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Effect of Huangkui Siwu Formula on metabolism and transportation pathway of
urotoxin p-cresyl sulfate in vivo
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Abstract: Objective To investigate the effect and mechanism of action of Huangkui Siwu Formula (HKSWF, #%U%75) on
synthesis and transport pathways of urotoxin p-cresyl sulfate (PCS) in vivo. Methods The concentration of PCS in plasma and organs
interfered by HKSWF were determined by ultra performance liquid chromatography-triple quadrupole/mass spectrometry
(UPLC-TQ/MS). Enzyme activity method was used to detect the activity of sulfotransferaselal (SULT1AL). The gene transcription and
protein expression of SULT1A1, organic anion transporter 1 (OAT1), and organic anion transporter 3 (OAT3) were tested by qRT-PCR
and Western blotting. Results HKSWF could inhibit the conversion of p-cresol to PCS in the liver by significantly down-regulating
SULT1AL1 gene transcription and protein expression levels (P < 0.05), thereby interfering the synthesis of PCS in the host cell. The gene
transcription and protein expression levels of organic anion transporters in the kidney were not affected by HKSWF, and HKSWF did not
affect the transportation of PCS into the kidney. Conclusion HKSWF can inhibit the formation of harmful urotoxin PCS by modulating
the synthesis pathway of PCS in vivo and thereby delaying chronic kidney disease (CKD) progression.
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8145955 (chronic kidney disease, CKD) J&—
AT AL TA B, 2ERRIRFELN 10%,
Horbr 20%~30% 1) E ¥ K R N AR E T, &
FCER A 2 MR % A1 HI-2 4By T FH i T 3R
B, TiihE] 2040 4, CKD BN SEARILT-H
25 KRB, BEE CKD i, BIhae AW,
A A AR BRI A Be S HE R AR AL, FEAA
PN AN BT HE R B E B B 1 00 400 ot PR AR JR 75
o RIS i E R B R, AT DARE IR
BRI FIRERER (WYLE/RERED fid
P ERFER CHARE R MEOEE TR
fFarl, Hrh, EO4alRERFS MR EDL
GEREmMmmsa, HAMNSFRER, WRENET
ARERH 2B, LRI RS E RN KEHER,
WORHLBFAR T CKD 8835 1 A2 1% ot S A7 1% 26 Bl

FRER T H Y (p-cresol sulfate, PCS) &4 45
HEREIL 5% E LA AR REER, ZRERS
TN PCS SrEEBHIET A 10 £561, &K PCS
7E CKD SB#ERANE, dE— Bl B BG4
s, fnth CKD Midtfe. PCS HA 'Sk, wf
BB 4EAL, IR E I 2R ) T, 15 S E
B N A T, Hn CKD R
(1R FIGET R0, FEO M5 R4, PCS Al
I N B ORE R, 5 I N R 4 s, [+
B, AT5 P R 4 RN I A S T LA I 1 A A
B, I CKD 82 (1 A 45 4500

WA R — PG . Rk aE IR T T
By TR, W IR 8 I EE O 1A A A
LA TS TR, ok &%
m gy, ARREAAIRIKIGTT CKD 29355k
R A B, PR R A E T E Y
J7. BT REESE, WK, JRRNEEE 4 kb
BCAT . 4177 BA TSRS JEAREM . *N5[H
i PRASHEZ T ARG RTIHET LRI, I
VU477 vl 2 AR CKD 584 K R 1 I 8 hE J 2F
etk /KF, SEMH CKD AR RILSE . FTAEA
B HE R 8 2540 PCS BB AARY, $E7R s 25 U7
{4 CKD BI/E FH ] e HAMHIR ) PCS & RRAH K

PCS TE15 F AR N & B S iz i 72 2 A4 2 4>
Wi. PCS MG W) B B W18
FEO = A Oy, 0k FR Py W 235 P R I P g
HEFL M (sulfotran-sferaselal, SULT1AL) Q&
Ji% PCS; PCS [51a3075: ML) PCS 248 ' I

