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Abstract

Oral administration of a MeOH–CH2Cl2 (1:1) extract of the stem bark of Hintonia standleyana (HSE) produced a dose-dependent
antinociceptive effect when tested in mice using the writhing (150–750mg/kg) and the hot-plate (150–600mg/kg) models. From the active extract
3-O-β-D-glucopyranosyl-23,24-dihydrocucurbitacin F (GDHCF), 5-O-[β-D-apiofuranosyl-(1→6)-β-D-glucopyranosyl]-7-methoxy-3′,4′-dihy-
droxy-4-phenylcoumarin (AG4-PC) and desoxycordifolinic acid (DCA) were isolated. GDHCF (10–100mg/kg, p.o.) significantly reduced
acetic acid-induced abdominal contortions and increased the hot-plate latency in comparison to vehicle-treated mice. Metamizol (50–100mg/kg)
and morphine (2.5–5mg/kg) were used as positive controls, respectively. GDHCF-induced antinociception was partially blocked by naloxone
(1mg/kg, i.p.), L-NAME (150mg/kg, i.p.) and glibenclamide (10mg/kg, i.p.) suggesting that its pharmacological effect could be due to the
activation of the nitric oxide pathway, followed by the opening of the ATP-sensitive K+ channels, as well as an activation of the opioid receptors.
© 2006 Elsevier Inc. All rights reserved.
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1. Introduction

Hintonia standleyana Bullock (Rubiaceae), known in
Mexico with the popular names of “copalchi”, “quina amarilla”
and “falsa quina” (false quina), is used to treat diabetes and
complains associated with malaria (González-Chevez et al.,
2000). According to Bullock (Bullock, 1935), H. standleyana is
distinguished from the related species Hintonia latiflora by the
small, almost smooth fruit, which is not lenticellate as that of H.
latiflora, and by the absence of bracteoles. In a previous
investigation, it was demonstrated that an extract (100mg/kg) of
the stem bark of H. standleyana did cause a significant decrease
in blood glucose levels, in both normal and streptozotozin
(STZ)-diabetic rats when compared with vehicle-treated groups
(Guerrero-Analco et al., 2005). 3-O-β-D-glucopyranosyl-23,
24-dihydrocucurbitacin F (GDHCF), 5-O-β-D-glucopyranosyl-
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7-methoxy-3′,4′-dihydroxy-4-phenylcoumarin and 5-O-[β-D-
apiofuranosyl-(1→6)-β-D-glucopyranosyl]-7-methoxy-3′,4′-
dihydroxy-4-phenylcoumarin (AG4-PC) were isolated from the
active extract (Guerrero-Analco et al., 2005). GDHCF and
AG4-PC did not decrease blood glucose levels in normal rats.
However, in two different long term subacute experiments,
using animals with a developing diabetes condition and with
STZ-induced diabetes, both compounds at daily doses of 10mg/
kg (developing diabetes condition) or 30mg/kg (STZ-induced
diabetes condition) provoked a significant antihyperglycemic
activity. Furthermore, AG4-PC restored near to normal the
blood glucose levels in STZ-induced diabetic rats. In all cases,
the groups treated with the active principles and the extract
showed less body weight lost than the glibenclamide-treated
and diabetic control groups.

The use of H. standleyana for treating the symptoms of
malaria (fevers, pains and chilling) in folk medicine suggested
the presence of compounds with analgesic/and or anti-
inflammatory properties; in order to corroborate this hypothesis
the present investigation was undertaken to establish the
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antinociceptive effect of an extract and constituents of the
plant. Two well known animal models were used in this study
to accomplish such endeavor, the writhing and the hot-plate
tests (Woolfe and MacDonald, 1944; Eddy and Leimbach,
1953; Collier et al., 1968; Chiang and Zhuo, 1989; Le Bars et
al., 2001). The methods were selected because of their
usefulness to investigate peripheral and central mediated
effects, respectively. In addition, this work was carried out to
complete the pharmacological profile of H. standleyana in
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Fig. 1. Chemical structures of 3-O-β-D-glucopyranosyl-23,24-dihydrocucurbitacin
3′,4′-dihydroxy-4-phenylcoumarin (AG4-PC), desoxycordifolinic acid (DCA) obtai
order to integrate a scientific monograph on this plant; such
monograph, alike to those published by the American Herbal
Pharmacopoeia, the European Scientific Cooperative of
Phytotherapy and the World Health Organization for several
medicinal plants, would permit better assessment of this very
Mexican plant. Herein, we report the analgesic effect of a
crude extract and some metabolites isolated from the plant
namely, GDHCF, AG4-PC as well as desoxycordifolinic acid
(DCA) (Fig. 1).
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2. Methods

