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Effects of Mastoparan on a Vascular
Contractility in Rabbit Aorta

Young Ho Lee, Sung In Kang, Duck Sun Ahn, Hye Young Lee
Eun Jin Choi and Bok Soon Kang

Mastoparan is an amphiphilic tetradecapeptide derived from wasp venom which activates G-pro-
teins. Several secondary effects have been attributed to this pettide, including activation of
Dhospholipase and Dhosphatidyinositol kinase. The aim of the present study was to investigate the
effects of mastoparan on vascular conmtractility. Rabbit aortic rings were cut and mounted on a
force transducer to record isometric temsion on a polygraph. The effects of mastoparan were then
investigated on the contractile responses in the isolated rabbit aorta with or without endothelium.

The results were summarized as follows;

1. Mastoparan caused biphasic response, a transient relaxation followed by a further contraction,
in norvepinephrine (NE)-precontracted ring with endothelium. These effects were not observed in the
aorta in the absence of endothelium.

2. Mastoparan-induced transient relaxation was significantly inhibited by treatment with a N-w-
nitro-L-arginine or methylene blue.

3. When an inhibitor of bhospholipase C, neomycin was added to the precontracted aortic ring
with NE, the transient relaxation induced by mastoparan was inhibited, but sustained contraction
was not inhibited.

4. When an inhibitor of phospholipase A., quinacrine and inhibitor of the cyclooxygenase pathway,
indomethacin, were added to a precomtracted ring with NE, the transient relaxation induced by
mastoparan was not inhibited, but sustained contraction was inhibited.

5. Mastoparan induced a contraction of the aorta either with or without endothelium. Indometha-
cin and nifedipine inhibited mastoparan-induced contraction.

From the above results, we concluded that mastoparan acts on the endothelium and modifies the
release of endothelium-derived relaxing factors such as nitric oxide and also endothelium-derived

contracting factors such as metabolites of arachidonic acid.
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Furchgott and Zawadzki (1980) first reported
the crucial role of the endothelium in the reg-
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ulation of vascular tones in various vasodila-
tors, and it soon became obvious that the vas-
cular endothelial cells release a vasodilator
termed endothelium-derived relaxing factor
(EDRF) in response to various stimuli (Bolton
& Clapp, 1986; Chen et al. 1988). It is now well
established that EDRF relaxes the blood ves-
sels by activating the guanylate cyclase and
increases the production of cGMP (Taylor et
al. 1988), which decreases the cytosolic Ca**
concentration of smooth muscle cells (Lincoln
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et al. 1990; Lincoln & Cornwell, 1991). The na-
ture of EDRF has been identified as nitric
oxide (NO) (Ignarro et al. 1987, Myers et al.
1990). Production of NO is induced by increase
in the cytosolic Ca®* concentration of endothe-
lial cells; the elevated Ca’" stimulates the en-
zyme, nitric oxide synthase, to form NO from
L-arginine (Moncada & Higgs, 1990).

Wasp venom contains pharmacologically ac-
tive amines (Habermmann, 1972), enzymes such
as hyaluronidase, phospholipid and polypeptides
such as mastoparan (Argiolas & Pisano, 1983).
Mastoparan, an amphiphilic tetradecapeptide,
has the potent effect of causing rat peritoneal
mast cell degranulation and histamine release
(Mousli et al. 1989). This polypeptide is isolat-
ed, characterized, and chemically synthesized
(Hirai et al. 1979). Recent studies suggest that
mastoparan activates G-proteins such as G
and G. (Higashijima et al. 1990; Higashijima ef
al. 1988; Weingarten et al. 1990). Several secon-
dary effects are also been attributed to this
peptide, including activation of phospholipases
(Argiolas & Pisano, 1983; Okano et al. 1985)
and phosphatidylinositol kinases (Eng & Lo,
1990). In addition, mastoparan may inhibit
phosphoinositide turnover in some systems as
well as impair renal Na‘/K*-ATPase (Eng et
al. 1990) and calmodulin activity (Barnette et
al. 1983). To determine whether mastoparan
induces EDRF production or release from en-
dothelial cell, we investigated the effects of
mastoparan on vascular contractility and the
mechanism(s) of change in contractility in-
duced by mastoparan.

