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[ Abstract | Objective To determine the inhibitory effect of agmatine (AGM) on lipopolysaccharides
(LPS) -induced oxidative stress in mouse macrophage RAW264. 7 cells and its underlying mechanism.
Methods RAW264.7 cells were stimulated by LPS (10 pg/mL) to induce oxidative stress, and treated with
1 mmol/L AGM. Thus the cells were divided into control, LPA, LPS + AGM, and AGM groups. In 24 h after
the treatment, reactive oxygen species (ROS) level of these cells was determined with 2 ,7-dichlorofluoresce in
diacetate (DCFH-DA) as fluorescence probe, intracellular NO level by Greiss method, intracellular iNOS
protein and cytoplasmic/nuclear Nrf2 protein expression by Western blotting, and mRNA expression of heme
oxygenase-1 (HO-1) by RT-PCR. Results Compared with the control group, LPS significantly induced the
levels of ROS, NO and iNOS protein in RAW264. 7 cells, and AGM significantly reversed such effect (P <
0.05). Nrf2 pathway and its target HO-1 were significantly up-regulated compared to LPS-stimulated cells,
suggesting that AGM activated the Nrf2 signaling pathway. Conclusion AGM reduces oxidative damage of
the RAW264.7 cells by promoting HO-1 antioxidase expression through activation of the Nrf2 pathway.

[ Key words | agmatine; RAW264.7 cells; oxidative stress; Nif2

Supported by the National Key Basic Research Program (973 Program, 2012CB518102). Corresponding author; Liang Huaping, E-mail; 13638356728@ 163. com

(EEWMA) WAL (O7 1 201208518102) UM R P ) A S5 A I 2 0,

[BEEE] BT, E-mail: 13638356728@ 163. com e N e . .
’ ; 3 I reactive oxygen species, ROS
[fEFEHAR] hitp://www. cnki. net/kems/detail/51. 1095. R. 20160119. %EEL;EFZEEE/J{ﬁriﬂ( e P i )



950 B =R, 2016,38(9)

http : //aammt. tmmu. edu. cn

SR Z AN ROS, i b5 4 Ik B, 2 5Pk 1Y
59 HR YN 2 15 285 (lipopolysaccha-
rides , LPS ) 2/ 45 SR 1 0 8 i 43 7 A= KB B9 ROS,
HOE R, H R RS H ARG
DNA TR [ 5 FIAH HE 2s , A1 26 20 B T L 2 3 3 46 e A
R A ) B R AR , L B R i 2B AT
TNt (A4 AR5 BT R D B ) O I A0 ( 30 ik
REREAL AN S L) A4 FlomaE ™ o PR, BELT ROS 3
JE 7 A DT S8 A B, BEAS S N 25 b i A 5
PRI R 5 R . KT 1% (agmatine , AGM ) f2 H1 5
TR R IE R LE e, ) 2 AR AE T FL 3 i
AR AT RIS IE S , 76 1 1 2 S i/ LAt
TR O b, AGM. R 92 BF 22 5 T 149 NF-«B I
A, AT 40 3 48 5 BT 14 A -1 (IL-1B) L IL6 #0
TNF-a f774E5, SR1 AGM 2 75 B A Bt A Ak he
ToERAPVEIT LR M R 48 . ASHIFSEWLEE AGM fE
W 200 L B SE A A P I 23 BC WL, A o4 SR A 7 38
FISEAE PG TR UL HT 0 T BT B

1 HRS

1.1 =244

AGM fipth (4ifE =97% ) \LPS J% DCFH-DA 5%t
W B & [E Sigma 23 W], JHR & H G ALK 6 2R i .
RPMI1640 k5325 WA H 258 Gibeo 23], BCA &
PR R I 7] 8 A2 B P R 40 e o A P R B &
Je NO {5 & A 5 2= KX 7l 305 5 F1 qPCR
WA & A TaKaRa 4], Ja bt iNOS £ i BEHUIR I fe
Pt Nef2 Z 5iFEHUARIY B Santa Cruz A H] . 286
& E OLYMPS 7= i, it 2020 it A3 h #e M 3 AR 2B
ACEA NovoCyte ;= [y, BEFR{ 25 [E BioTek F= 5, 7%
e i PCR {4 BioRad 24,
1.2 RAW264.7 fm etk o3 4

