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Abstract

VRCTC-310-ONCO, an agent based on the snake phospholipase A2 (crotoxin), is currently under clinical development. After
phase I study in patients by intramuscular administration, the interest of intravenous (IV) dosing arose. To evaluate IV
administration of VRCTC-310-ONCO in rabbits, ten animals were subjected to surgical implant of fixed jugular catheter, by
which they received daily IV doses of 0.03 mg/kg body weight of VRCTC-310-ONCO for 30 days (n=8) or saline (n=2). The
procedure was well tolerated in all rabbits. One of the animals died after the sixth dose of VRCTC-310-ONCO with CNS
involvement; two additional rabbits required dose-reduction. All other rabbits achieved 30 days of treatment and were sacrificed.
All rabbits (even controls) developed lymphocytosis and mild anaemia, without changes in blood neutrophils. No changes were
found in serum transaminases (GOT and GPT), cholesterol, triglycerides, and �-glutamyl transpeptidase. At necropsy, chronic
granulation tissue was found surrounding the implant in all rabbits. VRCTC-310-ONCO-treated rabbits presented generalised and
marked swelling of hepatocytes, with areas of cytoplasmic vacuolisation. No abnormalities were found in kidney, heart, lung,
spleen, adrenal gland, uterus, testes and ovary. Additional studies with IV route for VRCTC-310-ONCO, including humans, are
required to define its toxicity in the clinical setting. © 2002 Éditions scientifiques et médicales Elsevier SAS. All rights reserved.
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1. Introduction

VRCTC-310-ONCO (formerly VRCTC-310) is a
novel antineoplastic agent based on phospholipase A2

[1] purified from Crotalus durissus terrificus in equimo-
lar association with cardiotoxin from Naja Naja atra
[2]. In vitro and in vivo studies during preclinical
evaluation have shown VRCTC-310-ONCO to induce a
dose-related cytotoxicity in several human cancer cell
lines [1,2]. In addition, in vivo effects of crotoxin on the
endocrine and immune function are currently under
evaluation [3]. Those in vivo studies and toxicity testing
have been performed with intramuscular administration
[4]. Accordingly, phase I study has evaluated safety of
VRCTC-310-ONCO by intramuscular injection [5],
showing it to be safe enough as to be further studied in

phase II. However, intramuscular route is quite painful
and, in addition, pharmacokinetic determinations are
difficult. Therefore, the aim of this study has been to
evaluate the feasibility of long-term intravenous (IV)
administration and its safety in rabbits.

2. Material and methods

2.1. Animals

New-Zealand-Californian rabbits (n=10, five male,
weighting 2150–3600 g) were housed individually, with
balanced dried food and water ad libitum. After adap-
tation to the Animal Facilities of the Veterinary School,
they were prepared by surgical implantation of Implan-
tofix™ siliconated perfusion catheter (paediatric size 1.4
B, Braun, Chasseneuil, France; 270 mm long) in the
jugular vein.
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2.2. Drug under e�aluation

VRCTC-310-ONCO, an equimolar mixture of cro-
toxin and cardiotoxin, was provided by Onco-Venom
Research SA (Panamá, Panamá), in 5 ml vials, each
containing 2 mg/ml of each crotoxin and cardiotoxin.
Toxins were purified in Sephadex column as described
[2].

2.3. Dosing

Beginning 2 weeks after implantation, VRCTC-310-
ONCO was administered daily, at 0.030 mg/kg of body
weight as IV bolus, in eight of the rabbits, while two
were used as control and received IV injection of a
similar volume of saline. The dose was previously deter-
mined as the maximum tolerated dose by the intramus-
cular route in humans, in a phase I study [5].

2.4. Follow-up and biochemical tests

Blood samples were obtained before beginning
VRCTC-310 administration, and at days 9, 17 and 30
thereafter. Routine clinical chemistry tests were per-
formed in serum by means of a Technicon RA-500
autoanalyzer (Bayer Diagnostics, München, Germany)
with commercial reagents from Boehringer (Mannheim,
Germany). Haematological tests were done in a K-1000
system (Sysmex, Long Grove, IL, USA) with Cell-Pack
reagents (Sysmex). Before collection of the samples,
rabbits were weighted. This study was performed in
compliance with current regulation for animal studies
in Argentina, as well as with Directive 86/609/EEC
(European Convention for the protection of vertebrate
animals used for experimental and other scientific pur-
poses, 1986) and the guiding principles in the use of
animals in toxicology.

2.5. Histopathology

At the end of the follow-up, rabbits were sacrificed
and subjected to necropsy, with macroscopic and mi-

croscopic observation after haematoxylin–eosin
staining.

2.6. Statistics

The comparison between values before treatment and
at follow-up was done with repeated-measures Analysis
of Variance (ANOVA) or Kruskal–Wallis test, depen-
ding on the kind of data (normal distribution or not),
with a significance level of 0.05.

3. Results

3.1. Clinical tolerance

The surgical procedure was well tolerated in most
rabbits. All survived acutely to surgery. On administra-
tion, one of the rabbits died after 6 days of dosing, 4 h
after its daily dose, with typical manifestations of
meningeal involvement (photophobia, tremor and
opisthotonos). Two additional rabbits presented also
transient signs of CNS involvement for 3 days in the
first week of treatment, which disappeared after reduc-
tion of the dose to 0.015 and 0.008 mg/kg of body
weight, respectively. These two animals completed
treatment with the reduced dose.

