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Mechanisms of relaxation by pyrogallol and methylthioninium chloride

in perfused rat mesenteric artery'
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ABSTRACT In perfused rat mesenteric arteries
without endothelium., pyrogallol

methylthioninium chloride {methylene blue,

(Pyr) or

Met) produced a concentration-dependent re-
laxation. Superoxide dismutase abolished in-
hibition by Pyr. but not Met, of vasoconstric-
tor responses to transmural nerve stimulation
{TNS).
had any effect on vasodilator responses to Pyr
or Met.

Neither catalase nor deferoxamine

Vasodilator responses to Pyr were
unaltered by N“-nitro-L-arginine methyl ester
{ L-NAME 3, capsaicin.
Similarly, the relaxing effect of Met was unaf-
These
findings suggest that vascdilator responses to
Pyr may be due to endothelial-independent
generation of superoxide anion.

indomethacin, or

fected by indemethacin or capsaicin.

In contrast
the relaxation produced by Met appears to be
due to a direct action on vascular smooth
muscle independent of

superoxide anion

generation.
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Reactive metabolites generated from the
reduction of oxygen regulate vascular tone

through direct or indirect means''~%*. Pyro-
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gallol (Pyr) and methylthioninium chloride
{methylene blue, Met) have recently been
demonstrated to inhibit vasodilator responses
to acetylcholine (ACh) and enhance contractile
Tesponses to vasoconstrictors vie generation of

superoxide anion“~".

Works in a companion
study of perfused rat mesenteric artery support
these findings®’. We have found in perfused
rat mesenteric artery that both Pyr and Met
produce an inhibition of wvasoconstrictor re-
sponses to transmural nerve stimulation
{TNS} after blockade of endothelial function
in the presence of L-NAME, an inhibitor of
nitric oxide {NO) synthesis, or treatment with
Both Pyr and Met cause vasodila-

tor responses after endothelium removal'.

saponin‘®.

Thus, the present study has two objectives.
The first is to {further examine vasodilator re-
sponses to both of the drugs in the perfused
rat mesenteric artery without endothelium,
The second is to compare the mechanism of

endothelial independent vascular smooth

muscle relaxation produced by Pyr and Met.
MATERIALS AND METHODS

Tissue preparation and perfusion Mesenteric
vascularure of § Sprague-Dawley rars (n=41, 275+
25 g) was isolated for perfusion as described previous-

lv(PJ

Rats were decapitated, and the mesenteric
artery was quickly cannulated at its origin at the aorta
with PE 50 tubing and perfused with warm Krebs’ so-
lution. saturated with 85 % O, + 5 24 CO;. Prepars-
tions were then placed in a warer jacket (200 ml) main-
tained at 37 (. The system was perfused with Krebs’
solution with a peristaltic pump atarate of 5 + 0. 2 ml

‘min~'. and superfused by gravity feed at a rate of 1

+0.2 ml+min~!. The Krehs' solution had the follow-
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ing composition; NaCl [18. KC(Cl 4.8, CaCl. 2.5,
KH.PO, 1.2, NaHCO, 25, MgS0O, 1.2. edetic anid
0.107. and dextrose 11. 5 mmol =L~

pressure was recorded by a pressure rransducer.  The

The perfusion

resulring electric signals were digitized by Maclab ana-
log to digital converter and recorded by Maciniosh SE
compurer.

Two platinum elecrrodes. one placed around the
superior mesenteric artery and the ochet resting on the
vasculature in a lower part of the intestine. were used
TNS {(ampl-
tude of 60 V and pulse duration of 3 ms) was applied a1

to create rransmural [ield stimulanon.

8 Hz for trains of 80 pulses using a Grass 548 stimula-
wr-  For vasoconsttictor responses to TNS, 2 min
were allowed between each stimulation train.
Experimental procedures  Tissues were equili-
brared for 60 min before beginning each experiment.
All drugs were administered by switching the perfusion
solution to solution containing drug. Exposures to
saponin 50 pg+ml™’, capsaicin 0- 3 umol-L.7!, and in-
domethacin 1 pmol -L~! were for 3. 20, and 40 min,
respectively and the drugs were then washed out. For
measurement of vascdilator responses 10 Pyr or Mer,
the tissues were pretreared wirth guanethidine 5 umol
«L7" for 20 min, and then contracted by methoxamine
5 pmol < 1.7t

were tested in a non-cumulative Jashion.

Various concentrations of Pyr or Met
In the case
of deferoxamine or I-MAME. preparations were ex-
posed for 10 min. and these remained in the perfusate
{or the remainder of the study. For catalase . prepara-
nons were exposed for 3 min, and caralase remained in
the perfusate for the remainder of the study. To re-
move the endothelivm, preparations were perfused
with distilled wairer conraining saponin 50 pg -ml™’
for 3 min.

