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Analysis of serum protein-bound toxins levels in patients undergoing peritoneal dialysis and its influencing factors
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[Abstract| Objective To compare the levels of indoxyl sulfate (IS) and p-cresyl sulfate (PCS), representative
substances of serum protein-bound toxins, between patients undergoing peritoneal dialysis (PD) and healthy volunteers,
and to explore the factors influencing the levels of serum IS and PCS. Methods Limosis vein blood (3 ml) were
collected from 72 PD patients in Peritoneal Dialysis Center and 24 healthy voluteers in Physical Examination in
Changzheng Hospital of Second Military Medical University from Feb. 2015 to Jul. 2015. The concentrations of serum
total IS, total PCS, free IS and free PCS were detected by high-performance liquid chromatography-electrospray
ionization tandem mass spectrometry (HPLC-ESI-MS/MS) method. The relationship between IS, PCS and age, gender,
small molecule toxins, adequacy of PD, residual renal function, nutritional status and C-reaction protein (CRP) in PD
patients were analyzed by simple correlation and multivariable linear regression analysis. Results The concentrations of
serum total IS and total PCS in PD patients were significantly lower than those in healthy volunteers (P<C0. 001).
Compared with PD patients without residual renal function (RRF), the concentration of serum total IS was significantly
lower in PD patients with RRF (P=0. 001). Serum total IS was positively correlated with free IS (+=0. 719, P<<0. 01)
and dialysis duration (r=0. 306, P<0. 01), while it was negatively correlated with residual renal Kt/V (=—0. 372,
P<C0.01), residual renal creatinine clearance rate (Cer) (r=—0. 515, P<0. 01), and residual renal estimated glomerular
filtration rate (eGFR) (=—0. 495, P<0. 01). Serum free IS was negatively correlated with residual renal Ccr (r=—0. 430,
P<C0.01) and residual renal eGFR (= —0. 431, P<<0. 01). Serum total IS and free IS were not related to age, hemoglobin or
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CRP. Conclusion Serum IS level is negatively correlated with RRF, but not with age, hemoglobin or CRP, suggesting

that protection of RRF is conducive to the removal of serum IS in patients undergoing PD.

[Key words] protein-bound toxins; indoxyl sulfate; p-cresyl sulfate; peritoneal dialysis; related factors
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[Acad J Sec Mil Med Univ, 2017, 38(10): 1238-1243]
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Tab 1 Parameters of mass spectrometric detection of analytes and internal standard compouds

Analyte Precursor ion Fragmentor U/V Collision energy Q/eV Product ion
Indoxyl sulfate 212.2 130 20 80. 0
p-Cresyl sulfate 187.0 100 18 107. 1
Hydrochlorothiazide 296.0 180 25 205. 1
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Tab 2 Concentration of serum IS and PCS in PD patients and healthy volunteers
e/ (mg + mL~1), 75

Index PD patients n="72 Control n=24 Statistic P value
Total IS 17.96411. 31 1.2640. 56 t’=12.481 <0. 001
Free IS 1.40+1. 21 -
Total PCS 17.17412. 99 2.17+2. 44 t’=9. 310 <0. 001
Free PCS 1.18+1.17 -

“-” indicates that the data are lower than detection limit of HPLC-ESI-MS/MS. HPLC-ESI-MS/MS.: High-performance liquid

chromatography-electrospray ionization tandem mass spectrometry; PD: Peritoneal dialysis; IS: Indoxyl sulfate; PCS; p-Cresyl sulfate
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Tab 3 Concentrations of serum IS and PCS in male and female patients undergoing PD

os/(mg e+ mL™1), x5

Index Male n=42 Female n=30 Statistic P value
Total IS 18.79412. 17 16. 80=410. 08 t=0. 733 0. 466
Free IS 1. 40=%1. 30 1.4241. 08 t=—0.075 0. 940
Total PCS 16. 22414, 34 18.49+10. 94 t=—0.729 0. 469
Free PCS 1.2341.36 1.1240. 86 t=—0.373 0.711

PD. Peritoneal dialysis; IS: Indoxyl sulfate; PCS: p-Cresyl sulfate

2.4 HRHEBEHHes PD B ik IS = PCS R E
#yrix o PD ECE IR A AR B DI RERIJC R B T RE

(G35 g R <7100 mL K IGHR B D) 404 2 N1
2H, JCHR I IHEER) PD R I R IS TE AR B

UIRe#H . 29 B G X (P=0. 00D, L3 4,

2.5 PD &% fik IS 4= PCS ,&&%ﬁa%— SH B
R ZAHCPERTZE TR - LT B 1S 5 M s 07 B 1S 07
PCS il . M WUEF B R Ko/ VBB R A RIE
A (P<C0. 05, P<<0.01), 5 24 h J4E ., B Kt/ V. 5%

