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The Effects of Ethyl Pyruvate on Lipopolysaccharide-induced
Acute Lung Injury

Seung Hyeun Lee, M.D., Dae Wui Yoon', Jin Yong Jung, M.D., Kyung Joo Lee, M.D., Se Joong Kim, M.D.,
Eun Joo Lee, M.D., Eun Hae Kang, M.D., Ki Hwan Jung, M.D., Sung Yong Lee, M.D., Sang Yeub Lee, M.D.,
Je Hyeong Kim, M.D., Chol Shin, M.D., Jae Jeong Shim, M.D., Kwang Ho In, M.D., Se Hwa Yoo, M.D.,
Kyung Ho Kang, M.D.

Department of Internal Medicine, College of Medicine, Korea University, Seoul, Korea
'nstitute of Human Genomic Study, Ansan Hospital, Korea University Medical Center, Ansan, Korea

Background: Ethyl pyruvate (EP) is a derivative of pyruvate that has recently been identified by both various in vitro
and in vivo studies to have antioxidant and anti-inflammatory effects. The aim of this study was to determine the effect
of EP on lipopolysaccharide (LPS)-induced acute lung injury (ALI).

Methods: 5 weeks old, male BALB/c mice were used. ALI was induced by an intratracheal instillation of LPS
0.5mg/Kg/50uL of saline. The mice were divided into the control, LPS, EP+LPS, and LPS+EP groups. In the control
group, balanced salt solution was injected intraperitoneally 30 minutes before or 9 hours after the intratracheal
instillation of saline. In the LPS group, a balanced salt solution was also injected intraperitoneally 30 minutes before
or 9 hours after instillation the LPS. In the EP+LPS group, 40mg/Kg of EP was injected 30 minutes before LPS
instillation. In the LIPS+EP group, 40mg/Kg of EP was injected 9 hours after LPS instillation. The TNF-a and IL-6
concentrations in the bronchoalveolar lavage fluid (BALF), and that of NF-kB in the lung tissue were measured in the
control, LPS and EP+LPS groups at 6 hours after instillation of saline or LPS, and the ALI score and myeloperoxidase
(MPO) activity were measured in all four groups 24 and 48 hours after LPS instillation, respectively.

Results: The TNF-0. and IL-6 concentrations were significantly lower in the EP+LPS group than in the LPS group
(p<0.05). The changes in the concentration of these inflammatory cytokines were strongly correlated with that of NF-xB
(P<0.01). The ALI scores were significantly lower in the EP+LPS and LPS+EP groups compared with the ILPS group
(P<0.05). In the EP+LPS group, the MPO activity was significantly lower than the LPS group (p=0.019).
Conclusion: EP, either administered before or after ILPS instillation, has protective effects against the pathogenesis
of LPS-induced ALIL EP has potential theurapeutic effects on [LPS-induced ALL

(Tuberc Respir Dis 2006; 61: 374-383)

Key words: Acute lung injury, Lipopolysaccharide, Ethyl pyruvate
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Vehicle 0.4mL i.p. Solution with Na 130mM+K 4mM+ Ca2.7mL+Cl 139mM, pH 7.0

Figure 1. Study groups and protocol. The mice were divided into control, LPS, EP+LPS, and LPS+EP groups. In
the control group, balanced salt solution was injected intraperitoneally 30 minutes before or 9 hours after
intratracheal instillation of saline. In the LPS group, balanced salt solution was also injected intraperitoneally 30
minutes before or 9 hours after intratracheal instillation of LPS. 40mg/Kg of EP was injected 30 minutes before
LPS instillation in the EP+LPS group and was injected 9 hours after LPS instillation in the LPS+EP group. The
concentration of TNF-a and IL-6 in bronchoalveolar lavage fluid (BALF), and that of NF-kB in lung tissue were
measured in the control, LPS and EP+LPS groups at 6 hours after intratracheal instillation of saline or LPS, and
ALl score and myeloperoxidase (MPQO) activity was measured in all four groups 24 and 48 hours after LPS
instillation, respectively.
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Figure 2. The concentration of tumor necrosis factor-o. (TNF-a) (A) and interleukin-6 (IL-6) (B) in bronchoalveolar
lavage fluid (BALF) was significantly decreased in EP+LPS group than LPS group (*p<0.05).

