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Pretreatment of Diltiazem Ameliorates Endotoxin-Induced Acute
Lung Injury by Suppression of Neutrophilic Oxidative Stress

Yoo Suk Jang, M.D.", Young Man Lee, M.D." Wook Su Ahn, M.D.2, Sang Chae Lee, M.D.%, Kyung Chan Kim, M.D.3,

Dae Sung Hyun, M.D.2

'Department of Physiology, 2Chest Surgery, Internal Medicine, School of Medicine, Daegu Catholic University, Daegu, Korea

Background : Acute respiratory distress syndrome (ARDS) is characterized by severe inflammatory pulmonary edema
of unknown pathogenesis. To investigate the pathogenesis of ARDS associated with neutrophilic oxidative stress, the
role of phospholipase As (PLA2) was evaluated by the inhibition of calcium channel.

Methods : In Sprague-Dawley rats, acute lung injury (ALI) was induced by the instillation of E.coli endotoxin (ETX)
into the trachea. At the same time, diltiazem was given 60 min prior to tracheal instillation of ETX. Parameters of
ALI such as lung and neutrophil PLAs, lung myeloperoxidase (MPO), BAL neutrophils, protein, surfactant were
measured. Production of free radicals from neutrophils was measured also. Morphological studies with light microscope
and electron microscope were carried out and electron microscopic cytochemistry for detection of free radicals was

performed also.

Results : Diltiazem had decreased the ALI parameters effectively in ETX given rats and decreased the production of
free radicals from neutrophils and lung tissues. Morphological studies denoted the protective effects of diltiazem.
Conclusion : Diltiazem, a calcium channel blocker, was effective in amelioration of ALI by the suppression of
neutrophilic oxidative stress mediated by PLAg activation. (Tuberc Respir Dis 2006: 60: 437-450)

Key words : ARDS, PLAy, Free Radicals, Neutrophils
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ka1, diltiazem ool A= SEQkTE
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Figure 1. Changes in PLA; activity in the lung.
Comparing with control rats, ETX-treated rats show
higher (P{0.001) PLA; activity in the lung, however
the PLA2 activity was down to the control level by the
effect of diltiazem (P<0.001).

Number of experiments are in the parentheses.
*P{0.001, Control vs ETX

#P(0.001, ETX vs ETX+diltiazem

ETX; endotoxin-treated

ETX+diltiazem; Diltiazem was treated prior to endo-
toxin
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64£1.7101 o} Uma Folahd 1282445182 =
%L (P<O.001), W54 Fol A diltiazems Fo
o A= 3803+6.530. 2 F-2] 3k A (P<0.001) Sk
(Figure 1). 8% a5 oX % tzatof Al <]
PLA2 84 % (mU/2x10°cells)= 0.46+0.01 ©]2o1}
WEAE Hulete] WAL Aol sloiA= 074+
0.02% =k (P<001) WS4 2 diltiazems 7}
sto] WAl A 9ol 0.38+0.012 W54yt H7t
St - vl Al f-23k Al (P<0.01) Skt (Figure
2).

2. MPOEtSE2| Bzl

H MPO &5 % (U/g of wet lung)< ozl
Al 866=1.56 | o WsatFo] A= 57.16+
349= =9kl (P<0.001), W54 Fol A diltiazems
o3l ol M= 295243392 W54 Folitol |3}

of gkokt} (P<0.001) (Figure 3).
0.8 - *
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= 06 o
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k5]
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0o T T

Control ETX ETX+Dittiazem

Figure 2. Comparison of PLA; activity in the isolated
human neutrophils. Endotoxin had increased (P{0.01)
the production of oxidants from neutrophils compar-
ed with that of non-stimulated neutrophils. In con-
trast, pretreatment of diltiazem had decreased (P{0.
01) the production of oxidants from endotoxin- char-
ged neutrophils.

Number of experiments are in the parentheses.
*P{0.01, Control vs ETX

#P<0.01, ETX vs ETX+diltiazem

ETX: endotoxin-treated

ETX+diltiazem:; Diltiazem was treated prior to endo-
toxin
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70 4

60 4 (r=15)
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(=14

Contral ETX ETH+diltiazem

Figure 3. Changes in MPO activity in endotoxin and
diltiazem treated rats. Endotoxin had increased (P
{0.001) the pulmonary MPO activity which was reve-
rsed (P{0.001) by pretreatment of diltiazem before
endotoxin insult in rats.

Number of experiments are in the parentheses.
*P{0.001, Control vs ETX

#P(0.001, ETX vs ETX+diltiazem

ETX; endotoxin-treated

ETX+diltiazem; Diltiazem was treated prior to endo-
toxin

3. HMHYLY 2579| MFE

gzl Ao AMHAY 55 F(millions/
two lungs)= 0.06+0.010]H9 3L W54 FoTtol =
33.02+5200.2 =%om (P<0.001) diltiazem o
T WEAE Folg Lol E 961£1.9% o]t
okt (P<0.001) (Figure 4).

