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Introduction

Lung transplantation is an accepted treatment for
end-stage lung disease. Infection and acute rejection
are the two main causes of morbidity and mortality
after transplantation. However, it is not easy to get
differential diagnosis by clinical symptoms, chest ra-
diography, bronchoalveolar lavage or steroid “pulse”
therapy"®”. Plasma concentration of nitric oxide has
been shown to be elevated during infection or acute
rejection after organ transplantation including liver,
heart and lang®?®. But little is known about nitric ox-
ide content of bronchoalveolar lavage during infec-
tion or acute rejection after lung transplantation.

The present study was aimed to investigate wheth-
er or not nitric oxide content of bronchoalveoloar la-
vage is elevated during infection or acute rejection

after lung allotransplantation.
Materials and Methods

Male mongrel dogs of similar weight(20- 25kg)
were used as donors and recipients. Animals received
humane care in compliance with the "Principles of
Laboratory Animal Care” formulated by the Institute
of Laboratory Animal Resources and the “Guides for
the Care and Use of Laboratory Animals’ prepared
by the Institute of Laboratory Animal Resources and
published by the National Institute of Health(NIH
Publication No. 86— 23, revised 1985).

1. Operative procedure

After induction of anesthesia, donor lungs were
flush-perfused with cold modified Euro-Collin's solu-
tion(60mL/kg) and topically cooled with cold saline.
Prostaglandin E, was infused intravenously before pe-
rfusion. Explanted lung was transplanted to the do-
nor dog with the standard operative technique”. All
dogs were treated with triple immunosuppressive
therapy(cyclosporine 10mg/kg/day ; azathioprine 2.
5mg/kg/day : methylprednisolone acetate lmg/kg/
day) and antibiotics(gentamycin sulfate 40mg twice a

day ; clindamycin phosphate 300mg twice a day :
cafazolin sodium 250mg twice a day). Heparin was

used during and after transplantation.

2. Grouping

At the postoperative day 5, chest radiography was
taken and open lung wedge biopsy was done under
general anesthesia. If there was no pathologic evi-
dence, dogs were randomly assigned into one of the
three groups.

Group l(Immunosuppression : n=4) was mainta-
ined triple therapy as control group.

In group 2(Infection ; n==6), fiberoptic broncho-
scopy was done through tracheostomy at postopera-
tive day 5. A tip of bronchoscope was wedged into
the lower lobe of transplanted lung and 1Omilliliters
of 10" colony-forming units(CFUs) of Escherichia
coli with culture media was flushed into the br-
onchus. In preliminary experiments, three types of
bacteria were routinely found from bronchial swabs
in dogs-E coli, B bronchoseptica and P aeruginosa. A
strain resistant to the antibiotics(gentamycin, clin-
damycin and cefazolin) was identified, colonized and
used to induce pneumonia®.

In group 3(Rejection ; n=15), assigned dogs were
discontinued triple therapy to induce acute rejection
at postoperative day 5.

3. Bronchoalveolar lavage

At postoperative day 9, general anesthesia was in-
duced with sodium methohexital(12.5mg/kg iv)
and mainrained with halothane(inspired 1-2% con-
centration) under endotracheal intubation. Fiberoptic
bronchoscopy was performed through tracheostomy
and bronchoalveolar lavage fluid was obtained. The
tip of bronchoscope was wedged into the segmental
bronchus of the lower lobe of native unoperated
lung and 30ml of saline was flushed into the br-
onchus. Approximately 10ml of the fluid was as-
pirated through the suction channel of the bron-
choscope. The bronchoscopic lavage was repeated in
the same way in the transplanted lung. Bron-chos-
copic lavage was repeated in group 1, 2 and 3 respec-
tively.
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4. Measurement of nitric oxide

Collected samples were immediately centrifuged at
500g for 10 minutes at 4-57T. The cell-free su-
pernatant was decanted and aprotinin(300U/ml)
and EDTA(2.5mg/ml) were added. Samples were
kept in the siliconized tube at the — 70T freezer un-
til measurement. Assay was done within a week after
sampling.

Chemiluminescence method : Nitrite /nitrate  was
reduced to nitric oxide by 0.1 M vanadium III in 3
M hydrochloric acid. Heating(85C) helped rapid
reduction of nitrate. Gaseous nitric oxide was re-
moved from the liquid fluid by scrubbing with inert
N; gas in modified purge and trap micro reaction ves-
sel. Nitric oxide was oxidized by ozone and emitted
the light in Sievers Nitric Oxide Analyzer(Model
2708, Boulder Co., CO, USA). Intensity of light
was recorded on Shimadzu Chromatopac Integrator
(Model CR 601, Shimadzu Corp., Japan). Output
signals were calculated from the known standard

curves of sodium nitrite and potassium nitrate™”'".

