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Rat Paw Oedema and Mast Cell Degranulation Caused by
Two Phospholipase Ay Enzymes Isolated From
Trimeresurus mucrosquamatus Venom
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Abstract—Two phospholipase A, (PLA;) enzymes, TMVPLA, I and TMVPLA, II, isolated from
Trimeresurus mucrosquamatus venom (TMV) induce rat hind-paw oedema in a dose-dependent manner.
This response is suppressed by pretreatment with diphenhydramine, methysergide or compound 48/80,
which reduces tissue histamine content. In isolated mast cells, TMVPLA, I and TMVPLA, II cause
concentration-, time- and calcium-dependent release of histamine and f-glucuronidase. This effect is
inhibited by disodium cromoglycate, mepacrine, nordihydroguaiaretic acid, piriprost and BW 755C, but
not by aspirin or indomethacin. These observations indicate that the mast cell plays a predominant role in
TMVPLA, I- and TMVPLA,; Il-induced paw oedema, and that venom PLA; enzyme needs an intact
lipoxygenase pathway to induce mast cell degranulation.

Phospholipase A; (PLA,) enzymes are widely found in snake,
bee and scorpion venom. One of their richest sources is snake
venom of the families Viperidae, Crotalidae, Elapidae and
Hydrophiidae (Iwanaga & Suzuki 1979). These enzymes
induce or accelerate several effects including neurotoxicity,
myotoxicity, interference of platelet aggregation and blood
coagulation, antibacterial and antiviral activities, hypoten-
sion and oedema formation (Rosenberg 1979; Kini & Evans
1989). Various snake venoms possess histamine-liberating
properties, suggested as being due to enzyme action on the
mast cell membrane (Uvnis et al 1962; Uvnids & Antonsson
1963; Ouyang & Shiau 1970), which in turn increases
capillary permeability. In contrast, several groups have
reported that PLA, from venom or pancreatic sources cause
little or no degranulation of the mast cells (Rothschild 1965;
Fredholm 1966; Hagen et al 1969; Hines et al 1972; Damerau
et al 1975). Recently, two oedema-producing proteins pos-
sessing PLA,; activity (TMVPLA,; I and TMVPLA,; II) were
purified from Trimeresurus mucrosquamatus venom (Teng et
al 1989). The aim of this study is to evaluate the role of the
mast cellin TMVPLA, I- and TMVPLA,; II-induced rat paw
oedema, and to investigate the effect of mast cell degranula-
tion caused by these two enzymes.

Materials and Methods

Materials

Two venom PLA,; enzymes, TMVPLA; [ and TMVPLA, II,
were purified from Trimeresurus mucrosquamatus as de-
scribed previously (Fractions XVIII and XXII, respectively,
Teng et al 1989). Diphenhydramine, compound 48/80,
indomethacin, aspirin, bovine serum albumin (BSA),
EDTA, mepacrine, nordihydroguaiaretic acid and disodium
cromoglycate were obtained from Sigma Chem. Co., USA.
Methysergide was a gift from Sandoz Pharmaceutical Ltd,
Switzerland. Piriprost potassium was provided by Upjohn
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Company, USA. BW 755C was a gift from Wellcome Res.
Lab., UK. The [PHJLTB; RIA kit was obtained from
Amersham Co., UK and the ['”IPGE, RIA kit was
purchased from New England Nuclear, USA.

Rat hind-paw oedema

Oedema was induced in Wistar rats (180-220 g) as previously
described (Wang & Teng 1989) by subplantar injection of 0- 1
mL of irritant in 0-05 M phosphate buffer saline (PBS, pH 7-4)
or equal volume of PBS into the right and left hind-paw,
respectively. The volumes of both hind-paws of each rat were
measured by means of a plethysmometer at the beginning
and at various time intervals after the injection of irritants.
Hind-paw swelling was calculated as a percentage of the
initial volume. The data were analysed to compare the area
under the time-course curve (AUC).

Depletion of histamine and 5-HT

Rats were given compound 48/80 twice a day for 4 days as
described previously (Di Rosa et al 1971). The doses used
were 0-6 mg kg~! for the first six injections and 1-2 mg kg~!
for the last two.

