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Acute and Subchronic Toxicity of Gamma-Irradiated Orange

Da-Woon Jungl, Yu-Hua Huangl, Geun-Pyo Choiz, and IlI-Jun Kang1

! Department of Food Science and Nutrition & The Korean Institute for Nutrition, Hallym University
“}Department of Food Processing and Bakery, Gangwon Provincial College

ABSTRACT The acute and subchronic toxicity of 1 kGy gamma-irradiated orange was evaluated in ICR mice. For
acute toxicity, groups of 30 male and 30 female ICR mice were orally administered 1 kGy gamma-irradiated orange
(0, 1,000, and 2,000 mg/kg). The mortality, clinical sign, body weight changes, and necropsy findings of ICR mice
were observed for 14 days. No significant changes in body weight or abnormal gross findings were observed in relation
to 1 kGy gamma-irradiated orange. Hematological and serum biochemical parameters were within normal ranges.
According to the results, 1 kGy gamma-irradiated orange had no special toxic effects in male and female ICR mice
at 2,000 mg/kg. For subchronic toxicity, groups of 36 male and 36 female ICR mice were given a diet of 1 kGy
gamma-irradiated orange for 13 weeks (control, non-irradiated, and irradiated imported orange). During the experimental
period, mortality, clinical signs, body weight change, food consumption, organ weight, and histopathological examination
did not show any changes in comparison to the control group. Several hematological and serum biochemical parameters
showed statistically significant changes, but these changes were within normal range. These results indicate that 1
kGy gamma-irradiated orange did not cause any toxic effects in male and female ICR mice and therefore can be
considered as safe.
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Table 1. Formula of experimental diets
. Orange

I t AIN-76

ngredien 7 0 KGy 1 kGy
Casein 200 198.7 198.7
AIN-76 mineral mix 35 35 35
AIN-76 vitamin mix 10 10 10
DL-Methionine 3 3 3
Cellulose 50 47.5 47.5
Corn starch 550 529.6 529.6
Sucrose 100 100 100
Corn oil 50 49.9 49.9
Choline bitartrate 2 2 2
Orange - 25 25
Total (g) 1,000 1,000.7 1,000.7
Aol & A¥sta, viel g 9 Bt MHAFoR AEsch
S=2| 24 ¥ #7| 2

ARSo] B A EES 1247 FoF AN I AL tri-
bromoethanol(TBE)Z &7} nl# sl o, oo okl
WAy oz AHR FYEHS BE W 4718 o
Ho AR Bi £AS BASYL, FHEH L 71,
Mg A A e AEte e S48k, 2 37
of dietel g Al A dE AoEFE BB
oS ZiAb

24 @ oluby EAo] Falsta A= B A A
YoS EDTA-2K7} 591 U+ tubeo] FHe $ A5
A& A= (Hemavet 950, Drew Scientific Inc., Oxford,
UK)Z o]&3te] g T (white blood cell, WBC), &7
(neutrophil, NEU), ® =7 (Iymphocyte, LYM), ©3]+

(monocyte, MONO), &4 (eosinophil, EOS), &9
(basophil, BASO) A& ZA3}3 ) vol7l 48+ (red
blood cell, RBC), 3= &2+l (hemoglobin, Hb), 544
T-H] & (hematocrit, HCT), Hw¥ 8782 (mean cor-
puscular volume, MCV), 1% &84 5~%(mean cor-
A dTFE M AF E(mean
corpuscular hemoglobin concentration, MCHC), & &+
SX 8- X 2L (red blood cell distribution width, RDW), &4~
F(platelet, PLT), H #8384 (mean plasma volume,

puscular hemoglobin, MCH),

MPV) X% ZAs3tt
RSB ZAL

A 9 olutA] =49 A AEEA AxleE BA A AE
gk NS clot activator’} £ i+ tubeo FYstar
15~208-7F Ao Wx5le] SAA7] T AARE slo] A

2 gdHoz HAAsetA 7] 7] (KoneLab 20, Thermo
Fisher Scientific, Waltham, Finland)E ©]-&3}] aspar—
tate aminotransferase(AST), alanine aminotransferase
(ALT), alkaline phosphatase(ALP), total bilirubin(TBIL),
glucose(GLU), total cholesterol(TCHO), triglycerides
(TQ), total protein(TP), albumin(ALB), blood urea ni-

trogen(BUN), creatinine(CRE)S &4 3} t}.

