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Abstract

Surfactants are frequently used to improve solubilization of lipophilic
drugs. Cremophor EL (CrEL) is a polyoxyethylated castor oil surfac-
tant used to solubilize water-insoluble drugs such as anesthetic,
antineoplastic, immunosuppressive and analgesic drugs, vitamins and
new synthetic compounds, including potential analgesics. The antino-
ciceptive effect of CrEL (3.2, 6.4 and 10.6 g/kg, in 10 ml/kg body
weight, by gavage) on the abdominal writhing response induced by
intraperitoneal administration of acetic acid (0.8%, 10 ml/kg body
weight) and on the tail immersion test was investigated in mice.
Control animals received castor oil (10 ml/kg body weight) or saline
(0.9% NacCl, 10 ml/kg body weight). CrEL reduced nociception in a
dose-dependent manner in both tests. At 10.6 g/kg, CrEL caused
antinociception similar to that induced by dipyrone (300 mg/kg, by
gavage) in the abdominal writhing test, and antinociception similar to
that induced by morphine (20 mg/kg, by gavage) in the tail immersion
test. The effect of castor oil was similar to that of saline in both assays.
These data indicate that the appropriate controls should be used when
evaluating the effects of potential antinociceptive agents dissolved in
CrEL.
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Cremophor EL (CrEL) is a polyoxyethy-
lated castor oil obtained by the reaction of
castor oil with ethylene oxide at a molar ratio
of 1:35, which has detergent properties. Cas-
tor oil is obtained from the seeds of Ricinus
communis (Euphorbiaceae) and consists pri-
marily of the triglycerides of ricinoleic, isoric-
inoleic, stearic, and dihydroxystearic acids (1).

Due to its detergent properties, CrEL has
been widely used to solubilize water-
insoluble drugs such as anesthetics (1), anti-
neoplastic agents (1,2), immunosuppressive
agents (3), analgesics (4,5), vitamins (6), and
new synthetic water-insoluble compounds.
Although in general CrEL is considered rela-

tively nontoxic (1,7), several reports have
suggested that drugs administered in CrEL
induce serious complications like anaphy-
lactoid hypersensitivity (6) and axonal swell-
ing, degeneration and demyelination (2,3).
Moreover, it has been proposed that CrEL
plays a role in the etiology of the peripheral
neuropathy observed after intravenous pacli-
taxel (2) or cyclosporin A treatment (3), and
recent evidence supports the notion that CrEL
affects nerve conduction (2,8).

Although CrEL has been used as a ve-
hicle for the intravenous administration of
new antinociceptive drugs, and has been re-
ported not to alter nociception (4), there is no
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information in the literature about the effects
of orally administered CrEL on nociceptive
tests. This is particularly important, since
CrEL has been used as a vehicle in oral
preparations (9).

In the present study we investigated
whether orally administered CrEL alters the
antinociceptive response of mice in the acetic
acid-induced writhing and tail immersion tests.

Male albino mice (30-40 g) fasted for 12
h with free access to water and maintained
on a 12-h light/12-h dark cycle at controlled
temperature (22 + 1°C) were used. Each
animal was used only once.

CrEL was diluted in castor oil, while
morphine and dipyrone were dissolved in
0.9% saline. All drugs were purchased from
Sigma (St. Louis, MO, USA).

All experiments were performed in ac-
cordance with current guidelines for the care
of laboratory animals and ethical guidelines
for investigations of experimental pain in
conscious animals (10).

The effect of CrEL on coordinated motor
movements was assessed by the Rotorod test
(11). Each mouse was trained to run in a
Rotorod (3.7 cm in diameter, 8 rpm) until it
could remain in the apparatus for 60 s with-
out falling. Twenty-four hours after training,
the animals were given castor oil (10 ml/kg
body weight, by gavage) or 0.9% saline (con-
trol group), CrEL (3.2, 6.4 or 10.6 g/kg),
morphine sulfate (20 mg/kg, by gavage) or
dipyrone (300 mg/kg, by gavage) and 30 min
thereafter were placed again in the Rotorod.
The latency (in seconds) to fall from the
apparatus was recorded up to a limit of 240 s.

