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Abstract: The aim of this study is to provide important support for further research on the accumulation and trans—
port mechanisms of mercury and seleniumin vivo by exposing rats to methylmercury chloride and selenomethionine.
Cold atomic fluorescence spectroscopy (CVAFS) was used to detect the mercury content in rats; hydride o
ccurrence by atomic fluorescence spectroscopy (HG-AFS) was used to detect the selenium content in rats; h
ematoxylin-eosin (HE) staining was used to observe tissue morphology; One-way ANOVA and Bonferroni m
ethods were used to a nalyze the differences in mercury and selenium distribution in rats, and Independent sample
T test was used to a nalyze the differences in liver and kidney function between groups. The results showed that the
accumulation of mercury and selenium in male mice was higher than that in female mice of different genders, and
the accumulation of mercury and selenium in rats of the same gender was in the order of kidney>liver>brain>hair
=~ feces, and the accumulation of mercury gradually increased with time. The accumulation of selenium in the liver,
kidney, and brain of rats exposed to selenium continued to increase with the extension of exposure time from 30 to
60 d, and a phenomenon of decline appeared at 90 d; in the combined selenium and mercury combined exposure
group, under the same mercury exposure conditions, the mercury accumulation in each tissue also increased with
the increase of selenium exposure dose; after selenium supplementation, both mercury and selenium accumulation
increased, but the mercury accumulation was lower than that of the single mercury group; from biochemical i
ndicators and p athological observations, compared with the control group, the single mercury group and the m
edium selenium high mercury group had more severe tissue damage in rats, while the single selenium group had
the lowest degree of damage. In summary, the interaction between selenium and mercury can affect the accumulation
and distribution of mercury and selenium in tissues. Co exposure to selenium or supplementation with selenium can
promote the a bsorption of mercury in various tissues, and the results are influenced by the exposure level and s
upplementation concentration of selenium and mercury. The accumulation of mercury and selenium can affect the
degree of p athological changes in various tissues and liver and kidney function in rats. The higher the accumula—
tion of m ercury, the greater the degree of tissue damage.