55 F#£iz4& (organic anion transporter, OAT) #%
18 1E N B T 8 i 5 e 2l i PR VAR SR AT
xW, hEd I E A A RE CKD. O
I P 5 2 g PR 114, R UR A A S B 7
RI T ZEDUW 7 AT F T B e, %
1 PCS Hi 473 W R & s 428, 490481 iy T 1
o) R )& . SRTT, s DU T 2 5N PCS
FEAE 40 P A e ER T LA S a) B IE N ) s B
TANE R L, AT AR SRR T
X REEZR PCS fEME F UMM & S a1 1)
AR
1 {EE5RF
1.1 X8

ChemiDocXRS Bt HiE #4t (3£ E BIO-RAD
Zy#); 7500 Real Time PCR % (Z[E Applied
Biosystems A &) ); it 5 G AH (i — E DA AT i 1
5 (Ultra performance liquid chromatography-triple
quadrupole/mass spectrometry, UPLC-TQ/MS) Fl;
ROBAH B3 - 58 Ah -2 ks I 45 Chigh performance
liquid chromatography-ultraviolet/fluorescence detector,
HPLC-UV-FLD) #l [H 3& [E Waters A ®]; Microcl
21R HRAREE AL (Thermo A ] D,
12 KBz

SPF 2 C57BL/6 HEMH/NR, A& 18~25 ¢
A1 SPF 2% SD MM KR, AR5 180~220 9, MWH
Jeat YA e SLI AR A IR AR, VRS
SCXK ( Jk Z¥ ) 2015-0001 , #h# & ¥ 5 .
NO.201807103. Zh#¥taFR1E i 20~26 C, X}
MEFE 40%~70%, YGIEZ) 12 h IS RS 5 10 BF B b 52
V. B HIRHERTEARAE R S TREL KR K,
B A IR EFIROK . St FEAE P 2
R¥IVRHE RIS TH (RS K S
201805A002).
1.3 R

FEE (5 180901). FE (iS5 180401).
JERt (b5 180501). 3% (b5 180201) T
BTN AR ARAR], G R Ry
Bemaa e, e (PEZM) ME, HRNIE
e Xy (45 BCBR6678V). PCS (it
3233-58-7) MIIRT-3"- WL -5"- WM i R B £ /K 54
(adenosine-3'-phosphate-5'-phosphate lithium phosphate,
PAPS, #lt5 101154-201001) ¥J04F3%E Sigma-
Aldrich A#]. S#&FR (5 F1805109). KLL%
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By (5 2015062) T EAPEMIE S L. AR
AT I ZRF DA R A F] . Trizol &55A15]
¥ Wy F 3% B Thermo Fisher Scientific 2 & ;
EasyScript One-Step gDNA Removal and cDNA
Synthesis SuperMix #1 TransStart Top Green gPCR
SuperMix 1Tt &G A HE ARG R A 7]« Pk
6T E Proteintech AR . Jii il 2 £ 5 T 15 H
Merck 2] o 5T i IR M T R EERFE RCH BR 2 7] .
2 FE

2.1 BEENEE R &

PREGE R EE. BB, JRAL. ZEHOR, %8
35:5:15: 1 IHLEIRS), 60% LM 3 X,
FK 15 h, RBGEE TR, W42 2
o/mL, Horp FZAHN I R A BER
M 0.35 mglg. FEALE 2.54 mglg. 422kt 3.90

mglg. iRz 2.56 mglg. HiHEz T 0.29 mglg. #
M§2 0.85 mg/g. MZEFEE 13.42 mglg. BES R
0.22 mg/g. il &% 0.06 mg/g. i Z 1.25 mg/g.
K% 0.54 mg/g.

2.2 PCS HJ UHPLC-TQ/MS 43 #f

221 %4 SRA Acquity UHPLC™ %%,
Acquity UHPLC BEH Cig 3% 4E (100 mmX 2.1
mm, 1.7 um) HATEESHT. FBIFEA 0.1% H R
K (A FIZHE (B), HAMiLSHIILE 1.

222 JRiG4&M  KF Xevo Triple Quadrupole
Mass Spectrometer (TQ/MS). %45 s WGl 7353k
PGS HT. MSE: BMEHEEN 3.0 KV, &
TFURIRSE N 150 C, JBIEFRE A 550 C, HEFLS
HE R 50 Lh, BRI SRR R 1000 L.
PCS Ji 1 Ao il 2% 11 W35 2.

