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Toxicity Evaluation of Irradiated 7Tarakjuk for Three Months

Xing Fu Yin, Young Eun Jeon, Tae-Keun Kim, Jae-Hoon Shim, and Il-Jun Kangf

Dept. of Food Sciences and Nutrition & Life Science, Hallym University, Gangwon 200-702, Korea

Abstract

This study was conducted to evaluate the possible subacute toxicity of gamma-irradiated 7arakjuk. Tarakjuk
was irradiated at a dose of 30 kGy at room temperature. For the animal study, AIN-93G as a control diet and
30 kGy irradiated and non-irradiated Tarakjuk diets were administered to male and female ICR mice (10 mice
per group) for 3 months. During the experimental period, the group fed 30 kGy irradiated 7arakjuk did not
show any changes in appearance, behavior, mortality, body weight, organ weight, or food consumption compared
to control. Further, all biochemical parameters were in normal ranges. In the histopathological examination of
liver and kidney tissues of ICR mice, there were no significant differences between the control and 30 kGy
irradiated 7arakjuk groups. These results indicate that 7Tarakjuk irradiated at 30 kGy did not cause any toxic

effects under these experimental conditions.
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k3
2 AE o] &3t 1087 EVE AAS &, dido] gle A
W (20°C)o A 16417 Bk AZ3FA T #4471 (HMF-1000A,
Hanil electric, Seoul, Korea)Z &3+ & 120 mesh®] A&
S9AZ1 B8 200 g& 150°CY] E5 £71(230 cm)ol A
1027 %31, 400 g F/FTE H7HE ths, 100°Coll A 2%
7t 7bEstAnh o] 48 HE $f 1 LE 70°ColA 332
ol A7bsta, 158 < F71E 7FEskA T €99 B
g2 9 A 7| (HMF-1000A, Hanil electric)ol A 1#3F o
A3} 3t aluminum laminated polyethylene 73Xl 200
g 2 F WA A TAAER §F the hHAAHE I

ABE AT

ZAL

ZA= A9 111 PBq, Co-60 7w ZAMAI A (IR~
70 gamma irradiator, MDS Nordion, Montreal, Canada)<
o] &3ttt vk A= AIRER 10 kGy o] &&= 30
kGyel FFAdEol HEE Attt 2A F & ST
2}912 alanine dosimeter(Oeric cerous dosimeter, Bruker
Instruments, Rheinstetten, Germany)Z AF&3} 3 th. Dosi-
metry AlZFl2 A 928 7] F(TAEA)S] A F-83f
FE3e T AR o, T FFAFY A= 2% ol

At

AEHSE Y AIFEE
AYFTEL 5FHY SEHE YA FA(specific pathogen

AA
free)¥] ICR AE w92E FYEEFTE(F)(Jung-Ang
Lab. Animal, Inc, Seoul, Korea) 258 T34t} 7€ 719
A9 2 £ s AW F AT e AT 5ES
A3t} Aol ALt A8 FES 2% 209~226°C,
FHEE 45~55%, #7135 2 w2 10~153]/A) 2%, )
7192 2 AIZE 1241 7H08:00~20:00) ¥ Z= 150~300
Lux@ AAE AMSEA A Z2]7tH U o] E AFSA1(278
X420 %200 mm, FEATALR], F4hel 4~5uke] 4] =83tk

Algdzel 7 3 AIESEe Fof

FAAHOR b 7 10wkl 3 o' Uitk S,
AIN-93G 20| & 7|22 Tt 27 v vEA
(0 kGy) B &5 Fo3, b 2AH30 kGy) BFES Foi
o2 s AlR e A7e] A5 dasE AIN-93G
A A £33 pelletE BE] ML AFEo] A
HAANAL, BEI9} 5 A 7S o] &3t oA A H A
ATE Afa2 AAHT BEFe] e 24 29, &

9 WEEo] =4} 1535

Table 1. Formula of experimental diets

Ingredient AIN-93G (Tg"’l‘;’éf;’f‘ ggfi]‘él;])‘
Casein 200 151.5 151.5
Corn starch 3975 178.5 1785
Sucrose 100 100 100
Dextrose 132 132 132
Soybean oil 70 37.7 37.7
Tarakjuk 0 300 300
Cellulose 50 50 50
Mineral mixture 35 35 35
Vitamin mixture 10 10 10
TBHQ 0.014 0.014 0.014
L-Cystine 3 3 3
Choline bitartrate 2.5 25 25
Total (g) 1,000 1,000 1,000
Total kcal 4,000 4,000 4,000

FobE, A, dild ko]l dEH(dry basis) 7IESE 7}
Z} 73.03, 10.79, 16.18 g/100 g2 QI H Yo v = et
Fo A|@we] ASode BHEES 30% Fogte thal AIN-
93G 2]o]E 7]E © F casein, corn starch & soybean 0il9]
Fe HAEANA F EFS TYsA AT pellets THEO
AHE-3F A tH(Table 1).
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S2o| 27, 57|29 U TS ZAl

