Available online at www.sciencedirect.com

SCIENCE DIRECT® = Journal of
@ ¥

ETHNO-
PHARMACOLOGY

ELSEVIER Journal of Ethnopharmacology 95 (2004) 191-197

www.elsevier.com/locate/jethpharm

Cissampelos sympodialischl. (Menispermaceae): oral treatment
decreases IgE levels and induces a Thl-skewed cytokine
production in ovalbumin-sensitized mice

C.R. Bezerra-SantBsF.M.P. Balestiefi, B. Rossi-Bergmart
L.M.T. Pe@nhd&, M.R. Piuvezarf*
a Laboratyrio de Tecnologia Farmaaitica, Departamento de Fisiologia e Patologia, Universidade Federal daiPay&JFPB,
Caixa Postal 5009, CEP 58, 051-970aiPessoa, Panla, Brazil

b Departamento de Imunologia, Instituto de Microbiologia Prof. Paulo @& Instituto de Biasica Carlos Chagas Filho,
Universidade Federal do Rio de Janeiro, Rio de Janeiro, RJ, Brazil

Received 23 October 2003; received in revised form 30 June 2004; accepted 30 June 2004

Abstract

The murine model of ovalbumin (OVA)-induced allergy was used to evaluate the effectiveness of oral treatment with the leaf extract of
Cissampelos sympodialEichl. (Menispermaceae) (CS) in the modulation of immunoglobulin E (IgE) production and T cell activation.
CS treatment with doses ranging from 200 to 600 mg/Kg/day for 15 days before and during OVA-sensitization promoted reduction in total
and OVA-specific serum IgE. CS at 400 or 600 mg/Kg/day also reduced paw edema induced by local OVA challenge. Daily intake of up
to 600 mg/Kg of oral CS by BALB/c mice did not reduce weight gain, which is indicative of a lack of systemic toxicity. To assess the
effect of CS treatment on T cell proliferative response to stimuli in vitro, the mitogenic response of spleen cells of treated and control
animals were evaluated. Cells from CS-treated animals showed an elevated background proliferative response to concanavalin-A (Con-A)
when compared to those from control animals. Oral intake of CS increased the in vitro productionpteNL-10 by Con-A stimulated
cells. Mice treated with 200 mg/Kg/day CS showed increasing levels ofyFNaese results show that oral treatment witissampelos
sympodialiextract has an immunomodulatory effect, reducing allergy-associated responses possibly by a preferential activation of Th1l-type
cytokines.
© 2004 Elsevier Ireland Ltd. All rights reserved.

Keywords: Cissampelos sympodiaBALB/c mice; Oral treatment; Immunoglobulin E; Interleukin-10; Interferpn-

