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Study on chronic toxicity of genetically modified rice expressing human lactoferrin

Zhang Min, Zhuo Qin, Tian Yuan, Li Weidong, Mao Deqian, Piao Jianhua, Yang Xiaoguang

(Key Laboratory of Trace Element Nutrition MOH , Institute for Nutrition and Food Safety,
China CDC, Beijing 100050, China)

Abstract: Objective To observe the chronic toxic effect of the genetically modified rice which harboring human lactoferrin

(hLF) gene on rats. Methods

Based on gender and weight, 180 weanling SD rats were randomly divided into three

groups: transgenic rice group, parental rice group and AIN-93 normal control group. They were fed for 12 months. Body

weight, food consumption, hematology and clinical biochemistry were observed during the experiment period. The rats were

sacrificed at the end point for organ weight measurement and pathological examination. Results The differences of some

indices of hematology (LYM% , GRN% ) and clinical biochemistry ( ALT, AST, GLU) between hLF rice group, parental

rice group and AIN-93 group were significant (P <0.05) while no other significant difference was observed. Conclusion

There was inadequate evidence to indicate the hLF rice had adverse effects on rats.
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Table 1 ~ Composition of diets for growth and adult maintenance
and analysis results of the three finished feeds( g/kg)
W ERH ‘ Ak

A B ¢ A B C
# hLF KoK 730.0 0 0 850.0 0 0
FEAKK 0 724.0 0 0 831.0 0
BEMA(=85%) 127.9 1330 200.0  57.9  64.4  140.0
KEh 48.9  49.8  70.0 244  25.0 40.0
LM% 43.8 440 500 20.0 31.8 50.0
EokiEH 0 0 398.6 0 0 466. 8
R 3 A 0 0 132.0 0 0 155.0
TR 0 0 100. 0 0 0 100. 0
L-fik 5 R 3,000 3.000 3.000 1.800 1.800  1.800
ERIqi 1,370 1.370  1.370 1.370 1.370  1.370
WYL TR R 350 350 350 350 350 35.0
e A % R R 0.0 10.0  10.0  10.0  10.0 10.0
TRPRE 3 2 A3 K
HE A 17,0 175.0  166.0 124.0 123.0  121.0
il 67.8  66.4  70.4  39.0  39.0 43.0
KAy 5.0 61.0 530 78.0  81.0 70.0
KUK 53 26,0 27.0 250 29.0  27.0 24.0

Bk EY 678.2  670.6 685.6 730.0 730.0  742.0

AT A 40% ~ 60% =1 W B 22 B Bif ] 10/14
(h) o 0¥ H WA %5 T8 SRl RS R 1 85,
PR R ARFEBEHL S A =41 % hLF 3L KOK 4 (A
) GFEARKKIT A (B 41) f1 AIN-93 X} R4 (C
41) 4l 60 H iR, 6 H—%58, sh W)k ik 5]
300 ~400 g B, % 3 H—%8. Rl AH R A 4R kL, A
RO
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TESLH B A 3.6.12 N H , KRR COREEK)
16h J5 J& 5 R i 45 W 1 Wk, B 4 & — M 3 ke A 10
Ho SR 4 A oh il BR 3T 50 (ACT-5diff, 3% [
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Figure 1 Body weight curves of male and female SD rats
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Figure 2 Food consumption curve of male and female SD rats
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Table 2 Mortality rate of rats in each group

P ———

I T R O

ek A 30 2 6.7
B 30 2 6.7
C 30 2 6.7

o A 30 1 3.3
B 30 1 3.3
C 30 0 0

2.2 IfE L O

A% 3 Al 0L, SEE0 A 3 A H Ml w45 R R,
A A RE GRN% LT C 4, 2R A5t 8 X
(0.01 <P<0.05) ,fH5 B AWK ER LG T ¥E
(P >0.05) ; HAth$5 45 25 4 W] 22 F LG it 22 X
(P>0.05),

R3OS 3 A MLE AR

Table 3 Hematological data of rats in each group for 3 months

BC BC > PLT 9% 9 SRNY

e 4L ( XTOQ(;L) ( X?O'S/L) (I;Sf) (x10°g/L) Lf«rf 1\/([102;0 (’(Rv/lj;o
e A 14.7 3.7 7.57 £0.20 154 +4 381 +68 83.3+3.6 11.0+2.6 5.6 1.4

