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The effect of exposure to transgenic Bt rice on the immune system of parental female rats
FENG Yong-quan, HU Jing, ZHI Yuan, YU Zhou
(Key Laboratory of Food Safety Risk Assessment of Ministry of Health, China National
Center for Food Safety Risk Assessment, Beijing 100021, China)

Abstract: Objective To investigate the effect of transgenic Bt rice ( TT51) exposure on immune system of parental
female rats. Methods Wistar rats were divided into Bt rice group, parent rice group and market rice group. All groups
were fed on mixture containing 60% rice. Female and male rats were fed for 10 weeks before copulation, and the parental
female rats were carried on the immunotoxicity assessment after being weaned. The parental female rats were sacrificed for
blood routine, blood lymphocyte typing, NK activity assay, conA induced lymphocyte transformation test, antibody-
producing cell assay as well as lymph node lymphocyte typing. Results Statistical significances were observed on spleen
lymphocyte typing and cervical lymph node lymphocyte typing between TT51 rice and market rice , and the proportion of B

and T cell between parent rice and market rice. There was no significant difference of other functional experiment among
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various groups. Conclusion

female rats.

Transgenic Bt rice (TT51) did not have adverse effect on the immune system of parental

Key words: Transgenic Bt rice; parental generation female rat; immunotoxicity; transgenic food; food safety

e [ e Sk DA K R 19 BF A © A 1 — s ik
JEE DT T 400 BT i 0 5T | i ™ S TR B B S I
FIWESEARG T — RACFEIED o & o H HHTA AR
X e e DR K AR 1) 2 4 PR TS A7 A — 22 1 B8 I, JE L LA
Fe [ o A Y LK O 3 B R 9 [ 5830 22 4
P B O TN, PRI 2 X e B TR K R T R B 4 THT Y
LTI

WSS B X I E A B A B
PURAS (TTS1) #EATAH G S B2 PR A . i T 9
R YGLLH B T RE A o A2 2k, DL R S e T WA
(1 40 401 RS 1 1) 2 AR, B4 BOA B M E P B
BRNG— W R AN 7 ik . 28R T B o
FINN A — Bl 5256 75 vk fiE 7 2 A I R 22 0 g
BGPTSR M g e o L, A
58 R 42 B o 5 | i 1 26 1R 0 % 25 A I B, WL
5% TTS1 ROKEACHE Bl 2% 8 00 HC A 28 8 498 AT g 7™ AR
AR, g TTST ROK (Y % 2 V3 fr 4 it — 28 m it
75 1) SRR

I M5

L1 Mo
L1l Zik®

B Bt BRI KK (TTS1) RA KK (WK 63)
el R AE AL H B ORI A5, 3 Ak
K 7 SR R I 28 58 B, oh b T IR VR A Y
i B, FEE R BRI R 1, K 3 R
KAy 3% 60% LB At A 25 4R A 9 A A
HBE> 5% B AIN-93M H1 AIN-93G A e i, 1 b 5¢
A B A YRR A BR A WA T I T,

13 PIORE IR (/100 g)

Table 1 Analysis of nutrient components of the three
kinds of rice

L%y TT51 Kok B 63 Ik T8 KoK
Koy 10. 90 11. 80 13. 80
EE| 7. 86 8. 06 6.77
HLAR W 1.10 1.00 1.10
HLLT 4 2.67 5.28 0.59
UK 0. 49 0. 47 0.33

1.1.2 283

BT Wistar KR, #EPE 90 H MK 125 ~ 135 g,
HEPE 45 2 A 130 ~ 140 g[ g A b 50 2 8 1) 42 52
R sh WA A PR /], VR AR 5 - SCXK (52) 2007 -
0001 ] 5 1 5% = v [ B2~ Bk 2 B = 2 52 56 3 W F 5
FE s B [ 8 o35 - SYXK ( 51) 2010 - 0029 1, 25 3
20 ~26 C B JF 50%~65% .
L1030 A A

MEK-6813K 4x [1 &)y il 8k i1 B4 ( H A6 ) |
FACSCalibur i =G40 M2 {X (35 [E BD) Denley Dragon
AEARAX