1. Introduction 1975. They are largely used in the indigenous and popu-
lar medicine to treat many illnesses including heart diseases,
The plant genuissampelogMenispermaceae) com- diarrhoea, genital and urinary diseases, colds and asthma.
prises 19 species, 9 of which can be found in Bra&zddhes, Cissampelos sympodialisichl., popularly known in Brazil
as ‘jarrinha’, ‘orelha de ore, ‘abuteira’ and ‘milona’ is
used to treat asthma, bronchitis, influenza and rheumatism
Abbreviations: CS, Cissampelos sympodiali©VA, ovalbumin; IgE, (Correa, 1984 It was shown to contain the tertiary alkaloids
immunoglobulin E; Alum, aluminum hydroxide; p.o., oral treatment; i.p.,in-  warifteine and methylwarifteine and the quaternary alkaloid
trape'ritoneal; COH-A., concanqvalin-A; MTT, 3-(4,5-dimethylthiazol-2-yl)- laurifoline. The presence of alkaloids with a morphinanic
2,5-diphenyl tetrazolium bromide o L .
skeleton, such as milonie, roraiminB&rbosa-Filho et al.,
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E-mail addressmrpiuvezam@Itf.ufpb.br (M.R. Piuvezam). 1997 and warifteine have also been described, the later
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with spasmolytic action(ortes et al., 1995; Freitas et al., 2. Materials and methods
1996.
Other pharmacological studies @issampelos sympodi- 2.1. Plant material and extract preparation
alishave shown that the aqueous fraction of leaf and root bark
ethanolic extracts promoted guinea-pig tracheal smooth mus-  Leaves ofCissampelos sympodiali&chl. (Menisperma-
cle relaxation and increased intracellular cyclic adenosine ceae) (a renewable source of the plant) were obtained from
monophosphate (CAMP) levels of cultured tracheal smooth the Botanical Garden of the Labodgio de Tecnologia Far-
muscle cells. In addition, the aqueous fraction of the ethano- macutica/Universidade Federal da Rhea(voucher speci-
lic extract of the leaves dfissampelos sympodiali€S) in- men Agra 1456). The leaves were dried af&0n an oven
hibited both histamine-induced bronchospasm responses inand pulverized. The powder was extracted with 70% ethanol
ovalbumin (OVA)-sensitized guinea pigs and the activity of in water at 70C for 5 days. The dried extract, herein named
phosphodiesterases (PDE) IV andpmas etal., 19978),b CS, was dissolved in water, filtered, and known volumes were
Studies using human peripheral blood neutrophils demon- dried to determine the final concentration of the water-soluble
strated that the CS inhibited degranulation of cells stimu- components. All doses are expressed in terms of the concen-
lated by formyl-Met.Phe.Pro, increased the levels of CAMP, tration of the soluble components (mg/kg of body weight).
and the activity of cCAMP-dependent protein kinase A (PKA) The average w/w yield was 22%, based on the solid residues
(Thomas et al., 1999 present Thomas et al., 1997b
In vitro immunological studies showed that the CS in-
creased the production of interleukin-10 (IL-10) and inhib-
ited T cell proliferative response by mouse spleen cells stim- 2.2. Animals
ulated with concanavalin-ARjuvezam et al., 199%nd in-
duced an IL-10-dependent inhibition ®fypanosoma cruzi Male or female BALB/c mice (25-30g) and Wistar rats
killing by macrophagesAlexandre-Moreira et al., 2003In (250-300 g) were used throughout the study. The animals
vivo studies have demonstrated that intraperitoneal injection were supplied by the Animal Facility of the Labadeib de
ofthe CS has an anti-inflammatory activity in the TPA @2- Tecnologia Farmautica (Universidade Federal da Hagg.
tetradecanoyl phorbol-13-acetate)-elicited mouse ear edemdxperimental animals were maintained with free access to
(Batista-Lima et al., 2001 water and food. Groups of 5-10 animals were used in each
Taking together both the in vitro and the in vivo stud- test. All experiments were carried out with strict adherence
ies discussed above, it can be suggested @lisgampelos  to ethical guidelinesZimmerman, 19883
sympodialishas an interesting immunopharmacological ac-
tivity. The above described data suggested that the plant pro-
duces substances that can modify the course of inflamma-2.3. Oral treatment with CS and sensitization with
tory diseases. However, it was not known yet whether the CS ovalbumin
would be effective by the oral route, which is the form used
in popular medicine. Also, we did not clarify whether CS Mice were allowed to drink water supplemented with CS
could inhibit a chronic inflammatory response like asthma, to allow an estimated daily intake of 200, 400 or 600 mg/Kg
which is the principal reason for the popular use of the ex- for 40 days. The volume of CS solution consumed per animal
tract. Asthma is now considered to be an airway disorder per day calculated the CS doses. On days 0 and 14, the treated
associated with mucosal inflammatiodggele, 200 In- mice (=10) were actively immunized with OVA (grade Il
creased migration and activation of cells such as mast cells,Sigma Chemical, St. Louis, MO) by intraperitoneal (i.p.) in-
eosinophils, T-lymphocytes and macrophages during this dis-jection of 10ng OVA adsorbed on 2.25mg of aluminium
ease has been report&tlils-Karp, 2000Q. IgE and cytokines ~ hydroxide (alum). The control group (OVA) received only
such as IL-4, IL-5 and IL-13, are described to be responsible water during the immunization proce€ghiba et al., 1996
for the persistent chronic inflammation of the airways@an Three weeks after the first OVA injection, animals were ex-
et al., 1998; Wills-Karp et al., 19980n the other hand, posed for 30 min to a 1% (w/v) aerosol of OVA in saline
the up-regulation of IL-10 during allergic responses may (Randolph et al., 1999
help to control tissue inflammation that is characterized by
leukocyte infiltration Jae-Won et al., 2002; Asadullah et al.,