RAW264. 7 28 H 55 = 428 R KRBT I e BT
SIRHIFFE TR, 55 T& 10% I 28 3 1% UL
RPMI1640 ¥535 W A, BT 37 C 5% CO,IEFHMAN, E
W ALK
1.3 MTT 254K F Az

BBOEIUE KIS RAW264. 7 4l g, 8 000/ FLEFIF
96 FLAR, K557 8 ~ 12 h J5 , N2y AGM, ¥k & 435112 50
10.2 mmol/L J% 400.80.16.3.2.0.64.0. 128 .0 pmol/L
(XFHR) , BN EE 3 AN AL, VEH 24 by &AL 10 pL
MTT(5 mg/mL),37 CHi3: 4 h; 35 13, Jin 150 plL
DMSO/FLEARUTTE ,490 nm & 6% FEE [ D (490) |,
VL log(AGM ¥R JiE ) Ryt A A, D (490 ) {E R AL AR , 22
il th £, ] GraphPad Prism #4315 1C5,{H .
1.4 ROS & Aam

BOW R KW RAW264. 7 41,2 x 10°/fL4%Fh

T 24 LA, 5557 8 ~ 12 h J5 H LPS Fil AGM 4b¥, 43 h
XFREZH LPS (10 pg/mL) 4 . LPS + AGM (1 mmol/L)
2H AGM 4 /IS [A] 24 by SR J5 535 55 W, B AL I
400 wL &4 JF Jy 20 wmol/L ff) DCFH-DA #4t (I %
WK 485 nm, BHFIE A 525 nm, G858 058 B 5 4 i
N ROS M7= A i IE HE) ,37 °C 4 I 15 3546 P ki &
30 min; JGIE PBS YEUEANNE 3 UK, 7 BB &5 B AL
B i AN A A T 2 i B B S ANAS I
1.5 NOREMZ

BOWRUE KU RAW264. 7 41,2 x 10°/FL4Rh
T 24 fLAR, K557 8 ~12 h J5 A LPS F1 AGM 4bFE, 73
SFHAZH LPS (10 pg/mL) 20 . LPS + AGM (1 mmol/L)
4 AGM 4, VEHIIFE] 24 h it dE B3k, % I3 < R A
NO K8 551 &5 e 4, 3 3 Z8 L[ Griess reagent 5]
SV fiF R R DTN A2 8 NO
1.6 Western blot 40| 48 it 1 iNOS & 4@ it | 48 4%

M Nrf2 & § 69 &4

BOW R0 K09 RAW264. 7 40,5 x 10°/FL35h
F 10 em B FE1M; B2 % 8 ~ 12 h J5 f LPS fl AGM Ak
B, K% B 4H L LPS (10 wg/mL) 41, LPS + AGM
(1 mmol/L) 4 AGM 4, E ] 24 h; PBS Pk %4
J, B2 S (R iINOS 25 1) FHAH A 5T | 40 A% 2
(R Nef2 2 H) SR G, Hil A B ERE L, 3R R
Western blot JAHLYK % I 5% Wi g Wy ks B 04 i & —
PRI — 90, ECL 52, B G R Gt .
1.7 RT-PCR #] Nif2 F i 88 HO-1 84 &k

BB K09 RAW264. 7 40, 1 x 10°/FL455h
T 6 FLAR; 157 8 ~ 12 h J5 ] LPS fl AGM 4bHf, 43Ky
X IR 2 LPS (10 pg/mL) 20 . LPS + AGM (1 mmol/L)
ZH AGM ZH , /1] 30 h; PBS &4, Bl 1 mL TRIzol/
FL, $RHUE RNA U E RNA ¥k ) D(260)/D(280) ;4%
TaKaRa RRO47A {77 & #24F, B 1 wg RNA J2 % 5% i
cDNA ; ## TaKaRa RR820A iXF| &#5/E , #47 qPCR E &
SR EIT IR 1, 3 244F:95 C 3 min;95 C
10 5,60 C 30 s,40 MEH, MR R H CofEH, R H
27 (ACE = Ctygy — Cty) MBI A

