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bstract

Paregoric elixir is a phytomedicinal product which is used widely as an analgesic, antispasmodic and antidiarrheal agent. Here, we investigated the
harmacological actions and some of the mechanisms of action of paregoric elixir and compared its action with some of its components, the alkaloids
orphine and papaverine. The paregoric elixir given orally to mice did not present relevant toxic effects, even when administered in doses up to

000-fold higher than those used clinically. However, it showed an antinociceptive action that was more potent, but less efficacious, than morphine.
n contrast to morphine, its effect was not dose-dependent and not reversed by the non-selective opioid antagonist naloxone. Moreover, paregoric
lixir produced tolerance, but did not cause cross-tolerance, with the antinociceptive actions of morphine. When assessed in the gastrointestinal

otility in vivo, paregoric elixir elicited graduated reduction of gastrointestinal transit. Finally, like morphine and papaverine, paregoric elixir

oncentration-dependently inhibited electrically-induced contraction of the guinea pig isolated ileum. In vivo and in vitro gastrointestinal actions
f paregoric elixir were not reversed by naloxone. Collectively, the present findings lead us to suggest that the pharmacological actions produced
y paregoric elixir are probably due to a synergic action of its constituents.

2007 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

Opium (sumo in Greek) is a dried extract obtained by evap-
ration and heating of the latex from incision of the capsules
f non-ripe Papaver somniferum (Papaveracea), known popu-
arly as oriental poppy (Trease and Evans, 1978). The actions
f opium have been known for thousands of years. The first
eports on the use of opium were from Sumerians who lived in

esopotamia between 5000 and 4000 b.c. (for review: Calixto
t al., 2000, 2001). The tincture of opium or laudanum used
urrently was first introduced by Paracelsus (1490–1540), and

e Mort created the camphorated tincture of opium known as
aregoric elixir in 1702 (Trease and Evans, 1978; Woods, 1958).

∗ Corresponding author at: Department of Pharmacology, Federal University
f Santa Catarina, CCB, Campus Universitário Trindade, 88049-900 Flo-
ianópolis, SC, Brazil. Tel.: +55 483721 9491; fax: +55 483232 9139.
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J.B. Calixto).

d
b

s
G
s
t
c
(

378-8741/$ – see front matter © 2007 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.jep.2007.08.004
The isolation of the alkaloid morphine from P. somniferum is
ttributed to Friedrich Sertürner in 1805, this substance being the
rst alkaloid obtained and identified in pure form shape (Rocha
nd Silva, 1973; Brownstein, 1993; Benyhe, 1994). Besides
orphine, opium contains some 30 alkaloids, which can be com-

ined with the organic acid meconic acid (Robbers et al., 1997).
espite the high number of alkaloids, only some of them such

s morphine, codeine and papaverine seem to be relevant for
he pharmacological action of P. somniferum and are actually
sed in clinical practice (Resine and Pasternak, 1996). These
lkaloids are found in different concentrations in opium and are
ivided into two chemical classes, the phenanthrenes and the
enzylisoquinolines.

The phenanthrenes alkaloids morphine and codeine exert
everal biological effects that are mediated by interaction with
-protein-coupled receptors known as opioids, mainly of the �
ubtype. The coupling of these receptors to Gi protein inhibits
he activity of the cyclase adenylate and voltage-dependent Ca2+

hannel mechanisms, besides stimulating the efflux of K+ ions
Dhawan et al., 1996). These receptors are activated by several

mailto:calixto@farmaco.ufsc.br
mailto:calixto3@terra.com.br
dx.doi.org/10.1016/j.jep.2007.08.004
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ndogenous ligands such as encephalins, dinorphins, endorphins
nd endomorphins.

The opioid receptors are widely distributed in the central
nd peripheral nervous systems, and following activation they
re responsible for the therapeutic effects of the opioids. These
nclude analgesic, anticough and antidiarrheal effects that can
e inhibited by non-selective antagonist receptors opiods, such
s naloxone. Furthermore, a great amount of evidence reveals
hat morphine and codeine cause important side effects such
s euphoria, constipation, tolerance and probably addiction that
omplicate their clinical usage (Furlan et al., 2006).

Differently of the morphine and codeine, the papaverine, a
enzylisoquinoline alkaloid which is also present in opium, is
ractically devoid of side effects in the central nervous system
ince it is pharmacologically and chemically distinct from the
henantrene alkaloids morphine and codeine. Among the prin-
ipal actions described for papaverine is its ability to relax the
mooth musculature (Kaneda et al., 1998).

