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Sang You Oh, M.D.

Departmen: of Physiclogy, Kyungpook National University School of Medicine,
Taegu, Korea
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In view of the recent knowledge on the radioprotective action of reduced glutathione (GSH), the
present study was designed to elucidate the effect of some concentrations of GSH on the levels of
intrinsic non-protein sulfhydryl (NP-SH) and non-protein disulfide (NP-SS) of the mouse liver

incubated at 4, 25 and 37C in vitro, respectively.

The liver slice of the mouse was incubated at 4, 25 and 37C in the medium composed of 100 mk

of Krebs-Ringer phosphate buffer (KRP) with the addition of 10, 20 and 30mg of GSH,

respectively.

Measurement of NP-SH and NP-SS was made at 5, 30 and 60 min during the course of the

incubation, and the results were compared with the controls which were incubated only in KRP

medium, and the normal.
The results thus obtained are summarized as follows:

1. When the mouse liver slice was incubated at 4C, the values of both NP-SH and NP-SS of the
control and the group where 10 mg of GSH was added to the incubation medium were similar to

those of the normal group, and the increase of NP-SH and NP-SS with the increased concentrations

of GSH was not prominent.

2. When the liver slice was incubated in the concentrations of GSH 20 mg/100 ml KRP and GSH
30 mg/100 ml KRP at 25C, the rate of increase of both NP-SH and NP-SS was proportional to the

increase of GSH concentration.

In the group where 10 mg of GSH was added to the incubation medium, the value of NP-SH
and NP-SS reached the highest value at 30 min, but a tendency of decrease was observed at 60 min.
3. The rate of increase of NP-SH and NP-SS of the liver was most marked of all the group.

studied when the incubation temperatuse was elevated to 37C, and the increase was proportional

to the concentration of GSH and the incubation time.
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e sulthydryl (L& 4 HEHGRE BTl A8k

< g 24 BAHRS RBo=Tel ARRS kB

oz RET £ ok T B EE EBRANA
FearEel e HEIPoW, F #3] glutathione 2
glutamic acid, cysteine 3 glycine © =4 #p= tripe-
ptide o] = SETTHRAERA] A:BBo] LA SIS okl BB
S Vel A, v]$7) reduced glutathione (GSH)-&-

£ SHb&H Hal A B 2 BifERAe] Aol
HBREDEEA 713 wol FAsc R &b,

4 GSHE Bisst SHkA&WE] o9zt i
o &kAA BEERUEES HFo =] A W M
HE REse RS Vel st HWeldAe &1
BBy, feEny 9 SEER R4 e BiRE
A7 s, obA FERo] Hearslel SR ghdel HK
o] Bp®,

ey o ERESE (RREE] Tololwl fel, REME
Fel vehtsl B A ol 23t SHILEHEE] Ml
79 BES T (target molecule) £o)v} B-& 2 FE
Hepslololnl & Aoj6D, 3 WAR SHLAW)
HFRAY sulfhydryl (SH) 8- disulfide (SS)#:s}9)
HERERF 714 BES BHE A Aol n,
®al ohzl Bacq @ Alexander®e]] k3w, in vivo
oA #ER SHLEHE MKz &5 i
o] 2 ohiel MRS AR SHES level = M2+
EAR s, o FHA #in =% mES SHEY Ml
A aEe] W2 REEAY BE BEY Addxn &
=t

o] 8} #5317 Revesz %92 Ehrlich [ /SRS {5
FI3T in vitro &) 4] X%V'i BEFE 8k %, . non-protein
sulfhydryl (NP-SH) @ non-protein disulfide (NP-SS)
o BRvEMLE BET KB A kK NP-SH 5 NP.
SS9 level o] S| radiosensitivity & piEsle Tk
o B ohiuh olfle] 4mAy R AWML Aolziw
sFgl vk =3 Revesz B Modig? ¥ cysteamine 2] #57
24 fE¥IAS] NP-SH .S e 2 mmdm, o
o] 9] sulfhydryl increasing factor (SIF)%: dose reduc-
tion factor (DRF)$L Rl—siebar #i4kst wb ok BP
A BHEHIRE cysteamine 3} 7o) incubate 3},
SIF = radioresistance 8+ [—3lz weld #HifER
NP-SH £ #inmffe] =hel pitme] #8t mamrA
o] BEZF eER el st