'MATERIALS AND METHODS

Aortic ring preparations

The preparation of each aortic ring was
similar to that originally described by Fur-
chgott & Zawadzki (1980). Briefly, adult rab-
bits weighing 2~3kg were killed by stunning
and exsanguination. The descending thoracic
aorta was then removed After excision, the
aorta was immersed in Krebs-Henseleit solu-
tion (KH solution: mM: NaCl, 118, KCl, 4.8
CaCl,, 2.5; MgSO,, 1.2; KH,PO, 1.2; NaHCO;, 24;
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glucose, 11; EDTA, 0.03; aerated with 95% O
+ 5% CO., pH 7.4). Adventitial fat and con-
nective tissue were trimmed carefully and cut
into rings 2~3mm in width under a disecting
microscope. Special care was taken to avoid
damage to the endothelial layer for endotheli-
um intact preparation. In some preparations,
the endothelium were removed mechanically
by gently rubbing the intimal surface with a
moist cotton ball to ensure endothelium free
preparation. The integrity of the endothelial
cells was checked by the method of Furchgott
& Zawadzki (1980).

Tension recording

The aortic rings were mounted for record-
ing of isometric tension in 5ml organ baths
filled with KH solution at 37°C. The bath so-
lution was continuously aerated with 95% O.+
5% CO. The preparations were attached to a
force transducer (Grass FT03) and isometric
tension was recorded on a polygraph (Grass
Inc). A resting tension of 2g was maintained
throughout the experiments. Tissues were
allowed to equilibrate for 90 min before each
experiment.

Each aortic ring was made to contract iso-
metrically with norepinephrine (NE; 107M).
This challenge was repeated to insure that
the response was stable. Thereafter, when the
contraction reached a plateau at the third or
fourth challenge, acetylcholine (ACh; 10°M) or
mastoparan (100 1g/ml) was added to the bath.

In some experiments mastoparan was incu-
bated with N-w-nitro-L-arginine (N-Arg, 100
¢M), methylene blue (MB; 10~°*M), neomycin (6
x 107*M), quinacrine 2x10™*M) or indometha-
cin (10~°M).

Drugs and chemicals

Drugs used included: l-arterenol bitartrate
(NE), ACh, mastoparan, N-arg, MB, neomycin,
quinacrine and indomethacin from Sigma
Chemicals Co, St Louis, MO, USA.

Statistics

Results were expressed as the mean+SEM.
The gffect of mastoparan was expressed as
percent peak amplitude of NE-induced con-
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traction. Significance tests were performed by
Student’s paired t test. P values of less than
0.05 were considered significant.

RESULTS

Effects of mastoparan on vascular contrac-
tility

Fig. 1 illustrates the effects of mastoparan
on NE-precontracted or basal contractility. As
shown in Fig. 1, mastoparan (100 xg/ml) caused
a biphasic response, a transient relaxation fol-
lowed by a further contraction to reach a
new steady-state of tension, in NE (107M)
precontracted rings with endothelial cells (Fig.
1A;). However, in endothelium-denuded rings,

mastoparan had no appreciable effect on the
NE-contracted ring (Fig. 1B;). Mastoparan
slightly increased basal contractility in both
the presence and absence of endothelial cells
(Fig. 1A; & By).

Effects of N-arg and MB on mastoparan-in-
duced transient relaxation

Fig. 2A illustrates the effects of N-arg on
mastoparan-induced relaxation. In the control
experiment, mastoparan (1002g/ml) induced
transient relaxation followed by a sustained
contraction in the NE-precontracted ring (Fig.
2A,). However N-arg (100M) significantly in-
hibited mastoparan-induced transient relaxa-
tion (Fig. 2A;) (control group: % of contraction
=548+6.9, N-arg treated group: % of contrac-
tion=112.2+9.6, p<0.05) although a mastoparan-
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Fig. 1. Effects of mastoparan on precontracted or basal vascular contractility.
Ar-As Original recoydings represent the effects of mastoparan(100 pg/ml) on NE-precontracted or basal con-

tractility with endothelial cells.

BBy Original vecordings represent the effects of mastoparan(100 ug/mi) on NE-precontracted or basal con-

tractility without endothelial cells.

NE: norepinephrine (10”'M), ACh: acetyicholine (10~°M), MP: mastoparan
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Fig. 2. Effects of N-Arg and MB on mastoparan-induced transient relaxation.
Ar-Ay Original recordings represent the effects of N-Arg (1001M) on mastoparan-induced transient relaxa-
tion.
Ay Mastoparan-induced relaxations with or without N-Arg was expressed as the percent of peak amplitude
at precontraction. Datc are means=SEM of values from 5 arterial rings. * p<0.05 compared to control
group (mastoparan- induced relaxation).
B-By Original vecordings represent the effects of MB (10°M) on mastoparan-induced transient relaxation.
By Mastoparan-induced relaxations with or without MB are expressed as the percent of peak amplitude of
Precontraction. Data are means=SEM of values from 5 arterial rings. *- $<0.05 compared to control group
(mastoparan-induced relaxation).
N-Arg: N-w-nitro-L-arginine (100 pM), MB: methylene blue (10°M)
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Fig. 3. Effects of neomycin g mastoparan-induced transient relaxation.
A & B: Origindl recordings represent the effects of neomycin on mastoparan-induced transient relaxation.
C: Mastoparan-induced relaxations with or without neomycin (5% 107*M) were expressed as the percemt of
peak amplitude of precontraction. Data are means+SEM of values from 6 arterial rings. * p<0.05 com-
pared to the control group (mastoparan-induced relaxation).
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Fig. 4. Effects of quinacrine and indomethacin on mastoparan-induced sustained contraction.
A-Ax Original recordings represent the effects of quinacrine (2% 107*M) on mastoparan-induced sustained

