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Thirteen-Week Repeated Oral Toxicity Study of Leaf Folder (Cnaphalocrocis
medinalis) Resistant Rice (Nakdongbyeb) in Sparague-Dawely Rats

Dong-Seok Seo, Min Kwon, Ha-Jung Sung and Cheol-Beom Park*

Hoseo Toxicological Research Center, 165 Sechul-ri, Baecbang-eup, Asan-city, Chungnam 336-795, Korea

7 { Abstract | "
We investigated the systemic effects of leaf folder (Cnaphalocrocis medinalis) resistant rice(transgenic rice,
Nakdongbyeb) in Sprague-Dawley rats for 13 weeks. Leaf folder resistant rice was added to the diet at
percentage levels of 0, 5 and 20 percentage/feeder and was administered for 13 weeks. The results did not
show any changes in food and water intake. There were also no biologically significant changes in both body
and organ weights, hematological and blood biochemical parameters, autopsy and histopathology between the
treatment and control groups. Based on these results, no observed adverse effect level (NOAEL) of transgenic
rice was considered to be more than 10,000 mg/kg b.w. under the conditions of the present study.
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Fig. 1. Body weight changes of male (A) and female (B) rats administered feeding with leaf folder resistant rice for 13 weeks.
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Fig. 2. Accumulative feed consumption of male (A) and female (B) rats administered feeding with leaf folder resistant rice for 13
weeks.

Table 1. Mortality and clinical signs of SD rats administered feeding with leaf folder resistant rice for 13 weeks

Sex Tes.t ComI;z)estition Weels Mor.
materials %) 1 2 3 4 s 6 7 8 9 10 11 12 13

Lab rodent chow 0 O/10° 0710 0/10 0/10 010 O/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0O/10°

e Non-GMO 20 010 010 010 010 O/10 0/10 O/10 0/10 O/10 0/10 0/10 0/10 0/10 0/10

GMO 5010 010 010 0/10 /10 0/10 0/10 /10 010 0/10 0/10 O/10 0/10 0/10

GMO 20 010 0710 010 010 0/10 010 0/10 0710 O/10 /10 0/10 0/10 0/10 O/10

Labrodent chow 0 010 0/10 0/10 0/10 O/10 0/10 0/10 0/10 /10 0/10 O/10 0/10 0O/10 0/10

Female | NOGMO 20 010 010 010 0710 /10 /10 O/10 /10 O/10 0/10 0/10 O/I0 0/10 0/10

GMO S 010 010 010 010 0/10 0710 O/10 0/10 0710 010 010 0/10 0/10 0/10

GMO 20 010 040 010 0/10 0/10 0/10 0/10 0/10 0/10 0/10 /10 0/10 0/10 0/10

* Number of animals with clinical sings/number in group
® Number of dead animals/number in group
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Table 2. Urinalysis of SD rats administered feeding with leaf folder resistant rice for 13 weeks