4. NADPH oxidase assay

FEH TFTol ofFd A58 7] &2 4%

o glo] A= eytochrome-c] reduction (nmol/2x10°
cell)©] 3.88+0.66°] 1 21}, phorbol myristate acetate
(PMA)Z AF=3k ol A= 60.60+1191 % thxwtol
vl & =9k (P<0.001), PMA ¥ diltiazems A9
Algd o] H7F F 9hgAIZ1 Aol 18.30+1.83%
A PMARE Z7FeE ol Hlal] wEekek (P<0.001)
(Figure 5). °]&3 A3+ diltiazeme] PMASI <] 3|
A= A7 AP S AT rlgth

50 -
2 40
5 *
g (n=E)
ur
£ 30-
:
w
£ 20
o
3 ¥
(n=7)
% 104 '
m
(n=g)
0 . .
Control ETX ETX +ditiazem

Figure 4. Comparison of the degree of neutrophilic
migration into the alveolar lumen in rats. Comparing
with control rats, ETX-treated rats showed increased
(P<0.001) migration of neutrophils into alveolar
lumen denoted in the increased number of neutroph-
ils in BAL fluid. In contrast, pretreatment of diltiazem
before endotoxin charge had decreased (P<0.001) the
migration of neutrophils into alveolar lumen denoted
in the decreased number of neutrophils in BAL fluid
compared with that of endotoxin-treated rats.
Number of experiments are in the parentheses.
*P{0.001, Control vs ETX

#P<0.001, ETX vs ETX+diltiazem

ETX: endotoxin-treated

ETX+diltiazem; Diltiazem was treated prior to endo-
toxin

5. HIMEALY Erelistaio] Ma}

WA o] 35X Bt 5 A A o] vkl
e tjxate] 2.72+0.1290 3l 568+0.66°=
ofatA =9kl (P<O.0D), W54 Fof A diltiazems

ol A= 231301424 WS4 Folito] A

dko] wEoktl (P<0.001) (Figure 6).
6. Pulmonary surfactant 2| B}

=54 2 Ulsa 5o A diltiazems 5o S0
9] pulmonary surfactant &% (umol/ml of BAL)9]
W3k Figure 7 3 2} tzxtoll A= 1.5620.169]
Aot UEa Fo] ol 36903602 =9kl
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Figure 5. The effect of diltiazem on the generation
of oxidants from isolated neutrophils. By stimulation
of neutrophils by PMA, there was significant increa—
sed production of oxidants (P<0.001), which was
down to significant lower level (P{0.001) by diltia-
zem.

Number of experiments are in the parentheses.
*P{0.001, Control vs ETX

#P¢0.001, ETX vs ETX+diltiazem

ETX; endotoxin-treated

ETX+diltiazem; Diltiazem was treated prior to endot-
oxin

*x
6 (n=8)

E (e

BaAL Protein Content (mgitwo lungs)

Contral ETH ETH+diltiazern

Figure 6. Effect of diltiazem on the lung leak caused
by endotoxin. Endotoxin had increased (P{0.01) lung
leak denoted by the protein content (mg/ two lungs)
in BAL compared with that of control rats. Diltiazem
decreased (P{0.001) the lung leak denoted by the
decreased content of BAL protein compared with that
of endotoxin-treated rats.

Number of experiments are in the parentheses.
**P{0.01, Control vs ETX

#P(0.001, ETX vs ETX+diltiazem

ETX; endotoxin-treated

ETX+diltiazem; Diltiazem was treated prior to endoto-
Xin
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Figure 7. The changes in the amount (umol/ two
lungs) of pulmonary surfactant in BAL. Endotoxin had
increased (P{0.001) the secretion of phospholipid co-
mpared with that of control rats. Pretreatment of dil-
tiazem decreased the secretion of phospholipid (P
0.01) in endotoxin-charged rats.

Number of experiments are in the parentheses.
*P{0.001, Control vs ETX

##P<0.01, ETX vs ETX+diltiazem

ETX; endotoxin-treated

ETX+diltiazem; Diltiazem was treated prior to endoto-
Xin

(P<0.001), W54 7o A diltiazems FoAg ool
M WEa Foldd Blsto] sttt (P<O.0D).
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5 RoFa 9o (Figure 8-b) W54 Foizd
diltiazems FoIdt doA= el 2 559 &
A7F Yepdar lok(Figure 8-c).
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Figure 8. Photographs of BAL-cytospinned film. bh after in saline insufflated rats the compositions of cellular
components in BAL were almost monocytes (a). In contrast, the cellular components were almost neutrophils in

ETX-treated rats (b). In diltiazem and ETX-treated rats, the cellular components of BAL fluid were monocytes and
neutrophils and they were intermingled (c). Bar indicates 50um,

Figure 9. Histological changes in the lungs of rats given ETX and diltiazem with ETX. In control rats, alveolar
septa and lumen are well preserved (a). bh after ETX challenge, perivascular edema (asterik) and migration of
inflammatory cells (arrow head) were observed. Atelectasis was found also(A, b) (b). Hyaline membrane was also
found in alveolar lumen(h, 9-b). However, in rats given diltiazem and ETX, alveolar septa and lumen were
relatively well preserved and pervascular edema was minimal (arrow head, c.) Bar indicates 50 um,

Figure 10. Ultrastructural changes of the lung in endotoxin and endotoxin with diltiazem treated rats. Well
preserved alveolar type Il cells and type | cell were shown (a). After ETX challenge, there were interstitial edema
(asterik), thinning of basement membrane (arrow head) and endothelial edema (arrow) were noted. Particularly,
hypertrophy and vacuolization of lamellar bodies were prominent in alveolar type Il cell (b). Bar indicates 2um. In
contrast, pretreatment of diltiazem reduced interstitial edema. And lamellar structure of the alveoar type Il cells
were relatively well preserved also (c). Adhesion of neutrophils were noted(arrow head in ETX-treated rats). but
surrounding structures were relatively intact(10-c).

Bar indicates 3um. T2 : alveolar type Il pneumocyte
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Figure 11. Detection of hydrogen peroxide with CeCls cytochemical electron microscopy. In control and diltiazem
with endotoxin treated rats, few cerrous perhydroxide deposits were found (a,c), however, dense deposits of
cerrous perhydroxide granules were found along the alveolar lining (arrow head) of ETX-treated rats. Bar

indicates 3um,
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