2.1. Plant material

The stem bark of H. standleyana Bullock was collected in
Atenango del Rio, Guerrero (Mexico) in January 2003. A
voucher specimen (P. Hersch No 824) was deposited at the
ASFM-INAH Herbarium, Cuernavaca, Mexico.

2.2. General procedures

Melting points were determined on a Fisher-Johns apparatus
and are uncorrected. IR spectra were recorded as KBr pellets or
films on a Perkin-Elmer 59913 spectrophotometer. Optical
rotations were registered on a Perkin-Elmer 241 digital
polarimeter. NMR spectra were recorded on a Varian Unity
Plus-500 spectrometer in CD3OD, either at 500MHz (1H) or
125 (13C) MHz, using tetramethylsilane (TMS) as an internal
standard. EIMS were obtained on a JMS-AX505HA mass
spectrometer. Positive FABMS data were obtained in a JEOL
SX 102 mass spectrometer using a NBA matrix. HPLC was
carried out with a Waters instrument equipped with Waters 996
UV photodiode array detector (900) set at 208–215nm, using a
Symmetry® C-18 5μ column (4.6mm i.d.×250mm) at a flow
rate of 0.4mL/min. Control of the equipment, data acquisition,
processing, and management of chromatographic information
were performed by the Millennium 2000 software program
(Waters). The analyses were achieved using CH3CN–H2O (8:2)
as mobile phase. TLC analyses were performed on silica gel 60
F254 plates (Merck), and visualization of plates was carried out
using ceric sulfate (10%) or N,N′-dimethyl-aminebenzaldehyde
(10% in EtOH) reagents.

2.3. Extraction and isolation of compounds GDHCF, AG4-PC
and DCA

Dried and shredded stem bark (900g) was macerated with
CH2Cl2–MeOH (1:1) (5L×3) during 6 days at room temper-
ature. The combined extracts were evaporated in vacuo to yield
200g of a brown residue. The dried extract was chromato-
graphed in a glass column packed with silica gel (2kg) eluting
with hexane-EtOAc (1:1→0:1) and EtOAc–MeOH (1:0→0:1)
to yield ten primary fractions (FH1–FH10). Fraction FH4
(8.5g), eluted with EtOAc–MeOH (9:1), was further chroma-
tographed over a silica gel column using CH2Cl2–EtOAc–
MeOH (47.5:47.5:5) as a mobile phase to give ten fractions
(FH4I–FH4X). From fraction FH4V spontaneously crystallized
300mg of pure GDHCF (Fig. 1), mp=199–204°C, identical to
an authentic sample isolated from H. latiflora (Mata et al.,
1990). After elimination of the solvent from the mother liquors
of fraction FH4V, 3.6g of a white crystal containing mainly
GDHCF was obtained. HPLC analysis of this material revealed
that GDHCF [Rt (retention time)=9.0min] represented ∼75%
of fraction FH4V. Thus, the total yield of GDHCF was ∼0.3%
of the dry plant material. Further column chromatography over
silica gel (190g) of FH8 (10g), eluted with CH2Cl2–MeOH
(7:3), using CH2Cl2–MeOH (9.5:0.5→0:1) as mobile phase
yielded seven secondary fractions, FH8I–FH8VII. From
fraction FH8IV eluted with CH2Cl2–MeOH (7:3), crystallized
1.2g of AG4-PC (Fig. 1), mp >300°C (Guerrero-Analco et al.,
2005). From primary fraction X (30g), eluted with CH2Cl2–
MeOH (1:1), was purified by column chromatography on silica
gel (300g) using a gradient of CH2Cl2–MeOH (9:1→1:1) to
yield thirteen secondary fractions (FHX-I–FHX-XIII). Fraction
XII eluted with CH2Cl2–MeOH (1:1), yielded 300mg of DCA
(Fig. 1), mp >300°C.