1640 52 4 15 7% &, Cell Stimulation Cocktail ( 3£
[ eBioscience) , 2 5 FI i [ %€ ¥ (b 5URHBE Ik A=)
FHEABR A A] ) , MTS 46 i 5 58 45 I 250 & L AR o
P20 B B A I 3R & (X0 A S8 [E Promega) , 7]
HAEH A(ConA) (&I Sigma) , 0T it £F 4k 45 - 1Ml
(dbmt 220 S 2B W BOR A R 7)) 21 20 i 22 ik W
T/B/NK Jit 26 M Bt & . CD4/CD8/CD3 i =LA il Bt
.70 wm 4i LG (30 H 3 BD)
1.2
L.2.1 h¥yordl KAk

90 H Wistar Mt K ER .45 H Wistar HE1E K BRE
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MV SR T d 5 BERLAY 3 4 e B kR R OK 20
(TTS1 ) GEARKA (B 63 4 ) F i B Kok
4, 30 HMER 15 HER. 514 T A TT51
A B 63 KT ROK Y E R, B H IR
KR, B RE B, 5 R A
FrEe MR 10 Ja 5, K [F) 20 e BRORME BROZE A7 22 T, DA
R IR 0 Ko AF R AR 4 K, # 47
AR AEAL , B AL A B 2 A7 B, 0 B s A B H 3
8 L MEHERS o B IA] T iR 30 R e 7L A0 X %
4B R ARS8 T 48 A M R 3238 KOK 1) B AR R R, B
RS EE UK B0 T 4 J5 PR BE B R,

fRER 21 d Wi 2L 5, 2 A0 B LR A7 %o 32 7 3
FEARA I . FEAIBENLIEH 6 HEERL, THIRAT S5 d
J M FE T 2 x 107 A48 2E 4T 41 (RSBC) |, 4b 3E 5 ik
AT PO A A0 A DU 3 36 (PRC) 5 55 B 20 75 B AL
Ve 6 BRER, TR AHT 1 d 2 # Bk B 2 47 i
FRAS I, 500 28 05 2E 47 4 i 9tk B 40 A 43 AU ok O 4
JH 53 R0 I 45 U B 440 43 7Y | M ) R S A
20 B 43 70 LA K NKZ8 3% PRI 2 Fi ConA 375 S 3 12
o0 M A o LR R ABE BURI I 2L A7 RO T
Ho At B 5% o
1.2.2 $8H500 &
1.2.2.1 ML 2# 35 A5 i

FIHI 4 B B3R B E 2040 i 1A, B A
FEL £ bk T 4 S s AR i =X 4 A A e 4
I 5k B 290 3 2
1.2.2.2  ConA i 5k [ 40 f 5% 1k i 55

TR B, 22 70 pum 41 003 33 0, FH 20 40 il 4
R 2L 5 min,300 x g B .0» 5 min, ] TG PBS ¥t
30, ETET 2 ml SEAR IR Y A EIC R M 4N
J o 1A A B A MR B 1 x 10° A~/mll K 41 i
BT ALIMA 96 FLEEFR MR, B AL 90 wl, —fLn
10 1 50 pg/ml ConA, 55 —FLJ 10wl 58 4> 15 57 Fefif
X R, O U N I AH R 25 6 R ORE 96 FLAR BT
5% CO, WEff 37 CHiFE 72 h, KiFR 450 HT 4 h AL
A 20 pl MTS, 48223555 4 h J5 , FTEEAR{XAE 490 nm b
I 7 WG RE
1.2.2.3  NK 40 o 7% d A6

Fe MR 1. 2.2.2 J7 1k 4R A5 JC T L 400 B BV, TR AR
AR B A 5 x 10° A/ml, IR B AT 1 d A 40 40 i
(YAC-1) #EATA AR5, I T 1640 58 4 1% 7
JE B 0 M v FE A 107 AS/ml, 96 LG SRR P, 56
AL A AL 200 oL 0 25 A0 B S 50 s ST A0 i 1 AR R
JICAL T A0 A R U % SOl 5 B A0 i e KRR i
£L, IR 20 B RN RS TR A4S 50wl 55 5 45 AT 45 min
T 10wl 2R 5 fe OB TR R TE AL, i 100 pul

B R, FE SR 45 AT 45 min JITA 10 pl MR IR ;25
XFRELL , 100 wl $5 570 . 4 96 fLAR'E T 5% CO,
WEHE 37 CHiFR 4 h, KigR45 M a1 96 fLik 250 x g
B0 4 min, LRI LIE 550 wl BF 5 —AH, n
R 50 wl, %8G W 30 min 5 A 50 pl 28
1R, FHBEAR A AE 490 nm A0 5 W B

