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Background : This study was undertaken to evaluate the effect of plasma concentration of
vitamin C is on the plasma total antioxidant status(TAS) in patients with paraguat intoxication.

Methods : As a preliminary research for this study, we measured plasma vitamin C levels, uric
acid, TAS, and bilirubin from 100 healthy Koreans aged between 25-55 years. Various concentrations
of vitamin C were constructed in vitro with normal pooled plasma between 1Img/dl and 100 mg/dL
and TAS was measured. Both vitamin C concentrations and TAS were measured from the blood
samples, taken at 05, 1, 2, 3, 5, 7, 9 hours after a baus injection of vitamin C(50 mg/kg) from 7
volunteers who had been recruited from medica students at our hospital. Various amounts of vitamin
C were given to 10 patients with paraquat intoxication for 5 consecutive days in the morning : first
day ; 100 mg single dose, second day; 500 mg single dose, third day ; 1,000 mg single dose, fourth
day : 3,000 mg single dose, and fifth day ; 3,000 mg three times every 8 hours.

Results : The mean value of TAS and vitamin C measured in 100 healthy Korean adults was 2.22
+ 0.16 mmoa/L and 048+ 0.10 mg/dL. Age and sex do not influence these levels({p>0.05, data are not
presented). A direct correlation was observed between TAS and vitamin C concentrations of 1 mg/dL
and 100 mg/dL both in vivo and vitro. As the vitamin C concentration was increased gradualy 5
consecutive days, the TAS values increased in the same way as fdlows : first day (vitamin C 100
mg) 2.26x 0.98 mmal/L, second day (vitamin C 500 mg) 2.76+ 0.78 mmoal/L, third day (vitamin C 1.000
mg) 281+ 068 mma/L, fourth day(vitamin C 3.000 mg) 3.18 mmol/L. On the fifth day when 3.000
mg of vitamin C was given by bolus intravenous injection 3 times(every 8 hours for a day), the TAS
values measured one hour after the injection was 3.58+ 0.37 mmol/L.
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Conclusion : When vitamin C is used as a free radical scavenger, the loading dose and maintenance
dose should be around 2278 mg intravenous bolus and 146 mg/hour. High doses of vitamin C are
effective and safe for patients with acute paraquat intoxication.(Korean J Med 58:666- 674, 2000)
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T able 1. Baseline

characteristics of the study subjects

478 2000

Parameters Medical Paraquat Healthy
Students Intoxication Pt Participants
Male/ Female(n) 43 55 3020
Age(years) 232+ 05 457+ 134 474+ 167
Height (cm) 169.8+ 35 165.7+ 38 1653+ 72
Weight (kg) 60.2+ 35 60.0+ 2.8 60.1+ 15
Blood chemistry
Total protein(mg/dL) 76+ 06 75+ 08 78+ 04
Albumin(mg/dL) 44+ 02 32+ 03 46+ 02
Fasting glucose(mg/dL) 9%+ 26 101+ 4.7 939+ 64
Bilirubin total (mg/dL) 0.7+ 03 15+ 08 10+ 04
BUN (mg/dL) 154+ 24 137+ 38 145+ 28
Creatinine(mg/dL) 0.7+ 0.2 12+ 06 09+ 06
Uric acid(mg/d!) 54+ 13 56+ 15 55+ 1.1
Cholesterd total (mg/dL) 175.7+ 220 165.0+ 223 171.1+ 264
Triglyceride(mg/ dL) 1011+ 234 956+ 312 97.8+ 369
Vitamin C(mg/dL) 048+ 0.10
Datas are presented as meant SD
7 creatinine, FBS, urate Table 1
4
3 1. Vitamin C
23+ 1 , BUN, creatinine, Photometric method
FBS, urate (Table 1). ascorbic acid  Cu™ dehydroascorbic
acid 24- dinitrophenylhydrazine
(bis- hydrazone)
paraquat 10 ( 5 05 mL metaphosphoric acid 2
5) Vitamin C TAS mL vortex 2500 x g 10
12 mL DTCS(thiorea solution 5mL,
paraquat (20%) copper sulfate sdution 5 mL, 2,4- dinitrophenylhydrazine
, 100 mL) 04 mL .37 3
paraquat test 12 mol/L sulfuric acid 2 mL 520 nm
212+ 54
vitamin C TAS 2. TAS
36 Kit(ABT S ' Randox Lab. Ltd., UK]
(wash out period) . Vitamin C Hitachi ® 7150(Hitachi Ltd. T okyo)
(total antioxidant status)
vitamin C vitamin (free radical) ABT S[22'-
aminoacid TAS Azino- di- (3- ethylbenzthiazoline sulphonate)]
, BUN peroxidase(metmy oglobin) H20.
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Figure 1. Relationship between TAS and vitamin C
concentrations of Img/dL and 100 mg/dL both in vivo
and vitro. Note there is a direct correlation in vitro
{[TAS(mmoale L)=0.036x vit.C(mg/dL)+2.32], R-squared :
0.976, p=00001} and in vivo {[TAS(mmoleL)=0078 x
vit.C(mg/dL)+2.00], R-squared : 0.488, p=0.0001}.
In vivo : Vitamin C 50 mg/kg
2,35 179
vitamin C TAS
{[TAS(mmade/L)=0.078x vit.C(mg/dL)

