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Effects of Endotoxin and Verapamil on Superoxide Production
by Rat Alveolar Macrophage

Choon-Taek Lee, M.D. ond Keun Youl Kim, M.D.*

Department of Internal Medicine, Korea Cancer Center Hospital and Department of Internal Medicine,
Seoul National University College of Medicine,* Seoul, Korea

Backgreund: Superoxide anion which was produced by macrophage and neutrophil has a defensive
role to kill invasive microorganisms and also an injurious role to produce self lung damage.

Production of oxygen free radicals including superexide is a main mechanism of acute lung injury
caused by bacterial endotoxin. Endotoxin is known to activate alveolar macrophage to produce
increased oxygen free radicals after the stimulation with various biological materials (priming effect).
Calcium is a very important intracellular messenger in that cellular process of superoxide production.

Method: This experiment was performed to elucidate the effects of endotoxin and calcium on
superoxide production by phorbol myristate acetate-stimulated alveolar macrophage and the effect of
verapamil on priming effect of endotoxin.

Results:

1) Preincubation of macrophages with endotoxin (E. coli 055-B5) primed the cells to respond with
increased superoxide production after the stimulation with PMA. Priming with endotoxin (10~'ug/ml)
produced a maximal enhancement of superoxide production (43%).

2) Verapamil could inhibit the superoxide production by PMA stimulated macrophage regardless
of the presence of extracellular calcium. This means that the inhibitory effect of verapamil is caused
by a mechanism independent of blocking calcium influx.

3) Verapamil could inhibit the priming effect of endotoxin on alveolar macrophage (from 30%
increment to 13% increment) and could inhibit the superoxide production by PMA-stimulated
macrophage preincubated with endotoxin.

Conelusion: We concluded that verapamil could inhibit the superoxide production by PMA-
stimulated rat alveolar macrophage and also inhibit the priming effect of endotoxin on alveolar

macrophage. These inhibitory effects of verapamil could be one of the mechanisms of verapamil
effects on endotoxin induced lung injury.
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nary alveolar macrophage, PAM)} % 3% (neutro-
phioll &g A#ztgo] FoAEE gof, el AX
AA4AEY 35T ¢ 79 gojr|Ae] F29EE sl
g A2 HaAd e Ade AAeds Hedstn
ol A FHel F4 3 A Ase) dale] Hrx
ey,

o] & # 2o 4 A £+ interleukin 1.6, tumor ne-
crosis factor, interferon, neutrophil chemotactic fac-
tors o8 289 cytokine W lysozyme, elastase,
collagenase 59| &4 ¥ antiprotease, fibronectin &
9 =9 A 3l superoxide, hydrogen peroxide %
hydroxy radical ¢ 4t4+ 2] 7] (oxygen free radi-
cal) & Hu|g B olg} ciokdl FFe Zd4LAE
ddsiel do] W3 o A% WEE 2 FF
gl 4¥g Fo}?, o|F AlafeisIFE dANE A
da AEg e +48 F8E HolE g
oz ute}r]| ¢ 208 AL o7 T/ 4% 4
Zith & chajA o] Aol £ YAIH, catalased] &
o] A, AETLELAA YA A4}, chgfel )
, Eqddole L ol o, AHAL 7A=Y
A 2] hyaluronic acid9] #}3 & do7 =Ho
g Fn 4§ FHsrle Pk, A £4E By
A88 WA Eol 43t FAAE 4L
antiprotease® 34 FA1AY 57 elastaseol g
A4S A e doid Hg, AR
3%, #8355 59 443 FRR Y FAL e A
gre] s 2o A2 AAbale] 4 A2 E e} superox-
ide 4450l Z7tslol Qlo} of A F2 sAe
Sz oA g,

ol g Atafel7lol g FAAEAF Aol 7t
4 &3 A4 Yn F2g AFe] ag-FAA T 9
g g FA SAEE A4 TEFFFEFel, o
A4 a2gL44Fe JE4 (endotoxin; lipopolysac-
charide; LPS)7} £ 24 % ¢ 34 feh, WS} A%
FAAEAA dAAzy H3E AT APz
JacobsE ¢ AW WELE FAYE o 244

