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An experimental study on radioprotective effect of
5-thio-D-glucose

Kyoo Byung Chung, M.D., Man Chung Han, M.D.,
Chu Wan Kim, M.D.

Department of Radiology, College of Medicine,

Seoul National University

To evaluate the radioprotective effects of 5-thio-D-glucose (5-TDG) on normal skin, an experimental

study was carried out with total 140 mice, of which 30 mice were given 5-TDG followed by irradia-

tion and 60 mice were given irradiation only for control.

5-TDG were given intraperitoneally (IP) two hours before irradiation, and the radiation doses were

singly 2500, 3500 or 4500 rads respectively.

The skin changes of the irradiated right hind limb were inspected for 31 days and the skin scores were

analized.

The results are as follow:

1. Marked radioprotective effect was presented in the group of 5-TDG, 1.5g/kg body weight, with 2500

rads irradiation.

2. Definite radioprotective effect was also revealed in the group of 5-TDG, 1.5g/kg body weight, with

3500 rads irradiation. In the group of double dose 5-TDG, 3.0g/kg body weight, the radioprotective

effect appeared to be enhanced.

3. In the group of 4500 rads irradiation with 5-TDG, 1.5g/kg body weight, no radioprotective effect

was noticed.

4. In addition to the radiosensitization effect on the hypoxic cells, the radioprotective effect of 5-TDG

on the normal animal tissue suggests increased possibility of its clinical application.
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BHERHRE EHA7 = ByeE &ola et o &
7 R, 5§ BYEEE M = SRR
A7l = KR, [EWRAESRHRE = BERREER S
el = Ea el kA BHEE RSEREES e
24 Bul ohel MAREZE 2 IGEN AB EEER
o] wr= MSIHHES BIMEAA F v+ BHEM
ek & 5 ek

HWENES MHUESel = 2 MR BE 2 N Bt
< sl 5-thio—-D-glucose (LI'F 5-TDG =}t
B%g) /b EEFEMIES] HEHREEE S WAl ve
HEL g2 BE S ksl A T2 EEN B
o2 iR w gleow 123 o EERMER, 5 BHE
B HUEEMDEEAY EATEES KRl
A

g RHEZ 2 19774 5-TDG 7 & B FHKARAD o) A
AR S A A Eakolel & Mastoc-
ytoma #iifZe] = K%t & 5-TDGY BEHE 2L SR
R0 BEEEEF el st BUSHERMREER o] A& o
7 oub ek, 2@y oole] BHE o LB XK}
oba glow HEEA FES B3 5-TDG O MEHEKE
R M HRE ®ER v o

ool EH L EHRMEZ HEAHERIIEM] gletx st
+ 5-TDGY #HREE rt+£E FAY BYEES |
slo] FEEHElm 2 EEPK FIA mIREHES HETshl A& &
R 2 MRS oy @\ele & WS sk e,

I. BRHR & HARAE

e WREYS 5 ~TiHS HEsts£ 140 v &
R BRI o] Rl o o o FHHEES 20.3¢g
o]l Fiefibkl e =i A fAESIAT. )& T BB
20 vle]d T{EHOR JFo o3 2L HEoE
i3kl el (Table 1) .

5-TDG¥: Pfanstiehl Laboratories it (Waukeg-
an, Illinois, 3£)#&FS FEAIAox HEHEKL &

EWE BEERESENN EEABA 1lml % 200mg
o] =A ¥R A+t

5 -TDG# Bifte)l = 0.15m1 (1.5g/Kg) ¢ 5-TDG
AR -S BESRRE 2 BRgaTel BB Essigda ER
Bfol= 0.15ml ¢ £HAHKE HEBA st o,

oh-29] BEBFE sl EwlEv) e 62.5mg/kg & B
PEgt st HifTslk S o,

25 deteld 5 5 Jde BEESAC i
5 A A% REHRC EiEstdct.

kR RS+ Picker it#y 3= EIIGAHLS A
slglon RSEERE 60cm, MHEH 12x10cm?, #®F
AT 1,03, ¥ #R&EE 174 rads/mine] g om i
s MBSl 1%L T S5 86k 7R EEA
T7.Tcm & sh§ieb. o)) wh¢-29 B RAFRIEEO]
2% 0.5cme g4z sHA 2 REHE Jo.

