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Elucidation of the profile of high H2-producing microbiota in the colon and
contribution of the microbiota to suppressed oxidative stress

Nishimura, Naomichi
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Molecular hydrogen (H2) produced by colonic fermentation alleviates
oxidative stress involved in the development of diseases. In the present study, we elucidated the
chemical characteristics of non-digestible saccharides and the microbiota, which that enable high H2

production, and examined the effect of high H2 production on in vivo redox balance. We demonstrated
that non-digestible saccharides with a low degree of polymerization constituted of monosaccharides
except for glucose, enhance colonic H2 production. Also, we determined that the composition of
microbiota affects net H2 production and that the transplantation of high H2-producing microbiota
caused high H2 production. Finally, we elucidated that high H2 production in the colon led to
alleviation of in vivo oxidative stress through the regeneration of o -tocopherol.
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% < DIFIFOFIELCHERICIRIEA P L AD EFNEb->TEY, LA b L AOMfILE
FIRBFHRREIC /e > TWD, KFE (H) o FRAEEANTERIOELZ /T2 ERHE ST
LIsk (Ohsawa et al. Nat Med 2007;13:688-694), Ho ' A2 Ha KIS A L A& LR L5 &
FIEREEEZIMZ D2 EDRINTE 2, Fxld, SN H O H 65 TldZe <. KIBHNZE
BRI L > THRAET D W IZHEE L. BWBHEZ XU &3 2 ¥ b E 2 85U X KiE
TRIND H BB ERRNL Ky 7 ART U RICHEZBEBIZOWNTIMIELTE R, Zh
FTIZ, ZEICKEG e 2%E LT v MIFRM-FRERLEZIT > 72856, B EA N LA
D EFCBALEENBS ISR IV E&BH 5202 L (Nishimura et al. Br J Nutr
2012;107:485-492), K Ho DEHEA VD TRB L T 7=,

L2~ U, ZSEEEEEE LR E IR Ho B 2R3 2 25 B LM ORERONE, A
& Hy AR EO BRIV E 2 AFEMICEAE STV, 72, 2507 v MZlE CEEEkrE
PEEA 52 TH, MAERKEICRERIEIGSE 24U S, T/hbb, g2 &5 Lz
720 Tl KIS Ho ik & (et © & 9% Ho B RIS B 5-9 2 BB N AT O BRARE S K 2>t 72,
AEPANTE # I DTECIE ) DR SN D120, & H AERAE TREICT 2ME#ED T a7 7
ANEHONITHIXLEND D, F He ARICHE U 72 ¥ LM E D 24 E SRS KOV 25
Ta 7 A NERLNCTIUE, EOMEEL BN UM LR 2R T5 2 E TREL
TRk He B & ATREIC L, BRI A b L ABRIC SR Db, TOREE, LA F L A%l
Kl &3 28R ORIECHER 2 MG TX 2 LHIfFT& 5, 20X 2 I LI Tl
AE PN 5 HAZRIIC Ll 2> D KEGNFEE 2 HlE 4 5 MR H 5,
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BXOBNMEE 2 7 7 A VEMHAL, & B AT v FOEERNL Ko7 235 0 2~
DEBEHLNITLZE2HME L, T7hbb, (1) & HRARE T # b o
EFHME, (2) @ AR EERTL2BAMEZE 27 740, (3) RIFEHICED L Ry
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Invivo il . 7> M2, a2 be—f BIXOEMEET A MY > (b - 7 vz
— ), 777 hAY OB (FEMEENE . 7T 7 b—R), TT 7 MAY Tk (EERERRE
HZ 7 h—R) OWTINZE S%BIHRIMNLTfEEZ 14 HE G 272, SRR o Esk Ha JEH
a2 & RBRARA H O PR Ho 218 L7,
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RERPICRE LT ARBB IO BAEEEZ AT L,
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v MZay be— &, (KEAEHEHE(HEEE B XS EAE#HEEMEEE O Wi
Z S%IINUT-EEl 2 14 BIM G 272, SEEILMEE & L COT e AR ERE N> T2 7 T 7
h—=RZHERBEE T 57T 7 b4 T A XY U EERENHW T, REREAR TP o EE Ha
P& & BRI B OFIAR Ha 358 A 00E L7z,