2003. 2.4. Footpad swelling induced by OVA
To amplify our knowledge on the suitability of the use of
Cissampelos sympodialextract for the treatment of an al- Twenty-one days after initiation of OVA sensitization, CS-

lergic disease, we evaluated in this study the effect of oral treated and control groups (OVA) of mice were challenged
treatment (p.o.) with CS in ovalbumin-sensitized mice. The with 400.g of OVA in 20l saline injected into the footpad.
immunological aspects investigated here were the produc-The measurement of the edema was performed with the aid of
tion of ovalbumin-specific-antibody and the T cell cytokine a gauge caliper (Mitutoyo) before and after (30 and 60 min)
secretion profile. the OVA challengeRacincone et al., 1997
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2.5. Cell preparation and proliferation assay and serum samples were serially diluted in PBS and the
plates were washed and incubated with biotinylated anti-
Spleen cell suspensions from each animal group werelgE monoclonal antibodies (Pharmigen, San Diego, CA) in
prepared and depleted of red blood cells by incubation in PBS. After washing, wells were incubated with 1mg/ml of
Boyle’s solution (0.17 M Tris, 0.16 M ammonium chloride, alkaline phosphatase-labeled avidin at room temperature for
BDH, UK). Cells were then washed twice in RPMI medium 2h and washed three times. Then a solution of substrate
by centrifugation at 20& g for 10 min. The obtained pel-  (p-nitrophenylphosphate; Sigma Chem. Co., St. Louis, MO)
let was resuspended in RPMI medium without phenol red was added to each well and incubated at room temperature.
and supplemented with 200 miMglutamine, 100 units/ml  The plates were read at 405 nm. The calibration curve was
penicillin, 100png/ml streptomycin, 5 (MB-mercaptoethanol  obtained using purified IgE monoclonal antibody (obtained
and 10% fetal calf serum (Gibco, Pisley, UK). Viable cell from Pharmigen, San Diego, CA).
number was determined in a hemocytometer by exclusion
of trypan blue. Triplicate cultures were performed in 96- 2.8. Measurement of IL-10 and IFNby ELISA
well flat-bottomed tissue culture plates (Costar, Cambridge,
MA, USA) in a final volume of 20Qul per well containing Spleen cells from each group of animals were plated at
4-5x 10° cells. Concanavalin-A (Con-A) (Pharmacia, Upp- 5x 10 cells per well. Con-A was added at 2.6/ml. A
sala, Sweden) was added at gd@ml either in the absence  volume of 15Qul of cell culture supernatant was removed
or in the presence of 50 or 19@/ml of CS. Cultures were  after 3 days of culture and stored-a70°C for cytokine as-
then incubated for 3 days at 3C in an atmosphere with  says. Cytokines (IL-10 and IFN} were detected by capture
5% CG. A volume of 15Qul of the cell culture supernatants ELISA (Schumacher et al., 198&lat-bottomed polystyrene
was removed and storeda¥0°C for cytokine measurement.  plates (Dynatech, Alexandria, VA) were coated overnight at
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 4°C with 50l of monoclonal anti-murine cytokine anti-
bromide; Sigma Chem. Co., St. Louis, MO) was added and bodies at previously determined optimal concentrations. The
the cells were further incubated for 4h at°®7, 5% CQ plates were then washed three times with PBS/Tween and
(Mosmann, 1988 After this time, a solution of SDS 10% in  were blocked for 60 min at 37T with a 10% FCS solution
HCI 0.01N was added in each well and the plates were thendiluted in PBS. Culture supernatant (40 and standards
incubated for 17 h at 37C, 5% CQ and read at 570nm on  were added in duplicate to wells and incubated &t@Tor
a Titerk Multiskan plate reader. 2 h. After washing three times, 1Q0 of biotinylated anti-
mouse cytokine monoclonal antibody was added to each well
2.6. Determination of OVA-specific IgE antibody by the and incubated for 45 min at 3T. After washing as above, al-
PCA test kaline phosphatase—streptavidin conjugate (Pharmingen, San
Diego, CA) diluted 1/2000 was added to each well and incu-
IgE antibody titers were determined using the passive cu- bated for 30 min at 37C. Plates were washed three times
taneous anaphylaxis (PCA) reaction. CS-treated (200, 400as above and 100 of p-nitrophenylphosphate (1 mg/ml;
or 600 mg/kg/day) and OVA group of mice were bled and Sigma, UK) in glycine buffer (0.1 M; pH 10.4) was added.
the serum samples were diluted in PBS. Volumes ofib0  Readings were performed at 405 nm on a Titertek Multiskan
were inoculated intradermally on the shaved backs of Wistar plate reader. Cytokine concentrations in the culture super-
rats at marked sites. After 24 h, the rats were injected intra- natants were determined from a standard curve using recom-
venously with OVA (2 mg/rat) in 0.5ml of 1% Evans Blue binant cytokines (regression coefficient; 0.980).
(in PBS). Thirty minutes later, the rats were sacrificed, and
OVA-specific IgE titers measured. The highest serum dilution 2.9. Statistical analyses
giving a 5 mm diameter flare or bluing reaction was taken as

the PCA titer Holt et al., 198). Data were analyzed statistically using a microcomputer

program and the Studenttstest. Data were expressed as
2.7. Measurement of OVA-specific and total antibody meard- S.E.M. Results withp<0.05 were considered sta-
IgE by ELISA tistically significant.