AR Ee Y £31 87x ®B3m M
ALl A% FKESt 2 2R BEE Hom?
8 Hall?9%9 Hikg 47 BEI H#xz HEs)
gtk (Table [) F7ke] &K =& BEA dowd 0.5
B FEEI R 2 ke REEMEC] gled 1.0 8,
NI BHEES (moist desquamation ) o] glo®
1.5 %5 ol sl kol EEste Al BHEEB
ow 2,002 stglor I Aelztxy FEH= #
A% 0258 Ao e fpEetdet. BREHs 2
o4 Uzt e 3.0 Bio = syl (Fig. 1).

8 2500 rads & HREE

200k o] w9z FH& 0.15me o EHABKEHE
EAES st 2 RER &% Fi880el 2500 rads B —fdSd
sh3d e},

EI&: 5-TDG #EHK% 2500 rads [EHEF

fEREI e %% 0.15mé ¢ 5-TDG BHES BWEA
HSSsta 2500 rads BE—MRE4sHS oF.

F M2 3500rads FEES HEE

al> 2~ #Fe 0.15ml & EHAEKE BBAHN EH
sta 3500 rads BE—f@44s}4] o},

Table 1. Experimental Groups of the Mice
Groups No. of Saline IP 5-TDG IP Radiation
Mice (ml) (g/kg) (dose (rads)
I 20 0.15 - 2500
11 20 - 1.5 2500
111 20 0.15 = 3500
v 20 - 1.5 3500
\% 20 - 3.0 3500
VI 20 0.15 - 4500
VII 20 - 1.5 4500
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Table II.

Skin Reactions of the Mouse Leg

Score

Reaction increasing

Reaction subsiding

0.5

0.75

1.0

1.25

1.5

178

2.0

2.5

3.0

3.5

Slight reddening and/

or hair loss

Moderate reddening and/
or hair loss

Definite reddening,

slight edema

Dry desquamation,
severe reddening

First small area of

moist desquamation

Moise desquamation
at least 2 toes stuck
Considerable moist
desquamation at least
4 toes stuck
Breakdown of half of
skin of foot
Breakdown of almost
all skin of foot
Complete necrosis of
foot, severe moist

exudate over foot

Hair slightly discolored

Little hair on foot,

lower leg

Very little hair on foot,
lower leg, papery thin skin
About 1/2 of hair on foot,
lower leg

No hair on foot, lower leg
club toes with no nails,

small scab

Slight unhealed foot

About 1/4 of foot unhealed

About 1/2 of foot unhealed
Minimal healing of foot
Complete foot necrosis,

‘club’ of yellow moist

exudate over whole foot

Fig. 1. The range of skin changes in the hind li

re 1 ore 2.0
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FEVIE: 5-TDG #Hith 3500 rads FA4IEE

FoaBhe) %% 0.15mé & 5-TDG /E#-S BEBA
i¥4tsla 3500 rads BE—HE4SsS BF.

BVEE: (51%e 5-TDG #%Ea#% 3500 rads [RL4¢EY

oh9-2 RFe TfFAEL F 0.3mf 9 5-TDGEAKE
MBS rE4tslz 3500 rads E—fEadsrd of.

VI : 4500 rads R4y EHHAEE

HEE Y XFol 0.15mé o EHAHKES HEBAH &
fst3 4500 rads B—fgtsl 4t

EVIEE : 5-TDG g% 4500 rads FISEE

o~ F&el 0.15mée 5-TDGE®RS WBA &
445k 4500rads BE—-fisfslsd of.

I. mEAE & &R

IR L SIRE: 2500rads & B—Eedar HE
st 5-TDG #EiEfdl A Rstfbs WBE s R4tk
BT HANYH depyr] A Fetddel. M S EME R,
HE D REEES] Jetgos £2 84 Yo &
56, RgEE KAEPRsd AT nio) 5-
TDG #EHEf A= 14 2o} HREER o} it o},
B Bl w2 MBSt BBV E= Table I
3} 23 azt=g =" Fig, 29 #cuh, #®@EEC A

AR b+ A% 19 Bel & 5 il o] =

2 K 11720158 o5 5-TDG # it 4=
515 Hell HABZMISbME 0,850,170 b, AR
fEER L SR UgS-H Wi e ZiEd GRoEE
& veRH Gl e}

Table III. Skin scores after 2500 rads Irradiation
Control with 5 TDG (1.5 g/kg)
2500 rads with 2500 rads
Mean skin score Mean skin score
+S8.D +S.D.