1.2.2.4  JB AR 45 04 ik 0 40 i 43 75

PR 1. 2.2.2 J5 4R A5 0 TR L AN M R . R
FIBCT 290358 Ik B 25 0 A T v, A G 1A B A R
HUER I I 5 ) W, 3 70 wm 4H MG, 08 WM TE T
PBS Pk W il i H 2 AE 1640 5% 4 15 552 J v s i i
I B 25 i S BT 5 A 3 3k [R) 9 bk B &5 Ak B Oy
W B AR A B W . 4 CD4/CD8/CD3 Al
T/B/NK HU & Y £ J5 , R FH 3 2 40 A ASCRS: D 9k 2 40
i 53 7
1.2.2.5  HidARA: sl 40 i ks i 55 ( PFC)

T B I £F 4 45 21 550 x g 8500 10 min, TG
PBS I Z Uk 3 K, Z Ja H PBS JH 2 41 vk £ K 5 x
10° A/ml, # R FT 5 d WS 0.4 ml, &R
1.2.2.2 77 3 3K 45 JC B T 400 0 V0, M) 5 20 i vk i
5 x10° A/ml, 5 it il B i 1% 9% 3 (500 ml Bt fg
W T100 mlzK ) (v EE R 2 x 107 4~/ml ) SRBC,
ZIGTE 4T COAREHKMT, /N E P& — A
100 plfE e 25 pl SRBC 350 wl BEAE W .25 pl K
FROEMAS , 3 500l A A S i 5] #F 30 mm /)N L
WL aE LB ,37 CEE 3 h 5, F AR B i K4
WLEE I 1ML 28 BE Y B
1.2.2.6 1 [R5 Ik B 40 Jfg 43 784 K2 TNF-o 2 35 K DU
(7 18 7 B Ao e U )

f VBN B, T BR N R, % — BT W LG 45 ik
ASEILA #2081 2. 2. 4 757 36 3075 1 7% FC 45 ik 12
20 LBV o R IR A R T 2 ml 1640 5 4 B 5
Her A AWy, 4 1 ml, Ho 1 ml 4 CD4/CD8/
CD3 1 T/B/NK Hr &g 8 J5 , SR F U =X 40 {04
R EL A0 A 43 785 55 A0 1 ml A 24 FLAH B RE SR AR T
fin A 72 #1385 ( Cell Stimulation Cocktail) J5 , B T
5% CO, W4E37 CHiFE4 h, BEFREHRE KL m
WAR W 1,250 x g B0 4 min, 7 £ LIE, A
0.5 ml BHIEr# (2R EEE 2 W) , 14 TNF-a $iik
YeteJ5 , SR FH U 220 ARG 0 R A 1O
1.3 Git2#orhr

IR R x £5 FoR . 18 SPSS 11.5 %k
AT ST 43 B, 347 B K 2 07 2547 BT (ANOVA ) |
A LB R A LSD 3%k, L P <0.05 hEHFA
it o
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2 HR
2.1 SEARME BL— IR

25 20 S AR ME B A S B K 50 B ) 1 48 KT 4
i, BHEHZ MR ZE S Gt E L. &%
M R B AR LR 2 R U TSI E X,
2.2 I A A B 4

5 2H M BRUPR) I B AL B 4 I A O 0 i 53 AR T A
P 1 VS 1 29 = N A 1R N 1 U i U A B N

£2 EMAMEREMMKEHEITE (2 £5,0=6,%)
Table 2 Percentage of lymphocyte subsets in blood of
parental generation female rat
il Th 46 il Te 41 B 4 T 41 NK 4 2
W RKA 36.8+3.6 11.7+3.5 18.7+5.8 46.8+3.7 5840
WK 63 41 33.5£8.4 13.4+2.4 14.2+4.4 459£8.9 11.2+5.7

2.3 I A I T 5 R A bk 4 A Tk L 4 i 2
UIERES

O VG R L 00 43 AU 5 R (L3R 3) R, TTS1
ZHAY T 20 A Th 48 B be 1 W) e s 7 4 RO 4L, 25
FEA G E X (P <0.01); B9k 63 4119 B 41
LT 20 M Ll ) 5 T ROK A LR 22 R I G
B (P <0.01), 3 B 40 b FIK F i 85 KoK 4, 1
DN =R S IR /Ny 4 E G e 8 N Nl
JH Ay RO 5 (W2 4) AT AL, TTST 464 Th 28 Jfd L )
WS THERKRA, ZRAFIT¥FEL(P<
0.01) 5 JBE VA I U 285 9k B4 4t if 43 TR 25 SR (L3R 5)
R, HHZMERTRITFE L,
2.4 TR B A5 IR EL A0 o AR TNF -o 3 38 6 0 &5 A1