Drugs
L-NAME, S0D. catalase, deleroxaming, saponin.,
ACh chleride, indomethacin, and methoxammine HCI
(Sigma ); Met (Mavional Amline): capsaicin (ICN
Biomedicals. Tnc) and guanethidine (Ciba Pharmaceu-
tical Coy.  All drugs were dissolved in Krebs® solu-
twon. except capsaicin and indomethacin. which were
initially dissolved in ethanol and further diluted in
Krebs’ solution.

The following drugs were used : Pyr »

Pyr and Met were [reshly prepared

each day.
Stmtistics Resulis are expressed as T14r5  Stacis-

tical analyses were performed using paiied ¢ test and

one-way ANOVA. Tukeys’ test was used Jor multple
comparisons when ANOVA indicated statistically «ig-
nificant differences between groups.

RESULTS

Vasodilator responses fo Pyr or Met Ex-
cept where indicated otherwise, all prepara-
tions were pretreated with saponin ta remove
then exposed 1o

endothelium  and were

guanethidine 5 pmol+L~' to black sympathetic
nerves, and methoxamine 5 pmol - L' was

Both
Pyr and Met caused vasodilator responses in a

added to increase smooth muscle tone.

cancentration-dependent manner {Fig 1).

Elfect of eatalase, deferoxamine or SOD
Three scavengers or inhibitors of reactive oxy-
gen metabolites were selected to represent ac-
tions on three types of reactive oxygen
metabolism: S0OD (superoxide aniond, cata-
lase (hydroxyl peroxide ), and deferoxamine
( hydroxyl radical Y. Neither catalase 1000u
-ml~! nor deferoxamine 0, 1 mmol L~ had any
effect on vasodilator responses to Pyr or Met
(Fig 1).

Since SOD 1tself produces a significam va-
sodilator response, the effect of SOD was ob-
served during vasoconstrictor responses to
TNS. Indeed SOD 100 u » ml™' by itself
caused slight decreases in contractile responses
{Fig 2). Pyr or Met suppressed contractile
responses to TNS in the presence of L-NAME
The effect
of Pyr was abolished in the presence of SOD
(Fig 2A and 3A). In contrast, in the pres-
ence of S0OD, Met 0.01 mmaol - L77 still de-
creased vascconstrictor responses to TNS (Fig
2B and 3B).

Effect of indomethacin, capsaicin or I-
NAME In order 1o rule out the participation
of prostaglandins in the effects of Pyr or Met,
indomethacin. an inhibitor of cyclooxygenase,
was used.

or after removal of endothelium.

Pretreatment with indomethacin 1

rerral = L7 did not affect vasodilator responses
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x O Conexal Fig 2. Effect of SO} 100 u. ml ' on inhibition by
5k ® Deleroramine (A} Pyr 0. 1 mmoi-L™"or (B) Met 0. 01 mmoi-L "' of
O Catalage vasoronstrictor responses to TNS. TNS was applied at
8 Hz For trains of 80 puises. A; The tissue with en-
6o} ] dotheliom was exposed 0 L-NAME 0.1 mmol - L7,
B: The tissue was pretreated with saponin.
asl used to desensitize the tissue. After capsaicin
treatment. Pyr or Met still caused vasodilator
responses (Fig 4).
- 7 In order to rule out the possible contribu-
tion of endogenous NO release from smooth
15k / ) muscle, L-NAME, an inhibitor of N{) synthe-
% sis. was used. The relaxing effect of Pyr was
oL .« ) o] not altered mm the presence of L-NAME Q.1
6.0 5.5 L0 mmol L7 (Fig 4).
Met/—]g zol = L-!
. DISCUSSION
Fig 1. Effects of catalase 1000 u'mi~ ' or deferoxam-

ine 0. 1 mmol -L ™" on vasodilator responses to Pyr or
Met.  Vasodilator responses were measured in the
presence of guanethidine 5 ymol~L~! amd methboxamine
5 umol~L~'. and relaxation is calculated as % of con-
traction to methoxamine. w=5—7. %+s.

to Pyr or Met (Fig 4).
To explore whether the effect of Pyr or
Met involves sensory nerves . capsaicin was

Pyr or Met augment vasoconstrictor re-
sponses to TNS or methoxamine in the per-
fused rat mesenteric artery with intact
endothelium™'. Effects of both Pyr and Met
have been ascribed to generation of superoxide
anion"'%.

In contrast, in the present study in per-

fused rat mesenteric arteries without endothe-
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Fig 3. Effert of SOD 100 v-ml™ ' on Inhibition by Pyr

0- 1 mmol-L.~" or Met 0. 01 mmoi-L ™" of vasoconstric-
tor responses to TNS. A: The tissue with endotheiium
was exposed to L-NAME 0.1 mmoi*L '{n=4). B:
The tissue was pretreated with saponin (n = 4 ) .
Contractile responses to TNS at § Hz for trains of 80
pulses are plotted as increase in perfusion pressure. x
+s.  "P<0. 05 vz control; ‘P< 0. 05 vsr L-NAME or
—Endo; "P<0 05 v + SOD.

lium Pyr or Met caused concentration -

dependent relaxation. Interestingly potentia-
tion of vasoconstriction by Pyr, but not Met,
was aholished by SOD. These results suggest
that Pyr , but not Met , causes endothelial -
independent relaxation through generation of
superoxide anion.