*1 ZXERAESIMEINSHEXRN
HH 4 553" B/ (bp)
514 : ACCACGGCCTTCCCTACTTC

1L- 134
0 T[4 . CTCATTTCCACGATTTCCCAG 3

HO-1 514 . AAGCCGAGAATGCTGAGTTCA 100
i 7514 . GCCGTGTAGATATGGTACAAGGA

o L3 GAGACCTCAACACCCCAGE 156
Bactin e . ATGTCACGCACGATTTCCC

1.8 “SitFEoH
FLH T 3 W, SRHAT SPSS 17. 0 et #ift, it
O]« =5 3R AT HRINZRTT 2207



http ://aammt. tmmu. edu. cn

B PR R ,2016,38(9) 951

2 HR

2.1 MTT #0 AGM &AMk &

AGM 25911%) MTT SEEG 45 3 ULIE 1, LA log (AGM
WEE) ALK, D (490) A bR, il M 46, it
BN E (1CS,) =5.4 mmol/L, ] 1 mmol/L. AGM
TEMZR N -6 1, 10 200 B T 4 i o e FAE o

1.59

1.0

D(490)

0.51

AGM ¥ (log )
E1 ATRRERERE

2.2 AGM =} LPS #]i% F RAW264.7 Zm s 1 ROS =
R LE-A0)

10 wg/mL LPS W3, 1 mmol/L AGM FE:[a] /£
24 h, ] DCFH-DA # 41 % Il AGM Xf LPS i 5 )
RAW264.7 #fijfa )y ROS (728 4k, Z kil (16 2)
7~ :LPS H4 24 h J5, 409 ROS =B B B3 £, i
AGM T-1iJ5 fig . Z R A ROS 1= Az, — 25 % 2
SR TEA T S A A SR (1 3) e, SR
HEZHAR LG, LPS il 33 241 - 34 258 Sl i B W dg 34 58 (P <
0.05) , AGM T4l V-5 i B ¢ LPS 2 B g g 20>
(P<0.05), 3 M7 LHARTFISULE R .

50 pin
—i

(D]

AL %HEEZL; B, LPS 10 pe/mL 285 C: LPS 10 pg/mL + AGM
1 mmol/L 48;D.AGM 41
E2 BERLEMENZAYER24 hEEE
ROS #7=4%

800 000

600 000

RO

a
b
400 000 I
1 1 [
2 3 4

- ]
0 ]
1
bl

12882852 LPS 10 wg/mL 2853 LPS 10 pg/mlL + AGM
1 mmol/L 48 ;4 .AGM 41

a;P<0.05,5 2 BB b4k ;b P <0.05,15 LPS 10 pg/mL k4
B3 RGN ZAYE R 24 h [F &40 ROS ™= 4%

(n=3,x%s)

2.3 AGM s} LPS &% F RAW264. 7 #m iz )9 NO #=
iNOS & & & 3% % 693

AGM Huph 2 5 %) B2l NO (17 A5 o g 25 575
LPS /] RAW264. 7 401 24 h J5,NO B & & T % 1]
2 AGM i AJG 3 NO Feik i B IR (P <0.05) , it
B AGM "I LPS 55 NO = A, kE— 2 kel
NO =4 Fr s Z A4 I INOS A8k & B, % BR4H 5 AGM
A INOS /) A JC B B 25 5 LPS /EH 24 h )5,
iINOS f#) 7= A B I 3 T 5 R 41 AGM 1l J5 H ek i
BB FEAIR (P <0.05) , Ui B AGM [ 3@ i #1l i) iNOS 2
F 4238 I/ NO f=A: . ULIE 4,