# 1 UPLC-TQ/MS &l PCS M i &4
Table 1 Chromatographic conditions for detection of PCS by UPLC-TQ/MS

Wimin A% B% PR R (mL min Y SR UL — g?f’ T
0 86 14 0.4 2 4 35
1 79 21 0.4 2 4 35
4 60 40 0.4 2 4 35
4.2 5 95 0.4 2 4 35
5 5 95 0.4 2 4 35
5.2 86 14 0.4 2 4 35
5.5 86 14 0.4 2 4 35
#* 2 UPLC-TQ/MS #&ill PCS MY BRI & 14
Table 2 Optimal detection conditions for PCS by UPLC-TQ/MS
wEY RS BT (miz) TET (miz) HEFL LRV fill-4i e /eV R B B 8] /min
PCS ESI- 187.031 9 107.046 1 24 22 2.47
AER ESI- 321.095 8 151.798 1 24 18 3.38

2.3 HEMNYHMEEEA PCS &EIFM
2.3.1 UM /INBRARA PCS SRR
10 A C57BL/6 KM/ N RBENL N 2 2, 73 A IR
PANTELLIU T4, R4 5 Ko XHIR4L/IN ig LE
Rt FEIEVUYI T2/ R ig DU T KR (2.5
olkgl®D), 4L ig28d. 5 28 K, XHRLFITEZLIIY)
TN ig XFHTEY (80 mg/kg), 2 h JE HEAT ARAEER
I SEYREE 5, F /N B ZR L2494 (0.1 mL/10 @)
IR, KA/ N EERAATAT, RS AR FE /N R o

4 I VBRE i 4000 r/min 250 10 min, 2540 5 BL
FIERIR I . REIE R ST EP BN, Bkt

I 1 mLPBS ¥, 60 Hz, 90 s )% )5, 13 000
r/min 2.0 10 min, B _E3E. AT R L 10 © 1 Ehfpl
B 200 pg/mL &&= AENNFRYD, L1 © 3 ELf)
TN, 784398%7, 13 000 r/min &0 10 min, HY
EEERME, BTk B %8 “2.27 Wy
L E PCS & .

2.3.2  wZEIUYTT /N IR SULT1AL J5 1)
oM SIS AR 2l €2.3.17 Til. ARELSAL/N
SFIE, 4% 1:4 (mg/L) HIELBIINgErhiEl Ck 5
mmol/L ] MgClz 6H.0 ##f#fE 100 mmol/L pH 7.4
1) Tris-HCI H1), 2 Ji4NEk, 60 Hz. 90s 213, 4 C,
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13 000 r/min B0 20 min, B EFIEW. H LIiSwmAE
37 CHE 3 min, HL 240 pL E3EWOIN 10 pl 250
mol/L PAPS (3'-T R IR -5'-BRIEAR IR, JEE4D, NXT
AR IR FE A, (edbx) iy & pk PCS), 37 C
8 0. 5. 30. 60 min, WHEME, I 0.3 mL
PRI 2% 1E S B o 3 J5 25 (12 000 r/min. 10 min),
B iE R RN . 38 HPLC-UV-FLD 43 #7
JEWH PCS & &, KA Cis#E (250 mm X 4.6 mm,
5um, Alltima, £ED, #HiE N 35 C, SEFEREN
5.5 min, JK A 260~300 nm, BN ERE-2
i (75 25), I THE AL [H N PCS A pliE X
/N BT FR SULT 1AL FRBE S 1 o
2.3.3  HEEPUY RN R A E - SULT1AL
mMRNA I HRIAM N SL5 s H A 2[R
“2.3.17. /N FENEAZLE T Trizol k7
BEATHFEE 2R, 12 000X g 250> 10 min, B LiE, hn
NG ZEBGHE )2, 12000X g B0 15 min, Bl
R, AR RS), §E, 12 000X g
B0 10 min, FF BRI, A 75% B iR TiE,
7500 X g B0 5 min, B, 39k, FEWAE, £
BT, I DEPC /K mRNA, F4 I %k
F & 3K 75 B4 DNA (complementary DNA,
cDNA). i} PCR ZFEH MAGHEATY . PCR &
PEARRANEE AT 3 IRE 5058, PCR 473 & B 26 A4
N 94 CHIARME 30 s, ARIGHEATEIAMEL, FAE
HHLHE 94 CAMESs, 60 ‘CiBk 34s, 72 CHEfd
30 s, k45 M. HALLH PIEES HmE-3-1F
TR & (glyceraldehyde-3-phosphate dehydrogenase,
GAPDH) & & AR H R LK.
ST IR 3. ¥ BRI R 2700t (1 712k
AT H AL P

