2 JUY i T ) 2 i 7 AR B B 52 ) 52 T

X, % sy

&%
2 S0 A ) e 0 T 1 OK B B 92 1) 52 i

) AR R A, RAART R R R, AR
(L EEAARFAFLT LXK, L KE  030001; 2. B Z& & %2 RNEFFFQ
TEREGFZLENEIFFHEALEE,LE 100022)

 E:EM @B3hnNPREERKGTRE. G@BAE, ST HE DB N BHREmIBIEHAEA, 8 REH
(NK)mPedhse F 4547 W KRR B M L FAMRMAT T RRXRALAG Y w, FiE LI SPF L& F SD X K 4 i
2: 109 0bt) R B, B MR AL X FHL,RKF40 RERX ML ATRBA KAZTH FTHZTA SN EH, 54
10 2, FHedked 5 7T REH 16 RE R HBRME R, A =455 4 0.2.20.60 mg/'kg BW, FRXABEEF 4 R
(PND4) AT Z AR 2R EFTRRAKB A4 R EEF BLETRRXRAY>ZRA,H 8 R BEMHE —
RAYEA ARG, %8 g RMEE—R/EAH BKRF, L4+ ARSI 80 RFRKRAHAE S 52 X (PND52) # 47 %95 7
PR, R FE AT A £ R BRI S B bk & fm e o AL R e i y- T/ E (y-IFN) (& s e~ £ -2(IL-2) (IL4 1L-
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Immune response of lanthanum nitrate exposure on rat offspring
LIU Dan-dan'?, YANG Hui’, ZHANG Wen-zhong®, JIA Xu-dong’,
LIU Zhao-ping’, SONG Yan’, PEI Qiu-ling'
(1. School of Public Health, Shanxi Medical University, Shanxi Taiyuan 030001, China;
2. Key Laboratory of Food Safety Risk Assessment of Ministry of Health, China National Center
for Food Safety Risk Assessment, Beijing 100022, China)

Abstract: Objective To investigate the effect of lanthanum nitrate on immune development of offspring rats, which
exposed to pregnant rats, by measuring the level of interferon, interleukin, and the proliferation of spleen T lymphocyte,
spleen B lymphocyte and natural killer (NK) cells. Methods Pregnant SD rats were randomly divided into control group,
low dose group, middle dose group and high dose group, with 10 rats in each group. The rats were treated with lanthanum
nitrate at of 0, 2, 20, and 60 mg/kg BW respectively, from gestation day 7 to gestation day 16. On postnatal day 4 (PND4) ,
the number of rats was reduced to 4 (2 male and 2 female per litter) , about 160 rats in the four groups. One male and one
female from each litter were chosen as A queue, and the other one male and one female were B queue. On postnatal day 52
(PND52), rats of the A queue were observed including body weight, peripheral blood lymphocyte typing and serum v-
interferon (y-IFN), interleukin-2 (IL-2), IL-4, IL-la, IL-10, and tumor necrosis factor (TNF) content. The rats of B
queue were detected T-dependent antigen response and lymphocytes proliferation on postnatal day 55 ( PND55). Offspring

rats were weighed every week during the experiment. Results There was no significant difference between the experimental
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groups and the control group (P >0.05), including the relative weight of liver, kidney, lung, brain, spleen and thymus.

Spleen T lymphocyte proliferation in male rats of the high dose group was higher than the control group (P <0.05), with a dose-

response relationship. The number of blood NK cells in female rats of the experimental groups were more than the control group

(P <0.05) with, a dose-response relationship. The results show that benchmark dose lower bound was 0.21 mg/kg BW.

Conclusion

Exposure to lanthanum nitrate during pregnant period had a slight stimulation on NK cell and spleen T

lymphocytes, however, there was no significant toxicity on the immune system development of rats offspring.

Key words: Rare earth; lanthanum nitrate; rat; immune; interferon; interleukin; spleen T lymphocytes; natural killer

cell; toxicological tests; immunotoxicity
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2 HR FHEPE TR B, PND28 57 i 2 (60 mg/kg BW) -
2.1 AR BUE R B AR R B B A T 0 IR 4 (0 mg/kg BW) , 225 5 4

F VAU 250 AU MV T AOR BRI . T (P <0.05),

F 1 FRKRBUM A KRR &SN (5 £s,8)
Table 1  Body weight changes of offspring rats
5 i PND7 PND14 PND21 PND28 PND35 PND42 PND49 2SI N iR

