AN\
MAX INTERNATIONAL

THE GLUTATHIONE COMPANY ™

JRITHRZE

INDEPENDENT STUDIES

RiboCeine™ -&MHIK - E{EF

2020 £ 8 HE#

Jennifer Tsai C%




IMAX B .ottt aes st s st st ae s s snaeen 1
RIBOCEINE™ .........ooouevereeteeeceeteeaesssessesssessesesassssesassessessesassessesassessessens 2
MAX RIBCYS T F ...ttt s aene 3
RIBOCEINE™HYFHITIITE «.ceveeeneeeereeneeneseeeenessesensenesessessssessesssensessnes 5
#HBFRB T Z RIBOCEINE ERRTE ... 12
1. RiboCeine T A BUEAF AMITHIEAEIE T cooooeeeeeecocccceeeeeeeeeeeeeeeeseesesesse 13
2. 41EH{RiboCeine [G25E Z M H BRI E oo 16
T i A T e ) 18
NS R =X (37 IR AT S o i O LA i 20
5. RIDOCEINE SHLMII B covvoooeeeecececoseeeeseseeeeeee e eseesssseeseesee 22
6. RIDOCEING i Il T oottt sttt st 24
7. RIDOCEINE S FVELETETT covvoeooeseeeeceeceoeeeoeeeeeeeeeeeeeeee s semmmeneeseneeeeesee 25
8. RIDOCEINE I TRITT cveveereeeeeeeeeee e oo eeeeee e e e e et eee e e e ee s eseae e eeeeeneneeseeeeeeeaeeeenaens 26
9.  RiboCeINe S ZZTFERIE +ooveereereereereere ettt eeteete ettt ettt e eaeeaeereeneereenean 28
BETITETT oottt s s st aenaes 30
1. RIDCYS— 155 LET FEEHT(NTRS) ceeeeeeeeeeeeeeeeeeeeee et e e et et eae e e e e s e sneneeeneeene 31
2. Ribose Cysteine T ATTHTRIIR cooomeeeeeeeeeeereeeeeeesesesssssesseeseeeeseeeeeeesee 33
L S ) N (CLIL LS L st 35
A, BB B T AR oottt ettt 37
5. EHE. BIEEN FEEFN BRI e 39
6. B/ AN A S DB H ARG B FEEE T1-1(GSTTL-1) e 42

EMERSEMREIET ZEEBIAZE .o 43



NN
MAX INTERNATIONAL

THE GLUTATHIONE COMPANY ™

MAX Fl3%

RiboCeine™ & #% o e 248 2 42 4 % 14k 2 oy P2 4 JlH R,
ARFZELARLF oot Ere “LERESARLANTVE AR FT AT TIRE

B“ﬁ.‘Herbert T. Nagasawa
Inventor of RiboCeing

X’-‘._ Patented, glutathione enhancing

tachnology developed by
Dr. T. Nagasawa,

f @ world renowned

i medicinal chemist with over
170 peer reviewed

journals published over

U.S. Patent: US 8,501,70082

&
Pompsied by
RiboCeine”




RIBOCEINE™

The Commissioner of Patents amd Trademarky has received an application for a new and useful
ivoention. The requirements of faw have Seen complied veith, and tt fias Seen deterwined that a
patent on the incention, Epown as

METHOD TO ENHANCE DELIVERY OF
GLUTATHIONE AND ATP LEVELS IN CELLS

Mh,-ud‘nﬂrd'ﬁucfmwm Amenica.
this United States phpil

D-Ribose-L-Cysteine Ribose-Cysteine
(DRLC) IR R

RiboCeine™

RiboCeine =RibCys=Ribose-Cysteine=DRLC



N\

MAX INTERNATIONAL

THE GLUTATHIONE COMPANY ™

MAX RIBCYS Z ¥l

US 20130317072A1

a9y United States

a2 Patent Application Publication

Nagasawa

(10) Pub. No.: US 2013/0317072 A1l
(43) Pub. Date: Nov. 28, 2013

(54) METHOD TO ENHANCE DELIVERY OF
GLUTATHIONE AND ATP LEVELS IN CELLS

(71)  Applicant: Max International LLC, Salt Lake City,
uUT (US)
(72) Inventor: Herbert T. Nagasawa, Irvine, CA (US)

(73)  Assignee: Max International LLC, Salt Lake City,

UT (US)
(21)  Appl. No.: 13/958,530
(22} Filed: Aug. 2, 2013

Related U.S. Application Data

(63) Continuation of application No. 12/182,354, filed on
Jul. 30, 2008, now Pat. No. 8,501,700, which is a

continuation of application No. 10/990,933, filed on
Nov. 17, 2004, now abandoned.

Publication Classification

(51) Int.CL

AGIK 31/426 (2006.01)
(52) U.S.Cl
[ & ST AGIK 31/426 (201% 01
USPC oot . 514/365
(57) ABSTRACT

A therapeutic method is provided comprising treating a mam-
mal subject to hypoxia with an amount of 2{R,S)-D-ribo-(1',
2", 3", 4'-tetrahydroxybutyl jthiazolidine-4(R )-carboxylic acid
(RibCys) or a pharmaceutically acceptable salt thereof effec-
tive to both maintain, restore or increase both the ATP levels
and the glutathione (GSH) levels in said tissue |

(19) =E
(12) ENRBELE
Nagasawa (ZX;¥)
US 2013/0317072 A1
Nov. 28, 2013

(54) RAMBPEPHRIZE K=k
BARE ATPYRE 2504

(71) BiF SEEI M N FR AR

Max International LLC

ZENMN/RZ Herbert T.
Nagasawa (F{B4FeXF)

5= E I N A A5

Max International LLC
EEEJRS .

S =p

(72) &KHBA:

(73) RikA:

(21) 13/958,530

(22) 2013F 8 H2 H



*E%%@ EE i%ﬁﬂﬂ (Related U.S. Application Data)
(63)2008 4 7 J1 30 HIHZ HiE% 5 No. 12/182,354 MIELHIE R, BATE
Fl4% S~ No. 8,501,700, It 2004 £ 11 A 17 HIRH HiES SN No.
10/990,933(I B & 1F) 2 REAE % .

FEE (aBsTRACT)
TE LR — PRI 7106 T AL B A R ECIRI, AT RFIH —EREZ
2(R,S)-D-ribo-(1',2',3',4'-tetrahydroxybutyl)thiazolidine-4(R)-carboxylic acid(RibCys) &% #j
Fhwr i, RAMAERE. A G EIR A R A 2 R IR (ATP) S A
H Bk (Glutathione, GSH)Z ¥ & .

KRBARELE (sUMMARY OF THE INVENTION)
[0015] LA HIHRAE 1 —Ff 532 AT LAAL B 52 1) 2H 2Rk S0IR 0 B B VR 6 I AL 3040,
GINEAE G THBGNENE T EY(a), W RFR:

(1a)
(2 H

~

] NH

H OH

OH

OH

(RibCys) sl —Fh 227 bl 552 WAL Fr g BB k38, RENSAT R Pk i #Lah P 41 41
BREECIRDL o BRI H R (55 ) PRI AL 5 22 Al AL SURECIROUA %, (HA R AT
e 7R RibCys B AR SRR PATIRT . FEAREETT ISR — RS = ATP 17 &R
RN T GSH AWa s, St Al ZS T GSH BT IR 9] 40~ I = K (cysteine) ,
X T B S R ERECIRIL R TR A A R . MM R R AT IR 25, 4 T
R RibCys 75T LR AZBEIZ 8 2] ATP it R IR, T L4 23 61 510 ATP
ARG AT NADPH(UEGE i IR e — A IR BEIR, W FRAR) & k. Sl R it
HLF B IR H ROE S5, S8 )5 K A0 ¥ GSH 375 GSSG A8 H HH GSH, TERLIRAL
A WEH kSO T TR B R AR R T, R SR GRIPER . AR AR E Y
(la) SR LA B A, — A b BaE & K 7 SORAN TS, Rl 2 N s 1 H
(¥, (EREELIRI I AT BE 75 K A& B i B LASM T 2OR%N 7, i S sl



NN
MAX INTERNATIONAL

THE GLUTATHIONE COMPANY ™

Powered by

RiboCeine”

RIBOCEINE™BY8 11 iff 35




AN
MAX INTERNATIONAL

THE GLUTATHIONE COMPANY ™

RiboCeine™ Y48 17 i/ 5%

(Rib-Cys, Ribose-Cysteine, D-Ribose-L-Cysteine)

Roberts, J.C.; Nagasawa, H.T.; Zera, R.T.; Fricke, R.F.; Goon, D.J. W. Prodrugs of L-cysteine as

protective agents against acetaminophen-induced hepatotoxicity. 2-(polyhydroxyalky)-and 2-

(Polyacetoxyalky)-Thiazolidine-4(R)-Carboxylic Acids. J. Med. Chem., 1987, 30, 1891-1896.

