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Summary. The effects of eight antitumoral drugs known to
cause anaphylactoid side effects in clinical use were stud-
ied in dogs. Blood pressure, heart rate, and blood and
plasma histamine levels were monitored. L-asparaginase,
methotrexate, 5-fluorouracil, bleomycin, and cisplatin had
no effect on these parameters. Doxorubicin, Vehem (ten-
iposide), and Vepeside (etoposide) induced hypotension,
tachycardia, and a rise in histamine levels. In the cases of
Vehem and Vepeside, the excipient (respectively, cremo-
phor EL and tween 80) induced the same effects. These
agents, like elliptinium, which had been previously stud-
ied, induce nonspecific histamine release — unlike the
other drugs studied. The mechanism of clinically observed
anaphylactoid side effects is discussed in the light of these
findings.

Introduction

Several antitumoral drugs can cause anaphylactoid side ef-
fects in man, the symptoms of which are akin to those of
type I hypersensitivity reactions [28, 30]. Weiss [30] has
classified twenty-four implicated drugs in three groups ac-
cording to the frequency of occurrence of accidents: ap-
preciable risk (e.g., L-asparaginase, teniposide or Vehem,
cisplatin), infrequent (e.g., doxorubicin, elliptinium, bleo-
mycin, methotrexate), and very low (e.g., 5-fluorouracil
estoposide or Vepeside). Turpin et al. [28] agree with this
order, except cisplatin and Vepeside, which they found
less and more frequently implicated, respectively. The
mechanisms of these reactions are usually not known, and
little experimental work has been done to elucidate them.
Previous work on the systemic effects of elliptinium has re-
vealed the ability of this drug to induce nonspecific hista-
mine release in the dog [9], the guinea pig, and in human
cells (basophils and lung tissue) [8]. We report here the re-
sults of the extension of this type of study to other antitu-
moral agents chosen according to two criteria: their ability
to induce anaphylactoid reactions in man, and the fact
that they belong to different classes of antitumoral agents.
These agents were given to dogs and, as advocated by Lo-
renz [21], histamine-like effects were sought (e.g., hypoten-
sion, tachycardia), providing indirect evidence of hista-

Offprint requests to: A. Eschalier, Laboratoire de Pharmacologie
Médicale Faculté de Médecine, F-63001 Clermont-Ferrand Cé-
dex, France

mine release, and direct assay of histamine in blood and
plasma was performed. The results are discussed in the
light of clinical observations.

Material and methods
Animals

Thirty mongrel dogs of either sex, weighing 15+3 kg,
housed in individual cages in a large colony room, and
starved overnight before the experiment, were used.

Procedure

Study of cardiovascular effects. Animals were anesthetized
with chloralose (80 mg/kg, i.v.) after prior injection of so-
dium pentobarbital (6 mg/kg, i.v.). They were breathing
spontaneously throughout the experiment. Arterial blood
pressure was measured with a Statham P23 GB transducer
connected to a catheter introduced into the right or the left
tibial artery; heart rate was recorded by lead II EKG. The
two parameters were recorded simultaneously and contin-
uously on a Beckman type RM Dynograph. Mean arterial
blood pressure was calculated as diastolic plus one third of
the pulse pressure.

Determination of histamine levels. Eight venous blood sam-
ples (5 ml) were drawn from the inferior vena cava (via a
catheter introduced through the saphen) 5 and 2 min be-
fore and 1, 3, 6, 10, 30, and 60 min after injections, and
were collected in heparinized tubes. A first aliquot (1 ml)
diluted with Tyrode’s solution (2.6 ml) and 4 N perchloric
acid (0.4 ml) was used for blood histamine assay. A second
aliquot (4 ml), used for plasma histamine assay, was cen-
trifuged at 1,800 g and 4° C for 10 min; the supernatant
fluid (1.5 ml) was extracted and diluted with Tyrode’s so-
lution (1.2 ml) and 4 N perchloric acid (0.3 ml). The two
mixtures were agitated in a Vortex apparatus and were al-
lowed to settle for at least 2 h; they were then centrifuged at
3,000 g for 15 min. The supernatant fluids were extracted
and kept for histamine assay.

