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Research advances on anti-inflammatory, antioxidant and anti-apop-
totic biological effects of methane
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Abstract: Methane (CH,) is the simplest hydrocarbons and endogenous CH, has been thought only to be generated by methanogens
in the oral cavity and gastrointestinal tract of the mammals. However, recent animal studies have shown that endogenous CH, can also
be generated from choline and its metabolites in the mammals to protect the plasma membrane from reactive oxygen species attack
and repair the membrane. In addition, exogenous CH, can ameliorate the oxidative stress injury of multiple tissues and organs through
its anti-inflammatory, antioxidant and anti-apoptosis effects. This paper reviews the recent researches about CH, synthetic metabolism
and biological functions, and highlights its potential of wide application in the prevention and treatment of oxidative stress related
diseases and the significance for the development of gas medicine.
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NHIEEE B i S0t g2 CH, .

B X SAR NI T IR T HTA N TR
PRI AR IR ST T AR ATBCR B2 i . BLE
FRW, Hy ER—F/Ny RIS A — 2 9T
RAPUAEBLTIRE, fEIRK L REIRIT ML RGUR
i HAERIL RS LR IES P, CH,
A H, A 2R R, ENHE ST L LRER
NIy AR, BERERARE L. Bk, AT
CH, A& 75t BAT ML H, IPTRAPURMRN . il
RIZNP SRR, *h 78— IR AN CH, RE
e = UN1 IN T NITVY i e 4 AC A Y
(K R AE AN A BT . H2, HATR T CH, X
NPT ERPLR . SR U T AR S RN
RANRGE TOEARF D, 1 BLARAE T 3h P B mb it 7
rEe, (EIXLERT AU TR CH, £ I PR AL R o
FRPIA BETT 7 T A BRI R T8 A e -

1 CHH#iE

CH, =& w1k, U8y E DY 4, U
BB AHE, BN 109928, TG AN HL T,
AL 414 kKJ/mol™,

B 5 B2 FATTAS W RIS N 7378 N AR A )
I N A E R A AR, £E 2002 A& T R
1337 (gasotransmitter)” X443 ", AR K
SrRABRHER « (1) Dy 7K, BEER A REVE
TAWAES s Q) vTHBEFSAME. Kk, &
A7 2 ik 2 B 5 AN MRS T B A2 AR Bl AR da A s (3) W
FE S YD AN A BeAE W FLBh W Am B o AR A s AR
BCS AR G S DIRE R % 5 (4) — e AR
FE A B AE MR 9 R FE R I AE BRI RE 5 (5) AR T
(RS - 0T LABEEL A IV () AR LE AR N BT 45 1)
AFINRE s (6) EMNZ5ESHS, FHENAR
Ao i s BT & IR br e i SR a8 it B 45
NO. CO. H,S. H, %, REHXEOH AN
AL, CH, V2 A A, e fmy,
WA, AS 5508 N PR TR S S i
BRMEARSE. H2, CH, 25 7 Z2M KM ( KA
AR =R ), KRB R SRS T B e
B E B & CH, 58 205 & AU oA v 1R HIT 79 A,
WA =AM H . BRI, BRI RS
%iﬂ?{)ﬁi [14,16]o

2 NIEMECHLRY4E AL
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B —— = R, HUR ST W S 2 .
PR RERIH CO,v Hyy BEFRIX LL 41 & AU P~ 4
AIAEE A (1) H A Sk AR il CH,, N 75 A R e it
BRIR AT B R IE T i o R e A R s
B R IE R AT B (Methanobrevibacter smithii, M. smithii),
B R RSB 94%P . BARM CH, 35T B
Jir 1 D R 25 EL R B AR U, I PR s I A
DU H ) CH, K-SR I B B Wi N CH, A= 1 1 1%
B, AT T — 6 g 8 0 P I 70 R s b e 20,
Kemp 1 Brusa 45 & 3L R A K30 ¥ AN H s o
FAAE P e T P02, i N8 i o B 72 PR e B FE T
JE M BT B piE NP B R 2. Vianna A
Kulik £ & Bl i B %8 55 41 B (Methanobrevibacter
oralis, M. oralis) & 5|8 A R HE P M. oralis
RAEAE T 8 2 g b, o B NRER  Jis
JUFEARFELE PV e i AR R 5 2 ) 8 7™ S A T
FMK, THERNFRRGEDGS, REAAT
W A 0 DA e SR T ) B

2.2 EREERRIIR/AELEACH,

IR TR, WA LRiiA. EAZH
MAEAREA NS L N 24K CH,, H T B UA N
AR . Ghyezy W i Bon, RAFME FIEFR
NN i A e e e ) P b 8
JHARURY R A 4SS B R CH,, XN N
A 8 A NI S5 s S PR 977 o e g 7, 17T A B Y) CHL, T
A et S A iR S A (R A B