Mast cell isolation

Wistar rats (300-350 g) were anaesthetized with ether and
exsanguinated (McClain et al 1983; Hanahae 1984).
Heparinized Tyrode solution was injected into the peritoneal
cavity. The peritoneal fluid was harvested after abdominal
massage, and the cell suspension obtained was layered over
38% BSA and centrifuged at 750 g for 25 min. The pellets
were washed and suspended in Tyrode solution (composition
(mM): NaCl 137, KC12-7, NaHCO; 12, NaH,PO, 0-3, MgCl;
1-0, CaCl, 1-0, dextrose 5-6 and BSA 0-1%). The mast cell
count was adjusted to 1-1-5x 10% cells mL~!. Cell viability
was assessed by trypan blue staining.

Measurement of histamine and f-glucuronidase
The mast cell suspension was prewarmed at 37°C for 3 min
and the release reaction was then triggered by the addition of
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either enzyme. The reaction was stopped 15 min later by the
addition of ice-cold Tyrode solution and the mixture was
centrifuged for 10 min at 1000 g. Histamine and S-glucuroni-
dase in the supernatant were determined (Barrett 1972;
Hakanson & Ronnberg 1974) and presented as a percentage
of the total content. Spontaneous release was less than 5%.

Statistical evaluations

The statistical significance was determined by using Stu-
dent’s t-test. P values <0-05 were considered to be signifi-
cant.

Results

Fig. I shows that TMVPLA,; I and TMVPLA,; Il induced rat
hind-paw oedema in a dose-dependent manner. Diphenhyd-
ramine (5 and 10 mg kg~'), methysergide (1 and 10 mg kg~")
or a combination of diphenhydramine and methysergide
(each 10 mg kg~'), given s.c. 1 h before TMVPLA,; I or
TMVPLA, II injection, reduced paw swelling by about 23,
33,44, 57 and 69%, and 33, 35, 24, 26 and 80%, respectively
(Table 1).

After several i.p. doses of compound 48/80, the histamine
contents in the hind-paws of the TMVPLA, I- and
TMVPLA, Il-treated groups were decreased to 89 and
10-2%, respectively, of the control values (11-2+1-0 vs
1:0+01 ug (g paw)~! in the TMVPLA, I-treated group;
1117406 vs 1-:2+0-2 ug (g paw)~! in the TMVPLA, II-
treated group). Under these conditions, both enzyme-
induced paw oedemas were reduced by more than 95%
(223-7+6:7 vs 119+ 6-7 in the TMVPLA, I-treated group;
193-4+10-2 vs 7-8+2-7 in the TMVPLA, II-treated group)
as calculated from the AUC.

TMVPLA; I and TMVPLA, I caused rat peritoneal mast
cells to release histamine and §-glucuronidase in a concentra-
tion- and time-dependent manner (Fig. 2A, B). They were
both equally potent and showed similar patterns. The
concentration required to attain a maximal degranulation
response was about 100-300 pg mL~' and the peak was
obtained 5 min after the addition of the enzymes.

To induce mast cell degranulation the enzymes required
calcium (Fig. 3). Calcium-free or EDTA (1 mM) significantly
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FIG. 1. The dose-related increase in rat hind-paw oedema following
Subplantar injection of (A) TMVPLA, I and (B) TMVPLA, II.

€sponses are presented as the areas under the curves measured in
the 6 h period after the induction of oedematous response. Values are
€xpressed as the means +s.e.m. of 4-6 experiments.

Table 1. Effect of diphenhydramine and methysergide on venom
PLA,-induced paw oedema.

Oedema (AUC)®

TMVPLA; 1 TMVPLA, II
223-7+6-7 193:3+10-2
163:9 4 14-1*% 130-8 + 7-8***
150-2 4 5-7%** 125-8 +4-1%**

Drugs (mg kg~ !)2

Control

Diphenhydramine (5)
(10)

Methysergide (1) 126:3 + 10-4*** 148-7 +4-7**
(10) 9714 8-7%** 144-8 +8-9**

Diphenhydramine (10)
+ methysergide (10) 69:6 4 5-5%** 376 L 5-5%**

®Drugs were given s.c. 1 h before subplantar injection of
TMVPLA; 1 (5 pg) or TMVPLA, 11 (5 ug). ® Areas under the curves
(means +s.e.m.) measured in the 6 h period of 5-6 experiments.
¢Treatment vs control. **P <(-01; ***P <0-001.
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FiGc. 2. Concentration (A)- and time (B)-dependent release of
histamine (O,®) and fS-glucuronidase (a,a) from isolated rat
peritoneal mast cells stimulated with TMVPLA, 1 (0,a) or
TMVPLA, 1l (®,a). TMVPLA, I 100 ug mL~! and TMVPLA, 11
200 pg mL~! were used in the time-dependent experiments (B).
Values are expressed as the means +s.e.m. of 5-6 experiments.