Even after the isolation of morphine and other constituents
resent in the opium, preparations containing opium extract are
till used nowadays, including the opium tincture or laudanum
nd the camphorated tincture of opium known as paregoric elixir.
hese preparations are employed mainly for the treatment of gas-

rointestinal disturbances, and present advantages in relation to
solated morphine (Krantz and Carr, 1961; Osol, 1980). Besides

orphine, the opium extract contains papaverine that presents
ntispasmodic action. The paregoric elixir is a pharmaceutical
reparation described in British and American pharmacopeias
hat contains about 0.05% morphine and 0.005% papaverine,
esides camphor, essence of aniseed, benzoic acid, alcohol and
ther alkaloids present in the poppy (Krantz and Carr, 1961;
sol, 1980).
Although it has been known for over 300 years and is present

n the main pharmacopeias, paregoric elixir has not been scien-
ifically evaluated to examine its pharmacological and possible
oxicological effects. The aim of the present study was therefore
o investigate, through in vitro and in vivo assays, the pharmaco-
ogical actions, some aspects about its toxicology, and possible
ide effects of paregoric elixir. We also compared the effects
f paregoric elixir with the main alkaloids present in opium,
amely morphine and papaverine, with the purpose of analysing
he participation of these alkaloids in the paregoric elixir’s
ction.

. Materials and methods

.1. Animals

Adult male and female Swiss mice weighing 25–35 g and
uinea pigs weighing 300–500 g of both sexes were used
hroughout the experiments. All animals were housed in a room

aintained at a constant temperature of 22 ± 2 ◦C under a 12 h
ight/12 h dark cycle at 60–80% humidity with food and water

vailable ad libitum. Animals were acclimatized to the labo-
atory for at least 1 h before the tests. All procedures were
pproved by our Institutional Ethics Committee (process num-
ers 262/CEUA and 23080.035334/2003-16/UFSC) and were in
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ccordance with the National Institutes of Health Animal Care
uidelines (NIH Publications No. 80-23).

.2. The fingerprint of paregoric elixir established by HPLC

The HPLC system consisted of an Waters Model 2695 Diode
rray Detector, a Waters Model 2695 Pump solvent delivery, an
tlantis-d C18 (100 mm × 2.1 mm; particle size 5 �m) reversed-
hase column. The column was maintained at 30 ◦C.

Separations were achieved on linear gradient of aque-
us formic acid 0.1%:methanol (0 min, 100:0; 10 min, 100:0;
0 min, 70:30; 10 min, 60:40; 10 min, 40:60; 10 min, 100:0;
0 min, 100:0) at a flow rate of 0.3 ml/min, injection volume
f 10 �l and UV detection at 254 nm.

The fingerprint analysis was carried out by the com-
arison with some standards compounds, namely: morphine
500 �g/ml), codeine (400 �g/ml) and papaverine (500 �g/ml).
efore the injection, samples of paregoric elixir have been
iluted to 10% (v/v) with formic acid 0.1%.

.3. Acute toxicity

To investigate the possible toxic effects of paregoric elixir,
ncreasing doses (5.3–1600 �g morphine/kg, p.o.) of the prod-
ct were administered in an attempt to determine the lethal
ose 50 (LD50). Another group of animals was pre-treated with
orphine (4.4–44.0 mg/kg, p.o.), paregoric elixir (0.53–10.6 �g
orphine/kg, p.o.) or saline (10 ml/kg, p.o.) in order to assess

vents characteristic of toxicity, such as abdominal constriction,
ilo-erection, paralysis, tremor, convulsion or Straub’s signal.
he animals were kept in plastic boxes and observed for 24 h
fter treatment.

.4. Open-field test

To assess the possible effects of paregoric elixir on the ani-
als’ spontaneous motor activity and defecation, they were

valuated in the open-field paradigm, according to the method
haracterized by Montgomery (1955). Mice were placed indi-
idually in an acrylic box (30 cm × 15 cm × 30 cm) with the
oor divided into nine squares. The number of squares crossed
ith the four paws and the number of fecal boluses was regis-

ered during a period of 5 min. The animals were treated with
aregoric elixir (0.53–10.6 �g morphine/kg, p.o.), morphine
4.4–44.0 mg/kg, p.o.) or saline (1 ml/kg, p.o.) 1 h before the
xperiments.

