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Pharmacokinetics of rare earth element lanthanum and the effect of lanthanum on the blood
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Abstract: Objective To explore the absorption, distribution, accumulation, and excretion after oral exposure to
lanthanum and the effects of lanthanum on the blood element spectrum of rats. Methods 48 female SPF-grade rats were
randomly divided into 8 groups with a one-time gavage of 700 mg/kg* BW lanthanum nitrate solution using single oral
exposure experiment. And the blood, heart, liver, spleen, lung, kidneys, brain, femur, and fecal of rats were collected
and measured by ICP-MS after gavage for 1, 2, 4, 8, 16, 32, 64, and 128 h. Another 48 SPF-grade rats were randomly
divided into 4 groups (half male and female) , each group with a control and an experimental group was observed in
experimental time-point in repeat oral exposure experiment. The experimental group repeatedly gavage lanthanum nitrate
solution containing lanthanum 66 mg/kg:BW, and the control group gavage an equal amount of physiological saline.
Then, on the 7", 14", 21" and 28" days, the rats (including the control group and the experimental group) were taken to

determine the contents of 44 elements in blood and the contents of lanthanum in liver, kidney, femur, feces and urine by
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ICP-MS. Results After single oral exposure to lanthanum, lanthanum peaked in blood for 2 h, the elimination half-life

was 69.315 h, and the overall clearance rate was 1.733 L/h/kg. Lanthanum was widely distributed in the heart, liver,

spleen, lung, kidneys, brain, and femur with blood, and the level in the femur was the highest (P<0.05). The levels of

lanthanum in the liver and femur increased compared with kidneys after repeated oral exposure to lanthanum for 14, 21,

and 28 d (P<0.05), and the level of lanthanum in fecal of rats was higher than that of urine (P < 0.001). Compared to

the control group, the level of lanthanum increased in the blood of rats (P<0.05) , while there was no statistically

significant difference between the control group and the experimental group in calcium, sodium, potassium, magnesium,

iron, copper, zinc, selenium, cobalt, molybdenum, lead and arsenic in the blood of rats (P>0.05). Conclusion In

this experiment, lanthanum can be rapidly absorbed into the blood after oral exposure and is widely distributed in the

heart, liver, spleen, lung, kidneys, brain, and femur. After repeat oral exposure to lanthanum, lanthanum is easily

deposited in the liver and femur, feces excretion is the main route of elimination, and no effect of lanthanum on the blood

element spectrum of rats has been observed.
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Figure 1  The plasma concentration-time curve of lanthanum
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Table 2 The levels of lanthanum in tissues of rats after single-exposure/(mg/kg)

i 1] /h oL i JIg Jili 5] ki Ji B

1 0.10+0.02 0.11+0.03 0.07+0.03 0.24+0.05 0.05+0.01 0.030.01 0.12+0.04
2 0.14+0.04 0.27+0.13 0.08+0.02 0.56+0.10 0.07+0.02" 0.07+0.03" 0.41+0.09
4 0.44+0.19" 0.63+0.317" 0.39+0.16™ 2.28+0.52 0.37+0.14™ 0.29+0.10" 3.34+0.48
8 0.39+0.13" 0.43+0.14™ 0.20+0.02"" 1.23+0.77° 0.21+0.05" 0.35+0.17" 4.81+1.94
16 0.42+0.16™ 0.31+0.14™ 0.19+0.06™ 0.52+0.117" 0.21+0.09" 0.09+0.02"" 2.21+0.24
32 0.34+0.03" 0.27+0.09™ 0.17£0.017" 0.35+0.27"" 0.12+0.03" 0.12+0.05™ 3.37+0.64
64 0.04+0.017 0.13+0.03™ 0.15£0.04™ 0.26+0.12" 0.05+0.01" 0.09+0.01" 0.75+0.05
128 0.03+0.017" 0.07+0.02™" 0.06+0.027" 0.13+0.05™ 0.04+0.01" 0.06+0.02" 0.35+0.07
T S B HLAR, P<0.05 5™ R 5 B HL e, P<0.01

