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The Effect of Methylene Blue on Inducible Nitric-oxide Synthase in
a Rat Model of Acute Lung Injury Induced by Paraquat

Hyun Soo Park, M.D., Chang Hyun Lee, M.D.*, Sung Goo Jung, M.D.,
Gil Joon Suh, M.D., Sung Eun Jung, M.D.**, and Yeo Kyu Youn, M.D.*

Department of Emergency Medicine and Surgery, Seoul National University College of Medicine
Department of Surgery, Cheju National University College of Medicine*
Department of Surgery, Seoul National University College of Medicine**

Pur pose: This study was designed to determine if methylene blue inhibited the lipid peroxida-
tion, the production of NO, and the gene expression of iNOS in acute lung injury induced by
paraguat and if the inhibitory effect was dose dependent.

M ethods: Female Sprague-Dawley rats were divided into four groups: the control group, the
group treated with paraquat only, the group treated with paraguat and a low dose of methylene
blue (2 mg/kg), and the group treated with paraguat and a high dose of methylene blue (20
mg/kg). Methylene blue was administered via the jugular vein 1 h after paraquat administration,
and animals were sacrificed 6 and 24 h after paraguat administration. Malondia dehyde (MDA)
as lipid peroxidation, reduced glutathione (GSH) as an antioxidant defense, the plasma NO con-
centration, and the expression of iINOS mMRNA in the lung tissue were measured

Results: Lung MDA contents decreased, with no significant difference between the methyl-
ene-blue groups and the paragquat-only group. Lung GSH contents were significantly elevated at
24 h in the methylene-blue groups compared with the paraquat-only group. Plasma NO concen-
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trations were significantly reduced at 6 and 24 h in the methylene-blue groups compared with
the paraquat-only group. There was also a significant decrease in the plasma NO concentration
at 6 h in the high-dose methylene-blue group compared with the low-dose methylene-blue
group. The expression of iNOS mRNA in the lung tissue was slightly decreased in the methyl-
ene-blue groups. It was also markedly increased at 24 h in the paraquat-only group compared
with the methylene-blue groups. The gene expression was relatively decreased in the high-dose
methylene-blue group compared with the low-dose methylene-blue group.

Conclusion: This study suggests that methylene blue has an inhibitory effect on the plasma
NO concentration and the expression of iINOS mRNA in lung injury induced by paraquat. No
inhibitory effect of methylene blue on lipid peroxidation or dose-dependent inhibitory effects

were clearly shown.
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Table 1. Study design

iNOS 000 000 000 00 —

0000 0O 0000 12000 0000, 000
0 00 6000 2400 00 OO 6000 00O
0 000 00000 (Table 1).

200000 00 og

0000 ketamine hydrochloride(75 mg/kg)
0 xylazine(25 mg/kg)l OO0O0O OO0ODOOO
0000 O 0ooO(supine position)d O0O0. O
O0oodd 20 mg/kg(Sigma, St Louis, MO)O O
00 o04mi0 000D OO OO ODODO ODOODO
0.0000 00 100 OO oooooe s,
Olympus, Melville, NY USA)OO OO0 OO
0 0000 0000 23 guage scalp needlel 0O
000 0000 ooooo. ooooo ooo o
000 0000 00 100 0 2 mg/kgd OO0
0.3 mld OOOO syringe pump (Harvard,
USAY] 0000 300 000 OO0 oooo o
00 0000 o000, 000 OoOOo oogo
O 20 mg/kgd OO0 O0OOCO OO OQOOOO.
00000 000 00 D000 oo oo o o
00000 000 0000 OD00. 00000 o
OO0 OO0 000 OO0 ooooo 50 miZkgd
000 00O000.0000 OO0 o0o ooo
OO0 000 000000 50 mikgDh OOOOO.
0O 0000 OO0 ODOOoU0 ooo o e0OonO
24000 ketamine hydrochloride(50 mg/kg)d
oooo bobbb 0O, D00 000 dood
heparil 00O OO0 OO0O0O OO0OOO OOOO
000 000000000000 4000000
O 0odo o000 o,00000 OO0 oogo