8 0.70 + 0.18 0.45+0.19
10 0.75+0.21 0.58 £0.08
12 1.08 £0.08 0.80 £0.18
15 1.10 £0.09 0.85%0.17
17 1.15£0.15 0.78 £0.10
19 1.17%0.15 0.75+0.08
22 0.95+0.07 0.69 £0.11
24 0.93+0.20 0.63+0.11
26 0.83+0.18 0.63%0.11
29 0.83£0.25 0.56 £0.07
31 0.70 £0.23 0.53+0.05

3.0

Skin scores

TN I O L 0 O N 1 VI N O |
8 10 12 15 17 19 22 24 26 29 31
Post irrad. days

Fig. 2. Skin changes with 2500 rads on right hind leg.
® : control mice. O : mice treated with 5-TDG
solution (1.5 g/kg body weight).

Each value represents the average of 20 mice *
ISD.

R, SIVEE, U VR 3500 rads & B4
mIE D BVEAAS RE 25 S7A43H BE
gzt Jdebds] Al Rpslgdeh. gk, BB 2 REIEE
5ol vERE AL 2500rads FESEEI [A—3tg ot
I AEE A HaA ngdvh. HFH2@E Y 3ME T
5 REEforl Eeld A REEE KEPR 25
DSl vEb O RS Astgr. 2 o
o #fEEs 5 -TDGHR A+ 433 287 I
o, R 10 Bel & MEHEA S 287 94
on} 515 Hell = o] BEEE ZHE5 glo] 5-TDG #
HEfe] A 5 KES KBRS B 5= eoteh, MEEF
% 20 HEEA b B3 REEAE 29 Fio
457t 5-TDG # gl A &= g &isle KT
B 9 E2HEE Jelgdoy HEBAA 2 BHE
% (moist desquamation) & KEB7 e &gke)
(Fig. 4).

Mgt 458 B4 31 87X 9 Kt PHEEs
Table Vo #a o]z & zel=z g ze]d Fig, 33 2
c}.

YRl A o) KRS bE % 820 Bell HAME

— 360 —



g
8
.—..3
%]
2.0 |
1.0 F
V- | o SO Lk o I e L (S e O - I == B | 1
i 10 13 15 17 20 22 24 27T 29 32
Post irrad. days
Fig. 3. Skin changes with 3500 rads on right hind leg.

O : mice treated with 5-TDG
solution (1.5 g/kg body weight).

® : control mice.

Each value represents the average of 20 mice *
ISD.

Table IV, Skin scores after 3500 rads Irradiation

Control with
3500 rads

S TDG (1.5 g/kg)
with 3500 rads

Date of Mean skin score Mean skin score

Postirrdiation\  +S.D. +S.D.

8 0.86 £0.23 0.53%0.21
10 0.98%0.17 0.68 £0.17
13 1.21+£0.17 0.81%0.14
15 1.40 £0.17 1.00 £0.15
17 1.64£0.15 1.18 £0.14
20 1.71£0.17 1.34£0.17
22 1.51%£0.17 1.36 £0.15
24 1.26 £0.21 1.05 £0.19
27 1.20£0.19 0.90 £0.19
29 1.18 £0.20 0.90+£0.17
31 1.13+0.17 0.86 £0.15

1.71+0.17¢]2dx 5-TDG & filffel A5 &5 22 Bl
BeRfEl 1,36 10,156 oj= e, S 22 Hel

WHAEESL 5 -TDG #HEfAlo] FZigE8be] SEtftst 7t
A 22 %5 Bolm glo #itme® fE (student-
t test)skelwdul, T BERUel Aegar EFEI
(P<0.05).

2{% < 3.0g/kg® 5-TDG-Z #ifhgk % 3500
rads & B—f@4f¢t VA HaArd EIHS BUH
Bt il s Table V % Fig, 59 #ef  &#HYV

Bte] FISNIE BAfEE 4524 Hell 1.2540,20 o] &
o o)A 1.5g/kgsl 5-TDGE #EHa HVE &

S5t e}

e W) AR ES o %A, Zela o EKshA
Elyt AL o 4 g},

RE A —Hshe REHEMAE Bl s LR
- U, MRS cbee] B B frshalet
PRBEKA A BUER ] 1.5 LUFell &Esl Bl 4
= T Bigel we} AEHZ, REEE, HEESE 9
Bt RESES o] HEM FRE o 2,08 ke
Az Ao wlsat RS HE REEe) A WY
Mg 2ol HMEIATRe 2 BElEe] Eile]l == &
& PR e

Fig. 62 3500 rads &3¢ & 15 Bell AHHS

3.0,

Skin scores

KL
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Fig. 5. Skin changes with 3500 rads on right hind leg.
® : control mice. O : mice treated with 5-TDG
solution (3.0 g/kg body weight).

