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Abstract

The plant Crataegus monogyna has action against cardiac insufficiency, angina and arrhythmia. The anti-
inflammatory properties of the cycloartenol fraction from this plant have been investigated.

Chromatographic fractionation of the hexane extract of Crataegus monogyna Jacq. (Rosaceae) furnished a
triterpene fraction containing cycloartenol as the main component (80-87%). The anti-inflammatory activity of
the fraction was tested against hind-paw oedema induced by carrageenan in rats. At the highest oral dose
(40mgkg™") inhibition was 61-5 and 52-5% at 3 and 5 h respectively. In the mouse carrageenan peritonitis test,
the triterpene fraction given orally inhibited peritoneal leucocyte infiltration (41-9, 64.7 and 89-4% at 10, 20
and 40mgkg ™', respectively). The fraction also showed weak inhibition of phospholipase A, (PLA,) in-vitro.

These results suggest that the fraction containing cycloartenol as the main component exerts an important
anti-inflammatory action in-vivo by reducing the oedema.

Crataegus monogyna Jacq. (Rosaceae), known as majuelo,
espino majuelo, espino blanco and espinero in Spanish folk-
lore, is a small thorny tree widely distributed on the Iberian
peninsula, the Balearic Islands and in Northwest Africa (Font
Quer 1990). The plant has been used for many years because of
its action against cardiac insufficiency, angina and arrhythmia
(Poch Noguer 1981; Furlenmeier 1984). Chromatographic
fractionation of the hexane extract from this species furnished
a triterpene fraction whose main component (80-87%) was
identified as cycloartenol (Ahumada 1995).

The purposes of these investigations were to determine the
anti-inflammatory activity of the enriched cycloartenol fraction
in animal models of inflammation, to assess the suppressive
effects of the fraction on leucocyte migration in the peritoneal
model of acute inflammation, and to investigate, in an in-vitro
assay, the inhibition on phospholipase A,.

Materials and Methods

Materials

Aerial parts (twigs, stems and leaves) of Crataegus monogyna
Jacq. were collected in Puerto de los Vientos (Serrania de
Ronda, Malaga), during February after a cold period. A spe-
cimen (SEV 137261) was deposited at the herbarium of the
Department of Vegetal Biology (Faculty of Pharmacy,
University of Sevilla) and was authenticated by Professor
Silvestre.

The freshly collected plant material (500 g) was extracted
with hexane in a Soxhlet extractor and the hexane extract was
concentrated under reduced pressure. The residue (2g) was
chromatographed on a silica gel column (60g, 63-200pum;
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Merck) and successively eluted with mixtures of hexane and
diethyl ether of increasing polarity (200 mL hexane, 100 mL
hexane-diethyl ether 90:10v/v, 100 mL hexane-diethy! ether
80:20v/v and 100 mL hexane-diethyl ether 70:30v/v). The
70:30 hexane-diethyl ether (70:30v/v) eluate yielded a
crystalline residue (2-8 mg).

The composition of this crystalline fraction was determined
by gas chromatography combined with mass spectrometry
(Carlo Erba gas chromatograph linked to a Kratos MS 80 mass
spectrometer).  Separation was performed with a
25m x 0-25mm i.d. Chrompack CP9000 capillary column.
The column temperature was maintained at 230°C for 6 min
then programmed at 4° min~" to 300°C; helium was used as
carrier gas. Electron-impact mass spectra were acquired at
70eV. This analysis showed the predominance of cycloartenol
in the fraction. The identity of cycloartenol was confirmed by
comparison of its spectroscopic properties with literature
values given by Goad (1991). Cycloartenol accounted for
80-87% of the fraction.

