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THE EXPERIMENTAL STUDY FOR THE EFFECT OF HIGH DOSAGE VITAMIN-C
THERAPYIN RAT MODEL OF SEPSIS SYNDROME INDUCED BY PANPERITONITIS

Joong Eui Rhee, M.D., Yeon Kwon Jeong, M.D.", Sung Eun Jung, MD.”

Department f Emergency Medicine, Seoul National University Hospital, Department of Emergency Medicine,
Sam-Sung Medical Center’, and Department of Surgery, Seoul National University Hospital™

1. Background : 1n sepsis syndrome, peroxidation reaction of polyunsaturated cell-membrane lipids
by reactive oxygen free radicals is known as the main mechanism of cell injury. Recent explosive
rush of studies on the biologic functions of NO has made it clear that NO is essential to the vessel
function and microcirculation and increased production of NO in sepsis has important pathophysiologic
actions. ‘

2. Purpose : This study is designed to evaluate the therapeutic effects of vitamin-C, a famous
antioxidant, on the liver tissue protection in severe intraperitoneal infection.

3. Methods : Female rats of Sprague-Dawley as experiment animal were divided into a control
group{group—-A) and two experimental groups of a peritonitis group (group-B) and a peritonitis-
and-vitamin-C group{(group-C). Peritonitis had been induced by cecal ligation and perforation under
ketamine anesthesia. Vitamin-C (600 mg/kg) was injected intramuscularly. As a index of peroxidation
reaction, malondialdehyde (MDA)level and catalase activity of the liver tissue were examined. And
NOS activity in liver tissue was measured. In blood, the concentration of TNF- 2 was measured with
ELISA method.

4. Results : On microscopic examination, liver tissue of group-B showed lymphocyte and neutrophil
infiltration, fatty degeneration of hepatocyte, and destruction of liver lobular structure. In group-C,
there were lesser lymphocyte and neutrophil infiltration and lesser structural injury in the liver tissue
in comparison with in group-B. MDA levels of liver tissue were remarkably increased in group-B.



Catalase activity of group—B was used up in very early phase of peritonitis. In comparison with
group-B, group-C had significantly lower MDA levels and significantly higher catalase activity.
Plasma TNF-a levels of group—B were markedly increased compared with group-A. Group-C showed
markedly suppressed plasma TNF-a levels, compared to group-B. NOS activity in liver tissue of
group-B was significantly increased. Vitamin—-C suppressed increment of NOS activity.

5. Conclusion : Cell injury by reactive oxygen free radicals was thought to play a key role in sepsis.
High dosage of vitamin-C had therapeutic cell-protective effect against lipid peroxidation, suppressive
action on the TNF-a production, and inhibitory effect on NOS activation. The therapeutic effect of
vitamin—-C in sepsis was supposed to be mediated mainly by their antioxidant function. But the exact
interaction between peroxidation reaction and NO or TNF-a could not elucidated clearly. Further

well-designed experiment is necessary.
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AR E fibserge] gyt kst 23
24 a-tocopherol, ascorbate, 8-7F2®, 8Ah
gRT Wesy LY dE A=Y 5
o] A a2lm A @¥AES sulfhydryl
group(-SH), AXE gJo EA3E  superoxide
dismutase(SOD)®}  selenium-dependent gluta~
thione peroxidase ¥ #¢% I FEAL2, 182
FlgetAl (catalase)= 43l WojMAZA M¥F
& F g 240g® Aav)d I 2AELE
22217171 98X e AR BolrlF g FUA
ALY, a7l BA ARG FaA AL s,
JaFH oz E3F QuioliNE F4F vgvl
H&38 Bxsa A4 AKE FHsnA 4
ElN-C7} A9 #sizxoz AlEsa ). i3}
Zgg ExHoz MEY-CE J4FHes FH3)
t ARE A9 ASA, vENI-CY Fit3) 7
$o) @ AFE o] PP Feio|o. gy
3lg gy WEFE o] 83 AT 93 nHlE
9-C7F e F4, 84 @A -SH group 2
@ -tocopherol Bt} Y53 24384 ¥4} vk
o F7}sle] vegd-C7l 229 FAFHE BE X
A HAAREE B FAHHI] ARG
. £ 3ol A wEb-Cot XA $a3tE o
At A% Yoo 54 FIE F2AA 3}
Aol §F @igte] X2 VFE dcd, FF 3
o] A4 AgFdE dAHez AUt gla o
(14 mg/kg - hr)9) v EYI-CE Fo3jor 87
ang Jehddz sigd™.
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T, EFF, 28 ¥F AR F4EHE
AE BHgdelt), oA FALole A7) WolH
¢ BRE e REE AR 2229 AL
&4N71e 7iAe] HrIx #o £Y TNF-a &
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protein®] A4S FJ&1 B3E 2L Ao
dx #osle OF YAHE AfdE 2524
I AFAL, N8 58 ozl TNF-o® 83
YA XY EA44E F/AA 2SS 2383,
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A&, INF-e¢ 2 NO9| 44-& X3 HE39
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Table 1. The experimental group and the number of rats in each group. ( Total 45 rats including 6