Keywords: mercury; selenium; rat; accumulation
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Table 1 Total mercury accumulation in the liver, brain, kidney, hair, and feces of rats (ng*g ) %5 n =3)
Gender Group Time/d Liver Brain Kidney Hair Feces
30 57.67+131%° 54.50+£041%° 290.77£10.09%® 1.61£0.01* 2.61£0.01%
MeHgCly, 60 157.75+1.78%° 113.32£0.67*"° 857.57+1.34*" 3.66+0.05* 2.99+0.01*
90 169.33+0.51% ¢ 144 41+1.07%° 1 048.67£9.32%° 10.03£0.16* 4.05+0.03*
30 4733+1.66° 50.59+2.84%° 55.68+1.10° 1.49+0.06 1.80=0.01
Seq 60 56.58+2.37%° 59.04£0.31%° 66.30+0.27° 2.54+0.06 3.51+0.04
90 58.75+2.75° 63.81£2.29%° 123.07+1.99% ¢ 3.25+0.06 3.77+0.05
30 93.28+2.65%° 68.58+0.79* 143.00+3.85% ¢ 1.91£0.03% 1.82+0.01
MeHgClyps+Sep, 60 114.83+1.36%° 95.23+2.00%° 272.89+1.51%° 3.70+0.11% 3.43+0.27*
90 177.83+0.66* 114.51+1.86%° 597.35+1.06% 5.73+0.04% 3.71£0.01
Female 30 108.98+0.21*" 93.93+0.79%* ¢ 272.03+722%° 2.17+0.04* 2.03+0.01%*
MeHgCly, +Se;, 60 272.08+1.33%? 222.95+1.06* 927.55+19.02* " 5.98+0.06* 4.10+0.01*
90 285.17+10.30% 182.65+1.22%"° 1 014.54+8.63%* 6.42+0.06* 3.35+0.09%
30 95.67+1.70% 73.50+2.41%¢ 186.12+1.00% ¢ 2.09+0.12% 2.39+0.01%
MeHgCly s +Seos 60 125.99£3.20*"° 119.67+0.62%° 548.38+3.02%° 4.06+0.02* 3.63+0.04*
90 190.33+1.12% ¢ 140.62+0.85% * 671.021.46%* 6.40+0.08* 3.73+0.04
30 50.67+2.38 4225+0.94 5222+1.46 1.45+0.04 1.80£0.01
Control 60 51.58+1.76 4325+281 60.13£0.53 2.48+0.05 3.43+0.05
90 53.33£3.19 51.83+1.48 73.45+122 3.15£0.08 3.68+0.04
30 105.75+1.34% 80.38+2.29* °* 394.98+17.53* 2.75+0.05* " 2.11+0.00* *
MeHgCly, 60 123.83+0.77% 102.59+1.34% b 618.91+1.86% ¥ 7.20+0.04* " 2.85+0.01%"
90 381.58+1.33%% 197.93+1.06% 1 423.72+4.55% % 7.41£0.33*" 3.89+0.02% "
30 67.92+0.51% "% 61.83+1.76% % 122.63+2.32% 2.07+0.04* " 2.06+0.02% "
Segq 60 37.92+0.83% 44.20£0.96* 53.52%1.73% 2.93+0.02* " 336=0.07*
90 145.00+1.54% 132.93+1.48% % 222.63+4.86% ** 3.59+0.05* " 2.50+0.06* *
30 103.42+2.86* * 91.33£0.78% 231.78+0.26* > 2.48+0.03* " 1.89+0.01% %
MeHgClyos+Sey, 60 111.58+1.54%"° 101.29+0.80%* > 273.00+0.27* ¢ 4.54+0.07%* 3.89+0.05% "
90 172.75+1.54% 157.19+1.77% 390.03+0.27* ¥ 537+0.03* " 2.66+0.01%"
Male 30 129.42+1.64* °* 122.63+2.47* % 327.06+5.77* 2.69+0.05* " 2.16+0.02%*
MeHgCl,;+Sep, 60 213.17+0.72% ¥ 116.89+1.60% " 736.23+1.77% 6.34+0.65" 3.88+0.05
90 398.58+2.72% 240.07+1.34* 1 191.02+£2.47% % 9.85+0.32+ " 3.1120.01*"
30 120.67+0.96%° 100.32+2.47% < 288.06+3.98* 245+0.05% " 2.22+0.02+ "
MeHgCly s +Seps 60 124.08+1.56*° 122.31£2.58%"° 306.37+1.46% ¥ 5.16£0.02* " 3.70£0.01%*
90 175.42+0.83% 163.04+2.92% 42131£1.71%% 5.60+0.10% 3.22+0.04% "
30 63.75+1.34 55.33+0.72 118.52+2.00 2.05£0.02 1.76£0.02
Control 60 68.25+1.14 59.58+0.67 115.70+1.86 1.93+0.03 1.55+0.03
90 77.50+0.74 71.93+1.60 114.50+1.62 3.65£0.02 3.79+0.05
(One-way ANOVA),* (Control) s P <0.05); *
s (P <0.05); a/a~b/b ,a/b~alc
P <0.05)-

Note: The data was analyzed using One-way ANOVA, where * indicates that there is a statistically significant difference in mercury accumulation between

each group and the control group (Control) within the same gender (P <0.05); * there is a statistically significant difference in mercury accumulation be—

tween male and female rats (P <0.05); the same letters such as a/a and b/b indicate that there is no statistically significant difference in mercury accumula—

tion in the same group at different times, while different letters such as a/b and a/c indicate that there is a statistically significant difference in mercury ac—

cumulation in the same group at different time (P <0.05).
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1 (n=3)
' (a) MeHgCl, o5 +Sey,; (b) MeHgCl,, +Se,; (c) MeHgCl s +Seq 4 -
Fig. 1 Distribution of total mercury accumulation in the combined exposure group in female rats @ =3)
Note: (a) MeHgCly o5 +Seq,; (b) MeHgCly; +Se,; (¢) MeHgCly o5 +Seq 4.