Carrageenan-induced paw oedema

Oedema was induced in male rats, 180-200g (Winter et al
1962). Sterile carrageenan in saline (0-1 mL, 1%) was injected
into the plantar side of the right hind paws of groups of six
animals. Oral doses of the triterpene fraction were selected and
administered orally (10, 20 or 40mgkg™"), 1 h before injec-
tion of carrageenan. Control animals received only the exci-
pient (Tween 80, 0-8% in saline). Paw volumes were measured
by means of a plethysmometer (LI-7500, Letica) before the
administration of carrageenan, and 3 and 5 h later. The increase
in volume was taken as the volume of oedema. Results were
compared with those obtained with the reference compound,
indomethacin (25mgkg™', 10mLkg™"' in saline), adminis-
tered orally.
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Mouse. carrageenan peritonitis

Inflammation was induced by modification of the technique of
Griswold et al (1987). The triterpene fraction and the reference
compounds, indomethacin and prednisolone were administered
orally (by intragastric probe) at doses of 10, 20 or 40 mg kg™'
for the triterpene fraction and 10mgkg™"' for indomethacin
and prednisolone, in saline, to groups of six Swiss mice.
Carrageenan (0-25mL, 0-75% in saline) was injected intra-
peritoneally 1h later, and after 4 h the animals were killed by
cervical dislocation and further exsanguination. Ca**- and
Mg?*-free phosphate-buffered saline was then injected into the
peritoneal cavity. After gentle massage peritoneal exudates
were removed; total leucocytes were determined in a Neubauer
chamber and the differential cell count determined by micro-
scopic counting of Giemsa- and May-Griinwald-stained slides.

Phospholipase A, assay

Phospholipase A, was assayed by the method of Ferrandiz et al
(1994). Membranes of Escherichia coli were labelled with
[3 Hjoleate. E. coli strain CECT 101 was seeded in a medium
containing 1% tryptone, 0-5% NaCl and 0-6% sodium dihy-
drogen orthophosphate, pH 5-0, and grown for approximately
8h at 37°C in the presence of 5SuCimL ™' [°H] oleic acid
(spec. act. 10 Ci mmol) until growth approached the end of the
logarithmic phase. After centrifugation at 2500 g, the mem-
branes were washed in buffer (0-7M Tris-HCl, 10mM CaCl,,
0-1% bovine serum albumin, pH 8-0), resuspended in saline
and autoclaved for 3045 min. The membranes were then
washed, centrifuged again and frozen at —70°C. At least 95%
of the radioactivity was incorporated into the phospholipids.
Two secretory enzymes were assayed, Naja naja and bee
venom enzymes, which were diluted in 10pL 100 mM Tris-
HCI, 1 mM CaCl, pH 7-5 buffer and preincubated at 37°C for
10min with a solution (2-5uL) of the test compound (tri-
terpene fraction and mepacrine at 10-65 and 1-18 pg respec-
tively) or its vehicle (methanol). Mepacrine was used as
reference compound. Incubation proceeded for 10 min in the
presence of 20 uL. autoclaved oleate-labelled membranes and
was terminated by addition of an ice-cold solution (100 uL) of
0-25% bovine serum albumin in saline to a final concentration
of 0-07% wi/v. After centrifugation at 2500 g for 10 min at 4°C,
the radioactivity in the supernatant was determined by liquid-
scintillation counting. Control tubes contained enzyme and the
vehicle.

Statistical analysis

In in-vivo experiments results are presented as mean % s.e.m.
for each animal group (n=6); in in-vitro assay the values are
expressed as mean +s.e.m. from three determinations. Data
were analysed for significance using Student’s t-test, and the
ED50 value was calculated by linear regression analysis.

Results and Discussion

Anti-inflammatory activity in the carrageenan test was calcu-
lated according to Pifia & Armijo (1978). The acute inflam-
mation induced by carrageenan was inhibited dose-
dependently by oral administration of the triterpene fraction
(Table 1). The inhibition values showed that the anti-inflam-
matory activity decreased Sh after treatment; 3 and Sh after

carrageenan administration the ED50 values were 24-45 and
35.10mgkg ™", respectively.

The enriched cycloartenol fraction had an anti-inflammatory
effect in the carrageenan-foot oedema test, although this action
was moderate compared with that of the reference compound,
indomethacin. The second phase of inflammation occurred 3 to
5h after the administration of the irritant agent and is induced
by the release of bradykinin, protease, prostaglandin and
lysosomal products (Vinegar et al 1987). The mode of action
of this fraction could be related to the inhibition of the
release of mediators involved in the second phase of inflam-
mation.

