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Abstract | ~

This study was conducted to evaluate the safety of Scarotene biofortified rice, a genetically modified organism (GMO)
developed by Rural Development Administration. [carotene biofortified rice were exposed on Sprague-Dawley
rats for 13 weeks. All rats survived until the end of the exposure period. There were no biologically significant
differences in body weight, feed and water consumption, weight gains and feed efficiency. There were no clinical
signs of toxicity attributable to exposure to GM rice. Mild decreases in AST, ALT, TG levels were observed
in Group II (25% GM rice (w/w) and Group III (50% GM rice (w/w), both in females and males. Results of
histopathological changes treated with the (Fcarotene biofortified rice had no significant differences between the
control and treatment groups. Based on these results, we deemed that genetically modified f-carotene biofortified
rice was as safe as conventional rice.
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Fig. 1. Body weight of rats given GM rice for 13 weeks.

G1 : 50% Mild rice, G2 : 25% golden rice, G3 :

Mild rice : Nak-Dong rice, golden rice :

Values are presented as mean + SD (g)
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Table 2. Compositions of manufactured experimental feed from [-carotene biofortified GM rice (%)

Composition (%) C Gl G2 G3

Moisture 8.89 10.52 11.03 10.62
Starch 52.24 68.85 68.38 68.73
Crude protein 21.24 13.18 13.24 13.28
Crude lipids 5.49 1.89 1.88 1.96
Crude Ash 6.34 3.03 3.09 3.00
Total fiber 5.80 2.53 2.38 2.41

C: Control, G1 :
Mild rice

50% Mild rice, G2 : 25% golden rice, G3
: Nak-Dong rice, golden rice

: 50% golden rice
. Bcarotene biofortified rice

Table 3. Daily feed and water consumption and food efficiency ratio of rats

Feed Water FER”
Group Female Male Female Male
Week Female Male
2-7 8-13 2-7 8-13 2-7 8-13 2-7 8-13

C 221+£1.6 202+1.7 30968 275+1.5 41.8443 43.1+3.9 264+55 323451 0.048+0.02 0.072+0.01
Gl 214439 18614 282+4.1 259+15 31.0£47 369+79 214+62 222+25 0057+0.02 0.088+0.01
G2 21.9+24 192+38 33.8+10.5 284162 349+4.8 462+12.7 24128 27.7+32 0.051£0.01 0.076+0.01
G3 222428 193425 30227 27.1+12 32.8+58 48.7+9.4 206+45 228+42 0052+001 0.093+0.01

C: Control, G1 : 50% Mild rice, G2 : 25% golden rice, G3
Mild rice : Nak-Dong rice, golden rice
Values are presented as mean + SD (g)

“FER (Food efficiency ratio): [Body Weight gain / Feed intake]

"p<0.05; Significantly different from Control
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Table 4. Urine volume and urinalysis of male rate

Control Gl G2 G3
Volume (mL} 143+1.64 12.5£2.76 11.6 £4.01 13.50+2.29
Leucocytes (Lew/ul) - - - -
- + 8 7 4 7
Nitrite 9
- 2 3 6 3
Urobilinogen (mg/dL) 0.2+0.0 0.2+00 0.2+0.0 0.2+0.0
Protein (mg/dL) 3444 £26.51 31.00+27.26 31.00+£27.26 27.78 £30.73
pH 784071 75+0.69 7.1+061" 774063
Blood (Ery/ul) = - = -
Specific gravity 1.0135 % 0.006 1.0185+£0.004” 1.017 £0.006 1.0125£0.005
Ketone (mg/dL) 11.67%5.00 22.00 % 16.02 2389+ 15.77 10.63+3.78
Bilirubin - - - -
Glucose (mg/dL) - - - -
C: Control, G1 : 50% Mild rice, G2 : 25% Golden rice, G3 : 50% Golden rice
Mild rice : Nak-Dong rice, Golden rice : Bcarotene biofortified rice
‘+’ : Positive, ‘—’ : Negative
“Number of animals
Values are presented as mean + SD (g).
**p<0.01; Significantly different from control
Table 5. Urine volume and urinalysis of female rate
Control Gl G2 G3
Volume (mL) 10+2.36 7.504+4.03 9.45+£4.39 8.50:+3.61
Leucocytes (Leuw/uL) - - - -
- + 6" 8 6 4
Nitrite 2
- 4 2 4 6
Urobilinogen {mg/dL} 02+0.0 02+0.0 02+0.0 02+0.0
Protein (mg/dL) 102+ 40.62 10222+ 38.66 86+31.30 31+13.29
pH 7.6+0.77 744074 710617 6.45+037"
Blood {Ery/ul) - - - -
Specific gravity 1.01754£0.01 1.0154+0.01 1.017+0.01 1.0225 £ 0.01
Ketone (mg/dL) - - - -
Bilirubin - - - -
Glucose {mg/dL) - - - -