FH % 6 TJAT 9 FC 45 b B 400 it 0 50 3 [ 4% TNF-

TT51 4 37.3+£10.5 12.3+3.9 18.5+4.7 48.9:9.9 9.8x7.2
o MFRIATE 3 HZ W] L 22 R BT ge i 28 .
3 EAMERBRE AR (x £5,0=6,%)
Table 3 Percentage of lymphocyte subsets in spleen of parental generation female rat

534 Th 4 i Te 40 /g B 4 il T 40y NK 41 /g
T ROKR A 18.94 +1. 55 8.62 +1.40 42.16 £5.42 23.69 £ 1.49 15.17 +4.68
K 63 21 25.41 £6. 14 12.73 +3.46 33.07 £3.53 " 36.94 £8.03" 17.24 £5. 65
TT51 4 26.52 £5.17° 9.53 +1.17 39.31 +4.91 35.05 £6.44" 12.86 £2.91
T R 50 I UL, P <0. 01,

4 EAUHER S DA B (v £5,0=6,% )
Table 4 Percentage of lymphocyte subsets in cervical lymph node of parental generation female rat

I3 Th 21 ff Te 41 fii B 20 T 20 NK 2 ity
TRk 42.69 £5.70 11.78 +3.84 38.20 £3.65 50.86 +4.76 1.56 £0.33
K 63 41 51.99 £5.46 7.63 +4.38 33.28 £2.99 53.87 +4.16 1.78 +0. 64
TT51 4 58.73 £6.36" 4.35 +0.82 34.47 £5.77 54.60 +6.29 1.69 0. 49

T R 50RO, P <0. 01,
F5 TRACHE RUIRITA R B 25 0 B A0 20 B (5,0 =6,% )

Table 5 Percentage of lymphocyte subsets in lymphoglandulae inguinales of parental generation female rat

oA Th 41 ff Te 4l i B 41 T 4 i NK 2 Jifg
B Kok 4 71.54 £7.29 8.38 £2.96 22.39 +3.93 69.77 +4.33 1.03 £0.26
BHR 63 4 68.47 +4.28 8.80 +1.89 23.00 = 4. 88 62.66 +7.58 1.43 £0.22
TT51 41 69.04 5. 81 8.66 +3.70 20. 96 =3. 56 67.82 +3.57 1.25 +0. 46

F 6 SEACME R I ZE K 2 Ah e 3 A K TNF-o 3R3B (2 25,n=6,% )

Table 6  Percentage of lymphocyte subsets and expression of TNF-a in Peyer’s patch of parental generation female rat

e Th 41l iy Te 4 B 2 ffa e NK 41 ffs TNF-a

i KoK 2 30.04 £3.09 2.01 £0.94 46.85 +4. 66 30.89 +2.97 2.05+1.11 0.38 £0.20
WA K 63 4H 30.51 £4.97 3.27 £0.90 42.25 +3.89 32.92 +4.70 2.91+1.05 0.54 £0.31
TT51 4 35.99 +7.39 2.75+0.92 42.22 +6.26 36.13 +5.45 2.33+1.15 0.34 £0. 13
2.5 HApEdE AR L

HIE 7 FIHD, 45 4 0 o 28 B b B 22 7 R 4 it o %7 AU RIS RA(x £5,n=6)
=Y, Table 7 Organ coefficients of parental generation female rat
2.6 RIEINHEFIA KL il [LECEE i B JiF i 4 2