suppressed, while increase of extracellular calcium concen-
trations enhanced, the degranulation of mast cells. Preincu-
bation of mast cells with disodium cromoglycate (10~ M),
mepacrine (3 x 103 M) or nordihydroguaiaretic acid (1075 M)
significantly inhibited the PLA, enzyme-induced mast cell
degranulation (Table 2) while aspirin (3x10~* M) and
indomethacin (3x10-% M) had no significant inhibition
although there was a reduction in PGE, (Table 3). Piriprost
(5% 10-* M) reduced LTB, formation to 5 and 25% of the
control values of TMVPLA, I- and TMVPLA, Il-treated



848

JIH-PYANG WANG AND CHE-MING TENG

Table 2. Effect of disodium cromoglycate, mepacrine and nordihydroguaiaretic
acid on the release of histamine and f-glucuronidase from rat peritoneal mast cells

stimulated with venom PLA,.

Drugs®

TMVPLA; I (200 ug mL~")
+disodium cromoglycate (107> M)
+mepacrine (3 x 1075 m)
+ nordihydroguaiaretic acid (10~° m)

TMVPLA, II (100 ug mL~—1)
+disodium cromoglycate (1073 M)
+mepacrine (3 x 1077 M)

+ nordihydroguaiaretic acid (107° M)

Release (%)*

Histamine B-Glucuronidase
731441 50-8 +2-8
46:0 £ 7-0** 33:643-8%*+
449+ 4:2%%* 344 +2-6**
59-8+2:2%%+ 32:74£3:-5%*
64-8+3-5 459109
19-242-6*** 161 4 2-4%%*
47-8 4£3-3%* 30-641-3%*
50-8 +2-4* 37-8+2:8*

* Values are expressed as the means +s.e.m. of at least four experiments. ® Mast
cell suspension was preincubated with disodium cromoglycate (15 min), mepacrine
(5 min) or nordihydroguaiaretic acid (5 min) before stimulation with venom PLA,.
¢Treatment vs control. * P<0-05, ** P<0-01, *** P<(-001.

Table 3. Effect of piriprost, aspirin and indomethacin on the release of histamine and $-glucuronidase, and
formation of PGE; and LTBy from rat peritoneal mast cells stimulated with venom PLA,.

Percent release®
(%)

Arachidonate metabolites®
(pg/10° cells)

Drugs® Histamine B-Glucuronidase PGE, LTB,

TMVPLA; I (200 ug mL ') 740423 54:5+1-6 32:5+84 147-6417-3
+ piriprost (5 x 1074 m) 55-4 4 4-g**d 4124 2:3%** 9324 16:6*** 79407+
+aspirin (1077 M) 74-14+66 542435 0640 1*** 615-0+209-4*
+indomethacin (3 x107°M)  70-9+33 56-0+3-4 0:610-2%** 2640+ 56-8*
+BW 755C (1073 m) 36-8 4 1-8%** 29:7 4 2:9*** 0-440-1*** 4-1 +0-4%**

TMVPLA, II (100 ug mL—Y) 609435 447455 61-61+9-8 3554113
+ piriprost (5 x 10~ m) 4504 6-2* 334457 91-2+14-3 8-8+0-2*
+aspirin (1073 M) 63-7+7-0 445+34 1-040-3%** 54-543.9*
+indomethacin (3 x10"°M) 657435 452427 1:8+0-6*** 88-2 +28-0*
+BW 755C (103 m) 3484 3-6*** 30-34+22% 0-4+0-2%** 7-6 £ 0-6**

*bValues are expressed as the means+s.e.m. of at least four experiments. <Mast cell suspension was
preincubated with drugs for 5 min before stimulation with venom PLA,. ¢ Treatment vs control. * P < 0-05;

P <0-01; *** P<0-001.
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F1G. 3. Effects of various extracellular calcium concentrations on
mast cell degranulation caused by TMVPLA; 1 100 ug mL ' (A) or
TMVPLA; IT 100 ug mL ! (B). EDTA 1 mM (a); saline (b); Ca’* 1
mM (c) or 2 mM (d) was added into Ca’*-free reaction mixture
prewarmed at 37°C for 3 min before TMVPLA; challenge. Values
are expressed as the mean +s.e.m. of 5-6 experiments. Statistically
significant differences from the corresponding control values (c) are
noted as * P < 0-05, ** P<0-01, *** P<0-001, and from the corres-
ponding values in (b) groups are noted as + P <0-001.

groups, respectively, and also suppressed their mast cell
degranulation response to about 75%.