Histamine was assayed by an automated, continuous
flow fluorimetric technique [20] derived from the method
of Shore et al. [27]. This technique allows 60 samples of
350 pl to be assayed. The treshold of sensitivity was 200 pg
histamine base per ml. The response was linear, from
500 pg/ml to 5ng/ml, with a coefficient of variation
< 5% for 0.5-2ng/ml and that of +0.5%-2% for
higher concentrations.
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Table 1. Drug treatments

Drugs used are listed in Table 1. The method is made more Drug used Maximal doses  Doses Number
sensitive by the use of doses generally higher than the max- insingle administered  of experi-
imal therapeutic doses used in man and by rapid i.v. injec- administration  (mg/kg, ments?
tions (30 s) (drug-induced histamine release increases with 1n man L.v., 30)

the rapidity of injection) [11]. However, the reactions of L-Asparaginase 1000 TU. kg 45 and 180 5

the animals were tested by preliminary doses before the fi-

; (Kidrolase, i.v. infusion 1U/kg
nal one was chosen. Several doses were often given succes- Specia)
sa@ly. "Flhe trad; pr.epargt.lons_ use(; welre dllssolved or dilut- Methotrexate 0.2 mg/ke 075 and 3 4
ed in saline and injected i.v. in a 5-ml volume. (Methotrexate,  i.v. injection 15 4
The presence of the histamine-releasing agents cremo- Specia)
phor EL [23] and tween 80 [12] in Vehem and Vepeside 5-fluorouracil 15 mg/ke 7.5 and 30 4

dosage forms, respectively, made it necessary to study

. . . (Fluorouracile, i.v. injection
their effects under the same experimental conditions to Roche) or infusion
separate the.respectlve activities gf the antitumoral drug Doxorubicin 75 mg/m? 0375and 1.5 4
and its excipient. They were thus given pure at doses corre- (Adriblastine i.v. injection

sponding to doses of Vehem and Vepeside containing
0.3 mg/kg of teniposide and 0.075 mg/kg of etoposide re-

Roger Bellon)

spectively. Five dogs were given cremophor EL (15 mg/kg, g;f:ﬁ;é?ne 113 I?ngjection 2:;1/51 z;nd 03 4
i.v.) and five others were given tween 80 (0.3 mg/Kg, i.v).  Roger Bellon) 3 1
Each of the thirty dogs used in this work took part in .
two experiments, 1 week apart, and received a different ;r\f;g;:lde 163 ?ngf{:;;n 0075and03 3
treatment each time. Dogs were in a normal clinical state Sandoz)’ o
prior to their second treatment, and the control values of E d 60 me/m?
the cardiovascular parameters were similar in the two ex- toposide oo mem 0.075 >
. (Vepeside, i.v. infusion
periments. Sandoz)
Cisplatin 100 mg/m? 0.75 4
Statistical analysis (Cisplatyl, i.v. injection 3 2
Roger Bellon)

Statistical analysis was performed using raw data. The re-
sults, expressed as mean £ SEM, were analyzed by a two-
way ANOVA followed by a multiple comparison test, the
Bonferroni test [29]. The degree of significance, as opposed
to predrug values, was 5%.
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Fig. 1. Cardiovascular (A) and histamine-releasing (B) properties of doxorubicin. Two doses were administered successively i.v. Plasma
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Results

