ekA=s}7]8k3] A] 2002;40:255-262

Metabolism of Oxygen Free Radicals in the Regenerating Liver of Rats

Sea Kwan Park, M.D., Hak Youle Park, M.D.*, Kyo Cheol Mun, M.D.*,
You Hee Kim, M.D.*, and Chun Sik Kwak, PhD.

Department of Internal Medicine, Handong University Sunlin Hospital, Pohang;

*Department of Biochemistry, Keimyung University School of Medicine, Daegu, Korea

Background/Aims: To know the metabolism of oxygen free radicals in the regenerating liver, the 70% (median

and left lateral lobes) partial hepatectomy was performed in the Sprague-Dawley rats. Methods: The original livers

were obtained immediately after the partial hepatectomy, while the regenerating livers were obtained at 3 days after

the partial hepatectomy. The levels of xanthine oxidase, superoxide anion, antioxidant enzymes, hydrogen peroxide, and

malondialdehyde were measured. RT-PCR for superoxide dismutase was also performed. Results: Compared to the

original livers, the regenerating liver showed higher levels of xanthine oxidase, superoxide dismutase, catalase,

glutathione peroxidase superoxide production, and malondialdehyde and lower level of hydrogen peroxide.

RT-PCR did not show any significant change. Conclusions: The results suggest that malondialdehyde level is

increased by xanthine oxidase via the increased production of superoxide anion. Superoxide dismutase activity is

induced by the increase of superoxide anion. The increase of catalase and glutathione peroxidase levels causes the

depletion of hydrogen peroxide level in the regenerating liver. (Korean J Gastroenterol 2002;40:255-262)
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AL ARAARFAIA AE ARER AR
 A%EA HES slgleh

2. =13=3]

1) 2+ =
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6) Malondialdehyde2| &3
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7+ AAEEE] A ASAS 535 nmeflA] FAsAch
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# 29] Cu/Zn superoxide dismutaseZS- A A]sl+= mRNAo]|
3l 7)1 A1 9d8 =2l & superoxide dismutase?] sense
primer2  5-GAGCAGAAGGCAAGTGGTGA-3"%} antisense
primer2 5-TAGCAGGCCAGCAGATGAGT-3"2] A]do]
H =5 primerE(vto] 2uo}, FH H AT wolH, 3h)
off 7 Ao o] & o] gslo] RT-PCRE AAsH
o] superoxide dismutase mRNA 2] W& o] BE =z Alslgith
a4 AaHk22 A= cDNA 1.3 yLlol] 10Xbuffer 1,
MgCl,, 10 mM dNTPs, primer, 5 U/uL Taq polymerase,
reverse transcription productg g7}slo] - 20 yLr} =A|
sl3cl. DNA <32 Thermal cycler (GeneAmp PCR system
2400, Perkin-Elmer Co., Norwalk, CT, U.S.A.)ol| 4] 94|
A 587 dAeld F 94CollA] 187 denaturation, 60°C
ol 4] 187t annealing, 72°Coll4] 157} extensions}o] &
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t} o] gk Wh--& Eslo] F o] ZrollA] superoxide dismutase
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(3) Glyceraldehyde 3-phosphate dehydrogenase®] ®H

Cu/Zn superoxide dismutaseol] 3t A¥ ZAu}E 71487
Qslo] 2 F glyceraldehyde 3-phosphate dehydrogenase
(GAPDH)E 48819 ct. GAPDHS] sense primer?] 37] 4]
2 5-ATCACTGCCACTCAGAAGAC-3 7} antisense primerz.
5"-CTTGCTCTCAGTATCCTTGC-3"0| &5 FE Az}
Aom (Blo] 2ujope]], o] & o] g3lo] RT-PCRE 4 A5}
GAPDH mRNAZ?| W4l ol .5 =Abslgicl. PCRY 4%
¢DNA 13 gLoll 10Xbuffer I, MgCl, 10 mM dNTPs,
primer, 5 U/uL Taq polymerase, reverse transcription productE-
A7bsted 2E 2 uLzt FA) s9lck. DNA ZZ-2 Thermal
cycler (GeneAmp PCR system 2400)ol]4] 94Col|4] 587+
AH2lst & 94 oA 1487} denaturation, 60 CoA|A] 1E7F
annealing, 72°CollA 187} extensionslo] & 283%] A]3d
$ 72CollA 587 extension REg& F7bslgivh ol 3k
Hheg Fsled F] AlAell4 GAPDHoll thil 512 base
pair =7]¢] bandE #Qlsle] GAPDHE] WHal ol f.5 24
e

(4) Relative index AJAF

Superoxide dismutaseol] tHgF mRNAS] Wl AT = Gel
Doc 1000 Video Gel Documentation System (Bio-Rad Labo-
ratories, Hercules, CA, U.S.A.)ol|A4] ¢]-2 superoxide dismutase
ol] th3t densityS 7}7+2] GAPDH density & 1} relative
indexE& &}tk

3. 4 Azl

ARE AP+ EFANZ FAS, ARE Aol Hlm
£ Student’s ¢ test 319lom] BAIA §o)5FES pglo]
005 wlFke 2 i3ict.