Several mechanisms of vascular modula-
tion by superoxide anion have been suggested
including a direct action on smooth muscle.
formation of hydrogen percoxide or hydroxyl
radicals, and the

oxidation of cate-

cholamine""*'. In the present study. vaso-

dilator responses to Pyr were unaffected by
catalase or deferoxamine., a scavenger of hy-
drogen peroxide and an inhibitor of hydroxyl

radical . These findings suggest that super -
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Fig 4. Effect of indomethacin 1 pmoi-L~'. capsaicin
0.3 pmot-L~L, or L-NAME 0. 1 ool -L ™" on relax-
ation to Pyr or Mel., A=4—6, x*s.

oxide anion generated by Pyr directly acts on
vascular smooth muscle resulting in relax-
ation. Similarly, neither catalase nor defer-
oxamine had any effect on vasodilator respons-
es to Met, suggesting that the effect of Met is
alsoc not correlated with generation of hydro-

gen peroxide or hydroxyl radical.


http://www.cqvip.com

* 1462 BIBLID: ISSM 0253-9756

Acra Pharmacoingica Sinica

+EHAHEFMR 1994 Mar: 15 (2)

Nitric oxide {N(Q)} is not only present in
endothelial cells, but also may be released
from vascular smooth muscle or non-adrener-
gic. non-cholinergic nerves“'"'? | Syperoxide
anion is capable of inactivating NO. On the
other hand. reactive oxygen metabolites may
also be able to stimulate release of NO from

[N -

vascular smooth muscle Pyr still causes

vasodilator responses in the presence of Met to
inhibit guanylate cyclase'®'. Furthermore in
the present study we show that the vasodilator
response to Pyr was unchanged by L-NAME.
These findings suggest that NO release does
not contribute to vasodilator responses to su-
peroxide amion generated by Pyr in perfused
rat mesenteric artery.

Another possibility we considered was

that vasodilator

superoxide anion releases
transmitters from capsaicin-sensitive nerves.
The rat mesenteric artery is innervated by sen-
sory nerves, and calcitonin gene related pep-

ude (CGRP) . a principal transmitter in senso-

ry nerves, is a potent vasodilator'™. Very re-
cently, it is shown that endogenous NO in-
hibits actions of sensory nerves“*. Thus, it

is possible that superoxide anion inactivates
NO leading to an increase of CGRP telease.
In the present study, however, after pretreat-
ment with capsaicin to desensitize sensory
nerves Pyr still caused vasodilation, suggest-
ing that sensory nerves are not involved in the
effect of Pyr.

Superoxide anion stimulates formation of
prostaglandins and causes prostaglandin re-
lease""". In order to rule out the possible
contribution of prostaglandin release from vas-
cular smooth muscle or perivascular nerves,
preparations were pretreated with  in-
domethacin to inhibit cyclooxygenase. After
treatment with indomethacin Pyr still caused a
vasodilator response, suggesting that stimula-

tion of prostaglandin production is not an im-

portant factor in vasodilator responses to su-
peroxide anion generated by Pyr in perfused
rat mesentetric artery.

In this study we also investigated the ef-
fect of both indomethacin and capsaicin of va-
sodilator responses to Met. Neither of these
two had any effect on the response to Met,
suggesting that vasodilator responses to Met
are unrelated to either sensory nerve or
prostaglandin pathways.

In summary. these results suggest that
(1) vasodilator responses to Pyr are due to an
endothelial
smooth muscle through generation of superox-

independent action on vascular

ide anion and (2) the relaxation produced by
Met might be due to a direct action on vascular
smooth muscle

independent of superoxide

anion production.
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Effects of toosendanin on electric and mechanical properties

of guinea pig papillary muscles’

GAQO Xiao-Dong. TANG Shu-Ben?. LY Jian (Department of Physiology, He-nan Medical Uni-

versity  Zhengzhou 450052, China)

ABSTRACT Effects of tocsendanin (TS) on
the action potentials and contractile force in
guinea pig papillary muscles were examined
using a standard microelectrode technigue.
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TS concentration-dependently increased the
action potentizal duration at 903 repeclarization
{APDq} of the fast action potentials. In the
presence of a I, channel blocker BaCl., the ef-
fects of TS on lengthening the APD,, were
completely abolished, thereby suggesting that

" TS inhibited the inward rectifier K+ current

I+ The APD and contractile force of amino-
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