Discussion

A dose-dependent oedematous response of rat paw was
induced by TMVPLA; [ and TMVPLA, I1. More than 70%
of the intensity of these paw oedemas was suppressed by
diphenhydramine and methysergide. In addition, pretreat-
ment of the rats with compound 48/80 significantly reduced
the paw histamine and S-HT content (Di Rosa et al 1971),
and also suppressed the enzyme-induced paw oedema.
Evidence from experiments with rat isolated peritoneal mast
cells showed that TMVPLA, I and TMVPLA, II released
histamine and fi-glucuronidase in a concentration- and time-
dependent manner. This in-vitro effect and the in-vivo
oedematous response were produced over a comparable
dose-range. These observations indicate that mast cells play
a predominant role in the enzyme-induced paw oedema.
The enzymatic activity of TMVPLA, I and TMVPLA,; II
was 18 5 and 101 2 umol min—! (mg protein) !, respect-
ively (Teng et al 1989), but the enzymes showed similar
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tency in inducing oedema formation and mast cell degran-
glation- The dissociation between phospholipid hydrolytic
activity and pharmacological properties of PLA; have been
demonstrated (Condrea et al 1981, 1982). In the case of
harmacological effects independent of catalytic activity,
absolute affinity is the primary factor which determines
ha,—macological potency (Kini & Evans 1989). The presence
of separate sites for catalytic and pharmacological properties
pas also been suggested (Rosenberg et al 1983; Rosenberg
1986), which could explain the lack of correlation between
the enzymatic and pharmacological activities of the two
enzymes used in this study. However, the substrate(s) for
these enzymes in the cell membrane is so far unknown.
Both enzymes induced mast cell degranulation that was
influenced by the extracellular calcium concentration, with
more than a 70% depression in the presence of EDTA, and
an enhanced reaction with an increase in concentration.
Disodium cromoglycate acts against the triggering action
of PLA,; on mast cells (Orr & Cox 1969; Rosenberg 1979). It
also inhibits the mast cell degranulation caused by concana-
valin A, dextran, antigen and compound 48/80 (Garland &
Mongar 1974; Foreman et al 1975; Ennis et al 1980; Hanahae
1984). This effect could be due to a block of calcium influx
(Ennis et al 1981; Pearce et al 1984) or to the promotion of
phosphorylation of a 78 000 daltons protein from mast cell
(Sieghart et al 1981). In general, mast cell activation is
associated with activation of membrane phospholipid
metabolism (Kennerly et al 1979; Martin & Lagunoff 1979).
Mepacrine, a PLA,; inhibitor (Vargaftig & Dao Hai 1972),
nordihydroguaiaretic acid and piriprost, both lipoxygenase
inhibitors (Hamberg 1976; Bach et al 1982), reduced
TMVPLA,; I- and TMVPLA,; II-induced mast cell degranu-
lation. In contrast, the cyclo-oxygenase inhibitors, aspirin
and indomethacin, at a concentration that greatly reduced
PGE; formation by mast cells, had no effect on these venom
PLA-induced mast cell degranulation. Similar findings were
also demonstrated in the degranulation of mast cells pre-
treated with cyclo-oxygenase inhibitor then triggered by
other secretagogues (Lewis et al 1979; Sullivan & Parker
1979; Chi et al 1982). BW 755C, a dual inhibitor of cyclo-
oxygenase/lipoxygenase (Higgs et al 1979), greatly sup-
pressed the PGE; and LTB, formation and also suppressed
the release of histamine and B-glucuronidase from mast cells.
These results suggest that intact lipoxygenase pathways
could be necessary to venom PLA,-induced mast cell
degranulation.

