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Ml igitmEcH 2 7V 254> (GSH)
FEAET 2 T LI K O HIRANNDEELA B L A5l
faZzsF> T, MDD GSH OFEEICIE T 2/
g5 AR—=Z—DEAAC1 ZN LIz AT AV
(Cys) DEXDIAHDKEATH O, MREEFICEER
WEZHS TN TWS Y, EHEE ok
1 SIS 77 e 72 - O T2 BRI SE Cld. AD & O
D GSH &M L T05 el TN T %, UA
& CA DMIRREN LD A Z X LDV TIF TN
X T UADFEOHIBBILIER & CAWRFD T 7/ v v
ZHRERAFBEROMEGENHEINT VWS, —/5T
BAIZUA & CADE EITHREMAZICHB VT Cys D
D AREIEET 5 C L2 R L, MM Cys
RDYIBEYIE D GSH % FE U T ksl %h
BERICERRELTERZ (K1, UALCAD
G OHEMED B CA OO HIC & [7] Uit LR
AN A LZFOEDNH B L FHRIN, Hiizkx
TEPEAE Y O FE RIS AR A 1 = X L O D
HiTAhb as, CTOLIEERIE. AU
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HAOIED A A= XL E LT, Cys B IAHIE AL
ICEH U, CAREY ORETETEMBI 2% & &
BT, UA & CA DRRIREERNRIC I 1T B IHd D X 7
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| PRREEREE - MEMEABL R

1 T EREMORERE - b TV AR—2—{FR EMRRE

T 300 pm IS AT A A LTz FDH% TV VifEik 7
fi, 7471V PX (1,7- dimethylxanthine), 7%
713, l-methylxanthine (1-MX). 3-MX. 7-MX,
1,7-dimethyluric acid (1,7-MUA) ZHhZH 0, 10, 100
pM Z L. Cys 100 pM & &7t/ iz 7z aCSF
H1i2 30°C T 30 77 ki L 7z aCSF (& H 1< 95 %
0,/5% CO, IR HATIZY L—a>r L, HEypet
BOWEH AT A A3Km L7z aCSF T4 0.1 M
MERBHTRED S A AL, EHOEOHARD Cys
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2-2 EEMIEE AL Cys DIV IAISEEDEH
HEK293 fliffd% UA (0, 10, 100 pM) F7z1& PX (O,
10, 100 uM) ZE&HT % ¥ AF VAR EHEKR™ h
T 30 7pMaiEE L7zD B, Cys (100 pM) Z N
L C 30 77 [ER%5 2 U7z SH-SYSY Ml B &5 36171
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T 30 mofEssE L, MfZA GSH %2 CMFDA 1 U 7z,
Pt OMAZ 4% /35 RV LT VT RTHEE L.
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M GSH &= & L7z,
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2-6 HRREENS S UHRFREDRORE | PX D
A Bs o 1 d6 & O PR RN R D FTAMI X . SH-SY5Y
Mz PX (0, 10, 100 uM) T 1 RefEATLEL L 720
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Z. 20 KR OB O ALK KR (LDH)
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I Cys XD SAFMEAHENERNE 7 7/ > VB R B E
)7 YR RARIE AL & IR O MR RE RS TH
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L FHUFUEBKEBIERICRE L WS T Ik
D, CA-PX & UA & 003 AH B I H e T 1k
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ZRALITH U UA DIEH X 71 = X L&A U TR0 A]
REMEE HIFIC AN D REEDNH S Lol Th
ZEEEZ T, CA & PX D & UA OFER & Lhig L
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250 4 1,3-MX 250 41,7-MX
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5 I ' ' 2
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0 - 0 -
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0 A 0 4
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1-MX (M) 3-MX (uM)

Theobromine

250 4 3,7-MX
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s
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5
= 100 A
(3“ 50 .
0 -
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3 * 5
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2 RVRBERATAXBEICSITS CAHETD Cys BN IAHEEIER
A7 A4 REMO/INZFHFUF > (PX) 10uM IZEWTY AT A VERVARHMBEIERADH SNz, n=8/group. ** P <0.01
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EM5. Cys FUDARMEHEERI D A F1 = X LD
g5 &I Uz,