B Kt/ V. & Cor JRH Cor 585 eGFR 27 AHIE (P<<
0.05,P<<0.01), . PCS 55 PCS 2 IEAH % (P<<
0.0D), IMWEHFES IS 5 5 IS, B PCS., i LT 18
Kt/ V JEE Cor 2 IEAHE(P<<0. 01, 5 24 h JiE 5
Cer JR'H Cer 38 eGFR £ i A & (P<C0. 05, P<<
0.01), 78S PCS 5 i 1S, B PCS. i B 1S & IFE A
(P<0. 01) BRAZRERNAST £ 7t (P<
0.05), M IS e IS L% s PCS. i 55 PCS ¥ 54F
W 12T H  CRP 455 T ARG, W3k 5,

R4 AEKBEINEEN PD BEMF IST PCSREMNER
Tab 4 Difference of serum IS and PCS concentrations in PD patients with RRF or not
os/(mg e+ mL™1), zts

Index With RRF n=64 Without RRF n=38 Statistic P value
Total IS 16. 43+9. 98 30. 25+ 14. 40 t=—3.509 0. 001
Free IS 1.31+1.19 2.18+1.08 t=—1.975 0. 052
Total PCS 16.92=£11. 06 19.12£24. 65 t’=—0.968 0. 333
Free PCS 1.14+1.01 1.52+2. 14 Z=—0.806 0. 420

PD: Peritoneal dialysis; RRF; Residual renal function; IS: Indoxyl sulfate; PCS: p-Cresyl sulfate
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Tab 5 Simple correlation analysis of serum IS and PCS in PD patients

-
Variable Total IS Total PCS Free IS Free PCS
Total IS 0. 146 0. 719 * 0.310**
Total PCS 0. 146 0. 185 0.695%*
Free IS 0.719** 0. 185 0. 606 * *
Free PCS 0.310** 0.695%* 0. 606 *
Age —0. 124 —0. 001 —0.155 —0.174
Dialysis duration 0. 306 * 0.131 0. 144 0. 139
Serum urea 0. 142 —0. 048 0.015 0.035
Serum creatinine 0.501*~* —0. 047 0. 452> * 0. 179
Serum uric acid —0.075 —0. 086 —0. 205 —0. 154
24-Hour urine volume —0.290" 0. 051 —0.277* —0. 044
Total Kt/V —0. 251" —0. 027 —0.061 0. 055
Peritoneal Kt/V 0. 260" 0.113 0. 362 * 0.185
Residual renal Kt/V —0.372** —0.074 —0. 210 —0.015
Total Cer —0.476 " —0. 050 —0.351"~* —0.103
Peritoneal Cer 0. 226 0. 077 0.325% "% 0.191
Residual renal Cer —0.515%~ —0.071 —0.430* % —0. 156
Residual renal eGFR —0.495* * —0.077 —0.431** —0. 159
WBC 0. 149 0. 141 0. 106 0. 181
Hb 0. 079 0. 099 —0.116 —0.070
PLT —0.051 0. 140 —0.077 0. 094
TP 0.328** —0.009 0. 040 —0.014
Albumin 0. 299" 0.112 0. 083 0.112
AST —0.091 —0. 200 —0. 187 —0.264*
ALT 0.083 —0. 030 —0.120 —0. 105
TB 0. 108 —0.107 0. 107 —0. 084
CRP —0.113 —0. 204 —0. 108 —0. 161

PD: Peritoneal dialysis; IS: Indoxyl sulfate; PCS; p-Cresyl sulfate; Kt/V: Urea clearance index; Ccr: Creatinine clearance rate; eGFR:
Estimated glomerular filtration rate; WBC: White blood cell; Hb: Hemoglobin; PLT. Platelet; TP:; Total protein; AST: Aspartate
aminotransferase; ALT: Alanine aminotransferase; TB: Total bilirubin; CRP: C-reactive protein. * P<C0. 05, ** P<C0. 01

ik B PR B AR AR T P P<<0. 3 MR A
AR SR IB AL ENE B 5 I5 AT 2 A 45 2R (R 6)
B A B IS SiiFE 1S, 6 Cor BEE HM A AR

AHIE(P<C0. 01) s MG HFES 1S 5 4 IS, B PCS, i &
PCS. g Kt/V sz A7 (P<<0. 05, P<<0. 01); fi.
T B PCS 5 & IS, B PCS, i 5 IS il 57 45 56

(P<<0.01); #a PCS 5 24 IS 55 1S5 PCS Jir (P<<0.01),

F6 PUMiE IS PCS AEEBH S TLMERFSH

Tab 6 Multivariable linear regression analysis of serum IS and PCS as dependent variables