£ A4 AZRAA L] vl8] zymosane] o] 9
g H,0, A4ko] &7}3l3 chemiluminescence® %7}
stgont Alfol oigh WY B AFHE Pasgoa
pastge, ade] Aol WE4rl dAA el =
A& 4 ¥-¢ 2l Pabst510& Aol A v ksl o 44l

H o o

IE WE4o] x&4]71% PMAZ =34] superoxide
A ko] Z715lE A4 (priming £3) & ¥R

ol9} 7ol Ho] wols|A W HEAAN FLETEE 3
£ Ax 72719 SA7 A g Ak ol F ol 83t
of Abafel7]e dgke dAss] A dTEl Bel
AR o] dehd, ol AFFe sz 2@EAA
T WEzel ¥ FAHEAA] verapamile] g Fol
WA gL o7} o] Fol# glch Verapamild ¥
Aol A WExo] g HEAA AEEE F7HAA
pie 520 & Felsle] o] &g AHelA ver-
apamil®& PMA 3] 93 s 5349 5718 434
Acps19, =8 Parkers 7ol 25t ool 4] WS
28 dl&A4] verapamilg Fo8 A WS4 &
9} phase 19| 34154 7495 phase [1¢] s 2o
o 2715 AFAA AEAE Folv A¢ Wl =
A 9ol A verapamile] £&TFol4 PMA A5l 2
superoxide 442 #&A7E AL $& WL o
g H&AA] verapamil 79 & 7]de] Aot F3
A,

olg] g WE 4ol & HEAel e AafElrt F8
4@ shed o FA4Fol F23 d4el priming &
s}o|ch, Priming o} gk chAME 9 3577t ol €4
of %% PMA,FMLP 59 o8 =3¢ wewd
superoxide A4ko]l Z7hsht Aol gl& w& Wt
gl "Aoleh ol priming 3 AAEY BF
F7 WS4, gamma-interferon, A FAZ A Rql
muramyl dipeptide, sh¥ #3] £4, sodium periodate
Soll 224 dojutr] 53] W S4ol 2|d priming &
BE d4Hoz oS F2¥ ov|§ ZEnh Pabst
e Holo] ELR A2l JAAZE PMAY
FMLP& #}5-2) ¥4 %€ superoxidert A48 £ A
Zusiglel, ]2]d respiratory burst® %7447
priming E3h& cfAAE B43te F8 d4olr
AFE Fole wo]7| A L¥ oh]el FohH bk el
7} Q1A o Aabshs Fated FAAELE F7H4
A4 de FHA S 7R ek

Priming &3}l o] Aol Ao i@t A7+ AT
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Ag-S w37 ds8 dAMNEE SolF calcium iono-
phoreql ionomycin &2 A% & FMLP 3 PMA
2 A3 27 7e) o 28 9] superoxided #ujsle A
< w3tk & priming Aol 2] o] T2
PMA #}=off 9§} superoxide A At % Zh4po] 88
A¢-¢ stejel A "ok, e dAH R Fo
E40) 98 priming AFAME Zgol £ A¢E
Fobe Hae i

ole} Ate WA A EhA A LM PMA Ao
213 superoxide AAte] WEA7 v]x &= &3} (prim-
ing effect) & 243l =3 verapamile] vjx & o9&
4 24454, priming 7ol gl FSF 4EE &
t}= priming £ 7} verapamild] 28 A s ete
7t sl ¥ AU E A28t

che o wd
Lol 4

2 Ao A43 Sprague-Dawley rat: A-gdld
Z FEAEAN YT Aoz 25 £ F
£ 130~170gm F =& AL 354 A &
a4 A, FEEY dF547l e TEL AY

244

1) Aol HEHAIHZ S £l
Aol 25§ ERE 200mg/kgd $7W FAR
F 974 93 S5 £ YADE 97 4

A S 37C2 24" Aeld Ads 10miE ¥e¥
AA 8 g wAsEA FAZ F85. o
£ B 83 ubEA Hsted N} AZA KA A,
of A HALAH NG Aojzz oJsle] B5EE A
71%% Beckman {4 #2] 7104 4T ollA 400 GE 10
B AR R ASde w3l ohF 5mief Hank's
balanced salt solution without Ca, Mg(e] 3t HBSS
-2 ok3h 2 g4 F 4T, 400 GolA 10¥7 dAwE s
of AlMgd ojFgE 2 UEZ A ARE
RPMI 1640+10% FCS+Penicillin/SM(o}3t RPMI
2 8ol 3 4ste improved Neubauer hemocyto-
meter o4 1.0x10°/ml8) $x2 2Agc(e] LA%