Sex Male Female
Item Group Gl G2 G3 G4 Gl G2 G3 G4
(Diet com.) (0%) (20%) (5%) (20%) (0%) (20%) (5%) (20%)
Negative 2 0 4 1 6 8 7 7
15 Lewul 6 7 5 9 4 2 1 2
Leukocytes
70 Leu/uL. 2 1 1 0 0 0 1 1
125 Leu/uL 0 2 0 0 0 0 1 0
Nitrite Negative 10 10 10 10 10 10 10 10
- 0.1 mg/dL 8 10 i0 9 9 10 9 8
Urobilinogen
0.2 mg/dL 2 0 0 1 1 0 1 2
Negative 0 0 0 0 3 2 4 2
30<mg/dL 0 0 1 0 i 2 2 i
Protein 30 mg/dL 3 3 4 2 3 4 2 4
100 mg/dL 7 7 5 6 3 2 2 2
300 mg/dL 0 0 0 2 0 0 0 1
6.0 0 0 0 1 2 1 1 0
7.0 0 0 0 0 1 3 1 0
7.5 1 1 0 0 1 0 0 2
pH
8.0 1 1 4 1 1 0 6 0
8.5 7 7 5 7 5 6 2 8
9.0 1 1 1 1 0 0 0 0
Negative 8 8 6 9 9 10 7 9
Blood 10 Ery/uL 1 2 3 1 1 0 2 1
25 Ery/uL 1 0 0 0 0 0 1 0
80 Ery/uL 0 0 1 0 0 0 0 0
1.010 1 0 0 0 0 1 0 1
_ 1.015 0 0 3 1 4 2 1 3
Sgﬁszf; 1.020 6 3 2 4 3 2 5 4
1.025 3 4 4 3 2 2 4 2
1.030 0 3 ) 2 1 3 0 0
Negative 0 0 0 ¢ 3 3 7 4
Ketone 5 mmol/L 2 2 3 0 6 6 3 6
15 mmol/L 8 8 7 9 1 1 0 0
40 mmol/L 0 0 0 1 0 0 0 0
Negative 5 2 8 3 4 7 8 5
Bilirubin small 4 8 5 7 6 3 2 5
moderate 1 0 0 0 0 0 0 0
Glucose Negative 10 10 10 10 10 10 10 10
A GHETh gF 4 GMO 20% $0i29] @4 o] @A) Lab = WSS Mo o4 AAo] STkl BREY, L4, U=
rodent chow F0357 Non-GMO 20% Fojsto] His) 574 & ZEIAE fo4%e Wkt IEEA] oot dad
MR G4 9t WAE HUT, £4 GMO 5% Fol  @Pol Zenty BuEA gtk g oAl wslel
T Lab rodent chow Fojto] g A 3HA 22 {94 HE 23 w3 B oot AEEY AR #3E =
e HLE Bou, SAdAE e, dACAAE $71E AJustz wEA oo, tE wE AT 90d A+ W
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Table 3. Hematological values of SD rats administered feeding with leaf folder resistant rice for 13 weeks
Diet compositon(%s)
Sex Item Unit Gl G2 G3 G4
(0%) (20%) (5%) (20%)

WBC 10’ 7.67+2.28 8.0742.09 7.98+2.26 5.6241.69

NE % 37.2843.49 38.83+4.601 41.75+6.01 41.51+6.14

LY % 52.32+£3.96 48.45+5.83 46.44+8.04 43.54+6 41

MO % 9.9241.71 11.87+£3.05 11.3244.64 14.3544.21

EO % 0.44+0.28 0.37+0.21 0.45+0.23 0.57+0.39

BA % 0.06£0.06 0.03+0.04 0.04+0.04 0.04+0.04

RBC 10%mm’ 7.82£1.00 7.82+0.53 8.01:£0.65 8.37+0.84

Male HGB g/dL 16.52+0.84 16.76+1.00 16.41+0.98 17.08+0.64
HCT Y% 41.644+3.73 42.66+2.72 42.08+4.00 45.754+4.14

MCV fl 53.33+£3.15 54.06+2.52 52.56+2.53 54.81£3.00

MCH Pg 21.23+1.30 21.20£0.97 20.61+2.29 20.59+2.08

MCHC g/dL 39.83+2.43 39.27+1.90 39.19+3.41 37.54+2.75

RET. % 0.93+0.22 0.91+0.23 0.72+0.15 0.69+0.10"

PT sec 20.68+4.00 19.92:+1.84 18.96+1.53 19.77+2.24

APTT sec 23.70+2.97 22.74+2.00 22.77+1.82 23.91+3.51

WBC 10%/mm’ 7.67+2.28 8.0742.09 7.98+2.26 5.62+1.69

NE % 37.28+3.49 38.83+4.61 41.75+6.01 41.51+6.14

LY Yo 52.3243.96 48.45+5.83 46.44+8.04 43.54+6.41

MO % 9.92+1.71 11.87+3.05 11.324+4.64 14.3544.21

EO % 0.44+0.28 0.37+0.21 0.454+0.23 0.57+0.39

BA % 0.06:£0.06 0.03::0.04 0.04+0.04 0.04:0.04

RBC 10°mm’ 7.82+1.00 7.8240.53 8.01£0.65 8.37+0.84

Female HGB g/dL 16.52+0.84 16.76+1.00 16.41+0.98 17.08+0.64
HCT % 41.64+3.73 42.66+2.72 42.08+4.00 45.75+4.14