No change in arterial blood pressure, heart rate, or hista-
mine levels was observed after injections of L-asparagi-
nase, methotrexate, 5-fluorouracil, bleomycin, and cis-

platin.
HEART RATE
200 .
B
[}7‘ [/ \//\r i
150# j Y el T T h
] P \1\ . L
E gt
5 ; ._.__-/
T !
@ h
£ 100} i ] ] — 0.075mg/kg iv.
el J__I\”\] 1 e—s 0.3mg/kg iv.
L - +=s CREMOPHOR EL
(156mg/kg iv.)
sobl1liata bl L 1 A i i 1 s
MEAN ARTERIAL BLOOD PRESSURE
1a0p
M ‘
H e it v p ] i
o 1°°"i\ l\., f T J. a .‘/,.,—-.‘.
E ™ \[/ :</,"T‘/ I S
: lH\J‘»./ [
50} M

INCREASE IN HISTAMINE LEVELS (ng/ml)

140

100

50

30 [+] 5 10720 30 40 50 60 70 B0 90

TIME (min)

T
.\I
~
‘/’( |~ %}wi
: i

w2l

et
01 3 6 i0 30 60
TIME (min)

Fig. 2. A. Cardiovascular effects of Vehem (0.075 and 0.3 mg/kg
teniposide administered successively i.v.) and cremophor EL giv-
en at a dose equivalent to 0.3 mg/kg of teniposide in Vehem dos-

age form. B. Time course of plasma (
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Doxorubicin (0.375 mg/kg) induced only weak hypo-
tension and short-lived tachycardia. The dose of 1.5 mg/kg
markedly decreased mean blood pressure at ! min after in-
jection and for 40 min thereafter. The heart rate was in-
creased at 1 min after injection and remained at the same
level throughout the whole experiment (90 min) (Fig. 1 A).
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Fig. 3. A. Cardiovascular effects of Vepeside (0.075 mg/kg, i.v.,
etoposide) and tween 80 given at a dose equivalent to 0.075 mg/kg
etoposide in Vepeside dosage form. B. Time course of plasma

(

) and blood (————— ) histamine levels after Vepeside

(0.075 mg/kg etoposide). The bars represent SEM. n = 5 in each
group; *, P <0.05 vs predrug values



This dose induced a significant increase in plasma and
blood histamine levels, maximal at 1 min, which was
maintained for 10 and 6 min, respectively (Fig. 1B). A
significant correlation (» = 0.753; P <0.001) was found
between the decrease in mean arterial pressure (MAP) and
the increase in plasma histamine levels.

Vehem, inactive at 0.075 mg/kg teniposide, induced
delayed hypotension and tachycardia at 0.3 mg/kg. The
fall, only significant as of 5 min after injection, became
maximal at 20 min and lasted 50 min. Tachycardia, maxi-
mal at 4 min, was maintained throughout the whole exper-
iment. The intensity and kinetics of hypotension and
tachycardia, induced by cremophor EL, were similar to
those of Vehem (Fig. 2A). Vehem (0.3 mg/kg teniposide)
induced a delayed increase in plasma histamine levels (at
6 min), which lasted, though not significantly, until 30 min
(Fig. 2B). No significant correlation was evident between
variations in MAP and plasma histamine levels. Blood his-
tamine levels showed the same time course without signifi-
cant variations. Previously described histamine release in-
duced by cremophor EL [23] was confirmed here in two
dogs (+ 142 ng/ml) (decrease in MAP: —74 mm Hg) and
+ 18 ng/ml (decrease in MAP: — 13 mm Hg).

Vepeside (0.075 mg/kg etoposide) also induced delay-
ed hypotension and tachycardia. A decrease in blood pres-
sure became significant only at 20 min and persisted until
60 min. Maximal tachycardia appeared at 6 min and re-
mained statistically significant throughout the whole ex-
periment. The decrease in MAP induced by tween 8§80 was
similar to that induced by Vepeside. Tween 80 induced a
delayed and less marked tachycardia, only significant at
10 and 20 min (Fig. 3A). Vepeside (0.075 mg/kg etoposide)
significantly increased plasma and blood histamine levels
at 6 and 10 min after the injection, despite wide-ranging
individual values. The levels were markedly increased,
though nonsignificantly, at 20 and 30 min (Fig. 3 B). Varia-
tions in MAP and plasma histamine levels were not signifi-
cantly correlated.