0 mg/kg BW  18.72 +1.30 34.45 +3.05 53.16 £6.29 90.23 £7.27  155.28 +14.44 249.51 +18.49 290.29 +21.53 318.72 +21.13

pon 2 mg/kg BW  18.84 +3.38 35.40 £2.18 54.11 £5.23 90.87 £5.97  155.17 £20.19 239.96 £29.48 277.59 £31.81 305.01 £27.90
20 mg/kg BW  20.13 £2.05 35.05 +4.22 55.76 £4.08 92.19 £10.05 156.94 +16.838 248.42 +19.71 287.97 +21.80 302.08 +25.31
60 mg/kg BW  20.73 £2.17 34.50 +3.59 54.36 +4.85 88.53 +8.68" 154.49 £15.15 250.02 £20.39 293.46 £22.30 309.27 +23.581

0mg/kg BW 18.34+1.30  33.9524.23  50.16+3.17  86.46 +5.48 141.35 +11.59 192.94 +11.78 210.67 +13.08 218.73 +10.95

: 2mg/kg BW 19.84+1.90  33.60£2.60  52.66 +5.80  87.17 £8.92 134.37 £14.74 191.24 £14.52 206.78 £16.47 215.33 +15.30

e 20 mg/kg BW  19.94 £1.60  35.05£4.22  53.54+7.23  89.27+7.03 135.70 +14.61 181.18 +13.33 203.08 +14.55 209.26 +17.52

60 mg/kg BW 19.28 £2.93  32.50 £3.59  53.25+5.63  87.33x10.17 141.53 £13.69 194.29 £15.94 212.61 +18.19 222.24 +18.64
a5 5 0 mg/kg BW 41 48, P <0. 05

2.2 JEAVESR JUE VR M s o8 AR b R S R IR L B
F2 0l UL SRR 3 SRR AR BUIFAE i JES T E L (P>0.05) .

#2 TARMEZESHXE (2 £5,%)

Table 2 Relative organ weight of offspring rats

51 734 JiT i Jii JE I E i i i
0 mg/kg BW 3.25+0.18 0.81 0. 04 0.48 +0. 05 0.26 +0.03 0.18 +0. 13 0.60 0. 05
N 2 mg/kg BW 3.42 +0.35 0.85 +0.05 0.52 +0.07 0.25 +0. 14 0.22 0. 12 0.65 +0.13
et 20 mg/kg BW 3.60 =0. 62 0.84 +0.10 0.51 £0.09 0.28 £0.03 0.29 +0. 06 0.62 +0.07
60 mg/kg BW 3.56 £0.20 0.84 +0.08 0.50 0. 03 0.29 0. 12 0.22 0. 12 0.58 +0.07
0 mg/kg BW 3.32+0.22 0.84 +0. 08 0.56 +0.07 0.31 0. 06 0.34 +0.03 0.83 +0.03
) 2 mg/kg BW 3.23 +0.35 0.84 +0.09 0.59 0. 05 0.28 +0. 04 0.34 +0. 06 0.84 +0.05
#ete 20 mg/kg BW 3.26 0. 19 0.82 +0.04 0.58 0. 07 0.28 +0. 04 0.29 +0.05 0.84 +0. 06
60 mg/kg BW 3.38 +0.23 0.86 +0.07 0.58 +0. 06 0.32 0. 04 0.31 0. 05 0.79 0. 04
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fe o ‘ e 4 B M1 B NK 40 45 ) 4
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Table 3 Results of PFC and cell proliferation in offspring rats ml{ﬁ y_IFN JIL-2 (IL-4 (IL-5 IL-10 | TNF 7J(:F ijﬂ‘““
PR ZEF LGB X (P>0.05),

L PFC/(A4~/10%  J TIREL400  fg B kL4

YA ~, =) =} >
g A W) W e 34 2.6 FAR KB A LR - O B
0 mg/kg BW 141.25 £9.45 0.43 +0. 12 0.56 +0.25 B AR IO B Ve U T I 40 o 388 5 A
M 2 mg/kg BW 136.35 +11.38 0.49 =0. 11 0.58 +0. 16 NK KR A S5 5 BMD 4 6 Bmd
#£ 20 mg/kg BW 136.90 £10.69 0.52 £0. 16 0.57 +0. 13 il A0 MBS A4 s A T I3Hre 36 WoRdll
60 mg/kg BW 141.50 £8.06 1.09 +0.35%" 0.59 £0.27 EERIE S H RIE R E B BN (AIC) & #
0 mg/kg BW 135.20 £13.76 0.25 +0.07 0.48 +0.08 AIC %/J\\P {E%jtég*ﬁﬂ,ﬂiﬁ]w%/ﬁmémﬂﬁiﬁﬁg
Wi 2 mg/kg BW 133.75 £10.99 0.31 £0. 10 0.49 +0. 14 A i
£ 20 mg/kg BW 130.85+7.89 0.27 +0. 15 0.53 +0.27 He il AR Dy AL, BMD fH O 43.38 mg/kg BW,
60 mg/kg BW 133.45 £12.35 0.33 =0. 41 0.58 0. 10 BMDL Jy 21.40 mg/kg BW, 5| &-F2 i gl 46 a0 & 35

