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Abstract

This study was done to investigate the effect of 7 ~irradiated beef feeding on antioxidant vitamin
levels and defense enzyme activities in diethylnitrosamine(DEN)~initiated rats. Weaning Sprague—
Dawley male rats were fed the diet containing 7 —irradiated ground beef at the dose 0, 3, 5 kGy
as a 20% of protein source for 8 weeks. One week after feeding, rats were intraperitoneally injected
twice with a dose of DEN(50mg/kg BW). As a promoter, 0.05% phenobarbital was fed in drinking
water from one week after DEN treatment until the end of experiment. At the end of 8th week, serum
level of vitamin C, serum and hepatic levels of retinol and a—tocopherol were determined. In addition,
activities of cytosolic glutathione peroxidase, glutathione reductase, glutathione S—transferase, catalase
and hepatic superoxide dismutase(SOD) were measured. By 7 —irradiation, there was no significant
effect on serum and hepatic levels of vitamin C and a—tocopherol except a significant decreasing
effect on hepatic retinol level. There was also no significant effect on the activities of enzymes
involved in antioxidative defense system, However, DEN treatment led to a significant increase in
activities of glutathione reductase and glutathione S—transferase while the activity of glutathione
peroxidase was decreased. The activities of hepatic SOD and catalase were not changed by DEN
treatment. Overall results indicate that the consumption of low dose of 7 -irradiated beef does not
affect antioxidative defense system.
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&1} 74e| tocopherolTt retinol B2F &8

A 7+9] a-tocopherol® retinol ¥ A5 S
hexane 2.2 $%3 ¥ Bieri 5(16) ¥ Hatam¥} Kayden
ane WyE =zt HPLCE ¥4 3ksdch

HPLC® %71 Nova-Pak C18 column(3.9x 150
mn)-S AH8-3le] & 319 12, mobile phase methanol
t water(95 : 5) & 1.5ml/min®] %2 A3t} Re-
tinol®} a-tocopherol®] 548 HPLCH] F¢ 3}
EF 499 peak area®}t A] &9 peak areaE H| 2L}
A et A A= 27 ug retinol/ml serum, ig a-
tocopherol/ml serum2 & 7ol A= Z+7} pg retinol/g
liver, Ug a-tocopherol/g liver® wehuigich.
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7} cytosol?] glutathione peroxidase(GSH-Px)2] &
A X Paglia®t Valentine(18) 2 Deagen $(19)2] #
HE $435 714 2 HoOxF ©] 43 coupled enzyme
assay W 22 23384} GSH-Px+ #4383 GSH
£ GSSGE 4314 7] 9| o] A o] t}A] GSH-reductase
o] &3 GSHS 2 #0149 v NADPH= 4F3t= =4, o]
Y NADPH®| 43} A =& 340nmell A 9] F3= 7ha
422 24359} GSH-Px9 ¥4 &= NADPHY] #
AFFAS 6.22mM 'em & o183 1% F3} mg pro-
teing 4+3} == NADPHS nmole =2 EAJ8% o},

Glutathione reductase:= Carlberg®} Mannervik9]
4 (200 o] 881 cytosalol Al GSSGSF NADPHE
713 2 3« GSHZ %1% ] NADPH>| 4t3}=] & A
EE 30nmellA FRE2 i S5 A 8¢

Glutathione S-transferase(GST) ¥4 £+ Habig
E©2D9] w2 cytosoldl A &35t} Cytosol
GST #A x 3+ GSH2} 1-chloro-2, 4-dinitrobenzene
(CDNB)E 7132 AH4-31e 340nmellA F3=9] 57}
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o} EAFZA S 436M 'em & o] &3t A4l 1w
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mole 2 ¥ A3t}

Superoxide dismutase(SOD) &4 € Markunmd$}
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Table 1. Effect of y —irradiated beef feeding on body
weight and liver weight of rat treated with

DEN

b Body Liver Liver wt./Body
Group . ; s
weight(g) weight(g)  wt. ratio(%)
C 3317117299 83+09 2502
C-DEN 324.8£33.3 11516 36+0.4°
3 320.8+23.2 80105 25+0.2°
3I-DEN 3235t378 121%1.1° 38+0.4*
51 3264254 83+1.0° 26103
51-DEN 327.6+139 11.8%0.8° 36+0.2°

Yc=No irradiation, 3[=3KGray irradiation, 5I=56KGray irra-
diation

2V alues are meanSD.

