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¥V ascnlar permeability increased by histamine aerosol, capsaicin,
and electric stimulation of vagus nerves in gninea pigs
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ABSTRACT  The present study was to clarify the
tissue differences in vascular permeability enhanced by
0.1% histamine aerosol. capsaicin {50 gz - kg '\
iv). and electric stmulation of vagus nerves (ESV,
12V, 5ms. 16 Hz. for 90 5) in different parts of
airways. heart. esophagus. ileumn, kidney. and
liver of guinea pigs using Evans blue {30 mg - kg,
iy) as a tracer. All the treatmenis significantly in-
creased the dye extravasatron i (rachea. main
bronchi, proximal and distal intrapulmonary airways
(by 64-722%). as well as i the heart {by
89—-126%), most remarkable for capsaicin on trachea
and main bronchi. Capsaicin also markedly increased
the dye content 1n esophagus. These results demon-
strale that neurogenic mnflammation induced by
capsaicin and ESV primarily increases vascular
permeability in (he respiratory tract and heart.
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Electric stimulation of vagus nerves (ESV)
and capsaicin increase airway vascular
permeability. which is. at least partly. me-
diated +wia tachykinins released from
capsaicin—sensitive nerve endings, or sensory
afferent fibers'™. The increased vascular
permeability induces plasma extravasation in-
to the submucosa, resulting in edema of the
mucosa. formation of mucus plugs in the
airways, and obstruction of airways™*, This
is termed neurogenic  inflammatory
reaction™”.  Whether or not vascular
permeability increases selectively in airways
remains unknown. In the investigation of
changes of vascular permeability, Evans blue
is widely used as a tracer of plasma
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extravasation because the dye leakage well
correlates with extravasation of radiolabeled
albumin®® . Therefore. using the dye. we
compared the changes of vascular permeability
in varions tissues of guinea pigs. different
parts of the airways. heart. esophagus,
ilenm, kidney. and liver. induoced by ESY
and capsaicin with those by inhalation of
histamine, an inflammatory mediator.

MATERIALS AND METHODS

Hartley adult guinea pigs of either sex weighing
446 & 5 67 g (Experimental Animal Center of Zhejiang
Medical University) were anesthetized with sodium
pentobarbitat (30 mg - kg'. ip). Ewvans blue {Sigma
Chemicals. USA) 30 mg- kg7' {30 mg - mi™! in
0.9% saline) was injected into the jugular vein 1 min
before (reatments with histamine aerosol. capsaicin.
and ESV. Afier 5 min. the carotid artery was
incised.  and the animal was perfused with saline S0
ml via the jogular vein catheter within 1 min to remove
intravascalar tracer. The trachea, main bronchi,
lungs, heart, esophagus. ileum {about 1.5 cm).
right kidney. and liver ileft lobe. aboul | g) were ex-
cised. The lungs were divided lengthwise into two
equal portions. arbitearily named proximal and distal
intfapulmonary airways (IPA)”. AN wet hissues were
weighed. The Evans blue in the tissues was extracted
with a mixture of acetone and 0.9% saline (7 : 3) Tor
48 h» and determined by light absorbance at / 620 nm
using a spectrophotometer {Model 72!, Shanghai
Third Analytical Instrument Factory),

Histamine aerosol The trachea was cannulated
immediately distal to the larynx. The animal wis ex-
posed via the cannula to 0.1% histamine aerosolized
by an ultrasoric nebalizer (WH—], Jiangsu Fourth
Electrical Apparatus Faclory) for 1 min. A saline
aerosol was used as control-

Capsaicin  Capsaicin (Sigma Chemicals, USA)
dissolved in a mixiure of 0.5% Tween 8D, 1%
ethanol, and 0.9% saline was iv 50 pg - kg™'. The
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Tab 1. Influcnce of 0.1% histamine aerosol and capsaicin {50 wg - kg '. iv) on vascular permeabilities in guinea