.5. Antinociceptive activity

To evaluate the possible antinociceptive effect of the pare-
oric elixir, the formalin model of nociception was used. The
rocedure employed was as described previously (Hunskaar et
l., 1985, 1986; Corrêa and Calixto, 1993). Briefly, 20 �l of 2.5%

ormalin solution (0.92% formaldehyde), made up in phosphate
uffered saline (137 mM NaCl, 2.7 mM KCl and 10 mM phos-
hate buffer), was injected intraplantarly under the surface of
he right hindpaw. This model provided evidence of two phases
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Prism software. Statistical comparison of data was performed
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f painful sensitivity: an immediate early phase lasting for 5 min
pain of neurogenic origin) and a late phase, lasting from 15 to
0 min after the injection of formalin (pain of inflammatory ori-
in) (Hunskaar and Hole, 1987). The mice were treated by oral
oute with paregoric elixir (0.53–530 �g morphine/kg), mor-
hine (0.088–44.0 mg/kg) (used as positive control) or saline
10 ml/kg) 1 h before formalin injection. After intraplantar injec-
ion of formalin, the animals were placed immediately in a glass
ylinder 20 cm in diameter, and the time spent licking and biting
he injected paw was considered as indicative of nociception.

To investigate the role of the opioid system in the antinoci-
eptive effect of paregoric elixir, animals were pre-treated with
aloxone (a non-selective opioid receptor antagonist, 1 mg/kg,
.p.) 15 min prior to paregoric elixir (10.6 �g morphine/kg, p.o.)
r morphine (8.8 mg/kg, p.o.) administration. One hour after
reatment, the nociception was assessed in the formalin model
f pain.

Next, we also verified whether the repeated administration
f paregoric elixir, similar to morphine, produced tolerance to
ts antinociceptive effect or cross-tolerance with morphine. To
o this, mice were treated twice a day for 4 consecutives days
ith morphine (8.8 mg/kg, p.o.), paregoric elixir (10.6 �g mor-
hine/kg, p.o.) or saline (10 ml/kg, p.o.). The animals received
wo orally administered doses of each drug or saline per day at
:00 am and 5:00 pm for the first 3 days and a single injection at
:00 am on day 4. One hour after the last treatment, animals were
re-treated with saline (10 ml/kg, p.o.), morphine (8.8 mg/kg,
.o.) or paregoric elixir (10.6 �g morphine/kg, p.o.), and the
ntinociceptive effect was assessed 1 h later in the formalin test,
s described above.

.6. Gastrointestinal transit (GIT)

This test was conducted with the objective of assessing
hether or not paregoric elixir, like morphine, could cause inhi-
ition of the gastrointestinal motility. The experiments were
arried out as described previously (Santos et al., 1999). The
ice were treated with paregoric elixir (0.53–53.0 �g mor-

hine/kg, p.o), morphine (0.88–44.0 mg/kg, p.o.), papaverine
1.06 �g/kg, p.o.) or vehicle (1 ml/kg, p.o.) 1 h before receiving
standard charcoal meal (0.3 ml, p.o.). The animals were sac-

ificed 20 min after administration of the charcoal, and the total
xtension of gut and the distance that the meal had travelled were
easured. Data was expressed as the percentage of gut that the

harcoal meal had travelled.
To investigate the role of the opioid system in the gastroin-

estinal transit effect of paregoric elixir, animals were pre-treated
ith naloxone (1 mg/kg, i.p.) 15 min prior to paregoric elixir

10.6 �g morphine/kg, p.o.). One hour after treatment, the gas-
rointestinal motility was analysed.

.7. Electrical field stimulation-induced guinea pig ileum
ontraction
In order to assess the antispasmodic actions of paregoric
lixir, morphine and papaverine, electrical stimulation of the
solated guinea pig ileum was used. Guinea pigs of both sexes

b
n
c
b

armacology 114 (2007) 218–226

ere anaesthetized with choral hydrate (0.7%) and killed by
ervical dislocation. A 10–30 cm portion of ileum from the ileo-
ecal junction was excised rapidly and flushed gently with warm
rebs’ solution (composition: NaCl, 118 mM; KCl, 4.8 mM;
aCl2, 2.5 mM; MgSO4, 1.2 mM; KH2PO4, 0.9 mM; NaHCO3,
5 mM; glucose, 11 mM; pH 7.4) to remove contents and adher-
ng adipose tissue. Whole segments (1–3 cm long, six to eight
egments per animal) were set up for recording of isometric
ontractions along their longitudinal axis in a jacketed organ
ath containing 5 ml of gassed (5% CO2 and 95% O2) Krebs’
olution maintained at 37 ◦C, under a basal tension of 1 g. Iso-
etric contractions were measured by means of TRI-201 force

isplacement transducers and recorded on a polygraph (Letica
cientific Instruments, Barcelona, Spain).