BNRISE R FFIFALZUH RIPA 248 DL R
T AR HI7 Cocktail BHTZH, 5 HIKEH BCA
R & (Pierce Protein Biology, Rockford, IL, 3
ED HBEATRII . FCHIHR 4RI A 10% 43 B, FEn
NAHF A & =R 3 TR B, ] PVDF i
Bef, 5% EHh=iRE I PVDF B 1 h, HHEH
SULT1AL Ptk (1:1000) #iks, 4 CHIAIHE,
RGN TR e, B, FRMHEMEA
FMNBEA (o-tubulin) AIKFEE.
2.3.4  TEEWITRTKERAAN PCS A B TR
W oK 15 H SD HEM K ERBENL S A 3 4L, Sl T
FRAH . Xy AT 2L DU 7 2, A 5 R XTHE

*3 KEMNRAFEEEESY)
Table 3 Primers for target genes in mice and rats
LR 519 (5-3)

SULT1AL-/NE IEA: AGGTGATCTACGTTGCCCGA
S F]: CCATAGGACACTTTCCCATCC
1E[4: ATTCACACCCGTGCCTATGT
S F: AGCCTTCCAGAGGAGGAGTA
1E[A: TCAACTGCATGACACTAAATGTG
2 [: AGCCTTCCTGAGGAGGAGTA
IE[A: TCCAACGTGTGGCTACCTTC
X F: GGCAAAGCCAGTAGCAAACC
1E[f]: CAGCATCTCGGGCATTTCTC
S F: TACCCACCAGGACAACAAGG
IE[A]: ATCATCTCCGCCCCTTCTG
S [f]: GTGATGGCATGGACTGTGG
1E: TGCCGCCTGGAGAAACCTGC
S F: AGCAATGCCAGCCCCAGCAT

HRREEH L4 ig AR ER/K 19k, o 4 R 5%
U5 1K SR H 2R ig W H B 7K V(40 mglkg)
1R, BeAk, DU HKRAEH A ig #2E0Y
Y7 KIEW (1.25 glkglt®) 19k, #E#4Eig 10 d. %8
11 K, ig X 5 min J5, #0054 ig #2500
Y77, Lh JEHRAEEL, RAEMIMKE T & 15 g/l
EDTA /K& EP &b UM, ip 2.0%ZKELL
AN (30 mg/kg) BREEA R . FH 4 CI1 PBS 1E
NERER . LW E, KRO&T. K&
N I 1 O % e S B
“2.3.17 T, %R “2.27 T J5ENE PCS E &
2.4 FEEIUYFEEARRA PCS #FiEHIR M
241 EIHEPUYIITRNRARN PCS ¥isit N Bk
fRIgZI L C57BL/6 KM /NR 9 L, BENL A 2 41,
XTHRA Ay 4 K, sZEUYTT4 85 Ko AR H
ig AEFEERK 1 WKk EZENUY T A ig EZEVUW T KR
W (2.5g/kg), #ELEig28d. &5 28 K, XL FIE
VUM IT /N, ip PCS (20 mg/kg), 0.5 h 5 HRAE
B . SEIR45 5, FH 2.0% 2 24 (0.1 mL/10 g)
PRI /NER, SREE/NEVERE, i SE /N o VR
M S RE AT “2.3.17 T, %M “2.2” W77
L E PCS & .

242 FZEPUY)T5 RN BB IR A LR B s A
OAT1/3 mRNA Rl HRIERF M SLIg s
Zj[F “2.4.17 Ti. BUNRERFHLUMN 2 BENERIE

OAT1-/MR

OAT1- K

OAT3-/IMR

OAT3- KR

GAPDH-/]M i

GAPDH- X i
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F Trizol 3877 EAT A 5 22, 12 000 X g E§.C» 10 min,
R, AR E S E, 12000Xg &0 15
min, B DEEW, MAFHNERSRS, #E,
12000 X g &0 10 min, F¢ 2R, I 75% 0
WRE, 7500Xg B0 5 min, U B, 3K, FER
A, BB, I\ DEPC /K E 1A RNA, X EK6).
T4 BRI s R U I 153 549 B ELHME) cDNA,
B ZAHH PCR BRI 4GHATH . PCR [ MREA
FESHET 3 REH 5206, PCR 41 ;e B 4619 94 °C
T 30 s, SR G REATBFRIT B, BAMEREFE 94 C
A 5s, 60 CiEB-k 34s, 72 ‘CiEfHi 30, JL45 4
. Bl HMERYE GAPDH W& ®HERR
H LR ) RIB 7K ARSI 75 W3R 3. 394
PEFEIR 2720 [ 7 AT R R A B