MCV fL 53.33+3.15 54.0642.52 52.56+2.53 54.81+3.00

MCH pg 21.23£1.30 21.20+0.97 20.61+£2.29 20.59+2.08

MCHC g/dL 39.83+£2.43 39.27+1.90 39.19+3.41 37.54%£2.75
RET. % 0.9340.22 0.91£0.23 0.72:+0.15"° 0.69£0.10™"

PT sec 20.68+4.00 19.92+1.84 18.96+1.53 19.77£2.24

APTT sec 23.70+2.97 22.74+2.00 22.77+1.82 23.91+3.51

Values are the mean + S.D. of 10 rats
Significant differences as compared with group 1 :

Significant differences as compared with group 2

corpuscular hemoglobin concentration, Ret.

Fo SHATINE B dolt YES o2

<

T

WEE o g A9 WE oA wspt
i)

7t QltiSchroder ef al, 2006).

P < 0.05, “P < 0.01
P < 0.05
WBC : white blood cells, NE : neutrophils, LY : lymphocytes, MO : monocytes, EO : eoisinophils, BA : basophils, RBC : red blood
cells, HGB : hemoglobin, HCT : hematocrit, MCV : mean corpuscular volume, MCH : mean corpuscular hemoglobin, MCHC : mean
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: reticulocytes, PT : prothrombin time, APTT

: activated partial thromboplastin time
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Table 4. Biochemical values of SD rats administered feeding with leaf folder resistant rice for 13 weeks

Diet compositon (%)

Sex Item Unit Gi G2 G3 G4
(0%) (20%) (5%) (20%)
TP g/dL 6.03+0.27 6.00£0.22 6.17+0.28 6.07+0.23
ALB g/dL 2.36£0.17 2.3240.09 2.35+0.07 2.37+0.09
AG . 0.58+0.21 0.6140.03 0.60::0.00 0.66+0.05
ALP UL 204.2+45.50 204.9+33.07 212.9+34.92 164.2+38.06
AST UL 106.5+27.94 99.6+19.25 96.8+17.09 100.9+15.00
ALT UL 39.4+5.70 39.3+6.90 40.4+10.49 37.147.85
CREA mg/dL 0.57+0.08 0.55+0.07 0.57+0.05 0.55+0.05
Male BUN mg/dL 14.8622.19 15.16+1.97 17.142.91 17.06+2.41
CHO mg/dL 66.3+15.04 74.9+16.26 74.7+11.41 70.7+8.22
TG mg/dL 83.30::49.05 85.10:£32.82 90.30+28.80 63.40+16.73
GLU mg/dL 165.4+32.22 169.0+18.46 152.9454.02 169.0+11.92
Ca mg/dL 9.99:£0.40 9.95+0.41 10.0540.35 9.89+0.23
P mg/dL 6.1840.92 6.25+0.60 5.94:0.47 6.13+0.48
Na mmol/L 144.7+1.25 143.4+] 84 144.4+1.43 144.7+1.06
K mmol/L 424+0.82 4.25+0.26 4.23+0.25 4.47+0.42
cl mmol/L 121.3+5.85 117.343.02 113.943.57° 111.941.37%%
TP g/dL 7.2940.27 6.88+0.36 6.87+0.42 6.80+0.33"
ALB g/dL 3.2440.26 3.0540.22 3.0940.19 2.91+0.36
A/G - 0.79+0.07 0.80+0.07 0.810.07 0.76:0.11
ALP UL 111.3+47.65 98.6+22.41 83.9+23.65 97.2423.21
AST UL 144.9+131.24 92.5+25.00 88.2+16.07 111.5£75.76
ALT UL 52.8+49.53 32.6420.14 32.0+12.96 34.9426.26
CREA mg/dL 0.65+0.08 0.71£0.07 0.75+0.19 0.62+0.04
Fomale BUN mg/dL 17.63+2.67 17.34+3 .44 19.64+4.83 16.17£1.79
CHO mg/dL 95.4422.89 83.4+16.19 91.449.25 85.1424.15
TG mg/dL 10.6+6.38 9.443.72 8.7+3.06 13.7+15.70
GLU mg/dL 147.2+15.00 143.8+16.84 142.5416.12 138.3+8.81
Ca mg/dL, 10.900.18"™ 10.1720.50% 10.214£0.31% 10.30+0.32™
P mg/dL 5.79+1.59 5.67+1.00 5.76+0.74 5.66+0.93
Na mmol/L 144.8+1.14 145.241.23 145.6+1.71 146.5+1.43
K mmol/L 4.14+0.75 3.98+0.57 4.02+0.36 3.94+0.29
cl mmol/L 110.142.23 113.241.55 109.4+3.63 123.6+5.44%%