e o}

1. XHMZHOIM xanthine oxidaseQ| EME

A 7rol| 4] 2] xanthine oxidase?] ¥4 =+ 1.07+0.56 nmol
uric acid/min/mg proteino|¢} 2w Y7l A= 1.75+0.45
nmol uric acid/min/mg protein©. 2 LUej7lel] vlsl -F-2gt

=712 BrkFig. 1, p<0.05).
2. THAZHIM superoxide S0I=29| MMzt

e 7bollA2] superoxide S-o]229] AABFS 7.02+1.08
nmol nitroblue tetrazolium/min/mg proteino]} o™ ) A7+
ol| 4]+ 11.65+2.74 nmol nitroblue tetrazolium/min/mg protein

o2 A2zl Hla] 218 F7HE BYlrhFig. 2, p<001).

nrmol uric acid/min/mg protein
|

Original liver Regenerating liver

Fig. 1. Xanthine oxidase activity in the regenerating liver. Regen-
erating liver was obtained at 3 days after partial hepatectomy.
*p<<0.05 vs. original liver.

15

nmal nitroblue tetrazolium/min/mg protein

Criginal liver Regenerating liver

Fig. 2. The amount of superoxide anion production in the
regenerating liver. Regenerating liver was obtained at 3 days
after partial hepatectomy. * p<<0.01 vs. original liver.

3. XMZH0IM superoxide dismutasel| M

L 7boll A 2] superoxide dismutase?] AT += 1844
unit/min/mg proteino] ¢} 07 Y7 A A= 23 +3 unit/min/mg
proteine. & A7kl vl 23t FVHE HArh(Fig. 3,
p<0.01).

4. THMZHOIM Dpptapea MMEE

Q7oA FAs s ABA S 4244031 nmol
HO,/mg proteino] o v] A7kl A= 2.47+1.50 nmol
H,0,/mg protein® & A 7kel] wlal] {3 A E K
t}(Fig. 4, p<0.01).

5. MMZH0IM catalaseQ| EME

A 7rel| A 9] catalase®] A =& 6.2540.83 ymol H,Oyf
min/mg proteine] ¢l ow] A 7tol| A= 8.68+2.29 ymol
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H,0f I.nm/mg protein© 2 SIzzhel] WJ3 Frolth S7HE 6. A2t glutathione peroxidasel| EMT
AchFig. 5, p<<0.05).
Al 7ol A 2] glutathione peroxidase?] A E+ 29.17+
30 4.95 nmol NADP'/min/mg proteino] gl o] =} A 7kof| A=
42.00+4.60 nmol NADP'/min/mg protein®. & Jef7lol u]

A §o3t Z71E HArkFig. 6, p<0.001).
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Fig. 3. Superoxide dismutase activity in the regenerating liver. =
Regenerating liver was obtained at 3 days after partial hepatectomy. g
*p<0.01 vs. original liver. =10
g 0
Original liver Regenerating liver
4 . Fig. 6. Glutathione peroxidase activity in the regenerating liver.
< Regenerating liver was obtained at 3 days after partial hepatectomy.
§ N . *p<0.001 vs. original liver.
j=:
E
3
T 2 7. MMZHHM malondialdehyde S&=
[=]
E
11 A 7roll 41 2] malondialdehyde2] <2 0.71+0.16 nmol
malondialdehyde/mg proteino]} o] A 7tel| A= 0.99+
° 0.06 nmol malondialdehyde/mg protein© & A7kl 1|3}
Original liver Regenerating liver %-ﬂé} %_7]_% E%E}(Flg 7, p<0‘05)‘

Fig. 4. Hydrogen peroxide production in the regenerating liver.
Regenerating liver was obtained at 3 days after partial hepatectomy.
*p<0.01 vs. original liver.

wmol H,0,/min/mg protein
=]
{
nmol malondialdehyde/mg protein
w

0 0
Original liver Regenerating liver Original liver Regenerating liver
Fig. 5. Catalase activity in the regenerating liver. Regenerating liver Fig. 7. Malondialdehyde level in the regenerating liver. Regener-
was obtained at 3 days after partial hepatectomy. ating liver was obtained at 3 days after partial hepatectomy.

*p<0.05 vs. original liver. *p<0.05 vs. original liver.
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8. Superoxide dismutase/GAPDH2| mRNA &8 T
ok Abo] 9] relative indexS- B 2P wf] FH7-S 0.75
+0.170]9 32, Y74+ 09410312 Y 7lel|A] 2k719]
Z715 Hyeou EAIde g §93 Role= §iYich(Fig. 8)

50D 449 bp

GAPDH S12 bp

) [

06

Relative index

0.3 4

0.0 . .
Criginal liver Regenerating liver

Fig. 8. Superoxide dismutase mRNA expression in the regenerating
liver. Relative index was defined as the density ratio between SOD
and GAPDH. M, size marker; 1 to 3, original livers; 4 to 6,
regenerating livers; SOD, superoxide dismutase; GAPDH, glycer-
aldehyde 3-phosphate dehydrogenase.
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