The serum samples from each animal group were used
to determine the OVA-specific titers and total IgE levels by 3. Results
sandwich ELISA §naper and Paul, 1987; Kim et al., 1999
Plates (Corning, NY, EUA) were coated with 106/ml of 3.1. Effect of CS oral treatment on body weight
OVA diluted in PBS or 3u.g/ml of anti-lgE monoclonal an-
tibody in coating buffer, respectively. Following overnight Animals treated with either 200 or 400 mg/kg/day of the
incubation at 4C, the plates were washed three times and CS showed a significant increase in body weight during
blocked with 1% bovine serum albumin (BSA; Sigma Chem. the experimental period, when compared to control mice
Co., St. Louis, MO) for 2 h at 37C. Appropriate standards  (p<0.001) Fig. 1). A separate experiment showed that ani-
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30 “p<0.001 (Table 3. Similar but less striking results were obtained us-
© - .= ing the PCA assayT@able 3. We also observed a significant
= 25 M,ﬁ.ﬁ decrease in total IgE levels in the sera of all CS-treated mice
'g 20 (Table 3
e —=—OVA
8% —+— OVA + C8200 3.4. Effect of CS on T cell proliferative response

—+— OVA + CS400

o
<

20 30 40 50

days

o 10 To investigate whether the prolonged CS treatment would
modify the in vitro Con-A-induced T cell proliferation, mice
were treated orally with the indicated doses of CS for 40 days
and their spleen cells were tested in vitro for the induction
of T cell proliferation. We observed that mice treated with
doses of CS ranging from 200 to 600 mg/kg/day showed an
increased background cell proliferative response that was not
mals treated with 600 mg/kg/day showed weight gain similar modified by incubation with Con-ATable 3. The in vitro

to the control group (OVA) (data not shown). These data sug- addition of CS to the cultures did not modify the background
gest that CS ingestion did not have a toxic effect. response of the cells.

Fig. 1. Effects ofCissampelos sympodiakxtract oral treatment on weight
gain. OVA-sensitized micen(=10) ingested CS at 200 mg/kg/dax)(
400 mg/kg/day ¥) or water alone M) for the periods of time indicated.
Mean valuest S.E.M."p<0.001 as compared with time zero.

3.2. Effect of CS on the footpad swelling induced by
OVA injection

3.5. Effect of CS on cytokine production

To demonstrate whether the CS treatment could modulate
The effect of CS on active cutaneous anaphylaxis was the pattern of cytokine production during OVA sensitization,
tested. OVA-sensitized mice were treated with CS (200, 400, ELISA assay analyzed supernatants from spleen cell cultures
600 mg/kg/day) and challenged with OVA in the footpad. In- from each experimental group of mice. It was observed that
gestion of CS at the doses of 400 and 600 mg/kg/day inhibited Con A-stimulated spleen cells from OVA-sensitized animals

the induction of edema(< 0.001) after 30 or 60 min of anti-

treated with CS (200 or 600 mg/kg/day) secreted higher levels

gen challenge when compared with the edema developed inof IFN-y when compared with the control group (OVA). The

the OVA group Table 1. Non-sensitized mice were used as

production of IL-10 was also increased, but it was not as high

controls and they did not present footpad edema on antigenas the production of INR-(Table 4.

challenge (data not shown).
3.3. Effect of CS on OVA-specific-IgE production

We next investigated the ability of CS to modify antigen-
induced serum IgE productiortable 2 shows the CS-
inhibitory effect on antigen-induced IgE production. OVA
sensitization induced an OVA-specific-IgE titer of 1:1339
(100%), whereas oral administration of CS at 200, 400 or
600 mg/kg/day during the OVA sensitization period reduced
the IgE production by 18%, 42% and 59%, respectively

Table 1
Measurement of footpad swelling (induced by OVA) in CS-treated and OVA-
sensitized BALB/c mice

Period of time (min) A Footpad diameter (mm)

Treatment
OVA OVA +CS (mg/kg)
200 400 600
30 26 28 15 1*
60 24 18 13 8*

The footpad swelling is measured 30 and 60 min after the OVA challenge.