(2) B HARIZLDEEA b LA E & H AR E ERT DENMEE 2 7 7 AL
Z v MCE CEE LM E 2 5 2 T o ARSI KR E =2 475, ZIUIKRIEG H AR
R LM 2 T, BNME OB EZ R ST Z L2 L T05, BxlT B AR%E
TETHNMEENTAET D EE X AR EBNNERE Y 0 7 7 A VORRER T, 72,
B H ARMEELZ KR AERT v MIBE L, & RART v b OERE R A7,
O Ha R K DRk A b L AR

66 IED T~ T 20% HAS &% 10 HE5 2. K H Ao i S w7, iR ik H Ik
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12VED 7 >~ NZ20% HAS B % 7 HE 5 2 7-t&. BRI T CREA LRI & SN AEY %15
720 FINRI D Ha 2 HE 2 E Uz, BEAICERI L2 BN AW % | & Ha AR T » Misk (1
R Ha 2 FE >7.4 umol/L) &K Ho ZER 7 » M2k (PR Ho JREE <2.0 umol/L) 121, 2
N7 — Uiz, WH L& sk zE OB 2 L, (Km0l TR S
Nz EiEBREREMERE S Lz, ZOBMBREREKEETI0%E 25227 ) Eue—1%
WML, -80°CCTIRAF LT, MR MR I 2 B S E A I ERF L CHIE L, 1.8x 10° cfu/mL D%
WAMEEAY ST, £7-. 2O OMEHE D DNA ZHIH L. 16S A X fRHTIZ X 2 A0 #EfipT
(R L7z, Wi, IR AT v B2 20% HAS % 13 HE G2, AT 7Y — /L CTHEESY
WoZe i U 72 50 O Ho AR 25 2 2 HERR D B L7z (1.8 x 10° cfu/rat/day) , B
O IERE Ho HEHH 23 L OGBS B OFIR Ho JIREZRIE Lz, £/, BENEY T OM
W% 168 A X fENT CTRIE L7z,

( ) KIBEHACE DV Ry 7 2T o 2 O R
QWK DAEERAL Ry 7 AT U Z20HfNE, Ho 2Bk KX T UL ~DE Tt
5 iékéﬂf%toﬁ FTORLIRITTEN ZBET D L. TOEMMAEIT 2760mV 1T H &
I R7pg e 2 S (-63.7 keal/mol) I[ZFEYS 5, ZAUEEDZRLF—EEKNIT
E?ékﬁ@%ﬁi%ﬂ@w%wIbﬂ%t%mﬁ/7/wwm® B EITAE U B HE
E LT, BKMESD 10 H IR CRIEZIHI 35 2 & 28 52002 L7=F % O LLai OHfF
Teh BB L, Tex TR LR TTEM DKL IBAE S T CThD a-hav=a—LT %
N e NG T 52 &1 iDEWWVF/7XA7/Xbﬂﬁéﬂék%zto
a-haAT7 2= T IV EFMRETET AN UEBOREERL T2, EREMWIC
TAANVEURERARET v b (ODS 7 v ) ZHWE, AIN-O3GEBA 5277 Ay
RO ARE T v MZ 240ppm 7 A LB VRIS (7 A a/L B FE, AC). 20ppm 7 A
VB UERIRIE (T AL EVEERZ,LC) . LC+4%~7 7 7 b4 Y FE (FOS) ik (LCF)
% 14 HEEOKE G Uz, slBrd#& B ISR T CERE L 72 PRI D Hy 22 & HIE Lz, F 72,
MEREN TS L OGS O A BRI L a- F 2 7 = o — LR EE A E U7, RICIE U4t T 9B
Z 9N U, SR BRI & AR Z BRI L o JREE L a- h a7 = v — LR ZHE
L7z, F72. BBUMEFR IV T RELE TNV E T A VE 7 X —BiEEERIE LT,
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Fig. 1 Change in gas and H, production on in vitro fermentation of non- Fig. 2 Effect of degree of polymerization on

digestible saccharides constituted of different monosaccharide colonic Hz production