KA S LRI RE LR E Y], EMEMI
Birh 2R 2 A2 O S PR 4 (reactive oxygen species,
ROS), Xf&bifhis A ants, FEERRIIREZ
1 P, Tuboly ZE B 7t & 7R, 16V & AL AT 4
KB e Pt T T ALK, e =25 410 1) R BRUAER AU 5]
1) ROS *E B, FEBE CH, W H &8/, T 21 £k
PR DI RE MR A B T CH, (IR B R 2
X 2k i YR PE CH, Al T H S, s T
HLAAR P ) SE A I Do 2 7 o X g i TG REL AL 0 i / %
AF 1K) CH, [RIFE R 508 R i i e 3 350 i i
GOE B FCHLHIAE Tl AR IR HEB - (¥ FEAR K 43 it
Gy AR S PR CH, oK BGE ROS of 41 il 5 1)
B ez 59 piEmEE, Nmmdd R s s
4% o
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MR NEGA CH, PR EG A, AEEE KRR
{1 A7 35 B[] B, BN ION CHL, 8 24038 0K BRI 32 1
PEGREAFIH A AN &, (H 2 H B B DAL FE A
B ETXEHR SR K, Boros 5NN
CH, nlRe LA PL R MAEH, FFAE 2012 4FHEH 11X
—HAEY, R, KT CH, B4, fiEtb. i
TR AR 5 RN 51 )2 RV .
3.1 CH ESHNHEXER PR
3.1.1 CH,MEMEMTAE N F LN S R EEH 5
Boros 555645 K RAEAR AU A ESE 4 h N 2.5%
1 CH, == SR A A, KL CH, AMUBE MK /N
F 5B i i ALY (myeloperoxidase, MPO) [
PE, DR T E B 2 0E S B, T HL6 R BRI )
M %45 pH. spaO,. paO, iX 464 FRAR PRI A I &
SO, JHE MR T paCO, &35 F#K, XATRe T
CH, A FACIAE B /g, &Pk & m/EH . BEE ik
ATVEESL T R e I P E VR FOABE A, R BILAE P RE v
RN 2.5% 1) CH, B 5 25 AU 2 2 T AT
FAY I A 2 B DA R L3R 30 7, T L3S B D5 3 i .
FRETE 5 T B A SRR A S, T 98 X
TE G R . HALHILE T ZMEPE CH, BT H 40
RO, SOt L RE v 5 R AR LB, AT
BIEMfEE D, (B2, Boros &I AT U4 K
BRI R N AZ R FE CH, UM ) Ji [ M AR ¥« Zhang
S5 7 MR R 84 (dextran sulfate sodium, DSS) fit
TS g 2 N RIESE 3 RiFEST 16 mL/kg 1#) CH,
KJG, KIL CH, KREHHI /N BRILTE 1 IL-6 B 7K
A E, CH, fedl/b RVELIMLIIRIE, JRERS
PEEE R IR FEE o RIS, IR Re )/ B 44 =
NP S A K AR R, BRI TS B4R S (disease
activity index, DAI), M6 % KK &, EK
N ER AR N TA) o AL AE T CH, Rl 0 ok
“Hi il P PISK/Akt/GSK-3p {5 5 it % >R {2 2 1L-10 1)
ik, LIIMH NF-xB. MAPK 15 538 8% LA K R4
i DR PR JC, DT 0 ) S < 1k e 988 I 25 A A 3 R
PE RIS N, Bk BN 25 (WEE K )
MAPER . BEAh, MATERT SR I, DSS i Tl
J5 457 CH, /K5 se i) S % S 82, {H 22 DSS 5 3
G4 T CH, KRIRCR B A 1, It g R,
CH, e B 28 P IR AT AR i 1 20
Ye S 7 AT R i 75 v E F-ARRT4 SD K R 4T
CH, 7K, 3 CH, 7K BeA i) Fr A ke fn P8 v 40345 =
BN AR Z M (ALT). RITAZREL AN (AST)
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TR, BRI IE 28 5E A IL-1B. IL-6. TNF-a
(12215 F1 Caspase-3 i&i M, #i /> MDA . 8-OHdAG 4 %,
ST EACRE ST, R I R A SR A%
A, CH, fg /b S i F5 FE 3014 )5 AT 40 e
T HEARIER A, PRI RS 250 e %
Htt CH, ReiEdHi % . Prddb. T rgr e
503 T O SR T PV 3 A o A, AT R A
25 K BRI s 3 5 AN [\ R & 1) CH, 7K, &3 10 mL/
kg A B (183 S 71 B T P U St I PR 45 4 ) 50 2
Faete ", Strifler 5\ MR CH, 75 FT I B ifn F
VEVERU fE, i R AR G RAR R R B, A
M S BT 2 FIAE . 76 B EE I FE RN 2.2%
(1) CH, 1B & 2 AR PR AR 41 I (1 3K ¢ S ALER (cyto-
chrome ¢ oxidase, COX) &4, B3t I 26 4 JiE 45
P O FE L, [R] IS R 2 JHF 208 A 9 T T AR U £
MDA A B, kAT IS B R e fE G &
FS 0 E B Bt % A, He 58] H CH,
PR ANPUEACII LI B8, 25 T 98 /)N BRI s v 5
20 mL/kg & E ¥ CH, 7K, &I CH, fig &2 2 P K i
JE F ALT. AST 36 ¥ L & BFE H TNF-a. TNF-y,
IL-6. IL-18 7K, #&@ ik IL-10 /K7, 80 T
MR 2ER G . A ATTIAN CH, fig 250 T4 40 AL 1)
TET4H] 7 NF-xB 1 P38 MAPK [¥] % i {5 5 id %,
B#{% IxBa. NF-xB A1 P38 [l iL. b4k, CH, it
AE ek /b JFF WE o MDA 1 8-OHAG £ i, # & SOD.
CAT X Se A LB G 1, D2 FHF 28 Xof JHF 3 1 179
IR AT ek 2 A 4 B A 3R K X 3 e Yao
SETE CCL, BT igs T 11 /0y BRUS0 1 B 4 403 A58 28 wh R B,
VEST 16 mL/kg CH, /K BE &2 3 PR /N BRMLE H ALT,
AST 7KF,  $) iSEF1 F i CXCL-1. ICAM-1,
MPO (131K, W s 42 JFIE 1 48 8F 5 1fii . CH, 7K
I e LR A IV 400 i &5 460 11 52 B 1, ] CCl, BT 3 3
IRF AR e, FFER KU ZE. FIAMBE . SERFE
AR R DL R I J53 S 50X S8 B AR A . AR ATTIA A
CH, J& i d 1% 1k PI3K/Akt/GSK-3p 13 53 4 A1 4015l
NF-kB. MAPK 15 Fi#iig, Mo H+ IL-10
AR, LR AR R U 285E R ¥ (40 TNF-a. IFN-y,
IL-6. IL-1B) HIFRIE M AT AR BB 7T Bor (£5
RFHIR ), (Ei83NHT% SD KEREEMR 4 mL ¥ CH,
7K (0.99 mmol/L) REJ/HIE - MDA HIA R, # &
PLEALEE T-AOC. SOD F1 GSH-PX 3 4, M 2
2 WE A S B X SRR AR B, CH, Rl i $t
98 PUEL IR IR AR s I 1 S A LSRR 2 RE 52473
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3.1.2 CH¥ER. MMEARESHEHECRBSR
fEHR AR