o] ¥ SH{L&4el RE=A MHKS ffe NP-SH
= NP-SS ¢ Byt Qelu, of Berd SHY
Hel MEHRIREIERY HiEe —Me BEe, SH
B s GSHE| BEs gelsld, in vitoold K
o) MEEETAA  EBMEIEE incubate S, B
@il we} pate NP-SH 5l NP.SSe| fol olwr
s ts Qe AL o HEY WRY
AN BERA EEIE RkidE elzh &l
t},

oleat Bihel A ZE: GSHE Ml Wrel W
thol] wF--29] S 4,25 2 37CY BEAA &
#- incubate g}-3 FRRGIREC] whel FREMAS] NP-SH
2 NP-SS & pisEsled HEES A5 Hlksha fk
& HREE Agrlel T HRE BERIAY,

RGHE 2 5

1. BEME
HHEY-E B 3 vL22A F 60EE ]
ERigle], #mE 20~25gm ] RE AET A R
#iRsle A
& EEol A A reduced glutathione (GSH)-2
Nutritional Biochemical Corp.#le] =}, : '

I. ‘EAE
FWESEIY)-2 cervical dislocation & 24 A7l #
B TS/ lsle] torsion balance 24 1
50 mg -2 FET % &4 28 BRPAA FoE 60
504 {E#SI=A incubate 3}
Bl 1D GSH 10 mg/100 ml Krebs-Ringer Phosphate
buffer(KRP) (pH 7.4)
2) GSH 20mg/100ml KRP ( » D
= 3) GSH 30mg/100ml KRP ( » )
Incubation & #%i&a =1 o Kifie] BEE &4 D4+
0.2C, 2) 25+0.2C & 3) 3740.2Ce] incubation
¢, 5%, 30% 2 604l A 44 NP-SH @ NP-SS&
EEdla, TFEH 9 #HE#E (GSHY Fmd-s Rast
= F— BTl A incubate 3 $)4) 275 A=
gahglvh
NP-SH ¢ & Ellmanve] ko] w3o= NP-
SS ¢ RS BRBLHEEE HATL, 40mA =4 20,
SR BEETS #iEs o 24 Dohan ¥ Woodward!?,
2] electrolytic reduction J5gEsl] w2t
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1. NP-SH2| #§)

upo-2 [Tl A - NP-SH EF{E:E 2 F
¥ 9 I fEEEFZEST 6.4440.62 pmol/gm wet wt.o]
o 2=y 4C o BE BHEHT A incubate 3k ${RRE
¢] NP-SH % incubation 54¢l%& 7.0720.662mol/gm
wet wt. 0. 24 TFEE{Bd Hsled #& Fo zHe 1
e g R 304 B 600l AL 2388 ERERLS BT
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3k GSHEM=ZA L GSH 10 mg/looml 8] Bz
A NP-SHE zhe] Xz @RS 233 A—3
S YJepddE Hdte] GSH 20mg/100ml @ HSH
30 mg/100 ml &] EE 2 A= incubation £ Bifiel 4] X
% NP-SH7} Tl #R#Y A« st #HE
1 52 28 e 9o o) =i gk - GSHiggr} &
5 FRAGCE 15 2 F1ED.
uh$-2 FFMFS 25Co] A incubate $1¢ S W& &
2% 9 $2EdA e ke o] HHRES NP-SH
= ERfHE e k#E ggeort GSHEmMEA=
GSH ¢} B Hpiste] NP-SH | gro] Folf L, &