No. of sacrificed rats Total (n)
Group Treatment
6 hours after treatment 24 hours after treatment

Control No 6 6 12
Group 1 PQ only 6 6 12
Group 2 PQ + Low dose MB 6 6 12
Group 3 PQ + High dose MB 6 6 12
Total (n) 24 24 48

PQ: paraguat; MB: methylene blue
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OO0 0000 00 4ml0 OD0 DO 9500 OO
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00 000 1 mlO OOODO OOO OO n-
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5mi0 00 1—200 000 O O 1,000 rpm0d
0 1000 00 0000 000 1—2 milO 000
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532 nmiO0 O00O0 O00O00. 000000 O
00 0od 1 gd MDAO nmol (nmol/g)C OO
ooo.

2) GSH (glutathione)d 0O O

0000 GsHOO Griffith(13)d DTNB-
GSSG Reductase Recycling AssayO 00 0O0O
OO00. 0 000 00 0ogod((total glu-
tathione)J 000 0O0000O(GSSG, glu-
tathione disulfide)D O OO0 OOOOO OOO
O0000(GSHY 0OO0OO0O ooo oo gogo
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GSHI 0=00 000000 0-% GSs&l O

000 OO0 1 g0 micromole (umol/g)y 0 O
oooo.
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00 000000 00O Dooo ooo oo
000 (stock buffer)J 0.413 MO sodium

phosphatdl 6.3 mM EDTA (Ethylenedia-
minetetraacetic acid)dJ OO00 pHO 7.50 O
0o00, 00000 Wworking buffer) 00O OO
00 NADPHI 0.248 mg/mi0 OO0 OO 4°C
0 0000 00000 O00Ooo ooooo.
DTNBI[5,5-dithiobis(2-nitrobenzoic acid)]0 O
00 0oDOOo emMO OOOO0 OO OOOOO.
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000 000 4°cO OO0OO0O0O GsH OOOOO
100 mM GSHO 10,000 OOOO OOOOO.
0000 OO0 OoD0oo oooo oo oo o
00 000 00 0O 00bobO oooo oog o
000 1000 O0O0O0O 5% SSA (sulfosalicylic
acid, Sigma, St. Louis, Mo, USA)O 00O
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O 000 0.19ml, OO0 OO0 0.7 ml, DTNB
0.1 mld0 OO0OO O OO OO 6 pl GSSG
reductase 00 O00O0O0O OO0OO0O 30°CcO O
0000 ODO0000 4122 nm0O0 ODOOO OO
0 10 D000 1500 0D00o0o. oo oo o
00000000 GSHOO OOO ogooo o
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nmol 0000 00O 0O0O0OO0 0O0OO0OO DOOO
0. 00 00000 0000 OO0 ooo 1500
0 000 00 000 0000 oooo oo o
O 0000 oooog.

(@ GssGO OO
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ul, triethanolamine 6 Y0 OO OOOOO0O O
000 0.2 nmol, 0.1 nmol, 0.05 nmol, 0.025
nmol O0O00 OO0 412 nmOd0 0O0O0O0O OO
00 ooooo.

3) 00 0000 OO
00 Oo0ob oboo ooooo ooo
nitrate (NOs-)O nitrite (NO,-) OO OO OO
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Fig. 1. The effect of methylene blue on lung MDA level.

Lung MDA levels were decreased with no significance in the methylene blue treated groups compared with
the paraquat only treated group. There was no significant change in lung MDA level between the high and
low dose methylene blue treated groups. Lung MDA levels were significantly elevated between at 6 h and 24
h after operation in the both high and low dose methylene blue treated groups.

