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Effects of protein powder on the bioavailability of perfluoroalkyl

substances in rat Kidney
CAI Delei, ZHENG Yibin, XIA Yong, ZHANG Shixin, SONG Yanhua, SHEN Haitao, YAO Jin, CHEN Qing
Department of Physicochemical and Toxicology, Zhejiang Provincial Center for Disease Control and Prevention, Hangzhou,

Zhejiang 310051, China

Abstract: Objective To explore the effects of protein powder on the bioavailability of perfluoroalkyl substances
(PFASs) in blood and kidneys of rats and renal function change. Methods Twenty—four rats of the SD strain were ran-
domly divided into the negative control group, PFASs group and protein powder group, with 8 rats (half males and half
females) in each group. PFASs included 13 perfluorocarboxylic acids (PFCAs) and 8 perfluorosulfonic acids (PFSAs),
and the mixture was used as a test subject for intervention. The rats in the negative control group were given deionized
water at doses of 20 mlL/kg - bw, in the PFASs group were given 5 ml/kg + bw of PFASs mixtures and 15 mlL/kg - bw
of deionized water, and in the protein powder group were given 5 mL/kg + bw of PFASs mixtures and 15 mL/kg + bw of
protein powder (0.258 g/mL). After intervention for 28 successive days, body weight and kidney mass were weighed, and
the kidney volume index was calculated. Serum creatinine and blood urea nitrogen were detected by an automatic bio-
chemical analyzer. The PFCAs, PFSAs and PFASs contents were quantified in blood and kidney using ultra—high perfor-
mance liquid chromatography—electrospray tandem mass spectrometry, and the bioavailability was estimated. Results
There was no significant differences in kidney mass, kidney volume index, serum creatinine and blood urea nitrogen
among the negative control group, PFASs group and protein powder group (all P>0.05). The bioavailability of blood PF-
CAs, PFSAs and PFASs in the protein powder group was not significantly different from the PFASs group (all P>0.05).
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Compared with the PFASs group, the bioavailability of PFCAs, PFSAs and PFASs were significantly increased in kid-

neys of male rats in the protein powder group (all P<0.05), while were not significant different in those of female rats

(all P>0.05). Conclusion

Protein powder at the dose of this study can significantly improve the bioavailability of

PFASs in kidneys of male rats, while there no obvious effects on the bioavailability of blood PFASs and renal function.
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2HFA AW (perfluoroalkyl substances, PFASs)
8 BB S HE P AR S TR T U — 2R 8 e
EGY, FEAFE2HFARM (perfluorocarboxylic
acids, PFCAs) Fl4 iR (perfluorosulfonic acids,
PFSAs) 5. PFASs HAT RAFAIMLAREtt . EE
PERIGE R, $ ZHTHE40, SR
TS Tl AR 7 FAE TR S0, w1tk
KIS EEZ Mg 7S , RETE MR . PRIk
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FEILIR PFASs B8 7, TATIR AT R B )
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IS B 2% 8 17 DL AR MR B2 PFASs X R B2 1 L 3
PRI AR 1R 6 R BRI RN ' JE PFASs A= 1R I 1Y
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1 HRSHE

1.1 LB 5K A

Waters Xevo TQ-S i A0 AH (4115 — HR 56 B3 A
(ERIREFE AT s WAX F b 6 CC/150 mg (36
ERFFH A F]) 3 EFAA-DC24 AWML ( BIZ5
F]); TBA-40FR 4 [ 3L Hr il (HARZA
A ); PL1001-L BT RV (MFE-$6A£); MIC-
CRA D-9 234l (ff[E ART Ad); R EbricH
JE5r 510 2 000 ng/mL 4 ER (MPFOA) 14
B e RYN (MPFOS) RYIRAFREY (SEEE R
TRSEEeE ) s Bk (EEEEGSEETRAT),

PFCAs: 2% TR (PFBA). ©%UKFER (PFPeA) .
2O (PFHxA) . 25BER (PFHpA) . 25ER
(PFOA) . &3 T2 (PFNA) ., &% 2R (PFDA) .
A —m (PFUJA) . &% T R (PFDoA). 4%
T = (PFTtDA). 29 1 IUf2 (PFTeDA). 4351
7SR (PFHxDA) . 29 1 /\fR (PFODA); PFSAs:
ST B AR (L-PFBS) . 4 98 IR % ik 2 40
(L-PFPeS) . 2 C L R4 (L-PFHxS) . 25
LEfffREN (L-PFHpS) . LR e (L-PFOS) .

