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1. Vitamin C

Vitamin C& antioxidant2A 2] A& ojgjox 3t
¢} (anticarcinogenic) J.3}, folate, amine, glucose,
iron, cyclic nucleotide, cholesterol, 7]E} 2] ¢fx)
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Fig. 1. Production of reactive oxvgen species (ROS) by paraquat treatment in a dose-
dependent manner in Swiss 3713 After 40 minutes incubation of the cells with

20-500 M paraquat, intracellular

ROS generation was assessed with 2,7-di-

chlorofluorescein and a laser scanning confocal microscope (Magnification, 400).
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ascorbic acid7} Cu'’el elste] 4tslElo] dehydro-
ascorbic acids A= ©] 32 24-dinitropheny-
lhydrazine} ¥kS-8le] &2 Moz WA (bis-hydra-
zone) ¥t} fokstd sl A ¥ 05 mLE
metaphosphoric acid 2 mLel %3 vortex % thd-
2500 g= 10%7 914 wegch 4E9 1.2 mLel
DTCS (thiorea solution 5 mlL., copper sulfate solu-
tion 5 mlL, 24-dinitrophenylhydrazine 100 mL) 0.4
mL& 7Hdch 37TelA] 3A13F Bk A% oe
mol/L. sulfuric acid 2 mL& 7}t th& 520 nmell A
FRES AUt
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@9l 49 WY 508 e vaew
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Lelgleon o] Adwle] upg Aol
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3) Vitamin C @83S%7t TASH 0O|X|= H&

In vitro : Normal pooled plasma®ll vitamin C&
7Fste] 1 mg/dLel Al 100 mg/dL Abele] bt &
L& 9 s TASE &A% 43 vitamin Ce

TAS# e} freldh dagtAlE ®Balck {[TAS (mmole/

A% vitamin
- 2.2270.16 mmol/
fdct (p>
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L)=0.036 X vit, C (mg/dL)+2.32], R-squared : 0.976,
p=0.0001, Fig. 1}.

In vivo:Vitamin C 50 mg/kgE AHAWFASI2
05, 1, 2, 3, 5, 7, 9AIZF Foll ¥ & o
24 FAlol &A% vitamin C F%9 TAS Abo]
de freld Ad# BAZ AU {[TAS (mmole/
1)=0.078 < vit.C (mg/dL)+2.00], R-squared : 0.488,
p=0.0001, Fig. 1}.

4) Vitamin C H&E8& (Fig. 2)

Vitamin C¢ <] HA%d3Qd FAE2, distribu-
tion volume 320*f144 L, area under curve
(AUC):36.4%11 3 mg.hour/dL, plasma clearance
2.13+1.36 L/hour, ¥HzH71 (T1/2):10.2+7.8 hour,
Cmax (maximum concentration) : 17.1+7.1 mg/dL,
Tmax 0.6410.24 hourel™h (Fig. 1).

60 kg #AMZF k=o)X vitamin C2l distribu-
tion volume2 32.0+14.4 LoJith

#/d Paraquat 543 &L Aol ROS #EAel
FHeg Z7hd W HAg vitamin Co FA4%4L o
vk}

100-1,000 mMolA M¥d ROS AL complet
suppressions H.¢lt},

Aascorbic acid MW : 171.1

1 M=176.1 gm/L

1 mM=17.61 mg/L.=1.76 mg/dL

Target plasma concentration© : 1-10 mM=1.76-
-17.6 mg/dL

Plasma clearance (CL):2.13 L/h

Volume of distribution (Vd):32 L

F ! Bioavailability : 1 (IV)
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Fig. 2.

Loading dose=VdXC/F=32Lx1.76 mg/dL/L=
563.2 mg

Maintenance dose=CL XCss=2.13 L/hX17.6 mg/
L.=37.488 mg/h

8 A5 AgH A (In vitro)ol A vitamin
Co F =+ 1 mg/dLolA 100 mg/dL Atojel A
TASX ¢} vl @AE BHch olgid AxEe Az
= @ 4 JdE vitamin CY EF FEE 100
mg/dL oo &e{ol §& AAE) old Hro
FEE #4487 Y= 32 g9 vitamin C (32
1,000 mg/L)E AW FAL o steH o] &F9
FHE = vitamin C9 ¥ (100-200 mg)ol 43l
Fufel] sFE = ool
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E, 4 9 23EA dEpd 4 e 2%
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Add £5 QEd olE £ AFEA o=
metal ion®| EAAF7} Fasttha stk

2. Glutathione
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1,00OWIY =& FEE FAST

oMY ¥ FE Ao)R At dutHozE A
X ute] GSH7F ¢t 2 Zo7b= R FAl oy
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71 mM A=Yg dskth (Fig. 1) (in press, ]
Korean Med Sci, 2003). °o] =& {Ast7] A3
AeEd GSHY %71 %49% (loading)d HAF
(maintenence dose)o] ¥ri}t EHojop & ZAUAE o]
9] ¢kel A58AQ Aol utet A ETh oo #J
ATEE AU e 1098 Ho UdEE =
Bo] gloy} FddS ez & d7E Qi o
A Ad FFY AU diE ddez AN
GSH2| ¢k2] d% 33 A7 AF}E AHfstax o

1) Glutathione measurement

Samples were prepared and derivatized for
HPLC analysis using procedures (with slight
modifications) as described previously. Briefly, 0.1
mL of serum was mixed with 0.1 mL of 25 mM
dithiothreitol and 0.05 mL of 0.1 M Tris (pH 85)
for the measurement of total glutathione. The
GSH-OPA adducts were separated on a 4.6 250
mm Luna C18 column (5 m, Phenomenex, Tor-
rance, CA, USA) using two Waters 510 pumps, a
717 autosampler, and a 474 fluorescence detector
(Milford, MA, USA), and detected at 420 nm
with excitation at 340 nm. The amount of GSSG
was obtained by subtracting the amount of GSH
from the amount of total glutathione.