Leucocyte aggregation at the site of inflammation is a fun-
damental event in the inflammatory process. Cell migration is
the result of many different processes including adhesion and
cell mobility. In this study we compared the effect on cell
migration of indomethacin (a non-steroidal anti-inflammatory
agent), prednisolone (a steroidal anti-inflammatory agent) and
the triterpene fraction. The fraction resulted in marked dose-
related inhibition of the leucocyte migration induced by car-
rageenan in mice (ED50=14-61 mgkg™"). In this assay, the
triterpene-enriched fraction was a more potent leucocyte
migration inhibitor than indomethacin and the results were
comparable with those obtained with prednisolone. Migration
of neutrophils was also drastically reduced in this peritonitis
model (Table 2). Non-steroidal anti-inflammatory agents such
as indomethacin, which is a selective cyclooxygenase inhi-
bitor, are far less effective in preventing cell infiltration into
inflammatory lesions than agents that inhibit the release of
arachidonic acid from membrane phospholipids (glucocorti-
coids such as prednisolone), and thereby suppress its conver-
sion to eicosanoids (Bird et al 1985; Griswold et al 1987). It
has also been reported that triterpenoids are able to cause a
considerable reduction in the synthesis by human neutrophils
of 5-lipoxygenase products (Kweifio-Okai et al 1994), and
there are several studies that suggest involvement with ara-
chidonic metabolism, activation of leucocytes and the com-
plement cascade (Recio et al 1995).

The presence of elevated levels of PLA; in inflamed tissues
and in a variety of experimental models suggests a direct role
in inflammation (Potts et al 1992). The release of arachidonic
acid from phospholipids is a rate-limiting step for the forma-
tion of arachidonic acid metabolites in polymorphonuclear
leucocytes and depends mainly on PLA; activity (Meade et al

Table 1. Effect of the triterpene fraction from Crataegus monogyna
on carrageenan-induced hind-paw oedema in rats.

Treatment (mgkg™") Anti-inflammatory activity

3h Sh
Triterpene fraction
10 4109 £ 1-33* 29-61+3-21
20 4733+ 1-80* 38.01 £2.51
40 61.45 +0-86* 54.00 £1-42%
Indomethacin
25 90-30 £ 6-62% 78-41+6-22%

Results are mean +s.e.m., n=6. *P <0-05, 1P <0-01, 1P <0-001
compared with the control group. ED50 values were 24-45 +4-40 and
35.10£4.40mgkg ™" at 3 and 5h, respectively.
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Table 2. Effect of the triterpene fraction from Crataegus monogyna on leucocyte migration in peritoneal exudates.

Treatment Leucocytes Neutrophils Leucocyte inhibition Neutrophil change
(mgkg™") (10° mL.™h A’ mL™h (%) (%)
Control 4.25+£045 2.57+0-14 - -
Indomethacin

2-81+0-24* 097+£007%  33.89 —62-26
Prednisolone N
10 078 £ 0-15* 0-06+0-01¥ 8165 —97-56
Triterpene fraction
10 2.47+0-17! 065+ O-O7f 41.49 —74-49
20 1-50 + 0-09% 025+004* 6470 —90-16
40 0-45 £0.05* 0-11 £0-007F  89.41 —95-81

*P < 0-05, TP < 0-01, *P < 0-001 compared with the control group. ED50 was 14.61 £3-20mgkg ™.

Table 3. Effect of triterpene fraction on Naja naja and bee venom
phospholipase A,.

Enzyme Compound (ug) Inhibition (%)

Naja naja PLA, Triterpene fraction (10-65) 34.12 £2.40*
Mepacrine (1-18) 68-11 +£3.17"

Bee venom PLA, Triterpene fraction (10-65) 1235+ 112
Mepacrine (1-18) 6538 £2.97"

*P <0.05, TP < 0-01 compared with the control group.

1986). To investigate the mechanism underlying the anti-
inflammatory effects of the cycloartenol enriched fraction, we
tested its influence on two secretory phospholipases. The tri-
terpene fraction was able to inhibit Naja naja venom PLA,
(34-12%); the effect on bee venom PLA, was only 12:35%
(Table 3). The results were lower than those obtained with the
reference inhibitor, mepacrine.