Each value represents the average of 20 mice £

ISD.
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= HiEsle gx
BEPRE & +
B)oll A = oFzke] MEMZ 7L Blggd ¥ HoE

abE Ao HEE AdA nd KR
BRREe) REZEMEC] glow Eoryal
glch. 2o tstd 5-TDG #EHEf
RELI B

Skin scores after 3500 rads Irradiation

5 TDG (3.0 g/kg)
with 3500 rads

Table V.,
skin Control with
foores 3500 rads
* Date of

Mean skin score
postirradiation\_ *S.D.

Mean skin score
+S.D.

8
10
13
15
17
20
22
24
27
29
31

0.86£0.23
0.98 £0.17
1.21£0.17
1.40 £0.17
1.6410.15
1.71£0.17
1.51 £0.17
1.26 £0.21
1.20+£0.19
1.18£0.20
1.13+£0.17

0.52+0.21
0.71£0.22
0.79£0.22
0.95£0.17
1.00£0.12
1.09+0.17
1.17+0.17
1.25£0.20
1.10£0.24
1.01£0.19
1.00£0.14

a7t dsteb. |

VB D HEVIEE: 4500 rads B—HHES 78
B9 BB A R B 786N WS KESME
Zo] vEbUS] AlAE g on 10 B YH = ABe] #
ok @S »Ach, HEE 9 5-TDG BB s W
S H1T Bl BARMEEMEL 2.50 +0,235 2.38
+0.21 % JeERWiel (Table VI 2 Fig. 7). 20
ol REHEBEE MEfo] fatlsldon MK 5522
ol 4 29 B Abololl = 5-TDG #Hiffo] *7F &
RS LES ndoy H17TH 2 2 8 T i
B #£F #itoe = HEst Al MEFHY HEE}
ddeh. 5, 1.5g/kge 5-TDG HH=2= 4500rads
IR HOAHERE BT el skeEh

V. # ®

ko] H{E8 o 5-TDGE Fig. 8¢l4 ®& v}
o}#+o] Pyranose Bl 4 shule] BF#sF B (Sulfur)
ow sl Aow 19624 Feather % Whistler %>
8o (sl SELE T, oA HEKMAE FHLE
Mot LDsox ldg/kg o sreda gep28),
Soll = —BEHyQ BYERHS o] HoE HEESY

5tn D. 5-TpG 20tk D,

Fig. 4. The skin change of mice legs with 3500 rads irradiation. The 5-TDG group is showing mild
skin change than the control group.
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3.0

RPN 2

Fig. 6. The acute response to radiation in skin.
A : Control with 3500 rads irradiation (post irradiation 15th day). The epidermis is thickened,

and there is mild dermal edema. A focal abscess is also noted. H & E x 100.

B : 5-TDG 1.5g/kg with 3500 rads irradiation (post irradiation 15th day). Mild keratosis is

the only positive finding. H & E x 100.

Skin scores

PO VI O VAN TR T VA0 (R BN V001 AN TN VRO (Y AT VO A o (= oo 1=

Fig. 7.

&g WPl #7519 v Maugh 87, Zysk?) o)

Hettoll

§ 10 12 15 17 19 22 24 26 29 31
post irrad. days

Skin changes with 4500 rads on right hind leg.

® : control mice. O : mice treated with 5-TDG

solution (1.5 g/kg) body weight).

Each value represents the average of 20 mice *

ISD.

{kshd 5-TDGE BHG $u ohS204

Table VI. Skin scores after 4500 rads Irradiation
Control with 3-TDG (1.5 g/kg)
4500 rads with 4500 rads
Mean skin score  Mean skin score
+S.D. +S.D.