2 (n=3)
: (a) MeHgCl o5 +Sey,; (b) MeHgCl,, +Se,; (c) MeHgCl s +Seq 4 -
Fig. 2 Distribution of total mercury accumulation in the combined exposure group in male rats @2 =3)
Note: (a) MeHgCl s +Se,; (b) MeHgCl,; +Se,,; (c) MeHgCl s +Seg 4.
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Table 2 Selenium accumulation in the liver, brain, kidney, hair, and feces of rats (ug*g ') =S,n =3)

/d
Gender Group Time/d Liver Brain Kidney Hair Feces
30 15.01£0.09* © 1.92+0.10° 39.95+0.08% 0.70£0.01* 0.61£0.01%*
MeHgCly, 60 32.90+0.23** 2.86=0.08° 69.96+0.11%° 1.25£0.04* 0.73+0.10%
90 21.68+0.33*° 2.06+0.11° 45.65+0.10%° 0.82+0.01* 0.67+0.01%
30 35.78+0.04* 14.63£0.20*® 63.91£0.03*° 8.68+0.80% 8.05+0.27%
Seg4 60 65.240.48%° 20.12£0.19%** 93.57£0.38*® 14.16%0.06* 12.52+0.02*
90 51.19£0.02%° 14.46+0.08*® 85.86+0.20%° 14.00£0.14* 11.17+0.04*
30 35.26+£043%° 9.78+0.21%° 53.85£0.18%° 7.40+0.16* 3.64+0.05%
MeHgCly s +Seq 60 41.10+0.15%® 10.24+0.10%® 70.35+0.85%* 9.35+0.02* 4.80+0.02%
90 3830£0.41%° 11.80+0.46* 70.46£021%** 8.94+0.03* 4.42+0.08%
Female 30 22.69+0.07% 7.06£0.07*° 60.03+0.43%° 8.30£0.37* 242+0.03%
MeHgCly, +Se), 60 36.53+0.41%° 7.40%0.11%* 67.75+0.26* 7.77+0.02% 6.19<0.11*
90 26.860.02%° 7.50£0.05% 60.82:0.48%° 5.75+0.02% 3.50+0.02%
30 42.04+0.34*° 13.24=041%° 65.31£0.30%° 11.72£0.07* 7.66+0.62%
MeHgCl s +Seg4 60 43.85+0.23%? 21.88+0.31%® 98.19+0.12%* 18.14+0.08* 13.26+0.05*
90 42.19£0.12*° 2044+025%" 74.77£0.01%° 12.71+0.09* 11.45+0.01%
30 17.24+0.26 2.50£0.12 30.29+0.10 0.85£0.02 0.39+0.01
Control 60 10.45+0.16 2.28+0.06 27.55+0.05 0.75+0.01 0.42+0.02
90 9.73+0.01 234£0.07 25.66+0.08 0.61£0.01 0.58+0.01
30 12.25+0.28* 1.97£0.09%° 25.39+0.36% 0.44£0.02* " 032+0.01%"
MeHgCly, 60 29.80+0.23% * 17.50+0.28* * 59.29+0.50% ** 0.86+0.02* 0.64+0.03* "
90 20.31+0.23% "% 3.12+0.10% 31.42£0.47% % 0.47+0.14* " 043+0.17* "
30 40.88+0.37% "% 15.26+0.14%* 76.560.18% ** 6.26+0.15* " 4.56+0.06% "
Seg4 60 4221£0.26* 22.23+0.07* * 80.79+0.03* * 18.48+0.01** 13.160.02* *
90 4220£0.13* % 19.42+0.01%** 68.13+0.32% 17.97£0.12%* 13.54+0.32% "
30 23.07+0.07* < 7.20+0.05* < 41.08+0.09* < 4.19£031*" 3.52+0.05*
MeHgCly 5 +Se, 60 39.65+0.67* * 19.31+0.09* * 82.610.08* * 8.44+0.02* " 6.85+0.01% "
90 26.86+0.63% ¥ 9.2420.05% 55.08+0.48% ¥ 7.79£0.01** 5.68+0.09* *
Male 30 27.36+0.27% %% 7.91+0.06* 42.95+0.03% < 4.48+0.09** 3.02+0.01%*
MeHgCly, +Sey, 60 35.38+0.40% * 17.94+0.13* * 72.13+0.63* * 8.760.02* * 431£0.02%"*
90 28.77+0.65% % 9.00=0.10* 65.49£0.03* * 7.14£0.02% * 2.83£0.01*"
30 34.76+0.22% 13.80+0.04*° 43.52£0.08* 8.70+0.10* * 6.80+0.04* *
MeHgCly 5 +Se 4 60 50.33+0.10% * 29.24+0.06* * 135.17£0.16* ** 16.16+0.09* * 14.41+0.01**
90 37.50£0.18% ** 15.58+0.10% ** 74.97£0.01%° 15.78+0.01% % 13.25+0.10% *
30 16.88+0.34 3.72£0.02 39.49+0.66 1.12£0.02 1.06£0.02
Control 60 15.50+0.01 3.49+0.01 38.8620.01 1.05+0.01 0.86+0.02
90 1533+0.42 3.22+0.12 23.65+0.01 0.81£0.01 0.68+0.01
(One-way ANOVA),* (Control) s P <0.05); *
s (P <0.05); a/a~b/b ,a/b~alc