ofi

o

wo 2k vebl e EHiEE Rgot KMo R EE 5] GSH 20mg/100 ml 8 GSH 30 mg/100 ml &] &
fEeF K271 gdleh 2A+& NP-sH ¢ el o] BEslgE £ otie
Table 1. Changes of NP-SH of mouse liver incubated with or without GSH at 4C in vitro
— = GSH GSH GSH
Normal Control
10 mg/100 ml 20 mg/100 ml 30 mg/100 ml
Incubati(& Mean(’;%SD Mean(i:jl—SD Mean*-+SD Mean*~+-SD Mean*-+SD
Time (min) (n) (n) (n)
5 6.4410.62 7.071+0.66 6.60+0.71 7.32--0.80 7.624-0.81
(14) 19 ® ® (7
30 6.44-+0.62 5.87+0.70 5.7140.48 7.75+£0.70 8.30£0.62
(14 ao ® ® P
60 6.44+0.62 6.052-0.53 5.22+0.55 8.4040.72 8.62+0.77
[QLY) ao P @ @

* : ymol/gm wet weight tissue,
GSH: Reduced glutathione,

dmol/gm. wet wt,

SD: Standard deviation,
n: Number of observation.

0o——0 GSH {0 mg/iCOmi KRP
10}~ o——a GSH20 mg/!00mi KRP
A——8 GSH2I0 mg/I00ml KRP
1 X x Control
i
N S
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Fig. 1. Changes of NP-SH of mouse liver incubated with or

without GSH at 4C in vitro.
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Table 2. Changes of NP-SH of mouse liver incubated with or without GSH at 25C in vitro

B \ GSH GSH | GSH
Normal Control
10 mg/100 ml 20 mg/100 ml 30 mg/100 mi
Inc.uhtime\ Mean(’:l% _SD Mean(tg SD Mean*-+-SD Mean*-4-SD Mean*-+-SD
(min) \ (n) (n) (€:)
5 6.44+0.62 6.68+0.48 6.42-4-0.83 7.18+0.89 8.7240.62
(14) ao ® €] &)
30 6.4440.62 6.0010.55 7.62+0.77 9.21%1.21 10.8241.22
14> @®) €)] €)] @
60 6.44+0.62 6.16+0.70 6.76-+0.72 10.514-1.50 10.90+1.32
QL)) ® ® @ @

Legends are same as in Table 1.
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Fig. 2. Changes of NP-SH of mouse liver incubated

with or without GSH at 25C in vitro.

incubation 6047}=] % & NP-SH 7} Eins] & i
vebd g, 453 GSH 30 mg/100 ml o] #EEE- 4] 3047
5 incubate 3+43-8- wi = 10.8241.22 #mol/gm wet wt.,
2] 2 605pell A= 10.9041.32¢mol/gm wet wt. 24

A mol /gm.wet wt.

o~——0 GSH 10 mg/i00 ml KRP
¢——9 GSH 20mg /100 mi KRP
8— 3 GSH 20mg /100 ml KRP
x——x Control
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Fig. 3. Changes of NP-SH of mouse liver incubated
with or without GSH at 37C in vitro.

ek -2 NP-SH ghe] #F=4EE £ 4 dosh

37 Coll A] incubate 8t il A 3= 2= EEEHE) 4] NP-SH
b 25 EEERcT B #msle] e & 4 9
o3, #5351 GSH 20 mg/100 ml &) #BEEE 4] incubate #%

Table 3. Changes of NP-SH of mouse liver incubated with or without GSH at 37C in vitro

Normal Control G/SH 1 20 G/Sféo 1 30 G?féo 1
10 mg/100 m mg, ml mg m
m Mean(*-%—SD Mean(*—_jl—SD Mean*+SD Mean*+SD Mean*4-SD
(min) n n (m (m m
= 6.44+0.62 6.5130.72 7.15+0.92 7.40+1.02 8.61+1.21
° (14 (10 ® ® D
30 6.44+0.62 6.494-0.80 9.32+1.20 9.3841. 12 11.02+1.52
(14) (8) )] ©) @)
6.44+0.62 6.81-4-0.70 7.20+0.95 10.50+1.22 10.62+1.20
60 (D ® ) ) )