INS=not significant

“Means with difference superscripts within a column are
significantly different at p<0.05.
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Loy wetEd 2ol 9sle] oA o2 Ft
steich o] Wt B Fo93 & A7 ARG
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Al e} E7b ZAtel| 23 o3 3-& kol (30) AR 3l
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712] retinol e It EA S Fof o} WAl A}
o oJalx] fo4 QA WEE A F WAt 2k
o4& §-o) Ao & 74 (p<0.0433)3) 1 Mt EA Fof o)
g E foH ez 74 (p<0.0001)3t s}, W
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Table 2. Effect of 7y —irradiated beef feeding on serum ascorbic acid, retinol and a-tocopherol contents of rats treated

with DEN
G D Ascorbic acid Retinol a-Tocopherol
roup (g ascorbic acid/L. Serum) (ug retinol/ml Serum) (ug tocopherol/ml Serum)

C 12.63+£1.239%9 0.29:£0.10™* 8.40+1.24
C-DEN 14.40+3.09" 0.34£0.08° 12.09%2.07°

3 11.23+£345° 0.2510.03° 750+1.46°
31-DEN 1574+ 4.18° 0.37£0.08 11.30+3.00

51 12.80+358" 0.27+0.05™ 7.93+2.50%
5I-DEN 16.62%+2.03° 0.37£0.04° 10.88£3.43"

YC=No irradiation, 31=3KGray irradiation, 5[=5KGray irradiation

DValues are mean*SD.

¥Means with different superscripts within a column are significantly different at p<0.05. By two-way ANOVA, DEN
treatment effects for ascorbic acid, retinol and tocopherol were significant at p<0.0001, p<0.0003 and p<0.002, respectively.
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Table 3. Effect of 7 —irradiated beef feeding on hepatic
retinol and e-tocopherol contents of rats trea—-

A4l - BAE -

ted with DEN
Groun” Retinol a-Tocopherol
YD (g retinol/! g liver) (ug tocopherol/g liver)

C 127.63+17.847%% 32.70%753"%
C-DEN 61.88+29.96° 26.57+3.68

31 120.08+22.96% 28.35+9.34
3I-DEN 68.35127.58° 27.04£8.92

51 99.32+23.36 27.24+867
5I-DEN 53.63+14.44° 26.32£3.60

YC=No irradiation, 31=3KGray irradiation, 5I=5KGray irra-
2}diation
“Values are mean=*SD.
"Means with different superscripts within a column are
significantly different at p<0.05. By two-way ANOVA,
Both DEN treatment and irradiation effects for hepatic
retinol were significant at p<0.0433 and p<0.0001, re-
spectively.
NS=not significant

2 Fede] Zadhs £ g o A Aol o
I, A Rl gelyE 7hie) AR nelon}
HA] fro]Hql 2Fol= g1l 79 retinol™ a-toco-
pherol ¥#-2 C(No irradiation + 2454 w]=e)F
o] 7}4 ¥t 3 5I-DEN(5kGy irradiation + DEN)Z-¢]
71 skl

2 AN LEA Folo) 93 A retinol,
a-tocopherol &3 Z7}g wb 79 retinole §-2
Ao 2 74489 3, a-tocopherol 3 744 A
Bt olelgt Ao 3RS £ 938 Yoon(31)9)
A7 A9} AR AFE Bold), o]k wetEA
FoJA] 2k 23] llA] ulebnl A B9 8577 21 o
2} Zholl A H o 0.2 9] o] Fo] ol rol| 2] e ghafo]
AR Aoz A7gr

Z2t9| glutathione 2| &Hilsl §4 BAMT
7} cytosol®] GSH-Px9] B4 =& gl E3 n]j £

CEEs

Zoll vl &) Fof Fell A folH o2 714 (p<0.0008)8}+%
I, AR AL A= we) ozt GolA| e AL B
Aot frelAelx = egke(Table 4).

