any histamine-releasing action, suggesting that
the total histamine present in each sample. All values were correc t tivit hould b ib d, to th | t
for spontaneous release occurring in drug-free samples (approxima ? secretory aclivity shou . € ascribed 1o . € solven
59%). Cremophor EL and not to paclitaxel. The cytotoxic effect of
The release of the cytoplasmic enzyme lactate dehydrogendlhe tested antineoplastic drugs was evaluated by measure-

(LDH) in the supernatants was measured as an indicator of cglent of the release of LDH in the medium. No significant
viability (LDH/LD, Sigma Diagnostics). Averages SE of the mean gl

values were calculated; statistical evaluation of the results was carr [fference was evident betvyeen controls and treateq sam-

out using Student'-test for independent samples. ValuesPok 0.05  Ples (data not shown). Sodium cromoglycate also signifi-

were considered significant. cantly reduced the histamine release induced by paclitaxel
in Cremophor EL/ethanol (Fig. 3).



365

40 40
35¢ sk
30f /A 30p
250 231
*#
20} -

*
% histamine release

f S

% histamine release
n
o

b.
['e *

101 10 \!\? e

* st 2 E

5 ** o i i 1 L

0 1 L 0.0 05 10 15 20

0 50 100 150 200 250 sodium cromoglycate mM
415 .83 1.245 166 2.075

Paclitaxel concentration (ug/ml) Fig. 4 Dose-dependent effect of increasing concentrations of sodium
Cremophor EL and ethanol concentration (%) cromoglycate on the release of histamine induced by Adriamycin

(400 pg/ml; @) or by paclitaxel (25Qug/ml) dissolved in Cremophor
FL/dehydrated ethanol (/1) from rat heart. Fragments of right

Fig. 3 Histamine release induced by paclitaxel dissolved in Crem&--'. | h h
phor EL/dehydrated ethanol (1/#), Cremophor EL alone at the same2uricle were prewarmed for 5 min at 3C; the test substances were
concentrations as when used together with paclitagg), (paclitaxel 2dded and the incubation was continued atG7or 45 min. Sponta-

dissolved in Cremophor EL/ethanol plus sodium cromoglycatelfz m N€ous histamine release (approx. 5%) was deducted. [aaft

), and paclitaxel gissolved in dehyrérated ethar@) (rorﬁ %lat he'ggt. if;;resents the mean valuge SEM for 4 experiments. P <0.05;
Fragments of right auricle were prewarmed for 5 min at@7the test <0.01 (significantly different from paclitaxel in Cremophor EL/
substances were added and the incubation was continued°gtfar €thanol and Adriamycin alone)

45 min. Spontaneous histamine release (approx. 5%) was deducted.

Each point represents the mean vatteSEM for 4—8 experiments. exocytotic response; indeed, the release of LDH in the

*CP <o.g5; ;‘5 tﬁo.oll |(significantly different from paclitaxel in medjum was not increased in treated samples as compared
remophor EL/ethanol alone) with controls. Sodium cromoglycate is effective in limiting

Adriamycin- and paclitaxel-induced histamine release from

The effect of increasing concentrations of sodium Pt auricles only at high concentrations; these data are in

moglycate on the histamine-releasing action of Ad”amyc'z?ccordance with previous work from our laboratory [13]

e I 5 o e oher g otver msttutons (23] showing that the concenttions
of the antiallergic drug that can reduce nonimmunological
histamine release are at least 1 order of magnitude higher
than those active on antigen-induced secretion. The inhibi-
Discussion tory effect of sodium cromoglycate at 2Nhis maximal
when Adriamycin is used at the two highest concentrations,
In previous studies [4] we have shown that the anthracythereas the compound has almost no effect at the two
clines induce an important, noncytotoxic histamine releaksvest concentrations. This phenomenon is difficult to
from rat peritoneal mast cells in vitro that is significantlyexplain, and it is conceivable that a sma $%) amount
inhibited by sodium cromoglycate. This exocytotic actionf release cannot be completely counteracted. These data
has been correlated with the cardiotoxicity induced by thekather stress the importance of histamine release in the
antineoplastic agents, as sodium cromoglycate almost cqeathogenesis of Adriamycin-induced cardiomyopathy and
pletely protects animals from this side effect [2, 13]. suggest that cromoglycate could be a pharmacological tool
Mast cells isolated from different anatomic sites, howo prevent this side effect. The possibility that adriamycin
ever, show marked heterogeneity in terms of their resporméght act on cells that, in turn, activate cardiac mast cells
to immunological and nonimmunological secretagoguesnnot be excluded; however, our previous data [4] indicat-
[19, 24, 29]; hence, it seemed of particular interest iog a true exocytotic effect of Adriamycin on isolated mast
study the histamine-releasing action of Adriamycin inells in vitro, together with the protective effect of sodium
cardiac tissue, which is particularly rich in mast cellscromoglycate, suggest a direct effect of the antineoplastic
Histamine has long been known to be present in tleisug on cardiac mast cells as well.
mammalian heart [1, 7, 10, 23], and mast cells have beenThe exocytotic activity on myocardial tissue is peculiar
implicated in various animal and human cardiomyopathi¢s Adriamycin, as other antitumor agents tested at equitoxic
[3, 7,9, 11]. doses, such as cisplatin and 5-fluorouracil, have not been
In this report we show that Adriamycin also induceshown to induce any comparable histamine release. Where-
histamine release from fragments of rat auricles and th&t to our knowledge, data have not appeared in the
sodium cromoglycate can limit this release. As the hediterature about a cardiotoxic effect for cisplatin, a number
tissue contains different cells, it is possible that Adriamyciof studies have confirmed the cardiotoxicity of 5-fluoro-
might act directly on mast cells as well as on other cellsracil in patients [14, 20]. Although the mechanism of
which, in turn, activate cardiac mast cells. The histamin&-fluorouracil cardiotoxicity is not well understood, the
releasing action of Adriamycin is a true, noncytotoxicstimulation of liberation of vasoactive substances has
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been proposed as a contributing factor [14]. Our data, secretion and their interaction with adriamycin. Anticancer Res
showing that this antineoplastic drug is not capable oﬁ 16: 317