C: Control, G1 : 50% Mild rice, G2 : 25% Golden rice, G3 :
. Pearotene biofortified rice

Mild rice : Nak-Dong rice, Golden rice
*+7 : Positive, ‘—’ : Negative

“Number of animals

Values are presented as mean + SD (g).
" p<0.001; Significantly different from control
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Table 6. Relative organ weight in male rat

C Gl G2 G3
Brain 0.356 £0.055 0.366+0.034 0.307+0.129 0.352+£0.028
Pituitary gland 0.003 +0.003 0.003 +0.001 0.002+£0.001 0.002+0
Liver 2.61+0.516 2.439+0.108 2.23+£0916 2.591+0.138
Spleen 0.13£0.057 0.156 £0.023 0.124 £0.054 0.144 £0.015
Adrenals 0.011+0.002 0.010+0.002° 0.016£0.022 0.01+£0.003
Kidney 0.591 £0.073 0.559+0.085 0477+02 0.551+0.087
Testes 0.594 £0.06 0.592 £0.063 0.478 £0.098 0.561 £0.048
Epididymis 0.252+0.032 0.239+0.038 0.204+0.118 0.228 £0.022
Heart 0.284 +£0.027 0.299£0.036 0.228 £0.095 0.272+0.013
Lung 0.343+0.132 0.299+0.024 0.265+0.115 0.301 £0.032
Thymus 0.117+£0.052 0.124+0.019 0.09+£0.05 0.091 £0.025
C: Control, G1 : 50% Mild rice, G2 : 25% Golden rice, G3 : 50% Golden rice, Mild rice : Nak-Dong rice, Golden rice : Gcarotene

biofortified rice

Relative Tissue Weight (%) : [Tissue Weight/ final body weight] x 100, Values are presented as mean + SD (g).

*p<0.05; Significantly different from control

Table 7. Relative organ weight in female rat

C Gl G2 G3

Brain 0.592 = 0.076 0.595+0.113 0.588 = 0.065 0.577 £0.065

Pituitary gland 0.008 £ 0.005 0.005 £ 0.002 0.005£0.002 0.006 = 0.002

Liver 2.786+0.29 2.693 +0.38 2.878+0.311 2.636+0.169

Spleen 0.173 £0.02 0.16 +0.027 0.157+0.024 0.157+0.027

Adrenals 0.025 £ 0.005 0.021 +0.004 0.020 +0.002™ 0.02 +0.003"
Kidney 0.638 +0.089 0.583 +0.06 0.578 +0.071" 0.572£0.056
Ovaries 0.027£0.014 0.028 £0.012 0.027 £0.007 0.026 +0.008

Uterus 0.203 +0.088 0.184 £0.041 0.211+0.061 0.214 =0.062

Heart 0.286+0.104 0.326 +0.048 0.305£0.015 0.319 +0.028

Lung 0.358 +0.137 0.404 £0.08 0.372+0.053 0.38 + 0.046

Thymus 0.102 £0.04 0.126 +0.026 0.105 £ 0.026 0.098 £0.023

C: Control, G1

: 50% Mild rice, G2 : 25% Golden rice, G3
Mild rice : Nak-Dong rice, Golden rice
Relative Tissue Weight (%)

Values are presented as mean + SD (g).
*p<0.05; Significantly different from control
**p<0,01; Significantly different from control
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Table 8. Hematology values for male rats

- olsl - Ol - 20l - %Y

Foh

Parameter Control Gl G2 G3
WBC (THSN/CU MM) 9.60£2.56 10.17£3.22 997+ 5.04 9994136
RBC (MILL/CU MM) 8.99 +0.47 9.03+0.64 8.02+327 8.79+1.02
HGB (GRAMS/DL) 15.26 +0.84 14.49 +0.78 12.69 +4.99 13.71 +1.51
HCT (%) 45.94+3.14 4574 £2.92 40.19+ 16.38 4345+4.87
MCV (CU MICRONS) 51.09+1.78 50.75£2.80 49,76 +2.28 49.46+138
MCH (PICO GRAMS) 16.99 +0.43 16.09 +0.90 16.09+1.15 15.61+0.50"
MCHC (%) 33.24£0.91 3169087 32.39+2.49 3156073
RDW (%) 14.60 + 1.41 1620+131™ 17.81£1.01™ 1778 +0.89™"
PLT (THSN/CU MM) 991.86 + 179.92 986.40 + 296.69 940.57 +392.38 1,106.00 + 172.85
MPV (CU MICRONS) 73417 9.53+5.12 104+54 82417
%LYMPH (%) 730+ 1.73 9.53 £5.08 10.41 +5.42 816+ 1.69
%MID (%) 87.69+5.58 82.69+7.43 90.37 £2.52 86.00 £ 6.53
%GRAN (%) 8.01+253 10.13£2.75 6.61+1.51 945+3.17
LYMPH (THSN/CU MM) 430+3.20 7.18 £ 4.88 2.96+2.14 4.55+3.56
MID (THSN/CU MM) 8.40 £2.40 8.33£2.30 9.06+4.55 8.5941.25
GRAN (THSN/CU MM) 0.77+0.30 1.04+0.48 0.67+0.40 0.95+037
C: Control, G1 : 50% Mild rice, G2 : 25% Golden rice, G3 : 50% Golden rice
Mild rice : Nak-Dong rice, Golden rice : B-carotene biofortified rice
Yalues are presented as mean £ SD (g).
£<0.05; Significantly different from control