GSH-Pxv A E£9-& B 5383 microsomeo A A
4% H:0;: 59 #4385 o] 57) %59l catalase ¥t} v
A 02 2438l Ao seleniume §-§-51 32 9)
ch 2 Age Ave sy wdge R Fx3) nps-
22 7t A EollAM 2 FA ST} Frg oo (33) =3
DEN %] ¥ phenobarbital(PB) £ 7r}-& 23 A8
A ehEA Rodfo] diRF ol vla| GSH-Px8] &
AEZE A o2 Yofths B3(34) 53} 4413 2
IF B Fgich

7} cytosol®] GSH-RdY] #4 =& b EA Fof o
w2} f-o o2 27Hp<0.030)8}5 2 w2 v &
AFLEANAE WA 2AM 2o w2} GSH-RA9] &
AEr) Zpasls FEE, HGEA ST = 27
s A 8-S Bolw glo] Wb B oo mbE uizhyf
4= W3 E ngr)

GSH-Rd+= AA #A5HE A A ol #A 51 o] o}
Y&}, GSH-Pxell o) s) A% AH8}3 glutathione(GS-
SG)E 4938 glutathione(GSH).2. 2 A 8t} = o &2
3l A £ ol glutathione +F& 4] 3l=d 23
& FeH3H).

E A A wetEa Fojo o3} GSH-RA A=
7F F7 Azl zke) sl A Fab el A
GSH-Rd®] 84 =7} $71gcka 2 a3 o & o] o
T-5(33,35)3 U x| 3l Afe]r}. shxut B APHE=
22 Lankin 5(36)2 2542 93¢ o GSH-
Pxs} 37 GSH-Rd®} A4 =7} 2hastgdvty B.us)
3 gle] o] REo ¥ o B AFe] g yHL)

7} cytosol®] GST A =& HolEae] 2o 9
3 o4 o2 Z7Hp<0.001) s 3, WA ZAo &

Table 4. Effect of 7 -irradiated beef feeding on cytosolic glutathione peroxidase, glutathione reductase and
glutathione S-transferase activities in rats treated with DEN

GSH-Px GSH-Rd GST

Group” (nmole NADPH oxidized (nmole NADPH oxidized (nmole CDNB conjugated
/mg protein/min) /mg protein/min) /mg protein/min)
c 8858 +11.78 26.27+12.70® 43854+ 123,26
C-DEN 69.93+22.55> 2571+ 9.33" 1122.09+232.65°
3l 79.01+23.47°" 21.15+10.05® 427.03+174.30
31-DEN 5880+ 542° 2922+ 828" 1214.88+186.78°
51 77.77+14.37® 1846+ 9.27% 452.62+ 90.66°
5I-DEN 66.46+ 837" 34.66+19.99° 1141.00+ 215.86%

be=No irradiation, 31=3KGray irradiation, 5I=5KGray irradiation

“Values are mean*SD.

eans with different superscripts within a column are significantly different at p<0.05. By two-way ANOVA, DEN treatment
effects for GSH-PX, GSH-Rd and GST were significant at p<0.0008, p<0.030 and p<0.0001, respectively.