5T BEREBR A0 (L-PFNS) | 4 9l 55 Joc Bt R 40
(L-PFDS) . 29 T ke 5L i 44 (L-PFDoS). 21
Fpati i 40 [ Sigma 23] o
1.2 B3

SPF 2% SD KR 24 H, M, K5 50 ~
70 g, W LIEHTSE SIS S BR ST A FI AL, A
FEVFRTIES A SCXK (37) 2017-0005, i FHiZF AT iE
50 SYXK (#7) 2018-0018. S5 a4k i V175
ARIEZEY) TREARTHEA RISMAE, Ak
SR IAFE (2019) 01008, 1 35355 A5,
T 20 ~24 °C, FXHEE 50% ~70%. SLEHTA R
TESIY) s PR BT Hh I B R SR 4 do ARBIFSEAT WA
PP T 4 o) v o0 SE G B MR B B s A, WL
i 2021-004,
1.3 Fix
1.3.1 ST

KR BEML A Jg B X B2 . PFASs 2H A1 1)
M, BH 8 H, MM, BERESE, Am#ES.
oK RIAEBETKE 21 Ff PFASs B il ik B 4
10 ng/mL BTRG W5 R JH KB 1A 8 E 8 i B
TR, WFEHN 0.258 o/mL (I RATHEB HRIE) ., Bk
SRR ZH 25 LT HE B 45T 20 ml/kg i & 1Y 2285 1K ;
PFASs 2 OHEE 45T 5 mL/kg R ) PFASs 1R &
PR 15 mL/kg BRI LB K EEAMAKRBREH
ST 5 mL/kg KT 1) PFASs 1RGP 15 mL/kg
P 1 2R RS R (R OB 9 6 A 2 AR Bl
31 /60 kg AT 7.5 f%) o BEFEIESE 1 RS R EUAR
i, DA E AR
1.3.2 I . BHEHEURE SR

LT 28 d J, KREEEEER, SRbOREE,
J§ E KB Y 4 mL (2 mL HUEEIN+2 mL JEHTEE
M), AbBEJE B BCEBE, FRE IR IR E IR,
T =20 CUKFEHIRAE . BB BT PRSI JEHL 1 o
8, A 2 mL ZEFRERIEHEH . KRBT
TR AE B o L Y8 A O 2 SR A A TR AL B
ARG B IR Z s 1 g BLEEM T 15 mL RNK
B, A 2 L [FALZRPRICH PRASs IRSIRIEY),
FEAMRAIE M 1 mL 0.5 mol/L DU T KL% 1R & 5%
2 mL BRFRENZE ik (pH=10), FAIA 5 mL LR
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THEREERY, 250 v/min $2HL 20 min, 8 000 Xg Bl
5 min JFUE RIEW. % EASIRELE AR 3K, &
I3 W BB, AARRED BB, MKRHER
8 mL, i WAX #F, PEEMHAR D amis, %
BYKERZR 04 mL, 8 000xg B5.L> 5 min JFHM
AEHBEIN % I FHE 30 min, 2 000Xg B> 10 min JiF
B g £ H ;. prstmAVERH
1.3.3  BIhRE. IMIEFTEAE PFASs il

HUIMIE 0.3 mL, & TBA-40FR 4 [ 44k 4%
BT AN ALK 2 . SR FHE 2 S0R0H (a3 - R
ERC ST A S PN B 1 000 2 I YR ' L 28 21 Flf PRASs
i, (gL ME. (Ai%HN ACQUITY UPLCHSS T3
(1.8 pm, 2.1 mmx100 mm); FaNA A: 2 mmol/L &
FRSEK VWL, WEIAH B: 2 mmol/L Z W%k W FEVAT ;
T BE VR 45 4F . 0~0.5 min, 40% B; 0.5~8 min,
100% B; 8~10 min, 100% B; 10~ 12 min, 40% B.
W 0.3 mL/min, FIRER (45+0.5) °C. FiigsAt:

ESI P56 25 A, 2038 R b W=, B4
JE: 2000 V; BEAFIIREE : 500 °C; iy i i
1 000 L/h; #EFLRMCA i : 150 L/he SR Massl-
ynx 4.1 BARAETNSECE . SOk [12] 15
PFASs =9I IR
1.4 %it 541

K SPSS 19.0 #AFGeit o BRI M IE
BOAMHR B b2 (vxs) I8, A HOHBER
JH ¢ RS RN Ry 22505 HEVER BV AR 7 2248
5%, KH Kruskal-Wallis H K5, #50/KH#E «=0.05,

2 # R

21 KRAFE. BRI T et

SCOGHIE], BHMEXTHRZL . PFASs 4 IR FH R4l
KIS 5 R AARLE, JosbT, SLR)E, 3 4
WL HEPEREVEE . B . i WUERTI0 IR 3R A 2
YIG i #m L (P>0.05), W 1,

F 1 KUREEE, BIRLE DR

Table 1 Kidney mass, kidney volumn index and renal function in all group of rats

PEH 2151 /g Bk L MLILEF/ (pmol/L) MIRFEE/ (mmol/L)