The effect of CrEL on antinociception
was assessed by the abdominal writhing re-
sponse induced by the intraperitoneal ad-
ministration of acetic acid and by the tail
immersion test. Five minutes after Rotorod
evaluation, the mice were subjected to the
writhing test, which was carried out by the
method of Hayashi and Takemori (12).
Briefly, the animals were injected with ace-
tic acid (0.8% in distilled water, 10 ml/kg
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body weight, ip), and 5 min thereafter were
transferred to an open field (28 x 18 x 12
cm), whose floor was divided into 15 equal
areas. The number of writhes (a contraction
of abdominal muscles accompanied by an
elongation of the body and extension of the
hind limbs), rearing responses and areas
crossed with the four paws were counted
over a period of 10 min.

The tail immersion test was carried out as
described by Janssen et al. (5). The animals
were weighed and marked and had the last
3.5 cm of their tail immersed in hot water
(55°C), a procedure that caused them to rap-
idly withdraw their tail. Twenty-four hours
after this habituation session, the animals
were given castor oil (10 ml/kg body weight,
by gavage) or 0.9% saline (control groups),
CrEL (3.2, 6.4 or 10.6 g/kg), morphine (20
mg/kg) or dipyrone (300 mg/kg) and 45 min
thereafter had their 3.5 cm end tail immersed
again in hot water (55°C). The latency to
withdraw the tail was recorded in 0.1-s units
with a stopwatch, and a cut-off maximum
latency of 7 s was established in order to
prevent tissue damage.

All behavioral data were scored by two
observers who were notaware of the animal’s
treatment. There was >90% agreement be-
tween them.

Statistical analysis of the number of
writhes and ambulation scores was carried
out by one-way ANOVA followed by the
Student-Newman-Keuls test. Tail immersion
and Rotorod latencies were analyzed by the
Kruskal-Wallis H-test analysis of variance
followed by the individual Mann-Whitney
U-test. F values are presented only when
P<0.05. The dose-effect relationship was
assessed by partitioning the sum of squares
into linear, quadratic or cubic trends or by
nonparametric correlation analysis.

The effect of CrEL, morphine and dipy-
rone administration on the number of writhes
induced by acetic acid is shown in Figure 1.
Statistical analysis of the effect of CrEL
(3.2-10.6 g/kg) revealed a significant effect
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of treatment (F(3,16) = 7.07, P<0.004), and
partitioning of sum of squares into trend
components revealed significant linear
(F(1,16) = 10.38, P<0.005) and quadratic
(F(1,16) = 10.59, P<0.005) trends, indicat-
ing that the number of writhes decreased
linearly or quadratically with the dose of
CrEL (Figure 1A). Figure 1B shows that
CrEL (10.6 g/kg), morphine and dipyrone
similarly reduced the number of writhes in-
duced by acetic acid (F(4,20) = 9.29,
P<0.005). On the other hand, CrEL, mor-
phine and dipyrone had no effect on sponta-
neous motor activity or on the number of
rearing responses during writhing evalua-
tion. Accordingly, the performance of the
animals in the Rotorod was not affected by
CrEL, morphine or dipyrone treatment (data
not shown).

The effect of CrEL, morphine and dipy-
rone on the tail immersion latencies is shown
in Figure 2. Statistical analysis of the effect
of CrEL (3.2-10.6 g/kg) revealed a signifi-
cant effect of treatment (H = 8.16, d.f. = 3,
P<0.05). Post hoc analysis showed that 6.4
g/kg (U(7,7) = 8.0, P<0.05) and 10.6 g/kg
(U(7,7)=4.0,P<0.01) CrEL increased with-
drawal latencies compared to control. Spear-
man rank correlation coefficient analysis re-
vealed a significant correlation between CrEL
doses and tail immersion latencies (r,=0.541,
P<0.01), indicating a dose-effect relation-
ship (Figure 2A). Statistical analysis of the
effect of CrEL (10.6 g/kg), morphine and
dipyrone revealed a significant effect of treat-
ment (H=15.93, d.f. =4, P<0.005, Kruskal-
Wallis H-test). Post hoc analysis showed
that CrEL (U(7,7) = 8.0, P<0.01), morphine
(U(6,6) = 4.0, P<0.05) and dipyrone (U(6,6) =
4.0, P<0.05) increased withdrawal latencies
compared to those observed in the respec-
tive control group (Figure 2B).