ZEEHH ZA
ofid Aol AT HAbs 1k S 4% para-

formaldehyde &< %, Tissue Processor
(Leica TP1020, Leica, Wetzlar, Germany)& ©|-&38}o] 3}
gt ZufE kAT EvfE 222 Microtome(Leica RM
2255, Leica, Wetzlar, Germany)2. & 7 um Y-d3k &
QAE AAste] Bt n A (Zeiss
Axio Imager.M1, Carlzeiss, Oberkochen, Germany) 2.2
U A=

2GR

hematoxylin & eosin
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Social Sciences 10.0(SPSS Inc., Chicago, IL, USA)< ©]
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23l one way ANOVA BA1& g om, A& 7+ §9
432 Duncan's multiple range test® /X0.05 4=l A H]
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2ot W o
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(Table 2). B3+ A¥bZ/do A= AW AL T 79 24
5 THEE oyt WMslE HEE R g tH(Table 3). Al

Table 2. Mortality of ICR mice administered with 1 kGy gamma-irradiated orange for 14 days

Group . Days after treatment 1
Mortalit ALD" val
Sex (mg/kg) ortality 0 1 2 3 4 5 7 8~14 vaue
0 0/10? 0 0 0 0 0 0 0 0
Male 1,000 0/10 0 0 0 0 0 0 0 0
2,000 0/10 0 0 0 0 0 0 0 0 >2,000 mg/kg
0 0/10 0 0 0 0 0 0 0 0
Female 1,000 0/10 0 0 0 0 0 0 0 0
2,000 0/10 0 0 0 0 0 0 0 0 >2,000 mg/kg

YALD: approximate lethal dose.
INumber of dead animals/ Total animals.
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Table 3. Clinical signs in ICR mice administered with 1 kGy gamma-irradiated orange for 14 days
Sex Male Female
Days Signs Group 0 1,000 2,000 0 1,000 2,000
(mg/kg)
Normal 10/10" 10/10 10/10 10/10 10/10 10/10
0 Soft stool 0/10 0/10 0/10 0/10 0/10 0/10
Diarrhea 0/10 0/10 0/10 0/10 0/10 0/10
Soiled perineal region 0/10 0/10 0/10 0/10 0/10 0/10
1~13 Normal 10/10 10/10 10/10 10/10 10/10 10/10
14 Normal 10/10 10/10 10/10 10/10 10/10 10/10
Terminal sacrifice 10/10 10/10 10/10 10/10 10/10 10/10
YNumber of animals observed/ Number of animals examined.
Table 4. Body weight changes of ICR mice administered with 1 kGy gamma-irradiated orange for 14 days
Group Days )
Sex (mg/kg) 0 ] 3 7 1 Gains’ (g)
0 28.40+0.48™%  3296+1.23"  3526+1.75"°  37.16£2.95"°  39.06+4.51"  10.66+4.46™°
Male 1,000 28.28+0.57 33.18+0.87 35.38+1.48 36.50+1.13 36.85+1.80 8.58+1.41
2,000 28.38+0.87 33.28+1.13 35.58+1.62 36.50+2.26 38.88+3.23 10.50+2.38
0 24.26+0.92"° 28.62+0.93"°  28.58+0.88"  29.02+0.63"  32.26+1.24"° 8.00+1.74"
Female 1,000 24.20+1.27 27.05+0.96 28.25+1.01 28.8+0.34 31.23+1.73 7.03+1.15
2,000 24.03+1.31 27.18+1.37 27.68+1.55 28.53+1.12 30.25+2.74 30.25+2.74

)Welght gains are body weight difference between day 14 and the day O.