Footpad diameter values are calculated by subtracting normal control values

from experimental group footpad diameter. The footpad diameter S.E.M.
values are below 5%. Control (saline-treated group) values are as follows:
30 min—206 mm; 60 min—199 mm.

* p<0.001 as compared with the saline treatment.

4. Discussion and conclusion

Earlier immunopharmacological studies demonstrated
that the hydroalcoholic extracts from both roots and leaves
inhibited the spontaneous tonus of the guinea pig tracheal
smooth muscle by stimulating-adrenoceptorsThomas et
al., 1995, histamine-induced bronchospasm in normal and
antigen-induced anaphylactic responses in OVA-sensitized
guinea pig Thomas et al., 199Faand phosphodiesterases
(PDE) types IV and V from guinea pig lungStfomas et al.,
1997)).

Since large-scale extraction of root components destroy
the trees, extraction of the leaves alone would be preferable.
Previous phytochemical studies@issampelos sympodialis
showed similar chemical composition between root and leaf
extracts Thomas et al., 1995, 19973.,0 he extract of leaves
alone (CS) showed strong immunomodulatory activity, in-
hibiting the spleen T cell proliferative response and inducing
an increase in IL-10 productioP{uvezam et al., 1999The
CS was also shown to have anti-inflammatory activity when
administered by the i.p. route, since it inhibited the in vivo
induced inflammatory responsBdtista-Lima et al., 2001

All the studies described above were carried out in vitro
or used and an administration route different from that used
popularly. Infusion oCissampelos sympodialeaves is nor-
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Table 2
Antigen-specific and total IgE levels issampelos sympodiakxtract-treated OVA-sensitized mice

Treatments Total serum IgE concentratiqrg{ml) OVA-specific IgE serum titer (%) OVA-specific Ig serum titer (PCGA)
None 4.2 - -

OVA 212 1:1339 (100) 1:256

OVA +CS 200 59 1:1096 (18) 1:64

OVA +CS 400 47 1:773(42) 1:64

OVA +CS 600 50 1:545 (59) 1:64

Mice (n=10) are treated with different doses of CS (OVA + CS in mg/Kg/day) or water (OVA) and then sensitized with OVA. The control group is left untreated
and unsensitized. Total serum IgE concentration and OVA-specific IgE titer are determined by ELISA assay. Data are representative of threg independe
experiments. (-): undetectable immunoglobulin.

a8 PCA: passive cutaneous anaphylaxis.

* p<0.001, as compared with the OVA group.

Table 3
Effect of Cissampelos sympodiakxtract on the T cell proliferative response

Treatment Medium Con-A Con-A+CS @/ml Con-A+CS 10Qug/ml
OVA 0.152+ 0.01 0.212+ 0.04 0.162+ 0.01 0.152+ 0.00
OVA+CS 200 0.313+ 0.0 0.382+ 0.01 0.311+ 0.01 0.299+ 0.00
OVA +CS 400 0.261+ 0.01 0.248+ 0.0% 0.268+ 0.02 0.267+ 0.0T
OVA+CS 600 0.148+ 0.01 0.208+ 0.02 0.223+ 0.01 0.212+ 0.07

OVA-sensitized mice are treated with the indicated doses of CS (mg/Kg/day). Their spleen cells are cultured in medium or stimulated with @a/#) (2.5
alone or together with CS (50 or 1Q@/ml). The cell proliferation is measured after 3 days by the MTT test. Mean values offOE.M.; (h=3).

* p<0.001, as compared with OVA group.

