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Presence of endothelium masks direct vasodilator effects of pyrogallol
and methylthioninium chloride in perfused rat mesenteric artery’

LY Yuan-Jian®, Sue Piper DUCKLES?

(Department of Phurmacology,

College of Medicine,

University of California, {rvine CA 92717, USA)

ABSTRACT In the perfused rar mesenteric arrery
vasoconstrictor responses to transmural nerve stimula-
tion (THMS) were enhanced by pyrogallol (Pye) 0.1
mmol - L~ or methylthioninium chloride (Met} 0. 01
mmol+-L ") But the duration of the effect of Pyr was
brief. while the effect of Wet remained stable.  Mex,
but not Pyr, slightly increased the basal level of perfu-
sion pressute.  Contractile responses to the alpha
sdrenergic agouist methoxamine were also potendiated
by both Pyr and Met, and in both cases their effects
persisted as long as Pyr or Met was present. Super-
oxide dismutase {SOD) abolished or inhibited the po-
tentiation produced by Pyr or Met. Both Pyr and Met
inhibived the vasodilation produced by acetylcholine
(ACh). However, after blockade of endothelial func-
tion both Pyr and Mer inhibited vasoconstrictor re-
sponses to TS in the presence of N*-nitro-L-arginine
methyl ester (L-NAME) 0.1 mmol+L~!, an inhibitor
of nirric oxide synthesis, or removal of endothelium.
Adfter removal of endothelium both Pyr and Met pro-
duced vasodilator responses in a concentration-depen-

Received 1953-06-12 Accepted 1993-11-15
! Supported by Grant # P01 DK36829 ltom the National In-
stitutes of Health and by a postdoctoral fellowship from the
Calilornia Aflfiliate of the American Heart Association.
P Now m Department of Pharmacology, Hu-nan Medicaé Urru-
versdy. Changsha 410078, China.
! Reprint requesis; Prol Sue Piper INICKLES.

[ 8

dent manner. These results suggest that the ability of
both Pyr and Met 1o potenriate contractile responses
and inhibit vasodilator responses 1o ACh is due 1o gen-
eration of superoxide amion., and that the actions of
Met may also involve direct inactivation of guanylare
cyclase. The present swudy also suggests that both
Pyr and Met have direct relaxing effects on vascular
smooth muscle, effects which are masked by enhancing

actions in the presence of endothelium.
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bluea, Met), an inhibitor of guanylate cyclase,

Methylthioninium { methylene
is widely used as a tool to evaluate the mecha-
nism of action of vasodilators™'®. Besides in-
Met has been
shown to produce superoxide anion™.

hibiting guanylate cyclase,

Pyrogallol (Pyr), a generator of superox-
ide anion, produces pharmacological responses
similar to those of Met, including inhibition of

,relaxation to endothelium-dependent vasodila-
tor and potentiation of contractile responses to
inactivation of

vasoconstrictors, as well as
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guanylate eyclase ' Endathelium-derived
relaxing factor (EDRF) . which has been pos-
tulated to be identical with nitric oxide (BO)).
activates guanvlate cvelaze. with a subseguent
elevation of rissue levels of cGMP resulting in

smeoth  muscle'*® .

relaxation of  vascular
Thus inhibition of eundothelial function pro-
duced by bath Pyr and Met could possibly be
due to inactivation of N via generation of su-
peruxide anion.

In contrast. Met, but not Pyr. decrea-~cd
the basal levels of cGGMP as well ax increazing

At higher

concentrations Met produces constriction of

basal tone of blood wvessels "%,

tiulated rabbit aorta diue to release of endoge-
nous norepinephrine from intramural adrener-
gic nerves vre a mechanism independent of the
lawering of cGMP'"".  These results ~uggest
that the mechanism of pharmacological effect
of Mev is not totally similar to Pyr.