2.4. Identification of GDHCF, AG4-PC and DCA

All the spectra of GDHCF and AG4-PC were identical to
those of authentic samples (Guerrero-Analco et al., 2005). DCA
was characterized by comparison of its spectral data with those
previously described (Adeoye and Waigh, 1983): Glassy white
solid; [α]D: −80.5° (c 0.02, MeOH); UV λmax(methanol) 236,
262 and 268nm; IR (KBr): νmax=3412, 1690, 1624, 1593,
1560,1389 1324, 1250, 1080cm− 1 [13C]-NMR (CDOD3,
125MHz); δC 137.1 (C-2), 146.8 (C-3), 142.9 (C-5), 115.4
(C-6), 130.9 (C-7), 122.9 (C-8), 123.0 (C-9), 121.6 (C-10),
130.2 (C-11), 113.1 (C-12), 143.3 (C-13), 35.5 (C-14), 39.6 (C-
15), 116.5 (C-16), 150.4 (C-17), 118.6 (C-18), 135.4 (C-19),
46.2 (C-20), 97.6 (C-21), 172.7 (C-22), 173.3 (C-23), 101.1 (C-
1′), 74.7 (C-2′), 78.0 (C-3′), 72.0 (C-4′), 78.6 (C-5′) and 63.3
(C-6′); [1H]-NMR (CDOD3, 500MHz) δH 8.75 (1H, s, H-6),
8.23 (1H, brd, J=8.0, H-9), 7.32 (1H, ddd, J=8.0, 8.0, 1.0, H-
10), 7.61 (1H, ddd, J=8.0, 8.0, 1.0, H-11), 7.65 (1H, ddd,
J=8.0, 1.0, 1.0, H-12), 3.46 (1H, dd, J=14.5, H-14a), 3.20(1H,
brd, J=14.5, H-14b), 3.56 (1H, dd, J=8.5, 6.0, H-15), 7.42 (1H,
s, H-17), 4.28 (1H, brd, J=10.5, H-18a), 4.81 (1H, brd, J=18.5,
H-18b), 5.70 (1H, ddd, J=18.5, 10.5, 8.0, H-19), 2.58 (1H, ddd,
J=8.5, 8.5, 5.5, H-20), 5.72 (1H, d, J=8.5, H-21), 4.82 (1H, d,
J=7.5, H-1′), 3.18 (1H, dd, J=8.0, 9.0, H-2′), 3.42 (1H, dd,
J=9.0, 9.0, H-3′), 3.21 (1H, dd, J=10.0, 9.0, H-4′), 3.45 (1H,
m, H-5′), 4.09 (1H, dd, J=12.0, 2.0, H-6′a) and 3.72 (1H, dd,
J=12.0, 7.5, H-6′b); HRFABMS: m/z=557.5271 [M+H]+

(calcd. for C27H29N2O11: 557.518); FABMS: m/z=579 [M
+Na], 557 [M+H], 513 [M-CO2], 468 [M-2CO2]), 415 [M-180
+ K], 399 [M-180+Na].

2.5. HPLC analysis of an infusion of the stem bark of H.
standleyana

Dried and shredded stem bark (20g) was treated with boiling
water (250mL) during 30min. The resulting extract was
analyzed by HPLC using the same conditions above indicated;
the resulting analytical chromatogram revealed the presence of
three major organic compounds: AG4-PC (R=20.0min),
GDHCF (Rt =8.0min) and DCA (Rt =8.5min) in a ratio of
3:1:1 approximately. The peaks were identified by coelution
with authentic samples.

2.6. Drugs

HSE, GDHCF, AG4-PC and DCA were isolated from H.
standleyana. NG-L-nitro-arginine methyl ester (L-NAME),
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glibenclamide, and naloxone were purchased from Sigma (St.
Louis, MO, USA). The extract, GDHCF, AG4-PC and DCA
were suspended in 0.2% Tween-80. Morphine was purchased
from Laboratorios Pisa (Mexico City). Metamizol was a gift of
Aventis Pharma (Mexico City). L-NAME, naloxone, morphine
and metamizol were dissolved in saline solution. Glibencla-
mide was dissolved in a saline solution of dimethylsulfoxide
(DMSO 2%).