PQ: paraquat only treated group; PQMBL: paraquat with low dose methylene blue treated group; PQMBH:
paraquat with high dose methylene blue treated group

*: significant compared with the control group

** ggnificant between at 6 h and 24 h in each group
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GAGCCTTGTGCCTTTGG-3(antisense) O,
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(sense)] 5 -AGATCCACAACGGATACATT-
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GAPDHO OO0 controld OO, GAPDH
bandd OO0 RNADO 0O00OO0OO. 00O PCR
products§! 0.5 pg/ml ethidium bromidewered
000 1.5% agarose 000 O0OOO OO OO
00000 OOO0OO0OO0. iNOS genel GAPDH
gene PCR productsd 000 OO 498bp0d
309bd] 0O0OO. O OOOOO bioimage pro-
cessing system (Biomedlab, Seoul, Korea)O
0000 000 00O

3.00 00:

SPSS for Windows 11.0 packagell 00O O

OD0O0 OO0 one-way ANOVAD T testd
goooo. o bbbb 00 bbo+x00000 o
0000 oodd 0odd p<o0.050 OOO.
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1. MDAD OO (Fig. 1)

oooooo MDADOO 00000 164.56
14.04 nmol/g OO O. 600 OOO0OOOO MDA
0o 00 oooobo oo 0,00000000
b0 ooobobo 000 0 bob ooooo oo
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Fig. 2. The effect of methylene blue on lung GSH level.

There was a significant increase in lung GSH content in the high dose methylene blue treated group com-
pared with the low dose methylene blue treated group. Lung GSH contents were significantly elevated at 24 h
in the methylene blue treated groups compared with the paraquat only treated group. Lung GSH levels were
elevated significantly between at 6h and 24h after operation in all three paraquat treated groups.

PQ: paraquat only treated group; PQMBL: paraquat with low dose methylene blue treated group; PQMBH:
paraquat with high dose methylene blue treated group

*: significant compared with the control group

**: ggnificant between at 6h and 24h in each group

#: significant between the high and low dose paraguat treated groups
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Fig. 3. The effect of methylene blue on plasma NO concentration.
Plasma NO concentrations were significantly reduced at 6 and 24 h in methylene blue treated groups com-
pared with the paraquat only treated group. There was also a significant decrease in plasma NO concentration
a 6 h in high dose methylene blue treated group compared with the low dose methylene blue treated group.
Plasma NO concentration was also elevated significantly with time in the high dose methylene blue treated

group.

PQ: paraquat only treated group; PQMBL: paraguat with low dose methylene blue treated group; PQMBH:
paraquat with high dose methylene blue treated group

*: significant compared with the control group

**: dignificant between at 6h and 24h in each group

#: dignificant between the high and low dose paraguat treated groups
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mol/L O0O0O. 600 0O0O0O0 OO0 0oOoOoo O
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OO0 OO0 55.7% 5.43, 28.27+ 10.25, 17.81+
220 ymol/L OO0O. OO0O0 ODOOO O0ODOO
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ob ooodo ooobo ooooo ooo od
OO0 OO0 0000 00O oooo ooooode
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0.05). 00000 00 00 00000 000 O
0000 000 00000 60000 00 2400
00 0000 00000 < 0.05)(Fig. 3).

4. 0000 iNOS mRNACO OO
0000 000000 iNOSD 000 ooo o
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0O 00O iINOS OO0 000 U000 ooogo
U, toddodoo ooo b0 bob booooa o

PO24 PMBL2ZY PMEH24

PMBEL24 PNEH24

Fig. 4. The effect of methylene blue on the gene expression of iINOS mRNA in the lung.
The expression of iINOS mRNA in the lung tissue was increased in the paraguat only treated group at 6 h,
which was slightly decreased in the methylene blue treated groups. It was also markedly increased at 24 h in
the paraguat only treated group compared with methylene blue treated groups. The gene expression was rela-
tively decreased in the high dose methylene blue treated group compared with the low dose methylene blue

treated group.

CON: control; PQ6: paraquat only treatment at 6 h; PMBLG6: paraquat with low dose of methylene blue at 6
h; PMBH®6: paraquat with high dose of methylene blue at 6 h; PQ24: paraquat only treatment at 24 h;
PMBL 24: paraguat with low dose of methylene blue at 24 h; PMBH24: paraguat with high dose of methylene

blueat 24 h
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