contraction.

Az Mastoparan-induced relaxations with or without quinacrine are expressed as the percent of peak ampli-
tude of precomtraction. Data are means=SEM of values from 6 arterial rings. *: p<0.05 compared to control

group (mastoparan-induced contraction).

Bi-B: Original recordings represent the effects of indomethacin (10°M) on mastoparan-induced sustained

contraction.

By Mastoparan-induced relaxations with or without indomethacin are expressed as the percent of peak am-
itude of precontraction. Data are means+tSEM of values from 5 arterial rings. *: p<0.05 compared to the

control group (mastoparan-induced contraction).

induced sustained contraction was demons-

trated.
Fig. 2B illustrates the effects of MB on

mastoparan-induced transient relaxation. The
effects of MB (10°M) were similar to those of
N-arg (control group: % of contraction=>57 £8.5,
MB treated group: % of contraction=101+4.8,
p<0.05).

Effects of neomycin 0%1 mastopgran-induced
transient relaxation o

The effects of neomycin on mastoparan-in-
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duced transient relaxation are shown in Fig.
3. As shown in Fig. 3, neomycin (5x10~*M)
significantly inhibited mastoparan-induced tran-
sient relaxation (Fig. 3A.) (control group: % of
contraction = 48.8 +£ 7.0, N-arg treated group:
% of contraction=78.31+4.5, p<0.05) but a masto-
paran-induced sustained contraction was also
demonstrated.

Effects of quinacrine and indomethacin on
mastoparan-induced sustained contraction

Fig. 4A illustrates the effects of quinacrine
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Fig. 5. Effects of mastoparan on basal contractility.

Ay-Ay Original recordings represent the effects of indomethacin (10~°M) or m'fedipine (6x107'M) on basal

contractility with endothelial cells.

Ae In the presence of endothelial cells, the effect of indomethacin or mfedzpme treatment are expressed as
the percent of peak amplitude of precontraction. Data are means+SEM of values from 5 arterial rings. *: p
<0.05 compared to the control group (mastoparan-induced contraction).

Bi-Bs: Original recordings represent the effects of indomethacin (10°M) or nifedipine (5x107°M) on basal

contractility without endothelial cells.

By In the absence of endothelial cells, the effects of indomethacin or nifedipine treatment are expressed as
the percent of peak amplitude of precontraction. Data are meanstSEM of values from 5 arterial rings. *: p
<0.05 compared to the control group (mastoparan-induced contraction).

on mastoparan-induced contraction. In the
control experiment, mastoparan (100 1g/ml) in-
duced transient relaxation followed by a sus-
tained contraction in the NE-precontracted
ring (Fig. 4A,). However, in the presence of
quinacrine (2x10™M), a mastoparan-induced
contraction was not demonstrated (Fig. 4A.)
(control group: % of contraction=119.3+8.7,
quinacrine treated group:- % of contraction=
© 573177, p<0.05). Fig. 4B illustrates the ef-
fects of indomethacin on a mastoparan-in-
duced sustained contradtion. The effects of in-
domethacin (10~°M) were similar to those of
quinacrine (control group: % of contraction= "
127.6+6.3, indomethacin treated group: % of

Number 3

contraction=70x9.0, p<0.05).
Effects of mastoparan on bqsal contractility

As shown in Fig. 5, mastoparan caused con-
traction in the basal state ring with (Fig. 5A.)
and without (Fig. 5B:) endothelial cells. Pre-
treatment with indomethacin (10—°M) signifi-
cantly inhibited the mastoparan-induced con-
traction with (Fig. 5A.) and without (Fig. 5B:)
endothelial cells. Moreover, the effects of pre-
treatment with nifedipine (6x107"M) were
similar to those of indomethacin.
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DISCUSSION

Mastoparan, an amphiphilic tetradecapep-
tide, has a potent effect causing rat peritoneal
mast cell degranulation and histamine release
(Mousli et al. 1989). Recent studies suggest
that mastoparan activates G-proteins such as
G: and G, in endothelial cells (Higashijima et
al. 1990; Higashijima et al. 1988; Weingarten et
al. 1990). To determine whether mastoparan
induces EDRF production or release from en-
dothelial cells, the present study investigated
the effects of mastoparan on vascular con-
tractility. .