8 0.93+0.16 0.88 £0.19
10 1.18 £0.20 0.93+0.18
12 1.95+0.11 1.70%+0.29
15 2.00 £ 0.00 2.06%+0.19
17 2.50+0.23 2.38+0.21
19 2.25%+0.37 2.13+0.27
22 1.83+0.28 1.94+£0.34
24 1.89+£0.30 2.06%0.34
26 1.94+0.30 2.19+0.28
29 1.83%+0.32 1.94 £0.38
31 2.08%0.39 2.06 £047

CH,OH
) «
(>
OH
H - OH
OH

Fig. 8. Chmical structure of 5-thio-D-glucose. A sulfur

ring.
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yel BEMEAER Je Aow Wz, T % B
BE e {Kate] KRG o] MR EER e} Hyperthe-
rmia &5 HME JdehiE Aes dy3zm 2B
) EEFEAE G RS M EEH S o=y
BYEH S M RERE soled s F

Qlep15254,5) o) o] PEAIfkigS] #slel = MAfES] sl
2] ¢rokx]nl Whistler ¢ Lakce %172 5-TDG7}

D-glucose 9] Mia fEEI#E S (active transport )&
f#gtca 5k Ohen % Whistler %772 5-TDG
@ 2 ] -phosphate 7} D-glucose-6P ¢ #i%2 1
Eaa sl wel4d ATP £iRe] 2 EEHE
PR o] ol x| = EEFEMREMEY AdxHE W
DAZIA B 22 Khtige] v R HEETe] B E
HIBEZES HnAl7l = AoE @#x S} 15,17,1830 5
2} Nakamura 2 Hall %1%518,3D .2 5 -TDG #f
E AR BleA MTPpRaRd BEREEGRS IiF
golz HEES YW oz 5-TDGY fEfMkkige] &
#igk AEpEe] MR BEpo) v L (R uk Biish=
o] obd & R o

3 #% K2, Nagle®S D, §3) ol {kelo] (KERTEM
f, %% =& EFol4 5-TDG7F MasspEzite
AR AL HRRsd or  Nagle®3VEp
Chinese hamster fifge] fizoew 5-TDG7F EE
FHBEel A& ATP 9 &S MDAl 7 o =4 EERFEHMI
Bae] BtiiReiE-S WA 2letm EiRstd oh, F
SRS 2 ksl DANS| QY Eiiasl A7 BESES
Hi= dis ATP 7} db=4] 48Z&ke] o] 8] gk ATP S| #t
Zo 2 (KERFEMEZS] B o] RuJaEsted Alcta HAs)
9ct. DNA HE—=Aqlo BFe oMb MUe Eik
TEfolel7| »obe BHEL BESRS 40k ¥ T RS %
Hohy) wj-ol Aow WS BFEE I 9202,
M #= Palcic % Skarsgard 78 HiplEhyy M
RS MRSt FiiRel A o] DNA B— Aol o] B
B OBEEMEA O MiSiehr] dobe o8| HUtERS EEE
99l HFMLER EAS FRela TRl = sl B
—HAL A7E oy}, ofutE ol F 7 EAEE, 5
BT g EFT o] &t HURRY EHREEC BiAE
HIVEA =571 MfEe #at sb EEIY HSEEERE
dosle Higoz 47s.

1977 48 R£ZE2) 2 5-TDG 7} {EELEFHMS) Hsd s
ZpES ol Solvzl B w2 MRl Hsld &
K2 HSHMEEIIE =9 Fobe BHS 8K 6t
Qth. & 259 Mastocytoma Hild S FIH T #ERel
kebwl BER D] v BB AL 5-TDGY #t
By Eobd 5 Hutsrel Ediste] EFsH= Mg}
gt shgdch. 40mMe] #EE 5 -TDG EH&H ol