dead rats)
n= AYdY WA nlaj
ks A: 647 B: 12A]13 C: 2442 D: 4843+
AET
Peritonitis (BT) n=5 n=5 n=0 (59}8] Al
Peritonitis + vit-C (C&) n=5 n=5 n=4 (1wt} A%

NOS-TII¢] 44e 2 HAHtranscription) T
oA =30, WE4A9Q lipopolysaccharide(LPS),
TNF-aY interferon- y 2 cytokines, 181
718k 8] 742 RS0 T A7} FHeu®,
AAQA NF- ¢ Be) 8437 U5AHA @A R
o2 dFA A NOS-I= ANAE, Y78
TP AL RE 9YT A% MESH Kupffer
AE, s A, 2 X HZAE A3 A
AE, B8 dZAE oA wdgo] A o
m 18 A RE NEMH &% /5% Ao
245 old g A77 AYH 1 Y. NO9)
g AHE 2o} AL Fololuke] u
g, T of" NOSol| oaiM oj= Hxe] oz 4
Aol mel gatach HY-ABF SN
£ NO7t ABFA SAsts H0s2e F3sin
Augele 84w 2 HYT $3e ol
Fgg 0 zAzdo) Yot RoM:
NOS-TI7} E9e24d otz NO7t AAH
Yo A3 BIFE ZAses AL P
DG FidolNe) B WFEE YA
Q) NO QA BAoz My,

B AFoNE MANE AYRdI FasAQ
HlEP-Cr W Egtedo 2 Qg sj¥Ee 9
& 7te) 2HEAL QAsE=d YoM TNF-a
2 nitric oxide®} o1H AW BVAE 7AXEA g
S 3R E dotr A Bt o] & Astd 2
£42 gazAstAoz stz oled oA
A7 vER-CY ik3l 2o 93 AJAE
vl B4 357] 95t A AH33EQ0 MDA 1
gebd BASE A5 28l 3 229
NOS9) B4Eel e TNF-a 9 X8 &
Asle] o] WjARAEY FasiRe D AHH

A 2ZEYe] A BASEAE YopraA
st

O A78z % gy

1. MYEE

D AT AYFEZE AF 260~340gmy
Sprague-Dawley WA 43L& AlL-3lYt) HAME
&€ 37 £L2E UFJEd, dET (AT AP
59 299 fd¢ (BD), 282 29y 2%
HElY-CE F43% & (CH)e2 Uik gz
€ AE F JHB, C2)A dis Alzkopd n)
2ER B ATF 6213, 12417 24413, 28 n
48A]7H] 447 o2 oA Uy @ AFdE
Zk betEly oz o F 45ui]lE AMYsgt
(Table 1). BT9 48213tdie] WA EL 23]q] 2
H ALEE AU BF Abgste 74
E AR 2Pt CEe 48ARd Y HNE
= 19t} ApdEtedc

2) AYF B i HA : APE BT 2Y 2
FHel| ALgAdA duiilgel & oA F
A &3 HLI}EE s} AlEe) B FF
AYF ALt Q27 (AD)E offd £40)
U A E kA guth 48T B, CEe thee
Hyez X ez Butds A3k

Ketamine hydrochloride 50mg/kgE 233ty
o33 & B9HE 10% Potadine o g 258 o}
&, S ANAE B W B3L BERtez
nygode gAEY FHE WHEA FEE o
ZF A4 1come A2 EAERAE 7H5sE A
3 IR AE ARSI o] £ g B
g FAE vlEZ #AE5o F 2009 FHS
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Table 2. The effect of vitamin-C on peritonitis—induced lipid peroxidation in liver. ( Control group MDA

= 227.84 + 1668 nmol/gm) =9 : nmol/gm
Azt A: 6A1TE B: 12A]1%+ C: 24712k D: 48A)13