In view of the dissimilarities between Pyr
and Met in the mode of inhibition of endothe-
lial function. as well as effect on contractile
responses to different vasoconstrictors. in the
present study we compared the effects of Pyr
and Met on contractile responses to the selec-
tive & adrenergic receptor agonist, methoxam-
ine. and to endogenous norepinephrine re-
leased by TNS. Furthermore. we investigat-
ed the effect of inhibition of MN{) synthesis by
the f-arginine antagonist, N“-nitro-L-arginine
methyl ester (L-NAME), on contractile re-
sponsex to TINS and the effects of Pyr and
Met.

MATERIALS AND METHODS

Tissue preparation and perfusion Mesenteric
vasculature of & Sprague-Dawley rar. (n=48i1, 275+
25 gt was isolated for perfusiun as described previous-
ly
artery was guickly cannulated at its origin at the acrta
with PE 50 tuhing and perfused with warm Krebs® so-
lution. saturated wirh 95 (). - § % ().,

Rats were decapitated, and the mesenteric

Prepa-

rations were then placed in a water jarket (200 ml)
maintained ar 37 (.  The system was perfused with
Krebs® snlution with peristaloie pump at o rate of 5
+ 0.2 ml-min~' and superfused by gravity [eed at rate
of 140, 2 ml-nun~'. The Krebs® «wlution had the ful-
lowing vomposition: MNal’l 118. KCL 1.8, Calll2 2 5.
KH,P(), 1.2, NaHUU, 260 MgsSo, 1.2,
N. 147, and dextrose L1. 5 mmol L7

pressure was recorded by o pressure transducer. The

edenic acid

The perfusitn

resulting electric signals were diginzed by Maciotosh
SE computer.

Two platioum electrodes . one placed arvund the
sujwriur mesenterie actery and the other resting on the
vasculature 10 a luwer part oof the intestine, were used
TNS (ampli-

tucle af GOV and pulse duration of 3 ms ) was applied at

to credte transmural field stumulanon.

4 Hz for traios of §0 pulses using 2 Grass 848 stimula-
tor-  For vasuvonstriconr respunses o TS, 2 min
were allowed between each sumulation train.

Experimental procedures  Tissues were equih-
brated for 60 min hefore heginning each experiment.
All drugs were administered by swirching the perfusion
splution o solurion containing drug.  For nieasure-
ment of resprnses to Pyr. Met. ur ACh, the ussues
were pretreated with guanethidine 5 pmol -7 for 20
min and then contracted by methoxanmine 5 umol 17"
In the case of ACh, drugs were given int the per-
fusate 1n a cumulative fashion by changing to perfusion
solution conraining the 1ndicated concentration of ACh.
In the case of studies uf the effect of Met on responses
tn Pyr. various concentrations of Pyr were tested 10 a
nun-cumulative fashion.  To remove the endothelium .,
preparations were perfused wich distdled water con-
taining sapumn 50 pgeoml™' for 3 min.  For all srudies
a paired design was used. that i» the same tissue was
studied hoth before and after treatment with Pyr or
Met.

Drugs  Pyr, L-NAME. S0D, saponin. ACh
cblonde. and methoxamine HCl (Sigma); Met (XNa-
tiemal Aniline) and guanethidine (Ciba Pharmaceutical
Cor. All drugs were dissolved and diluted in Krehs®
solutivn.  Pyr and Met were freshly prepared each
day.

Statistics esults are expressed as r+s. Con-
traction-response curves and EC.. of values { agumst
concentration needed to produce 50 % of the maximal

response? were derived from nonlinear. least-squares
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sigmoid regression analysix of the concentration-re-
sponse data.  Statistical analyses weie performed us-
ing paited ¢ test and one way ANOVA. Tukey's rest

was used for multiple comparisons when ANOVA indi-

cated stadistically significant  differences between
groups.
RESULTS

Vasoconsirictor Tesponses to TNS or

methoxamine TNS of the mesenteric vascular
bed caused an increase in perfusinn pressure,
and this response was completely blocked by
the adrenergic neuron blocker. guanethidine .
confirming that vasoconstrictor responses were
due to activation of adrenergic nerves (Fig 1).
Pyr 0.1 mmol+L.7"! potentiated vasoconstrictor
responses ta TNS, from 2, 741.0to 4. 041, 0
kPa, control and Pyr. respectively (n=4., <<
0.01) (Fig 1). The potentiation by Pyr of
vasoconstrictor responses to TINS was tran-
sient. and contractile responses quickly re-
turned to control levels,

g

-~

Pyr
7z g0 EE 96 104 112

=]

