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Evaluation of mitochondria-targeted therapy as an effective treatment against
drug-induced acute liver injury
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In this study, we mainly evaluated the hepatoprotective effects of a
mitochondria-targeted antioxidant Mito-TEMPO (MT) against acetaminophen(APAP)-induced liver injury
in mice model. MT significantly attenuated hepatocellular necrosis and some injury markers without
the suppression of c-Jun N-terminal kinase, a key factor in the development of the liver injury. To
assess the possibility of clinical application, we also examined the protective action by MT against

APAP hepatotoxicity in 3D-cultured human hepatocyte model. MT also showed significant cellular
protection and anti-oxidative action in the human cellular model. The hepatoprotection by MT was
superior than by N-acetylcycstein, a clinical antidote, in both models. Importantly, we
successfullg identified other therapeutic candidates which can exert mitochondrial protection from
bio-compatible chemicals and ethical drugs.

The results would give information on developing new effective therapy against APAP hepatitis.
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Mito-TEMPO (Mito-T), acetaminophen (APAP), N-acetyl-L-cysteine (NAC), SP600125-INK inhibitor,

HS15 Sigma-Aldrich Concanavalin A (ConA), carbon tetrachloride (CCly),
cornoil, 10% dehydrated dimethyl sulfoxide (DM SO)
Dulbecco’s modified Eagle’s medium containing a low glucose concentration
(DMEM), penicillin/streptomycin (Pen Strep) 2.5% trypsin (10x)  Gibco® Life Technologies
FBS Biowest
WST8 MitoSOX™ Red mitochondrial
superoxideindicator  Invitrogen Thermo Fisher Scientific NanoCulture Plate MH

pattern Low-binding 96 well Ver.2 (Code No. NG-PLH9010) MBL

7-8 C57BL/6J Xl CLEA 509
APAP 400 mg/kg 1mL PBS 60
APAP ConA 125
mg/kg PBS CCls 0.025mL/kg
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Sigma-Aldrich 0.1%Tris SDS
SDS-PAGE Transblot Bio-Rad LaboratoriesInc PVDF Millipore
5% Tween-20 TBS 3
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INK B - Cell Signaling Technology
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IgG Cell Signaling Technology

SuperSignal®West Pico Thermo Scientific
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Image Quant LAS-4000 GE Healthcare Japan

RNAlater™%k  (Thermo Fisher Scientific

TRIzol® Life Technologies Japan
RNA cDNA
Chop Chop; NM_007837
RT-PCR

High Capacity cDNA

RNA
Life Technologies Japan
B -actin  NM_007393
CHOP forward,

AGCTGGAAGCCTGGTATGAGGA, and reverse, AGCTAGGGACGCAGGGTCAA; B-actin forward,
CATCCGTAAAGACCTCTATGCCAAC and reverse, ATGGAGCCACCGATCCACA.

PCR FastSYBR®Green master mi  Life Technologies Japan

System Life Technologies Japan

StepOne“Real-Time PCR
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/ APAP WST-8 Cell Counting Kit Dojindo Laboratories

superoxide indicator

MitoSOX™ Red mitochondrial

C57BL /63 APAP Mito-T
APAP Mito-T C57BL /63Jcl
MT APAP 400mg/kg i.p. 1 Mito-
T 2 5 10 20 mg /kg APAP 24 ALT
5-20mg/kg Mito-T  APAP ALT p<0.01
2mg/kg  Mito-T 20mg/kg  Mito-
T APAP 400mg/kg
8-24 Mito-T 20mg
lkg i.p.