Argol B ARTES 1247 B AAATL el 2
2 hAstel dAS ARG e 3k, wg, A, 9, A
24 AEHIL KAo 24 4719 20E BASA 4
2% A8 AYHPSE AHe T JHAZ W] S
2 AAD e TAS ZHAAG 2HH AAE et
A3} AL 4% SHHEE DSOS Foo] nYA F,

O
AR 2H A G AAYE AA s 2o E Sk E0)
H Z A2 ulo|m 2 E(Lecia RM2255, Lecia, Wetzlar,
Germany) 2.2 7 pm ¥ 38 & hematoxylin & eosin G41&
A A31e] 338HE v] 7 (Axio-imager M1, Carlzeiss, Nieder—
sachsen, Germany)2.2 #&3}A T}

EHEE] HAL

BAF Y cardiac punctures 3] EDTA-2K7} =€
H % B (Becton Dickinson, Franklin Lakes, NJ, USA)el| &
He AH F AFETASEA(HEMA VET 950, Drew

Inc, Cumbria, UK)E ©]-&3}d F ¥ &+ (white blood cell,
WBC), &F 7 (neutrophil), ¥ =7 (lymphocyte), T
(monocyte), &4+ (eosinophil), &% (basophil) 5 =
AstAtt volrt, & A8+ F(red blood cell, RBC), 3=
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224 & (hemoglobin, Hb), 8% A&+ H] & (hematoc—
rit, HCT), ¥+ ZH&EF &% (mean corpuscular volume,
MCV), H+t s B2FEZF i *F(mean corpuscular hemo-
globin, MCH), B+ s E=2H]
moglobin concentration, MCHC), 283 7] X3 (red
blood cell distribution width, RDW), @43 <=(platelet,
PLTE ZA43tAth.

&% (mean corpuscular he-

& MSISHA AL
A Fd AFE Aol A
21717](KoneLab 20, Thermo Fisher Scientific, Waltham,
Finland)Z ©] &3} albumin(ALB), alkaline phosphatase

(ALP), alanine aminotransferase(ALT), aspartate amino—

o

reld 2L YQYse B

transferase(AST), blood urea nitrogen(BUN), cholester-
ol(CHOL), creatinine(CREA), bilirubin direct(D-BIL), to-
tal bilirubin(T-BIL), glucose(GLUC), triglycerides(TG),
total protein(TP)S =743t

SAXME]

o] A9 AF oA o) AuE Statistical Package for
Social Sciences 10.0(SPSS Inc., Chicago, IL, USA)S o] &
3le] one way ANOVA #2418 3tdom, A 537t {94
2 Duncan’s multiple range test®Z p<0.05 oA Bl a5}
At

2ot 5 oE
HZ #Hs) AlZMFEF 2 27| 2

HU 2 g/kgl 2 FH] 308 FAEAHATLS AES A
S0 YelYA] ol 315 3 7

jq', e B_a]:oﬂ}\.] % o=

E}%}%‘r% BE Ao 235t Al sl W 9
=S gﬂa}-i{iq—(’l‘able 1)

A .

Els 7344 Bl H]Z‘_/\]'( kGy) % Elral-;_ 5_/\]-(3 y) é
Hell 710 o] F42 HFAEHA LU

30 kGy #Avubd A 9 vl 2AF BFEES ICR PRS2
AHAANZIAA A AT W A8 dF7E 2945
Table 2o YEFH AT 30 kGy AL 55 371€3F £
gt BE A@ ol A AR AFES7E HEEHJeH, o
Z7 9 gEE 2 B 73 Hlaste] hebd AR e
= Fod o3 AT & Aol HHAFL ¢ EF FAA
o485 YehA At T8 7] U] e FE AL
3l7] 18 e F, 2 A7 FAE 58% AF= Table
37 2o 4 BT 994 e E‘iﬂ'b} AFED Fo=2

Qe Eold whet HALAL B A dkon H(iver),
H] F(spleen), A1 (kidney), #H (lung), A (heart)oll A -2
A FA S/ av #FEHA Lok (p<0.05).
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WS ZiAL
g5S TG vz A HitE P A
Table 4°] YePUIATh 30 kGy ZAF B == *Eroq:'liq
Z W (WBC, white blood cell), &% (neutrophil), &3
T-(lymphocyte), @3 7+(monocyte), &4+ (eosinophil) 2
S AT (basophil) v HE2T 9 BIFF H|2A T
s 217 2o]lE YRR A &% tHp<0.05, Table 4).
YT -’?‘749] 74 iz vlwste] 30 kGy AT b
FATE BE FA7 F94 Jd' AolE UEA Ut
(Table 5). &, HIZA} BFFS FoTolM 5 A7 vl&

ek
tlo 1

it

Table 2. Effects of Tarakjuk irradiated at 30 kGy on body weight and food consumption of ICR mouse