2.3 HEBEEWERKRAL P ERGL T (P<0.05) , i B Bl 5 &2 2 &% )5 & VLB T IIF Fn

&3, EERE 7. 14.21 fil 28 d, L5 JBeH o
2R BT B B0 R B T IR AL (P<0. 05) 2.4 AR SRR 2 01T 5 WA HE I
LR B R0 B BE R R R] Y B T R il 7 KB R T 700 mg/kg BW La(NO,), J5
M. AN, BT REE 14 M 28 d S R RUBRCE B S S[RI ) BEHL S AE G A i, Ak 4, 45 R Bk L3
AL R TR AL (P<0.05) . #F— R RR A RS EE ST Ml M4 Z1(P<0.001), i H
B RN R B AR, WA 2 TR, R R R 1421 SEEREEE 714,21 R 28 d J5, SE I 2H KRR 2SO B 1
28 d Ja, S50 2 K B R BB B P 2 TR & B (P<0.001), L3 5.
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Table 3 The levels of lanthanum in liver, kidneys and femur of rats after repeated exposure (66 mg/kg- BW )(mg/kg)

B 1 /d s i L%
Xt HE 2 S X e 2l S X e 2 SIS
7 0.010+0.003 0.074+0.017" 0.0090.001 0.021+0.002" NA 0.086+0.028
14 0.009+0.002 0.14420.020"" 0.003+0.000 0.02120.006™ 0.001+0.002 0.106+0.033"
21 0.005+0.001 0.168+0.020" 0.0070.002 0.022+0.002° NA 0.184+0.035
28 0.003+0.001 0.234+0.038" 0.008+0.003 0.038+0.005"" 0.002+0.003 0.262+0.067"
T G X IR4L HEHR, P<0.05 5" 5 0 B HL A, P<0.01; NA R H
04r ” - i F5 EHELTH(66 mgkgBW) 5 5255 41 K BRI
ik " - A A 1
2 ok - R Table 5 The levels of lanthanum in urine and feces of
oh * ok
\\g 02r ok experimental group after repeated exposure (66 mg/kg-BW)
f::
& . A ] /d R/ (mg/L) #/(mg/kg) P
’ 7 0.06+0.01 4 544.14+320.41 <0.001
14 0.110.01 7 376.17+857.05 <0.001
0.0
7 14 — 21 28 21 0.17+0.04 7 313.67£936.50 <0.001
28 0.060.01 8 996.90+1 277.93 <0.001

R P<0.05, 7 P<0.01
2 WAL THI(66 me/ke BW)JG SR 4 K BT 5 it BU4 I B & 53 W 3E S T O R 41 (P<0.05)

T L 3,
Figure 2 The levels of lanthanum in liver, kidneys and femur of 0251
: AL
experimental group rats after repeated exposure (66 mg/kg- BW) 0.20 - i
.. v, 2l
H4 UG TR K BEE G0 205
Table 4 The level of lanthanum in feces of rats after g,
‘ i 0.10
single-exposure &
N N 0.05
8] /h W g/ (mg/kg) P
1 .04+97. .001 0.00
390.04+97.98 <0.00 7 12 21 28
2 214.70+87.92 <0.001 bFjil/d
4 2131224418 <0.001 VE % B L L P<0.05 5 5 4 B4 F L P<0.01
8 782:002330.23 <0-001 B3 LT (66 mefkg: BW)JR K B4 1L 7 Bt
16 6 068.21+1 779.65 <0.001 . .
Figure 3 The level of lanthanum in blood of rats after repeated
32 7 831.28+1 773.37 <0.001
64 3 188.124229.06 <0.001 exposure (66 me/kg-BW)
128 4329.39:104.15 <0.001 2.6 HEZNOREFRKE2OPERTRS =
T2 PR A 5 0 DA R S A 45 A U i 0 5k L A BHEEE 2 7.14.21 1 28 d, KB 2l Hix
2.5 HEZURERKHE0HEGE 4 MR ROTR GRS RAMIL, Z R LS E