JhfE [P %] B2 1.662+0.119 0.722+0.029 57.80+4.55 6.256+0.571
PFASs 4] 1.625+0.147 0.710+0.055 56.50+2.08 6.130+0.501
HIAkH 1.625+0.057 0.702+0.036 53.50+2.89 5.960+0.404
FiH 0.161 0.271 1.744 0.382
PE 0.853 0.768 0.224 0.692

T B30 FE 2 2.748+0.280 0.740+0.050 55.40+2.30 5.344+0.523
PFASs 4] 2.504+0.196 0.702+0.013 54.80+4.82 4.958+0.549
B R 2.460+0.280 0.738+0.051 52.50+3.00 5.098+0.570
FAcAl 1777 1.9987 0.789 0.639
PE 0.214 0.368 0.479 0.546

T VIR P,

2.2 KA ik PFASs A ¥4 B F bz

PFASs 4 FIER FUR2HME . P R BUME PFCASs.,
PFSAs fil PFASs AW FIHH 2= R LG it 5 X
(P>0.05). W3k 2.
2.3 KA BNE PFASs A 4A) B F i

ETALA YR R UM K BB IE PFCAS
PFSAs Hl PFASs A=W Al 2 R TG it 5 X
(P>0.05), 5 PFASs ZAHLL, M bEE R B
JIlE PFCAs. PFSAs Fl PFASs HIZE MR % T (P<
0.05). W3k 3,

3 i it

KL% PFASs 76304 Al 2 b 3 58 i BH A

PR AEACIE bR . FE 2 53R N, PFOA.,
PFOS % PFASs il il 5E ARG, Lk mfe'y
1 nTRE AR REE . ABFSE T, R PFASs i
BYREARBAERS KR E . BR . mALE
UM R R R A, RUWEDIGEE . 5 PFASs
TR A K S P SE B EIT s PR 28 AR/l LT i 5
ARMUNGARE *, H2E R TR 5 AN PFASs %
RN FRERI A

AR K BUM K PFCAs. PFSAs £l PFASs
AR TCH R g, SR & B F T
JHFWE PFASs A4 1 FH 58 J0 B S s o p 45 28 1 AR AR
A/ NABE A IR AL, ASREE
B KA S5 RAAER . A TR S K PRASs ),
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%2 KEUME PFASs WA R
Table 2 Bioavailability of PFASs in the blood of rats

R Al PFCAs/% PFSAs/% PFASs/%
M PFASs4l 3.443+0.870  4.232+1.190  3.814+1.017
BRI E| 3.991+0.181  4.503+0.449  4.231+0.259
2 -1.233 -0.427 -0.796
PA 0.264 0.684 0.456
M PFASs#4 5.018+0.468  5.359+0.405  5.178+0.436
HI kA 5.386+0.457  5.506+0.438  5.442+0.445
{8 -1.181 -0.521 -0.893
P 0.276 0.619 0.402

& 3 KEUBIE PFASs ZEHFI I
Table 3 Bioavailability of PFASs in rat kidney

P51 2H 51 PFCAs/% PFSAs/% PFASs/%
M PFASs# 0.810+0.165  0.812+0.135  0.81120.150
FERE 0.820£0.068  0.965+0.131 0.888+0.094
2 -0.115 -1.628 -0.872
PlE 0.912 0.155 0.417
e PFASs# 0.742+0.041  0.648+0.079  0.698+0.049
e RE e 0.855+0.028 0.863+0.082 0.859+0.042
e -4.717 -3.978 -5.167
PlE 0.002 0.005 0.001

A L 2R LR X PFASs (I T BB A B g m . Ik
Ah, BT B AR PFASs (A 0] A 5 Hom i
B AT i/ NE T B2 E ) URATT F OAT4 MAJE R
FICA 5 1 I OBt il BES RS PFASSs
FE /N RIS I, AR B /N R A LR Y PFASSs
WA ARG, T2 IE PRASs & T, i
ML PFASs & 37 B ek As

B Ry RE T = MEPE R BB IE PFCAs. PFSAs Al
PFASs AR, (AAEMEME R B oR IS, P
25 AT Re S TR MEMEMR A G, IR SE SR PR 1
R REEA Y S NERRN, LA sh i op
HEPESZ BB gk 17

AW E iR FE 1) PFASs RS RiEIF 5 E N
WY B A, & LR K BUE E T PFCAs. PFSAs Al
PFASs WAEYIR 38 T o ABASHFSE A (14
HRBECRRRD, ATREE R InALRE, Jegniiff—4
JH%E PFASs 27555 i YL #ERT ], DIFR#E PFASs 1Y
B B LA RIS ARV i
HRIR, WS FIM AT PRASs XM & R
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