B 15.6 +2.4 7.49 0. 34 153 +7 376 +46 85.6£2.4 10.5 1.5 6.9+1.0

C 13.9+1.7 7.51 £0. 36 153 +8 401 +91 80.3 +£6.7 11.7 £2.9 8.0+3.9

fE A 9.8+2.4 7.16 0. 38 149 £6 252 £ 66 89.2 £3.1 6.5+1.8 4.3+1.6

B 9.0£2.2 7.15+0.33 147 £6 267 £53 89.4 £2.7 6.7+1.9 3.9+1.2

C 8.6 2.1 7.31 £0.29 151 +5 274 +48 89.6 £3.8 6.1+2.9 5.3+2.0

e (1)5 CHIAME 0.01 <P <0.05,

f2 4 ] 0L, SCE 2R 6 A I K BUIML # LS b
A ZHMEME KB GRN% IR T B.C 4, 22 % A 41t
R L (P <0.05) o HEPER B 20 1M HL 38 Ar 22 5
TGt E XL (P >0.05),

H 2% 5 W] DL, 250 R 309 0 K BRI BLAE A rh, A

HfEE KRB LYM% = F B.C 44,1 GRN% & T B .C
H, 2R AL L (P <0.01) 5 Pk KB A& 20 1l
HHLAE bR 22 5 IEGITFE L (P >0.05)
/AR 18 (PLT) B Y B 4 [ 2 i sk 3t 205k
Pt th RGO, 5 R T O R R R 4
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Table 4 Hematological data of rats in each group for 6 months

¥l 415 WBC RBC HGB PLT LYM% MID % GRN%
( x10°/L) ( x10"™/L) ( xg/L) ( x10°g/L) (%) (%) (%)
e P A 14.9 £4.8 7.48 £0.27 154 =4 670 £ 106 77.8 £2.9 9.7+£2.3 12.4+1.9
B 15.4 5.2 7.36 £0.22 148 =5 669 +132 74.8 £4.8 8.7+1.6 16.4 5.6
C 13.0+3.4 7.50 £0.30 153 +6 738 +126 75.4 £4.9 9.7+1.8 14.9 +4.3
W A 8.2+2.0 6.97 +0.39 146 +7 421 92 81.5+3.8 10.0 £2. 4 8.4£2.9(1%
B 9.2+2.2 6.95 0. 35 150 £6 525 £116 79.1+4.9 10.0 1.9 11.0+3.5
C 8.4+£2.0 6.94 £0.25 150 £2 461 £ 69 77.5 4.4 10.3+£2.5 12.2 +£3.7
(1) 5 CAAL P<0.01;(2) 5 BZAALL 0.01 <P <0.05,
FS SRR M w R Dl
Table 5 Hematological data of rats in each group at the end of the experiment
WBC RBC HGB LYM% MID % GRN%
e A ( x10°/L) ( x10"/L) ( xg/L) <%()7 (%i (%{)7
e A 12.9+2.6 7.32 +0.58 142 10 80.2x5.9(1% 14.8+2.8 8. 13,502
B 16.0+£7.2 6.63 £0.84 143 +13 69.1=+4.7 14.7 £3.0 16.2 +4.6
C 13.0 4.1 6.88 £1.20 143 £ 11 67.2+7.2 15.1 2.7 17.8 £6. 4
W A 9.8+£2.2 6.52 +£0.77 142 £ 11 72.3 £6.8 15.0+2.6 12.7+£5. 4
B 9.9 +£2.8 6.72 £0.39 141 £9 75.6 £5.3 14.1+3.1 10.3 £3.0
C 9.0+1.3 6.04 £0.78 144 13 74.4 £6.2 14.8£2.6 10.8 +3.8
H: (1) BAHMIL P<0.01;(2)5 C4HML P<0.01,
F 6 SLEEE 3 A A A1 B
Table 6  Blood biochemistry data of rats in each group for 3 months
¥ 51 iﬁ ALT AST TP ALB A‘LP GLU BUN CRE CHO TG
il ( U/L) MM( U/L) (g/L) (g/L) (U/L)  (mmol/L) (mmol/L) (wmol/L)  (mmol/L) (mmol/L)
HEPE A +12(],) ::2(3'4) 78.2+£5.5 42.5+1.8 83 +£22 3.86+0.415.21+£0.98 72.0x7.21.66+0.261.56+0.90
B 29 +3 176 £26 77.4 £5.3 42.3+1.8 74 +£15 4.23 +0.514.95+0.69 69.2+7.9 1.86+0.221.63+0.71
C 29+6 177 24 77.7 5.3 42.8+1.4 81 +14 3.95+0.525.46+0.86 69.0+8.11.67 +0.44 1.19 =0.42
MEPE A 28 7 204 £50 87.3+6.3 49.7+2.3 43 +10 3.61+0.806.16+1.27 81.6+7.0 1.96 +0.36 0.81 +0.33
B 26«8 181 +£39 87.6+4.6 49.9 1.8 419 4.08+0.745.98+1.00 86.3 £12.81.86 +0.31 0.80 £0.97
C 255 178 +£36 86.8+6.2 49.3+1.6 41 +£12 3.55+0.535.84+0.88 82.6+4.7 1.74+0.340.78 £0.30
H: (1) 5 BAHME P<0.01;(2)5 CHME P<0.01;(3)5 BHAMEL0.01 <P<0.05;(4)5 CHME0.01 <P<0.05,
FT O 6 A H kA G
Table 7 Blood biochemistry data of rats in each group for 6 months
P 4 ALT AST TP ALB ALP GLU BUN CRE CHO TG
A (U/L) nA’EU/L) (g/L) (g/L) (u/L) D((mmol/L) (mmol/L)  (pmol/L)  (mmol/L) (mmol/L)
et A 328 :34“” 82.9£7.6 46.8 2.1 49 £13 Ja_r((;_uao“v” 5.65+0.80 75.8 5.5 1.58 £0.31 1.38 0. 38
B 32 +10 159 £22 81.9£5.6 47.4+£2.2 56+15 8.81 +0.80 5.71£0.77 76.9 £10.1 1.83 £0.27 1.44 £0.76
C 3319 174 £45 79.5+£3.4 46.5+1.3 5715 6.86 +0.65 5.98£0.68 75.2+£9.3 1.65+0.37 1.37 +£0.45
MM A 255 159 27 88.2 6.1 53.0+£3.2 236 4.72+0.74 7.70 £1.6993.6£24.01.93 £0.54 1.57 £0.95
B 26+7 151 +42 89.4+£5.4 54.1£2.9 23+7 6.38+0.93 6.39£1.3087.4+11.21.87 +0.50 1.42 +£0.80
C 279 13427 89.8+£6.0 54.4+3.2 248 4.77 +0.83 5.73£0.9085.0+10.3 1.83 £0.39 1.51 +1.17
E: (15 BAHMIEL P<0.01;(2)5 CAHMIL P<0.015(3)5 CAAMILO0.01 <P <0.05,