Giemsa-Wright staining &2 Al 29| FAu]|§& &7
gto}). o] RPMI £4-% 55 mm A Zuj kg petri dish
(Nunc)ol 5ml¥ £F3% 5% CO, incubator (Forma,
USA)elA 37C oA 1A7k5at wldAlA dAAZE
24} 71 o} (Adherence), 1A17F Wl okE pertri dishe]
Az ol He|ghd 37Ce HBSS foo 2 2ale AlH
gol, of Asolal AHAE wol AE 49 Giemsa-
Wright o2 cfiA2e vl g§ SAHEc) Petri
dishol F25 HAAZE Weliz] A8 4T Aobg
HBSS— & 3087 =% 4]7]< cold shock ¥
Abgsledch, #eE AlZgdE 4T, 400GE 1087
AA R F AzAL AAREF HBSS—-2 24 44
22 AH3%, HBSS+Z 5x10°/mlz 43l o
Lolloll A Giemsa-Wright G o2 A A 29 v]-§g
24 8}3 trypan blue dye exclusion test® A A%
o BEEE F45A,

2) 71X 4el 3! PMA X}=2A] Superoxide MM &5

24well Linbro plateoll 5X10° 3 £} 4] Al Z (pulmo-
nary alveolar macrophage, PAM)/mi&} HBSS+%&
1mlE 2.3 ferricytochrome C 80 uM# PMA =3
2 PMAE 500 ng/mlE, 7|A4el#& HBSSE Y2
=% SOD ¢ SOD(10ug/ml)E ¥ 3 blank ¢
AAZE A% 2E AYE ¥l 37C, 5% CO,
incubator ol 4} 14) 7k W} 93 4C ol A wh-&-& FxbAl7]
% 7 well?] A4 4°C, 1000G oA 587 YAE
2] & spectrophotometer (Kontron, USA) o A 550
nmold FFEE A3t SOD #5o H2& F
o] iolZ extinction coefficient{21.0%X10® M™!
cm™*) & o] nmole superoxide/5.0%10° PAM/
hr %82 superoxided A4tzg FA3 AV (n=
24), =% 2mM EGTAZ Halg A28 Zwol g
HBSS—3loll s & A A Ysted A2 2go
PMA Ao} 2% superoxide AJ4lo] =l &&= o &
obol ¥ gkrt(n=6),

3) Uisaof offt sZHAMZ Superoxide Mo

52 W

AT HELA Ao AZHAALY super-
oxided A %ol vlAv T dolrr] e E=
#HLHA A 2E HBSS+&¥el 5.0x10°5/mle] =2
4% WELE 22 1074 ug/ml, 107%ug/ml, 10°*
ug/ml, 10~ ug/ml % lug/mld 78 $ 37C, 5%
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CO, incubator o4} 1A17}F §ab wikE 2)ell4] 4=id
el wel slAatd 3 PMAZR A3 AgelA
superoxide®] A4 5E F43dn WS4 o7
superoxide A 4ke] Wstr} Az s WE4Y £
£ 2439t (n=9).

4) Verapamilofl 2|8t siZciA MZoiMe] PMA Al

ol 2|# Superoxide 44te) Wt

Z+5 A8 A9l verapamile] PMA A3l 28 s %
WA 29 superoxide A 5ol mHE A%E U
A3 x4 A Z(5x10%/ml, HBSS+) 1mi#4 o
verapamils 0.01mM, 0.1mM, 0.3mM, 0.5mM,
0.7mM ¥ 1.0mM9Y ¥=2 H783F 1587 37C,
5% CO, 3l WipF ol A A8 Wil 2 PMA &
=% superoxide®] A4H-E £33 AH(n=10), =3
29 Zrg o] fFo wE sS4 H8 THol e
HBSS ol Al LA L5 wjoksle] 22 AL A9
stgleh(n=9), #1¢] A=A superoxides] 74 (714
Aeol Al o] Aabekg A7t o 50% FE dolvE
verapamil®] =% AAsgc},