Increase in pressure/ka
-
a

1]

o Met |Guanelhid| ne

72 B4 ug 108 12¢ . 13z
! Time/min .
Fig 1. Effects of Pyr 0.1 mmul:L~', Met 0. 01

mmul + L7, and guanethidine 5 pmol-L~' on vasocon-
striclor responses 1o TNS in perfused rat mesenteric
artery. TNS was applied at 8 Hz fur trains of 80
pulses.

Vasoconstrictor responses to TNS were
also potentiated by Mer 0. 01 mmol - L7! (Fig
1. Increases in perfusion pressure with TINS
were 2.9+ 0.8 and 5.4+1. 5 kPa. control and
Met , respectively (=75, P<I 0. 0l1). The re-
sponse to Met was stable as long as Met re-
mained in the bath., Met itself slighdy in-
creased the basal level of perfusion pressure
from 2. 940, 3 to 3.3+0.3 kPa.. control and
Met ., respectively (v=35, P<{0.01),

Similarly, wvasoconstrictor responses  to
methoxamine were also enhanced by Pyr (Fig
2). Increases in perfusion pressure produced
by methoxamine were 6.14+0,.9 and 8, 2+ 1. 5
kPa, control and in the presence of Pyr. re-
spectively (=5, P<{0.01).
an augmentation of vasoconstrictar responses
to methoxamine, from 5. 841.5t0 19.74£3.7
kPa. control and in the presence of Met, re-
spectively {(n=35, P<(0.01) {Fig 2). Poten-
tiation of contractile responses to methoxamine

Met also caused

r Pyr

6
-
o
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g o 1 Guanethidine + Mechoxamine
' E 70 Td 78 8z a6 90
a
g 20,
E Mer
s
a

I0

. | 0 Mee .
0 o K _Guanethidine + Methoxamine
S . B 5z
Time/min ~

Fig 2. Effects of Pyr 0.1 mmol - L™ or Met 0-01
mmol L' on vasoconstrictor responses (¢ methoxam-
ine 5 pmol - L™' in perfused ral mesenteric artery.
Guanethidine 5 pmul-L ! was used to block sympathet-
fc nerves.
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produced by Pyr or Met persisted as long as
the drugs were present.

Effect of SOD Potenrtiation by Pyr of
vasoconstrictor responses to methoxamine was
abolished in. the presence of SOD 100 U+ml™?
(Fig 3). The increase in pressure produced
by methoxamine was 5. 0+ 1.2 kPa in the con-
trol sitnation compared to 5. 24+ 1. 2 kPa in the
presence of both Pyr and SOD (n=5). S0D
100 U+ml™! also inhibited potentiation by Met
of vasoconstrictor responses to methoxamine
(Fig 3). Contrartile responses to methoxam-
ine were 6.11+1.2 and 9. 24+2.1 kPa, control
and Met in the presence of SOD, respectively
(n=25).

to methoxamine were still potentiated by Met

Although vasoconstrictor responses

in the presence of SOD, there was a significant
difference in the wvasoconstrictor response to
methoxamine between Met in the absence and
presence of SOD. The increase in the vaso-
constrictor response to methoxamine produced
by Met was 244483 % compared to 53+ 24 ¥

13
6t
a,
r
= SO
5 a4 [ Guanechidine + Mathozamne
i 60 64 &b 72 76 BO
a
=]
2
£ 12
i
A
[
T Me TR
=
q . [~ Gug.nethlan{le + Mgthunnli_ne I
6§ 6B 7z 76 BO 84 [
Time/min .
kg 3. effects of SOD 100 U-mi~' on potentiation by

Pyr 0 1 mmol-L™' or Met 0. 01 mmol-L~' of vasocon-
strictor responses to methoxamine 5 ymol L ™" in per-
fused ral mesenteric artery.