Fan il Shen % i % 77 K iR CO H 5 114,
RIAE CO 5 1 h J5 MRS 3 W (RIZ). 8 hy
16 h) 10 mL/kg 14 5 ) CH, /K BE 2035 A s 5 Ak
G 17 2 1) 9% 0 FH S8 AL B % . LR, CH, K
fell Zm /b KREAM COFE 1 KUK 9 RGHE
KK B2 2 MDA 3-NT. 8-OHdG “E /i, 12
f5 SOD V&P, IR Mg I FH 7 J2 1R AR A B SR A
BEAR R 2 CO 2 5 801 B F0 52 )2 4 TL-1B A
TNF-o KF [ TF s, 982 e o AR 2 16 98 SE B2 473
fATTH BT FE 22 B, CH, X KN AE St CO h 8
AR . CH, KB H b Bk,
PUE TR =R EGE TR R 2k COo iyl
EC P E 35 2 5

Wu 58 i 25 B8 R K ROIESE 8 JlvEST 5 mL/kg
R E I CH, K, K I CH, % 53 30100 ) 55 Py 4
JiE (K7 IL-1By TNF-o ZK-F 1T iy, o508 A0 I s 1)
RIEW 5 EIERe PRI N VEGF Hil GFAP [
AR, H0HRL AN I 5 ) 00 5 26 R4 22
RN, TETEASS b, S CH, K, BEIRIG R R
AR R 5 S S A 9, e R A PR P A T
I 57 3 375 T PG . CHL, 0 A PR 976 K B OR IR
I AR RIMLARLE T & 3R T8 PR3 X BRI FEE P miR-
192-5p Il miR-335 [IFIA, T IR HL I S 1) 8 A
Pafsi, AR AR L BT ROR Y. Liu 4%
WS, 8 K BRIt T P98 3 0 1) 25 K B
Jis 3 5 25 mL/kg 4 (1) CH, 7K B& 8k /b (8] R 1fiL 75
ESEAL BT E R, ol R R AN
JEARTEFNRL L D BERRAG 5 I 5 a0 A X L P A AL 7
¥) MDA, 8-OHdG. 4-HNE f 4= i, #2 & SOD.
CAT. GPx WJiEME, @Mt Ebae /s, 12
RN S PR RGP 5 B BRI HE LI L Y BT
8 T8 1 Bel-2 (1) ok, #0042 8 T & [ Bax,
Caspase-3. Caspase-9 1315 J g, 1@ P L.
PUIE T2 1 A0 5 350087 435 SD K B AR X B gt i - 2
HERE P