BREDSE. A XY UBHETS0ME), LB T, KEAFEOHN LML Ch 513 L 5EE
ENRT MAREB L O EREENEWZ LN b o7,

(2) B HARIZLDEEA b LA E & H AR Z ERT DBNMEE 2 7 7 AL
O Ha R L Dl A b L AR

66 VED T v &R Ho I2JE % & LA NI E L2 fE R, MR R BEo ERIicE b7
W, fFEE~— D —ThHrMT T 7= T N T AT =2 T —BIEHRITAEEICET L,
g 7 v &2 F A 2 oo M/b R X, PR H IREDS EWVIZ EEITTHFAIZY 7 MLz, L
7R3 -o T, EmH2ART v MEEB{LA N LA EZBET 5 rHetEd Rg Sz,
O H Ak % EHLT 2 ENMIEHE 2 7 7 AL

EHT7In—AF 7y (HAS) #5272 W BT v b E@E AR T v b OB ENNE
BT 7 AVBHOLMNCER D Z ERENT (Fig 3-A), & H ARGHE#E OB 10 A
%, K 2 AR T » P OMIR K X R —F > hOZ UL T 5% T LS L7 (Fig 3-
B), @ H EMEHEEZHRS IN-7 v FOMEEOHERIIRGHEEOZ BT 5
Mz 7 b L (Fig.3-A), ZOMEEL RG-S eho72T v MR DHmE R LT (P=
0.086), L72723-> 7T, BAAIZ L 2 MHH % DML Ho ZERD TLEIZ DR o 7o & B 2 b
%, PANR Ha JFE 1 Bifidobacterium J&, Allobaculum J& & I\ EOFAB A7~k L7z (Table1), L
7> L. bifidobacteria 1%t N/ —FE2F L TCWaRWad, a4 TE Ry, —F5. 1
SRl E EAT A0, CHEMOMEICLY 7o AT =T 47 ENHZ & T H ARk
PMESHDAREMENE 2 HND, b FEMEFO 66%DMEN H EREEEZ A L TN DH720,
Ty FTHBEMEREOF NS H ARICHGE L TV DB FET D Z ST LYy, L
ML, D &b W ApETUET 2 ME SO FET 5 2 LIEREWVWRWEAS S,
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C, low H» generating rats administered deoxygenized saline; T, low H generating rats transplanted
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Table 1 Changes in the population of cecal microbiota in HAS-fed rats transplanted with high H>-producing microbiota

Correlation (vs. portal Ha)

Order Family Genus C T r P
%

Actinobacteria 12.0£5.5 18.3+4.4 0.789 4.82x10°
Bifidobacteriales Bifidobacteriaceae Bifidobacterium 12.0£5.4 18.0+4.3 0.791 4.49x10°
Bacteroidetes 58.0+£7.3 39.84+4.1* —0.408 0.0757
Bacteroidales Bacteroidaceae Bacteroides 40.249.0 8.04£3.1%* —0.507 0.0240
Bacteroidales s24-7 15.7£2.7 30.7+4.7* —0.084 0.724
Bacteroidales Porphyromonadaceae Parabacteroides 1.7+0.5 1.0£0.4 0.316 0.0190
Firmicutes 23.843.2 34.31+4.6 —0.0992 0.677
Lactobacillales Lactobacillaceae Lactobacillus 9.3+3.1 9.1x1.9 0.368 0.111
Clostridiales Lachnospiraceae Blautia 1.1x0.2 3.1+0.9 —0.107 0.653
Clostridiales Lachnospiraceae Clostridium 1.2+0.3 2.1+0.5 0.383 0.0957
Clostridiales Lachnospiraceae Other 5.840.9 1.9+0.8 —0.397 0.0841
Clostridiales Ruminococcaceae Ruminococcus 1.120.5 6.8+4.9 —0.567 0.0103
Clostridiales Ruminococcaceae Oscillospira 1.1+0.1 2.1+0.3%* —0.0391 0.871
Clostridiales Ruminococcaceae Other 1.2+0.2 0.6+0.1 —0.112 0.678
Erysipelotrichales Erysipelotrichaceae Allobaculum 1.2+0.4 6.1+2.5 0.666 1.77x10%
Erysipelotrichales Erysipelotrichaceae Eubacterium 0.1+0.0 0.1+0.0 —0.405 0.0780
Proteobacteria 4.1+1.2 4.4+0.7 —0.370 0.109
Enterobacteriale Enterobacteriaceae Escherichia 0.3+0.2 3.1+0.7%* —0.453 0.0466
Enterobacteriales Enterobacteriaceae Other 3.0£1.3 0.0+0.0 - -
Burkholderiales Alcaligenaceae Sutterella 0.8+0.3 1.320.2 0.341 0.141
Verrucomicrobia 1.9+1.9 3.1+2.7 —0.383 0.0960
Verrucomicrobiales Verrucomicrobiaceae Akkermansia 1.9+1.9 3.1+2.7 —0.383 0.0960