£ verapamil®] A7} 8| Eo|AHg] MTEHE
o 93 RAAE ¢ AHMEE 2 Fxe
verapamilell 14}7} 2 2] % trypan blue dye exclusion
test® Al&ldlod hA A2 viabilityE: &Aoot
(n=10),

5) HZcHA M Zo| Superoxide 44Atof il wWEA

8} Verapamild| 853 '

WS oll o3 s 2 A A 29 superoxided] 4419
Z7Hpriming £3})o] ™3 verapamil®] & zlE o}
27 A3 AZGAAZE 4F o2 o] Agsied,
A 72 dE2Fo2 WEL9 verapamile] el
o] HBSS+ 3ol 4} 142} ok wioks 2)of A A3l wb
Wl g PMA A% superoxided] AL &4 39}
(C-group), Fdldl & HELE 0.1ug/mlE 147}
& A F PMAZE A5% superoxide Y4 &3t
A (L-group) AAHs FL verapamilZ 0.3mM=. 1
A AR F e wb ez 2489 o (V.group) vt

Aot T& 549 verapamils ¥4 93 143} wiok
F AL oz 24319 cHV+L—group) (n=10),
6) el B4
7

T2 3 SPSS paired T testd Abgshe] &
432 4)9 AHEHFE BEL9) verapamile] 45

2} 8£ 3 way Anova testZ #4319}, P-valuer}
0.05 o|3tel A$ol EAH F4YL JdAFAD
(mean+S.D.),

Z 2

1. WM (2| s zAaHue] dEs, Mz 7
Mo} gl F32(Adherence Rate)

ZlRAAZAHAL gomle] AH Ad4E $o
90%olae seag 2ok W AZ4E 13.2%X10°
AZ 7.0x10°0 A 24x10742] FZ5]o] Y} 2%
A A 27} 89.9% 5 A sl a7t 6.8%, TFT
7} 3.0% % 3AFIL 0.3% 2 SAM L HE-EE &
25k,

RPMIel 3] 43led CO, incubator o4 1417F 3%
Faslx] 2g AEol o AR A Az AL
2 2Asle] FAESL =A% 27 YT 66% 2
29k 23 cold shock B o2 wojd AL
rypan blue dye exclusion test?t 90%¢]4-e A&

2 93 Giemsa-Wright 944 97% °]4°] o4

- o

A

b o
R
1

2. HjEMMEAM Z|x4e]l 3 PMA(500 ng/
ml)E X2 YALEl Superoxide-‘?{ &3

712 Aol A s T A A Z2] superoxides] At
2 2.93+1.99nmole/5x10° PAM/hr 43, PMA=
=g dEHA A Ee superoxide AL 9.24%
3.39nmole/5x10° PAM/hro 2 3.158]¢ F715 B
A oHp<0.001) (Fig. 1).

Az g fFo] wE 7| A48 I PMA A5l
9} & superoxide At v a4 3t HBSS+ 3ol 4]
£ 712 Adell A€ 3.32£2.44 nmole/5X 10°PAM/hr,
PMA x}= 3% 9.34+3.30 nmole/5x10° PAM/hr, %
F°] $iE HBSS—3lojA 71Adeol e 1.97+2.13
nmole/5x 10° PAM/hr, PMA A 5 & 8.24+3.00
nmole/5x 10° PAM/hr2 27kl 714 4d 3% PMA
AFAe 25 o3 Zolst §isls(Fig. 2), ° A%
2 PMA A3l 93 superoxides] A AT o) 7+
F9 o 4%l gEg U5 U+,
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Fig. 1. Basal and PMA stimulated superoxide produc-
_tion by rat alveolar macrophage (mean+S.D.,
n=24) (p<.001)