Values are expressed as mean+SD.
“Not significant at 5% level by Duncan's multiple range test.

Table 5. Necropsy findings of ICR mice administered with 1
kGy gamma-irradiated orange for 14 days

Table 6. Mortality of ICR mice administered with 1 kGy gam-
ma-irradiated orange for 3 months

Sex (r(r}1rg(;ilg) ) Fingdings Frequency' Sex Group T 2 3~“1/Zeki T 1 13 Mortality"
0 No gross findings 10/10 Control 0 O 0 0o o0 O 0/12
Male 1,000 No gross findings 10/10 Male OkGy 0 O 0 0o o0 O 0/12
2,000 No gross findings 10/10 1kGy 0 O 0 0o 0 O 0/12
0 No gross findings 10/10 Control 0 0 0 0 0 0 0/12
Female 1,000 No gross findings 10/10 Female 0 kGy 0 O 0 0 0 O 0/12
2,000 No gross findings 10/10 1kGy 0 0 0 0 0 O 0/12
"Number of animals observed/ Number of animals examined. YNumber of dead animals/ Total animals.
2 Fol F 4L AT Wstoll M= 25 A AT v ZARE S8 7] mAE G A S8 53
S7h7F BEE o, ity Hlalste] FASH R f A} g BE AR AT AldEE IR QE
o] Al Apo]E YFERA] eFgkth(Table 4). A1 @713 T2 § Sol#Ql o] g5 HEHA Fkon, F7] FAE EA
T4 A e 7oA A0S o] A S dhEE A sk S oz FoAQl Aol & YEtliA e gktk(Table 9). whet
UHTable 5). WebA] Abd-sE, dnks, As Wsh 244 A AT sk AbR AR " 9 Y] FA B e AR
A T A AR 19 WstE vk whek g9l i A%k WstE ke vk gQlo] WHEA sk
A ekt
ofRb =AM 1 kGy v A LAAE 371ERE Solskx Z{Ab
ICR wh-$-220] Fofabs St ob BE AT olA Abds TS doeka HAF A3 ok ICR vk »E
o #EEA) ekekow(Table 6), §eH4Ql oA E 3 FAANA AR folHQl AolE Hol 1 %LS’}D}
25 2] 2 UtH(Table 7). 3 44 BE Aol A 444 (Table 10).
AT S7F BEHEJAL A 2AE @A Folds opnbg Al o] destA Al AE Table 110 HEhH
e B b v 2AL @ RlA] Foita e = v S Atk WA F=71e] 2ol HCT, MCHC ¢F7218] =4 ol A
Ao F914 Hol7k gl Ao Ebgom, Mol WBC, Hb, MCHCE A9lshe RE $47}k SAss oz
HFol M= Fo]H Q1 2pol & UEhA] e 9ktH(Table 8). 7 Frel Al zkel& vehlA] egke}. HCT, MCHC, WBC, Hb
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Table 7. Clinical signs of ICR mice administered with 1 kGy gamma-irradiated orange for 3 months

Weeks Sions Sex Male Female
g Group  Control 0 kGy 1 kGy Control 0 kGy 1 kGy
1 Normal 12/12" 12/12 12/12 12/12 12/12 12/12
Normal 12/12 12/12 12/12 12/12 12/12 12/12
2~12 Loss of fur 0/12 0/12 0/12 0/12 0/12 0/12
Compound-colored stool 0/12 0/12 0/12 0/12 0/12 0/12
13 Normal 12/12 12/12 12/12 12/12 12/12 12/12
Terminal sacrifice 12/12 12/12 12/12 12/12 12/12 12/12

1 . B .
'Number of animals observed/Number of animals examined.