Discussion

Of the eight agents studied, only doxorubicin, Vehem (ten-
iposide), and Vepeside (etoposide) showed histamine-rel-
easing properties under the experimental conditions used.
Plasma and blood levels of histamine were significantly in-
creased, reflecting release not only from basophils but also
from tissue mastocytes.

Results obtained with doxorubicin confirm those ob-
tained previously in the dog [4, 16]. Vehem and Vepeside
given at low doses induced marked but delayed variations
in cardiovascular parameters and in plasma and blood his-
tamine. The delay suggests a mechanism of histamine re-
lease different from that of doxorubicin. The histamine-
releasing cremophor EL and tween 80, which caused the
same blood pressure changes as the drug in its dosage
form, might be involved. However, the absence of any
significant correlation between the fall in blood pressure
and rise in plasma histamine suggests that the hypotension
is not unequivocally due to the release of histamine. The
tachycardia induced by Vehem and Vepeside is, as with
doxorubicin, more persistent than the hypotension, which
points to mechanisms other than simple reflex response to
the fall in blood pressure. The tachycardia due to cremo-
phor EL is comparable to that due to Vehem, but that due
to tween 80 is much weaker than that due to Vepeside, sug-
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gesting that etoposide may possess a specific cardioaccel-
erator activity. The profile of these three dosage forms
corresponds to that described for elliptinium, which pro-
duces the same variations, though of weaker intensity, in
the dog [11]. This nonspecific histamine release might con-
tribute to the anaphylactoid side effects observed in man
with these agents. Indeed, these four agents often induced
reaction after the first administration, soon after the start
of the injection, and without progression to a more intense
and generalized reaction with repeated doses (see [2, 30]
for doxorubicin, [15, 23] for Vehem, [28, 32] for Vepeside,
[17, 26] for elliptinium). However, for Vehem and Vepe-
side the excipient could be at least partly responsible.

On the other hand, for the other antitumoral agents
tested, the absence of histamine-releasing activity in our
sensitive conditions seems to rule out nonspecific hista-
mine release as a mechanism for the observed anaphylac-
toid accidents, and suggests an immunological mechanism.
Symptomatology and biological modifications reported
for anaphylactoid reactions due to these drugs agree with
this interpretation. This is particularly true for L-asparagi-
nase, methotrexate, and 5-fluorouracil: (1) they induced
biological modifications, i.e., the appearance of IgE, IgG
[10, 19] or IgA, IgM [33] antibodies against L-asparagi-
nase, of methotrexate-protein-IgG complexes [5]; (2) the
pattern of occurrence of anaphylactoid reactions is typical
— they occurred after several courses, recurring when treat-
ment was resumed and developing within a few minutes
after the infusion was started [6, 13, 14]. These latter char-
acteristics were also observed with bleomycin [1], but the
release of an endogenous pyrogen by this drug [7] makes
the mechanism of side effects in man still unclear. The re-
ports about cisplatin suggest an immunological mecha-
nism for induced anaphylactoid reactions: (1) they oc-
curred only in patients who had received prior cisplatin
therapy [3, 18]; (2) IgE antibodies had been observed in
patients with cisplatin hypersensitivity reactions [18, 25].
However, Wiesenfeld et al. [31] have failed to demonstrate
any IgE-mediated reaction in a cisplatin-sensitive patient,
and Parrot et al. [24] have obtained results in experimental
studies with sodium chloroplatinate that suggested a
nonspecific release of histamine. Thus, cisplatin induced
immunologically mediated anaphylactoid reactions, but a
nonspecific histamine release cannot be excluded.