P <0.05)-
Note: The data was analyzed using One-way ANOVA, where * indicates that there is a statistically significant difference in selenium accumulation be—
tween each group and the control group (Control) within the same gender (P <0.05); * there is a statistically significant difference in selenium accumula—
tion between male and female rats (P <0.05); the same letters such as a/a and b/b indicate that there is no statistically significant difference in selenium ac—
cumulation in the same group at different times, while different letters such as a/b and a/c indicate that there is a statistically significant difference in sele—

nium accumulation in the same group at different time (P <0.05).
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Table 3 Total mercury accumulation in all tissues of single-mercury group rats after selenium
supplementation (ng*g ') xS ,n =3)
/d
Gender Group Se sgpplement Liver Brain Kidney Hair Feces
time/d
0 57.67+1.31 54.50£0.41 290.77+10.09 1.610.01 2.61+0.01
MeHgCl, 30 157.75+1.78 113.32+0.67 857.57+1.34 3.66£0.05 2.99+0.01
Fomalo 60 169.33£0.51 144.41+1.07 1 048.67£9.32 10.03£0.16 4.05+0.03
30 54.50+2.84% 49.50+1.27* 117.87+1.25% 3.52+0.05% 3.56+0.08%
Se supplement 60 135.673.70% 110.50+0.94* 317.31£2.51% 4.66+0.04* 3.76+0.04%
0 105.75+1.34" 80.38+2.29% 394.98+17.53% 2.75+0.05" 2.11£0.01%
MeHgCly, 30 123.83+0.77* 102.59+1 34" 618.91+1.86" 7.20+0.04* 2.85+0.01%
Male 60 381.58+1.33" 197.93+1.06" 1 423.72£4.55" 7.41+033" 3.89+0.02"
30 92.25+0.54%* 45.72+0.41%* 288.76+1.10* " 4.44£0.07*" 3.77+0.03**
Se supplement 60 286.33+1.59* " 17745£1.86%"  913.68+3.17* % 5.08+0.08* " 2.75+0.04* "
J¥ , P <0.05); * , P<
0.05).

Note: Data statistics using the independent sampleT -test; * means the difference is statistically significant compared with the MeHgCl,; group (Control)

(P <0.05); * there is a statistically significant difference in mercury accumulation between male and female rats (P <0.05).

4

(pgrg") (xS n=3)

Table 4 Selenium accumulation in all tissues of single-mercury group rats after selenium

supplementation (ug*g ) xS ,n =3)

/d
Gender Group Se s?pplement Liver Brain Kidney Hair Feces
time/d
0 15.010.09 1.92£0.10 39.95+0.08 0.70+0.01 0.61+0.01
MeHgCly, 30 32.90+0.23 2.86+0.08 69.96£0.11 1.25+0.04 0.730.10
Female 60 21.68+0.33 2.06%0.11 45.650.10 0.82+0.01 0.67+0.01
30 35.06+0.32% 14.33£0.40% 47.38+0.17* 3.08+0.02% 2.79+0.01%
Se supplement 60 50.06+0.63* 17.15£0.39% 65.88+0.42% 19.44+0.01%* 3.93+0.06%
0 12.25+0.28" 1.97+0.09 25.39+0.36" 0.44+0.02" 0.32+0.01"
MeHgCl,, 30 29.80+0.23% 17.50+0.28" 59.29+0.50% 0.86+0.02" 0.64+0.03"
Male 60 20.31£0.23" 3.12+0.10" 31.42+047% 0.60+0.01* 0.58+0.10
30 38.68+0.06% " 12.86+0.30% * 62.35£0.23* % 14.27+0.17* " 9.98+0.01*"*
Se supplement 60 40.02+0.02* * 18.44+0.11%* 65.18+0.33* 17.09£0.01* * 14.52+0.01%*
¥ , P<0.05); * , P<
0.05).