AEE

Peritonitis(BT) 258.04 + 5231 29087 + 4267 46229 = 12342 =5 A%

Peritonitis + vit~-C(C&) 256.08 = 3872 241.09 £ 5283 14604 = 2929 42083 * 6261
p-value 0.947 0.140 0.001

Table 3. The effect of vitamin-C on catalase activity in liver. ( Control group Catalase activity =

2363 = 4.06 unit/mg) @9 : unit/mg
Az Al 6A12F B: 12X]3¢ C: 2472 D: 48712

439<

Peritonitis (BT) 6.76 + 043 6.71 = 050 495 * 063 25 Ab3

Peritonitis + vit-C (CZ) 784 * 029 7.11 £ 048 527 + 036 461 + 052

p-value 0.002 0.228 0.35

Table 4. The effect of vitamin-C on TNF- e production in rat with panperitonitis. { Control group

TNF-o = 1650 *7.40 pg/ml) @4 : pg/ml
Al1ZE A: 6A13H B: 12713t C: 24X D: 48X13¢
AYE
Peritonitis (Ba) 140.95 190.78 99.86 25 A
+ 74.10 + 108.09 * 3364
Peritonitis + vit-C(CT) 157.13 67.59 23.74 394
+ 40.33 + 31.33 * 1052 + 2158
p-value 0.679 0.042 0.001

Table 5. The effect of vitamin-C on hepatocytic i-NOS activity induced by peritonitis in rat. ( Control
group A -count = 537.8 * 11856 cpm) 49 cpm

A2t A 6A7Y B: 12A|3}F C: 24X 7} D: 48417+

AT

Peritonitis (B) 14748 * 22555 50772 * 240209 29034 * 60213 =EF A%
Peritonitis + vit-C (Ci#) 16162 £ 790.06 41086 = 34997 15164 * 71213 757.00 = 179.01

p-value 0.710 0.421 .01

<
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TE 3 BEAUE FE EYAd BYE BEEt
. CTe 47 B4d-#¢ 4% FAHS v
EHI-C (50mg/ml)E& 600mg/kgl 2 Z8&FAY
o} 48AIHES A FALFE 242130 13 © FAL
39tk BEH CEL &4 AE= 5uiay HA
AlH N EE ARG AR PYe g8
o £X4Z k. ol ¥, By FRE AFA
Mt AN AL AAH o3, U437
& AEstd PGSR 33k 2H A H3E
o YAHES FadR(t 22 0T PBS
(Phosphate-Buffered Saline)?ell 20&3F A3 ¥
T FlolAZ €718 AAY T, 5583A FA o
A AL"gAd Yo 4 r@sact 95 23
Wal2APANE A3 4% formalindl] X #3H
o}

2 AY Uy

1) MDA (malondialdehyde)®] &4 : A3 3}
AE ZA%7) 9% MDA &AL TBA(
thicbarbuturic acid)& AH-3HE Ohkawas 9l #
H & AL QSO A 3rE 23
1 gm% MDAS2| nMol(nMol/gm)& HA} 813t}

2) FrgetAl gAY &3 : FtegdA gEE
Z742 Beers? Sizerd B4& AHgag. st
galAl 4T £ units/'mg of tissueE E
Al st

3) 83 Tumor necrosis factor- e (TNF-a)9]
23 : 3% TNF-e¢ 529 3L 714 &
A B o]&3E sandwich enzyme immunoassay
990 2 solid-phase ELISA kitZ ZA3ich £
Aol X2l TNF-a &4 HEVAE 4 pg/ml
o]9ic}.

4) i-NOS activity®] &3 : 23] AFHHAAHANA
S0CE 48] nus £ 229 FFg AT
t}. 1.0 mM EDTA, 5 mM Mercaptoethanol, 10
yg/ml2} Pepstatin-A, 10xg/mle] Aproptinin, 0ug
/mi2] Phenylmethylsulforny fluoride, 2.0 xM$]
Tetrahydrobiopterin®] LF#E =2 vjg] THEE
50 mM9 Tris #59 (pH 74)& &3 A% 10
o} Alg3sle], fbEdo] 22 E Y1 0CHAM =
2g FAFIT T F 4ToNA 12135 15000
gl A AR st 50ue] FedE Hatd -0
TolA Badt) oldu@sra HBTJE Tl

o} &l=H|, Dowex AG 50W-X8 resin (Bio-RAD)
S SHTE 53 HM gA3sd vl &8
g Y% (Bio-RAD)Y Imlo] AEE sy ¥+
t},