Ponderal evolution was similar in both VRCTC-310-
ONCO treated rabbits and controls (Table 1); neverthe-
less, two out of the seven rabbits that achieved the end
of treatment period did not increase their body weight.

3.2. Laboratory data

Table 1 presents the haemoglobin and leukocyte
counts at different times of the study. In the basal study
(immediately before the first injection of VRCTC-310-
ONCO), all rabbits (either treated or controls) pre-
sented similar values of leukocyte count as well as
percentages of neutrophils and lymphocytes. After
surgery, a 20% decrease of haemoglobin and lymphocy-
tosis (roughly duplicating the basal lymphocyte abso-

Table 1
Haematological parameters of rabbits subjected to an IV daily dose of VRCTC-310-ONCO for 30 days

Haemoglobin (g/dl)Weight (g)Day Lymphocytes (%)Neutrophils (%)Leukocytes (cells per mm3)Group

0 3975�775 12.28�0.26 6760�655 38.20�6.92 58.60�6.65VRCTC-310-ONCO

9 4000�700 11.25�0.40 8817�464 19.33�1.33 76.83�1.08
20.43�0.439543�59210.19�0.354000�70017 75.57�0.57

10.30�0.354125�82530 10157�590 20�0.62 76.57�0.72
0 3157�187 12.58�0.25Control 7343�598 37�6 60�6
9 3164�180 11.95�0.15 9150�50 20�0 77�1

79�13214�193 11.20�0.20 8800�400 18�017
75�13329�172 10.80�0.8030 8400�900 19�0.50
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lute count) was found in all animals, including controls.
A proportional decrease in neutrophils was found in
both treated and control rabbits, with no difference
among groups.

There were no significant differences between basal
and under-treatment values of serum transaminases
(GOT and GPT), cholesterol, triglycerides, and �-glu-
tamyl transpeptidase (data not shown).

3.3. Necropsy

Rabbits were sacrificed after 30 days of treatment
and subjected to macroscopic examination and histo-
pathologic study. Chronic granulation tissue was found
surrounding the implant in all rabbits. VRCTC-310-
ONCO-treated rabbits presented generalised and
marked swelling of hepatocytes, with areas of cytoplas-
mic vacuolisation. No abnormalities were found in
kidney, heart, lung, spleen, adrenal gland, uterus, testes
and ovary.

4. Discussion

In this study, the feasibility of IV administration of
VRCTC-310-ONCO has been demonstrated in rabbits.
A limited number of studies have addressed the use of
fixed catheters for IV infusion in rabbits, which seems
to be a useful tool to reduce acute stress and the risk of
accidents during handling of the animals. This ap-
proach has already been used in rabbits, with satisfac-
tory results, allowing IV administration of chemicals
for long periods [6–8].

As in those studies, surgical implantation of the
catheter proved to be a useful approach to VRCTC-
310-ONCO study. IV administration of VRCTC-310-
ONCO at the maximum tolerated dose for human
(when administered by intramuscular route) was safe
for most rabbits: only one of them died and two
required dose-reduction.

For most antineoplastic agents, bone marrow toxicity
is the most common dose-limiting factor [9]. No toxi-
city for bone marrow was found in the rabbits treated
with VRCTC-310-ONCO, which is in agreement with
previous reports [4] and, if confirmed in clinical trials,
may become an interesting property. At baseline, hema-
tological values were normal and agreed with published
reference figures [10]. Early changes (decrease of
haemoglobin and lymphocytosis with parallel decrease
of neutrophils at the 7th day) probably reflected blood
loss and chronic adaptation to the implant, since both
were also present in control rabbits.

The two rabbits that required dose-reduction pre-
sented neurotoxicity. The main active principle in
VRCTC-310-ONCO is crotoxin, a neurotoxic phospho-
lipase A2. Previous studies have determined crotoxin

LD50 to be 0.8 mg/kg b.w. by acute IP injection [11],
death resulting from acute neuromuscular dysfunction
[12]. The finding of CNS toxicity is also consistent with
previous reports in rats [13]. The product used herein
(the association crotoxin+cardiotoxin) has previously
shown to decrease neurotoxicity [2]. The LD50 of this
mixture in Sprague–Dawley rats, via intramuscular
administration, is 43�6 mg/kg b.w., which implies a
decrease in toxicity of CT of about 20-fold (Onco-
Venom Research, unpublished data). If VRCTC-310-
ONCO is to be studied by IV injection in humans,
neurotoxicity will have to be closely monitored, since it
may become a relevant side effect.

In addition to clinical and laboratory evaluation,
necropsy was performed in all animals. Only abnormal-
ities restricted to the liver were found in the micro-
scopic examination of the tissues. This finding is
consistent with the previous report that, in vitro, cro-
toxin induces several alterations on rat liver mitochon-
dria, including swelling [14]. Additional studies in
humans are required to determine whether this toxic
effect has clinical implications

These results, the partial elucidation of its mechanism
of action [15] and the encouraging findings after intrale-
sional administration [16] suggest that IV route de-
serves further study, including formal phase I in
humans.
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