# p<0.01, as compared with OVA group.

mally consumed in large oral doses and, a daily intake of sensitized mice also produced increased §-Nhen treated
about 15 leaves during chronic ugddlo-Diniz, 200Q. To with CS. Our previous results showed that spleen cells from
mimic the way the plant is popularly employe@drrea, normal BALB/c mice stimulated in vitro with CS and Con-
1984, we treated OVA-sensitized mice with the plant leaf A produced high levels of IL-10Rjuvezam et al., 1999
extract by the oral route. We showed that orally treated an- Enhanced IL-10 production in acute inflammatory diseases
imals gained weight, suggesting that the extract did not in- represents a favorable prognosis due to its anti-inflammatory
terfere with the normal growth of the animals. Pre-clinical effect Jae-Won etal., 2002down-regulating the production
toxicological studies (acute toxicity tests) showed G- of pro-inflammatory cytokines (i.e. TNF, IL-1, IL-6, IL-8) by
sampelos sympodialéxtract ingestion at doses equivalentto macrophages/monocytd3€ Wall Malefytetal., 1991; Wang
those used in folk medicine did not produce any toxic effect et al., 1994.
(Melo-Diniz, 200Q. The increased IFNrin this experimental model may be
Our results showed that oral treatment with CS inhibited associated with the lower IgE levels due to its role in down
both total IgE and OVA-specific IgE production in sera from regulating the activation of Th2-type cells. It was previously
OVA-sensitized mice. Elevated levels of IgE are associated shown that the induction of a Th2 T cell response depends on
with immediate-type allergic reactions. In experimental mod- the balance between both IL-4 and INRVictoratos et al.,
els, the IgE production is dependent on the adjuvant used1997. We observed here that despite the moderate increase
for immunization. It has been demonstrated that aluminium inIL-10 secretion, the increase in levels of IKNs more pro-
hydroxide is extremely effective in eliciting IgE antibody nounced, indicating a balance favoring a Th1-type response.
production in several animal specid®ejoltella and Ovary, It can be suggested that increased Hyiecretion would in-
1969. Our results suggest that oral CS administration may
have anti-allergic activity through the decrease of IgE pro-
duction. Our results validate the popular use of the CS for the Table4 o _ _
treatment of asthma and indicate that a possible mechanisnfect of Cissampelos sympodiakitract on cytokine production

of its beneficial action is associated with a decrease in IgE Treatments Cytokines

production. INF-y (ng/ml) IL-10 (ng/ml)
The role of IL-4 in regulating IgE production is well es- Gy 0.30 + 0.03 0.09+ 0.01

tablished, and Th2 cells, mast cells and NK 1.1 T cells have ova +cs 200 1.30+ 0.35 0.324 0.08

been described as the sources of ILN&kao, 2001; Alenius  OVA+CS 600 1.00+ 0.0T 0.26+ 0.10%

et al., 2002; Hameg et al., 199 he inhibition of IgE pro- Mice are treated with CS and sensitized with OVA as Table 3 Their
duction observed here could be, for instance, the result of anspleen cells are then cultured with Con-A in vitro and the indicated cytokines
effect of the CS at the level of cytokine production. In the duantified by ELISA assay. Mean valuess.E.M. 1=3).

. ;
p<0.001, as compared with the OVA group.
present study, we demonstrated that spleen cells from OVA- . p<0.01, as compared with the OVA group.
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terfere with the differentiation of Th2 cells, decreasing the
production of IgE and hence the allergic reaction. lykllso
has an inhibitory effect on IgE secretion by B cells¢k et

al., 1996 and this may also be a mechanism to explain the

decrease in IgE production.

The results presented here indicate for the first time that

oral administration of th€issampelos sympodiakstract is

effective and safe in vivo and has immunomodulatory proper-
ties in actively sensitized mice. Oral CS treatment promoted

C.R. Bezerra-Santos et al. / Journal of Ethnopharmacology 95 (2004) 191-197

Freitas, M.R., Cortes, S.F., Thomas, G., Barbosa-Filho, J.M., 1996. Mod-
ification of calcium metabolism in rabbit aorta as a mechanism of
spasmolytic action of warifteine, a bisbenzylisoquinoline alkaloid iso-
lated from the leaves o€issampelos sympodiali&ichl. Journal of
Pharmacy and Pharmacology 48, 335-338.

Hameg, A., Gouarin, C., Goubert, J., Hong, S., Van Kaer, L., Bach,
J.F., Herbelin, A., 1999. IL-7 up-regulates IL-4 production by splenic
NK1.11 and NK1.12 MHC class I-like/CD1-dependent CD41 T cells.
The Journal of Immunology 162, 7067-7074.

Hegele, R.G., 2000. The pathology of asthma: brief review. Immunophar-
macology 48, 257-262.

decreased OVA-induced paw edema and IgE production, andyogan, S.P,, Klaus, I., Young, M.J.M., Young, A.l.G., Foster, P.S., 1998.

it also increased the production of IFN-These data high-
light the important role of this plant in regulating murine IgE
production and suggest its regulatory role in cytokine pro-
duction in an IgE-dependent hypersensitivity model.
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