After at least 30 min of equilibration, with renewals of the
utrient solution every 10 min, preparations were submitted to
eld stimulation with rectangular 1 ms pulses of supramaximal
oltage (ca. 50–70 V), delivered at 0.1 Hz via platinum elec-
rodes (Guimarães and Rae, 1992; Santos et al., 1999). Once
he twitch contractions evoked by field stimulation had attained
steady level, a single non-cumulative concentration–response

urve was plotted for paregoric elixir (50–1500 ng/ml), mor-
hine (3.75–1125 ng/ml) or papaverine (9–90.000 ng/ml).

.8. Drugs

Paregoric elixir was provided by Laboratório Catarinense
Joinville, SC, Brazil). The following drugs were used: formalin,
orphine hydrochloride, codeine phosphate (Merck AG, Darm-

tadt, Germany), chloral hydrate, papaverine (Sigma Chemical
o., St. Louis, MO, USA) and naloxone (Research Biochemicals

nternational, Natick, MA, USA). All tested drugs were diluted
n saline. The dose ranges of paregoric elixir were selected tak-
ng into account the recommended dose for humans: 50 drops
hree times a day (containing 0.05% morphine). Thus, the use
olution was obtained dissolving 50 times 150 drops (5.3 ml) of
lixir (which corresponded to 2.65 mg of morphine) in saline.
he resultant dose was 530 �g of morphine/kg. The dose of
apaverine employed in gastrointestinal motility test was ten
imes lesser in comparison to dose of morphine, because the
pium contains 10% of morphine and only 1% papaverine.

. Statistical analysis

All values are presented as mean ± S.E.M. of inhibitions
btained for each individual experiment. The ID50 or IC50 val-
es (i.e., dose or concentration of paregoric elixir, papaverine
r morphine necessary to reduce responses by 50% relative
o the control value, respectively) are presented as geomet-
ic means accompanied by their respective 95% confidence
imits. The ID50 and IC50 values were estimated using lin-
ar regression for individual experiments with the GraphPad
y means of analysis of variance (ANOVA) followed by Dun-
ett’s or Newmann–Keuls’ test. P-values less than 0.05 were
onsidered significant. For the toxicity tests, data was analysed
y means of the χ2-nonparametric test.
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ig. 1. The fingerprint for the herbal drug paregoric elixir obtained by HPLC sh
ime = 9.179 min), codeine (retention time = 19.156 min) and papaverine (retent

. Results

.1. Fingerprint of paregoric elixir

The fingerprint of paregoric elixir was obtained by HPLC
Fig. 1). From the chromatogram of the mixture, three
omponent peaks could be detected: morphine (retention
ime = 9.179 min), codeine (retention time = 19.156 min) and
apaverine (retention time = 27.868 min).

.2. Evaluation of paregoric elixir’s acute toxicity

The acute treatment of mice with paregoric elixir
5.3–1600 �g morphine/kg, p.o.) did not cause the death of
ny animals at the tested doses (data not shown). Moreover,
aregoric elixir (0.53–10.6 �g morphine/kg) did not produce
ny significant alterations in behaviour response which were
haracteristic of toxicity, such as abdominal constriction, paral-
sis, tremor, convulsion or Straub’s signal (data not shown). In
ddition, we did not observe abdominal constriction, convul-
ion, tremor or paralysis in animals treated with several doses
f morphine (4.4–44.0 mg/kg, p.o.) (data not shown). However,
e were able to detect Straub’s signal, in animals treated with
orphine (χ2-test, d.f. 9.903, 3; P = 0.019) (Fig. 2A), but not

n animals treated with paregoric elixir. Moreover, the higher
ose of paregoric elixir (10.6 �g morphine/kg) or morphine
44.0 mg/kg) produced pilo-erection in 30% and 10% of treated
nimals, respectively (Fig. 2B). However, this response did
ot reach any statistical significance, either for paregoric elixir
χ2-test, d.f. 2.654, 1; P = 0.103) or for morphine (χ2-test, d.f.
.9545, 1; P = 0.328) in comparison to the saline-treated group.