in the presence of SOD (p=5., P<(0.01).
Vasodilator responses to ACh In the
presence of guanethidine 5 pmol <« L™! and
methoxamine 5 — 10 pmol * L™, ACh caused
relaxations in a concentration-dependent man-
ner (Fig 4). This response was inhibited by
both Pyr and Met (Fig 4). ECs values for
ACh were 0. 0124 0. 006 pmol L' in the ab-
sence of Pyr and 0. 15+ 0. 04 pymol-L " in the
presence of Pyr. In the case of Met, ACh
ECs, values were 0.04540.002 and ©.58
+0. 04 pmol+-L ™!, in the absence and presence

of Met, respectively.

lgn — T g T L i, b.
b4
b — 4
BO -—-T"" 1
60 Control
40» c
Pyr
ob
w 2 b
S
g _'/6/‘
'E 0 ' L N 2
£100 . . s
] b
o ____A_,,J:
80 c /‘J’
)
&0
Control
40
Met
20 /ﬁ
% : = 7 8 5 4

10 ]
 Areeld-t ""'Inef—lg mol = L2

Fig 4. Effects of Pyr 0.1 mmol -L~" or’Met 0. 0I

mmol-1."" on reinxation to ACh which was measured in

preparations treated with guanethidine 5 pmol L and

in the presence of méthoxamine 5— 10 ymol-L~"'. Va-

sodilation is expressed as 4 of contrsction induced by

methoxamine. n=35, x+s. *P>0 05, “P<0 05,
‘P< 0. 01 o5 control.
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Effect of L-NAME oh vasoconstrictor re-
sponses IL-MAME, an inhibitor of NO syn-
thesis, augmented vasoconstrictor responses
to TNS. In the presence of L-NAME, Pyr
reduced vasoconstrictor responses to TNS. In
contrast., in the presence of L-NAME, Met

had no effect on vasoconstrictor responses to
TNS (Fig 5). '

br ] Control A L-NAME KN4 Pyror Met|
= b
=
w
Sar
]
B
8
-
- -
g 2
2
- A .|
L-NAME + Pyr L-NAME + Met
Fig 5. Effects of Pyr 0.1 mmol 'L~ (x=5) or Met

0. 01 mmol+L~'(x=4#) on vasoconsiricior responses to
TNS in the presemce of L-NAME 0.1 mmol - L7".
Contractile responses to TNS at 8 Hz for irains of B0
pulses. ®+s. "P<0.08, "P< 0 01 vr conirol: ‘P
<0. 05 ve L NAME.

Effect of endothelinl damage on responses

to Met After the mesenteric artery was ex- -

posed to saponin 50 pg-ml~" for 3 min, vaso-
constrictor responses to TNS were enhanced.
Contractile responses to TNS were 1.512 0.5
and 2.8+ 0-5 kPa, control and saponin, re-
spectively (n=5, P<C0.01). After this treat-
ment with saponin to damage the endothelium,
instead of potentiating vasoconstrictor re-
sponses to TNS as seen in Fig 1, Met inhibited
vasaconstrictor responses to TNS, which were
2.840.5 ’a\nd 2- 04 0. 4 kPa for saponin and
_ saponin in the presence of Met, respectively (n
=5, P<{0. 01).
Vasodilator résponses to Pyr or Met .
Perfused mesenteric arteries were pretreated
with saponin to remove endothelium and ex-

posed to guanethidine 5 pmol «+ L7 to

block sympathetic nerves. Methoxamine 65
pmol *L ™! was added to increase smooth mus-
cle tone. Boath Pyr and Met caused vascdila-
tor respomses in a concentration-dependent

manner (Fig ).

28 ACh/—lg mol «L™'  Pyr/—lg mdl - L™
&5 5 45 !
=
% -
R | Guanethidine 4 Methexamine }
g 120 136 182 W8 1M
o .
g AChL/
E ZfT MatS g mel + L' —lg mal - Lt
= 5 5.5 5 55
10}
L Guanethidine + Methpaine ]
128 1 160 176 152
Time/min

Fig 6. Vasodilator responses (o Pyr or Met. Prepa-
rations were pretreated with saponin to remove en-
dothelium and were then exposed o guanethidine ¥
pimol+L ™' and methoxamine § pmol+L~".