Roberts JC, Nagasawa HT, Zera RT, Fricke RF, Goon DJW. L-3 bt & 2 5l X 25 ¥ A HE 3T L B2
ik 2 I EEBE77. 2-(Polyhydroxyalkyl)- and 2-(Polyacetoxyalkyl) thiazolidine-4(R)-
carboxylic Acids. &Z5#t52#77), 1987, 30:1891-1896.

Roberts, J.C.; Francetic, D.J.; Zera, R.T. L-cysteine prodrug protects against cyclophosphamide

urotoxicity without compromising therapeutic activity. Cancer Chemotherapy and Pharmacology,

1991, 28, 166-170.

Roberts, J.C.; Francetic, D.J.; Zera, R.T. fERRMNIAIT TR R AT A -2 S0 R fi B 24 SR Ab P e 1 2
BRZIRBHISH . IER /7525 PE4%, 1991, 28, 166-170.

Roberts, J.C.; Francetic, D.J. Time course for the elevation of glutathione in numerous organs of

L1210-bearing CDF1 mice given the L-cysteine prodrug, RibCys. Toxicology Letters, 1991, 59,

245-251.

Roberts, J.C.; Francetic, D.J. 7 L1210 4iijit.x CDF1 /i TR 3K 254 Lt = FR —RibCys—i%
TH& e HIRE 2 INFE. Toxicology Letters #77/, 1991, 59, 245-251.

Roberts, J.C.; Francetic, D.J. Mechanisms of Chemoprotection by RibCys, a Thiazolidine Prodrug

of L-cysteine. Med. Chem. Res., 1991, 1, 213-219.

Roberts, J.C.; Francetic, D.J. RibCys—L -}- ift G R e Wk e il SR 25— A SR E ML EE o R # 15
HIEHIF, 1991, 1, 213-219.

Roberts, J.C.; Charyulu, R. L.; Zera, R.T.; Nagasawa, H.T. Protection Against Acetaminophen

Hepatotoxicity by Ribose-Cysteine (RibCys). Pharmacology & Toxicology, 1992, 70, 281-285.

Roberts, J.C.; Charyulu, R. L.; Zera, R.T.; Nagasawa, H.T. % Z Bk L8y 75 Ak 2 JHF 75 VA P A% I -
VISR o R . 25 L AT, 1992, 70, 281-285.



https://pubmed.ncbi.nlm.nih.gov/3656363/
https://pubmed.ncbi.nlm.nih.gov/3656363/
https://pubmed.ncbi.nlm.nih.gov/3656363/
https://pubmed.ncbi.nlm.nih.gov/3656363/
https://pubmed.ncbi.nlm.nih.gov/3656363/
https://pubmed.ncbi.nlm.nih.gov/3656363/
https://pubmed.ncbi.nlm.nih.gov/3656363/
https://pubmed.ncbi.nlm.nih.gov/1855273/
https://pubmed.ncbi.nlm.nih.gov/1855273/
https://pubmed.ncbi.nlm.nih.gov/1855273/
https://pubmed.ncbi.nlm.nih.gov/1855273/
https://pubmed.ncbi.nlm.nih.gov/1755032/
https://pubmed.ncbi.nlm.nih.gov/1755032/
https://pubmed.ncbi.nlm.nih.gov/1755032/
https://pubmed.ncbi.nlm.nih.gov/1755032/
https://pubmed.ncbi.nlm.nih.gov/1608914/
https://pubmed.ncbi.nlm.nih.gov/1608914/
https://pubmed.ncbi.nlm.nih.gov/1608914/
https://pubmed.ncbi.nlm.nih.gov/1608914/
https://pubmed.ncbi.nlm.nih.gov/1608914/

10.

11.

Rowe, J.K.; Zera, R.T.; Madoff, R.D.; Fink, A.S.; Roberts, J.C.; Johnston, G.R.; Freeney,
D.A.;Young, H.L.; Bubrick, M.P. Protective Effect of RibCys Following High-Dose Irradiation of the

Rectosigmoid. Dis. Colon Rectum, 1993, 36(7), 681-687.

Rowe, J.K.; Zera, R.T.; Madoff, R.D.; Fink, A.S.; Roberts, J.C.; Johnston, G.R.; Freeney,
D.A.;Young, H.L.; Bubrick, M.P. ELij Z R4 it &4 G 8 RibCys 2 R . £54 EL i
71/, 1993, 36(7), 681-687.

Roberts, J.C.; Francetic, D.J.; Zera, R.T. Chemoprotection against Cyclophosphamide-Induced

Urotoxicity: Comparison of Nine Thiol Protective Agents. AntiCancer Research, 1994, 14, 389-
396.

Roberts, J.C.; Francetic, D.J.; Zera, R.T. LRy 1E AT s 2 5k 2 R : UM REE R
FZ L. piAf s, 1994, 14, 389-396.

Carroll, M.P.; Zera, R.T.; Roberts, J.C.; Schlafmann, S.E.; Feeny, D.A.; Johnston, G.R.; West,

M.A.; Bubrick, M.P. Efficacy of radioprotective agents in preventing small and large bowel

radiation injury. Dis. Colon Rectum, 1995, 38(7), 716-722.

Carroll, M.P.; Zera, R.T.; Roberts, J.C.; Schlafmann, S.E.; Feeny, D.A.; Johnston, G.R.; West,
M.A.; Bubrick, M.P. 525 GR35I Thss AN e K R 4 A0 5 2 50 454 B #77,  1995,
38(7), 716-722.

Roberts, J.C.; Koch, K.E.; Detrick, S.R.; Warters, R.L.; Lubec G. Thiazolidine Prodrugs of

Cysteamine and Cysteine as Radioprotective Agents. Radiation Research, 1995, 143, 203-213.

Roberts, J.C.; Koch, K.E.; Detrick, S.R.; Warters, R.L.; Lubec G. {5 Y- Wi& % 1 e s e 2 e mb s
BRIV ER S ORI 50 . 747 5 70 4771, 1995, 143, 203-213.

Bantseev, V.; Bhardwaj, R.; Rathbun, W.; Nagasawa, H.T.; Trevithick, J.R. Antioxidants and

Cataract: (Cataract Induction in Space Environment and Application to Terrestrial Aging Cataract).

Biochem. Mol. Bio. Intl., 1997, 42, 1189-1197.

Bantseev, V.; Bhardwaj, R.; Rathbun, W.; Nagasawa, H.T.; Trevithick, J.R. HrEAL7#5 A BE:
(KEREFH R ANESER DB ANEL ). EEEEES5 5757, 1997, 42,
1189-1197.

Roberts, J.C.; Phaneuf, H.L.; Szakacs, J.G.; Zera, R.T.; Lamb, J.G.; Franklin, M.R. Differential
Chemoprotection against Acetaminophen-Induced Hepatotoxicity by Latentiated L-Cysteines.

Chem. Res. Toxicol., 1998, 11, 1274-1282.



https://pubmed.ncbi.nlm.nih.gov/8348853/
https://pubmed.ncbi.nlm.nih.gov/8348853/
https://pubmed.ncbi.nlm.nih.gov/8348853/
https://pubmed.ncbi.nlm.nih.gov/8017838/
https://pubmed.ncbi.nlm.nih.gov/8017838/
https://pubmed.ncbi.nlm.nih.gov/8017838/
https://pubmed.ncbi.nlm.nih.gov/8017838/
https://pubmed.ncbi.nlm.nih.gov/7607031/
https://pubmed.ncbi.nlm.nih.gov/7607031/
https://pubmed.ncbi.nlm.nih.gov/7607031/
https://pubmed.ncbi.nlm.nih.gov/7631013/
https://pubmed.ncbi.nlm.nih.gov/7631013/
https://pubmed.ncbi.nlm.nih.gov/7631013/
https://pubmed.ncbi.nlm.nih.gov/7631013/
https://pubmed.ncbi.nlm.nih.gov/9305537/
https://pubmed.ncbi.nlm.nih.gov/9305537/
https://pubmed.ncbi.nlm.nih.gov/9305537/
https://pubmed.ncbi.nlm.nih.gov/9305537/
https://pubmed.ncbi.nlm.nih.gov/9815187/
https://pubmed.ncbi.nlm.nih.gov/9815187/

12.

13.

14.

15.

16.

Roberts, J.C.; Phaneuf, H.L.; Szakacs, J.G.; Zera, R.T.; Lamb, J.G.; Franklin, M.R. &kt L-2F 5k
FUIRA P B FE W R B RTE B 2 AN R R B . #2247, 1998, 11, 1274-1282.

Roberts, J.C.; Phaneuf, H.L.; Dominick, P.K.; Wilmore, B.H.; Cassidy, P.B. Biodistribution of [*S]

— Cysteine and Cysteine Prodrugs: Potential Impact on Chemoprotection Strateqgies. J. Labelled

Cpd. Radiopharm., 1999, 42, 485-495,

Roberts, J.C.; Phaneuf, H.L.; Dominick, P.K.; Wilmore, B.H.; Cassidy, P.B. [®S|4&% 904 — 2FJ
IR G PR EIR AT IR . XA AR Y E SRS R AT RESZ M . A Cpd. ZEZ5 7/, 1999, 42,
485-495.