.3. Evaluation of spontaneous movement in the open-field
est
The results presented in Fig. 2C show that pare-
oric elixir (0.53–10.6 �g morphine/kg, p.o.) and morphine
4.4–44.0 mg/kg, p.o.) caused dose-dependent increase in the

i
t
(
i

g several compounds, being three compounds identified as morphine (retention
e = 27.868 min).

otor activity of mice when assessed in the open-field test. Inter-
stingly, paregoric elixir, like morphine, significantly reduced
he number of fecal boluses in relation to the control group
Fig. 2D).

.4. Evaluation of antinociceptive effect

The results presented in Fig. 3A and B show that paregoric
lixir, administered by oral route (0.53–10.6 �g morphine/kg,
.o.), caused partial but significant inhibition of both phases
f formalin-induced nociception. Furthermore, paregoric elixir
as more effective in inhibiting the first than the second phase
f nociception, with maximal inhibitions of 61.9 ± 3.1% and
1.3 ± 8.9%, respectively. However, its antinociceptive effect
as not proportional to the doses used.
On the other hand, the oral administration of morphine

0.08–44.0 mg/kg) dose-dependently inhibited both phases of
ormalin-induced nociception (Fig. 3C and D). The calcu-
ated mean DI50 values for these effects were 24.4 (19.9–29.8)
nd 16.4 (10.9–24.7) mg/kg, with inhibitions of 85 ± 4% and
00% for the first and second phases of the formalin test,
espectively. Interestingly, morphine-induced antinociception
8.8 mg/kg, p.o.) in both phases of the formalin test was com-
letely reverted by the opioid antagonist naloxone (1 mg/kg,
.p.). In marked contrast, the antinociception caused by pare-
oric elixir (10.6 �g morphine/kg, p.o.) was not significantly
hanged by naloxone (Fig. 4A and B).

The pre-treatment of animals (p.o., twice a day for 4 consec-
tives days) with morphine (8.8 mg/kg) or with paregoric elixir
10.6 �g morphine/kg) produced tolerance to its own antinoci-
eptive effects in comparison to animals pre-treated with saline
nd analysed using the formalin test in mice. However, no cross-
olerance between morphine and paregoric elixir was detected,

.e., morphine (8.8 mg/kg) continued to induce antinocicep-
ion in paregoric elixir pre-treated animals and paregoric elixir
10.6 �g morphine/kg) also continued to induce antinociception
n morphine pre-treated animals (Fig. 4C and D).
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Fig. 2. Effect of treatment with paregoric elixir (0.53–10.6 �g morphine/kg, p.o.) or morphine (4.4–44.0 mg/kg, p.o.) on the behaviour of mice, indicating possible
toxic effects such as Straub’s signal (A) and pilo-erection (B), on the number of crossings (C) and fecal boluses (D) in the open field. Each column represents the
mean ± S.E.M. of six to eight mice. The asterisks denote the significance levels, *P < 0.05, **P < 0.01, compared with control groups treated with vehicle.

Fig. 3. Effect of treatment with paregoric elixir (0.53–530 �g morphine/kg, p.o.; A and B), morphine (0.088–44 mg/kg, p.o.; C and D) on formalin-induced nociception
in mice. Each column represents the mean ± S.E.M. of six to eight mice. The asterisks denote the significance levels, *P < 0.05; **P < 0.01, compared to control
group.
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Fig. 4. Effect of naloxone (1 mg/kg, i.p.) on the antinociceptive effect caused by paregoric elixir (10.6 �g morphine/kg, p.o.) or morphine (8.8 mg/kg, p.o.) (A and
B ent w
v sed b
f ean ±
p morp
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) on formalin-induced nociception in mice. Cross-tolerance effect of the treatm
ehicle (10 ml/kg, p.o.) twice a day for 4 days on the antinociceptive profile cau
ormalin-induced nociception in mice (C and D). Each column represents the m
re-treated with vehicle; #P < 0.01 compared to group treated with vehicle plus