AYA 2 R el 2o

g ¥ she He)x] gt} o] GST-Px] A wo=
ARk o] oFalo]x, GSH-RdQ] $A =9b& F-ALgk o
A& Bof Carlberg 5(35)0] X3 etEAZ 739k
FE3AE 9 cytosold GSTY) ZA Z2713cte A
A A5 o}
GST= 7boll Ex43kn] R -EA o] A4 thALH
< FA M HA = AAAA EA-L glutathione®)
sulthydryl(-SH)71 ¢} A3A|A glutathione-S-conju-
gatedE A3t of wjAd =7 H8 EA R }Eo 3
FHA ol 7] sl Aol It EA FojA] BT
7} 713 GST+ &4 3k W22 glutathione®}
AFAA LS folstA Fo2x e AL w3}
A€ F83 J&& sl Ao 2 »arh37). o] GST
= HgEA 53 o] o] 2o XA AL E-S A A
e Ao 2438 Ao AaHr}
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79| catalase 3 superoxide dismutase EMT

Catalasex= XA #4k3}ol| 7} Wbl 7|zt e g2 2] 9]
AR R E 2B A A6 frEE o] Al
S5 MAIA 7] B4 At AlA S 988 3oH22).

ZF cytosol®] catalase B4 =& WA 2 ALl o5

Table 5. Effect of 7 —irradiated beef feeding on cytosolic
catalase activities in rats treated with DEN

Catalase (umole Hz02

D

Group reduced/mg protein/min)
C 235.54%+170.94”N9
C-DEN 199.65+211.97

3l 219.02£108.43
3I-DEN 229.56+140.57

5I 20051t 56.35
5I-DEN 195.70+t 74.39

YC=No irradiation, 31=3KGray irradiation, 5I=5KGray irra—
diation

?Values are mean*SD.

¥NS=not significant

b 9327 AA7L A9 s Wi AA vlHE w 651

Zto]i= Ho|A] okghw detEAl FojFol vl R FH
o} ofzh 2 A gg B o) Fo)Aal Afo)= glglct
(Table 5). ol+= # o} 7H-& ol|¥k2 2 £A A7) & cata-
lase 3A =5 243 A AT =T 7He] $9
2l zlelrt glolche A723H38)9 f-Absheic),

Mn~SOD, Cu,Zn-SOD2] #A =1 uald zAbe}
WeHEA Fofol glel A 24 Q) Ale]E Rolx] ekgt
21} Cu,Zn-SOD A == whelEa 2o dfajA
AL ot Solshe A %S 2 HTable 6).
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WEA Fod ue} ZlEE A%E Ry
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o] 7255 Mn-SODE 79 248392 3t 2
2 A3l o A & Cu,Zn-SOD B4l o) 7ha s o] 84
4hae)) €3 free radical 48 ] A wkE Zioletn
b (40) £ A¥ A dAsA gt =
Choi 5(3N¢) A+ 2lsld AAFE Held FollA
Cu,Zn~-SOD &A o] fol=- e 2 JolA 7 Total SOD
A E G4 goldoeE Bart gldend ol = A
3} AubE = A9} Zidenberg-Cherr S-(41)9] <
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ok A, & Aol M= 2 MDAZ} -8 et
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Table 6. Effect of r —irradiated beef feeding on hepatic superoxide dismutase activities in rats treated with DEN

Groun” Total SOD Mn-SOD Cu,Zn-SOD
D (unit/mg protein/min) (unit/mg protein/min) (unit/mg protein/min)
C 5206+ 8167 1856%11.15™ 3350+ 6.85™°
C-DEN 58.38% 8.01 2165+ 9.25 36.73£10.68
31 50.37+21.49 20.00310.93 30.37£17.13
3I-DEN 52.34* 6.62 19.13% 964 33.20* 592
5I 53.39%£11.43 2049t 7.15 3290+ 16.64
S5I-DEN 56.01+ 8.03 20.06% 828 35.95% 6.50

1>C =No irradiation, 31=3KGray irradiation, 5I=5KGray irradiation

DYalues are mean+SD.
INS=not significant
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