Variable Total 1S Total PCS Free IS Free PCS

B g’ P value B B’ P value B g’ P value B g’ P value
Total IS 0. 389 0. 316 0. 008 0. 056 0. 527 <C0.001 —0.031 —0.275 0. 003
Total PCS 0. 704 0. 683 <0. 001 0. 055 0. 609 <<0.001
Free IS 5.920  0.631 <C0.001 —6.870 —0.638 <C0.001 0. 682 0. 702 <0.001
Free PCS 0.772 0.972 <C0.001 —0.305 —0.382 <0. 001
Peritoneal Kt/V 0.451 0. 141 0. 023
Total Cer —0.086 —0.220 0. 006
TP 0. 369 0.275 <<0.001

Take the variables that P<Z0. 3 in the simple linear regression analysis as candidates, multivariable linear regression analysis has been done.
Then we adopted stepwise regression, taking P<C0. 05 as inclusion criteria and P>>0. 10 as exclusion criteria. B: Unstandardized coefficients;
B’: Standardized coefficients. IS: Indoxyl sulfate; PCS. p-Cresyl sulfate; Kt/V: Urea clearance index; Ccr: Creatinine clearance rate; TP:

Total protein
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IS W B A R B Dy AR ABE TR B BR B T R T R
IR 1S Wk B B FBAE . A WP UE S S ik
I IS AF sk 5% B h e R0, i sk B e
PE— 4R 5 LT 1S e BE L 9 A S A EL A 1 S 1
W RHEEBEAR . AN PBT 4 1] B AL S
B URER ek T PD BEELE K.
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BRAFREAR MG PCS KPRz bt SR A i 52
1% PCS W 764 s T 3R B DAk 3 vh IE 0 i

5. Lee SFM BB ST IRAFHA L 25 58 B TC 7% B
TIReAIA 3R B DIRER PD B I PCS #e 2 ToH i 2=
S AHSEMEE IR B Z 21718, Pham 09
A AAIRIE TR I PD i PCS R B R
IR (H R R PCS MRS H0 R WA . b 1
HAE AT RE S TR BB I iE N R e A s
K WA W] RS ML A ol o] 1 i 25 - Al 1L il 41
#il T PCS ¥ My n, IRATF B L RE Y
PCS ¥ i 7t 5 Je M il Wi b Bz WSO R Ak X FE 19y
AR AHBARE A Rk — R E
3.2 PD &% ik ISSPCSAE¥a R E 54 AU
FER BN B IS S5 IS, i & PCS 5 &
PCS YA, B 1S F1 PCS 2 5 & 1S #1 PCS #Y
10% , 5 2Z A ge s Y g5 R AL

M T e, 5 A E RS G0 ISWRE
Al RE MRl 2 T B LR IS YR 5 (R vk L IE
FHIG s 55— it IS J& th & O v i & LR 1 I i
PIARI™ A, Y BB R AT (1 G e il Y
H & E IS KE AT BE R T PD B B
R DI RE IR PR T B IR T BB 5 BRI, B
XIS BRI Y N S A EA S IS 2
TEARSG. DA BAEMIA y E & HA] BE A Vs A IS 1Y
AT R R A EARBLRI 55— 5. (HAG
R, SRS IS WX T RE UG &
SCHR W 22 B2 757 A VA o w2 3R
fi i K H AN A&

AR S HR L L IS 5 M LT 2 0E A 5 1 5 5%
B Kt/ V. 3RS Cor 5% eGFR. 24 h JR 2 AL,
VLHA R B D REXS T R AR ML 3 1S & LK. 1 I 75
S PCS 51835 7040 M K ik B T g ok o AH G 0
MATREA LU FIULA R - (D)t F PCS gipfgxd H i
SEHAIE WO TR AL 5k Y fg kR
B, T Fil 3 3 0 o] P 3 A T A %o R T O ACA f F)
il PCS ¥ i F151 5 (2) 1S 1 PCS FE ML H 58 4 P 45
AE Y IS FRLL T mut il 7 PCS 58 45
B s B Z B ] REAEAE SR OT- 7 . g 1S B T AR XS
Gy F /N FTE R I R B B 1S S
B Kt/V 2 IEAY, IS FI PCS S4EH M 5. 4L
M CRP 855K R BB A G

25 1 PD A I LG 1S F PCS A it e i Ja o
Fhen . ZRMA g E X, PD B F M 1S K
5B R T RE 5 A G T 5 AR S L M0 A CRP



55 10 1. BrAMI . 55, RSN EE M E A S SHERART

SR BRI AT

+ 1243 -

TCHTR AR, R PR 3R B DI REA AT PD &
T PR IE Y IS,

[ % 3 #k]

[1]

[2]

(3]

(4]

(6]

7]

(8]

ADIJIANG A, GOTO S, URAMOTO S, NISHIJIMA
F, NIWA T.