Values are the mean = S.D. of 10 rats

Significant differences as compared with group 1 : P <0.05, *P < 0,01

Significant differences as compared with group 2 : P < 0.01

TP : total protein, ALB : albumin, A/G : albumin-globulin ratio, ALP : alkaline phosphatase, AST : asparatate aminotransferase,
ALT : alanine aminotransferase, CREA : creatinine, BUN : blood urea nitrogen, CHO : total cholesterol, TG : triglyceride, GLU
: glucose, Ca : calcium, P : inorganic phosphorus, Na : sodium, K : potassium, Cl : chloride

tHMomma et al, 2000).
o9 2Tz RE Yyt Y5H(Non-GMO) 20%, ZEut
T AR A4 HE FEH(GMO) 5%9} 20%E AR

Eaksiol 00U A TEE AT $AL 10.86, 2.60 B
9.93 glkg/dayS 77k A2, YAL 15.54, 3.57 @
14.12 gkg/day & st} wabd B A@oA f242¢
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Table 5. Absolute organ weights of SD rats administered feeding with leaf folder resistant rice for 13 weeks
Diet compositon (%)
Sex Organ Gl G2 G3 G4
(0%} (20%) (5%) (20%)
Liver 12.30+1.74 13.07+1.52 13.40+2.04 12.4241.63
Kidney 1.53+0.16 1.52140.13 1.50+0.19 1.58+0.18
Spleen 0.75+0.13 0.74+0.28 0.73£0.08 0.7740.10
Adrenal gland 0.032+0.005 0.029+0.006 0.028+0.006 0.032:0.006
Male Testis 1.73+0.14 1.61:0.19 1.60:+0.17 1.75+0.14
Brain 2.13+0.07 2.10+0.07 2.10£0.11 2.1240.07
Pituitary gland 0.015+0.002 0.01440.002 0.013+0.005 0.016+0.003
Heart 1.68+0.17 1.66+0.17 7240.16 TJ140.16
Thymus 0.38+0.15 0.42+0.09 0.37+0.13 0.39+0.10
Epididymis 0.75£0.09 0.73+0.10 0.73+0.07 0.76+0.08
Liver 8.10+1.84 7.36+0.71 6.84=0.69 7.25+1.06
Kidney 0.91£0.10 0.88+0.10 0.85+0.10 0.9840.18
Spleen 0.52+0.07 0.49+0.05 0.45+0.06 0.4920.07
Adrenal gland 0.035£0.004 0.03540.007 0.032+0.006 0.034+0.010
Female Ovary 0.058+0.018 0.062+0.015 0.0510.011 0.063=0.014
Brain 2.05+0.09 2.04+0.08 2.0140.11 1.99£0.11
Pituitary gland 0.022+0.005 0.018+0.005 0.016+0.006 0.017+0.005
Heart 1.07+0.11 1.17£0.45 0.92+0.09 0.9840.11
Thymus 0.35+0.06 0.29+0.06 0.31+0.07 0.32+0.05
Values are the mean + S.D. (g) of 10 rats
Table 6. Relative organ weights of SD rats administered feeding with leaf folder resistant rice for 13 weeks
Diet compositon (%)
Sex Organ Gi G2 G3 G4
(0%) (20%} (5%) (20%)
Liver 2.31+0.46 2.37+0.36 2.58+0.5] 2.3240.47
Kidney 0.298+0.05 0.28+0.04 0.29+0.05 0.2940.05
Spleen 0.14+0.03 0.13£0.05 0.14+0.02 0.1440.03
Adrenal gland 0.006+0.001 0.005+0.001 0.005+0.001 0.006+0.001
Male Testis 0.32+0.04 0.29+0.06 0.310.04 0.33+0.04
Brain 0.40+0.05 0.38+0.03 0.40+0.04 0.39+0.04
Pituitary gland 0.003+0.000 0.002+0.000 0.002+0.001 0.003+0.001
Heart 0.31+0.05 0.30:0.05 0.33+0.04 0.32+0.05
Thymus 0.07+0.02 0.08+0.02 0.07+0.02 0.07+0.02
Epididymis 0.14+0.02 0.13+0.03 0.14+0.02 0.14+0.02
Liver 2.84+0.92 2.63+0.32 231024 241046
Kidney 0.32:+0.06 0.32+0.04 0.29+0.05 0.3240.06
Spleen 0.18+0.04 0.18+0.02 0.150.02 0.16+0.04
Adrenal gland 0.012+0.002 0.01240.003 0.01120.003 0.01140.004
Female Ovary 0.020+0.007 0.02240.006 0.017+0.004 0.021£0.006
Brain 0.71+0.06 0.7340.05 0.68+0,04 0.66=0.08
Pituitary gland 0.008+0.002 0.007+0.002 0.005+£0.002 0.006+0.002
Heart 0.37+0.05 0.4240.16 0.31+0.03 0.32+0.04
Thymus 0.1240.02 0.10+0.02 0.11::0.03 0.11x0.02
Values are the mean + S.D. (%) of 10 rats
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Table 7. Histophathological findings of SD rats administered feeding with leaf folder resistant rice for 13 weeks