Lucus, A.M.; Henning G.; Dominick, P.K.; Whiteley, H.E.; Roberts, J.C.; Cohen, S.D. Ribose
Cysteine Protects Against Acetaminophen-Induced Hepatic and Renal Toxicity. Toxicologic

Pathology, 2000, 28(5), 697-704.

Lucus, A.M.; Henning G.; Dominick, P.K.; Whiteley, H.E.; Roberts, J.C.; Cohen, S.D. fii fZ ¥
Tt S R A B £ T S R T 15 R (M R S5 R B 1 . AF i #E5%, 2000, 28(5), 697-704.

Wilmore, B.H.; Cassidy, P.B.; Warters, R.L.; Roberts, J.C. Thiazolidine Prodrugs as Protective

Agents against y-Radiation-Induced Toxicity and Mutagenesis in V79 Cells. J. Med. Chem., 2001,
44(16), 2661-2666.

Wilmore, B.H.; Cassidy, P.B.; Warters, R.L.; Roberts, J.C. DAMEM: B i SR 25 U167 V79 i y
TN K 2 BEVE S TR RS . EZG 1L AT, 2001, 44(16), 2661-2666.

Lenarczyk, M.; Ueno, A.; Vannais, D.B.; Kraemer, S.; Kronenberg, A.; Roberts, J.C.; Tatsumi, K.;

Hei, T.K.; Waldren, C.A. The “pro-drug” RibCys decreases the mutagenicity of high-LET radiation

in cultured mammalian cells. Radiation Research, 2003, 160, 579-583.

Lenarczyk, M.; Ueno, A.; Vannais, D.B.; Kraemer, S.; Kronenberg, A.; Roberts, J.C.; Tatsumi, K.;
Hei, T.K.; Waldron, C.A. FIKZj¥) RibCys nJ B&{KE: 20 AL AN AN A = 28 P BE S0 A (LET S 2.
BEBNE . FH T TY, 2003, 160, 579-583.

Waldren, C.A.; Vannais, D.B.; Ueno A.M. A role for long-lived radicals (LLR) in radiation-induced

mutation and persistent chromosomal instability: counteraction by Ascorbate and RibCys but not

DMSO. Mutation Research, 2004, 551:255-265.

Waldren, C.A.; Vannais, D.B.; Ueno A.M. K75 [ i 258 s 5 1 2848 5 i v e i R R g BT iy
AT FAPANRYS RibCys 284 — I WKIT T AER . S HF 72 7, 2004,
551:255-265.



https://pubmed.ncbi.nlm.nih.gov/9815187/
https://pubmed.ncbi.nlm.nih.gov/9815187/
https://onlinelibrary.wiley.com/doi/abs/10.1002/%28SICI%291099-1344%28199905%2942%3A5%3C485%3A%3AAID-JLCR209%3E3.0.CO%3B2-L
https://onlinelibrary.wiley.com/doi/abs/10.1002/%28SICI%291099-1344%28199905%2942%3A5%3C485%3A%3AAID-JLCR209%3E3.0.CO%3B2-L
https://onlinelibrary.wiley.com/doi/abs/10.1002/%28SICI%291099-1344%28199905%2942%3A5%3C485%3A%3AAID-JLCR209%3E3.0.CO%3B2-L
https://onlinelibrary.wiley.com/doi/abs/10.1002/%28SICI%291099-1344%28199905%2942%3A5%3C485%3A%3AAID-JLCR209%3E3.0.CO%3B2-L
https://onlinelibrary.wiley.com/doi/abs/10.1002/%28SICI%291099-1344%28199905%2942%3A5%3C485%3A%3AAID-JLCR209%3E3.0.CO%3B2-L
https://pubmed.ncbi.nlm.nih.gov/11026606/
https://pubmed.ncbi.nlm.nih.gov/11026606/
https://pubmed.ncbi.nlm.nih.gov/11026606/
https://pubmed.ncbi.nlm.nih.gov/11026606/
https://pubmed.ncbi.nlm.nih.gov/11472218/
https://pubmed.ncbi.nlm.nih.gov/11472218/
https://pubmed.ncbi.nlm.nih.gov/11472218/
https://pubmed.ncbi.nlm.nih.gov/11472218/
https://pubmed.ncbi.nlm.nih.gov/11472218/
https://pubmed.ncbi.nlm.nih.gov/14565824/
https://pubmed.ncbi.nlm.nih.gov/14565824/
https://pubmed.ncbi.nlm.nih.gov/14565824/
https://pubmed.ncbi.nlm.nih.gov/14565824/
https://pubmed.ncbi.nlm.nih.gov/15225598/
https://pubmed.ncbi.nlm.nih.gov/15225598/
https://pubmed.ncbi.nlm.nih.gov/15225598/
https://pubmed.ncbi.nlm.nih.gov/15225598/
https://pubmed.ncbi.nlm.nih.gov/15225598/

17. Lucas Slitt, A.M.; Dominick, P.K.; Roberts, J.C.; Cohen, S.D. Effect of ribose cysteine pretreatment

on hepatic and renal acetaminophen metabolite formation and glutathione depletion. Basic Clin.

Pharmacol. Toxicol., 2005, 96 (6), 487-94.

Lucas Slitt, A.M.; Dominick, P.K.; Roberts, J.C.; Cohen, S.D. B B TG 7 6 TS 4.9
LA P I N S S B R 2 BN . L I 2 P S AP £ A, 2005, 96 (6), 487-
94.

18. Oz, H.S.; Chen, T.S.; Nagasawa, H., Comparative efficacies of 2 cysteine prodrugs and a

glutathione delivery agent in a colitis model. Translational Research, 2007, 150(2), 122-129.

Oz, H.S.; Chen, T.S.; Nagasawa, H., C 4fiJif % 55X b 9 b 21 b 2 R 1T UK 2654 5 48 e R 3k -4
2. #FEHF 7S, 2007, 150(2), 122-129.

19. Jurkowska, H.; Uchacz, T.; Roberts, J.; Wrobel, M. Potential therapeutic advantage of ribose-

cysteine in the inhibition of astrocytoma cell proliferation. Amino Acids, 2011, 41, 131-139.

Jurkowska, H.; Uchacz, T.; Roberts, J.; Wrobel, M. 8 - JDF S B 0 1) 2 D08 S A= 2 38R VR T
L. A7, 2011, 41, 131-139.

20. Walker R.B., Everette J.D. Comparative reaction rates of various antioxidants with ABTS radical

cation. J. Agric Food Chem., 2009:57:1156-1161.

Walker R.B., Everette J.D. ZMHiEM4Y S ABTS HHEEEE T2 RN LE . KWL Bt
HIF, 2009:57:1156-1161.

21. Heman-Ackah, S.E.; Juhn, S.K.; Huang, T.C.; Wiedmann, T.S. A combination antioxidant therapy

prevents age-related hearing loss in C57BL/6 mice. Otolaryngology-Head and Neck Surgery,

2010, 143, 429-434.

Heman-Ackah, S.E.; Juhn, S.K.; Huang, T.C.; Wiedmann, T.S. ZE&HiEdbiiasriETiy; C57BL/6
AN AR G B W k. B IEFE—LFSM ), 2010, 143, 429-434.

22. Kader, T.; Porteous C.M.; Williams M.J.A.; Gieseg, S.P.; McCormick, S.P.A. Ribose-cysteine
increases glutathione-based antioxidant status and reduces LDL in human lipoprotein(a) mice.

Atherosclerosis, 2014, 237, 725-733.

Kader, T.; Porteous C.M.; Williams M.J.A.; Gieseg, S.P.; McCormick, S.P.A. Ribose-cysteine 7] ¢
THE NSRRI AN R & 2 28 e H IR S A TR 5 I R AR S R 8 (A (LDL) . a0k s 12 1 AT T,
2014, 237, 725-733.



https://pubmed.ncbi.nlm.nih.gov/15910414/
https://pubmed.ncbi.nlm.nih.gov/15910414/
https://pubmed.ncbi.nlm.nih.gov/15910414/
https://pubmed.ncbi.nlm.nih.gov/15910414/
https://pubmed.ncbi.nlm.nih.gov/17656332/
https://pubmed.ncbi.nlm.nih.gov/17656332/
https://pubmed.ncbi.nlm.nih.gov/17656332/
https://pubmed.ncbi.nlm.nih.gov/17656332/
https://pubmed.ncbi.nlm.nih.gov/17656332/
https://pubmed.ncbi.nlm.nih.gov/20414692/
https://pubmed.ncbi.nlm.nih.gov/20414692/
https://pubmed.ncbi.nlm.nih.gov/20414692/
https://pubmed.ncbi.nlm.nih.gov/20414692/
https://pubmed.ncbi.nlm.nih.gov/19199590/
https://pubmed.ncbi.nlm.nih.gov/19199590/
https://pubmed.ncbi.nlm.nih.gov/19199590/
https://pubmed.ncbi.nlm.nih.gov/20723783/
https://pubmed.ncbi.nlm.nih.gov/20723783/
https://pubmed.ncbi.nlm.nih.gov/20723783/
https://pubmed.ncbi.nlm.nih.gov/20723783/
https://pubmed.ncbi.nlm.nih.gov/20723783/
https://pubmed.ncbi.nlm.nih.gov/25463112/
https://pubmed.ncbi.nlm.nih.gov/25463112/
https://pubmed.ncbi.nlm.nih.gov/25463112/
https://pubmed.ncbi.nlm.nih.gov/25463112/
https://pubmed.ncbi.nlm.nih.gov/25463112/
https://pubmed.ncbi.nlm.nih.gov/25463112/

23.