TE s Fm 5T A (0 mg/kg BW) LLELR, P <0.055b F7m 51057 1 2 NK 4 : B Ok 5 R A . BMD 2. 73
(2 mg/kg BW) HE, P <0. 05 ;¢ 2255 55 ] 41 (20 mg/kg BW) M L R O A R AR fi5 2.
5P <0.05 mg/kg BW, BMDL 3 0.21 mg/kg BW, | 4 -JZ Jif
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Table 4  Results of peripheral blood immune cells in offspring rats
3] P CD4/CD8 LT 9 EEL 240 L % 1B itk 4 % NK 48 1/ %
0 mg/kg BW 1.73 £0. 21 48.96 £7.94 42.27 £7.85 9.32 +£3.24
Wb 2 mg/kg BW 1.64 £0.34 51.24 +4.26 38.08 £5.05 11.51 £3.30
|
20 mg/kg BW 1.50 +£0.43 42.54 £3. 14° 45.58 3. 17" 13.78 +4.61
60 mg/kg BW 1.43 £0.43 46.01 £5.35 44.55 £4.52 9.46 £2.05
0 mg/kg BW 2.12 0. 68 54.40 +3. 66 35.62 +3.87 7.39 £1.73
[T 2 mg/kg BW 1.52 +£0.33 52.85 +6.08 38.18 +7.76 9.94 +£2.23*
20 mg/kg BW 1.52 £0. 33 51.87 +2.95 37.74 £3.74 10. 10 £2.75*
60 mg/kg BW 1.68 £0. 31 53.09 +3.76 37.41 +4.51 10.91 £3.94*°
T a FR 5 XA (0 mg/kg BW) [L&, P <0.05;b FIR 550 821 (2 mg/kg BW) L, P <0. 05
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Results of lymphocyte typing in male offspring rats
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Figure 2 Results of lymphocyte typing in female offspring rats
£S5 FACKE MG AR K F 458 (2 5, pg/ml)
Table 5 Serum cytokines of offspring rats
5] Sy M-la y-IFN 1.-10 .4 TNF 1.2
0 mg/kg BW 5.84 +£4.76 2.75 +£0.20 17.50 +9. 44 3.74 £5.76 8.43 £2.67 7.13 +7.53
from 2 mg/kg BW 5.03+1.70 2.85+0.11 15.18 +3.18 1.91 £1.32 7.81 +0. 87 4.57 +1.68
i
20 mg/kg BW 3.32+1.02 2.79 0. 17 14.33 +2.69 1.25 +0.76 7.62 +1.38 4.00 +1.32
60 mg/kg BW 4.13 £2.09 2.75 0. 16 19.25 +10.43 2.70 £3.51 7.34 +£0.92 5.03 £2.91
0 mg/kg BW 2.47 £1.09 2.90 £0. 15 13.95 +1.91 1.46 1. 11 7.22 +0.75 4.23 +1.46
fron 2 mg/kg BW 2.40 £1.56 3.00 £0. 19 15.60 +6. 56 2.53 +£3.13 7.26 £1.25 4.99 +2.80
20 mg/kg BW 2.94 £2.39 3.22 £0.47 23.39 +£20.41 2.02+1.89 6.89 +0.61 5.03 +£3.11
60 mg/kg BW 1.82 +0.59 3.10 0. 36 22.27 +17.88 1.43 1. 10 6.97 0. 62 3.62 £1.04




2 JUY i T ) 2 i 7 AR B B 52 ) 52 T

X FHFE, 45

—263—

6 BMD I3 A7 fird B2 B 40 19t T 3k [ 246 it 3 7 fiE g A
NK 4 B B A 750 4k - S 07 i 2 400 45 G B2 A
Table 6 BMD analysis of the goodness of fit test of the dose
response curve of lanthanum nitrate on proliferation of spleen

T lymphocytes and NK cells

» JIf T bk EL 400 it 34 % i NK 4ii i
R 4 B =
P AIC P AIC
5 iy — — N/A 130. 72
Ay R AT N/A -21.82 0.525 126.24
2t A5 A 0.615 -24.96 0.098 128.47
Z 1 A 0.738 -23.82 0.053 129.57
TR R 0. 740 -23.82 0. 098 128. 47
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Figure 3 Dose response relationship of T lymphocyte

proliferation in male offspring rats
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Figure 4 Dose response curves of NK cells in offspring

female rats
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