+2.00], R-squared : 0488, p=0.0001, Figure 1}.
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Figure 2. Vitamin C pharmacokinetics : The pharma-
cokinetic data obtained from 10 volunteers after 3,000mg
of vitamin C injection intravenously Distribution
volume : 320+ 144 L, AUC(area under curve) : 364+ 11
3 mg.hour/dL, plasma clearance 2.13+ 1.36 L /hour, Half
life(T2/2) : 10.2+ 7.8 hour, Cmax (maximum concentra-
tion) : 17.1+ 7.1 mg/dL, Tmax 0.64+ 0.24 hour.

volume 320+ 144 L, AUC(area under curve) : 364+

11 3 mg.hour/dL, plasma clearance 2.13+ 1.36 L/hour,
(TY¥2) : 102+ 78 hour, Cmax (maximum con-
centration) : 17.1+ 7.1 mg/dL, Tmax 0.64+ 0.24 hour

(Figure 2).
4. Paraquat Vitamin C TAS
Paraguat 10
vitamin C 100 mg, 2 500 mg, 3
1000 mg, 4 3,000 mg
TAS 221 mmal/L, 2.26
mmol/L, 276 mmoa/L, 281 mmol/L, 3.18 mmol/L
vitamin C TAS
vitamin C 3,000 mg 8
1 TAS 358
+ 0.37 mmal/L (Figure 3). ,

Table 2. Change of clinical datas before and after vitamin C injection in patients with paraquat intoxication

Parameters Basal After Vita. C p-value
levels Infusion’

Systolic BP(mmHg) 1204+ 7.3 1223+ 65 >0.05

Diastolic BP(mmHg) 804+ 5.2 80.3+ 34 >0.05

Respiratory Rate(/min.) 173+ 24 182+ 12.1 >0.05

Body Temperature( ) 36.8+ 0.2 36.7+ 0.2 >0.05

CBC

WBC count(mm?®) 9,000+ 564 8,500+ 347 +

Hemoglobin(g/dL) 143+ 13 147+ 12 >0.05

Hematocrit (%) 395+ 52 394+ 78 >0.05

Liver function test

SGOT (1U) 270+ 38 220+ 2.7 ++

SGPT (1U) 18.7+ 3.7 17.7+ 36 >0.05

Urinalysis

RBC(HPF) (2 10) (2 10) >0.05

WBC(HPF) (¥ 10) (7 10) >0.05

Proteinuria’ (¥ 10) (¥ 10) >0.05

Arterial blood gas analysis

PaO’ (mmHg) 99.5+ 34 873+ 7.1 +++

PaCO’(mmHg) 355+ 2.1 384+ 3.2 +

* After the sampling for the basal level, the amount of vitamin C had increased every day from 100 mg to
9,000 mg/day (for details, see the text). Blood samples were drown at the next day of last vitamin C injection.
t Only one case showed one plus proteinuria before and after vitamin C injection.

+:p<005, ++ ; p<001, +++ ; p<0001

-670 -



Sae-Yong Hong, et d : Effect of vitamin C on plasma total antioxidant status(TAS)
in patients with paraguat intoxication

’ ’ ’ ’

. WBC, SGOT, PaC.