C, low Ha generating rats administered deoxygenized saline; T, low Ha generating rats transplanted with high H>-producing microbiota



(3) KEFHZE DL Ry 7 AT 2 AE OB

FOS % 52727 Aa )NV VERZ T v N TR R BENE < 72->7- (Table2), 2D 7 v
FORENHE Ca-ba7=n—LRENELS, ilLDa-baT7=a— LT PHL~DFE
FEEIZXL Y, a-ba T 2o —LOFAEMESND ATREMEIRIR SN, —J7, D IEEN
Rk CRIBRDZLITFRD HIVT . 2D Hy OER DN CRREAIZAELTLTNDH EE XD
niz,

FIERDOFEBR CHBM 2 M D= & 2 A, 1B H HEH EIX FOS R CHREICE <. A5l
M a-ha 7o —LRELHEREICEMZ 7R Lz (Table 3), IR TIC T2 704
T v OETURYEEARLIE FOS BEEE CEL RbHm AR L, INEFTFA LV E T X —F
IEMEITAE IR -T2, LR - T, KEBTRAE L H MIBARICEITL., £Z Ta-h
27 20— VOFEICESGTHIETL Ry 7 ARG U AZHIET D ENRENT,

PLEX Y REBTIIIBNMEIC L2 BEEEZ N UEICH AR L TWDN, TORAEIZT T
I h—RABIOHT T 7 b—RAZMEANE L T 28I X O RAEEN E D DIFEINL,
SOICFOHEDOESEITEVIEERAEENERT DI EHHA L, o, BELET
T AEREEZ AT 2 HENHMEENTE L. TOBMIZ XY IERO Hy A& 2 5
TR ENTE, IO H ITERNICEIEBIC LY . BIERNE Y bR AT
L.a-FaZzo—LOFEZN L TERNL Ky 7 2T U ZAOHNCEET 5 2 L3
L7z, KB THRAET D HIIFHHMHTHY . ZNEN LEEEERNL Ry 7 237 2 20Ol
(X BWEHE 2 1D &3 2 LR O - e L S 25725 9,

Table 2 a-Tocopherol concentrations in respective tissues

AC LC LCF
Portal H,, pmol/L 1.86+0.22 2.86£0.17°  3.84+0.82
Portal a-Tocopherol, pmol/L 25.2+1.3 25.4+1.4 21.7+£2.4
a-Tocopherol in tissue, umol/kg
Liver 117+4 114+£5 99.7+6.2
Kidney 49.2+1.3 46.5+1.4 42.7£2.2
Spleen 12544 12944 11157
Testis 50.7£1.8 49.0£1.2 439+2.1
Heart 85.1+3.7 79.5+6.4 74.0+5.1
Lung 104+3 101£3 97.0+4.9
Epidydimal fat 51.246.6 46.6+7.9 68.1+6.7

*Signiﬁcant differences between the AC and LC groups (P < 0.05).
+Signiﬁcant differences between the LC and LCF groups (P < 0.05).