3. WEL sz B sz MELf Super-
oxide M4AHs 2| #3}

HZ A A ZE 10-%ug/ml FE Lug/mle) WELR
1217 BoF AA K& PMAE 24 superoxided] A
Ao} i3e Rmbeh, 1AM 2,62 nmole/5X
10° PAM/hr¢} superoxide”} A4AFE Sl 107 ug/ml
o WExz 12 AMAS Ao A 2.46
nmole/5X 10° PAM/hr, 107% ug/mie} WEL &
% 2.54nmole/5X10° PAM/hr, 1072/ml9} w540
x2% 2. 89nmole/5x 105 PAM/hr, 10~* ug/mle]
E40] x23F 2.80nmole/5%10° PAM/hr, 1ug/ml
Sxo 2% 2.99nmole/5x10° PAM/hrd
superoxide’} 44dsie} PMAZ A53hA & 72F
LPSt EA A o2 §-91e superoxides) 449 F7H%
wolzl Eych WELo AAAGl PMAR A4
8.67 nmole/5x10° PAM/hr, 10~*ug/ml¢] ¥l %4 2
AAAFE PMAZ A4 9.47 nmole/5% 10° PAM/
hr, 10~%ug/mle} WE L2 AAAF 234 9.68
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Fig. 2. PMA stimulated superoxide production in Ca**
(1.3 mM) media and Ca*? free media (mean+3.
D., n=6) (*: NS-compared with+Ca*?)

nmole/5X 10° PAM/hr, 10-?ug/mle] W 542 A3
& 224 11.14 nmole/5% 10° PAM /hr, 10 "ug/mie]
WEL e AMHF 254 12.37 nmole/5x 10° PAM/
hr, 1 ug/mle] WE£2 AAAE 4FA 11.02 nmole/
5% 105 PAM/hre) superoxide’t A4tsiogleny 1072
ug/ml % 10-'ug/mie] FE3stolA 77 p<0.05, p<
0.01% superoxided] Axke| f-olsiAl F7petgict, &
3 107 tug/mlg] sl W 549 priming 745
o2 24 5|o] superoxided] 4% M PMA A54]
8] Zo)eke 61% Zvhsleich(Fig. 3).

4. PMA #2off 2J# Superoxide M4tol Dixis
Verapamilel £32

Zr4 713kl verapamilo] P44l o4 PMA A5
| 213t superoxided] Aol ofw{ gt L o1 A& 7}
& Ygotrm w3 AR g el wb Aol 7} 9l
= 7bE o gkt $A el v HBSSHolA
]

2,

* 7t

ZHAMEE verapamild] AHAglel PMAZ A58
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Fig. 3. Effects of endotoxin pretreatment on superoxide production by PMA
stimulated rat alveolar macrophage (mean+S.D., n=9)

o4 12.32 nmole/5Xx 10° PAM/hre] superoxide”}
AAs g verapamile] £vied DMSO=Z ey %
PMAZ #A53% < 12.21nmole/5X10° PAM/hr&
o Aolz} ¢ilch, Verapamilz AAAY T
verapamily ¥5¢ #el o} 0.1mM=z A%
11.69 nmole/5x 10° PAM/hr, 0.3mM2 A2l % 7.60
nmole/5X10° PAM/hr, 0.5 mM & A 2 £ 6.88
nmole/hr ¥ 1.0mME A 8 £ 4.55nmole/5%10°
PAM/hre] superoxides} A4tsle] verapamil®) =
o] Z7tol whe} superoxide®] 4ALe] 4} AldlAw
0.3mM o]4e] F=olA R 2 9} (Fig.
4). 53 1.0mM] verapamil® HzlAjol& 71 a]Ate)
9] superoxide A2l 4.24 nmole/5X 105 PAM/hr
F ol gk Aojrh glo] SAE AAHE & 4 Uch
thgoz Az Zeol HBSS—ulel A ver-
apamil®] E3-& XY PMAZ #A=4] superoxide?
A4} 22 10.05nmol/5X 105 PAM/hr o} ¢l 3 ver-
apamile] $9i¢l DMSO&2 A3 PMAR AFAE

2
RAEL

i
gE

10.10 nmole/5x 10° PAM/hrE #28 Aolr} g9l
ch, Verapamil®| ¥ Eol w2 superoxides] 44h#ke]
H3lE 27 0.0l mME AAAEZE 10.71 nmole/5% 10°
PAM/hr,0.1mM 2 A A A & 8.10 nmole/5x10°
PAM/br, 0.3mM & A A A F 4.95nmole/5x10°
PAM/hr, 0.5mM 2 A A 2 ¥ 4.90nmole/5X16°%
PAM/hr % 1.0mM= AAXF 4.85nmole/5x10°
PAM/hrE verapamilgl F57} S718buia] 2hdo A
57} AR 0.3mM olAel Fxold F8 #iE
2.9} (Fig. 5),