. . . . .¢. Dvorak AM (1986) Mast cell degranulation in human hearts.
inducing any histamine release from heart fragments i N Engl J Med 315: 969—970

vitro, suggest that histamine does not have any role in thig Endou M, Levi R (1995) Histamine in the heart. Eur J Clin Invest
5-fluorouracil-induced side effect. Accordingly, previous 25:5

data from our laboratory have shown that this antineoplasti® Esﬁenzenh F;Dt é1|9§4)b Eﬂosénfggilgsgﬂyocarditis a role for mast
: H H H cells. Arci atnol La e .
drug does not induce histamine release from rat perltonqal Ghanem NS, Assem ESK, Leung KBP, Pearce FL (1988) Cardiac

mast cells in vitro [4]. _ ) and renal mast cells: morphology, distribution, fixation and stain-
On the other hand, in the formulation employed for ing properties in the guinea pig and preliminary comparison with

human administration, paclitaxel, an extremely potent anti- human. Agents Actions 23: 223

; iynifi ; ; Hiruta Y, Adachi K, Okamoto T, Fujiura Y, Toshima H (1991)
tumor agent [28], induces a significant histamine releast Cardiac mast cells in myocardial diseases. Kokyu To Yunkan 39:

comparable with that of Adriamycin. Interestingly, pacli- 1733
taxel causes severe toxicity due to major hypersensitivity. Jekunen A, Heikkil®, Maiche A, Pyrfinen S (1994) Paclitaxel-
reactions, and histamine release by mast cells has beeninduced myocardial damage detected by electron microscopy.

advocated as one possible mechanism [28]. Among the Lancet 343: 727

. . . . . . . 13. Klugmann BF, Decorti G, Candussio L, Grill V, Mallardi F, Bal-
toxic side effects of paclitaxel is_cardiotoxicity that is dini L (1986) Inhibitors of adriamycin-induced histamine release

Usua”y m_"d and reversible [25, 26], b!Jt severe Cardiac “in vitro” limit adriamycin cardiotoxicity “in vivo”. Br J Cancer
complications have been reported, particularly in patients 54: 743 o _ o
with preexisting heart disease [12, 25, 27]. The histamin&t- Lang-Stevenson D, Mlkha|||d|§ DP, Gillett DS (1977) Cardiotoxi-
releasing activity was also evident when Cremophor I%}I115 city of 5-fluorouracil. Lancet II: 406

ith’

. X . o Lassus M, Scott D, Leyland-Jones B (1985) Allergic reactions
alone is used without paclitaxel; in contrast, treatment With 5gsociated with Cremophor containing antineoplastics. Proc Am

paclitaxel dissolved in ethanol did not induce any exocy- Soc Clin Oncol 4: 268
totic action, suggesting that Cremophor EL is responsiblé. Levi R, Chenouda AA, Trzeciakowski JP, Guo Z-G, Aaronson L,
for the release of histamine. These data are in accordancetuskind RD, Lee C-H (1982) Dysrhythmias caused by histamine

ith . b i ducted i i it | t release in guinea pig and human hearts. Klin Wochenschr 60: 965
with previous observations conducted In rat peritoneéal Mast | oyi R, Rubin LE, Gross SS (1991) Histamine in cardiovascular

cells [6]. It is noteworthy that other drugs formulated in this  function and disfunction: recent developments. In: UviBa(ed)
polyoxyethylated castor oil, such as cyclosporine and Histamine and histamine antagonists, vol 97. Springer, Berlin
vitamin K, have been associated with similar reactions [15], Heidelberg New York, p 347

. . . . . . Lown JW (1993) Anthracycline and anthraquinone anticancer
In conclusion, there is evidence that Adriamycin an agents: current status and recent developments. Pharmacol Ther

paclitaxel induce histamine release in heart tissues in vitro gg: 186
and that the antiallergic drug sodium cromoglycate limit. Metcalfe DD, Kaliner M, Donlon MA (1981) The mast cell. CRC
the exocytotic activity of these substances. These obserya-Crit Rev Immunol 3: 23

; : ; TR . Mikhailidis DP, Gillett DS, Lang-Stevenson D (1978) Fluorouracil
tions further suggest an important role for histamine in t cardiotoxicity, BMJ 1: 1148

cardiac toxicity of these antineoplastic agents and a pOSgi- orr TSC, Hall DE, Gwilliam JM, Cox JSG (1971) The effect of
ble use of sodium cromoglycate in its prevention. disodium cromoglycate on the release of histamine and degranula-
tion of rat mast cells induced by compound 48/80. Life Sci 10: 805
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