Male Female
Histopathological findings Gl G2 G4 Gl G2 G4
(0%) (20%) (20%) (0%) (20%) (20%)
Number of animals 10 10 10 10 10 10
Liver
Portal inflammatory cells 1 0 0 0 0 2
Centrilobular apoptosis/vacuolation 0 2 0 0 0 0
Medullary mineralization 0 0 0 0 1 0
Periportal vacuolation 0 0 0 0 1 0
Medullary cyst 0 0 0 0 0 1
Kidney
Papillary mineralization 1 0 0 0 0 0
Inflammatory cells 1 0 1 0 1 1
Cortical vacuolation 0 2 4 0 0 1
Basophilia 0 1 0 0 1 0
Cortical hypertrophy 1 2 1 0 0 0
Heart
Myocardial inflammation 2 3 1 1 0 0
Endocardial inflammation 0 1 0 0 0 0
Myocardial fibrosis with inflammation 0 1 0 0 0 0
Myocardial necrosis 0 1 1 0 0 0
Myocardial hemorrhage 0 0 1 0 0 0
Lung
Alveolar macrophage 1 2 1 0 0 0
Pneumonitis 1 3 1 0 0 0
Perivascular inflammatory cells 2 1 0 2 1 0
Alveolar osseous metaplasia 1 0 1 0 0 0
Prominent BALT 1 2 2 2 1 0
Alveolar hemorrhage 0 0 0 0 3 0
Pigmented macrophage 0 0 0 0 1 0
Spleen
Extramedullary hematopoiesis 2 2 3 4
Subcapsular vacuolation 0 1 0 0 0 0
Hemosiderosis 0 1 1 0 0 0
Thymus
Involution/atrophy 1 2 0 0 1 2
Cortical apoptosis 0 0 0 0 1 0
Cystcs 0 0 0 0 1 0
Pancreas
Focal acinar atrophy 1 1 0 0 0 0
Fat replacement 1 1 0 0 0 0
Acinar apoptosis 3 4 2 1 1 0
Inflammatory cells 0 0 1 1 1 0
Each value is the number of animals with histological findings
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