- Acknowledgements
This work was supported by a grant of the National Science
Council of the Republic of China (NSC78-0412-B002-60).

References

Bach, M. K., Brashler, J. R., Smith, U. W., Fitzpatrick, F. A., Sun,
F.F., McGuire, J. C. (1982) 6,9-Deepoxy-6.9-(phenylimino)-A53-
Prostaglandin I, (U-60,257), a new inhibitor of leukotriene C and
D synthesis: in vitro studies. Prostaglandins 23: 759-771

Bal‘rett, A.J.(1972) Lysosomes. In: Dingle, J. T. (ed.) A Laboratory
lflanclbook. Elsevier, Amsterdam, pp 118-120

Chi, E. Y., Henderson, W. R., Klebanoff, S. J. (1982) Phospholipase
Az-induced rat mast cell secretion: role of arachidonic acid
Mmetabolites. Lab. Invest. 47: 579-585

Condrea, E., Fletcher, J. E., Rapuano, B. E, Yang, C. C,
Rosenberg, P. (1981) Dissociation of enzymatic activity from
lethality and pharmacological properties by carbamylation of
lysines in Naja nigricollis and Naja naja atra snake venom
phospholipase A,. Toxicon 19: 705-720

Condrea, E,, Yang, C. C., Rosenberg, P. (1982) Additional evidence
for a lack of correlation between anticoagulant activity and
phospholipid hydrolysis by snake venom phospholipase A,.
Thromb. Haemost. 47: 298

Damerau, B., Lege, L., Oldigs, H. D., Vogt, W. (1975) Histamine
release, formation of prostaglandin-like activity (SRS-C) and
mast cell degranulation by the direct lytic factor (DLF) and
phospholipase A of cobra venom. Naunyn Schmiedeberg’s Arch.
Pharmacol. 287: 141-156

Di Rosa, M., Giroud, J. P., Willoughby, D. A. (1971) Studies of the
mediators of the acute inflammatory response induced in rats in
different sites by carrageenan and terpentine. J. Pathol. 104: 15-29

Ennis, M., Atkinson, G., Pearce, F. L. (1980) Inhibition of histamine
release induced by compound 48/80 and peptide 401 in the
presence and absence of calcium: implications for the mode of
action of anti-allergic compounds. Agents Actions 10: 222-228

Ennis, M., Truneh, A., White, J. R., Pearce, F. L. (1981) Inhibition
of histamine secretion from mast cells. Nature 289: 186-187

Fredholm, B. (1966) Studies on the mast cell degranulating factor in
bee venom. Biochem. Pharmacol. 15: 2037-2043

Foreman, J. C., Mongar, J. L., Gomperts, B. D, Garland, L. G.
(1975) A possible role for cyclic AMP in the regulation of
histamine secretion and the action of cromoglycate. Ibid. 24: 538-
540

Garland, L. C., Mongar, J. L. (1974) Inhibition by cromoglycate of
histamine release from rat peritoneal mast cells induced by
mixtures of dextran phosphatidyl serine and calcium ions. Br. J.
Pharmacol. Chemother. 50: 137-143

Hagen, P. O., Ofstad, E., Amundsen, E. (1969) Experimental acute
pancreatitis in dog I'V. The relationship between phospholipase A
and the histamine releasing and hypotensive effects of pancreatic
exudate. Scand. J. Gastroenterol. 4: 89-96

Hékanson, R., Ronnberg, A. L. (1974) Improved fluorometric assay
of histamine. Analyt. Biochem. 60: 560-567

Hamberg, M. (1976) On the formation of thromboxane By and 12 L-
hydroxy-5.,8,10,14-eicosatetraenoic acid (12 ho-20:4) in tissues
from the guinea pig. Biochim. Biophys. Acta 431: 651-654

Hanahae, T. H. P. (1984) Mechanism of histamine release from rat
isolated peritoneal mast cells by dextran: the role of immuno-
globulin E. Agents Actions 14: 468-474

Higgs, G. A., Flower, R. J., Vane, J. R. (1979) A new approach to
anti-inflammatory drugs. Biochem. Pharmacol. 28: 19591961

Hines, G. C., Moss, G. F., Cox, J. S. G. (1972) Effect of disodium
cromoglycate on phospholipase A; activity. Studies with egg yolk
and isolated mast cell systems. Ibid. 21: 171-179