=3 verapamil®} A2 14121F trypan blue dye
exclusion test9] 72zt HEHHAT HEEL 0.01
mM¢®] verapamilZ A 2lA] 94%, 0.1mME g4
94%, 0.3mMa A4l 91%, 0.5mMZ A4 92%
3 1.0mME A 90%E 79 2% 4
o] 7} gho] verapamil®) &7} vl EolA M EEA o]
7191814 & 44 Ui (Table 1),

o] 42l A #toll A verapamile PMA #-Zo] €8 o
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Fig. 4. Verapamil effects on superoxide production by PMA stimulated rat
alveolar macrophage in Ca*? media (mean+S.D., n=10)

Table 1, Viability of Verapamil Pretreated Rat Alveolar Macrophage

Control Verapamil
0.01 mM 0.1 mM 0.3 mM 0.5 mM 1.0mM .,
924:24 94,130 940 +2.6 91.2: 28 923 +1.8 899 +3.2%
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of 93 superoxide®] A4S ¢k 50% A sE ver-
apamil®] ¥%& 0.3mMg 7439},

5. #| oA M Z 2] Superoxide Aot Ci 3t LIS A
2} Verapamile] E# &3

WS4 AA Aol osl PMA 234 superoxide®]
Aol F7hsl & @ AHpriming 7)ol o & ver-
apamil®l g dolur el AHsgic Hxy
{C-group)2 9.45+2.77 nmole/5x 105 PAM/hr £
superoxidest A4E 93, L€ 11.98+2.74 nmole/

5x10° PAM/hre] superoxide’}, V#& 7.71+2.21
nmole/5x10° PAM/hr9] superoxide’}, L+V ¥
8.70+2.63nmole/5%10° PAM/hr & superoxide 7}
A 25190 ek (Table 2, Fig. 6). C#ol wls) L2& #9
A Frbstan CFoll widl Vg §oAshA zhasio
bl el Zxntel dAsgel, zeln LS L+VEE
¥l A} L+V 7oA superoxided] A4tel §231A
£351od (p<0.01) verapamile] W=Z4o] o3& Zrtsi
superoxide®] HAE 4 A7H VF#H L+V EE o
A} L+V 9 superoxided] AJale] Frlg Eshut
A 4L gk =d HE4 priming A7
of W& verapamile] £7#E AF 8718 7t datadi
A L/Ce wist L+V/Ve ulg 27419 parameterg u}
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Fig. 5. Verapamil effects on superoxide production by PMA stimulated rat
alveolar macrophage in Ca*? free media (mean+S.D., n=9)
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Table 2. Combined Effect of Endotoxin and Verapamit on Superoxide Production by PMA Stimuiated Rat Alveolar
Macrophage (nmole/5x10° PAM/hr, n=10}

Control (C) LPS (L) Verapamil (V) - LPS + Verapamil (L + V)
group group group group
Mean 9.45 11,98 7.71 8.70
S.D. 2.77 2,74 2,21 2.63

Note : C-group vs Logroup : p <001, . C-group vs V-group : p < 0,01, L-group vs L+V-group : p < 0,01,
V-group vs L+V-group : NS,

Table 3. Comparison of Endotoxin Enhancement of Su- = P o = A 743
peroxide Production {Priming Effect) between ing 37} 30% S7kell A 13% 3 7]-_5 oA AL
Verapamil Nontreated and Verapamil Treated A (p<0.05, Table 3), Verapamil#h H549ke 4
Group 244 o5 98 A4, WE4 9 verapamild

LPS (L)/Controf (C) . LPS + Verapamil {L +V)/ 3 parameter®] 3 way Anova testd W% 29 ver-
Verapamil (V) apamil 28] 4EHE] EATE ¢ 5 gk
1.30 £ 0.20 1,13+ 0,17 P <0.05
{mean £ $.D,, n=10) A -
g A, L/Ce 1.30£0.20, L+V/Ve v & ol & % =hAle] HAE AAA AL Agetg

1.134+0.172 verapamil 24| WELo] 93 prim- h WA A= YA AZYALE T34 &
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Fig. 6. Combined effect of endotoxin and verapamil
on superoxide production by PMA stimulated
rat alveolar macrophage (mean+S.D., n=10)
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