Table 8. Body weight change and food consumption of ICR mice administered with 1 kGy gamma-irradiated orange for 3 months

Sex Group lnit.ial body Fiqal body Body weight gain Food consumption
weights (g) weights (g) (g/d) (g/d)
Control 37.55+1.66"°"? 56.90+2.26™° 0.26+0.07™° 436+0.17"°
Male 0 kGy 37.37£1.76 50.75+2.73 0.17+0.05 4.49+0.19
1 kGy 37.58+0.82 53.33+1.59 0.19+0.04 4.4140.15
Control 29.23+1.27™ 44.40+3.04™° 0.23+0.08™° 3.75+0.32™
Female 0 kGy 29.28+1.90 43.17+£0.19 0.20+0.05 3.94+0.22
1 kGy 29.92+1.45 45.30+1.54 0.20+0.05 3.93+0.20

YValues are expressed as mean+SD.
“Not significant at 5% level by Duncan's multiple range test.

Table 9. Relative organ weight of ICR mice administered with 1 kGy gamma-irradiated orange for 3 months

Rel. organ wt. Sex Male Female
(%)" Group Control 0 kGy 1 kGy Control 0 kGy 1 kGy
Liver 3.74+1.25™7Y 4.11+0.56 3.74+0.45 3.72+0.24" 4.06+0.73 3.90+0.62
Spleen 0.23+0.09"° 0.28+0.07 0.25+0.05 0.31+0.04" 0.41+0.17 0.34+0.09
Kidney-left 0.61+0.15"° 0.74+0.10 0.63+0.16 0.45+0.09"° 0.58+0.16 0.50+0.11
Kidney-right 0.58+0.13"° 0.73+0.07 0.59+0.14 0.41+0.05"° 0.55+0.16 0.47+0.11
Heart 0.43+0.11"° 0.47+0.07 0.40+0.07 0.36+0.08"° 0.44+0.09 0.36+0.06
Lung 0.44+0.10™ 0.48+0.03 0.43+0.05 0.48+0.14" 0.53+0.18 0.48+0.12

"Relative organ weights were expressed as the percentage of organ weights to body weights.
?Values are expressed as mean+SD.
“Not significant at 5% level by Duncan's multiple range test.

Table 10. Hematological test of ICR mice administered with 1 kGy gamma-irradiated orange for 14 days

Test  Units Sex Male Female
Group (mg/kg) 0 1,000 2,000 0 1,000 2,000

WBC K/uL 5.01+0.88""?  2.58+1.04 3.71£2.16 2.72+0.93"° 2.89+1.81 2.17+£0.99
NEU K/juL 1.59+0.53™ 0.79+0.30 1.04+0.54 0.43£0.17™ 0.47+0.09 0.39+0.16
LYM K/uL 3.28+0.67"° 1.74+0.79 2.54+1.54 2.13+0.81™ 2.96+1.97 1.69+0.86
MONO K/uL 0.12+0.08™° 0.05+0.02 0.08+0.07 0.1240.04™° 0.10+0.03 0.05+0.02
EOS K/uL 0.02+0.02™ 0.010.01 0.02+0.03 0.02+0.01™ 0.03+0.02 0.03£0.03
BASO K/pL 0.00+0.01™ 0.010.01 0.01+0.01 0.01£0.01™ 0.03+0.04 0.0120.03
RBC M/uL 10.34+0.52"° 10.37+0.70  10.83+0.50 9.63+0.86™° 10.02+0.42  10.38+0.38
Hb  gdL 14.62+0.80™° 14.37+0.59  14.57+0.97 13.80+1.32" 14.30£0.36  14.40+0.52
HCT % 60.8243.41™ 57.2743.18  59.03+4.72 59.1342.65™° 57.68+2.76  57.65+3.91
MCV L 58.8441.63"° 55.13+£1.63  54.80+3.09 57.9244.14™ 56.55+0.9 55.53+2.17
MCH pg 14.16:021™ 13.18+1.53  13.35+0.44 14.32+0.41™ 14.03£0.39  13.88+0.33
MCHC g/dL 24.02+0.49"° 23.8842.54  24.33+1.14 24.80+1.16™ 24.83+0.65  25.05+0.82
RDW % 15.38+0.64™° 15.08£0.66  15.23+1.14 15.28+0.41™ 15.20£0.58  15.88+0.88
PLT K/uL 653.33£106.91 648.33+110.29 622.33+£139.23 652.03£107.45™° 524.25487.73 558.75+125.26
MPV  fL 5.04+0.13" 4.83+0.22 4.90+0.10 4.96+£0.22™ 4.88+0.28 5.05+0.10