* 8 WR, SLEORI A 4UEEPE R B AST & T
BAH,ALT R T C4, ZR AL ENL(P<
0.05) ;M4 A 20 ALT AST 5 F B.C4, 4%
A Gt R (P <0.05) M2 20 Al 45 b 22

FEGIHHEX(P>0.05),
2.4 RS R

1 9 AT DL, S92 6 R 309 R R B A AR R0As 4l
ZEZERIGEITEFEL(P>0.05),
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Table 8 Blood biochemistry data of rats in each group at the end of the experiment
P 0 i | ALT AST TP ALB ALP GLU BUN CRE CHO TG
bl (U/L) (U/L) (g/L) (g/L) (U/L)  (mmol/L) (mmol/L) (pmol/L)  (mmol/L) (mmol/L)
HepE A 307 219+49() 86.0%5.2 42.7+1.4 5614 4.43 +0.50 5.24 +£0.49 52.1+6.6 2.16 +0.382.20 =0.89
B 34 +11 156 £27 84.1+4.0 41.7+1.9 59+16 6.09 +0.67 5.27 £+0.50 49.7 +£3.7 2.41 +£0.352.50 +0.97
C 63+6.5 209 +57 86.7 +2.8 43.0x1.4 65+13 5.37+0.71 5.54+£0.73 53.9+4.2 2.52+£0.572.19 +0. 84
METE A 3;]0(]'2) 2529(]'” 90.6 £8.4 46.7 +3.8 28 £11 3.81 £0.57 6.36+0.73 55.3+5.8 2.13+0.462.33 +1.18
B 26<+5 153 £39 84.9+4.7 44.6+2.3 23 +6 4.61+0.73 5.93+£0.56 51.5+6.0 2.10+0.462.93 +2.27
C 28+12 166 £48 87.7+5.4 46.7 3.2 24+8 4.16+0.57 5.70+0.98 53.0+6.4 2.28 £0.422.79+1.19
W (1) 5 BAAMIEE P<0.015(2)5 CAAM I 0.01 <P<0.05,
#9 R BUNES R
Table 9 Comparion of organ coefficient of rats in each group(mg/g)
PE 5 20 5 i £ JiE JiF i X E LR £ fh 52
e A 2.697 £0.349 2.316 £0.23421.746 +1.9781.353 +0.269 4.109 £0.452 0.070 £0.024 4.048 +1.1422.090 =0. 465
B 2.567 £0.436 2.330 £0.24121.517 £2.3621.509 +0.269 4.289 +£0.323 0.060 +0.016 4.152 +0.6861.985 +0.393
C 2.930+£0.323 2.572 £0.30722.513 £2.0161.542 +0.347 4.484 £0.654 0.070 £0.024 4.547 +£0.3242.385 =0. 442
MEPE A 4.361 £1.027 2.651 £0.38622.330 £2.2961.543 +0.294 4.865 +0.705 0.124 £0.077 - -
B 4.251 £0.798 2.815 +0.39223.445 +4.6321.833 +0.487 4.710 £0.524 0.139 +0.042 - -
C 4.134 +£0.946 2.503 £0.43121.417 £2.4941.629 +0.323 4.586 £0.703 0.124 +0.056 - -
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