24.

25.

26.

27.

28.

Saltman A.E. D-Ribose-L-Cysteine supplementation enhances wound healing in a rodent model.
Am J Surg., 2015, 210, 153-158.

Saltman A.E. #h78 D-#Wh-L- b e r] it itk i sh iR A2 0 Vs . 650 FHA7, 2015,
210, 153-158.

Falana B, Adeleke O, Orenolu M, Osinubi A, Oyewopo A. Effect of D-ribose-L-cysteine on

aluminum induced testicular damage in male Sprague-Dawley rats. JBRA Assisted Reproduction,

2017:21(2):94-100.

Falana B, Adeleke O, Orenolu M, Osinubi A, Oyewopo A. D-#i-L- & x40 4 8 & 2 i
%2 SD A KBIGEN. IBRA #a)LHF), 2017:21(2):94-100.

Joseph D.B., Olayemi O.S., Falana B.A., Duru F.I.O. Osinubi A.A.A. D-Ribose-L-Cysteine

Maintained Testicular Integrity in Rats Model (Rattus Novergicus) Exposed to X-Ray. Nuclear

Medicine, 2017(2)4:20-26.

Joseph D.B., Olayemi O.S., Falana B.A., Duru F.I.O. Osinubi A. A.A. FI/T] D-FZH#-L -2 Bt 2R 4 £F
Pefh X S BRAR N ENAERE. #2755, 2017(2)4:20-26.
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Evidence-Based Complementary and Alternative Medicine, 2018:7462839:8 pages.

N’guessan B.B., Amponsah S.K., Dugbartey G.J., Awuah K.D., Dotse E., Aning A., Kukuia K.K.E.,
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e RS EAIE BE S M . SEUF IR 7 SRS AT, 2018:7462839:8 pages.

Awodele O, Badru W.A., Busari A.A., Kale O.E., Ajayi T.B., Udeh R.O. Emeka P.M. Toxicological

evaluation of therapeutic and supra-therapeutic doses of Cellgevity® on reproductive function and

biochemical indices in Wistar rats. BMC Pharmacology and Toxicology, 2018:19:68.
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Cukrov D., Newman T.A.C., Leask M., Leeke B., Sarogni P., Patimo A., Kline A.D., Krantz I.D.,
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3011.
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1. RiboCeine E/ROIARIFAGKMAIEET]

Roberts, J.C.; Nagasawa, H.T.; Zera, R.T.; Fricke, R.F.; Goon, D.J. W. Prodrugs of L-

cysteine as protective agents against acetaminophen-induced hepatotoxicity. 2-

(polyhydroxyalky)-and 2-(Polyacetoxyalky)-Thiazolidine-4(R)-Carboxylic Acids. J. Med.
Chem., 1987, 30, 1891-1896.

Roberts JC, Nagasawa HT, Zera RT, Fricke RF, Goon DJW. L- Bt & &8 Ay IR Z5 4 S N 1K 1
S EMBEA ZIFSEIEERIFERI. 2-(Polyhydroxyalkyl)- and 2-(Polyacetoxyalkyl)
thiazolidine-4(R)-carboxylic Acids. ZZ71EF47F/, 1987, 30:1891-1896.

f

MEBE=

p

LI ) (oxidative stress, B RERO R — G AL, Fomr il 2 i) FT 36, bt
SULIEI SV 0 RBEIRAT %, LI O IR MIRATHE IR 1 i,
SO BN UESR R AU AR S SRR, W) R A
R (I 2 A ) P TV 2 0 5 S AR 274

FERHAR A TN T3 ARELAR A A 15 S 8 A X D S TR A R, X
YRR ACRBEAT LS8 . N TESN) & EREE AL Ty, R GCRA T 2tk A
A s A S DR A RN TR) P AT A OC 5256, itk mT AT I TR S RS . — R i
Z W) AR D13 R OB R AR i A AR RO R 2 T BT
HTHE N B8 Bt H B (Glutathione, GSH)2 ™ H i 2% .

LR B (Acetaminophen)s — Rl A F A 1R, A8 BRI 2 57 & R ARk O
Joaptt, HAr @ R AR N e85, AR JE MURBCHR . AN e i ek
PR EEORGE T, IEWAR B Swdms], R ESE SR — D AH
(FIEE AR L B AR B, TR AR AR A 7 A B A S T 0 2R,
M A SEEME T, A RS & ST EAE I A AR, SEE AT R
bE, EREIEMIET .
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N T S Ak B A IDEH k™ SR R T Y SIS R I R i S AL T, BEREAN
ST G, XA SN ] DA AN IR B A e H AR ZE R 31X 24t
ENIRI RO ZARE XS L (1 DRI AR B LA R IR sh VIS8T I RE T T RE »  ARLE R BLOA AT
FESR Bt i ORI AN S s s e s R e 54, RO & . IRIPREE
S EYISCE RS Bt H BRI RE 1A BRIE

FEE. wAMAT, BT N-ZEEHE 2 (N-Acetyl Cysteine, NAC)IX F =l & 5L 17
a2 s, B3 8 M ARSI ERN LRI &Y, BN S
AT i AN R LSS, DUE IR LA 5 Y0 =7 B LB 2 15 & 2 R B v )
TR FESZ . RiboCeine 72 HiRFZ I H B AMARERIF1ERH ML &M —. A TR
P LVt ER 2 B AR (SH), A3 R R SR A B AME P B R AT K, DA ke
T LA LA B T 52 AR A B MR

SH—EBIYr: RIS EAEIE T IR BULT RN Bl , £1Z5) 8 N U A 90%
HINBRICVEAE, AL E. YRR AR BL 48 /NN B (AL R 2
HNEEHE, CLR TN A2 B A VIR DL (AR ), IR VR A 2 p o 26 =5
17, W =T A RITE SR 2T, IR KIEREA & 7). RiboCeine 7232 E)
s —7E 48 /NI B BOR A AR RIS IBE T o HAt 32004k 5 40 BT Jee I 3 0473
AT 30% 2 94% o REMEEWI NIBIVININAT 17 % 47i% % - RiboCeine 2
L2 S A GURES, S RELH LR SOIRS HI PR AT +2 BCL T (Y 4+5)
0). HABPTA Z ML S HIHLATELI I 4+,

E8gr: ERET A Y, RAIHEE R AT SEL, RiboCeine 7l &Y
i NAC [ 40%, FEARTHIFIEAH M2 e H BRI (& =)y i, EDATEE NAC it
130% . T Bt H KA A Hl 5] BSO S #dI A M H KK E 2327,  Hitk
RiboCeine . L-}- Bt & R (L-cysteine) W 25 N HT 2 e 48 e H BE T F

G518 Ik 5 LR A BUR TR RiboCeine TUAAARTT AR, RUH b At 52 1]
WL EA:, BN A HONIZIE - PR K (cysteine) T AL R AR St
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RiboCeine £ SLW AIMERAMFIRESMERSENIRZE
NAC(N-Z & EE)AY 300% -

£ 1. £ L-FRE AT RA YT K BT JE 2 GSH RE L7t
Journal of Medicinal Chemistry, 1987, Vol. 30, No. 10 1893
Table I Increased GSH Content of Rat Hepatocytes after

Incubation with L-Cysteine Prodrugs
conecn, [GSH] + SE, [GSH] rel

prodrug mM nmol/10° cells to controls
none (control) 35.4 = 0.78 1.0
GleCys (1g) 1.0 76.2 = 2.15 2.1
RibCys (1d) 1.0 61.2 % 1.52 1.7
XylCys (le) 1.0 58.3 & 0.99 1.6
GalCys (1f) 1.0 58.0 = 2.00 1.6
ManCys (1h) 1.0 57.8 + 0.87 1.6
GlycCys (1a) 1.0 46.1 £ 1.10 1.3
LyxCys (1c) 1.0 459 + 1.95 1.3
AraCys (1b) 1.0 429 £+ 2,17 1.2
N-acetyl-L-cysteine 2.5 458 + 1.27 1.3
(NAC)

R, BEH T 25050 NAC R EF FR X SE T4 i, e H BRI & = R )ik &
EL#]H RiboCeine (RibCys) 1% 7% FI4HHE HH BT & IS BE H IR EAK 30% . [Rlk, 724
Hati=, RiboCeine Lt NAC 7EH&FHF I 4N A 28 bt H K 2B R E 5 300% .
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2. 1RHY RiboCeine EHREZEMHEINRE

Roberts, J.C.; Francetic, D.J. Time course for the elevation of glutathione in numerous

organs of L1210-bearing CDF1 mice given the L-cysteine prodrug, RibCys. Toxicology
Letters, 1991, 59, 245-251.