A better knowledge of the mechanism involved in the
induction of anaphylactoid effects is necessary to provide
prevention measures, whether avoidance of further courses
of treatment with the same drug if an immunological
mechanism seems likely, or a slower administration rate or
premedication with “anti-allergic” drugs if a nonspecific
histamine release is expected.

References

1. Alcorn BT (1980) Bleomycin hypersensitivity: a case report.
Can J Hosp Pharm 33: 92

2. Arnold DJ, Stattford CT (1979) Letter: Systemic allergic reac-
tion to adriamycin. Cancer Treat Rep 63: 150

3. Babaian RJ (1983) Toxicity associated with intravesical cis-
platinum in a patient with superficial bladder cancer. J Urol
130: 974

4. Bristow MR, Sageman WS, Scott RH, Billingham ME, Bow-
den RE, Kernoff RS, Snidow GE, Daniels SR (1980) Acute
and chronic cardiovascular effects of doxorubicin in the dog:
the cardiovascular pharmacology of drug-induced histamine
release. J Cardiovasc Pharmacol 2: 487



250

5.

1.

12.

13.

14.

15.

16.

17.

18.

19.

DaCosta M, Isacoff W, Rothenberg SP, Iobal P (1980) Pro-
tein-methotrexate-IgG complexes in the serum of patients re-
ceiving high-dose antifolate therapy. Cancer 46: 471

. DeBeer R, Kabakow B (1979) Anaphylactoid reaction asso-

ciated, with intravenous administration of 5-fluorouracil. NY
State J Med 79: 1750

. Dinarello CA, Ward SB, Wolff SM (1973) Pyrogenic proper-

ties of bleomycin (NSC-125066). Cancer Chemother Rep
57:393

. Eschalier A, Advenier C, Lebel B, Burtin C, Lavarenne J

(1981) Histamine releasing properties of hydroxy-9-methyl-
2-elliptinium acetate. Cancer Chemother Pharmacol 5: 233

. Eschalier A, Lavarenne J, Burtin C, Tounissou P (1986) Acute

hemodynamic effects of an antitumoral agent: elliptinium. In-
volvement of histamine release. Agents Actions 17: 441

. Fabry U, Korholz D, Jurgens H, Gobel U, Wahn V (1985)

Anaphylaxis to L-asparaginase during treatment for acute
lymphoblastic leukemia in children, evidence of a comple-
ment mediated mechanism. Pediatr Res 19: 400

Fischer M, Mac D (1975) Severe histamine mediated reactions
to intravenous drugs used in anesthesia. Anaesth Intens Care
3:180

Giertz H, Hahn F (1966) Macromolekulare Histaminilibera-
toren. In: Rocha e Silva M (ed) Handbook of Experimental
Pharmacology, vol XVIII/1. Springer-Verlag, New York, p
481

Gluck-Kuyt I, Irwin LE (1979) Anaphylactic reaction to high-
dose methotrexate. Cancer Treat Rep 63: 797

Goldberg NH, Romolo JL, Austrin EH, Drake J, Rosenberg
SA (1978) Anaphylactoid type reactions in two patients re-
ceiving high dose intravenous methotrexate. Cancer 41: 52
Hayes FA, Abromowitch M, Green AA (1985) Allergic reac-
tions to teniposide in patients with neuroblastoma and lym-
phoid malignancies. Cancer Treat Rep 69: 439

Herman EH, Young RSK (1979) Acute cardiovascular alter-
ations induced by low doses of adriamycin, rubidazone and
daunorubicin in the anesthetized beagle dog. Cancer Treat
Rep 63: 1771

Juret P, Tanguy ‘A, Girard A, Le Talaer JY, Abbatucci JS,
Dat-Xuong N, Le Pecq JB, Paoletti C (1979) L’acétate d’hy-
droxy-9-méthyl-2-ellipticinium (NSC 264-137). Etude toxico-
logique et thérapeutique chez 100 cancéreux. Nouv Presse
Med 8: 1495