p<0.001; Significantly different from control
Table 9. Hematology values for female rats
Parameter Control Gl G2 G3
WBC (THSN/CU MM) 6.82+2.30 6.17+2.12 7.30£3.35 5104148
RBC (MILL/CU MM) 721+1.01 7.80 £ 1.40 9.09+0.91" 6.89+0.79
HGB (GRAMS/DL) 14.77 £1.80 14.75+1.52 16.11£1.16 1427+131
HCT (%) 38.75+5.07 4187+7.14 4828501 37.39+3.94
MCV (CU MICRONS) 53.82+0.68 53.76 +1.36 53.12+ 1.57 54334148
MCH (PICO GRAMS) 20.53+0.43 192041.74™ 17.80+ 095 20.77 £0.92
MCHC (%) 38.17+0.65 3568+£2.88 3352+ 170" 38.23£0.94
RDW (%) 14.36+1.08 13.84+0.71 14.89 + 1.86 13.71 £0.51
PLT (THSN/CU MM) 1,079.10 + 207.92 1,085.90 & 130.89 1,076.38 + 85.90 942.70 + 87.64
MPV (CU MICRONS) 78+4.4 62£05 63£1.0 67404
%LYMPH (%) 7844439 6.16=0.48 6.32+0.99 6.70+0.41
%MID (%) 81.70+5.98 81.84+6.70 87.40+639 76.39 +5.40
%GRAN (%) 9.23+2.62 9.77+3.06 7.01+3.03 11.14+298
LYMPH (THSN/CU MM) 9.07+3.60 8394384 5.59+3.43 12474247
MID (THSN/CU MM) 5.57+1.87 512+2.05 6.83+3.09 3934129
GRAN (THSN/CU MM) 0.65+0.31 0.58£0.17 0.50 4 0.21 0.53+0.17

C: Control, G1 : 50% Mild rice, G2 : 25% Golden rice, G3 : 50% Golden rice
Mild rice : Nak-Dong rice, Golden rice :

Values are presented as mean + SD (g).
"p<0.05; Significantly different from control

ok

p<0.001; Significantly different from control

B-carotene biofortified rice
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Table 10. Biochemical serum values of male rats

C (n=10) Gl (n=10) G2 (n=10) G3 (n=10)
Albumin (g/dL) 437+0.24 4.50+0.20 4.66+0.21 4.46+0.16™"
ALP (U/L) 100.29 + 12.30 90.20+11.76 9429+ 18.16 81.00%13.90°
ALT (U/L) 32.86 +6.69 27304739 26.57 +8.81 21.88+3.52
AST (U/L) 155.00 + 33.89 113.30+29.75 115.71 + 19.40 93.75+11.36°
Total Bili. (mg/dL) 0.19+0.20 0.20£0.16 0.17£0.21 0.13+0.12
BUN (mg/dL) 16.81+1.72 1434£2.42 16.30£2.99 14.73 £1.96
Cholesterol (mg/dL) 85.57 £35.85 77.20 £ 19.81 78.00+20.81 60.63 £15.29
Creatinine (mg/dL) 0.54+0.05 0.49 +0.07" 0.51 +0.04 0.44 +0.05
GGT (U/L) 1.29+0.76 1.10 £0.88 1.57+1.27 1.00 £1.20
Glucose (mg/dL) 183.71 +32.97 181.60 + 35.78 216.86+28.57 212.25+40.53
Phosphorus (mg/dL) 10.11+0.67 10.55+1.23 10.09 +0.68 9.25+0.95
LDH (U/L) 1,493.71 + 742.48 684.10+532.16" 710.29 +400.84 395.38 + 160.88"
Total Protein (g/dL) 7.50+0.46 7.70 +0.41 7.67+0.26 7.40+0.20
Triglycerides (mg/dL) 126.81 £86.37 141.92 +40.01 116.83 +39.34 11421 +26.86