Legends are same as in Table 1.
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Table 4. Changes of NP-SS of mouse liver iicubated with or without GSH at 4C in vitro

Normal Control G/SH ml 2 G/SIH 1 30 G/S%O |
10 mg/ 100 0 mg/100 m mg m
Incubat. time Mean(*:;“SD Mean(*—j&—SD Mean*+SD Mean*=+SD Mean*-+SD
(min) n o (n) m (n)
2.91+0.40 3.024:0.42 3.3740.52 3.7840.62 4.102-0.62
5 (10 (i0) ® 8 %)
30 2.91+0.40 2.62+0.38 3.58:£0.48 3.84+0.55 - 4.82+40.60
Q14) ®) @ ® <
60 2.91-4+0.40 2.35+0.42 3.3040.35 4.013-0.52 4.7540.58
(14 ® (6) " P
Legends are same as in Table 1.
M moi/gm. wet wh 4 mol/ gm, wet wt.
N, o——0 GSH IO mg/i00ml KR P
- o GSH20 mg/i0Qm
° R Tt A G4 ssmsomiscom kes
i a 4 GSH30mg/i00ml KRP X Lontre
sk X x Contro! _ //J
T
by ! 1 o - I /4'
N 1 8 | l———=— [
e ——b— : ! —
Z;’_\ I 3 —- \_‘\“%f"“ mal s 4 "/I I
o i S Normal £
i
! 2t
3 i} 1 .
0O 5 30 GO o \ N )
( MIN.) 5 30 [<1eX
{MIN. )

Fig. 4. Changes of NP-SS of mouse liver incubated
with or without GSH at 4 C in vitro.

3049 A= 11.0221.52 umol/gm wet wt. 24 & B
e By REEE JdedeGE3E 2 B3E
BR).

I. NP-SS 2| #£&)

HARAA 2 b Zo] =g R 146000 A
<3-2- NP-SS 9] EEHEE 2.9140.40 xzmol/gm wet wt.
aldl Heeld, GSH < #Fmgle]l 4Coll A incubate gt
BIFBEES] NP-SS & incubation 54-o] 43 3.0240. 422

Fig. 5. Changes of NP-SS of mouse liver incubated
with or without GSH at 25C in vitro.

A EEFES vl sht 305 2 6050l A £ 2.624
0.38 2 2.35+4-0.42 umol/gm wet wt. 24 R BT
o ETF7F g+ &+ dvh

GSH 9] #ine A= GSH ¢ sl S43 wiilgye.
ENPSSE 4% £ T+ Ju(E4E 2 $48 2
8, v]-8-¢] GSH 20 mg/100 ml 2 GSH 30 mg/100 ml
ol 4]+ incubation 304 W 6077Fx] NP-SS 7} i %t
et =2 s MR 988 £ 4 gk

Table 5. Changes of NP-SS of mouse liver incubated with or without GSH at 25C in vitro

= GSH Gor Gol
T Normal Control 10 mg/100 m 20 mg/100 ml 30 mg/100 ml
.%ncub)at. time\ Mear{‘;ﬁ SD Meax?;—)jSD Mean(*%SD Mean(*%—SD Mean*+-SD
-(min n n (n)
s 2.91-+0.40 3.1740. 42 4.2240.60 4.7840.39 5.01--0.75
e Q1)) €] €))] @
20 2.91-£0.40 3,38--0.50 5. 400,62 5.55-0.48 6.0040.62
(14) (€)) €)] (8 m
o0 2,910, 40 4.010.38 6.00-£0.80 6.82--0.70 7.1240.82
(14 ® @ @ @