As shown in Fig. 1, mastoparan (100 «g/ml;
effective dose resulted in dose-response curve)
caused a biphasic response, a transient relaxa-
tion followed by a further contraction reach-
ing a new steady-state tension, in NE(107"M)-
precontracted ring with endothelial cells. How-
ever, in endothelium-denuded rings, mastopa-
ran had no appreciable effect on the NE-pre-
contracted ring. Mastoparan-induced transient
relaxation was significantly inhibited by treat-
ment with an inhibitor of NO synthase, N-Arg
(Fukuto et al, 1990) or inhibitor of guanylate
cyclase, MB (Murad et al, 1978 Fig. 2). Neo-
mycin significantly inhibited mastoparan-in-
duced relaxation (Fig. 3). Neomycin is a well
known inhibitor of phospholipase C (Cockcroft
& Gomperts, 1985) and Ca** channel blockers
(Liu e al, 1994). These results indicate that
mastoparan increase intracellular Ca** concen-
tration and production of EDRF in the endo-
thelial cell, after which concentration of
cGMP in the smooth muscle cell is increased.

It has been reported that mastoparan is
able to elicit Ca** release from an intracellu-
lar store of endothelial cells, and this effect
might be associated with the activation of G-
proteins (Tracey & Peach, 1993). Brock e al.
(1988) reported that mastoparan increases
fura-2 fluorecence in the endothelial cell and
this effect might be asspciated with release of
Ca®* from intracellular Ca®* store.in the endo-
thelial cell. :

Mastoparan elicits a significant influx of Ca**
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into endothelial cells from the extracellular
fluid and interact with/perturb membrane
structure (Higashijima e . 1983; Katsu et al.
1990). In our study, we did not demonstrate
the effect of mastoparan on Ca®* influx across
the cell membrane and action site of mas-
toparan.

However, mastoparan also induced sustained
contraction in NE-precontracted ring and the
contraction was only demonstrated in those
rings with endothelium (Fig. 1). Mastoparan-
induced sustained contraction was significantly
inhibited by quinacrine or indomethacin (Fig.

4). Quinacrine and-indéméthacin- are inhibitors " *

of phospholipase A. ‘(Riemle & - Vanhoutte,
1983) and .inhibitors of the cyclooxygenase

“pathway (Kalsner, 1976), respectively. Phospholi-

pase is a well known enzyme which produces
arachidonic acid, the precursor of prostaglan-
din and leukotrienes. Therefore, our results
suggest that mastoparan-induced sustained
contraction in the precontracted ring is in-
duced by metabolite(s) of the cyclooxygenase
pathway produced in endothelial cells.

As shown in Fig. 5, mastoparan caused con-
traction in the basal state ring with and with-
out endothelial cells, but the amplitude of the
contraction was very small. Pretreatment with
indomethacin significantly inhibited mastopa-
ran-induced contraction with and without en-
dothelial cell. Moreover, the effects of pre-
treatment with the Ca** channel blocker,
nifedipine (Hottenstein ef al. 1984) were simi-
lar to those of indomethacin. Therefore, our
results suggest that mastoparan-induced con-
traction in the resting ring may be caused by
metabolite(s) of the cyclooxygenase pathway
such as prostaglandin F, and then metabolite
(s) of the cyclooxygenase pathway may facili-
tate the Ca** influx through cell membrane.
Riemle and Vanhoutte (1983 & 1984) report
that cyclooxygenase or lipoxygenase products
may facilitate the Ca’* entry into vascular
smooth muscle cells. However, in this study,
we did not demonstrate the existence of spe-
cific receptors for mastoparan. Furthermore,
the present data provide no identification of
the mechanism of the action of mastoparan
on cyclooxygenase pathway. Further work is
required to examine the mechanism(s) of
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action of mastoparan on cyclooxygenase path-
way.

In summary, this report demonstrated that
mastoparan induced a biphasic response of
vascular contractility through two distinct
processes. The first pathway was via mastopa-
ran increased intracellular Ca** concentration,
and after release of EDRF in the endothelial
cell, the concentration of ¢cGMP in the smooth
muscle cell increased. The second pathway
was via a mastoparan increased concentration
of metabolites into the cyclooxygenase path-
way in the endothelial cell.
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