YValues are expressed as mean+SD.
?Not significant at 5% level by Duncan's multiple range test.
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Table 11. Hematological test of ICR mice administered with 1 kGy gamma-irradiated orange for 3 months
Test Units Sex Male Female
Group Control 0 kGy 1 kGy Control 0 kGy 1 kGy
WBC  K/uL 4.93+0.99™Y2  4.49+1.47 3.80+1.18 2.38+0.33" 3.73£1.03"  4.00+0.62°
NEU  K/uL 0.81+0.36™° 1.03£0.67 1.07+0.48 0.51+0.22™ 0.63+0.32 1.00+0.32
LYM KL 2.67£1.01™ 2.91+1.25 2.47+0.83 1.71£0.17"° 2.1340.69 2.44+0.49°
MONO  K/uL 0.16+0.02™° 0.11+0.04 0.09+0.06 0.10+0.05™° 0.10+0.08 0.10+0.05
EOS  K/uL 0.02+0.02™° 0.02+0.01 0.02+0.01 0.05+0.03™° 0.02+0.01 0.02+0.02
BASO  K/juL 0.01£0.01™ 0.01+0.01 0.01+0.01 0.03+£0.01™ 0.01+0.01 0.02+0.02
RBC  M/uL 10.61+0.15™ 9.74+2.72 10.75+1.01 10.03+0.52™° 10.74£1.36  11.01+0.80
Hb g/dL 12.33+0.17™ 13.23+3.39 14.69+1.33 11.53+1.16" 14.53+1.64"  14.90+0.72°
HCT % 54.43+1.40° 53.85+3.11° 55.03+5.86" 50.88+3.07"°  51.39+6.98  55.48+2.13
MCV fL 52.504+3.07"° 51.2942.55 54.39+2.82 50.70+1.66"°  50.93+4.05  52.54+2.96
MCH g 12.88+1.30™ 13.48+0.42 13.58+0.31 12.73+1.11™ 13.26£0.90  13.19+£0.30
MCHC  g/dL 22.20+1.25° 26.30+0.92° 25.20+1.28" 22.63+1.03° 26.75+1.80"  25.85+1.26"
RDW % 16.70+0.57™° 16.81+0.48 16.20+0.72 18.18+1.03™ 17.5241.02  17.41£1.17
PLT KL 655.33£119.27"°  701.80+120.99 668.75+134.35  571.00+74.36™°  662.33+12.93 674.33+128.54
MPV L 5.23+0.35™ 4.90+0.43 4.68+0.44 5.08+0.29™° 5.00+0.42 4.85+0.52

])Values are expressed as mean+SD.
“Not significant at 5% level by Duncan's multiple range test.
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Table 12. Serum biochemistry test of ICR mice administered with 1 kGy gamma-irradiated orange for 14 days

Test  Units Sex Male Female

Group (mg/kg) 0 1,000 2,000 0 1,000 2,000

AST UL 135.60+51.89™M2 140.87424.29  86.1322.75  131.02+27.03™ 118.98427.50 131.68+35.37
ALT UL 54.93£22.21™ 704242645  37.07+0.66 36.0142.38"  48.93+24.69  44.82+9.86
ALP UL 297.60£71.14%  322.83+126.64 379.43+91.92 332.21+42.33™ 393.12423.78 326.76+43.88
TBIL mg/dL 0.11£0.03"® 0.13+0.03 0.110.02 0.10+0.02"° 0.100.03 0.11+0.04
GLU mg/dL 108.80426.99™  118.13%41.46  84.80£17.67 112.03+31.83™ 87.40£13.69 109.23x14.47
TCHO mg/dL 144.46£19.45™° 1222442075 149.42+14.86 102.97+13.82  82.83+10.89  91.78+18.72