Effect of Met on responses to Pyr -Mes
enhanced methoxamine-induced vasoconstric-
tion, but had no effect by itself (Fig 2). In
contrast, when Met was present Pyr 0.01 —
0.1 mmol-L~" caused vasodilator responses in
a concentration-dependent manner.

DISCUSSION

The present studies denion?.tra_te that, in -
the perfused rat meséntéric artex:y. Pyr or Met
augmented vasoconstrictor respohses to both
endogencus norepinephrine and the selective a,
adrenergic receptor agonist, methoxamine, an
augmentation which resembles the effect of re-
moval of the endothelium or treatment with an


http://www.cqvip.com

- 26

BIBLITY: ISSN 0253-9756

Auia Pharmacologica Sinica

RIS EER 1994 Jan; 15 <10

f-arginine antagonist to inhibic NO synthesis.
Similar results have been seen in various tis-
sues' ™", In the present study potentiation by
Pyr or Met of methoxamine-induced vasocon-
striction was abolished or inhibited by SOD.
This suggests that the effects of bath Pyr and
Met depend on the generation of superoxide
anion.

Pyr or Met also suppressed relaxation to
ACh in the perfused rat mesenteric vascula-
ture. This suppression was also abolished by
SO, suggesting that Pyr and Met may inhibit
ACh-induced relaxation by generation of oxy-
gen radicals.

N() causes relaxation of smooth muscle
viu activation of guanylate cyclase and in-
creased production of ¢GMP. and EDRF was
spontaneously released from vascular endothe-

Both Pyr and Met decrease cGMP

Lacsadnmy

Hum'".
production Therefore. potentiation of
vasoconstrictor responses by Pyr or Met may
be due to inactivation of NO by generation of
superoxide anion leading to enhanced contrac-
tile responses.

Superoxide anion, hesides its ahility ro
oxidize NO'. may work through a catalase
pathway. Superoxide anion inhibits activity
of catalase, and catalase activates guanvlaie
cyclase'"'.  Therefore, our results suggest
that the potentiation by Pyr or Met of confrac-
tile responses to vasoconstrictors may be a
consequence of decreased guanylate cyclase ac-
tivity due to inactivation of both NO and cata-
lase through generation of superoxide anion.

Met, but not Pyr. increased the basal
perfusion pressure in the perfused rat mesen-

teric artery'11%,

In our studies done in the
presence of L-NAME to inhibhit NO synthase,
Pyr caused vasodilation. but Met had no effect
under these conditions. Even in the presence
of Met to inactivate guanylate cyclase Pyr

caused a concentration-dependent relaxation of

Thus
it is probable rhat the effects of Pyr may be en-

methoxamine-induced vasoconstriction.

tirely due to generation of superoxide anion.
while the effects of Met depend on both an
oxygen-free radical pathway and direcr inhibi-
tion of guanylate cyclase.

Both Pyr and Met caused an inhibition of
vasoconstrictor responses to TINS when en-
dothelial function was blocked . in the presence
of f-NAME and afrer endothelial damage. Tt
has tbeen reporred that reactive oxygen
metaholites such as superoxide anion. hydro-
gen peroxide and hydroxyl radical relax vascu-
lar anion. hydrogen peroxide and hydroxyl
radical relax vascular smooth muscle through
direct or indirect means'’?!.  On the one hand.
oxyradicals may potentiate contractile respons-
es to vasoconstrictors through inactivation of
NO, an action which is dependent on an intact
endothelium; on the other hand oxyradicals
may act directly on vascular smooth muoscle to
cause relaxation. In tissues with intact en-
dothelium. the enhaucing effect of Pyr or Met
This hy-

pothesis was documenred by our findings that

may conceal a vasodilator response.

both Pyr and Met produced vasodilator re-
sponses afrer hlockade of endorhelial function.
Therefore . influence of endothelium on re-
sponses 0 Pyr and Mer should he ronsidered
when they are used as tools to investigate the

mechanism of action of vasodilators.
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