APAP Mito-T




APAP CYP2E1 NAPQI

C57BL /6 APAP CYP2E1 Mito-T
Mito-T 20mg/kg i.p. APAP CYP2E1
APAP Key mediator c-Jun N- INK
APAP 4 INK  p-
INK INK JINK
APAP INK Mito-T 20mg/kg i.p.
ER APAP
CCAAT-enhancer-binding protein homologous protein (CHOP)
APAP CHOP
MRNA Mito-T 20mg/kg i.p.
APAP
Mito-T
APAP Mito-T 20mg/kg i.p.
APAP DNA
DNA TUNEL
TUNEL APAP Mito-T 20 mg /
kg i.p.
NAC
Mito-T  NAC
NAC Mito-T APAP
ALT APAP
400mg/kg ip 1 2 3 Mito-T 20mg/kg ip
NAC 600 mg/ kg APAP 1 2
Mito-T
3 HepG2 APAP
3 HepG2 APAP invitro Mito-T
15mM APAP 24-48
Mito-T 100 puM NAC 100 puM
APAP
MitoSOX Mito-T 100 uM
NAC 100 uM
Mito-T
APAP
APAP
Heliyon 2018
Mito-T
Mito-T APAP
CCly A ConA
CCl4 APAP CYP2E1
CCl, 0.025mL/kg i.p. 1 Mito-T 20mg/kg i.p.
CCl4 24 ALT CCly ALT
Mito-T ConA CD4+ T
TNF-a IL-6 IL-1B IFN-y
JINK APAP
ConA 12.5mg/kg i.v. 1 Mito-T 20mg/kg
i.p. ConA 24 ALT Mito-T

Mito-T APAP



4 4 0 4

Ishitsuka Yoichi Kondo Yuki Kadowaki Daisuke 43

Toxicological Property of Acetaminophen: The Dark Side of a Safe Antipyretic/Analgesic Drug? 2020

Biological and Pharmaceutical Bulletin 195 206
DOl

https://doi.org/10.1248/bpb.b19-00722

Narita Yuki Hamamura Kana Kashiyama Mami Utsumi Sara Kakizoe Yutaka Kondo Yuki Ishitsuka 20

Yoichi Jono Hirofumi Irie Tetsumi Mukoyama Masashi Saito Hideyuki Kadowaki Daisuke Hirata

Sumio Kitamura Kenichiro

Edoxaban Exerts Antioxidant Effects Through FXa Inhibition and Direct Radical-Scavenging 2019

Activity

International Journal of Molecular Sciences 4140 4140
DOl

https://doi.org/10.3390/ijms20174140

Inaba Ichiro Kondo Yuki Iwasaki Shinya Tsuruhashi Satoko Akaishi Ayano Morita Kazuya 10

Oniki Kentaro Saruwatari Junji Ishitsuka Yoichi Irie Tetsumi

Risk Evaluation for Acute Kidney Injury Induced by the Concomitant Use of Valacyclovir, 2019

Analgesics, and Renin-Angiotensin System Inhibitors: The Detection of Signals of Drug-Drug

Interactions

Frontiers in Pharmacology 874
DOl

https://doi.org/10.3389/fphar.2019.00874

Nagatome M, Kondo Y, Kadowaki D, Saishyo Y, Irikura M, Irie T, Ishitsuka Y 4(2)

Ethyl pyruvate attenuates acetaminophen-induced liver injury and prevents cellular injury 2018

induced by N-acetyl-p-benzoquinone imine

Heliyon 00521
DOl

10.1016/j .heliyon.2018.e00521.




4 0 0

Abdul lah-Al-Shoeb Mohammad, , , , , ,

MITOCHONDRIA-TARGETED MITO-TEMPO AS A PROMISING ADJUVANT AGAINST DRUG-INDUCED LIVER INJURY MODELS

92

2019

Mito-Tempo

34

2017

Protective effects of a mitochondrial specific antioxidant Mito-Tempo against acetaminophen liver injury

11

2017

Mito-TEMPO

2017




(Era Takumi)

(00273706) (17401)

(Takeo Toru)

(10517014) (17401)

(Nakagata Naomi)

(30159058) (17401)

(Nagamatsu Tomohisa)

(40155966) (17401)