Khan A, Hill JM, Grater W, Loeb E, MacLellan A, Hill
N (1975) Atopic hypersensitivity to cis-dichlorodiammine
platinium (II) and other platinium complexes. Cancer Res
35: 2766

Killander D, Dohlwitz A, Engstedt L, Franzen S, Gahrton G,
Gullbring B, Holm G, Holmgren A, Hoglund S, Killander A,
Lockner D, Mellstedt H, Moe PJ, Palmblad J, Reizenstein P,
Skarberg KO, Swedberg B, Uden AM, Wadman B, Wide L,
Ahstrom L (1976) Hypersensitive reactions and antibody for-
mation during L-asparaginase treatment of children and
adults with acute leukemia. Cancer 37: 220

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Lebel S, Scheinmann P, Lynch NR, Salomon JC, Paupe JR,
Burtin C (1979) Histamine levels in the blood and other tis-
sues of male and female C;H mice: I. Normal mice. Agents
Actions 9: 94

Lorenz W (1975) Histamine release in man. Agents Actions
5:402

Lorenz W, Reinmann HJ, Schmal A, Dormann P, Schwarz B,
Neugebauer E (1977) Histamine release in dogs by cremophor
EL and its derivatives: oxyethylated oleic acid is the most ef-
fective constituent. Agents Actions 7: 63

Mathé G, Schwarzenberg L, Pouillart P, Oldham R, Weiner
R, Jasmin C, Rosenfeld C, Hayat M, Misset JL, Musset M,
Schneider M, Amiel JL, De Vassal F (1974) Two epipodo-
phyllotoxin derivatives, VM26 and VP16213, in the treatment
of leukemias, hematosarcomas and lymphomas. Cancer
34:985

Parrot JL, Hebert R, Saindelle A, Ruff F (1969) Platinum and
platinosis. Allergy and histamine release due to some plati-
num salts. Arch Environ Health 19: 685

Pepys J, Pickering CAC, Hughes EG (1972) Asthma due to in-
haled chemical agents — complex salts of platinum. Clin Aller-
gy 2: 391

Rouesse J, Tursz T, Le Chevalier T, Huertas D, Amiel JL,
Brule G, Callet B, Droz JP, Voisine PM, Sancho-Garnier H,
Le Pecq JB, Paoletti C (1981) Intérét de la 2-N-méthyl-9-hy-
droxy ellipticine (NSC 264-137) dans le traitement des can-
cers métastasés. Nouv Presse Med 10: 1997

Shore PA, Burkhalter A, Cohn VH (1959) A method for the
fluorometric assay of histamine in tissues. J Pharmacol Exp
Ther 127: 182

Turpin F, Tubiana-Hulin M, Meeus L, Goupil A, Berlie J,
Clavel B (1982) Adverse effects of antitumor and antileuke-
mic chemotherapy. Sem Hop 58: 2175

Wallenstein S, Zucker CL, Fleiss JL (1980) Some statistical
methods useful in circulation research. Circ Res 47: 1

Weiss RB (1982) Hypersensitivity reactions to cancer chemo-
therapy. Semin Oncol 9: 5

Wiesenfeld M, Reinders E, Corder M, Yoo TI, Dietz B, Lo-
vett J (1979) Successful re-treatment with cis-dichlorodiam-
mineplatinum (I1) after apparent allergic reactions. Cancer
Treat Rep 63: 219

Young CW, Ihde DC, Von Stubbe W (1973) Preliminary clini-
cal trial of 4’-demethylepipodophyllotoxine-B-D-ethylidene-
glucoside, VP 16-213. Proc Am Assoc Cancer Res 14: 60
Zajacczkowski J, Halikowski B, Pituch A, Legutko L, Pajdak
E (1976) Immunological aspects in the L-asparaginase treat-
ment of children with lymphoproliferative diseases. Folia
Haematol (Leipzig) 103: 21

Received March 12, 1987/Accepted November 18, 1987