2.7. Animals

Experiments were performed on male mice ICR (body
weight range, 25–30g), from Centro UNAM/Harlan (Harlan
Mexico, S.A. de C.V). All experiments followed the Guidelines
on Ethical Standards for Investigation of Experimental Pain in
Animals (Zimmerman, 1983) and Mexican Official Norm for
Animal Care and Handing (NOM-062-ZOO-1999). Efforts
were made to minimize animal suffering and to reduce the
number of animals used. Mice were only used one time. Mice
were housed in a climate-and light-controlled room with a 12-
h light/dark cycle. Twelve hours before experiments, food was
withheld, but animals had free access to drinking water. The
CH2Cl2–MeOH (1:1) extract of H. standleyana and isolated
compounds were suspended in vehicle (Tween-80, 2% in saline
solution). At the end of the experiment, animals were
euthanized. No side effects were observed in any of the studied
groups of animals.

2.8. Measurement of antinociceptive activity

2.8.1. Acetic acid-induced writhing
The acetic acid-induced writhing test was performed in mice

as previously described (Koster et al., 1959). The CH2Cl2–
MeOH (1:1) extract of H. standleyana (100–750mg/kg in 0.2%
Tween-80) or isolated compounds (GDHCF: 10–100mg/kg;
AG4-PC: 100mg/kg and DCA: 100mg/kg) were administered
30min before intraperitoneal (i.p.) injection of 0.6% acetic acid
(10ml/kg). Control animals received a similar volume of
vehicle (0.2% Tween-80) or the positive control (metamizol,
50–100mg/kg, p.o.). Animals were then placed in an
observation box, and the abdominal constrictions were counted
cumulatively over a period of 30min. Antinociceptive activity
was expressed as the reduction in the number of abdominal
constrictions, i.e., the differences between control animals and
animals pretreated with the extract or pure compounds.

2.8.2. Hot-plate test
The conventional hot-plate apparatus (Ugo Basile, Italy) was

also used to measure the nociceptive response (Woolfe and
MacDonald, 1944; Eddy and Leimbach, 1953). Mice were
placed into an acrylic cylinder on the heated surface (55.5
±0.2°C), and the time between placement and shaking or
licking of the paws, or jumping was recorder as the response
latency. The extract (150–600mg/kg) and all substances
(GDHCF: 10–100mg/kg; AG4-PC: 100mg/kg and DCA:
100mg/kg) were administered 30min before beginning the
experiment. Mice were observed before and at 30, 60, 90 and
120min after drugs administration. A cutoff of 30s was used to
avoid injury. Morphine (2.5–5mg/kg, p.o.) was used as positive
control.

2.9. Analysis of possible mechanism of action of GDHCF

The possible mechanisms by which GDHCF caused
antinociception in the hot-plate test were investigated pre-
treating (−15min) mice with L-NAME (150mg/kg, i.p. in
saline solution), glibenclamide (10mg/kg, i.p. in DMSO 2%) or
naloxone (1mg/kg, i.p. in saline solution); then, GDHCF
(100mg/kg, p.o.) was administered and the antinociceptive
effect recorded as described above.

2.10. Acute toxicity study in mice

Mice were treated with doses of 10, 100, 1000, 1600, 2900
and 5000mg/kg of the crude extract. The animals were kept
under close observation over a period of 14 days as described
elsewhere (Lorke, 1983). Restlessness, respiratory distress,
convulsions, diarrhea, motor activity, posture and reflexes were
qualitatively determined. In addition, internal organs (stomach,
heart, lung, liver, kidneys, etc.) were removed and examined
under dissecting microscope to detect internal lesions. Finally,
the weight of the animals was monitored throughout the
experiments.

2.11. Statistical analysis

All experimental results are given as the mean±S.E.M. of
the data obtained in 6 animals per group. Curves were
constructed plotting the number of writhes or latency as a
function of time. The area under the latency against time curves
(AUC), an expression of the duration and intensity of the effect,
was calculated by the trapezoidal rule. One-way analysis of
variance (ANOVA), followed by Tukey's test was used to
compare differences between treatments. Differences were
considered to reach statistical significance when P<0.05.