(1) Pharmacokinetics of glutathione

(Fig. 3-5)

GSH, GSSG z8l3 total glutathione®| Basal
plasma concentrations Z}7} 4.3%55 uM, 9.7+6.8
UM and 14.0*+12.1 uMo|%ith.

GSH, GSSH, z#]1 total glutathione®] elim-
ination rate constantst 2tz 0.070£0.026 min-1,
0.066+0.012 min-1 and 0.066=0.014 min-1, elim-
ination half-life= 22} 109+3.3 min, 108%20
min and 10.9%22 mino} itk

Systemic clearance¥ 309.21+360.9 mL min-1
kg-1 (GSH), 106+37 mL min-1 kg-1 (GSSH)
and 9.8+3.8 mL min-1 kg-1 (total glutathione)®]
Art.

Apparent volume of distribution2 5528+6.935
L kg-1 (GSH), 0.164%£0.061 L kg-1 (GSSH) and
0.151+0.058 L kg-1 (total glutathione)®]dtt.
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Fig. 3. Plasma concentration of GSH dfter the in-
travenous administraton of 185 gm?® of

GSH.
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Fig. 4. Plasma concentration of oxidized glutathi-
one dfter the intravenous administraton of
185 gm™ of GSH.
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Fig. 5. Plasma concentration of total glutathione
dfter the intravenous administration of 1.85
gm” of GSH.

GSH 8%%%5& 1 mM=E §x37] s load-
ing dose:1.69 g kg-1, optimal infusion rate:5.70
g hr-1 kg-1°i3dch oj4tel HaE GSH FHFAE
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3. N-acetyl-L-cysteine

AlEE el A & AkakA
d#A 2ok, NAC-dea-
cetylating enzyme®ll 2l8te] acyl 7]7} Hojxd
cysteine®] F|Il o]= AEHW-E ﬁﬂ] ERE Sl
ME e glutathione @A} &2 ¥l Glutathione
& AE el & kel e gs 3}“1 U¥= HE 8
o8 WlFyo] thE Ar|w olFsl: Aom ddA

ek el Rk FEA9 gt FHew
o

N-acetyl-1.-cysteine
ol 5ot g dlew

-
wol HAF I wepx] & g vt #e A7 o
of SHe® Frhsojor st Aol N-acetyl-L-
cysteine A9 W Flsfor & Aotk zEh A
Yl N-acetyl-L-cysteinc FAF Aol Zd 3 Fof ke
tate M= <kl wivh gioh

ARESE AXE e 48 fFaldas dAs)
fleted dod AFE wgARe] N-acetyl-L-cy-
& vk otk o] FEE #4357
AsfAl Q1A el A

cysteine®] WHH7]) clearance, distribu-

steine FEE Hi
A#lA Hag B 47
N-acetyl-L-
tion volume %9 ofe] HEAQl AFE A sn
o 2 A

Clearance : 1.8511.28 L/min

d:2088+59.8 L

t 1/2:100.7£68.4 min

Target concentration : 2 mMe|&ti &9 —

Loading dose:2 mMx2088 L=0.418 mol=68.1
g, 60 kg(4g3h), kgd 1.1 g IV

Maintenence dose=68.1 g x0.693/100.7=0.468 g/
min

AEZNAC 924 GSH9 #°] reduced form &£
intact forme %ol o) HFE=ZHA &= AL By}
sEh & vsv B 48 ot

NACY: 8ol A Q“-‘] 2 cystle)ine, glutathi-
one &3 AUl o] AA7F AeHHolr) o}z
A olE ks NAC7E & Aabdsfe] v o
ol distedsr & eelx] R ek mely Qe
NACE g3} 3todA A2y 8 43 g8 =
7RI LAE S AlkE R Hdh ey 44
2l SH 719] poold F7hAlA Ze)7] wjid F7}

55 423 2003 —

A7k glofok & Zoltt.

2 =
Vitamin C¢ GSH, £& NAC 5% FAbstd 4
W F A8 ERE FaA B wde )

Hog Bils 53 ®elt)

Vitamin C¥ H|W3 <b4gd & AztAolut iron
frirel wekA 2353 ROS AL 238 4 9y
el A EE FAYE 2bE )7 42 g

GSHS} NACY: g3olA v Berddsta nps
AgtEir ol Wi g "F FEE £A4
71747 A ¥

&3 thioctic acid, quercetin 5 MZE & 43}z
of g UAHA drE Fold @2yl matyolof
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