FUPR AR AN IR T NK A0 M AR I A WRORAL  0.2850.057  0.12:0.025  2.8420.27
ConA FEF MO IR s BRI ER K4 > K 63 #H 0.28 £0.071  0.13 £0.027 3.07 +0.52
[EHRERLGETFE X (WFES), TT51 41 0.26 +0. 049 0.13 +0. 035 2.93+0.39
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8 RN RE AR S5 R (2 £5,0=6)
Table 8 Immunologic function study of parental

generation female rat

o PFC/(4~/10° i le ﬁﬂw?ﬁ C»onA»i}T?'T:'F

41 i) T 5E /% Ak 52/0D

i A KoK A 162 +26. 89 42.3 0. 16 1.49 +0.27

W% 63 2 157 +13. 84 39.9 +0.20 1.71 0. 24

TT51 44 146 +£26.32 44.9 £0.37 1.51 £0. 08
3 Wit

IR, FE A A0 X e 35 TR ROK 119 22 2 P P o = 32
AP 18 4 s Wy MR SR 3088 0 =, A 0 45 i 32 24 45
PRALEE LI 78 25 A i B A 00 0 25 8 g B = 4G 6 55
EARTAT 1 [ A AR SR " R R 4R R e 3L I K
KA G e BEMEAE FT, (EL e T B A 5 928 0 R Y ek 8 1
TE A HE AR A TR PR 2Z i, D O f 52 5 B 2 F %o
TR S IR 1 2 MR i) BoA B2

1 T AT BT R T 5% B B[ ROK (TTST)
SR Bt BE [N AWK 63 JKOK 2 P 4 v A 2 (1) % 2
PR, g T B S8 00 BT A% B S R ROK X % &R 48
RS M, 73 99] B2 3 T AR ROK X ORISR AR 4K 63 oK
Xof B A o IR A T8 e X 4 ROk ) i g AT A g
PR AT A — %€ A B2 HEBR il Bl 22 S AR G X
IR A5 R AT REPER BT RE . 53 Ah , R WF ST 60% (L
75 R BUEDRE Hh 2 Sl 48 A e B B DR K (K 63
R BT B KK, 43 B AIN-93 (s o 328 47 4 e i
i, DL O ik R B 7 2R 30 1) 36 IR R RE R 1
Ko WEFEEE R, 25 2H 25 ACHE M I Bt 6 39 1) A
KORDE R, R B ROAE R, #1402 4 )
PR AR AR AR AT 2 SR 224

X B DA W 0 S B B ST B9 07 1, [ B
BRI B B Y S 56 4 R, 14 JERE 100% A I R
ZRRFETENEA S Y TR 04 5 T RE UL 1 O ik
AT 3 A T 4 M AR 8 9 T 1R B BE ( T-cell-
dependent antibody response, TDAR) 1 NK 41 Jitd 7% 1
P I A I A 2 4 B B R L AR X T A
MrAE " BT A BIF 53 78 S 28 T il 2 1 36 7 T o i
T YURA ARSI (PEC) AT NK 248 B 375 4 6 00 5
%o Bt H Mk BLHE 5 85 H R AU E A
VRS2 ARGE A, 51 A0 I 2 L, BN AR i B i
i, e & P ER AUF LR AL T T AR E
B X — R PRS2 A N 5 A Bt 2 6 A A
B BA A R, B, BT Bt 2 4 g
5 108 3 7y T ok I i R A ) RS i 3 4 s, E T
75 1o R R A AR B B4 T BEATS 5 AR AR 2 F O Y R
TR TR R M 3 R 1 R A L 4, 3
T B b 4 R A L R A A AT LS I g A
FRE G P 1 Jr 3 B B RS o TNF - FR AR I 0 40 i 7™

M X AE B G R A T W R AT A HE BIL A G g
RAEL R o I, W R 45 TNF-a %3k K VA1 — & f
JiE b AT LA R W i g gk A . ARBE S R T
X 1 T J5h S 4 28 4 b I T VI 45 I T 400 L 43 Y A
ST, T g i — 25 BT T 4R 5 %

WEFEEE AW, TTS1 21 WK 63 41T 4 Kok 20
22 W), 4 B G 8 T P o R 45 A 1 40 4 R %
P25 I TG T2 8 S, T bk T 200 3 50 1 % 35
TR L A0 43 R 43 S o A S SRS AR A A 25 5, ELAT
SRR R AR LS, PR AR IR 5 52 i

25 R, AR R URAT 10 J8 KGR 4R I L1
i BRI K 5 55 R DL e R G I RE LR S
oK AL Bt JE K oK X 5 R S 2 Sk 1 B TR F 5T
T 125 4 T VAR FL T B 1) S 938 75 P 25 A T 38R, 1A It
AR LA 3 o IR AR 1 B, E— BT A
BT Bt 3D RO TR 2 A0 e g R eI S
D0 3545 T 5 5 R0 035 190 5 B T el B4R

S % 3k
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