Sex Group Initial body weights (g) Final body weights (g) Body weight gain (g/day) Food intake (g/day)
Control 34.30+0.63" 56.90 +1.92™ 0.27+0.05" 4.40+0.21™
Male 0 kGy 34.31+0.68 55.49+2.34 0.29+0.09 452+0.18
30 kGy 34.34+0.66 58.43+2.13 0.32+0.07 4.46+0.13
Control 2757+0.58% 44.87+0.63"° 0.37+0.01™ 4.16+0.19™
Female 0 kGy 27.56+0.57 43.96+1.40 0.36+0.06 4.17+0.19
30 kGy 27.64+0.54 44.37+1.44 0.39+0.02 4.23+0.06

Values are expressed as mean+SEM (n=10).

MNot significant at 5% level by Duncan’s multiple range test (column).

Table 3. Effects of Tarakjuk irradiated at 30 kGy on the organ weight of ICR mouse

(unit: g/100 g BW)

Sex Group Liver Spleen Kidney Lung Heart
Control 3.73+0.08™ 0.26+£0.01™ 1.2440.02% 0.57£0.02 0.54+0.01™

Male 0 kGy 3.78+0.09 0.26£0.02 1.2340.05 0.55+0.01 0.52+0.02
30 kGy 3.69+0.05 0.24+0.02 1.27+0.02 0.54+0.00 0.54+0.01
Control 3.72+0.15™ 0.27+0.02% 0.98+0.11% 0.55+0.02 0.36+0.01

Female 0 kGy 3.61+0.10 0.29+0.03 0.93+0.04 0.55+0.02 0.35+0.01
30 kGy 3.62+0.04 0.26+0.03 1.00+0.03 0.55+0.01 0.36+0.01

Values are expressed as mean+SEM (n=10).

NNot significant at 5% level by Duncan’s multiple range test (column).



2o

24 BetFel 319 WMuFd 4%} 1537

Table 4. Hematology profiles of the male and female ICR mouse administered with 7Tarakjuk irradiated at 30 kGy for 3 months

(unit: k/pL)

Sex Group White blood cell Neutrophil Lymphocyte Monocyte Eosinophil Basophil
Physiological range 1.8~10.7 0.1~24 0.9~9.3 0.0~0.4 0.0~0.2 0.0~0.2
Control 5.16+0.64™ 1424057 2.38+0.43" 0.24+0.05™ 0.04+0.06™ 0.02+0.04™
Male 0 kGy 5.36£0.67 1.51+0.36 2.42+0.61 0.26£0.04 0.08+0.04 0.02+0.06
30 kGy 5.29+0.56 1.47+0.48 2.46+0.53 0.27£0.05 0.07+0.02 0.02+0.03
Control 6.53+1.51" 1.86+0.62™° 353+1.63% 0.31+0.08™ 0.06+0.03 0.03+0.02~°
Female 0 kGy 6.65+1.38 1.76+0.49 361+1.24 0.35+0.13 0.09+0.04 0.03+0.03
30 kGy 6.31+£1.67 191+0.72 3.49+156 0.37+£0.07 0.07£0.03 0.04+0.02

Values are expressed as mean+SEM (n=10).

MNot significant at 5% level by Duncan’s multiple range test (column).

Table 5. Erythrocyte and thrombocyte values in the male and female ICR mouse administered with 7arakjuk irradiated at

30 kGy for 3 months

Sex Grou RBC Hb HCT MCV MCH MCHC RDW PLT
P oL (g/dL) (%) (fL) (pg) (g/dL) (%) (K/uL)
fa};ygsé(ﬂogmal 636~942 11.0~151 351~554  454~603 121~193 202~342 124~270  592~2972
Control  870+0.30" 13.60+0.61"° 55.30+1.35" 52.33+0.64" 13.83+0.09" 2540+0.60" 17104045  986+174.4°
Male 0 kGy 88441068 12734055 4750+147° 52504046 1407+0.15 25734094 16.13+0.70 11254+163.8
30 KGy 8814020 1297038 5317=134' 5190044 1387=018 2637049 1690032 10460+1496
Control  870+0.23" 13.95+0.13"° 50.10+0.31"° 51.93+1.49" 14.83+0.09° 27.10+0.68" 16.87+0.28" 859.5+204.3%
Female 0 kGy 857+0.19 1357+0.20 49.33+043 49.13+034 1350+0.17° 27.27+0.17 17204015  834.1+164.7
30 kGy 863+009 13704023 4887+055 51.90+1.01 1380+0.32" 26.97+049 17.27+024  9282+186.7

Values are expressed as mean+SEM (n=10).