PaCO: (Table 2).
500 mg
1,000 mg/ 10
vitamin C
(aerobic metabolism)

ROS

ROS (defence mechanism)

v, paraquat ROS
ROS
antioxidant

antioxidant
uric acid, protein thiol, ascorbic acid, a-tocopherad
2,3)

vitamin C(ascorbic
acid) antioxidant

Vitamin C  antioxidant
(anticarcinogenic) , folate, amine, glucose, iron,
cyclic nucleotide, cholesteral,

20, 21)

interferon, carnitine

. Fujimoto vitamin C  paraquat
paraquat
2).
vitamin C
[Food and
Nutrition Board of National Academy of Siiences,
USA] 1989 60 mg
100- 200 mg
)
Vitamin C
TAS . TAS

(basal levels: 222+ 0.16 mmole/L)

deviation(0.16 x 2 mmole/L)

6.9 mg/dL
distribution volume  32.0%

two standard

vitamin C
(Figure 2). Vitamin C

-671-

44 L 2,176 mg(32 x 69
mg/L)
vitamin C 102 . 2
paraquat
8 2,000-3000 mg vitamin C
vitamin C  antioxidant
therapeutic window
vitamin C
1 mg/dL 100 mg/ dL TAS
vitamin C 100 mg/dL

32g vitamin C(32 x 1,000 mg/L)

vitamin C (100- 200
mg)
Vitamin C , ,
, oxalate
vitamin C
3,000 mg 3 99)
) ) WBC,
SGOT, Pa0O: PaCO.
. WBC, SGOT
WBC SGOT
, Pa0O: vitamin C
paraquat
(high
perpermance computerized tomography) ground
glass appearance , ,
Vitamin C Pa0:
Kang
vitamin C paraguat
metal ion =),
vitamin C
vitamin



C TAS

analysis

paraquat

vitamin C

paraquat

. Vitamin C

paraquat

paraquat

’

vitamin C

paraguat
ROS
vitamin C

(critical condition)

paraquat

xidant status
36 mg/ kg

Paraguat
TAS

(pharmacokinetics)

, arterial blood gas

2000-3000 mg 3

TAS

32)

paraguat
TAS

total antio-
vitamin C

vitamin C

TAS paraguat

Vitamin C
Vitamin C

-672-

6 478 2000

(therapeutic window) ,

> In vitro in vivo vitamin C
TAS . In vitro
, 5 normal pooled
plasma vitamin C 1mg/dL 100 mg/dL
vitamin C TAS
. In vivo 7
basal level vitamin C 50
mg/kg 2500- 3,000 mg) 05, 1, 2, 3, 5,
7,9 vitamin C TAS
Vitamin C
(pharmacokinetics)
Paraguat 10
4
vitamin C 100 mg, 2 500 mg, 3
1000 mg, 4 3,000 mg
TAS . 5 3,000mg 8
1 3
TAS . Vitamin C
) ) ) 4 ABC, liver

function test, urinalysis, arterial blood gas analysis
1
50
BAS 222+ 0.16 mmole' L ,
(>005). Normal pooled plasma

vitamin C 1 mg/dL 100 mg/ dL
TAS vitamin C
TAS {[TAS(mmde/L)=
036x vit.C(mg/ dL)+2.32], R-squared : 0.976, p=0.0001}. In
vivo : Vitamin C 50 mg/kg 05, 1, 2, 3,
57,9
vitamin C TAS

{[TAS(mmole/L)=0.078x vit.C(mg/dL)+
2.00], R-squared : 0488, p=0.0001}.
Vitamin C

volume 320+ 144 L, AUC(area under curve) : 364+

11 3 mg.hour/dL, plasma clearance 2.13+ 1.36 L/hour,

(TY¥2) : 102+ 78 hour, Cmax (maximum con-

centration) : 17.1+ 7.1 mg/dL, Tmax 0.64+ 0.24 hour
. Paraguat 10

, distribution



8 Paraguat

vitamin C
3 1000 mg,

100 mg,
4 3,000 mg

TAS 221 mma/L,
2.26 mmol /L, 276 mmoal/L, 281 mmoal/L, 3.18 mmol/L

vitamin C TAS
vitamin C 3000 mg 8
1 TAS
358+ 0.37 mmoal/L . , ,

, , CBC, liver function test, urinalysis, arterial

2 500 mg,

blood gas analysis , , ,

500 mg
1,000 mg/ 10
vitamin C (9,000 mg/ day)
. Paraquat total antioxidant
status vitamin C
36 mg/kg 2
vitamin C