Wang S50 7 R, 454 il BRI P B0 1
SD K BRI 10 mL/kg 745 (1) CH, /K BEHE = K
BRLAE FEVEYE IR B B8 P CH, IR, R KR i
TG~ /I 5T 200 B AN S TR J Joft 4 L P N2 (18 2 S v 12k 5
$275 HO-1 Al g %A AL ¥ SOD. CAT. GSH [ 1%,
P EAC R s, AT ek B8 110 AU v A A%
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B% & NF-xB. CXCL1. TNF-o. IL-1. ICAM-1. MPO
TR, SCGEEREAE R H CytoC BRI M i
o, DL LA Caspase-3. Caspase-9 [F)3& 14, MM
P KR 4 e P8 T 5 CH, I8 RE 38 i 30 i)
MMP-9 jiE %, i B3 EEA S E 1 ZO-1. Clau-
din-5. Occludin 521k, AT 38 i - 5 & 57 P 1)
AepRfig. Ak, CH, Ridid 2 #F Nrf2 fy3& 1%, A
MRS R Préae. PURTIER, R& e
SD K Bl i ol i BE R B 4% ). 1T Wang 5454
BES 0 1K BRI S CH, K5 &3, A FIFIE R CH,
KRR R R I23h T Re k&, 1 20 mL/kg 1)
FIEBCRELF. B REIR> MDA (4L, $#2m SOD
&, J0H] TNF-o 85 2 RE R T RIA, BRI A .
LA B AEY) RS s & B ] Caspase-3 (17 1E,
%/ TUNEL [H P20 ok i, PRAR4E T2, &
FIPURETIMER ; kRN To-a (BT LA
By 7 ) BHEEAN AR, I S0 /0N e o 200 L 1 38
e WRFLERW, CH, K@yt PrEfb. bl
TR, 4T /0N 5 240 PR P s e L 5 kS 1 4
R 5 9RE, M B B ™.
3.1.3 CHYEHEHARENT UMM SRR

Chen S545 0o JUREFE K BRUAE &R 20 ik e 71 Fe S
AR 30 min J5¥ES 0.6 mL/kg, 2.5 mL/kg. 10 mL/kg
R 1) CH, /K, RILAS I 7 & ¥ CH, /K 35 B i 2>
O UBEFETH AL, AR O VLA ZE 2 A1 CK-MB. ¢Tnl
S5 IMIE O LB S M, D3 O L AR N ORI 28 SRE 407
i 5 BRI TS, SR O NLThRE, AL
HW, CH, X R O WLTh B8 RIVE B B AT 77 = Ak it
PE, SRR G T AR B s, 1 10 mL/kg M E
(1) CH, 7K X 0o JULAS BE 1) o5 38 1 F B 4. 10 mL/kg
PR EE 1Y) CH, 7K B BRSO WL K J5 1 LK pCO,, 1K
MR AEIR 5 #1060 LA Bax. Caspase-9. Caspase-3
FIK, $&15 Bel-2 3Rk, Jk/> TUNEL BAPEAH 4 &,
WD WLIAII R TS WEFER I, CH, et Hi s
Pt PUAT- SRR OIS RERE M, ik
Ah, BATHF AW T SRR, EBEIRI4: SD KR
%E I 4 mL f) CH, 7K (0.99 mmol/L) fg ik /b 0 JIi rh
MDA B4R, 2 = P Ll T-AOC, SOD Ji 1,
T B O I R SR R, $R K R 2 Bl RE 7,
K I Fh A P,

Song SFEHFFLE N, E R R IR M PR TR
AT AR G 45 K BT ST CH, /K #F g i B 4 i A=
TR GURT 2 FE VR TR, b T gl i f



TR S CHBUA . BUEAGRIGTIR 1A 42 2 RS R 5 18k e

fRAF MMt SR E R E . EFAREHE 3 R, BB
TR I PR E A ARy T CH, KR RS HF A
HEZHAH EE, R 3 b i 98 T2 88 A Bel-2 R I& T+ &,
ASK-1 H1 INK 8% 82 b 7K~ J A 1 1= 8 Bax Ri&
N F%, Caspase-3 3if 4t i 2 [ k. X% 8 CH, fig
TP T AR R AR IO R SR I P RE VR T LS ) 28 hE
B o,

Xie SE W78 27, 25 VR TR R A B /D BT 5
CH, A= P2 35 7K R B A% 158 Ji o 3 oy I8t 0 A3 17 16 1 7K
P, ) 28 PR 4H B R E AT 2 ORE I 7 TNF-a, IL-6
IFN-y [J3R1k, e 280 R AE FIFEEE 5 BRI MPO 7%
PE, $EmbiE Ll SOD [idE, tea A S 1 s
I BE ek 2 A ) R T, # | Caspase-3 [ Rk,
ERPUHTIEM . X3RRI CH, sid@d st i
s FURT- RS IR AR 4 1 R A RR R 17,

Sun ZERFF RN, 7EAEZ B (lipopolysaccharides,
LPS) F Fl Al 25 K By 55 CH, 7K B8 #01 f1) 28 5E I 1
TNF-a. IL-6. IL-1B HIZIK, i K B R i 2 »
DB AR, P E B g T, oG
S8 A S0+ 4] Caspase-3 FRE 1%, 62D 1
YU ; BILRESE =i 28 A TR 2 (PaO,/FIO,). BEAILM
1#IE 8% (lung permeability index, LPI). iz 244 /
T LLE (W/D), iz & AR ORI, o5 il 45 44,
PR I P RERE . X R BH CH, Reid@id fu . P
. PUAT IS RER 2B .