Iwanaga, S., Suzuki, T. (1979) Enzymes in snake venom. In: Lee,
C.Y. (ed.) Handbook of Experimental Pharmacology. Vol. 52,
Springer-Verlag, Berlin, pp 61-158

Kennerly, D. A,, Sullivan, T. J., Parker, C. W. (1979) Activation of
phospholipid metabolism during mediator release from stimu-
lated rat mast cells. J. Immunol. 122: 152-159

Kini, R. M., Evans, H. J. (1989) A model to explain the pharmaco-
logical effects of snake venom phospholipase A,. Toxicon 27:
613-635

Lewis, R. A., Holgate, S. T., Robert, L. J. I, Maguire, J. F., Oates, J.
A., Austen, K. F. (1979) Effect of indomethacin on cyclic
nucleotide levels and histamine release from rat serosal mast cells.
J. Immunol. 123: 1663-1668

Martin, T. W., Lagunoff, D. (1979) Interactions of lysophospholi-
pids and mast cells. Nature 279: 250-252

McClain, D. E., Donlon, M. A,, Chock, S., Catravas, G. N. (1983)
The effect of calmodulin on histamine release in the rat peritoneal
mast cell. Biochim. Biophys. Acta 763: 419-425

Orr, T. S. C,, Cox, J. S. G. (1969) Disodium cromoglycate, an
inhibitor of mast cell degranulation and histamine release induced
by phospholipase A;. Nature 233: 197-198

Ouyang, C., Shiau, S. Y. (1970) Relationship between pharmaco-
logical actions and enzymatic activites of the venom of Trimere-
surus gramineus. Toxicon 8: 183-191



850 JIH-PYANG WANG AND CHE-MING TENG

Pearce, F. L., Befus, A. D., Bienenstock, J. (1984) Mucosal mast cells
II1. Effect of quercetin and other flavonoids on antigen-induced
histamine secretion from rat intestinal mast cell. J. Allergy Clin.
Immunol. 73: 819-823

Rosenberg, P. (1979) Pharmacology of phospholipase A, from
snake venoms. In: Lee, C. Y. (ed.) Handbook of Experimental
Pharmacology. Vol. 52, Springer-Verlag, Berlin, pp 403-447

Rosenberg, P. (1986) The relationship between enzymatic activity
and pharmacological properties of phospholipases in natural
poison. In: Harris, J. B. (ed.) Natural Toxins. Oxford University
Press, Oxford, pp 129-174

Rosenberg, P., Condrea, E., Papuano, B. E., Soons, K. R., Yang,
C. C. (1983) Dissociation of pharmacological and enzymatic
activities of snake venom phospholipase A, by modification of
carboxylate groups. Biochem. Pharmacol. 32: 3525-3530

Rothschild, A. M. (1965) Histamine release by bee venom phosphol-
ipase A, and melittin in the rat. Br. J. Pharmacol. 25: 59-66

Sieghart, W., Theoharides, T., Douglas, W., Greengard, P. (1981)
Phosphorylation of a single mast cell protein in response to drugs
that inhibit secretion. Biochem. Pharmacol. 30: 2737-2738

Sullivan, T. J., Parker, C. W. (1979) Possible role of arachidonic acid
and its metabolites in mediators release from rat mast cell. J,
Immunol. 122: 431-436

Teng, C. M., Wang, J. P., Peng, H. C., Ouyang, C. (1989) Edema-
producing proteins isolated from Trimeresurus mucrosquamatus
snake venom. Toxicon 27: 899-905

Uvnis, B., Antonsson, J. (1963) Triggering action of phospholipase
A and chymotrypsins on degranulation of rat mesentery mast
cells. Biochem. Pharmacol. 12: 867-873

Uvnds, B., Diamant, B., Hogberg, B. (1962) Trigger action of
phospholipase A on mast cells. Arch. Int. Pharmacodyn. 14¢:
577-580

Vargaftig, B. B.,, Dao Hai, N. (1972) Selective inhibition by
mepacrine of the release of “‘rabbit aorta contracting substances”
evoked by the administration of bradykinin. J. Pharm. Pharma-
col. 24: 159-161

Wang, J. P., Teng, C. M. (1989) Roles of mast cells and PMN
leukocytes in cardiotoxin-induced rat paw edema. Eur. J. Pharma-
col. 161: 9-18