.5. Evaluation of gastrointestinal motility

The results in Fig. 5 show that similar to morphine, paregoric
lixir caused dose-dependent inhibition of the gastrointestinal
otility. However, a dose of morphine which was about 80 times

igher than that of paregoric elixir was necessary for inhibi-

ion of gastrointestinal motility. Similarly, the treatment with
apaverine (1.06 �g/kg, p.o.) significantly reduced the gastroin-
estinal motility in mice (Fig. 5A). In addition, the inhibition
f the gastrointestinal motility produced by paregoric elixir was

4

c

ig. 5. Effect of treatment with paregoric elixir (0.53–53.0 �g morphine/kg, p.o.)
astrointestinal transit in mice. Effect of treatment with naloxone (1 mg/kg, i.p.) on
orphine/kg) (B). Each column represents the mean ± S.E.M. of six to eight mice. T

ontrol group treated with vehicle.
ith paregoric elixir (10.6 �g morphine/kg, p.o.), morphine (8.8 mg/kg, p.o.) or
y paregoric elixir (10.6 �g morphine/kg, p.o.) or morphine (8.8 mg/kg, p.o.) on

S.E.M. of six to eight mice. *P < 0.05; **P < 0.01, compared to control group
hine or paregoric elixir.

ot affected by pre-treatment of animals with the non-selective
pioid antagonist naloxone (1 mg/kg, i.p.) (Fig. 5B). The same
reatment with naloxone reversed totally the gastrointestinal
nhibitory effect caused by morphine (44.0 mg/kg, p.o.) (result
ot shown).
.6. Evaluation of antispasmodic effect in vitro

The electrical field stimulation of guinea pig ileum-induced
ontractions that were abolished by tetrodotoxin 1 �M (result

, morphine (0.88–44.0 mg/kg, p.o.) or papaverine (1.06 �g/kg, p.o.) (A) on
the inhibition of gastrointestinal transit induced by paregoric elixir (10.6 �g

he asterisks denote the significance levels, *P < 0.05, **P < 0.01, compared to
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Fig. 6. Inhibitory effect of morphine (0.00375–1.125 �g/ml, A), paregoric
elixir (0.005–1.5 �g/ml, B) or papaverin (0.009–90 �g/ml, C) on the contractile
response induced by electrical field stimulation (continuous stimulation with
square pulses of 1 ms duration, delivered at 0.1 Hz supramaximal voltage) in the
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Considering that one of the main indications of paregoric
solated guinea pig ileum. Each point represents the mean ± S.E.M. of five to
ight experiments.

ot shown). The results presented in Fig. 6A show that
on-cumulative concentrations of morphine (3.75–1125 ng/ml)
nduced a concentration-dependent inhibition of field electric
timulation contraction in guinea pig isolated ileum, with a

ean IC50 value of 64.8 (33.4–122.2) ng/ml and maximal inhi-

ition of 57 ± 3.5%. Similarly, paregoric elixir (50–1500 ng/ml)
nhibited, in a concentration-dependent manner, the contrac-
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ions evoked by field electric stimulation in ileum with a mean
C50 value of 32.9 (19.4–5.8) ng/ml and maximal inhibition
f 69 ± 3.3% (Fig. 6B). Likewise, papaverine (9–90.000 ng/ml)
lso caused concentration-dependent inhibition of contractions
voked by field electric stimulation in guinea pig ileum, with
he mean IC50 value of 6800 (4100–11.600) ng/ml and maximal
nhibition of 96 ± 1.5% (Fig. 6C).

. Discussion

Although paregoric elixir has been used for therapeutic
urposes for more than 300 years, to our knowledge, no phar-
acological studies on this product have been conducted. The

esults of the present study show for the first time that even when
ested at higher doses in mice, paregoric elixir did not exhibit any
vidence of toxic events. In addition, we detected Straub’s sig-
al in all animals treated with morphine, but not in those treated
ith paregoric elixir. These results in relation to paregoric elixir

re somewhat unexpected, as paregoric elixir is standardized as
he morphine alkaloid, and the initial belief is that this product
hould produce the same side effects as morphine. However, the
ield of morphine in paregoric elixir is very low (0.05%), and
esides morphine, the opium extract also contains other con-
tituents such as codeine and papaverine (see Section 1 and also
onfirmed in the fingerprint of Fig. 1).