Roberts, J.C.; Francetic, D.J. T L1210 ZHff 2 cDF1 /MNERIEFRIIRZGY) L- 3R
fZ —RibCys— IR AZREDMHINKRE ZIV12. Toxicology Letters £/, 1991, 59,
245-251.

f

MEBE=

p

P e A A P 2 75 B H K (Glutathione, GSH)MREE (75 &) 2 AT LAE & 51 1,
HASDEH BRI B B SETH AN TTRERT, R4 B Bt v S AR P A 425 1)
Yo DAL, A BEHBRGREEAE A A L 5C A LT A E BEFE AR e RE S, AN
& FE IR (amino acid, FEIEIR) RTINS BN 1o AN 24 B0 HL 75 2245t H Ak
REATHERE A A, FPRE P A E H BRI 2 Fr 8 R B, AEJEERROL N (L S 8y
)RR, XS MH BOIREESRTH BT, HAEIFAET "B EH B
BRI ECR", WAL T A S IE S S 7] (oxidative stress, ALK
UL YERFAT IR H BRI B Y e

V24 E P IUH PR = AR i B, R SR s & B n] LA &4
Tt ERFR B AL H R g

WEZE: AWt RibCys (RiboCeine) RTEAA /NS FHETIRM, LT AL T
RiboCeine J& 2 N [l IR ] /5 it 4 Fh 98 BT 2 B H BRI B IO AE 7. 125 @510 8 %1 10
AN, 2SI RV T RTIE K 200> 43%, IR 41%, BRI 31%, Ol
P 25%, LA/ 60% . HABSSEr e, Y. FE, WOFRIERAE FORE
TR e R AR 5,
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SRR 7R 16 NI IS IA) S, IR D R B b TS LR R T RibCys 2 % R
I 1.5 7%, B E 2 D H IR B AR 16 /NIFIA B i 2, 3R 0T IR 1.6 5.
AL T 22 25 e H POk B U 2 ok R AL Zh D ) 2.5 1%, JREe I iy 2.1 %, O I 1.8 1%,

LRI : 1R I T 4518 AT RibCys 7T LAZERF HL7EREL0 38 1 7T DARR G THAR I H AR 1
HIRSELG AT A T RS A EIRAS . | H BTBEFu 4SS FAIESE T R RibCys A]
LA -2 B2 (L-cysteine) — B 245 it H AR AT UK — I e A, FFAEAR I H AR it
TP RS AL AR -

! Meister A, J., Glutathione metabolism and its selective modification. Biol. Chem., 1988, 273, 17205-17208.
1 Meister A, J.,, BME I RCHSEEFEBIN. £YEF47). 1988, 273, 17205-17208.
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3. RXMEERSEMHIX

Oz HS, Chen TS, Nagasawa H. Comparative efficacies of 2 cysteine prodrugs and a

glutathione delivery agent in a colitis model. Translational Research, 2007:150(2), 122-
129.

Oz HS, Chen TS, Nagasawa H. X ER PRI EMBE A RAYRERERKIZE
T Z2BELCER . #Z1EEH A AT, 2007:150(2), 122-129.

Ul

MEBE=

pl

2 HEH K (Glutathione, GSH) 2 4 X Hi 48 L & /] (oxidative stress, %8 A4 N3 B B 211
WIRPESTEAL T, Hooh T fg e AR B2, AT O 2 4495 76 K 98 VE 173 9593 (1BD)
9 AR B 2R U T 1 AR BB A (0o BT FTUE ST PR S AL A (ROS) 15 K 48 1 I 1 =
WU FEAHLS . REEEAAEREREE B BEAE R, dEE
5S8R HHEEE R SRR NAER, B EARE, Hases Bk
JR it E A A F B DNAL B A A A A A

TEZE: A REEHIRRN(DSS) Vs K 2 4 4 At — MR 2 P AR i MBSk, S 2T i ik
WniE 2 45l 98, AW TR T =R 45 Bt H K2 257 i pR P AEHT, Horb 4
RiboCeine. fE/NRZ M RAT TN, XS T &R RN+,
Hea PR IEFYOK, H=RJa, YOKFTIMA DSS. Frfasht)—BEHHEEE R
THE B 10 REGMAIAE L2 SR BB it T DSS /I BB AT 7 E IR 45 1 ¢ HLAR R e

£55R: LN RiboCeine (P<0.001) T LLKHE i 3 45 i A2 . 580 45 1 48 /1N B (DSS)
P25 W P S R B 48« K fe 38 A= (X FfL2H 109+2.8 mm vs DSS #4H 66+2.8 mm,
P<0.001) i A ME 47 %6 - ¥ 523, 2445 F RiboCeine (84+4.2 mm, P<0.001)¥597 45 1 4 I,

K4S T B R G2 A oK, X PG TE S5/ R4 I 4L 23R 9 ARIUAT 2o 72 A
. #52 RiboCeine/IR & I/NRARE WMIGE N, 5HIEH XA/ NFALEEHEZE
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AR ZH 2940.9; DSS 41 26+1.0 AT%), RiboCeine 414 29+0.9 A7w. Mt HkZ
W TEPUEAR ) 3 SRR, 25 9 SR TR I H IR IR FE B (DSS 2H 4.81 +/-
micromole/gram; XtHE4H 6.53 +/-micromole/gram), {H45F RiboCeine 2 45 % 4 /N .,
FLAR e H R Ak B2 m] LAV 52 1E % (P>0.05) .

£518: RiboCeine T LAFRMIR/N R DSS MR A (I & 8, RN E AR ST 45 v 2 4%

P BRI (5 £), IR mT ABON A R0 7 Bl g N\ Sk A i T 500 2 It 8 9
KT

19



http://www.sciencedirect.com/science/article/pii/S0194599810006455?np=y

https://pubmed.ncbi.nlm.nih.gov/20723783/

4. MA(ERITTATMEAE(CEKRIT TR

Heman-Ackah SE, Juhn SK, Huang TC, Wiedmann TS. A combination antioxidant

therapy prevents age-related hearing loss in C57BL/6 mice. Otolaryngology-Head and
Neck Surgery. 2010:143,429-434.

Heman-Ackah SE, Juhn SK, Huang TC, Wiedmann TS. & & 16575877 ol Fikh
c578L/6 /NEEZBIEERMNIT NEK. EEIER-SLIIPFIEF, 2010:143,429-434.

Ul

MEBE=

pl

ZAIE T R (ARHL BUPR N E R B 28) RIGRE GBI K T8 W k. hRh T 45
A IR N SR A T3k, BT RES A R S R R ST RE R A K.

AR e fomi 2 SE R i LI TR L2 —, 65 B A EZ KELAG 35% A
KM 2T . TN 7 2025 45, £ 2450 JIRE A2 M. Z40T
PN RE A8 7, LB S AT B B N8R A HAE LR
Hi(AERERPIRDL, P2 AT 152 H ) 38 P A UG

H AR IE R AL 1R 0 AT e fe A VMR A i AL AR B AR AR A, Ak
PR FHE SRR EZENER R LT B B K E (ROS) S M A
(RNS)I A AL E AT 358 A HE S8 IS 70 B A 5 i A J o

WEZE: AT FOGE I — BEZR T B I RIT J) 10 /N AT 506, st — MR 2 4%
S H) ARHL BFFUMia, ATt T/ A RiboCeine HIZEA PGSR, Hr
RiboCeine #2 %5 it H R A4 & B i 75 9~ W 202 i A« SR AR G PEDTR AR T 1)
B A JE AT A Wit AE 2 Ab SR AR s A PR AR BT 44K I 77 (oxidative stress, S8 A6
).
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GER : BR DR T A PRSI R, 5xIRAM L, AL T AR A,
H ARHL [F) 3 B0 35 BH 5 Rk 22 .

Lt AN FZHET, HF I RiboCeine, #BAEIRZE AHRL 2 HHl, HRIX
FERI 2R A BUEALTINT T 57 BUAE 2% ARHL 3% 301 55 A Y A 36 A i) |, #5945 H R0
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5. RiboCeine 5O MERE

Kader, T.; Porteous C.M.; Williams M.J.A.; Gieseg, S.P.; McCormick, S.P.A. Ribose-
cysteine increases glutathione-based antioxidant status and reduces LDL in human
lipoprotein(a) mice. Atherosclerosis, 2014, 237, 725-733.

Kader, T.; Porteous C.M.; Williams M.J.A.; Gieseg, S.P.; McCormick, S.P.A. Ribose-
cysteine A IRAZAEEERNEBE LZEMEBRNEETIREHBEEZRERSE
H(LDL). #ZVEkimsHEREICATF), 2014, 237,725-733.