HREL IR 7.14.21 Fl 28 d, 525 2H K X (P>0.05), L% 6,

6 HIELTHI(66 mg/kg- BW)J5 K BUMR T 4 Bl B0 R 5 B/ (mg/kg)
Table 6 The levels of 4 micro elements (mg/kg) in blood of rats after repeated exposure (66 mg/kg-BW)

I} i /d 251 Ca Na K Mg

; Xf BE 20 47.98+1.48 2334.96+110.10 3278.26+119.70 50.55+1.46
SR 49.20+2.77 2510.62+157.18 3316.65+203.75 52.94+2.65

” popiiekitl 52.90+2.36 2704.90+123.74 3071.25+156.09 48.35+1.04
S5 24 51.63+2.66 2593.63+120.67 3282.84+191.36 51.19+1.47

- popitc:El 56.71+1.27 2 800.88+68.42 3 346.35+105.44 49.02+1.21
S 20 56.40+1.57 2 805.08+120.67 3186.74+165.17 51.19+1.38

i Xf HE 20 54.78+2.47 2751.34+98.85 3298.76+102.48 49.70+2.21
LA 51.72+2.35 2576.41+140.02 3 568.28+199.87 53.50+2.53

TSN IR AL, P < 0.05; 7 S X IRAL L8, P < 0.01

2.7 HEEZOREGEKR MmO METR AR R 0 U FE B YRR R

o YEdE— 25 Hr. MM ERE AT 7.14.21 fl 28 d, K
ME T KB A (Fe) 1 (Cu) 5% (Zn) i R4 I BR % 2 AR 6 Bl 7 Bl e o0 R i 5 X

(7Se . *Se) 4% (Cr. Cr) &l (Co) 4 (Mo) JTL & % MM, Z5 g3 X (P>0.05), 1L3& 7.
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Table 7 The levels of 6 essential trace elements (mg/kg) in blood of rats after repeated exposure (66 mg/kg-BW)
iy ) /d 21 51 Fe Cu Zn "Se 2S¢ Co Mo
7 Xof B 21 424.43+54.13 1.14+0.11 4.66+0.39 0.57+0.05 0.82+0.04 1.42+0.29 0.02+0.00
SEER 2 320.91+86.44 1.34+0.16 4.06+0.63 0.55+0.05 0.80+0.05 1.61+0.47 0.02+0.00
14 Xof B 21 307.46+74.42 1.27+0.10 4.05+0.41 0.54+0.13 0.82+0.02 1.35+0.16 0.03+0.00
SEER A 346.95+£72.09 1.40+0.15 4.40+0.45 0.60+0.04 0.86+0.06 1.50+0.40 0.03+0.01
21 X R 2 229.28+48.42 1.38+0.11 3.81+0.32 0.59+0.02 0.86+0.06 0.86+0.03 0.03+0.00
S5 246.69+19.08 1.38+0.12 4.14x0.35 0.56+0.03 0.87+0.02 1.20+0.16 0.03+0.00
28 Xf B 21 351.04+83.91 1.33+0.13 4.46+0.62 0.63+0.03 0.91+0.02 1.04+0.16 0.02+0.00
SEER 393.48+53.90 1.31+0.14 4.74+0.50 0.59+0.03 0.96+0.06 1.24+0.20 0.03+0.00

T SRR O, P < 0.05; 7 SRR H# L, P < 0.01
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FE TR 7.14.21 F1 28 d, K F4 i A A
xR A I, 22 7 S 2 B L (P>0.05)
L% 8.

F 8 WHELTHI(66 mgkg BW) 5 I B IL I i A1
B 8 /(mg/kg)
Table 8 The levels of arsenic and lead in blood of rats after

repeated exposure (66 mg/kg-BW)/(mg/kg)
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