BN RS IR RIPA 240 DA K 25 (A
77 Cocktail #E47 2L, B HWEH BCA 7 &
HEATASIN . TRC R 46 B AT 10%11) 2 B e, FEIIAAH
) 2 2 B R S AT 20 9, I PVDF G i
5% 4+ 5 iR ] PVDF JIE 1 h, $f 615 ] OAT1.
OAT3 itk (1:1000) FikE, 4 CHEWEE, A5
FABRL R —Huidt AT e, B, REERNEA AN
275 GAPDH 1K .
243 FHIEDUYITRT R BRARN PCS Hiz ik N F M52
M HY SD HEMERRR 16 R, BN A 2 4, S HINIE
WAL T4, A2 8 H. xR ig AEHE K,
TN g BEEEDUY T (1.25 glkg), 4 ig 28 d.
28 K, XA ZEIIY) 4R ip PCS (10
ma/kg), 0.5h JEHRRERUM; HUMS, ip 2.0% b %
BRI (30 mglkg) JFRIEERER, fEipPCS1h &, XK
SR TIE ESIKEUL, J5H 4 “CHI PBS 1ENIRER O
. SEIEERE, KRCOSWT:, REKREMH. m
TAIE B RE AR E “2.3.17, %R “2.2” T
MI5E PCS 258 o X R BB LB B8 14 ia 4 OAT1/3
MRNA FIEE A FRIAERINER “2.4.2” Ti7i%.
244 FEIEPUYITRT CKD ALK RS Wi OAT1
HI OAT3 mRNA FiAfFZM K 18 A SD K B
BEALY AN 2 24, BRI % 9 .
7% CKD #i%d. W KRB ig IRMEM R (200
mg/kg), ELLig2 . EBRERE, SHKXRFHR
1. 1 EEH GRS, RAEHRH ig Ak, 3
L7 s H ig #ZEIUYIT7 (1.25 glkg), FELE
ig 56 d. SEIREEWE, F 2.0007K L LLZ4NA W (30
ma/kg) BREE R, FH 4 “CH PBS 1 A REF YT .

IR G, KROST. RERRENE. KK
B E A ML B iz 4k OATL Al OAT3 mRNA ik
BHER “2.4.27 Hijjik.
25 BtEHE
¥:H GraphPad Prism version 7.0 #4175 dE ST
M. ITAEBIEYLLX s £ox (n=3). KM
Nonparametric Mann-Whitney Test 34720 7] 22 5545047
3 H#R
3.1 EEUMFXTEEMMA PCS &R AN
ENUSTHEREEITI W s e Sy | Sy E
WA AR B AR PCS & &, (A4
BRI R TFT PCS 1A AT A/ sl
PCS [a]'S I N IS 34T, A1 446N PCS &
o Rl AT SeE T S A FIERE N PCS HIE Rk
R, TR 20U 0 AR PCS & B2 o
XTH Y ig 45 T /0N UG AT R R A A
SULT1AL fRigA= pk PCS, ZINERIMAK K B P PCS 7K
SEAAR RN, ] — D s 2K DU % PCS
BRI . IRV 42 28 d f5, &
/NBR ig 0T 2 h 5, FIH UPLC-TQ/MS il /)y Bl
M3 45 KATAEP PCS &2 (B 1-A). 45 R,
LxTREHAR L, 2RI n] 2 2 BN BRI 2R
PCS M)& (K 1-B), REIEZENIYT5 w0t H
Wy 1a) PCS HALMdRE . S5 M AT X H 1) PCS
HALR OCBERAT, RIS FIRFE PCS &, 45
FORIL, R R PCS MEREA —&
S (B 1-C0, AgmigiEs PCS HH (A
1-D), DA 25 R4RIR B R P45 nl Reid s 1) B
JHEH PCS AR, MM/ 1E E4& AN PCS A,
SRR TE PCS 3 EE W R R IR A
SULT1AL R HEy A= . Rk, Awtseist—5
Iy M B SE MU 7 0 il AFTFAE  SULTLAL [ 52m
(B 2-A). FJFH Westen blotting A1 PCR J7 V246l £
W R AT SULT1IAL JFERIFNE HIRIE K, 4
BRI, SXIRAML, FIEY LA
SULT1AL B F R IE/KPAEEMHESE (F 2-B),
AW EEAKPFIRE (B 2-C), RN
Y77 AT ReANsZ i fiz il A Ry IR] PCS v 2. 3
FEPU 5 0] S 35 FRI A Y SULT LAL S R AR 11 11
RILAKF (E 2-Ev F); BbAbh, B TR0 25 R 8L,
FEEPUY T AR SULT1AL MRS 71 (1
2-D). DL g5, R 5 )N B AR A PCS
BRI RS A AE Y SULT1AL /KA K.
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C57B

