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Effect of protein powder on the bioavailability of 21 types of

perfluorochemicals in rat liver
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Abstract: Objective To detect the bioavailability of 21 types of perfluorochemicals (PFCs) in rat liver and to examine
the effect of protein powder. Methods Twenty—four rats of the SD strain were randomly divided into the control group,
the model group, and the protein powder group. Twenty—one types of PFCs were mixed at an equal concentration of
10 ng/mL, and rats in the model group and the protein powder group were given by oral administration of PFCs mix-
tures at a daily dose of 5 ml/kg. Rats in the protein powder group were given protein powder by gavage at a dose of
15 mL/kg, while animals in the model and control groups were given deionized water at doses of 15 and 20 mL/kg for
28 successive days. The PFCs contents were quantified in rat liver using ultra—high performance liquid chromatography—
electrospray tandem mass spectrometry (UPLC-MS/MS), and the bioavailability was estimated. Results There were no
significant differences in rat body weight or liver/body weight ratio in the control, model and protein powder groups (P>
0.05). There were no significant differences in the bioavailability of perfluoroalkylated carboxylic acid (PFCA) or sulfo-
nate (PFSA) in the liver of female and male rats between the protein powder group and the model group (P>0.05), and
the gross bioavailability of PFCA (1=-22.266, P<0.001) and PFSA (1=-34.312, P<0.001) was significantly higher in the

liver of male rats than in that of female rats in the model group, and the bioavailability of PFCA and PFSA increased
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followed by a reduction in rat livers with the increase of carbon chain length in the model group. In the model group,

the highest bioavailability was measured in perfluorododecanoic acid (PFDoA) and sodium perfluorooctylsulfonate
(L=PFOS) in the female rat liver [(36.06+£2.93)% and (37.11+1.73)%], and the highest bioavailability was measured in
perfluorononanoic acid (PFNA) and L-PFOS in the female rat liver [(61.02+2.16)% and (87.16+3.29)%|. Conclusions

The bioavailability of PFCs correlates with the carbon chain length and animal gender in rat livers, and protein powder

poses no clear—cut effects on the bioavailability of 21 types of PFCs in rat livers.

Keywords: perfluorochemical; bioavailability; protein powder
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(perfluorinated sulfonic acid, PFSA), HA &K FlH;
MR, R AR E P . PR R e R T T
PE, T T AR A A E AR LA T . PRCs
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acid, PFOA) . &% IF g (perfluorononanoic acid,
PFNA) . 4 & IE X iR ( perfluoroundecanoic acid ,
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Table 1 Comparison of body weights and liver/body weight ratios in three groups of rats (x+s, n=4)

P Female HEYE Male
SEGey U Control BRI Model O SR Control K12 Model Hri
Protein powder Protein powder
IR HE Weight/g
050 week 180.00+7.88 176.83+8.04 181.65+5.11 196.13+5.28 194.68+7.26 196.70+7.45
1JE1 week 202.65+17.61 193.08+7.53 197.839.27 240.75+11.28 246.50+7.92 237.23+11.56
252 weeks 215.08+12.22 215.60+6.49 213.63+17.59 289.98+17.24 292.98+11.55 286.83+12.09
33 weeks 232.15+15.79 232.43+6.98 234.18+14.23 327.20+21.94 334.88+14.06 323.23+20.92
454 weeks 244.98+18.24 247.88+7.04 249.25+13.20 368.80+21.46 372.55+18.59 360.00+23.41
F i e [H/P 1 0.047/0.954 0.342/0.719
Fusinne (H/P A 1 208.054/<0.001 272.524/<0.001
F i oot i TEL/P (B 1.919/0.137 0.804/0.610
JHA L 2.83+0.14 2.83+0.21 2.81+0.22 3.15+0.21 3.05+0.15 2.95+0.24
Liver/body weight ratio/%
FAH/PAE 0.015/0.986 1.507/0.261