NSNot significant at 5% level by Duncan’s multiple range test (column). RBC, red

blood cell; Hb, hemoglobin; HCT, hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean
corpuscular hemoglobin concentration; RDW, red blood cell distribution width; PLT, platelet.

(HCT)°] 94 %1% 2t 1
S(12)0] AT A
=429 HIL%}%% =%

%) ol &3le = getxo %é o u@ A= ofd 2
o= j}%%i} AT 42| A5 AEF(RBO), S=EZ
Hi(Hb), 85 FET HEMHCT), o 48+ 3 MCV),
Ry BLEEHL grFVMCH), B =225 FX=(MCHO),
HYEF =27] BXZRDW), 84 FPLDAME 23
zpo] 7 YERIA] ¢ ktH(Table 5). Theh, i & 2220l <]
FFMCH)S 85 a3 7241 2pol& Halou,
vhd AR fEE 5400 71918 Aol obd FoZ e
won, SAXNE 2% GE9(121~19.3 pg) Well £33

93 © 1 }H(p<0.05), Wolford
7]ix}§o1] X A A3
A4 9)(35.1~55.4

TH(12).
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Table 6. Serum biochemical values in the male and female ICR mouse administered with 7Tarakjuk irradiated at 30 kGy for

3 months
Sex Grou ALB ALP ALT AST BUN CHOL
P (g/dL) (U/L) (U/L) (U/L) (mg/dL) (mg/dL)
Physiological range — 70+15 100£70 190+130 3010 13035
Mal Control 3454007 7446+4.40%  36.83+2.04% 143.69+502"  22.81+3.69" 158.19+3.08"°
¢ 0 kGy 3.37+0.02 74.33+4.18 35.02+£2.04  139.92+6.78 21.68+0.93  153.59+4.33
30 kGy 3.41+0.23 7454+1.97 36.46+1.34  142.47+3.06 22644049  158.43+2.37
Physiological range - 50+17 6050 130+65 25+9 9226
Fomale  Control 261+£042% 6021451 37.78+3.14%  8313+£7.40%  21.27+4.46™ 84771763
emale o kGy 274+018  59.00+122 35324535 90.62+324  21.96+4.06  86.07+183
30 kGy 2.63+0.36 60.85+5.36 37.78+4.38 88.15+9.14 20.04+1.17 86.24+5.09
Sex Grou CREA D BIL T BIL GLUC TG TP
P (mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL) (g/dL)
Physiological range 0.5+0.3 — 0.4+0.2 90+30 104+38 52*1.0
e Control 0.44+0.06™ 032001 0461001 114.26+6.74™ 10841471  458+0.25™°
¢ 0 kGy 0.38+0.05 0.34+0.02 045+0.02  111.10+856  109.04+10.43 4.35+0.32
30 kGy 0.39+0.05 0.33+0.03 046+0.01 112574560  107.85+12.63 457+0.44
Physiological range 05+0.3 - 0.4%0.2 10640 71428 52425
Fomale  Control 0.44+0.02%  0.32£0.02%  038+0.02%  85.69+453"  97.95+4.00% 3641059
emaAle o kGy 0.44+0.02 0.30+0.03 0.36+0.02 8820+4.03  94.64+2.04 362+0.34
30 kGy 0.44+0.07 0.32+0.01 0.37+0.03 84.47+9.61 97.76 +2.02 358+0.35

Values are expressed as mean+SEM (n=10).

NSNot significant at 5% level by Duncan’s multiple range test (column). ALB, albumin;

ALP, alkaline phosphate; ALT, alanine transferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen, CHOL, cholesterol;
CREA, creatinine; D-BIL, brilirubin direct; T-BIL, bilirubin total; GLUC, glucose; TG, triglycerides; TP, total protein.

Control

Tarakjuk 0 kGy
(B)

Tarakjuk 30 kGy

Control

Tarakjuk 0 kGy

Fig. 1. Histopathological examination of the liver of ICR mouse administered with 7arakjuk irradiated at 30 kGy for 3 months,
x200. (A) Male; (B) Female.

Tarakjuk 30 kGy

e EAMNE SAAT MR BEE P 0 kGy 2AF 5 A Yol £AE gehpglon, e zdetd 1)
HEES 4 ke Rol8 @ A% AP/ BAAF 94 3 8 4G BFE 9F, A4 59 498 09 9 A
B0 ol Qg dl AN FES UEA @gtow, W gt A3H9 T2 #2501 ek BebA 30 KGy
AFUE, A2AAS L Fo 7] ARtz val 2 Pubd 248 BeEe 9% b 39z 434
Aolg molA] Witk WASH A W ARHA PAt R AR B APRAANAE S40] gl Ao vehd
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