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FI D LT LRI RE DR T 34 « FEIRIG « D AR Ekkx 72— R B ORIE L ERIELS b o Tnbd Z L3 E
WM TWwWb, T b RYTHEESIKR IV (Cytochrome coxidase, COX) IXEFERDORAREETH Y | KN
WHEDIR T L BECEE L TV D, — T, ~NARKRZ LEBIIEA~L X 7B THh D COX DRIBEDME T
HIENHEINTNWD, Flo, ~2ERAROERWETHDT I/ LT ) Ul (ALA) OA/REESE ALAS DI
DINEICEEVME T T2 Z LM ESN T b, oz &6, AED S ALA 23545 2 & TALEBEIME
SN, ~LFURTETHD COX ORFEL LOVEENTTHEIND LW AREENRE X bND, &I TAIFIET
IE. ALA OFSHN « BEIZ LY COXTEHET b LIFRMEREEIC KT THEEZRRDLIEEHAME Uiz, £/2, ALALK
X B EERRETTHE RN R OFE 2 BORICH T AIER 2 et Lz, T7ebb, SRR 2858 e T2 08 A Mg ~o
ALA DR, RIEEEZRT~I7 077 — MO) ~DALA DR EZFRDL & & LT,
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BIEFR: S P2V U TEAMBERRLAAZIILD ETEIANLAESHR. HDEWVERAMEC~ a7 7 —
COFATHROMAI O TR T 5 & & bz, R TREMBESZRE L, Ao RE BRNER LI,
o&E 7I V7Y VEENFRREREBICRIETEE  ALA 2RI L7-~ 7 AESEEHIIAIC 35UV T COX DI BLNFHE
ENABZL L AAERE LT~ T 2B NTCOX DX N7 BEREE - IEENTIET S 2 & 2R Lz, Lo
BB, ALAIZ X 2 COX TLEERNR N S0 720 | IFRMENEED M A2 72 b3 2 L RR R S N7,

FEIE TI/VLTV VBRI ZPAMBIEOFEINE : v MR ARTEMIEEE FW 2 EBR T, ALA 12X 5 T C0X
ORERBNDFES N, BEWHGEENBEINT L2 LE2R LT, 7 AZBWTRLNZHFRABTTE RN, 2N
MIBIZBWTHAELNTZEEZBND, EHIT, 2L b7 o TEHBEBOSRAEENENT 5 2 & & 2 —3
—FX LV RT=FTVHN (0,7) ORBICEVER LTz, 0 I3EARMICETBERNBERTHLZ L &,
FOI bary R THNOMEREEZETH D MnSOD DFFENR N> TWZZ B ALAIC L WV EFARERDNNT A
DHAS N, EAEERHAROIEMEREERHERRE L T2 R FBENT, 51T, ALA I L > TR Ao
WEIEAIIH SN D Z &, ZOBIEMHEIORE RERIZT R F— A2 bDTHLZ &R LT, Thb O
b, ALA DNPUES R 2 RS 2 E R RIB I T,

FA4E PARBRDO~LEHE Warburg ZIEOBUR : N AMBIZE T B ~LEARK E Warburg ZhH o BE 4 2 07 &
MICTHZ LA E LTHE 2 O & 325 L 7=,

BEE TI)VIV VBN~ 0T 7 —VORBEISBICRIETEE MO IOV THRIEMED ML MO & FLRIEMED
M2 MD &) SRS H L, ALAICE D MO DAEBFERICEBE 525 2 £72< HO-1 BHENEINT S Z L %2R
L7, BT, COX OFBLNTLHE LT Z & & REVBRPIRIEMEY A M A 2 TL-10 OFRBLESEM L= &0 6,
ALAIZ XKD M2 MO DB FHFE XN D Z LRI N7z, Fo, LPS HIKIC L W RIERISZRE, 7205 M M
O ZHE LRI TREARIIEM~ — 7 —iNOS B8 L O~ ORIEMEKRFDIBZ T Li=& 25, ALA 12X -
TINLORAENWO T ENHA LN LRS-, LLEDOFERENG, ALA O & DU RETTHERD M OF HO-1
FEEFHEAN R, M2 MO DML 2 et L. M1 MOKEDORIEVER T-PEE 2 H4 5 2 3R & iz,

6 = RIE  AIEICL Y . ALA S A ORI W TIFRIFREE L TTHET 5 2 L 2R LTz, ALA %5345
LIZE - T, PAMBIZBWTIIAEFRZE T SE, MO ICB W CRBRISIEZMHE T2 Z ERELMNE ot
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Decreased aerobic respiratory capacity of cells is deeply related to the onset and progression of
various diseases. Mitochondrial complex IV (Cytochrome c oxidase, COX) is the rate-limiting enzyme of
the electron transport chain and is closely related to the decline in aerobic respiratory chain. On the
other hand, it has been reported that the expression level of COX, which is a heme protein, decreases
when heme is deficient. It has also been pointed out that the activity of the synthetic enzyme ALAS of
S5-aminolevulinic acid (ALA), which is the starting material for heme biosynthesis, decreases with age.
From the above, we made a hypothesis that administration of ALA promotes heme biosynthesis and enhances
the expression level of COX. The purpose of this study was to investigate the effects of ALA addition
and administration on COX activity, ie, aerobic respiratory capacity. In addition, we investigated the
effects of improving the aerobic respiratory capacity of ALA on several diseases

First, it was shown that COX expression was induced in cultured mouse cells supplemented with ALA,
and that COX protein expression and activity were enhanced in mice administered ALA. The above results
clarified the up-regulation effect of ALA on COX, and strongly suggested that ALA improves aerobic
respiratory ability.

Second, experiments with human cancer cell lines showed that ALA induced COX expression and increased
oxygen consumption rate. Furthermore, it was shown that the growth of cancer cells was suppressed by ALA,
and that the major factor in suppressing the growth was due to apoptosis induced by reactive oxygen species.
These results strongly suggested that ALA has an antitumor effect.

Experiments with mouse macrophage cell (M®) showed that ALA increased the expression level of HO-1
without affecting the survival rate of M®. Furthermore, the expression of COX was enhanced and the
expression level of anti—inflammatory cytokine IL-10 was increased. Moreover, when the expression of
inflammatory marker iNOS and various inflammatory mediators were analyzed in the state where the
inflammatory reaction was promoted by LPS stimulation, the expression level of these mediators was
decreased by ALA. These results suggest that ALA suppresses macrophage inflammation.

This study showed that ALA enhances aerobic respiration in various cells. Furthermore, it became
clear that administration of ALA decreased the survival rate in cancer cells and suppressed excessive

inflammation in M®.
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