TG mgdL 207.40+£30.16™°  153.59+32.86  205.73+38.00  152.50434.64™° 164.72+74.84 179.28+68.26

TP g/dL 4.60+0.42"° 4.59+0.26 4.76+0.09 4.93+0.08"  4.57+0.17 4.92+0.37
ALB  g/dL 3.35+0.32™ 3.32+0.33 3.41%0.15 3.57£0.23" 3.40+0.24 3.53+0.17
BUN mg/dL 22.41+3.98" 24.9445.66 23.41+1.67 16.10£2.59™  16.80+4.11 19.50+5.04
CRE mg/dL 0.38+0.04"° 0.37+0.05 0.43+0.01 0.36+0.02"° 0.36+0.02 0.36+0.03

1)Values are expressed as meantSD.
?Not significant at 5% level by Duncan's multiple range test.
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Table 13. Serum biochemistry test of ICR mice administered with 1 kGy gamma-irradiated orange for 3 months

o

o

Ho

g3}

kY
r
=]
o
e
AN

Test  Units Sex Male Female
Group (mg/kg) Control 0 kGy 1 kGy 0 1,000 2,000

AST UL 116.72£51.01™92 172.07£49.62  171.17+32.24  145.77+32.10"°  151.28+31.12 155.89+30.60
ALT UL 42.38+7.36 75.11421.59°  77.47+14.84° 48.80+15.21"  50.00+15.14  50.63+18.71
ALP UL 164.03£27.47™°  159.54+25.60 159.76+28.42 201.16+21.02"°  174.18+36.58 173.49+27.86
TBIL mg/dL 0.14+0.01" 0.16+0.04 0.17+0.05 0.10£0.02" 0.11£0.02  0.11£0.02
GLU mg/dL 145.85£27.20™°  122.61+27.77 121.43£15.04 111.79+11.62"° 106.40£18.09 108.40+16.06
TCHO mg/dL 168.17£72.94™  167.94£34.70 175.11£31.67  95.15+20.02"°  92.73£3424 96.87+18.87
TG mg/dL 122.15£15.44™  101.72427.14 111.00+17.87  77.66+10.65"°  77.80£25.33  77.61+27.67

TP  gdL 5.38+0.36"° 5.02+0.19 5.12+0.41 5.15+0.61™° 5.01+0.53 5.000.42
ALB  g/dL 3.4740.34" 3.21+0.27 3.3840.34 3.68+0.25"° 341038  3.39+0.23
BUN mg/dL 22.68+2.22™ 22.84+5.15  22.40+3.59  16.79+2.49™  20.50+5.00  19.34+2.59
CRE mg/dL 0.45+0.00" 0.41+0.07 0.44+0.05 0.45+0.04" 0.42+0.04  0.430.05
"Values are expressed as mean+SD.

"Not significant at 5% level by Duncan's multiple range test.
T Aol AthFig. 1. T3 AFAME 5 9 IAF T o 71918k A #FE A FATHFig. 2). WebA 1 kGy
WA WshE HolA] egkar, Welahs gclojy SAE4 b 24 QA E 370 b ICR vh-2=ol Al A3 A

Control

Control

0 kGy

Female

1 kGy

months,

months,

Fig. 1. Histopathological examination of
liver in the ICR mice administered with
1 kGy gamma-irradiated orange for 3
X 20.

Fig. 2. Histopathological examination of
kidney in the ICR mice administered with
1 kGy gamma-irradiated orange for 3
X 20.
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