B3 23/t H Bk (Glutathione, GSH) & 75 bt H it Stk G OB IR 7, & —Fhilg, T
CAEAC AR S E AL R . A e ko SRS s A 2 AL IR R B TH S
O M .

FiE: ANHENEEA (@) E /N B A H i T 4mgfribose-cysteine (14 B 4 A JT i 7
0.16g/kg)it 4L )\ E W] . #35E M\ B ribose-cysteine /) fi 5 A 55 HUA FEZH /N B (R 4H
n=9) & FIIUIE S MBFEAS, FFIE A DEH IR (& &) A0 H s S vl
B BRACE B R S ST (TBARS) 8-S R 41l i 28 % I 2R g Ak & o

£55R: Ribose-cysteine(F Ml — B 2 ) AT LASR FH AT IE 5 1 o Fro 25 Bk HE BRI 2 (P <
0.05). A MEH LT EAIEREFFAE(L.7 £%, P <0.01) KA IMER(3.5 £i%, P < 0.05)F {175
AT, BFIE. 3%, E3hkh 2 TBARS WKREZ AT ribose-cysteine( 7354
P < 0.01, P < 0.0005 } P < 0.01)if P&, HEAFATE S =3Ik 1 8- KT g IR R ik)E
(43514 P < 0.0005, P < 0.01)tHF&(%. jifiF ribose-cysteine /)N FRANIE /& MK 25 B i 2R
F ARFRE A (a) M EAEE T B IR R KR PRI (4378 P < 0.05, P <0.01 Jz P
<0.05). FibAER 51K R 8 B 3244 (LDLR) H A %,

£51E: i1 T ribose-cysteine FJ LA IR AR 25 )5 iR 2 11 A\ JSHR 28 11 () S BB IR UK B
PR AP B 2 18 X Sl Bk S R AR A OR300 ) BEAR A A
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! Blankenberg, S. et al. Glutathione Peroxidase 1 Activity and Cardiovascular Events in Patients with Coronary Artery Disease. New
England Journal of Medicine, 2003:349:1605-1613.

! Blankenberg, S. et al. BEBRNIKERBAZEMERIEEDE 1 ZFNSLMERR. FEE=EFEHT,
2003:349:1605-1613.
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6. RiboCeine 5FOES

Saltman, A.E. D-Ribose-L-Cysteine supplementation enhances wound healing in a
rodent model. The American Journal of Surgery, 2015:210:153-158.

=

Saltman, A.E. #M3E D-Ribose-L-Cysteine ZEINISENER POl MFEHEORS . EFH
FIBFF, 2015:210:153-158.

R : 15 O s R ABIE DR AT R 2R A S TASUE . 25 & A, Sl
7 2 A A A7 F 22 2R, D-ribose-L-cysteine(D-1% H-L-- Bt =R & BT AL 77 Bt H Ak
(Glutathione, GSH) [T HT R4, ILAF 58 R IR H AR b 72 D-ribose-L-cysteine X K B A7 111 &%

EREAR

FiE: R OGS I S sk, A 2K RAEA 15 T4 T D-ribose-
L-cysteine —& 1, FFESSE OGN 3. 7. 14 K45 T D-ribose-L-cysteine. B ZH
KR 277445 O JG 45 F D-ribose-L-cysteine . %o B8 ZH 4 W A jifi T AT 4R 7840
L R R AT LR, DR F04% 1B K BRI B R SR o B 58N 53 A FH i o 3
05 E R e A K JI5R A .

LR (R A W, SXRAMLL, A4S B AEhYE S IUBARARE K B R %
G, AHMIETAREH=RID O RRMEIEN, B 14 KN RER. BA
NG TN ILES 7 RN 2RI D& &5k, (BAE 14 KJa B 4z
15 F5K 7 W5

£518: %M % D-ribose-L-cysteine(D-1Z M- L- 21 B S 18 ) L7 ] AZE SZ A5 90 s 45 11 R

RIVG, A58 14 RZAT0] LSEINDG F5R o el R A 23 i H IR (5 )
BENEET DL . BRI D B AR .
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7. RiboCeine 5EHSEEN

Falana B, Adeleke O, Orenolu M, Osinubi A, Oyewopo A. Effect of D-ribose-L-cysteine

on aluminum induced testicular damage in male Sprague-Dawley rats. JBRA Assisted
Reproduction, 2017:21(2):94-100.

Falana B, Adeleke O, Orenolu M, Osinubi A, Oyewopo A. D-#Z8i-L- ¥ IS B X E
BREAREZ SD AKEIIFW . JBRA HEIEERF. 2017:21(2):94-100.

BRI AT TR AR -2 P X 2 40 6 B R SE LB T 2 A KRB,
LV 2 CRRIIBE TR 8 x NSR s stE AT &, ZiEsiid &
Bhin )|, X ZFHL AR, 3 SO 1AL R (RS R R TR
ST, WIS A S 1 R S LA S T E I TR A

FiK: K% 35 1 sD A K AIU4L(A-D).

AL 5 R)WE Nt IRgl, #5248 HK; B, C. D 4I(H4 10 K R)RYE
KRR 23 I FF 8L 75 75 mg/kg. 150 mg/kg. 300 mg/kg EfLEE 39 K. F| T
%40 K, TR AR B BN (B €1, D1), BHEAE 5 AR
R, ZRJG it T RiboCeine 3£ 20 K. B. C. D ZH4k&Ljiti 7 1EH HIE N EILRIE=A
W(Z 59 K).

L. AT RiboCeine 1) B1. C1. D1 /N, 7EAE A A HIERF, H &I
FEFE SRR . RS FiEsh ). R A SEEER) M s . BIR TS elas o
A BE /& RiboCeine It 75 BT AR 14 FTIE 1K o

£518: i T RiboCeine T LAHA W F4% SD /A K R Py 4R 4@tk i 2 2 LTk
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8. RiboCeine S5iERRF

Osinubi A.A.A, Medubi L.J., Akang E.N., Sodiq L.K., Samuel, T.A., Kusemiju T., Osolu J.,

Madu D., Fasanmade O. A comparison of the anti-diabetic potential of D-ribose-L-

cysteine with insulin, and oral hypoglycaemic agents on pregnant rats. Toxicology Reports.
2018(5):832-838.

Osinubi A.A.A, Medubi L.J., Akang E.N., Sodiq L.K., Samuel, T.A., Kusemiju T., Osolu J.,
Madu D., Fasanmade O. D-#ZfE-L-¥MEESESER. ORBFMBEANTRREZ
miERBIERLER. FEFHKZ, 2018(5):832-838.

R . W PR R E L RTER, RN R 51 O 15 v XU — 5 R
FHEIT 18% ) 0 23 AR SR GRME PRI o 455 1l S R R T — FBC ) 0 (58 e A8 3 8 B 2K
1BIT, ARIXREREIT 7 R BRI, Rt A IR B I A 2
(OHAs), {HSZFRATMAR AT T AFIX L 250000 20 2 A 5 AR B AT o R o 31
(streptozotocin) 2 X A= Al & 25 i 5 B 4 i Rl B e, 7E 24 /NEF AR AT 5] &b
PRI« BRI A HEWTON T-0E PRI I ACIE A 5 25 R E g2, M Ta Ji H A T
LLE VU OHAs IR M B2 D-AZIE-L- Y I 2 IR S i i 2= AE R P IR A B 25 5| K
BE IR 2 22 R IAE A

F3iEK: AWPTUANT 40 Z RTINS, KL 8 4, Ml s HAR. A4l
ToHE FRI A IR ZH, B 4L R PRI R IR AL, ¢ AR ERIGYT, D 4T D-14E-
LR, E it T e B O0E BE (10 IR MLBE 245 Vildagliptin),  F 2H it 77 [ 7| E e
(KRB LM% 24 Glibenclamide), G 4T k% (I ARBEIMLIE 25 Metformin), H 41
D it - WA 75 B (11 AR BB 24 Glipizide). B-H HIN4A THENRIEHE &=, T 24 /N
PN = L PR o

R SEBFERA AL (p 8 <0.0001)KILL, A HEAT VYT 415 2 2 BB 25 B
BIEK, 58RO RFEIEZ(p {H <0.0001)AHL, BEEZERYE D-AZBE-L- LIt ERZ
B AR B o o 5 5 BB RO R AL AT UL, T IR . D-IXE-L-2F
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MR kPR 25 OHAs(F ZHBRAM AR, HAEA L Jifabn i — i
(Malondialdehyde, 2 ANUEAN AR )AL E = 4) 35 BH B AR

ERI0: b THENRVE B8 3% i PR PR 1 28 OR B, D-RATOB- L1 P 2 i /4 AR AU B (.
VR F S 8 252500, TIRPA IR ZS OMAS [ LRSI 55 . 260088, SUALIE
JIE R 8 Malondialdehyde Z AEFAME, o D-REH-L-F I SRR TT LA AT
Gi 20 B IR TS UG F o AT 075 507 D-REE-L-F P S I L 46 20 IR e o
IR, BRIETT LU B0 P BB BRI I R . ek, BEE— BT D-#
AL I R T T NS IR 2 B 2 4

27



https://pubmed.ncbi.nlm.nih.gov/31907583/

https://europepmc.org/article/med/31907583

S N,

9. RiboCeine 5P%%;3 2 iE

Emokpae O, Ben-Azu B, Ajayi AM, Umukoro S. D-Ribose-L-Cysteine attenuates

lipopolysaccharide-induced memory deficits through inhibition of oxidative stress,

release of proinflammatory cytokines, and nuclear factor-kappa B expression in mice.