Zog ol2u@sx YFFE 4dmlio 1 N
NaOHE& E#A|ZIc}E, 10ml EFTE resing Al
Ayl 125 mM 24} EE(Sodium Acetate, pH
55) 4 mlg FFA A HYE A Fo]2 resing] pH
7t 55~6.5A10191% #lgt}. o|FA 3, Dowex
AG S50W-X8 resin©} 40l ol JEF]
< Yy 2 ui@A g

ABE $lelution)st?] Hel 200xMe B
-NADPH, 8xM¢] Tetrahydrobiopterin, 20z M2
FAD, 202M¢9 FMN, 2 mM¢ CaCl;, 2 mM<]
MgCl;, 60 nM®] Calmodulin, 22M*] Arginine,
383 2xCi/mle) °*H-Arginine (Amersham)o]
XFHEE & NOS uHg-8<48 Fulfch

LHEY 3 -70ColA g FAR 323
Az Soucll Euie w49 uE EFSA
FZUA 22TolA 15837 F2uke& Ao
2 F Zu)E o)l &ugsx fEge] EFAE 100
w FYJEL 1mle) FHFE 33 £ (elution)t
o+ &9 £3FF 500uE 3} Scintilla-
tion Cocktail (Aquasol-2, Packard) 5 mi®} &g
% &, Liquid Scintillation Spectrometer{TRI-
CARB, Packard)2 *H9] cpm(counter per minute)
#e 2AFY 97N cpme B HEHE 8-
Yzke) x2g vHeRET

5 F¥v)H FF : o] ZFAHAELE 4%
paraformaldehydes] ¥ol A 7 Yn&LE &
&z setdez ¥ulj(embedding)dtAth. Eof
P ¥2e ¥F vlo]3 2 E(sliding microtome) L.
2 4~5 yme) dHeg A3 FAN AAHL
A2 hematoxylin & eosin @A P2 J4¢ F
FetPu| Ao R A WIE BFHAD

6) A& ¥4 : SPSS for Windows Release 6.1
packageE ©]£€3l9 independent sample T-test
Z AHEst feldA £FL p < 0052 Aok
zt F7+e] v E Levene's Test for Equality of
Variances®& 4AA&d, AF/HE {FY+ES p
< 0052 71&2 2 Equality$9} Unequality& 7%
3l p-value® TFEXTH HA AR HF :+ 8B
Feaz EAEHITH
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1. MDAS] &3 : k229 MDA 42 UXT
(AN A 22784+1668 nmol/gmo] 3Lt}

Buogd g fad ZFBHNAE 48437 6413
Foll= 258.04+52.31 nmol/gmel 1L, 124|730
¥ 2908714267 nmol/gm, 24X ol 462.20%
12342 nmol/gmol T 48Xt Tl &5 Abats)
o ZAY £ QU A F 5ulEE AeEe
U gGA| 4841208 AEANZY F T IFHTE
Yo 12NFRE FsA Z2AWe MDA
7} 7 E s AN B X8 FHER
tHTable 2).

Bt d g st vEN-CE F93% THCH)
M E 6AZtFoE 256.03£38.72 nmol/gm, 12
A ZHEE 241.09452.83 nmol/gm, 244]7H34]
= 146.04%2929 nmol/gm, 123 48A1ZtFoE
42083+6261 nmol/gme|AtHTable 3). 6412}

3 12Xt Atolelq MDA %] #Adgoy ¥
AXLE FAvISAN (p=0625), 127+ 2422
Abololl A 43 MDAYo]l FstAl Zaste %
A& EJI (p=0008), 24413k 48A1Zt A}ojol A
T WA FE%A Fhte 29E JYEhdG
(p=0.001). BAHoZ BTl u3| AUALRAT
A% Aold BRen 48 A}dE oy &
PAHZZ p =0947, 0140, 0.001, ?) (Fig. 1).

2 FiEREIH gAxel Y : AFY TRFY
FlgelA) gAEE 236314.06 unit/mgol Aot

BZolA AYANT A 6AFAE 6761043
unit/gm, 12 FFo]E 6711050 unit/gm, 24A13+
Folle 4951063 unit/gmelRem 48 AFo =
E5 Algdte 23 4 g B9y x8
g sl 847 dA%A gade 448
BRI AZke] 32N d& AssE Fdd
53] 1242k 3} 247 Aol oA R o) @ ZJo]§ B

600 -

450

control 6hr

12hr

Time

48hr

24hr

Fig. 1. Effect of vitamin-C on peritonitis-induced lipid peroxidation in liver. ( p = 047, 0.140, 0001, respectively)
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Fig. 2. Effect of vitamin-C on catalase activity in liver of rat with panperitonitis. ( p = 0002, 0228, 0.345,

respectively)ly)

At (p=0.001) (Table 3).