Note: Data statistics using the independent sampleT -test; * means the difference is statistically significant compared with the MeHgCl,,; group (Control)®

<0.05); * there is a statistically significant difference in selenium accumulation between male and female rats (P <0.05).
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Table 5 The content of liver function indicators in rats serum (U*L™")(x =S, n =3)

Group ALT AST GGT
Control 39.50+£6.36 115.00£19.80 0.25+0.02
MeHgCl,, 52.00+7.48* 149.71+30.89* 0.99+0.18*
Sega 51.80+6.98* 139.60+22.04 0.02+0.04*
MeHgCly o5 +Sey, 44.83+9.33 138.17+32.65 0.08+0.19
MeHgCl,, +Se,, 50.25+6.75 153.00+45.29 0.37+0.43%*
MeHgCl o5 +Seg 4 48.00+7.44 122.00£10.00 0.17+0.08

T ¥ (Control) s P<0.05)-

Note: Data statistics using the independent sampleT -test; * means the difference is statistically significant compared with the control group (Control)@ <0.05).

6 (¥=S n=3)
Table 6 The content of renal function indicators in rats serum (x 5,1 =3)

Group UREA/(mmol*L™") CREA-M/(pmol L") UA/(umol*L™")
Control 5.72£0.20 69.00+4.67 107.05+0.92
MeHgCl,, 6.41£0.85 71.77£10.22 111.68+34.29
Seq4 6.29+0.44 79.40+9.37 93.63+42.24
MeHgCl, s +Seg, 6.73+133 70.76+16.33 101.93+45.76
MeHgCl,, +Se, 7.05+1.10 74.45+10.36 94.85+12.06
MeHgCl, s +Seg 4 6.11£0.79 69.80+21.17 91.45+6.48*

T ¥ (Control) N P<0.05)-

Note: Data statistics using the independent sample7 -test; * means the difference is statistically significant compared with the control group (Control)@ <0.05).

3 HE ( x400)
(a) ; (b)MeHgCly; ;(c)Seyy ; (d)MeHgCl s +Se,; (€)MeHgCl,; +Se,; (HMeHgCl o5 +Se4; o
Fig. 3 Liver HE staining of rats in each group (x400)
Note: (a) Control group; (b) MeHgCl,; group; (c) Se,4 group; (d) MeHgCl, s +Se(,; () MeHgCl,; +Se(,;

(f) MeHgCl, ys+Se 4; yellow arrows indicate condensed nuclei.
2.4.2 ( 4(c)); .

( 4@)- , ~
) ( 4() 4(e)), ~
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( 4d) 40 ; ‘
, N R ( 5(b)-5(d)~5(e)~5(H))-
25 3 ( Discussion)
HE R A
b b [17]
( 5@ 5(), ° ’
, . , , Newland
N s N , Reile!”
4 HE ( x400)
“(a) + (b)MeHgCly, 5 (c)Seqs 5 (d)MeHgClyps+8eq,; (e)MeHgCly, +Seq,; (HMeHgClyps +Seq4;

Fig. 4 Kidney HE staining of rats in each group (x400)
Note: (a) Control group; (b) MeHgCl,; group; (c) Sey, group; (d) MeHgCl, s +Se,,; (¢) MeHgCl,, +Se,;

(f) MeHgCl, o5 +Se, 4; yellow arrows indicate glomeruli.

5 HE ( x400)
“(a) » (0)MeHgCly; 5 (c)Seqy 5 (d)MeHgClyps+Seq,; ()MeHgCly; +Seq,; (HMeHgClyo5+Seq 4«
Fig. 5 Brain HE staining of rats in each group (x400)
Note: (a) Control group; (b) MeHgCl,; group; (c) Se,4group; (d) MeHgCl, s +Se,,; (¢) MeHgCl,, +Se,,; (f) MeHgCl, o5 +Seq 4.
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