Naunyn-Schmiedeberg’s Archives of Pharmacology, 07 January 2020.

Emokpae O, Ben-Azu B, Ajayi AM, Umukoro S. D-1%fli-L- ¥ It S EE o] EI INEI/NE S|
{EED. RAXRMARMNE(RXREHNEF)BREZEZREFEE B ARRIIRE
ZIRZHEE LIS . Naunyn-Schmiedeberg FIZ5FEF 15K, 2020 £1 B 7
H.

BRI : A0k I s Bl ) 4 3 0 DNSRT 2 1 BROLE (AD) s AR B 2R, v 1
WEE . BT 2% BT A — PP i U 2 IR RS, RRAE NN BE 7132 1R

s FHAEREARAT R I . BT 2% B 38 IR T S A 3 A B AL 7
BEARHITE L, Ui T U D s BRI B RE R . [ ER 2R S R i i Sk
PR 2R MG R IEVEIEIR, SFEN 7% 02 M A TR BB . &
P H IR (GSH) A& M L3l P2 23 N fe 8 B2 AR 40 i S L8 AR B AR 0 1, R Sl 78 K

AW B AEVEAS D-AZ - L-2F Bt & R (DRLC) X /) BRUIAL Fig 22 T (LPS) i85 & FAiC A2 B S A=
W SHLAR ST EZ . 25T LPS i il vr 217 MALEL, SIS
RABME ST A E R RS SCIZ R . IR 2 A A 02 1835125 U s S HY
TRATVAER 2236 BRRE o BB T o] & BIRERASAL,  DRIARHIT 78 o i 3 s = mT DA FH kAt
DTN FE B LA VDR RE -

F3i5: AR IEAE T 60 HA/NR, BN, 410 R, % 1 4%
ENNIRA, HT2EA; 5 2 AR, NEET L EE; 2 3 AT
25mg/Kg Z DRLC; 2f 4 #Hjifi T 50mg/Kg 2 DRLC; 2B 5 ZHjifi T 100mg/Kg Z DRLC;
B 6 AN T 1mg/Kg 2 ThFRZ ZZITF* (DPZ), 4 2-6 AT LPS LA & 12 Stk
#1(AD).
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* SRR 2 i B E B R AR ST R EE 2 294, JRFRON Aricept®.

£55R: DRLC AEREAR LPS 5 A (RCIZ /Bt B, ek 4t 2N ST 2 5 Hah a5t il
. DRLC #&Ft 1INl GSH. A AR, FRIKH BRI R J138h5), FRIRKR %18
bRy MU IRFE T a(TNF-alpha) J 40 2R 6(1L-6). 123k Rl 14k B A (NF-
kB)RILIR AR PRI A KT NF-kB X P IB LB RS i 1R A, 502 R 2% g 2R
fiE, 7ESCHR A PESE I AT

SR8 ARFFTLE J R DRLC X LPS ¥ KACIZ Jisain 2 /N, AT FEAe iz kst
WOR, HESGEEH RBEMHIEAE 71 1R KA (IR R PEGUR R ) Bl
PAZ 8 e R FiE Ak B Ui R I IE o

PPD 1/2020 sgn
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1. RibCys—& LET (& 5Y(NTRS)

Lenarczyk, M.; Ueno, A.; Vannais, D.B.; Kraemer, S.; Kronenberg, A.; Roberts, J.C.;

Tatsumi, K.; Hei, T.K.; Waldron, C.A. The "Pro-drug" RibCys Decreases the Mutagenicity

of High-LET Radiation in Cultured Mammalian Cells. Radiation Research, 2003, 160,

579-583.

Lenarczyk, M.; Ueno, A.; Vannais, D.B.; Kraemer, S.; Kronenberg, A.; Roberts, J.C.;
Tatsumi, K.; Hei, T.K.; Waldron, C.A. BUIEZ54%) RibCys O BRI FIEZ. YA P S
LHEEEERRB(EN)ESN 2BRT Y., E5HFAZHF), 2003,160,579-583.

EEXEEERARE R a5 (BHE/E)
n v /w
NASA Technical Reports Server (NTRS) '\F ) A
Providing Access to NASA's Technology, Research, and Science > ,.m f '

search again |
LV > P2 ¥ » Advanced Search

BASIC SEARCH ADVANCED SEARCH ABOUTNTRS NTRS NEWS OAIHARVEST TUTORIALS SEARCH TIPS CONTACT/HELP

The 'Pro-Drug’ RibCys Decreases The Mutagenicity of High LET Radiation in Cultured Mammalian Cells

\Author and Affiliation:

\Abstract:

Publication Date:

Lenarczyk, M. (Colorado State Univ., Dept. of Radiological Health Sciences, Fort Collins, CO United States),
Ueno, A (Colorado State Univ., Dept. of Radiological Health Sciences, Fort Collins, CO United States);
Vannais, D. B. (Colorado State Univ., Dept. of Radiological Health Sciences, Fort Collins, CO United States);
Kraemer, S. (Colorado State Univ., Dept. of Radiological Health Sciences, Fort Collins, CO United States);
Kronenberg, A (California Univ., Lawrence Berkeley Lab., Life Science Div, Berkeley, CA United States);
Roberts, J. C. (Utah Univ., Dept. of Medicinal Chemistry, Salt Lake City, UT United Stafes),

Tatsumi, K (National Inst. of Radiological Sciences, Div. of Biology and Oncology, Chiba, Japan);

Hei, T. K. (Columbia Univ., Center for Radiation Research, New York, NY United States),

Waldren, C. A (Colorado State Univ., Dept. of Radiological Health Sciences, Fort Collins, CO United States)

We have initiated studies aimed at reducing the mutational effects of high LET radiation such as Fe-56 ions and C-
12 ions with certain drugs. The mutagenicity of high LET (143 keV/micrometer) Fe-56 or C-12 ions (LET = 100
keV/micrometer) was quantified at the CD59 locus of human-hamster hybrid AL cells. RibCys [2,S)-D-ribo-
(1',2',3",4'- Tetrahydroxybutyl)-thiazolidine-4(R)-ca riboxylic acid], formed by condensation of L-cysteine with D-
ribose, is designed so that the sulfhydryl amino acid L-cysteine is released intracellularly via nonenzymatic ring
opening and hydrolysis leading to increased levels of glutathione (GSH). RibCys (4 or 10 mM), present during
irradiation and a few hours post-irradiation, significantly decreased the yield of CD59(-) mutants induced by
radiation. RibCys did not affect the clonogenic survival of irradiated cells, nor was it mutagenic itself. These results,
together with the minimal side effects reported in mice and pigs, indicate that RibCys may be useful, perhaps even
when used prophylactically, in reducing the load of mutations created by high LET radiation in astronauts or other
exposed individuals. RibCys is an attractive drug that may reduce the risk of carcinogenesis in people exposed to
high LET radiation.

Jan 01, 2000
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HHE:S

BTG FHEATHE T a0 R F AR5 2 259040 Fe-56 J C-12 [/ LET 58 4t 2 S4B vk
SR, (EMb RS R 2 Hh e LET (143 keV/micrometer)Fe-56 B 7{ C-12 2 7+(LET = 100
keV/micrometer) 2 A5 R AR N/ G RALA AL 42 CD59 FE K] K & & .
RibCys [2,S)-D-ribo-(1',2',3',4'- Tetrahydroxybutyl)-thiazolidine-4(R)-ca riboxylic acid] &
L->F it 2 8 (L-cysteine) % D-#Z% M (D-ribose)ik i m i, H H KA TibmERZ Lk
RAIRIE I AR B I IE FH KoK @A R AE g N RETSG,  DABS 45 e B Ik (Glutathione,
GSH) 7 . RibCys(4 5% 10mM)7E 4 5 FE G I FE A DL RS 5 JL/NB P24, AT LUK IR
AR R 4R ST S B CD59(-) RARAR = A= 50 5 . RibCys A2 52 48 5 4 U 1 2 41 A 1)
7% F% (clonogenic) fAid %, HAR G IR TCE AN M . IXLegh B/ NR 558 H itk
ILEIVE R AR /N, #ULEH T RibCys HIEREH, B 28 TR M A BESRAE I, 2
A] DARRAR S0 1 B At 58 B 76 /5 LET 3RS P~ A RAZ L2 . RibCys 72—~ 5] NiE
Hrzi¥n, nr AR AR T & LET 5a 9 BUR M ek .