2.2 K RAJF PFCA A A F IR W 2H e Rk

PR BT X B PRCA B9 A= 9 R % S S PRCA A
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PRI SHERA R, ZRHTHEITFE L (P>
0.05) . HIRIZHHEPE R B S PRCA AP AR & T
WEPE R B (1=-22.266, P<0.001). PFCA HYRREE K
JEh 4~ 12 W, BIRIZHMEPE R BRI PRCA A4 %1 H]
2 b A B K BE 9 38 i E = (F=3 690.007, P<
0.001); BREEKE N 12 ~ 18 B, FERIZE MM R FLAY
PFCA A= 1 1] 1 26 i i 4% < B 19 385 ini B (1% (=

138.429, P<0.001); Hrf" PFDoA “E¥F] FI S f i,
N (36.06+2.93) %, BREEKIEN 4~9 Wf, FAIL
PRI B PRCA 1) AR M M) TSR i e 1< 32 Py 96
Mk (F=4 775.368, P<0.001); BREEKEHR 9~
18 i, MASZLEME U PFCA 1A ) F SR Bt
KRB FEAR (F=3 171.408, P<0.001); Hrf
PFNA ARG, N (61.02+2.16) %. W3 2.

F 2 M. HMEHREIF PFCA ZEWIFIHIA (%)
Table 2 The bioavailability of hepatic PFCAs in female and male rats (%)

HEVE Female HEYE Male
AL Gro BITUZH Model &rvha i Pl B2 Model Hrrh i P
Protein powder Protein powder

PFBA 0.40+0.69 1.23+1.55 0.849  0.435 3.91+0.57 3.31+1.46 2211 0.078
PFPeA 0 0 — — 0.05+0.08 0 1.000  0.423
PFHxA 0.01+0.02 0 1.000  0.423 0 0 — —

PFHpA 0 <0.01 0.845  0.437 0.73+0.10 0.84+0.20 -0.886 0.416
PFOA 0.47+0.18 0.31+0.34 0.812  0.456 38.79+2.12 36.64+4.88 0.701  0.515
PFNA 7.38+0.68 6.63+1.01 1.107  0.319 61.02+£2.16 58.47+6.54 0.638  0.551
PFDA 34.39+0.96 35.83+2.53 1.040  0.356 51.55+3.55 52.41+7.07 -0.192  0.855
PFUdA 34.76+0.52 34.90+2.33 -0.118 0912 38.64+2.14 39.15+4.97 -0.162  0.878
PFDoA 36.06+2.93 36.02+4.02 0.015  0.989 39.68+1.20 40.43+2.66 -0.449  0.672
PFTrDA 4.84+0.65 3.95+0.24 2263 0.130 4.9420.40 3.83+1.07 1912 0.128
PFTeDA 25.79+2.37 27.19+4.12 -0.520  0.625 29.01+0.46 30.32+1.73 -1.247  0.267
PFHxDA 0.57+0.33 0.34+0.44 0.748  0.488 0.66+0.61 0 2255  0.074
PFODA 0 0 — — 0 0 — —

AT Total 12.11+0.20 12.24+0.98 -0.257 0812 24.27+0.92 23.91+2.52 0.234  0.824

2.3 KA PFSA A4 A& HEENAIME . Mk
KEUFXTEEFD PFSA AEMFIFHZE B S PFSA B4 7]
R ERAAE, ZRB¥ESEITFEL (P>
0.05), U3 3. BERZH MEPE K BAY S PFSA AP F
RS THEE KR (1=-34.312, P<0.001). Bk
FEN 4~ 8 Bf, AL BEPE A K R PFSA A4
I FH 23 i i i < 3 A9 35 g T = (Fwe=2 356.900,
P <0.001; Fy=2938.433, Py<0.001); BREEKFEH
9~ 12 If, BEARYLMEPEFNENE R BLUEY PFSA A= 941 1]
R e % B 1) BT FREAIR (F e =392.152, Py <
0.001; Fy=322.434, P 4<0.001), HHH L-PFOS E4)
FIH R B e, 258 (37.11+1.73) % (87.16+
3.29) %, W3k 3.