pigs. n=56. ¥tg5 “P>005 TP<005 ~TP<0.01 vs corresponding conirol. IPA = intrapulmonary
airways.
Extravasation of Evans blue, ug / g wet lissue ‘
Satine aerosol Histamine aerosol Solvent iv Capsaicin v
Trachea 200+78 45,7+ 66" 10.5+ 39 6.2+ 167"
Main bronchi 1434+ 54 33041097 124142 1741777
Proximal IPA O8x1.7 257+73° 125228 2805007
Distal TPA 148£21 2434407 158+5.2 3N.5+307
Heart 48716 10.3+307 44109 B4+1077°
Esophagus 63+49 649-1.5" 36-34 27.6+ 1867
Tleum 3.5£1.7 6.5+17° 4.1+09 30197
Kidney iNx08 28+0.57 34101 421+0.7°
Liver 5035 4.9+20° 33x14 sn+1.7°
control animals were injected with solvent | m] - kg™’ involved in npeurogenic inflammation.

Electric stimulation of vagus nerve  Biateral
cervical vagi were cut, and the distal ends were stimu-
lated (12 V. S ms. 16 Hz, for 90 5) 10 min after iv
atropine (] mg- kg ") to block the muscannic
cholinergic effects of the vagal stimulation. In the
control animals. the vagolomies were followed by
atroping prelreatment, but were not stimulated
electricatly.

RESULTS

Inhalation of histamine aerasol. iv injec-
tion of capsaicin, and ESV significantly in-
creased Evans blue exiravasation in airways
{trachea. main bronchi. proximal and distal
IPA} and heart. but not in esophagus (except
for capsaicin), ileum, kidney., and liver
(Tab 1-2). Capsaicin also markedly increased
Evans blue content in esophagus. The effect
of capsaicin was mare potent in the trachea
(722%) and main bronchi (522%) than the
other treatments (126—269%. P<0.01).

DISCUSSION

In the present study. we showed that
among the tested tissues of guinea pigs. EVS
and capsaicin  significantly increased the
vascular permeability in the different levels of
airways and the heart, suggesting that the
respiratory tract and the heart are primarily

Capsaicin had more potent effect on trachea.
main bronchi. although iis effects on the
proximal and distal IPA and the heart were
similar to that of ESV. indicating the abun-
dance of capsaicin—sensitive C--fibers in larger
airways. Also. the present study demon-
strates that the heart is an important target or-
gan in neurogenic inflammation.

In addition to the effect on airways.
histamine aerosel also augmented vascular
permeability in the heart. It seems possible

Tab 2. Influence of electric stimulation of vagi (12 V.
I6 Hz. 5 ms. for 90 s) on vascular permeabilities in

guinea pigs. x * 5 {s) " P>005. P05,
P<0DI ws control. IPA = intrapulmonary

airways.

Extravasation of Evans Blue.

HE /g wel tissue

Control Vagal stimulation
Trachea 12,2+ 8.3 (7} 401 £ 161 {7y
Main bronchi 128+ 7.6(7) 42417007y
Proximal IPA 88~27(7) 24 8+13.7(70°
Distal IPA 97467} 286142075
Hearl 45x3.0(5) 101 £ 2.015y "
Esophagus 7.9%+32(5) 10.3=3.6(5y"
Newm 4.1+ 2,445 6.3£20(5)
Kidney 3.3=0.9¢5 3.6X0.2(5)
Liver 3720.6(5) 40+ L.75)"
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that histamine aerosol increases the vascular
permeability partly via tachykinins released
from capsaicin—sensitive nerves as the same
way as ESV and capsaicin because the
vasodilator effect of histamine aerosol is
markedly reduced in the bronchial circulation
of capsaicin—desensitized pig'®'. and histamine
increases the release of tachykinins from
perfused guinea pig lung'”. However. it is
difficult to explain the mechanism of vascular
permeability increase in the heart induced by
histamine aerosol in the present study:.

Since amrway wall thickness is an impor-
tant factor influencing airway narrowing. the
mucosa and submucosa edema in airways in-
duced by the increased vascular permeability
can more profoundly increase airway resist-
ance'’™".  Asthmatic subjects have also an in-
creased vascular permeability'”, and asthma
is proposed as an axon reflex"? with many
similar features to neurogenic inflammation of

airways, for example. in both situations ,
the sensory merve endings  release
tachykinins'*'?.  Thus. the experimental

system of the present study is also useful for
the investigation of asthma pathogenesis.
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