60

[ a
50
)
E 401 b
3
= 30r
£ 20t
=
}%' 10_
0 i i L
1 2 3 4 @®

Eibl
1 2 3 4
INOS(130x107)—> S pu— — —

B-actin(43x107)— cmm— S— N S—

1.3 #2852, LPS 10 pg/mL 2853 LPS 10 pg/mL + AGM
1 mmol/L 48 ;4 .AGM 21
A:ZEFoMH(n=3,x%s) a:P<0.05, 5mumtsi;
b:P<0.05,5 LPS 10 pg/mL 20 }t4% ;B : Western blot 4
B 4 Griess i =MEZGYWIEA 24 h |5 NO §yZ5{¢ & Western
blot #;:ill iNOS & B Ky FRi%

2.4 AGM »+ LPS #):3 T RAW264. 7 2m e Nif2 B 3
Fi#HREANAEA R HO-1 &L 697w
LPS %] RAW264.7 4l 24 h, Western blot ]l



952 B =R, 2016,38(9)

http : //aammt. tmmu. edu. cn

WoRF AN A Nef2 O s R AR
AGM T2 Nrf2 7K P45 LPS 21 B g 3% i, AGM H 7
s N AL W] S (18] SA) o L] AGM fig it
Fesk N 5 Nif2 A%, PT-PCR &5 g 7. LPS 3l 3%
30 h e, AN RAEN 1 IL-6 =AW 4% 2 (5] 5B)
UEH] LPS 3, R AGM T IL-6 235 [,
LAY RTHGE AGM A4 R AR FIAR—2 . W]
PRGN Nef2 N i i SR AL A 25 ) HO-1 mRNA 383k,
KB AGM T HO-1 Fk W R34 (& 5C) o i
AGM JE i {5 A 5% 53¢ [H 1 Nef2 (9 AL, e it T 30 4R
ARl HO-1 R 3K, M 0 1 7 A 4 7 A

1 2 3 4

ML Nef2(100x10°)— |

B-actin(43x10°)—

SRR Nef2( 100x10°)— | A
PONA(36x10°) > . — S — ®

2571

IL-6 mRNA [3%ik
—_ — [*)

o W (=)

"]

W
T

b
0
1 2 3 4
2415
6_
'},ﬁsi b
Kl
S
-
Z 3 a
g
=27
@]
N
0 1 2 3 4
415 ©

12488 40;2:LPS 10 pg/mL £8;3:LPS 10 pg/mL + AGM
1 mmol/L %8 ;4 .AGM 48

A:Western blot # | Nif2 % & & i5;B. ¥ £ & 2 #7 1L-6
mRNA & ik (n=3,xxs5);C: ¥ EFHH HO-1 mRNA £ ik
(n=3,x+s) a:P<0.05, 5@k ;b:P<0.05,5
LPS 10 pg/mL 2A k3%

5 ZAYWIER 24 h RHRESR AMZA Nrf2 ERMRIER
2544 30 h J5 IL-6 HO-1 mRNA %

3 itig

AGM SR IEAF A BUI — M AR WIS e A N HA 2
FAEP)DIRE . BFTERIA AGM FE 45l 5 475 A5 g A58 7Y

W LA PR AR« ANTE S AR N O A B 2 (A 7Y
H AGM FJ i B ROS 7277 s efr ) AGM. ]
ol AR IR IR 2S5 A S A I B 475 1) 40 i
I, AGM 3 6 Bl ih Hi b Sk s 0 A2
AGM %} LPS 755 f) 5 15 40 i 1) S8 A 07 3458 1 2 15 A
PV P B L ELAR PR 1 2 DL HRGE -

ROS 7 LPS i S (¥ B W 40 i 3 £k i 7 2 4
AT NO & Nef2 {5 S3m B 1 5 — A E ST,
Y23 LPS Tl o] 7 A KA NO S EUR AL B A
RAEN . ARSI L, LPS B RAW264. 7 41 i 4 Ak
IS 38, LPS #1324 h )5, 4P ROS \NO P AR % 5t
WA 20 22 2 A 4 g B o AR OB . A AGM 7
JEREWT AR ROS F1 NO #9774, 4275 AGM j@ i i
B ROS M| NO = i e BUHAT AL T