ND: not detected
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Figure 3. The concentration of nuclear factor-kB (NF-xB) in lung homogenate of the EP+LPS group was
significantly lower than the LPS group and higher than the control group (*p<0.05). It was significantly correlated
with tumor necrosis factor-a (TNF-a) and interleukin-6 (IL-6) (r=Spearman’s rho, **p<0.01).

T} LPS2 5 mg/Kg2l LPS &9 50uLs 7]% W=
Fo5l7] A 30%, &2 Fol $ 9AI7tel| HY
57 W K EP+LPST2 LPS 59 A 30
o 40 mg/Kg®] EPE 57 Wl FAFsk L, LPS+
EP2 LPSHo] & 9A|7to EPE E7)F W] #4189

t}. BALF Wl TNF-a 2 IL-6¢9] 5% 2 #%7 9
NF-kBe] F%E& gz, LPSiL 2 EP+LPS+ol| A
A4 32 LPS Fo] 3 67k Zﬂo} i=3
wAHES Ao MPO2 42 Ul o BFolA,
A2 g 52 LPS 7o & 747 24/\1{% ! 484

2l %743

SR

Mr o

BE A= Hi+ 724 (meantstandard error
of mean, SEM)® A8t 2} o 7He] H]ul= H]

—?31 Kruskal-Wallis 773} Mann-Whitney U 7
AREetR o, T BTEe ARl =
man’s correlation coefficientS AH&-3Fe] 24351t}
BE Ak SPSS for Windows Release 10.0 (SPSS
Inc. USA) & AH&-3H4 3L, pake] 0.05013H8] 35 &
A fre)Ado] = Aoz st

Spear-

378

Z I

1. TNFa ¥ IL-62] =

LPS o] % 6A17ko] BALFolA 243 TNF-0.9]
T QR E HEEA F%a, LPSHolA =
2653.13t203.26 pg/mL, EP+LPSvo A& 1684.18+
27876 pg/mL = EP+LPSto] LPSw3} R nl&}e] ot
*}h (p=0.026) (Figure 2A). IL-6 SA] thztoll A
AEF A &9kar, EP+LPSwollA 33347+59.80 pg/
mLZ LPSv9] 616.39+75.67 pg/mLel H|a| ket
(p=0.041) (Figure 2B). #%2] 2] @& gdor =
g NF-xkB9| #E& fixadxE 0.086+0.017
OD., LPS ol A= 0.462+0.029 O.D. ¥ EP+LPS7ol
A= 01670032 OD.2 Al #3to ZFo]lE HYTh
(p=0.005 by Kruskal-Wallis test). 2 73F2] H]
NoJ A=, EP+LPS ol A LPSw 3} H|
(p=0.029), w3y} HA = b::%}
(Figure 3A) A5 A EFIZ NF-k

El

T
&
o
&

~ 9
A
el

X R

HAE +4% 2y, NFkBY F%=+ TNF-a
(r=0.804, p 001) 2 IL-6 (r=0.820, p<0.01)¢] &

F3 AAE Y} (Figure 3B).



Tuberculosis and Respiratory Diseases Vol. 61. No.4, Oct. 2006

EP+LPS

LPS+EP

Figure 4. Histopathologic examination shows high levels of inflammatory cellular infiltration, hemorrhage, and
alveolar wall thickening in the LPS group. In the EP+LPS and LPS+EP group, the degree of acute lung injury was
lower and only mild inflammatory cellular infiltration was observed compared with the control group.

12
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Figure 5. Acute lung injury (ALl) scores were
significantly different among four groups (p=0.000
by Kruskal-Wallis test). In the EP+LPS group, the
score was significantly lower than the LPS group and
higher than the control group (*p<0.05). And the
score of the LPS+EP group was also significantly
lower compared with the LPS group (**p=0.017)
without significance between the control and the
EP+LPS group (p>0.05).
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