304

204

PCS/(ug-mL ")

104

L/6 /MR

XTI EZE A

M. FFAEAZE G PCS 404t

HIEPUY T 2.5 g kgt

!
|
T 1

ig 28d 2h 5
]

XTHE 80 mgkgt g

C FERE D 7] |
[
2.0 81 1

L]

. [
=~ 151 R [
3 =
E E !
2 10 ;;3 44 . :
a wn

O
£ 05- &= 24 :
[
U B Ay P 0- B EEgE 1
X IR X iR ;q%%lﬁl%ﬁl
[

A-C57BL/6 /MRS et 7% B~D-3a2EPUMJ5 ig 28d fE /MM, HFEATSE AN PCS & iAsfh  HxiiE4HE:: "P<0.05

A-scheme of C57BL/6 mice experimental design

*P < 0.05 vs control group

AT

X F

PCS/(umol-L™Y)

CH;,
SULT1A1l o /O

Ty
Jig &l AT 7 0
(¢}

151

104

D

B—D-PCS concentration in mice after ig with HKSWF for 28 d in plasma, liver and colon

1 EZEOYASSHNRER PCS BRI (x+s,n=5)
Fig.1 Effect of Huangkui Siwu Formula on accumulation of PCS in mice (x+s,n=5)

PCS

= xf

-

t/min

Ji

U7

: _CHj

Lk
2078 &M
i
P
#® 159
=
=
< 1.01
2 =
1<
< 051
—
-
-
30 ——
TR B P T
E JF Rk
. 15 *
X .
®
& 1.01
=
<
g
£ 0.5
<
-
-
-
@0 -

XTI B TT

SULT1A/a-tubulin

SULT1A/a-tubulin

1.59

1.0

0.54

1.5+

0.5+

c G

SULTLAL [ s s i e 88 0 o0 0 8
- tubulin [ e - - -— ]

L 1 L J
X B % H R+ 2P 5

XTHE 3 T7

Fo B
) SULTIAL [ = e
. o-tubulin [N S S|
Xof gy of R+ 3 26 DY 407

XTI ST

ATE RIS PCS (MR By C-3aZEPUM07 /N RS I SULTLA mRNAVER FUFRRIA /K PIRFEm  D-2 500475 %t/ BT
o SULTIA WEPERIREMT  E. F-33€004 07 %8 /N U IIE T SULT1A mRNAVEE AR EIE K Isem SR LR “P<<0.05

A-schematic diagram of PC converting to PCS in the host
colon D-effect of HKSWF on sulfotransferase enzyme activity in mouse liver

levels in the mouse liver *P < 0.05 vs control group

B, C-effect of HKSWF on sulfotransferase mRNA/protein expression levels in the mouse

E, F-effect of HKSWF on sulfotransferase mMRNA/protein expression

2 EEMYFSXNR LS FAT AL R3S B E) PCS #ULAIFM (x+s,n=5)

Fig. 2 Effect of Huangkui Siwu Formula on converting PC to PCS in mouse colon and liver (x+s,n=5)
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Fig. 6 Effect of Huangkui Siwu Formula on uremic toxin metabolism pathway and kidney transportation
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