Legende are same as in Table 1.
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Table 6. Changes of NP-SS of mouse liver incubated with or witheut GSH at 37C in vitro
GSH GSH GSH
Normal Control
: 10 mg/100 ml 20 mg/100 ml 30 mg/100 ml
Incubat. tire Mean(* +SD Mean(*j—)_SD Mean*-+SD Mean*+SD Mean*-4-SD
(min) n) n () &) ()
5 2.9140.40 3.08+0.42 4.22+0.38 5.124+0.68 5.60-+0.80
(14) 1 ® ® @)
30 2.91+0.40 3.4840.48 5.40-+0.72 6.02+0.82 6.8230.52
(14 (@[] @ ® ¢P]
2.9140.40 4.914+0.62 5.51+0.70 7.0041.00 7.20%0.82
60 (14 (i) & ) )

Legends are same as in Table 1.

C GSH 10mg /100 ml KRP

Amol/gm wer wr. . o GSH 20mg/i00mt KRP
A——4 GSH 30 mg/100ml KRP
x X Contrel
st » I
.

Normai

g ] 1
3 30 60
{MIN. )

Fig. 6. Changes of NP-SS of mouse liver incubated
with or without GSH at 37C in vitro.

25Coll A incubate 3t Ffoll A= HEE] NP-SSs}
RS RRA EREEA el BT 5 3 v
R L g1-8- B ohe)l GSH MR A E SRR W3t
of #HES =& e vehie, B 8B B
Binsl e BAES el o, Bind BEE R
3 GSH & #ipsd]l Wi & 4 gk

4%5) NP-SS &) #8jn 4Cel A incubate 5 o] i
s 2 g BESE 4 JELER ¥ BoE
B8,

37 Coll Al incubate 3 Ffell A= HIEEEA 4] incubate
604r¢ll 4.9140.62 gmol/gm wet wt. 24 EE{HERT-
HES 2 e Jel T glon, 2o = 4Cst
25C 6| 4 incubate 3 & HEFf Ihdle] & NP-SS
£ e gieh

GSH o] #fnzAde GSHS i Hflstd NP-
SS 7F Fold-& 4Cal A} 25Cdl A ek F—3 B
5= fHjae) 37CelA incubate 154 w7} s1A E

25l 3, 453 GSH 30 mg/100 ml 8] sl Al 6045F

incubate ¥ Fol AL 7.20-0.82 pmol/gm wet wt. 2
A BEEEE e gSE 2 5 ek

% £

Tripeptide | glutathione & BHHE#HH 2 ARl
del sfnsle] gz BES 4B BHE F dF
o] A grh. H £ MREE, MEEEE =%
B#& peptide hormone 9} fE g0 BRIV E ohJ
2} pRES] energy R YA E 7J<§%1$ﬁ§.%.iﬁ4
HES ki gl-eWo] WA 9o

a2} obA E glutathione & AEEY Bkl Hsl ﬁF

= REASE Bhel F& I Sk

o] $+A, #53] reduced glutathione (GSH)o] Zﬁc
SHRIRIGI B (LB REHEEA A HHse
LS Aol Al Lk GSHE EEEid ﬁ%éﬂ%}

I OHATEEAE St I REMERS BHT EHS
2Le}i~6,8,15~18)

Bacq @ Alexander?, Pihl @ Eldjarn® s} ReVeszi';*j.
©q) fsbel, GSH 9} 7-¢ SHL&#S BREA Ml
4] non-protein sulfhydryl (NP-SH) % non-protein
disulfide (NP-SS)7} #§fns] a1, =& NP-SH 3 NP-SS
7 s RERERS el BEXN BERE 77%1
Grha AL, T8 oD AL KRR
= 9y S9 H E #iiTARe NP-SH gl NP-SS 7t
TS AU He AR GA ol Bl HARALS
o2 AT JHidol Hepdtel 32 olnl F W KW, ZE
W gy B R, B R AP0 @R 4 givh

b5 7o R A HAHRREER M a3k

o= ¢HA At GSHS gl W) wuehsl o
$29) FRERe Sz 4C 25C 2 37C9 WEHE
ol 4] %4 incubate Sl RERMEEC @2 FREMR
¢) NP-SH @ NP-SS¢] #ftslt #He 4xdod