3-2 BEMRICESITS UA E PXD Cys B
AHEEIER B KU GSH EEREEH

HEK293 filfa = Fiu T UA & PX 12 kK % Cys LD
ARIEVE L GSH FEAE 2R Tz, UA ZERINd 2 Ll
st Cys DIREEF AL (K 3a), Mifasbic Cys A
H DM FTHEAN O GSH LV ER L (K
3bc), PXICE[A CIEHIABIZR &S Nz (K 4abe) ¥,
TDOT M5 UA & PXIEIA U &K 9 I HEK293 Hifia
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Cys b2V AR—%2—EAAC1 OS5

Cys X 0 A HMEHEVE I AY EAACT FHE 3£ D LABHA

WKXOHEFEEINE D E S D27z, PX D Cys HY

a b A C
0pM 10 pM 100 pM O-Cys m+Cys
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(b, ) RIZHITEKSHBIMN GSH LN)L% CMFDA &EICK ViEH Lz, MAEA Cys i& UA 10 ~ 100 uM SLEBEE TR L. HIREA
GSH I Cys Z#EF. UA 10 ~ 100 uM MMEBBEC R LTz,
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4 HEK293 fiBaic 517 % PX 1Tk Cys BX W iAdH B & GSH A {RHEIER
(a) HEK293 #fiBa% PX (0,10, 100 uM) T 30 I FEATALEE L 1. Cys ZINZ T 30 DEDMIIN Cys LXJL% HPLC SEIC K WIRH LTz,
(b, ©) RIZRMHFITEZHRIA GSH LXJL%E CMFDA EEICK Wik Uiz, #BR3S Cys (& PX 100 pM ALIBEETEA L. #RZM GSH (%

Cys 27 F. PX 100 uM BB C LR LTz,
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5 PXIT&ZHRRENR
SH-SYSY #ERa% PX (0, 10,100 uM) T 30 SFTAE L%, #RIC H,0,
& 150 uM AN L. 20 B OMBEEE 2 AN (a) PX BEICIEMAE
EEMIEE, D, (b) PX 100 uM i H,0, DHRRSREE M 4NE] LT,
D AREHEERIE LABHA I X D FHEE N (X 62) 2,
UA DFEH & —EHEEI N (K 6b), TDT &b,

PX & UAIC &% Cys BUD AREENEA & 321 EAACI

2N BTSN EEST, —/. UA DIEHIC
(& EAACL 2/ L7 & D721 Tia < HID A A= X L
LRIG L TWAAREMENE 2 BTz,

3-5 UAEPXICEB N2 BKUVRAF VB
SV RAR—2— (xCT) RIBENDOZE

UA X7 A bad Ak CHERF Nrf2 OBIT72
& T U, Nrf2 i& EAAC1 & xCT O¥EH EFICRY
L9205 MENH B, T T Nrf2 BEEDZE
k% CA. PX 35X T UA THULEE L 7= HEK293 il T
Lt U7z & T A, CA T Nrf2 DD H S N zh,
PX & UA TIIFEHBEDOZ(ORBITORMINIEA SN
Thote (K7a), 2D EME N2 Z Lty
7 F)iE CA, PX, UA OILGEOIER Tldizna &
s3> Tz —77. SH-SYSY fllfdic 3513 % UA @ Cys
B0 A REHENE I xCT BHEHHE D Erastin i< & O [l
FENxh-oTz (K T7b), UALRZD xCT % 278
JERBBREZTIARZ YT 0y T4 VT TNz
W, EARICZE R W T, TDOT E
M5, UA @ Cys B D IABEHENE I xCT DIERIE
BELEWT EWnh oz,
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0
UA(UM) o 10 10
LABHA (uM) 0 0 1200