3 W

PRCs Jl L SEH AT, EhPIF. BEaE
RPN, TF PRCs 2KV REBCES 3 S RS 14 P

PFCs RBUEHH . &P PRCs AR AR Z &
fn AT T RZ R 0, A 9 R A T AR 0 2 BR O AR
A WESL I Y, AR Z B A T RE$E = PFOA
(A= R R 1O ARG i 7% B8 F R X 2 A e
KEHF PFCs AW I TCI sz, mlae& N
R B A B AR, DA H R s
MW EA . FEEADRT R R B s m
W PFCs 3 A B AT 3, PRCs %255 7 4 1 728 Ak X}
I PFCs ¥ B B SZ IR AN B 58, 8 PR B9 V6 FH e DL A&
. JELEn BT AR PFCs #8557 A2 g iHa
ERHITF PRCs A=90F IR AR

PFCs 7EMFAIHABAI UL AP, T2t
PRIGAHE RSN 1230 BiF5E @R PRCs 16K BRI G2
B A R I B 4 T ARG T ARBETE,
XF PFCA 1 PFSA 1125 4 | FH =3 Bl 4% 4 B2 434 n
JE/N . JEEE PRCs Syl ad PRIGHE RSN, A9 F]
FRBAR ; BREEMK, PFCs AN 538 i RIHE T
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F® 3 M. MEFEREUT PRSA AEMIFIHIR (%)
Table 3 The bioavailability of hepatic PFSAs in female and male rats (%)
Wi Female HEPE Male
203 Group Ry fH. Py Erkd o P
T Model BORIZH Model

Protein powder Protein powder
L-PFBS 0.12+0.21 0 -1.000 0.423 0.14+0.25 0 0.982 0.429
L-PFPeS 0+0.01 0 1.117 0.380 3.09+0.42 3.56x1.17 -0.649 0.545
L-PFHxS 1.17+0.11 0.86+0.27 1.776 0.136 30.91+1.28 26.19+3.93 1.963 0.107
L-PFHpS 9.78+1.02 9.66+0.49 0.217 0.836 73.77£3.61 63.35+7.97 2.072 0.093
L-PFOS 37.11£1.73 39.40+5.74 -0.656 0.541 87.16+3.29 80.19+9.21 1.229 0.274
L-PFNS 27.01£2.13 27.88+5.40 -0.259 0.806 36.16+2.40 37.50+2.27 -0.758 0.482
L-PFDS 20.14+2.55 19.78+4.79 0.127 0.905 26.93+1.02 22.77+4.18 1.650 0.160
L-PFDoS 1.82+0.34 2.13+0.68 -0.794 0.466 1.92+0.79 1.34+0.44 1.270 0.260
AT Total 10.47+0.34 10.74£1.55 -0.293 0.781 29.44+0.90 26.55+2.11 2.184 0.081

ZHFAE R, YR ZE 5 I PFCs B I,
KEM WO, A FHZBAK . PFCs 7ER B
e S A ™, KR hE
BBl >, PFCs fEFEBUG Bk S ),
HB B2 H X PRCs SHAUR K528 BRI 19
TEE A BUIF PFCA FIl PESA 18 S AR WA FH 248 v T e
PERE . MeAh, BREE BN 14 W), PFCA BYZEHH)
AR, AR R — iy

28 R, AWFSTE A 21 Fh PRCs B AE
WMEH, %87 KEWRE . HFAERLL . I PFCs A90H)
FHRAET IR, RIKRIF PFCs =PRI FH b
GBS IR SRSk, ELEEME R BUIF PRCs B/
YRR 8 R o ASAIF O 2 B o B R X R BT
PFCs A=W Wb, Jagn if— g
PFCs IRA YRR A B A fl | i B AR 7 B2k
N, 4% PFCs PR (8] (%A AR FH S HEM R 50, IR
PFCs Fl . $hns Fm S,
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