3. Results and discussion

In order to asses any potential toxic effects of H.
standleyana, mice were treated orally with increasing doses
(10–5000mg/kg) of its crude extract (Lorke, 1983). Treated
mice did not present behavioral alterations during the
experiment. In addition, no lesions or bleedings were observed
in the organs removed. Since no death or damage was observed
throughout the experiment, the LD50 of the extract must be
higher than 5000mg/kg. The lack of toxicity of the extract in
mice, the long term use of H. standleyana in Mexican folk
medicine as well as our previous enduring experiments on
diabetic rats are good indicators of the safety of the herbal
preparations made up with the plant.

Oral administration of an extract H. standleyana signifi-
cantly reduced (P<0.05) the number of abdominal constric-
tions in a dose-dependent manner when tested in the writhing
model (Fig. 2A). The effect was similar to that of metamizol, a
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standard analgesic drug used as a positive control (Abbott and
Hellemans, 2000). Moreover, the extract was also able to
significantly increase (P<0.05) latency to thermal stimuli in
the hot-plate test (Fig. 2B) but in this case the pharmacological
action was lower than that of morphine (positive control).
Altogether, these results supported that H. standleyana reduce
inflammatory and nociceptive pain in mice.

In order to determine the analgesic principles of the plant, the
effect of some compounds isolated from the active extract was
determined in both nociceptive models. The tested substances
included GDHCF, AG4-PC and DCA. Compounds AG4-PC
and DCA were not active in both pain models. On the other
hand, oral administration of GDHCF reduced acetic acid-
induced abdominal contractions (Fig. 3A) in a dose-related
fashion. The effect produced by GDHCF at 100mg/kg was
comparable to that of metamizol (100mg/kg) (Fig. 3B). The
level of activity displayed by GDHCF in this model could be
related with the ability of some triterpenoids to inhibit the
synthesis of prostaglandin E2] (Peters et al., 1999). Further work
is in progress to evaluate this possibility.
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Fig. 2. Antinociceptive effect of the CH2Cl2–MeOH extract of Hintonia
standleyana (HSE) in mice submitted to the writhing (panel A) and hot-plate
(panel B) tests. The extract was administered orally 30min before the tests.
Number of writhes was counted over a 30-min period following the injection of
0.6% acetic acid. Thermal latency was assessed during 2h. Data in the writhing
test are the total number of writhes in 30min, whereas that data in the hot-plate
test are the area under the latency against time curve (AUC). In both cases bars
are the means of six mice±S.E.M. ⁎Significantly different from vehicle group
(P<0.05) and ⁎⁎significantly different from the vehicle (VEH) group (P<0.01),
as determined by analysis of variance followed by the Tukey's test.
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Fig. 3. Antinociceptive effect of 3-O-β-D-glucopyranosyl-23 24-dihydrocucur-
bitacin F (GDHCF), 5-O-[β-D-apiofuranosyl-(1→6)-β-D-glucopyranosyl]-7-
methoxy-3′,4′-dihydroxy-4-phenylcoumarin (AG4-PC) and desoxycordifolinic
acid (DCA) in mice submitted to the writhing (panel A) and hot-plate (panel B)
tests. Drugs were administered orally 30min before the tests. Metamizol (MET,
used as positive control in the writhing test) and morphine (MOR, used as
positive control in the hot-plate test) were given 15min before the noxious
stimulation. Number of writhes was counted over a 30-min period following the
injection of 0.6% acetic acid. Thermal latency was assessed during 2h. Data in
the writhing test are the total number of writhes in 30min, whereas that data in
the hot-plate test are the area under the latency against time curve (AUC). In
both cases bars are the means of six mice±S.E.M. ⁎Significantly different from
vehicle (VEH) group (P<0.05) and ⁎⁎significantly different from the vehicle
group (P<0.01), as determined by analysis of variance followed by the Tukey's
test.
In the hot-plate model, GDHCF (100mg/kg) increased the
pain latency (Fig. 3B) but its action was lower than that
provoked by morphine (5mg/kg). Thus, the results clearly
reveal that GDHCF is able to produce antinociception in central
and peripheral pain models in mice.