6 PX & UA O Cys BXY IAFHMBEIERND EAACT FEEZR (LABHA) Dgz&
LaBHA THISLER L7z SH-SY5Y #AZIC PX E7zl& UA Z RN L 30 D3B&E L. Z D% Cys 50 uM Z 71 L T 30 D IIIciEE L Cys DELY
AHEBRIE LTz, (@) PX 10 M I & 2B Cys DIRAMBHEIE LABHA (K UBEEE Nz, (b) UA 10 uM I & Z#ABaSN Cys DiFME

HEIE LABHA [T &Y —ERDPEE T Nz,
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7 CA. PXBHB KU UA D Nif2 HIRADEE L UA D Cys RV IAMBEIERND Y AF >V SV AR—42—DE5
(@) HEK293 MREICHB T CAIE N2 HBIRAE EF LIzh. PX E VAIFER Lah otz (b) SH-SYSY fifzlcdsiF% UA 10 pM DifiRE
A Cys DiRMBEERIE Y AF > b T AR—Z—FREED Erastin ICKYAE TN AN DT, (©) UA 10 uM B KT PX 100 uM =0

ICEBYRF Y P IVAR—2— (x(T) ORRRERLLED ol

4. $&&

CA DEERNHYTH % PXIZ EAAC1 /L7
Cys Bt D AR EHENEHI D % T &, PXITIZ CA X
UA L [A CHpid R R 5 Z L 25 MIC Lz,
CA I3 GA 1 Nrf2 FEIEhNAY Cys HL D AR EHENE
FICBE G LS50, PX BXU VA IKIZZ D EI3x
WEEZ BNz, £z, PX & UAD Cys B0 AL
FRICEY AF ¥ N TV AR—=2—DF5IE RN T
EDTFI o Tz S1%ld Cys BUDAFICE D % EAACT
DIEMAL A Z XL DWT CA, PXBX T UAD
VEF 72 LRl U 7503 & RIS T 72 e 6 THT < T
Thb,

RWFETHIET % 77V ViREAKIC K % Cys HUD A
BHREEH DA X LE, TIVIINA R =R
IS—F Y g7 ED GSH DI 1F 5 Kk & 75 ik
ZEMEIR B DIRIER T D 12 O DT 12 I iR S & 7
TN ENS,
ot
KRR FITT BICHIZ0. TRETLIEEHD
F U7 EIEN il LB - AU EIRBLY 2
<HELH L B E 4,
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BEXM
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2) Aoyama K, Matsumura N, et al. Neuroscience 2011;
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4) Matsumura N. and Aoyama K. Int. J. Mol. Sci. 2023;
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Neuroprotective effects and mechanisms of action
of purine derivatives

Nobuko MATSUMURA, Chisato KINOSHITA, and Koji AOYAMA
Department of Pharmacology, Teikyo University School of Medicine

Purine derivatives such as caffeine (CA) and uric acid (UA) have an action of
reducing the risk of several neurodegenerative diseases, including Alzheimer’s
disease and Parkinson’s disease. Previously, we reported that CA and UA
promote cysteine (Cys) uptake and enhance the formation of an antioxidant
molecule, glutathione (GSH), in hippocampal slice cultures. Most neuronal Cys
uptake for GSH synthesis is mediated through excitatory amino acid carrier 1
(EAAC1). However, it is still unclear how CA and UA promote Cys uptake. In this
study, we found that paraxanthine (PX), a major metabolite of CA, also
promotes Cys uptake in hippocampal slices. Therefore, we focused on PX in
addition to CA and UA. Both PX and UA promote Cys uptake and increase GSH
in HEK293 cells. The neuroprotective activity of PX was also observed in
oxidative damage in SH-SY5Y cells. Both PX-induced and UA-induced Cys
uptake activities are reduced by EAAC1 inhibitors. On the other hand, other
possible regulators such as Nrf2, a transcription factor and xCT, a cystine
transporter have little or no activity in promoting the Cys uptake induced by
PX or UA. These results suggest that both PX and UA promote Cys uptake via
EAAC1 and increase GSH production, leading to their neuroprotective activities.
The promotion of Cys uptake based on these purine derivatives could be an
attractive therapeutic target for use in the treatment of neurodegenerative
diseases.