WF9% 2% W A% 3 55 7 Nef2 78 20 i 4840 0 i rh e
SRR . Nief2 J& F cap’n’ collar (CNC) 5548
FRALBE e S WG I F R . IEHIEO T, N2 5
Keapl 4545 RS PRI 2000 F 400 R N, 332 2 &
IR AR TV A . 2432 31 B R B PR 0 1
SR N2 )\ Keapl w5, I DA 4% £ 1k A
AR NS ARE 5545, IO 2 R e L B A T
FHBEAE A (193 5% , 40 HO-1 (NOQ-1 ,y-GCS %% 5 ROS
35 ER 1, HO-1 ) 27 7E T AR S s B gl
YUK —FhPTEALEE, & AT LU AL I 21 25 M A — A Ak
B (CO, AT S IMAS 4 5K ) B4R 2 (76 4% 28 ISl
PR, BERE ™ A N TR AL R 20 %) Rk
AEFILIRAS T HO-1 740 AR 35, 7T 3 2 Rl 24
5B R ROS 258 )30 5 L gl 384 . HO-1 9 R A
10 T 58 30 240 i %o o 9 g S T . HO-1 PR
Yl B f 3z ROS P, it 2 Pt 8 AL 25 9 1)
K JE R bR

ARSZUGIESE AGM A S5 Nef2 A% 5417, 755 5
KA b R BT P A AL HO-1 /935 S /E . Western
blot KM &7~ : LPS 21 Nrf2 =5 27 40 it 5 v 223k, i
A AGM T 20 M A% P4 7T L5 1 Naf2 f9 635, 36
] AGM n] W (g {2 3k Nef2 %% A Z00K% . RT-PCR 4%
SRR, AGM THi4] HO-1 mRNA 935 ik%: LPS 411
S, AGM B2 HO-1 mRNA )32 1545 X HE 4 1]
B 25 bk, AGM T AE & 1 5 i 40 i R P
Nrf2-Keapl 5 G40 73 85, Nef2 3 B 5 Ok, 42
PEH AR, 858 5 ARE (45 4, 000G Bt A1 i 3 [
HO-1 935" TG A CO | JH 2T 26 iy 7 i ok did
2N P AL BE 1o FRATTE 85 . AGM. W] RE 4 Ak
Keapl 2K [ b B2 5% 5L, T Nef2 354k, 75 B2k



http ://aammt. tmmu. edu. cn

B PR R ,2016,38(9)

953

— AR FERB X — R

Li EFTA £ LPS R B v 4i i v, AGM RT i)

il ROS 94 L NO (3 7™ A o oo L i i
fieit Nef2 A%, ERHTEALAERE N HO-1 [ 1Kok 52
PHPTANE T . X — & Bl BE T AL 25 A
A PR BT AL LR 2 SU0 1 e 7 A8 AN 2 K AR
SEAEI BERAE BN TRAOBT BB T5 ik o

5B 30k :
(1] BT, gkl JAuk, 45 Wl e v 7 = A9 108

[2]

(3]

BN SAAL R [ 1] 58 = R4, 2013, 35
(21) . 2301 -2305.

Mo C, Wang L, Zhang J, et al. The crosstalk between Nrf2
and AMPK signal pathways is important for the anti-inflamma-
tory effect of berberine in LPS-stimulated macrophages and
endotoxin-shocked mice[ J]. Antioxid Redox Signal, 2014,
20(4) . 574 -588. DOI: 10.1089/ars. 2012.5116

Kunz A, Dirnagl U, Mergenthaler P. Acute pathophysiologi-
cal processes after ischaemic and traumatic brain injury[ J].
Best Pract Res Clin Anaesthesiol, 2010, 24(4) : 495 —509.
DOI; 10.1016/j. bpa. 2010. 10. 001

Phaniendra A, Jestadi D B, Periyasamy L. Free radicals:
properties, sources, targets, and their implication in various
diseases[ J ]. Indian J Clin Biochem, 2015, 30(1) . 11 -26.
DOI:; 10.1007/s12291-014-0446-0

Li X, Liu Z, Jin H, et al. Agmatine protects against zymo-
san-induced acute lung injury in mice by inhibiting NF-kB-
mediated inflammatory response[ J]. Biomed Res Int, 2014,
2014 . 583736. DOI. 10.1155/2014/583736