Indoxyl sulphate promotes aortic

calcification with expression of osteoblast-specific

proteins in hypertensive rats [ J]. Nephrol Dial
Transplant, 2008, 23: 1892-1901.
BARRETO F C, BARRETO D V, LIABEUF S,

MEERT N, GLORIEUX G, TEMMAR M, et al.
Serum indoxyl sulfate is associated with vascular
disease and mortality in chronic kidney disease patients
[J]. Clin J Am Soc Nephrol, 2009, 4; 1551-1558.
SHU C, CHEN X, XIA T, ZHANG F., GAO S,
CHEN W. LC-MS/MS method for simultaneous
determination of serum p-cresyl sulfate and indoxyl
sulfate in patients undergoing peritoneal dialysis[ ] ].
Biomed Chromatogr, 2016, 30 1782-1788.
VANHOLDER R, DE SMET R, GLORIEUX G,
ARGILES A, BAURMEISTER U, BRUNET P, et
al; European Uremic Toxin Work Group (EUTox).
Review on uremic toxins: classification, concentration,
and interindividual variability[ J]. Kidney Int, 2003,
63: 1934-1943.

HELLER A, WESTPHAL S E, BARTSCH P,
HAASE M, MERTENS P R. Chronic kidney disease
is associated with high abdominal incisional hernia rates
and wound healing disturbances[ J]. Int Urol Nephrol,
2014, 46. 1175-1181.

WATANABE H., MIYAMOTO Y. ENOKI Y,
ISHIMA Y, KADOWAKI D, KOTANI S, et al. p-
uremic toxin, causes vascular

Cresyl sulfate, a

endothelial and smooth muscle cell damages by

inducing oxidative stress [ J/OL ]. Pharmacol Res
Perspect, 2015, 3: €00092. doi: 10. 1002/prp2. 92.
DOU L, JOURDE-CHICHE N, FAURE V, CERINI
C, BERLAND Y, DIGNATGEOGE F, et al. The
uremic solute indoxyl sulfate induces oxidative stress in
endothelial cells[J]. J Thromb Haemost, 2007, 5:
1302-1308.

SUNCY, HSU H H, WU M S. p-Cresol sulfate and
indoxyl sulfate induce similar cellular inflammatory

gene expressions in cultured proximal renal tubular

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

cells[J]. Nephrol Dial Transplant, 2013, 28; 70-78.
NIWA T, ISE M. Indoxyl sulfate, a circulating uremic
toxin, stimulates the progression of glomerular
sclerosis[J]. J Lab Clin Med, 1994, 124, 96-104.
WING M R, PATEL S'S, RAMEZANI A, RA] D S.
Gut microbiome in chronic kidney disease[ J]. Exp
Physiol, 2016, 101. 471-477.
BAMMENS B, EVENEPOEL P,

VANRENTERGHEM Y.

VERBEKE K,
Removal of middle
molecules and protein-bound solutes by peritoneal
dialysis and relation with uremic symptoms[ J]. Kidney
Int, 2003, 64. 2238-2243.

LEECT, KUO CC, CHEN Y M, HSU C Y, LEE
W C, TSAI Y C, et al. Factors associated with blood
concentrations of indoxyl sulfate and p-cresol in
patients undergoing peritoneal dialysis[J]. Perit Dial
Int, 2010, 30. 456-463.

PHAM N M, RECHT N S, HOSTETTER T H,.
MEYER T W. Removal of the protein-bound solutes
indican and p-cresol sulfate by peritoneal dialysis[]].
Clin J] Am Soc Nephrol, 2008, 3. 85-90.

LIN C]J, PANCF, CHUANG CK, LIU H L, SUN
FJ, WANG T J, et al. Gastrointestinal-related uremic
toxins in peritoneal dialysis; a pilot study with a 5-year
follow-up[J]. Arch Med Res, 2013, 44, 535-541.
ROSSI M, JOHNSON D W, XU H, CARRERO J J,
PASCOE E, FRENCH C, et al. Dietary protein-fiber
ratio associates with circulating levels of indoxyl sulfate
and p-cresyl sulfate in chronic kidney disease patients
[J]. Nutr Metab Cardiovasc Dis, 2015, 25; 860-865.
UNSAL A, KOC Y, BASTURK T, SAKACI T,
AHBAP E, SINANGIL A, et al. Clinical outcomes
and mortality in peritoneal dialysis patients: a 10-year
retrospective analysis in a single center [ J ]. Clin
Nephrol, 2013, 80 270-279.

VIAENE L. MEIJERS B K, BAMMENS B,
VANRENTERGHEM Y, EVENEPOEL P. Serum
concentrations of p-cresyl sulfate and indoxyl sulfate,
but not inflammatory markers, increase in incident
peritoneal dialysis patients in parallel with loss of
residual renal function[]J]. Perit Dial Int, 2014, 34.
71-78.

[(AXHE] BT