TAS paraguat

REFERENCES

1) Stocker R, Frei B. Endogenous antioxidant defences
in human blood plasma. I n: Helmut S(eds) Oxidative
stress. p. 213-238, San Diego, Academic Press
INC, 1991

2) Newaz MA, Nawa NN. Effect d alpha-tocapherol on
lipid peroxidation and total antioxidant status in
spontaneously hypertensive rats. Am J Hypertens
11:1480- 1485, 1998

3) Simon E, Paul JL, Atger V, Simon A, Moatti N.
Erythrocyte antioxidant status in asymptomatic
hypercholesterolemic men. Atherosclerosis 138:375-
381, 1998

4) Leinonen J, Rantalaho V, Lehtimi T, Koivula T,
Wirta O, Pasternack A, Alho H. The association
between the total antioxidant potential d plasma and
the presence d coronary heart disease and renal
dydunction in patients with NIDDM. Free Radic
Res 29:273-281, 1998

5) Child RB, Wilkinson DM, Falowfield JL, Donnelly
AE. Elevated serum antioxidant capacity and plasma
malondialdehyde concentration in response to a

-673-

vitamin C

plasma total antioxidant capacity

simulated half- marathon run. Med Sci Sports Exer
30:1603- 1607, 1998

6) Galley HF, Howdle PD, Walker BE, Webster NR. The
dfects d intravenous antioxidants in patients with
septic shock. Free Radic Biol M ed 23:768- 774, 1997

7) Pascual C, Karzai W, Meier Hellmann A, Oberhoffer
M, Horn A, Bredle D, Reinhart K. Total plasma
antioxidant capacity is not always decreased in
sepsis. Crit Care M ed 26:705- 709, 1998

8) Meucci E, Littarru C, Deli G, Luciani G, Tazza L,
Littarru GP. Antioxidant status and dialysis: plasma
and saliva antioxidant activity in patients with
fluctuating urate levels. Free Radic Res 29:367-376,
1998

9) Willems D, Dorchy H, Dufrasne D. Serum antioxidant
status and oxidized LDL in well-controlled young
type 1 diabetic patients with and without subclinical
complications. Atherosclerosis 137:S61- S64, 1998

10) Maxwell SR, Thomason H, Sandler D, Leguen C,
Baxter MA, Thorpe GH, Jones AF, Barnett AH.
Antioxidant status in patients with uncomplicated
insulin- dependent and non-insulin-dependent diabetes
mellitus. Eur J Clin Invest 27:484-490, 1997

11) Wen Y, Cooke T, Feely J. The dfect d pharmaco-
logical supplementation with vitamin C on low-
density lipaprotein oxidation. Br J Clin Pharmacol
44:94-97, 1997

12) Cao G, Booth SL, Sadowski JA, Prior RL. | ncreases
in human plasma antioxidant capacity d&ter con-
sumption d controlled diets high in fruit and
vegetables. Am J Clin Nutr 68:1081-1087, 1998

13) Serafini M, Maiani G, Ferro Luzzi A. Alcohol-free
red wine enhances plasma antioxidant capacity in
humans. J Nutr 128:1003-1007, 1998

14) Reiter RJ, Carneiro RC, Oh CS. M elatonin in relation

to cellular antioxidative defense mechanisms. Horm

M etab Res 29:363-372, 1997

Meydani SN, Meydani M, Blumberg JB, Leka LS,

Pedrosa M, Diamond R, Schaefer EJ. Assessment o

the sdety d supplementation with different amounts

d vitamin E in healthy older adults. Am J Clin Nutr

68:311- 318, 1998

16) Rgashree S, Puvanakrishnan R. D examethasone

induced alterations in enzymatic and nonenzymatic

antioxidant status in heart and kidney d rats. Mol

Cell Biochem 181:77-85, 1998

Papaccio G, Morelli MP, Pisanti FA. Effects d

butylated hydroxytoluene (BHT) enriched diet on

serum antioxidant activity in pre-and overtly

diabetic nod mice. Life Sci 63:1457-1460, 1998

18) Woodside JV, Yarnell JW, McMaster D, Young IS,

15

=~

17

~



Korean Journal of Medicine : Vol. 58, No. 6, 2000

Harmon DL, McCrum EE, Patterson CC, Gey KF,
Whitehead AS, Evans A. Efect d B-group vitamins
and antioxidant vitamins on hyp erhomocysteinemia: a
double-blind, randomized, factorial-design, con-
trolled trial. Am J Clin Nutr 67:858-866, 1998