Arndt M A, Battaglia V, Parisi E, et al. The arginine metab-
olite agmatine protects mitochondrial function and confers re-
sistance to cellular apoptosis[ J]. Am J Physiol Cell Physiol,
2009, 296 (6): Cl411 - C1419. DOI. 10. 1152/ajpcell.
00529. 2008

Battaglia V, Grancara S, Satriano J, et al. Agmatine prevents
the Ca(2 + ) -dependent induction of permeability transition in
rat brain mitochondria[ J]. Amino Acids, 2010, 38 (2):
431 —437. DOI: 10. 1007/s00726-009-0402-0

Freitas A E, Bettio L. E, Neis V B, et al. Agmatine abolishes
restraint stress-induced depressive-like behavior and hipp-
ocampal antioxidant imbalance in mice [ J]. Prog Neuropsy-
chopharmacol Biol Psychiatry, 2014, 50. 143 - 150. DOI.
10. 1016/j. pnpbp. 2013. 12.012

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

El-Agamy D S, Makled M N, Gamil N M. Protective effects
of agmatine against D-galactosamine and lipopolysaccharide-
induced fulminant hepatic failure in mice [ J]. Inflammop-
harmacology, 2014, 22 (3). 187 - 194. DOI. 10. 1007/
s10787-013-0188-2
Freitas A E, Egea J, Buendia I, et al. Agmatine induces
Nrf2 and protects against corticosterone effects in hippocam-
pal neuronal cell line[ J]. Mol Neurobiol, 2015, 51(3):
1504 - 1519. DOI; 10. 1007/s12035-014-8827-1
Condello S, Curro M, Ferlazzo N, et al. Agmatine effects on
mitochondrial membrane potential and NF-kB activation pro-
tect against rotenone-induced cell damage in human neuro-
nal-like SH-SY5Y cells[J]. J Neurochem, 2011, 116(1) .
67 -75. DOI. 10. 1111/j. 1471-4159.2010. 07085. x
lizuka Y, Hong S, Kim C Y, et al. Protective mechanism of
agmatine pretreatment on RGC-5 cells injured by oxidative
stress[ J]. Braz J] Med Biol Res, 2010, 43(4) : 356 —358.
DOI; 10. 1590/30100-879X2010007500018
Menon D, Coll R, O’ Neill L A, et al. Glutathione transfer-
ase omega 1 is required for the lipopolysaccharide-stimulated
induction of NADPH oxidase 1 and the production of reactive
oxygen species in macrophages[ J]. Free Radic Biol Med,
2014, 73. 318 - 327. DOI. 10. 1016/]. freeradbiomed.
2014.05.020
Itoh T, Koketsu M, Yokota N, et al. Reduced scytonemin i-
solated from Nostoc commune suppresses LPS/IFNy-induced
NO production in murine macrophage RAW264 cells by in-
ducing hemeoxygenase-1 expression via the Nrf2/ARE path-
way[ J]. Food Chem Toxicol, 2014, 69 330 —338. DOI.
10. 1016/j. fct. 2014.04.019
Niture S K, Kaspar ] W, Shen J, et al. Nrf2 signaling and
cell survival[ J]. Toxicol Appl Pharmacol, 2010, 244 (1) :
37 -42.DOI: 10.1016/j. taap. 2009. 06. 009
Niture S K, Khatri R, Jaiswal A K. Regulation of Nrf2-an
update[ J]. Free Radic Biol Med, 2014, 66 36 —44. DOI;
10. 1016/j. freeradbiomed. 2013. 02. 008
Paine A, Eiz-Vesper B, Blasczyk R, et al. Signaling to
heme oxygenase-1 and its anti-inflammatory therapeutic po-
tential [ J ]. Biochem Pharmacol, 2010, 80(12): 1895 —
1903. DOI: 10.1016/j. bep. 2010.07.014
FRAZRE. Nef2 Gl AR PR PR F SRR [T ], 55 =%
BE K2R, 2014, 36(15) ; 1552 - 1556.
(%5 :2015-10-20; & [E] :2015-11-15)
(% k%)