CrEL has been used as a vehicle for a
myriad of water-insoluble drugs, including
potential antinociceptive drugs. Although
some investigators have reported that intra-
venously administered CrEL lacks an intrin-

sic antinociceptive action (4), to date no
study has specifically addressed whether
orally administered Cremophor causes anti-
nociception or not. Moreover, in order to
correctly interpret experimental data from
antinociceptive studies, it is important to
determine not only whether the vehicle has
antinociceptive properties per se, but also
whether it causes other effects which may
confound antinociceptive evaluation, such
as ataxia and sedation.

In the present study we show that orally
administered CrEL causes dose-dependent
antinociception, as assessed by a tonic and a
phasic antinociceptive test. The fact that CrEL
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Figure 1. Effect of Cremophor
EL (CrEL) (A) and comparison
between the effects of CrEL
(10.6 g/kg), morphine (20 mg/
kg) and dipyrone (300 mg/kg) (B)
on the number of writhes in-
duced by acetic acid in mice.
*P<0.005 compared with the Oil
group (A) or Qil and Sal groups
(B) (Student-Newman-Keuls
test). Data are reported as
means = SEM for 5 animals in
each group. Qil: castor oil, Sal:
0.9% saline, Mor: morphine,
Dip: dipyrone.
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Figure 2. Effect of Cremophor
EL (CrEL) (A) and comparison
between the effects of CrEL
(10.6 g/kg), morphine (20 mg/kg)
and dipyrone (300 mg/kg) (B) on
the latency to withdraw the tall
in the tail immersion test in mice.
*P<0.05 compared with the Oil
group (A) or Oil and Sal groups
(B) (Mann-Whitney U-test). Data
are reported as the median = in-
terquartile range for 6-7 animals
in each group. Qil: castor oil, Sal:
0.9% saline, Mor: morphine, Dip:
dipyrone.
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causes antinociception in both phasic and
tonic antinociceptive tests is quite interest-
ing, since this is a characteristic of strong
analgesics, such as opioid agonists (13,14).
In fact, in the present study morphine, dipy-
rone and CrEL caused antinociception in
both tests. Other mild analgesics such as
aspirin and salicylic acid lack an antinoci-
ceptive action in thermally motivated tests
such as the tail immersion, tail-flick and hot-
plate tests, but have significant antinocicep-
tive activity in tonic tests, which are charac-
terized by the direct chemical stimulation of
nociceptors (15). Since it has been reported
that thermally motivated and tonic tests elicit
the selective stimulation of Ad and C fibers,
respectively (16,17), it is tempting to pro-
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pose that CrEL or its metabolites may inter-
fere with the transmission of both fibers or
with a common pathway, such as spinal and
thalamic pathways.

It is important to emphasize, however,
that recent studies have shown that systemic
concentrations of CrEL are undetectable fol-
lowing oral administration to both mice and
humans (9,18). Therefore, since previous
work has demonstrated that polyoxyethy-
lated-type surfactants are metabolized in the
intestine by pancreatic lipase into the fatty
acid residue and a polyol moiety, with only
less than 4% of the administered dose being
excreted unchanged into urine (19), it is
possible that one of these metabolites, and
not CrEL itself, is responsible for the antino-
ciceptive effect of CrEL described here. This
view is corroborated by the finding that in-
jection of 10 ml/kg of an intravenous prepa-
ration of CrEL (10%, v/v) has no antinoci-
ceptive activity (4).

In addition, it has been reported that CrEL
(2,8), and one of its constituents, ethylene
oxide (20), alter nerve conduction, and this
finding may be relevant to explain the anti-
nociceptive effect of CrEL described here.
However, beneficial effects of CrEL onnerve
conduction of diabetic animals have also
been reported, indicating that further studies
are needed to clarify this point.

An important issue regarding the behav-
ioral effects of CrEL is that it does not cause
motor impairment, evaluated by spontane-
ous locomotor behavior in the open field or
forced locomotion in the Rotorod. This lack
of effect on spontaneous and forced locomo-
tion supports the view that the antinocicep-
tive effect of orally administered CrEL in-
volves the selective modulation of nocicep-
tive pathways.

The present report describes that orally
administered CrEL induces antinociception
comparable to that caused by morphine (20
mg/kg, by gavage) and dipyrone (300 mg/kg,
by gavage), and that the effect does not seem
to be due to motor impairment. It is impor-
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tant to point out that, although 6.4 and 10.6  effects of potential antinociceptive agents
g/kg CrEL, which are relatively high doses,  dissolved in this vehicle and administered by

caused antinociception in the present study, the oral route.
one should be careful when evaluating the
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