In summary, the anti-inflammatory action of the cycloarte-
nol-enriched fraction would seem to be essentially similar to
that of the parent compound because the fraction can inhibit
peritoneal leucocyte infiltration. We did not, however, observe
a direct relationship between its anti-inflammatory activity and
the inhibition of PLA; activity, because the drastic decrease of
polymorphonuclear leucocyte migration at the site of inflam-
mation was not only a consequence of inhibition of PLA,.
Further studies will be required to determine the exact
mechanism of action and to establish if cycloartenol was the
principal responsible for this action.

Acknowledgements

The authors would like to express their gratitude to the Phar-
macology Department of the Faculty of Pharmacy from
Valencia University and especially Professor Miguel Paya, for
his technical assistance with the PLA, assay, and to Professor
Santiago Silvestre from the Laboratory of Vegetal Biology

(Faculty of Pharmacy, University of Sevilla) for identifying the
botanical material.

References

Ahumada, M. C. (1995) Estudio Fitofarmacoldgico de Viscum crucia-
tum Sieber Parasito de Crataegus monogyna Jacq. Doctoral thesis,
Pharmacy Faculty, Sevilla, Spain

Bird, J., Lay, J. C., Lee, H. J. (1985) The effects of new local anti-
inflammatory steroids on leucocyte migration and prostanoid libera-
tion in rats. J. Pharm. Pharmacol. 38: 589-594

Ferrindiz, M. L., Sanz, M. J., Bustos, G., Payd, M., Alcaraz, M. J., de
Rosa, S. (1994) Avarol and avarone, two new anti-inflammatory
agents of marine origin. Eur. J. Pharmacol. 253: 75-82

Font Quer, P. (1990) Plantas Medicinales, 12th edn. Labor, Spain

Furlenmeier, M. (1984) Plantas Curativas y Sus Propiedades Medici-
nales. Schwitter. Zug, Switzerland

Goad, L. J. (1991) In: Dey, P. M., Harborne, J. B. (eds) Phytosterols
Academic Press, London, pp 369434

Griswold, D. E., Marshall, P. J., Webb, E. F., Godfrey, R., Newton, J.,
Dimartina, M. J., Sarau, H. M., Gleason, J. G., Poste, G., Hanna, N.
(1987) SK&F86002: a structurally novel antiinflammatory agent
that inhibits lipoxygenase and cyclooxygenase-mediated metabo-
lism of arachidonic acid. Biochem. Pharmacol. 36: 3463-3470

Kweifio-Okai, G., De Munk, 1., Rumble, B. A., Macrides, T. A,,
Cropley, M. (1994) Antiarthritic mechanisms of amyrin triterpenes.
Res. Commun. Molec. Pathol. Pharmacol. 85: 45-55

Meade, C. J., Tumer, G. A., Bateman, P. E. (1986) The role of
polyphosphoinositides and their breakdown products in A23187-
induced release of arachidonic acid from rabbit polymorphonuclear
leukocytes. Biochem. J. 238: 425-436

Pifia, M., Armijo, M. (1978) Estudio de los efectos antiinflamatorios y
analgésicos del esterilato, benerilato y acido acetilsalicilico. Arch.
Farmacol. Toxicol. 4: 183-186

Poch Noguer, J. (1981) La Salud de las Plantas. Virion Libros S.L.,
Spain

Potts, B. C. M., Faulkner, D. J., Jacobs, R. S. (1992) Phospholipase A,
inhibitors from marine organisms. J. Nat. Prod. 55: 1701

Recio, M. C., Giner, R. M., Maiiez, S., Rios, J. L. (1995) Structural
requirements for the anti-inflammatory activity of natural triterpe-
noids. Planta Med. 61: 182-185

Vinegar, R., Truax, J. F., Selph, J. L., Johnston, P. R., Venable, A. L.,
McKenzie, K. K. (1987) Pathway to carrageenan-induced inflam-
mation in the hind limb of the rat. Fed. Proc. 46: 118-126

Winter, C. A,, Risley, E. A., Nuss, G. W. (1962) Carrageenan-induced
oedema in hind paw of rats as an assay for anti-inflammatory drugs.
Proc. Soc. Exp. Biol. Med. 111: 544-547