~— 14—
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A, GSH ¥ mmd SHIL&%S Btk REIERY B
e —me %P 95k & HRE REL A4
W, I BEE HAd 24, GSH Y BES =255
el o Bl KBD4E 60574 = M NP-SH #
9 el Fobdg ¥ 4 doivh

#5] GSH 30 mg/100 ml &) R4 incubate 514
< =& NPSH % NP-SS¢ #ginsdE el & @
Bl A =5 (RS GSHus¥hol A incubate 3w
Hale] EZEd o, =3t 37 C ol A incubate S19-&
9] NP-SH @ NP-SS4| #jne 4C % 25Cd|A incu-
bate 5} 91¢ et ol $ Fyshgch

o] # g BLe cysteine, cysteamine, glutathione &, SH
%E otz JdE LAYL MRRE £55 E
Z 4 & 3 ohel, MR A prE SHE:S] Wk
= REARD 4 Qe ASePo 2 v Rel ot A7
R 4 9lon}, incubation 6047hA #E1E KRS
NP-SHul NP-SS 7} =obx o &k #8ine] #ige] GSH
o] pre] Hflshe Bho g vol GSH Y #ifEpy #A
L. BBahsl #E#(diffusion)d] f&&helsl skl o] ® el

FREE %202 35.GSH 9] IRl A FRfIERE: incubate
B3 FIMHHE MAH = GSHY £3 HED #HH
eI G, o) Ed w29 incubation 544 304
Aol A A s GSH 7 frmEkpiz AR L
2% 305 7hA & BUARRe] Avta sty :, GSH &) srifn
IRey BELS facilitated diffusion o] 3 A o] obwdsth
o stgEh 2 HEfSRE GSHIZE BEse &
HHell Bl AE X WET RSt = 593 #§id
7b gl Wil ) FABREE GSH:
MBS B Ask vlg sl figesy B
= Aolgtn B

s EETIAE — e = MRl FEAQHRE
o] £FY Aolxm, wtel4 SHILAEYS MiRA BE
A BES AV B2 HlkEvs BPo R n] R, &
Bk A Y GSH ¢ #iiep BES 27 Bl 4C
g BEE & BHigd A #Estg e} NP-SH g NP-
SS7t =% 25C+} 37 Col| 4] incubate 3+41-& = H:.3}
o KB ETH ded £ 5 g

Pibsh 2 R4 v Fe] 2 o, Hhtigdl ¥
R Bfye = GSHE Az gl BE=
s v T ST (BB st FHepE Ao,
—EHERNA S B GSHY EBE/F 5445
REBIER] ¢ el BSR4 Ak

Eo#

w2 ST Bl RS GSHERPAA &%
4C, 25C % 37C¢ EE%A A incubate 5131, 57,
305 9 604l A &% NP-SH % NP-SS¢ 2% EF
Bl ER D BERY 1ASS HET BR e
BRE A9k

1) 4Co] A incubate 3t Fell A& HWRE 2 GSH 16
gm/100ml KRP &} @@l 4 kg2 ERE kit
+*%49% NP-SH 2 NP-SS& +jebl i GSH &) |
7b eld = SH#S Bine SEA g3+ '

2) 25Cej| A incubate & Ffol| 4¢] NP-SH 2 NP-SS
X GSH 20 mg/100 mg KRP % GSH 30 mg/100mg
KRP ¢ WgtolA GSH BESl R ok
A ®mstds, GSH 10 mg/100 mt KRP el A=
incubation 3043 A BEES Vebl 3 605 AE &
38 EBF ETHE @A Ve vk

3) 37 Coll 4] incubate 3+ Ffol] A3 GSH 154} incu-
bation ] Fefdlell HHIs1 4] NP.SH @l NP-SS7} K#=
|hnsta Bine) RE 7 BESA
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