HPLC analysis of the infusion of the plant revealed the
presence of three major organic compounds in a ratio ∼3:1:1.
The compounds were identified by coelution with authentic
samples as AG4-PC, DCA and GDHCF, respectively. AG4-PC
and DCA were not active in both assays performed in this
investigation therefore the major antinociceptive active princi-
ple of the plant is GDHCF. Considering the total yield of
GDHCF in the crude extract, the doses used for testing seems to
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be in agreement with the amount detected of this compound in
the traditional preparation (i.e. infusion).

To our knowledge this is the first report on the antinocicep-
tive effect of cucurbitacin-type of compounds, which then
represent new leads for the development of analgesic drugs.
Furthermore, 23,24-dihydrocucurbitacins did not exhibited the
cytotoxic properties of the related analogs possessing a 23,24
double bond (Rahman et al., 1973; Fang et al., 1984; Mata,
1993).

Next, to asses the possible mode of action of GDHCF, its
antinociceptive action was determined in mice pretreated with
L-NAME, glibenclamide or naloxone, using the hot-plate
model. According to the results shown in Fig. 4, the effect of
GDHCF (100mg/kg) was blocked by the nitric oxide synthase
inhibitor L-NAME, suggesting that its action involves the
activation of the nitric oxide-cyclic GMP pathway at peripheral
and/or central levels (Duarte et al., 1990; Duarte and Ferreira,
1992; Tonussi and Ferreira, 1994; Lorenzetti and Ferreira, 1996;
Granados-Soto et al., 1995; 1997; Nozaki-Taguchi and
Yamamoto, 1998; Islas-Cadena et al., 1999).

The analgesic activity of GDHCF was also blocked by
glibenclamide, an ATP-sensitive K+ channel blocker. It has
been reported that glibenclamide specifically blocks ATP-
sensitive K+ channels, with no effect on Ca2+- or voltage-
dependent K+ channels (Amoroso et al., 1990; Davies et al.,
1991; Edwards and Weston, 1993). Therefore, our data suggest
that opening of ATP-sensitive K+ channels might be related
with the analgesic action of this cucurbitacin.

It is likely that GDHCF could have a mechanism of action
similar to diclofenac, metamizol, ketorolac, sodium nitroprus-
side and morphine all of which activate the nitric oxide-cyclic
GMP-K+ channel pathway. (Carrier et al., 1997; Rodrigues and
Duarte, 2000; Soares et al., 2000; Lázaro-Ibáñez et al., 2001;
Alves and Duarte, 2002; Ortiz et al., 2002; Alves et al., 2004).

Finally, the opiate receptor antagonist naloxone (1mg/kg)
significantly reversed GDHCF-induced antinociception, sug-
gesting an activation of opioid receptors and/or an increment of
endogenous opioids might be involved in the antinociceptive
effect of GDHCF, as well (Bjorkman et al., 1990).

The information generated in this study indicates that H.
standleyana and one of its major metabolite, namely GDHCF,
have antinociceptive effect in the writhing and hot-plate tests in
mice. The antinociceptive mode of action of this compound
seems to be due to the activation of the nitric oxide pathway,
followed by the opening of the ATP-sensitive K+ channels, as
well as an activation of the opioid receptors. The results also
tend to support the popular use of the species in folk medicine
for the treatment of painful complaints.

From the chemotaxonomic point of view this work
represents the first report of alkaloids in the genus Hintonia.
The presence of this type of compounds in this genus was
questioned for several years because the antipaludic alkaloid
quinine could not be found in the related species H. latiflora.
The involvement of the alkaloid DCA in the claimed antipaludic
effect of this plant remains an open question.

Acknowledgements

This research was supported by a CONACYT grant (CO1-
018) and DGAPA IN212005. Myrna Déciga-Campos is a
DGAPA-UNAM postdoctoral fellow. We are indebt to Dr.
Vinicio Granados-Soto for valuable discussion and suggestions.
We also are grateful to Dr. Jorge E. Torres-López for facilitating
the hot plate equipment and to Isabel Rivero, Laura Acevedo,
Guadalupe Ángeles and Gabriela Castañeda for technical
assistance.
References

Abbott FV, Hellemans KG. Phenacetin, acetaminophen and dipyrone: analgesic
and rewarding effects. Behav Brain Res 2000;112:77–186.