5. Statistical analysis

All results were reported as the mean standard er-
ror of mean. Nitric oxide content of bronchoalveolar
lavage in native unoperated lung was compared amo-
ng three groups by one-way ANOVA test. Nitric ox-
ide content of bronchoalveolar lavage in transplanted
lung was compared among three groups by one-way
ANOVA test. In each group, nitric oxide content of
bronchoalveolar lavage was compared between native
unoperated and transplanted lung by paired 7 test. A
p value less than 0.05 was regarded as statistically sig-
nificant.

Results

Nitric oxide content of bronchoalveolar lavage in
native unoperated lung was comparable among three
groups(group 1, 3.35+0.35 ; group 2, 4.69+1.92;
group 3, 2.71+0.26uM/L ; p>0.05). Nitric oxide
content of bronchoalveolar lavage in transplanted

lung was also comparable three groups(group 1, 2.

Table 1. Nitric oxide content of bronchoalveolar lavage
(uM/L) in three groups

Group 1 Group 2 Group 3

(Control)  (Infection) (Rejection)

3.35+0.35 4.69+£1.92 2.71+0.26

2.60+0.27 3.11£0.56 3.18+0.74

Native lung
Transplanted lung
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Fig. 1. Nitric oxide content of bronchoalveolar lavage(uM/
L} in three groups.

60:£0.27 ; group 2,'3.11+0.56 ; group 3, 3.18+0.
74uM/L ; p>0.05). Nitric oxide content of bron-
choalveolar lavage was comparable between native

unoperated and transplanted lung in each group(p>
0.05) (Table 1 and Fig. 1).

Discussion

Bronchoalveolar lavage is a technique to evaluate
the cellular and molecular components of the ep-
ithelial lining fluid of the lower respiratory tract. It is
based on the concept that saline is infused through
the bronchoscope, mix with epithelial lining fluid
and its components are recovered along with it'?"?,
However it has difficulty to estimate the actual con-
centration of recovered molecules and cells in the ep-
ithelial lining fluid, due to dilution by different
volume of infused saline. Normalization may be
necessary to quantify accurate concentration™. In
this experiment, normalization was tried by protein
content and aspirated volume respectively, but with-
out statistical significance. So normalization was not
applied in the final results of this experiment.

In 1980, Furchgott and Zawadzki reported that
blood vessel with endothelium relaxed in response to

~ 407 -



acetylcholine'®. Moncada proved that EDRF was
identical to nitric oxide by releasing of EDRF from
endothelial cells and its relaxing effect on smooth
miuscle'??”,

Nitric oxide is produced by the enzyme NO syn-
thase(NOS). Three isoforms of NOS was discovered.
Two isoforms are always present and termed con-
stitutive(cNOS). Endothelial-derived NO emanates
from an endothelial cNOS(ecNOS) and neuronal
cNOS(ncNOS). The third isoform is inducible NOS
(iNOS), which is expressed after stimulation with cy-
tokines, microbes or xenobiotics'®**,

Nitric oxide in biological system can be measured
by its physiological effects, such as the relaxation of
blood vessels, activation of guanylyl cyclase, in-
creased ¢cGMP concentration, production of citru-
lline and inhibition of platelet aggregation. Also in-
hibitors of nitric oxide synthesis such as the L-ar-
ginine analogues or hemoglobins, have been used
to estimated nitric oxide production. These indirect
methods can provide incorrect information. Direct
measurements including spectroscopic and electroa-
nalytic methods are more sensitive techniques'”.

Spectroscopic methods include chemiluminescence,
ultraviolet-visible spectroscopy, electron spin reso-
nance spectroscopy and flow cytometry. Chemilu-
minescence method is based on the measurement of
intensity of the flluorescent radiation emitted after
chemical oxidation of nitric oxide by ozone. Chem-
iluminescence method has good detection threshold
and sensitivity in determination of the total amount
of nitric oxide in the system. But electrochemical
method may be better used in the dynamic process
which currently generates nitric oxide”'”.

In summary, nitric oxide content of bronchoalveo-
lar lavage was not elevated during infection or acute

rejection after lung allotransplantaion.
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