19) Bateman DN. Pharmacological treatments d par-
aquat poisoning. Hum Toxicol 6:57-&, 1987

20) Seghieri G, Martinoli L, di Felice M, Anichini R,
Fazzini A, Ciuti M, Miceli M, Gaspa L, Franconi F.
Plasma and platelet ascorbate pools and lipid
peroxidation in insulin-dependent diabetes mellitus.
Eur J Clin Invest 28:659- 663, 1998

21) Deutsch JC. Ascorbic acid oxidation by hydrogen
peroxide. Anal Biochem 255:1- 7, 1998

22) Fujimoto Y, Nakatani E, Horinouchi M, Okamoto K,
Sekuma S, Fujita T. Inhibition d paraquat
accumulation in rabbit kidney cortex slices hy
ascorbic acid. Res commun Chem Pathol Pharmacol
65(2);245-248, 1989

23) Levine M, Rumsey SC, Daruwala R, Park JB, Wang
Y. Criteria and recommendations for vitamin C
intake. J Am M ed Assoc 281:1415- 1423, 1999

24) Tarng DC, Wei YH, Huang TP, Kuo BI, Yang WC.
I ntravenous ascorbic acid as an ad uvant therapy for
recombinant erythrgpoietin in hemodialysis patients
with hyperferritinemia. Kidney | nt 55:2477-2486, 1999

25) Benton D, Haller J, Fordy J. The vitamin status d
young British adults. Int J Vitam Nutr Res 67:34-40,
1997

26) Koshiishi |, Imanari T. M easurement d ascorbate
and dehydroascorbate contents in biological fluids.
Anal Chem 69:216-220, 1997

27) Dawson EB, Evans DR, Harris WA, Teter MC,
McGanity WJ. The dfect d ascorbic acid supplemen-
tation on the blood lead levels d smokers. J Am Coll
Nutr 18:166-170, 1999

- 674 -

28) Wesseling C, Hogstedt C, Picado A, Johansson L.
Unintentional fatal paraquat poisonings among
agricultural workers in Costa Rica: report d 15
cases. Am J Ind Med 32:433-441, 1997

29) Daisley H Jr, Simmons V. Forensic analysis d acute
fatal poisonings in the southern districts d Trinidad.
Vet Hum Toxicol 41:23-25, 1999

30) Klein Schwartz W, Smith GS. Agricultural and
horticultural chemical poisonings: mortality and
morbidity in the United States. Ann Emerg M ed
29:232-238, 1997

31) Garcia Repetto R, Soria ML, Gimenez MP, Menendez
M, Repetto M. Deaths from pesticide poisoning in
Spain from 1991 to 1996. Vet Hum Toxicol
40:166- 168, 1998

32) Christakis Hampsas M, Tutudakis M, T satsakis AM,
Assithianakis P, Alegakis A, Katonis PG,
Michalodimitrakis EN. Acute poisonings and sudden
deaths in Crete: afive-year review(1991-1996). Vet
Hum Toxicol 40:228-230, 1998

33) Kang SA, Jang YJ, Park H. In vivo dual dfects d
vitamin C on paraquat-induced lung damage:
dependence on released metals from the damaged
tissue. Free Radic Res 28:93-107, 1998

34) Minakata K, Suzuki O, Saito S, Harada N. A scorbate
radical levels in human sera and rat plasma
intoxicated with paraquat and diquat. Arch Toxicol
67:126-130, 1993

35) Papiris SA, Maniati MA, Kyriakidis V, Constan-
topoulos SH. Pulmonary damage due to paraquat
poisoning through skin absorption. Regiration &:
101- 103, 1995

36) Darr D, Combs S, Murad S, Pinnell S. Studies on the
inhibition d collagen synthesis in fibroblasts treated
with paraquat. Arch Biochem Bigphys 306:267-271,
1993