C: Control, G1 : 50% Mild rice, G2 : 25% Golden rice, G3 : 50% Golden rice
Mild rice : Nak-Dong rice, Golden rice

. Bcarotene biofortified rice

Values are presented as mean + SD (g). *p<0.05; Significantly different from control, Wp<0.001; Significantly different from control

Table 11. Biochemical serum values of female rats

C (n=10) Gl (n=10) G2 (n=10) G3 (n=10)
Albumin (g/dL) 5.10+£0.30 5254025 5194026 5.03+0.38
ALP (UL) 42.00=10.36 36.30£21.70 40.20 £7.00 38.30+9.25
ALT (U/L) 30.10 1027 19.40 +5.38" 23.50 = 14.04 15.00+3.80""
AST (U/L) 118.90 = 50.73 82.50+32.12 146.10 +52.45 104.70+48.63
Total Bili. (mg/dL) 0.36+0.28 0.71+0.84 1.02+1.14 0.16+0.12"
BUN (mg/dL) 17.91+2.43 17.24+433 19.66 +3.29 17.81+5.16
Cholesterol (mg/dL) 132.30+£31.72 118.60 + 40.52 117.90+29.01 111.20+£23.35
Creatinine (mg/dL) 0.49+0.09 0.50 +0.08 0.52+0.12 0.53+0.09
GGT (U/L) 1.84+2.41 0.95+0.77 1.30£0.95 2.80+£2.78
Glucose (mg/dL) 171.50 +26.55 174.00 + 40.47 219.9063.67 219.90 £35.23"
Phosphorus (mg/dL) 8.28 +1.88 9.08+£1.28 9.18+1.97 8.95+1.03
LDH (U/L) 645.50 £ 380.81 518.50 + 469.06 1441.60 + 835.44" 546.00 +254.45
Total Protein (g/dL) 8.62+0.67 9.18+0.96 8.52+0.36 8.59 4 0.50
Triglycerides (mg/dL) 136.95 + 81.07 197.45 + 146.86 87.55+30.61 63.43+15.23"

C: Control, G1 : 50% Mild rice, G2 : 25% Golden rice, G3 : 50% Golden rice
Mild rice : Nak-Dong rice, Golden rice

Values are presented as mean + SD (g).

*p<0.05; Significantly different from control, ~ p<0.01; Significantly different from control
""p<0.001; Significantly different from control

: Bcarotene biofortified rice
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Table 12. Histopathological findings of male rats treated with
GM rice for 90 days

Organ C Gl G2 @G3

Pituitary gland
vacuolation 1 1

cyst, pars distalis 1

Harderian gland

hyperpigmentation 1

Thyroid gland
ectopic thymus 1

Heart
myocarditis, focal 2 1
myocarditis, multifocal 1

cardiomyopathy 1 1

Lung
perivasculitis, focal 2
interstitial pneumonia

mineralization 1

Liver
hydropic degeneration, focal 1

inflammatory cell foci, focal

—
—_
—_ D
—

inclusion body, cytoplasmic, focal

fatty change 2

Kidney
hyaline cast, focal 1
inflammatory cell foci, focal 1 4 1

Adrenal gland
cyst 1

fat vacuolation 1

Prostate gland
chronic inflammation, interstitial 1

inflammatory cell foci, interstitial 1 1

Pancreas
atrophy 1 1
islet cell hyperplasia 1
chronic inflammation 1

focal necrosis with hemorrhage 1

Thymus
hemorrhage 1 1 2
hyperplasia, epithelial component 1

Number in parentheses represent number of animal

C: Control, G1 : 50% Mild rice, G2 : 25% Golden rice,
G3 : 50% Golden rice

Mild rice : Nak-Dong rice

Golden rice : [-carotene biofortified rice

Table 13. Histopathological findings of female rats treated
with GM rice for 90 days

Organ C GI G2 G3

Harderian gland

inflammatory cell foci, focal 2 1

hyperpigmentation 1 1 2

Thyroid gland
hyperplasia, parathyroid gland 1

Heart
myocarditis, focal 1
myocarditis, multifocal 1

cardiomyopathy 1

Lung

inflammatory cell foci, focal 1

Liver
inflammatory cell foci, focal 1 1 1
fatty change 2 1
Kidney
hyaline cast, focal 1 1

cyst 1
interstitial nephritis, renal pelvis 1

pyelonephritis 1

Adrenal gland

mineralization 1

Pancreas
atrophy 1 2

periarteritis, focal 1

Thymus

hemorrhage 1 2

Number in parentheses represent number of animal

C: Control, G1 : 50% Mild rice, G2 : 25% Golden rice,
G3 : 50% Golden rice

Mild rice : Nak-Dong rice

Golden rice : Bcarotene biofortified rice
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