Xin SEHF TR, AE— U KR ) v 32 B Hif
45 SD K B JiE 335 10 mL/kg 1) CH, 7K BE 2 iy L
18 71 v iz s v i s R 22, b iz 3l e K R A
(urea nitrogen, UN). FLFR (lactic acid, LD) Z5/Ciff =
YIMERR, TR KR P Ae /1, EKIszh &
1 IR ] TAE— R ST iE s H, CH, REiksE
JHE Rz IVSEAR SEBORT 28 SE 4005 AR BE, BRI A E Rl
TNF-a. IL-6. IL-1B [F/KF, $2& & K & HE M VLA
T-AOC. IL-10 /K°F, B3 — A% J13m iz 3l Ja K
WA M A 580284k . B FL3R 8, CH, Reidit it
%K PrEAL DU T B AR O HER U AL RS
FAERR

IR Z R SRR T b e R FE R A
CH, X ZH 23 88 B B RLIOM 9 0E #2405 38 oA B
HIVEIT AR, A H BAR I LI 2D AR 45 A U
MR . Fink I\ CH, BeR¥EPLR . Irefb. P
TN BIHLEI AT REAE = W FLBYI 40 A DL CH, A
vy, BRI ANA CH, %k, Xz CH, A i
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Y AR JE IR BT (AR s b, (IR e it —
I FIAE PO 1)
3.2 SMEMECH AT B3

WA F M, ToIR & N IE A2 7 5 #h R 1 CHL,
X i 2H 238 B B #0A AR R AR . Boros &5 1)
W97 2 BN AMJEE ) CH, A4 B 5335 30 RN
(R A A R, HX R S A A A B P 40 ) 2 i
AN CH, [P FE F+ =i F+ =i 1 pmol, 40 pmol, 80
umol CH, /<, 4 X #4801k 4 A= B 1 30 1) 2R 43 1) A
21.4%. 41.9%. 57%, K8 CH, X T AP0
HilE A R E RN . 64 1 pmol, 10 pmol &5 A
)R 1) CH,, A AR BT AS 2 0] P A 248 i 1) 12
i H. 10 umol CH, i FLEm /N P2,y -F- g s v
FEMR N 26 2 TR R 5547, 290 Re sl M sctt B AR, 2
T, T AR SEBR R A 56 EE RN 1) g =X
oo Bk, Ye £ Chen 548 Fi G s v 5 B2 5 AN [F)
(77 SRR 7T CH, 7K & Tt Ae B 4 2348 B 1 20
R AL N 5 7 Ye &5 8 i 7 5 1 mL/kg.
5 mL/kg. 10 mL/kg. 20 mL/kg L} 40 mL/kg 14 5
) CH, 7K (0.99 mmol/L), &I H A FFE ) CH,
TK 357 fE T 81 5 e P O st o PV AR D, L A
&S 10 mL/kg 745 ) CH, 7K ). Chen 25481 0.6
mL/kg. 2.5 mL/kg. 10 mL/kg {4 = [¥) CH, 7K (0.99
mmol/L), & IEGHIX =R &b B 1) CH, /KB A8
X O DUA BE A 3 o B AR, e AR 7 =2 10
mL/kg 74 5 () CH, K ", 2 J5 A Hooth 1) 22 AR
AN [F B AR SR BIF 9T CH, /K 7B 08, A IR
JE 398 0.99 mmol/L. 1 41, Wang %5 # H 0.5 mL/
kg. 5 mL/kg. 20 mL/kg 1A [ CH, /KK i0I7 6 #E
Bl R R Y, Al R BRI = ol 751 R 4D Rl X i 11
i, HE 20 mL/kg 7 &8I RCR AT . Xie S57EE
W HANE]fE A 16 mL/kg. 32 mL/kg. 48 mL/kg ff) CH,
KT ISR )57 & CH, St B AR 48 (TR FH AR, A
1R B 48 mL/kg HIFIE R H 4 “". Sun Z&fHF 2
mL/kg A1 20 mL/kg ] CH, /KIG 7 K B Atk il 54 ,
KRB 20 mL/kg (778 RCR B A ¥ X L5 i i 5T
KA T R TAMNENE CH, #EAHIA AL,
PURT AR, Hbik. bt BT
FH A IR

4 RESRE

HARAATA 2012 4R %F CH, LR HLéA L.
U T ED RN AT T — RIS 5 IR
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~
-

Oxidative stress

il o0
il

Apoptosis

Fig. 1. The possible signaling mechanisms of methane playing the anti-inflammatory, antioxidant and anti-apoptotic effects. Red arrow

indicates the down-regulation expression of proteins or decreased MDA content. Green arrow indicates the up-regulation expression

of proteins or increased SOD activity. Blue arrow indicates CH, inhibiting inflammation, apoptosis and oxidative stress through PI3K/
Akt/GSK-3p, Bax/Bcl-2 signal pathways, decreasing MDA and increasing SOD activity.