Table 3 H, excretion and parameters in the perirenal fat

AC LC LCF
AUC,. 144 for net H, excretion, mmol 10.5+1.6 7.53+1.36 26.0£3.2"
Perirenal fat
Weight, g/100 g body weight 1.72+0.09 1.88+0.06 1.13£0.09
H,, pmol/kg 1.47+£0.27 0.645£0.072°  3.43x1.72
a-Tocopherol, pmol/kg 18.3+5.3 16.6+4.9 94.2+4.6"
Ascorbic acid, pmol/kg 19.4+1.9 ND ND
Total glutathione, pmol/kg 0.245+0.023  0.228+0.020  0.338+0.031"
Reduced glutathione (GSH), umol/kg 0.187+0.022 0.136+0.017 0.245+0.021"
Oxidized glutathione (GSSG), pmol/kg 0.044+0.004 0.060+0.007 0.071+0.014
GSH/GSSH ratio 4.42+0.55 2.59+0.50" 4.64+1.00
Glutathione peroxidase, nmol-min™ *mg™' protein ~ 76.1+9.6 77.1+5.8 79.3+7.2
Glutathione reductase, nmol-min™' *mg™' protein ~ 66.3+7.8 73.6+4.3 58.1£2.8"
Superoxide dismutase, units/mg protein 234+22.4 217+21 229+31

*Signiﬁcant differences between the AC and LC groups (P < 0.05).
TSigniﬁcant differences between the LC and LCF groups (P < 0.05).

5. ERRKIWILHF
(MEssEm ) (B3 1)
(D Naomichi Nishimura, Hiroki Tanabe, Erika Komori, Yumi Sasaki, Ryo Inoue, Tatsuro Yamamoto,
Transplantation of high hydrogen-producing microbiota leads to generation of large amounts of colonic
hydrogen in recipient rats fed high amylose maize starch, Nutrients 2018, A FHif; 10: 144-155.




@ Naomichi Nishimura, Hiroki Tanabe, Tatsuro Yamamoto, Sufficient intake of high amylose cornstarch
maintains high colonic hydrogen production for 24 h in rats, Biosci Biotechnol Biochem 2017, #&#¢
£; 81: 173-180.

@ FATEE, 7V Z A K DAEERHNAKFET ) N — LML A b L RBGE, AR RS 2016,
A 6: 206-211.

(Fa5E) Gtefh)
O A, BEEE, ARWED, EAEE, KBKBICLS8EA R ABREIIEZ I E
IR T %, BRI TS 5 23 BIAITES, 2018 4 11 A, KFEL K% (TRH
X)

@ Wb, NEaE, BBEE, AHEDL, BHEE, KBKkFEITo-ba7zo—LHAE%E
ML TT v MEVHROBRILA N VA ZBET 5, 5 72 [0 H AR - kP RKE, 2018 4
58, IR KRS (att)

@ FIATEE, KRIBKFRICEDEERNL Ky 7 2§l &2 0AFE S, 6 72 B H AR - &k
FARE (FFRERF), 201845 A, MILESIRS: (Bikmh)

@ HL27ZAE, INARGEE, HEsE, R, PEAE E m-%@ﬁ 2 & B E He ARG P
HEHEORE, 671 FIHARNE - RREFPAERE, 201745 A, WlarXvvartwrg—
(‘B BT

® WBEE, FEEET, UARZEY, HEs ANEE, ZV Db 7T 0 2 o ~OEIL
Z v NRIGTE B AR ERi S8 5, HARAEMMHETSE 21 BIFFELS, 2016 4F 11 A,
BRI R (el i)

© MBI, s ET, IUARER, FAELE, S MRS ORREN T » K H ARk R )Y
IENMIE EE1Z 5- 2 D288, 65 70 B H AR%eHE - e raRe, 2016 45 A, ®UE)Z K%
(V=)

EEINGERLY!
O BHEE, BNE-EED7 oA b—7 CRFHERE F8E KIFAFIZL Hinvivo L Ky
7 Al & = OEPRRIEFE, pp 168-187, HFR 4L (2019)

(Z i)
R— b — U
http://www.agr.shizuoka.ac.jp/abc/nishimura/index.html

6. MFTCRLRE

(1) WFFE55 4
WHIEo A R4 - Lk o

1 —~ K4 : Ryo Inoue

AT B FEREER4, AT LR
wRa - EmBRER SRR
W4, - A

WHIEEE S (8 HT) @ 70443926

KRR L DF32IE, FEEOBR L ERICBWTERT 5 D TT, D=8, B0 £l
RMFFER I DAFRFHIZHOWTIL, EOBEFFEICE S O TIEAR L, ZOMIEERRICBE T2 JAE
LERX, AFEEE ARSI NET,