A 6 BERY KRS #% 480rads o HUNERSES & A
2ol 5-TDG7} o & ISk A &g Mign o} 4 5
o HEFEHRS Jep s, = A—EEY 5-TDG &
Hrpol A £ MRS RT BEaksl & B Hefilstd
FHEEA) #nste Aow Wgsta ok, o 5o K
st A 5-TDG &= EEFHEM J6E Ml v BURER
Me =odfa NHE BFRMH] Ko Ml Hsh
o & HESREIN & E95FE Aojelx g
5-TDG 7} MR EEAS d o9 s HBigos =
Hifdato) Foll PEAISE] M ARl HEHU 0] BB HEHERR
Bt ( synchronization ) A| 71tk #2)3} sulfhyd-
ril (SH) 27} o] &4t HuidsRel Kslod HEpksl HH
# (free rodical ) ol #iGsted RiEMHEMm Ak #
jE5#R34 ( radical scavenger hypothesis)?2,29) o]
gov obA & RHESHeL,
2L 778 ATl 4 5-TDGe #HES W
ES T % EBERC A B3 #ES ol S
1.5g/kg & 1.5mg/mdel st 7.5mM9] e
BT T A5, o] WEE K%Y o] HiFFL SmMH
2 25mMiBELe] Mhshwl Ky 2o B EEsE o
AEBRMGRA A 2 1.5¢/kg® 5-TDGZ #HET
ol & 2500 rads ¥ 3500 rads BE—[afar A $HA
Bfol lbsle] MEFEE HUOERRAEIERS 2 + g},
1.5g/kg 5-TDG #Eif% 2500 rads MEEEE (51
BE) ol Al &= RS 8815 el 713 B3 E#EE »
dovt efmal KE-S HERIN o 8K, = 8
i kg 1.5g9 5-TDGE # stz 3500 rads B—
fegtat BE (BBIVEL) ol A o) RS bikiE= 22 0y
1.36 £0.15] =, f8E kg% 3.0g9 5-TDGH #
Bigk % 3500 rads MEESE BE(EVED) A= WEi%
24 Hell 1,256 +0.20 9 RUFSLEXES ebAg
o 5 A—&S 5-TDGE 8§13t 7 $ol = fhgtipid
ifte] A2 B4 o B3 RESMt JElds, A
—g HAREE & AfdE Y 5-TDGE #
BgE BYell A o R4S FREMEIE, %2 BA JERy
ok, o]Z2 5-TDGS BE/} =55 MAHRKELH%
o B EFEMIEE BEY ¢ g KE2 Y Mast-
ocytoma M EER= —¥st= AR k. el 4500
rads ¢ BE—f&E & G4 = HEE, 5-TDG #
BAEE 4ks] He ROFHEG S JElie WRTR L mE
o ZRE BEYT ¢ gk, 4500radszhE #e M
Hiedd+= 8F kg 15g9 5-TDG #BE2: fuut
MREEA S Jebd F 97 WEQ Ao= HERIL o,
A fhgel A BT B4 2500 rads, 3500 rads
2 4500 rads = Wi ABMAMEHY LBEEAELRE

(Nominal Standard dose, NSD)eo| 1700 ux]
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2000 RET & BE—f@444% 2000 rads o thsbadd 13
Al e AR, 2= e K FEEESE 2500 rads
w3500 rads o] 4] 5-TDG 9| HURSHRZEHEE £
3 EERMEA ATREYE] & ZAoe 2 4 #A= ),
Mgt P MBS s KRR AEE =
= TR Wl DZe] ET =x fiks = Aoln] o]e]

A MfYRiE, MIBORIREIE, MBS Jehdan 2
% o EfrH A GRIE BUGRIEE S O HIES o
e el30) ABBEZS 79 2000 rads B £ H—

M-S skl U E i Eo] Bolebrt KiHo| el =
g} 2 HIE o) EkE A nk FEY MRS B
Stsb @@ RESAS doA HI M 2 8
e vER o] HfESEM MMTR-S SusRiEstE 9
SO} BiRA o] wlsskAl JEbdeba &S0,

A Ehgel A EREER REREME BREAEES HERSRCEAAAR
SRR ES BRAED g b8 &8 2ol F
o] th22,28) kel wlE FEM BEE JetlE S
ol 7] el el FBlo] NMAT Eé‘éﬁ} wo Hall %
2900 RIS RS RN WES A1 Al
o2 vehd F 9l Hikeletn £bﬁomi4

B Rt bR s 1965 4 Fowler 25 &o) (k&
stel A HESEU T 2 % B AFgEo] o] I
5 Z/) BEsle sl e #EHE Hom?3) g
Hall %297 9] 8L %79 BES fstd e
Table [ & FJf &+ et

NS MO ARERRs BRI TR 2 ZEHE
G A Bt et HHE A HEREBERN Bay
o2 REATREMEELS Mtk WRSEERn BRE .

V. #& )

EgkEe) AU W T MBI A K
e S st= 5-thio-D-glucose (5-TDG ) 9| 44
EREHGR Ao HSBREERES %KW Rt
sbe 2 & st FEpst Al wl wb shE ol 2 KA
a9l B,

1. 8% ke 1.5g9 5-TDGE MBRESs
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