KFHM: 20004£1 A 1 H
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2. Ribose Cysteine FiP5f4ia 7T B9 A

Lucas Slitt, A.M.; Dominick, P.K.; Roberts, J.C.; Cohen, S.D. Effect of Ribose Cysteine
Pretreatment on Hepatic and Renal Acetaminophen Metabolite Formation and
Glutathione Depletion. Basic Clin. Pharmacol. Toxicol., 2005, 96 (6), 487-94.

Lucas Slitt, A.M.; Dominick, P.K.; Roberts, J.C.; Cohen, S.D. #%#E- Bt S B Tbh 145877
NS ZBaSERRKHSYERRERE IRV 28N, B SiGkZZZ/NE
FEZ B FIEIH, 2005, 96 (6), 487-94.

E=S

Ribose Cysteine (1% ## -2t & #2) (2(R,S)-D-ribo-(1',2',3',4'-tetrahydroxybutyl)thiazolidine-
4(R)-carboxylic acid) ] {47 Kl £ B & % (acetaminophen) T FEUW I E R 8IS, i
PhORTHLE A B BT HEATE R, (H0] g5 @ 1845 B H Ik (Glutathione, GSH)RAT
Hil 6 B0k AR WA G DRIARNE 7T H FIER I 215 GSH AV)& g Ribose
Cysteine R4 A AT B (1) — 355 o FRATTRGAEYE CD-1 /1N BRI S £ 108 22 2 M B L T
ZHEMY N Ribose Cysteine. Ribose Cysteine 4k & 7] LAXTHTIAE 2 Bk & 3 1y 51 2 i) i
AR A U A L0 2 LA I GSH i 2. B4, Ribose Cysteine 31 4b B n] DL
CIRREFEBMER G 4 /N RTESR T+ HFE A 1) acetaminophen-cysteine (. It 3} —
Lt 12) S AE acetaminophen-mercapturate, 152715 A A ) acetaminophen-GSH
A=, N T\ Ribose Cysteine X JH 15 4T 52 21| £t & F: My i Al 45 19 1 PR AR
RGP R GSH AEME R, TAMEH T IZ BRI (buthionine sulfoximine, BSO)
Kk FEEFH Y gamma-glutamyleysteine synthetase (y-2 2L - B & R & 15 B, y-GCS).
BN SeHE L T IR AR AR (buthionine sulfoximine, BSO) M ZMba My, 4558 3¢
Ll A 25 S (SDH) 36 8 S PR 3= B s B 35 R AE B« 1 22 11T LA Ribose Cysteine FF
FH A B B 0T DTS OR3P I 1 T 52 Bt 2 25 1 BT i R A 55, (ELPE it AT o 2 B I L
(buthionine sulfoximine, BSO)[)/IN R B F & H, b I FH &b B FF AR 982D 1k 28 = 1y 5o T
Bt i . S5 2, Ribose Cysteine (2 FE- & R) & — Fh PN Z R AT IR 254,
Al LMt GSH A&, IR B 588 B o T A OB R ) S 2 s
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5K

> Ribose Cysteine YRJ7 V2RI LAik A WL My BT T U AR AR S AR &2 5 5 IE GSH
WRE(E &) IR 2 IS R

>  Ribose Cysteine JAJTVEMUR T FFE H LMk 2 B AR TP IRk B

Ribose Cysteine RIS SLi0Hh 2 LB I -

> T BSO FALHELHNHIKH RibCys 2 M H KM LG, [HIE RibCys %47t
TR SE T AL 2 3% FOBT AR I B H IR & ok adk AT

Y

*Acetaminophen = Tylenol
B = 55
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3. EMHRK(GSH)SERAKE

Ballatori N, Krance SM, Notenboom S, Shi S, Tieu K, Hammond CL. Glutathione
dysregulation and the etiology and progression of human diseases. Biol Chem., 2009
Mar; 390(3):191-214.

Ballatori N, Krance SM, Notenboom S, Shi S, Tieu K, Hammond CL. & EIKELIES A
KERZARBZERER. £HYEFHT), 2009 4E 3 A; 390(3):191-214.

e

A W H K (Glutathione, GSH)TE V22 40 B A T ik A2 A 4y v E B €, BHEAI M 01k 41
JHO B 5 R AR T, DR AR YR 2 B /BT 2 N R e v, BUFERIRE . 2R
Wi BRNAFYE . OIVERIR . KR . HR A a HGUR RS, 1)
W R GSH shA FHM. BT GSH XT4iiuThat B 2 2ckEsm, TR bR w7 e
GSH 75 NP5 9 /55 B P2 v B 47 1 A £, BRSRAEIX T THI FRIT 78 DA R K
. N GSH WREL(S &) ¥R /B NE SRR 1six k. W50 e
K B Yo K BUG R DR R/, 1RSSR KA 22 2 GSH sl & 11, s A
SN 2E B o TR T AT 2 . GSH/A B H Ik —BRALA(GSSG AL B4 ok 1
Rz b2 2 GSH AR BURD 2 1B, W ELH8 1724 bt H s 2 K& Ak
J% J1(oxidative stress, S A0 M), T H B AR A — RO S A O, 5 WHEAE |
4 2% FORE A K B 26 HE BRAE AN, GSH IRFEASTHT &5 mg ARG % RS ThAe, I
B R P24 . AN GSH 3K /b 2 B 4N iU fu A AL RE 71, 2Tt
GSH IR JE— Mk i il DA s BT AR T, FEXTPUEEAE T),  FIRIE LT LAY 298
FEAN M Y P LA 2. SRR A Y R A A BRI GSH fH, il AR AR S
GSH MR Z M 5ig ik Mk . BIRIXELAR AL A i i R B T LA & X, {H % GSH
WP AT DAL 40 = AR A P, R IR AT SO IR I — AN R B R F . AR AT
WG RIS T GSH sha& P 1 5 2 Fh NP0 2 8] it — 20 50

=
S

WRE H AT e S de i, JLPRIrA R AR S GSH WKL 5/ S R AR
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WA K. BIRTEVFZ R0 X LA Ak n] Ge <> ORI e it e i = A, i /e HoAth
T 91w T i 3 3K S AR A 5 0 PR R /R R AT BT R o FRATTR R A T A
GSH 5 E BN IR S AL 1B I IAE o8, MIXLEEi2 2 i S-glutathionylation(S-2 Bt H ik
k) 5 /alihn S A AR FUIR A SRR, H GSH Z A F N & R sl a2 R i, X FE
(1)1 AN GSH 5 m ik e 2 vl e SRR L T A B E I, JRRH T EZ i, W]
PLE T S2B6 RE B . AN, BT TS GSH 5 2RSS A B %E, Wikt
R P DT R Y T GSH MR R BRI o XU, S B AR S VR IT ik . BARIX R
BT TR E IR Z MR TSR, HAVF2 NIk T E R,
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4. EEBESANFREE

Jan AT, Azam M, Siddiqui K, Ali A, Choi I, Hag QM. Heavy Metals and Human Health:
Mechanistic Insight into Toxicity and Counter Defense System of Antioxidants. Int J
Mol Sci., 2015 Dec 10;16(12):29592-630.

Jan AT, Azam M, Siddiqui K, Ali A, Choi |, Hag QM. EEBS AKEEE:. MAEFIS
SR %5 2H%. IntJ Mol Sci. 257/, 2015 Dec 10;16(12):29592-630.

WE

B R A LA A, T I, RIEERE AR AN, Rt
By B NFEARWHEE 5 K S ARAEF ) TV OK, 645 B4 s T5 AL el gt o
EERIVE M, PR ST, T B m A AR R LA B 2 X
ko, BRIt BB . EAR e s I PR M D e R 2 5 AR A P AN AL,
MR BB B DNA N4 B R T S2 AR, A A Bl & T = 5%
2T EMBESRE, ERYIRSBETEEFIEGE R, oL T B UM
R A5E) 22 77 AR R BEAT B MR A S Jim B il T X 470 S8 77 e 6 3 T ) il (5 Sk
Mg EEACYINE. SR RIESRT T E k. i, KRR B
VIR R AR N BEVE IR SCHLES DS IR e AT i o < e SRS P B, R 4
I A B A IR LS 5 e X 0B < o U B

it

RN Z BISAEMYI, HE 2R e, RIS, SR —
MEBRGE, FETERNEEAE T (oxidative stress, S AL 7 A &P A
EACRAT NRBLR , AEX PRV RE T pirid s S A IS 77, S A A oy
T RIRELIT AR 0 2 A O, X RUIR DL 2 3 B0 NSRRI RS0,
A AR RIS T ORIVET S (BN AE  sl p EHT R A E5 AA Br
R F PG ZH M N ROS/RNS Hi e . 11l 5522 ROS/RNS AE R K7 IR 2 TRV S5 8
ResE A A S /SR fE E, 5 R DT R A (B8 5 AR BER) R GURYERF -
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M NAE I SR, BRI R G NS —TEBI 2k, 2R A 2 BN
AR DR TEEFIANY, a4 2SI EREY. B R Sue] kit
DL 2R A ) (ROS) S M U (RNS) A i 51 R SR Sl AL s A i i i fe 3, BT BAB
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