Adeoye A, Waigh R. Desoxycordifolinic Acid from Nauclea diderrichii.
Phytochemistry 1983;22:2097–8.

Alves DP, Duarte ID. Involvement of ATP-sensitive-K+ channel in the
peripheral antinociceptive effect induced by dipyrone. Eur J Pharmacol
2002;444:47–52.

Alves DP, Tatsuo MA, Leite R, Duarte ID. Diclofenac-induced peripheral
antinociception is associated with ATP-sensitive K+ channels activation.
Life Sci 2004;74:2577–91.

Amoroso S, Schmid-Antomarchi H, Fosser M, Lazdunski M. Glucose,
sulfonylureas, and neurotransmitter release: role of ATP-sensitive K+

channels. Science 1990;247:52–4.
Bjorkman R, Hedner J, Hedner T, Henning M. Central, naloxone-reversible

antinociception by diclofenac I the rat. Naunyn-Schmiedeberg's Arch
Pharmacol 1990;342(2):171–6.

Bullock A. A. Hooker's Icones Plant 1935;33:1–8.
Carrier GO, Fuchs LC, Winecoff AP, Giulumian AD, White RE. Nitrovasodi-

latador relax mesenteric microvessels by cGMP-induced-stimulation of Ca2+

-activated K+ channel. Am J Physiol 1997;273:H76–83.
Chiang CY, Zhuo M. Evidence for the involvement of a descending cholinergic

pathway in systemic morphine analgesia. Brain Res 1989;478:293–300.



348 M. Déciga-Campos et al. / Pharmacology, Biochemistry and Behavior 83 (2006) 342–348
Collier HO, Dinneen LC, Johnson CA, Schneider C. The abdominal constriction
response and its suppression by analgesics drugs in the mouse. Br J
Pharmacol 1968;32:295–310.

Davies NM, Petti AI, Agarwal R, Tanden NB. The flickery block of ATP-
dependent potassium channels of skeletal muscle by internal 4-aminopyr-
idine. Pflugers Arch 1991;419:25–31.

Duarte ID, Ferreira SH. The molecular mechanism of central analgesia induced
by morphine or carbachol and the L-arginine-nitric oxide-cGMP pathway.
Eur J Pharmacol 1992;221:171–4.

Duarte ID, Lorenzetti BB, Ferreira SH. Peripheral analgesia and activation of the
nitric oxide-cyclic GMP pathway. Eur J Pharmacol 1990;186:289–93.

Eddy NN, Leimbach D. Synthetic analgesic: II. Dithienyl-butenyl and
dithienylbutylamines. J Pharmacol Exp Ther 1953;107:385–8.

Edwards G, Weston AH. Induction of a glibenclamide-sensitive K-current by
modification of a delayed rectifier channel in rat portal vein in insulinoma
cells. Br J Pharmacol 1993;110:1280–1.

Fang X, Phoebe CH, Pezzuto JM, Fong HHS, Farnsworth NR, Yellin B, et al.
Plant anticancer agents: XXXIV. Cucurbitacins from Elaeocarpus dolichos-
tylus. J Nat Prod 1984;47:988–93.

González-Chevez I, Hersch-Martínez P, Juárez Miranda A, Pérez Cardona A.
Plantas medicinales de Copalillo y Temalac, Guerrero. Serie Patrimonio
Vivo 5, México: Actores Sociales de la Flora Medicinal en México; 2000.
p. 27–8.

Granados-Soto V, Flores Murrieta FJ, Castañeda-Hernández G, López-Muñoz
FJ. Evidence for the involvement of nitric oxide in the antinociceptive effect
of ketorolac. Eur J Pharmacol 1995;277:281–4.

Granados-Soto V, Rufino M, Gomes-López LD, Ferreira SH. Evidence for the
involvement of the nitric oxide-cGMP pathway in the antinociception of
morphine in the formalin test. Eur J Pharmacol 1997;340:177–80.

Guerrero-Analco JA, Hersch-Martínez P, Pedraza-Chaverri J, Navarrete A, Mata
R. Antihyperglycemic effect of constituents from H. standleyana in
streptozotocin-induced diabetic rats. Planta Med 2005;71:1099–105.