T HREAHIRZE HE M A H, BT
CH, ZEW=#E Rt AT BDEA 2. A s
KA KEA XS il s FFAE OS5 L 345 B i i
PRSI, s B BRlELed
A% B UL P REE S O A DL AP RGUIR L
PRAGIR SR B AR, B AR
VB CH, Hu st Psfb. PURH T AN RN e

ZHE M TR AR B AROR R, ik, A
AT CH, FE AR A A B A Y R AR I PLAR AT 7T
HATb TP B, X1 CH, fENLAR N I 4 RS 5
Al 3 ANk PR 2 TK S AL RO IE T By g o, LA AL
] B 5 5 I 1A e A R TR 5 e AN A,
FCIX AT R FH A O T S0 S SO S i PR
ey B BB . teAh, KT CH, X g b 2%

AR BRI R AN E X — IR R &R B3
S HIHERT . b IRIX L #1240 T CH, [ R
P EE AL HERE o

CH, Z Al — E A AR N ARG LY
A A, (E R EE R U A IR S A )
S R AR I R PE CH, BER T AL St R 4t
KA. BLAN, AhFRANENE CH, B E SR A E
RAE AR, HPUR . Pra. TR
AR A JE I T CH, FE IR YT s T IR S F 4
PR . AR BT ITE RN CH, T4
A REHAR R IIR IR TT AT FE 0T 2 o i
RENGRITROR, JERT CH, il R G % e VEvEAr, 1
41 CH, IR EE LU A IS TR 2 75 22 X LA A e A=
AFIFEMASE, XS CH, (A ARt 7T



TR S CHBUA . BUEAGRIGTIR 1A 42 2 RS R 5 18k e

HT SR AIE FE 1A W R S P e AL R LB e 2
BB TR R CH, IR 208, Ry it A
T A RO SR BT TT S BT A6 T S AN
PINR, WREEFAREAAEERE .

S50

1 Wuebbles DJ, Hayhoe K. Atmospheric methane and global
change. Earth-Sci Rev 2002; 57(3—4): 177-210.

2 Moraes-Filho JP, Quigley EM. The intestinal microbiota and
the role of probiotics in irritable bowel syndrome: a review.
Arq Gastroenterol 2015; 52(4): 331-338.

3 Horz HP, Conrads G. Methanogenic Archaea and oral infec-
tions - ways to unravel the black box. J Oral Microbiol 2011; 3.

4 Wang Z, Elekwachi CO, Jiao J, Wang M, Tang S, Zhou C,
Tan Z, Forster RJ. Investigation and manipulation of meta-
bolically active methanogen community composition during
rumen development in black goats. Sci Rep 2017; 7(1): 422.

5 Hong Y (#iz), Cheng S, Zhang JM. Research advances on
hydrogen therapy in nervous system disease. J Zhejiang
Univ (Med Sci) (VLK 2240 EL 5 AR) 2010; 39(6): 638—
643 (in Chinese with English abstract).

6 Dong WB (# M), Zheng GL. Medical research advances
on hydrogen. Chin J Pharmacol Toxicol (H [ 24 ¥1 2% 5%
P2z &) 2012; 26(5): 669—-673 (in Chinese with English
abstract).

7 Ye Z, Chen O, Zhang R, Nakao A, Fan D, Zhang T, Gu Z,
Tao H, Sun X. Methane attenuates hepatic ischemia/reperfu-
sion injury in rats through antiapoptotic, anti-inflammatory,
and antioxidative actions. Shock 2015; 44(2): 181-187.

8 Strifler G, Tuboly E, Szél E, Kaszonyi E, Cao C, Kaszaki J,
Mészaros A, Boros M, Hartmann P. Inhaled methane limits
the mitochondrial electron transport chain dysfunction
during experimental liver ischemia-reperfusion injury. PLoS
One 2016; 11(1): e0146363.

9 HeR, Wang L, Zhu J, Fei M, Bao S, Meng Y, Wang Y, Li J,
Deng X. Methane-rich saline protects against concanavalin
A-induced autoimmune hepatitis in mice through anti-
inflammatory and anti-oxidative pathways. Biochem Biophys
Res Commun 2016; 470(1): 22-28.

10 YaoY, Wang L, Jin P, Li N, Meng Y, Wang C, Xu M, Zhang Y,
Bian J, Deng X. Methane alleviates carbon tetrachloride
induced liver injury in mice: anti-inflammatory action
demonstrated by increased PI3K/Akt/GSK-3p-mediated IL-
10 expression. J Mol Histol 2017; 48: 301-310.

11 Fan D F, Hu H J, Sun Q, Lv Y, Ye ZH, Sun XJ, Pan SY.
Neuroprotective effects of exogenous methane in a rat model
of acute carbon monoxide poisoning. Brain Res 2015; 1633:
62-72.