CToA APAZ 37 6AFolE 7841029
unit/gm, 12A1ZtFolE= 7.1120.48 unit/gm, 24 It
Folx 5274036 unit/gm, 123 4BAFdE
461+052 unit/gme] St} (Table 5.). 2 Altoid
2 #o3tA Z2dEe FHE A% YUY B
o v, CZe BE AtdaA F7HE 7HgE
A FAEE BHoY, SATH F48L 6A30Y
oAt 1tk (Z2 p = 0002, 0.228, 0.345, ?7)
(Fig. 2).

3, INF-a9 % : AT9 E3W TNF-¢9
¥E¥E 1651740 pg/mlol Tt

Brold, A¥Am 6AFE 1409517410
pg/mlel 2, 1227+ e= 190.78+108.09 pg/mi,
24 A7+FoE 99.86133.64 pg/ml, 48A1 T Fol =

25 Algste) &38R Bath ATl s @
A3l F7M% € Jdehdod, 1220004 7t
28 F£AE Boli UATHAME A FAa
e FHE Bou Z AJUER {o% Ao
£ {1 H(Table 4).

CEoAAE 6A17 %o 157.13+40.33 pg/ml, 12
A7HEolE 675913133 pg/ml, 24AHFol=
2374%£1052 pg/ml, 282 48N 7HFolE 394
21.58pg/mlo| %1th (Table 4). 6A1 el N 7+ =
I ol¥g ZLidE FAE JYeEREY, BT
Hate] HAZ Be F£AE RYod 6ANIUE
Astnye EARoEZE {3 YHAY p =
0679, 0.042, 0.001, ?} (Fig.3).

4. i-NOS (inducible Nitric Oxide Synthase) &4
o] X :i-NOSY $#A == £ =0 U &9
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Fig. 3. Effect of vitamin-C on TNF- & production in liver of rat with panperitonitis. ( p = 0.710, 0421, 001,

respectively)

Yol 1 *H-L-Citrulline®] 2¥& B-counter2 &

A&t NOS+E L-Arginine® L-Citrulline ©
2 WHAF)EA Nitric Oxide®E AAA7 =4,
L- Arginine2 A7|H 037 gojLolmnz HI3 L
4Fo] TP L-Arginine® °H-L-ArginineZ
BxAAY 9] i-NOS 93] &2 L-Citrullines}
SH-L-Citrulline2. 2 A3 Fe BELE Y59
W oj2n @A e A falso e
%3 L-Citrulline® *H-L-Citrulline? yglenz
E2 i-NOSS @4%=9 *H-L-Citrullined) %&
@@ A7 A £23F MY *H-
L- Citrulline®) %-& 537.8+11856 cpmo°| .
BT A¥7AF 6AFolE 14748122555
cpmeZ AT Hdd Z7sQT (p = 0.0001),
12217 %ol &= 5077.2+2402.00 cpme 2 ©L 37

3 2715929 (p = 0.028), 24A13HE o= 29034
1602.13 pg/ml2 A ZAaddged (p =0.113),
a3 48AFd e APFEO BF Aty
24384 £34}h (Table 5).

CZAAE 6A1Fe 16162179006 cpmoE
AT v F3A Frkslden (p=0.017), 12
A ZHFolE 41086+34997 cpmoE Bl H|sh
HeE Fe $X8 BYon (p=0421), 24X 7%
ol 15164+712126 cpmOE 12AtAN T} &
olatA #AFHLeH (p=0.0001), 2T 48X
Fol= 7570117901 cpm 2 AZHE ol 3}
o7} A& Ax (p=0.062)Z oA} (p = 0.777)
(Table 9). 12A1 A 743 = ¢tE=d BEd ]
& 1271203 24X 0ol ZAH FAE HPo
U BAH oL 4T gt
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Fig. 4. Effect of vitamin-C on inducible-NOS activity in liver of rat with panperitonitis. (p = 0.710, 0421, 001,

respectively)

(Z47+ p=0.71, 0421, 0.01, ?) (Fig. 4).
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Fig. 5. Microscopic findings of liver tissue of each
group (A: control liver, B: panperitonitis only, C:

panperitonitis + Vit-C )
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