Islas-Cadena M, Aguirre-Banuelos P, Granados-Soto V. Evidence for the
participation of the nitric oxide-cyclic GMP pathway in the antinociceptive
effect of nimesulide. J Pharmacol Toxicol Methods 1999;42:87–92.

Koster R, Anderson M, De Beer EJ. Acetic acid for analgesic screening. Fed
Proc 1959;18:412.

Lázaro-Ibáñez GG, Torres-López JE, Granados-Soto V. Participation of the
nitric oxide-cyclic GMP-ATP-sensitive K(+) channel pathway in the
antinociceptive action of ketorolac. Eur J Pharmacol 2001;426:39–44.
Le Bars D, Gozariu M, Cadden SW. Animal models of nociception. Pharmacol
Rev 2001;53:597–652.

Lorenzetti BB, Ferreira SH. Activation of the arginine-nitric oxide pathway in
primary sensory neurons contributes to dipyrone-induced spinal and
peripheral analgesia. Inflamm Res 1996;45:308–11.

Lorke D. A new approach to partial acute toxicity testing. Arch Toxicol
1983;54:275–87.

Mata R. Chemical studies and biological aspects of someMexican plants used in
traditional medicine. In: Downum KR, Romeo JT, Stafford HA, editors.
Photochemical potential of tropical plants. Recent Advances in Phytochem-
istry. New York: Plenum Press; 1993. p. 41–64.

Mata R, Camacho M, Cervera E, Bye R, Linares E. Secondary metabolites from
Hintonia latiflora. Phytochemistry 1990;29:2037–40.

Nozaki-Taguchi N, Yamamoto T. Involvement of nitric oxide in peripheral
antinociception mediated by kappa and delta-opioid receptors. Anesth Analg
1998;87:388–93.

Ortiz MI, Torres-López JE, Castañeda-Hernández G, Rosas R, Vidal-Cantu GC,
Granados-Soto V. Pharmacological evidence for the activation of K(+)
channel by diclofenac. Eur J Pharmacol 2002;438:85–91.

Peters RR, Saleh TF, Lora M, Patry C, de Brum-Fernandes AJ, Farias MR, et al.
Anti-inflammatory effects of the products from Wilbrandia ebracteata on
carrageenan-induced pleurisy in mice. Life Sci 1999;64:2429–37.

Rahman AU, Ahmed VU, Khan MA, Zehra F. Isolation and structure of
cucurbitacin Q1. Phytochemistry 1973;12:2741–3.

Rodrigues AR, Duarte ID. The peripheral antinociceptive effect induced by
morphine is associated with ATP-sensitive K+ channels. Br J Pharmacol
2000;129:110–4.

Soares AC, Leite R, Tatsuo AF, Duarte ID. Activation of ATP-sensitive-K+

channel: mechanisms of peripheral antinociceptive action of the nitric oxide
donor, sodium nitroprusiate, cascade in the antinociceptive effect of
rofecoxib. Eur J Pharmacol 2000;400:67–71.

Tonussi CR, Ferreira SH. Mechanism of diclofenac analgesia: direct blockade of
inflammatory sensitization. Eur J Pharmacol 1994;251:173–9.

Woolfe G, MacDonald A. The evaluation of analgesic of phetidine
hydrochloride (Demerol). J Pharmacol Exp Ther 1944;80:300–5.

Zimmerman M. Ethical guidelines for investigations of experimental pain in
conscious animals. Pain 1983;16:109–10.


	Antinociceptive activity of 3-O-β-d-glucopyranosyl-23,24-dihydrocucurbitacin F from Hintonia st.....
	Introduction
	Methods
	Plant material
	General procedures
	Extraction and isolation of compounds GDHCF, AG4-PC and DCA
	Identification of GDHCF, AG4-PC and DCA
	HPLC analysis of an infusion of the stem bark of H. standleyana
	Drugs
	Animals
	Measurement of antinociceptive activity
	Acetic acid-induced writhing
	Hot-plate test

	Analysis of possible mechanism of action of GDHCF
	Acute toxicity study in mice
	Statistical analysis

	Results and discussion
	Acknowledgements
	References