12 Shen M, Fan D, Zang Y, Chen Y, Zhu K, Cai Z, Liu Y, Sun X,

14

15

16

17

18

20

21

22

23

24

25

26

91

Liu J, Gong J. Neuroprotective effects of methane-rich saline
on experimental acute carbon monoxide toxicity. J Neurol
Sci 2016; 369: 361-367.

Chen O, Ye Z, Cao Z, Manaenko A, Ning K, Zhai X, Zhang R,
Zhang T, Chen X, Liu W, Sun X. Methane attenuates myo-
cardial ischemia injury in rats through anti-oxidative,
anti-apoptotic and anti-inflammatory actions. Free Radic
Biol Med 2015; 90: 1-11.

Wang R. Gasotransmitters: growing pains and joys. Trends
Biochem Sci 2014; 39(5): 227-232.

Wang R. Two’s company, three’s a crowd: can H,S be the
third endogenous gaseous transmitter? FASEB J 2002;
16(13): 1792—-1798.

Boros M, Tuboly E, Mészdros A, Amann A. The role of
methane in mammalian physiology-is it a gasotransmitter. J
Breath Res 2015; 9(1): 014001.

Roccarina D, Lauritano EC, Gabrielli M, Franceschi F, Ojetti
V, Gasbarrini A. The role of methane in intestinal diseases.
Am J Gastroenterol 2010; 105(6): 1250-1256.

Matarazzo F, Ribeiro AC, Faveri M, Taddei C, Martinez MB,
Mayer MP. The domain Archaea in human mucosal surfaces.
Clin Microbiol Infect 2012; 18(9): 834—840.

Samuel BS, Gordon JI. A humanized gnotobiotic mouse
model of host-archaeal-bacterial mutualism. Proc Natl Acad
Sci U S A 2006; 103(26): 10011-10016.

Vianna ME, Conrads G, Gomes BP, Horz HP. Identification
and quantification of archaea involved in primary endodontic
infections. J Clin Microbiol 2006; 44(4): 1274—1282.
Scanlan PD, Shanahan F, Marchesi JR. Human methanogen
diversity and incidence in healthy and diseased colonic
groups using mcrA gene analysis. BMC Microbiol 2008;
8(1): 1-8.

Pimentel M, Lin HC, Enayati P, van den Burg B, Lee HR,
Chen JH, Park S, Kong Y, Conklin J. Methane, a gas pro-
duced by enteric bacteria, slows intestinal transit and aug-
ments small intestinal contractile activity. Am J Physiol Gas-
trointest Liver Physiol 2006; 290(6): 1089—1095.

Conway de Macario E, Macario AJ. Methanogenic archaea
in health and disease: a novel paradigm of microbial patho-
genesis. Int ] Med Microbiol 2009; 299(2): 99-108.

Weaver GA, Krause JA, Miller TL, Wolin MJ. Incidence of
methanogenic bacteria in a sigmoidoscopy population: an
association of methanogenic bacteria and diverticulosis. Gut
1986; 27(6): 698-704.

Furnari M, Savarino E, Bruzzone L, Moscatelli A, Gemi-
gnani L, Giannini EG, Zentilin P, Dulbecco P, Savarino V.
Reassessment of the role of methane production between
irritable bowel syndrome and functional constipation. J Gas-
trointestin Liver Dis 2012; 21(2): 157-163.

Peled Y. Methane production and colon cancer. Gastroenter-



92

27

28

29

30

31

32

33

34

35

36

37

38

39

LE PR Acta Physiologica Sinica, February 25, 2018, 70(1): 85-92

ology 1984; 87(3): 601-605.

Kemp CW, Curtis M A, Robrish SA, Bowen WH. Biogenesis
of methane in primate dental plaque. FEBS Lett 1983;
155(1): 61-64.

Brusa T, Conca R, Ferrara A, Pecchioni A. The presence of
methanobacteria in human subgingival plaque. J Clin Peri-
odontol 1987; 14(8): 470-471.

Belay N, Johnson R, Rajagopal BS, Conway de Macario E,
Daniels L. Methanogenic bacteria from human dental
plaque. Appl Environ Microbiol 1988; 54(2): 600-603.
Kulik EM, Sandmeier H, Hinni K, Meyer J. Identification of
archaeal rDNA from subgingival dental plaque by PCR
amplification and sequence analysis. FEMS Microbiol Lett
2001; 196(2): 129-133.

Bringuier A, Khelaifia S, Richet H, Aboudharam G, Dran-
court M. Real-time PCR quantification of Methanobrevi-
bacter oralis in periodontitis. J Clin Microbiol 2013; 51(3):
993-994.

Yamabe K, Maeda H, Kokeguchi S, Tanimoto I, Sonoi N,
Asakawa S, Takashiba S. Distribution of Archaea, in Japa-
nese patients with periodontitis and humoral immune
response to the components. FEMS Microbiol Lett 2008;
287(1): 69-75.