The experiments designed to evaluate the antinociceptive
ffect of paregoric elixir also furnished further support for
he pharmacological action of this product, since only partial
ntinociception was observed, despite the use of higher doses of
aregoric elixir. These results further suggest that constituents
thers than morphine, present in opium, must be responsible for
his action. Another piece of evidence that supports this con-
ept were the results showing that in contrast to that observed
or morphine, the antinociceptive action of paregoric elixir was
ot dose-related and was not reversed by the non-selective opi-
id antagonist naloxone. This suggests that the antinociceptive
ctions of the product paregoric elixir are probably due to a
ynergic action of several components present in opium, mainly
he alkaloids morphine and codeine. In fact, previous findings
ave shown that codeine is about 9–12 times less potent that
orphine in causing antinociception, depending on the animal
odel used (Le Bars et al., 2001). Reinforcing this idea, codeine

nhibits the two phases of formalin test, in doses five times big-
er that those necessary for inhibition by morphine (Hunskaar
nd Hole, 1987).

Another interesting new aspect that emerged from the present
tudy was the fact that prolonged treatment with paregoric elixir
twice a day for 4 consecutive days), in contrast to morphine, did
ot produce tolerance to it, nor did it cause cross-tolerance with
he antinociceptive actions of morphine. These results reinforce
ur previous concept that the antinociceptive effects of paregoric
lixir are unlikely to be associated directly with the activation
f the � opioid receptors that are sensitive to morphine.
lixir is associated with the treatment of intestinal and men-
trual colic, we investigated further the actions of this product,
s well as some of its constituents (the alkaloids morphine and
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apaverine), on gastrointestinal motility both in vivo and in vitro.
he results show that paregoric elixir caused dose-dependent

eduction of gastrointestinal transit in vivo. Notably, we observed
ssentially the same effect with morphine, but only when higher
oses were used.

Further in vivo evidence supporting a non-opioid mechanism
or paregoric elixir in inhibiting the gastrointestinal motility was
he demonstration that the inhibitory action of paregoric elixir
as not significantly reversed by previous treatment with the
on-selective antagonist opioid naloxone. However, using the
ame doses and schedule of treatment, naloxone was capable of
ignificantly reverting the reduction of the gastrointestinal transit
aused by morphine, indicating that this alkaloid, but not the
ther active constituents present in the product paregoric elixir,
re probably responsible for the reduction of the gastrointestinal
ransit, most likely acting via activation of � opioids receptors.

To establish whether the reduction of gastrointestinal tran-
it caused by paregoric elixir could be due to the presence of
he alkaloid papaverine, a separate series of animals received
apaverine at a dose of 1.06 �g/kg, calculated on the basis of
he amount present in paregoric elixir. The results show that
lthough papaverine was less potent than morphine when it was
ssessed in in vitro tests, it was more potent than morphine
n reducing the gastrointestinal motility in vivo. Therefore, a
reat part of the inhibitory effect on the gastrointestinal motil-
ty caused by paregoric elixir is probably due to the presence
f the alkaloid papaverine, known for its strong antispasmodic
ctions (Calixto et al., 1984; Kaneda et al., 1998). Furthermore,
he above-mentioned results could also explain the complete
bsence of the reversion of the inhibitory effect of the paregoric
lixir on gastrointestinal transit after treatment, with naloxone.
t is important to mention that papaverine, one of the principal
onstituents responsible for the antispasmodic action of pare-
oric elixir, appears to cause relaxation in smooth muscle by
ultiple mechanisms, mainly via intracellular accumulation of

AMP and/or cGMP, by inhibiting phosphodiesterase, effects
n Ca2+ movement and inhibition of mitochondrial respiration,
ut in ileal smooth muscle would be due to the last mechanism
Kaneda et al., 1998, 2005).

. Conclusion

Collectively, the in vivo and in vitro results presented in the
urrent study show that the phytomedicine paregoric elixir that
s standardized as 0.05% in the alkaloid morphine, dosed orally
o mice, is a safe product, being able to inhibit both phases of
ormalin-induced nociception as well as gastrointestinal transit
n mice. Furthermore, like morphine and papaverine, paregoric
lixir also concentration-dependently inhibits field electric stim-
lation contraction in the guinea pig isolated ileum. In marked
ontrast to morphine, none of the pharmacological effects caused
y paregoric elixir were significantly reversed by naloxone, sug-
esting an opioid independent-mediated mechanism. Finally, the

resent results strongly suggest that the studied pharmacological
ctions of paregoric elixir are probably mediated by the syner-
istic action of its constituents, mainly papaverine, morphine
nd codeine.
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