Ghyczy M, Torday C, Kaszaki J, Szabo A, Czobel M, Boros
M. Hypoxia-induced generation of methane in mitochondria
and eukaryotic cells: an alternative approach to methanogen-
esis. Cell Physiol Biochem 2008; 21(1-3): 251-258.

Ghyczy M, Torday C, Boros M. Simultaneous generation of
methane, carbon dioxide, and carbon monoxide from choline
and ascorbic acid: a defensive mechanism against reductive
stress. FASEB J 2003; 17(9): 1124-1126.

Duranteau J1, Chandel NS, Kulisz A, Shao Z, Schumacker
PT. Intracellular signaling by reactive oxygen species during
hypoxia in cardiomyocytes. J Biol Chem 1998; 273(19):
11619-11624.

Tuboly E, Szab6 A, Garab D, Bartha G, Janovszky A, Erés G,
Szab6 A, Mohécsi A, Szab6 G, Kaszaki J, Ghyczy M, Boros
M. Methane biogenesis during sodium azide-induced chemical
hypoxia in rats. Am J Physiol Cell Physiol 2012; 304(2):
207-214.

Ghyczy M, Torday C, Kaszaki J, Szabo A, Czobel M, Boros
M. Oral phosphatidylcholine pretreatment decreases isch-
emia-reperfusion-induced methane generation and the
inflammatory response in the small intestine. Shock 2008;
30(5): 596-602.

Deinega VG. On some peculiarities of reation of the body of
albino rats to hypoxia during inhalation of methane-oxygen
mixtures. Farmakol Toksikol 1968; 31(4): 494-497.

Boros M, Ghyczy M, Erces D, Varga G, Tékés T, Kupai K,

40

41

42

43

44

45

46

47

48

49

50

Torday C, Kaszaki J. The anti-inflammatory effects of meth-
ane. Crit Care Med 2012; 40(4): 1269-1278.

Zhang X, Li N, Shao H, Meng Y, Wang L, Wu Q, Yao Y, Li J,
Bian J, Zhang Y, Deng X. Methane limit LPS-induced
NF-kB/MAPKs signal in macrophages and suppress immune
response in mice by enhancing PI3K/AKT/GSK-3B-mediated
IL-10 expression. Sci Rep 2016; 6: 29359.

Wu J, Wang R, Ye Z, Sun X, Chen Z, Xia F, Sun Q, Liu L.
Protective effects of methane-rich saline on diabetic retinop-
athy via anti-inflammation in a streptozotocin-induced
diabetic rat model. Biochem Biophys Res Commun 2015;
466(2): 155-161.

Liu L, Sun Q, Wang R, Chen Z, Wu J, Xia F, Fan XQ. Methane
attenuates retinal ischemia/reperfusion injury via anti-oxida-
tive and anti-apoptotic pathways. Brain Res 2016; 1646:
327-333.

Wang L, Yao Y, He R, Meng Y, Li N, Zhang D, Xu J, Chen O,
Cui J, Bian J, Zhang Y, Chen G, Deng X. Methane amelio-
rates spinal cord ischemia-reperfusion injury in rats: Antiox-
idant, anti-inflammatory and anti-apoptotic activity mediated
by Nrf2 activation. Free Radic Biol Med 2017; 103: 69-86.
Wang W, Huang X, Li J, Sun A, Yu J, Xie N, Xi Y, Ye X.
Methane suppresses microglial activation related to oxida-
tive, inflammatory, and apoptotic injury during spinal cord
injury in rats. Oxid Med Cell Longev 2017; 2017(8):
2190897.

Wang Q (E#), Xin L, Chen XH, Hu JY, Lou SJ. Protective
effect of methane water on exhaustive exercise-induced
myocardial injury in rats. J Beijing Sport Univ (AL 51/ H K
2E224]) 2017; 40(7): 43-48 (in Chinese with English
abstract).

Song K, Zhang M, Hu J, Liu Y, Liu Y, Wang Y, Ma X. Meth-
ane-rich saline attenuates ischemia/reperfusion injury of
abdominal skin flaps in rats via regulating apoptosis level.
BMC Surg 2015; 15(1): 92.

Xie Q, Fei M, Fa Z, Wang L, Wang J, Zhang Y, Wang J,
Deng X. Methane-rich saline alleviates cerulein-induced
acute pancreatitis by inhibiting inflammatory response, oxi-
dative stress and pancreatic apoptosis in mice. Int Immuno-
pharmacol 2017; 51(2017): 17-24.

Sun A, Wang W, Ye X, Wang Y, Yang X, Ye Z, Sun X, Zhang
C. Protective effects of methane-rich saline on rats with lipo-
polysaccharide-induced acute lung injury. Oxid Med Cell
Longev 2017; 2017: 7430193.

Xin L, Sun X, Lou S. Effects of methane-rich saline on the
capability of one-time exhaustive exercise in male SD rats.
PLoS One 2016; 11(3): e0150925.

Fink MP. Pharmacological effects of inhaled methane: plau-
sible or not. Crit Care Med 2012; 40(4): 1379-1380.



