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Abstract— The aim of this study was to explore the
possibility to determine the amount of total removed Indoxyl
Sulphate (TR_IS) during dialysis session, an optical method
utilizing absorbance and fluorescence spectral data of the spent
dialysate was used. Eight uremic patients from Linkoping,
Sweden and 10 from Tallinn, Estonia, were studied during
dialysis treatments. Dialysate samples were taken during each
treatment and analyzed at a laboratory. Fluorescence and
absorbance spectra of the spent dialysate were measured with
spectrofluorophotometer and spectrophotometer. The spectral
values were transformed into IS concentration using multiple
linear regression model from the total material noted as optical
method (Opt). IS concentration was estimated using high-
performance liquid chromatography (HPLC) method as a
reference. TR _IS values were calculated. Achieved results were
compared regarding mean values and SD and collated with the
amount of total removed urea value (TR_Urea) for the same
dialysis procedures. Mean TR value+SD (mg) for urea was 28
947+9 241; TR for IS was 151.4+87.3 estimated by HPLC and
149.4+£84.9 estimated by Opt. The TR IS values were not
significantly different (p<0.05). This study indicates, that it is
possible to estimate TR_IS using only spectral values of the
spent dialysate and the parameter can be used for quantifying
the elimination of protein bound uremic toxins during the
dialysis procedure.

1. INTRODUCTION

Uremic toxins can be divided in three large groups:
small, water-soluble, not protein bound solutes (molecular
weight (MW) < 300D), middle molecules (300<MW<12000
D) and protein bound molecules. Indoxyl Sulphate (IS) (MW
251 D) belongs to protein bound uremic toxins. IS is
metabolized by the liver from indole which is produced by
the intestinal flora as a metabolite of tryptophan [1, 2]. It has
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found that serum IS level is markedly higher in chronic
kidney disease patients and it accelerates the progression of
chronic kidney disease (CKD) [3]. Moreover, studies suggest
that IS increases oxygen consumption and aggravates local
hypoxia in renal tubular cells and can lead to end stage renal
disease (ERSD) [4]. It has discovered that IS may induce
oxidative stress, dysfunction of endothelium and affect
endothelial wound repair, those conditions may cause
cardiovascular disease and higher mortality in CKD patients
[5-8]. The present concept of dialysis as the main treatment
in case of ERSD, focuses mainly on the removal of small
water-soluble compounds [2]. Also the classical ways to
estimate dialysis adequacy is based on small water-soluble
compounds as urea and creatinine [9]. Monitoring the
amount of removed protein bound molecules during dialysis
is important and informative. However, due to specific
kinetic behavior of some protein bound molecules in the
body (including IS), the removal estimation on the basis of
blood samples could be misleading [10]. Earlier studies by
HPLC have shown that IS can be observed by fluorescence
measurements in the plasma as well as in ultrafiltrate [11,
12]. It has been demonstrated that concentration and removal
rate (RR) of different uremic solutes can be estimated with
optical methods which are using either ultraviolet absorbance
[13-15] or fluorescence [16-18] of the spent dialysate. The
aim of the study was to enhance current knowledge about
using spent dialysate fluorescence and absorbance data to
quantify total removed IS (TR _IS) during dialysis.

II. MATERIALS AND METHODS

The studies were performed after approval of the
protocol by the Regional Ethical Review Board, Linkoping,
Sweden and by the Tallinn Medical Research Ethics
Committee at the National Institute for Health Development,
Estonia. Informed consent was obtained from all
participating patients.

10 patients from Tallinn (6 male, 4 female, 58+8 years)
and 8 patients from Linkdping (7 male, 1 female, 77+7
years) were included to the study. Patients were followed in
total 78 sessions from which 33 were hemodialysis (HD) and
45 hemodiafiltration (HDF) sessions. The dialysis machine
used was a Fresenius 5008 (Fresenius Medical Care,
Germany). The dialyzers used were FX10, FX80 and FX800
(Fresenius Medical Care, Germany). The duration of the
treatments varied between 180 to 270 minutes, the dialysate
flow was 500 ml/min and the blood flow varied between
250-350 ml/min.
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During dialysis sessions, the following samples from the
drain tube of the dialysis machine were taken: 9-25, 60, 120
minutes after the start of the session and at the end of the
session (180-270 min.). After the end of the procedure,
dialysate collection tank was weighed and one sample (Tank)
was taken from it after careful stirring. Linkoping’s samples
were freezed and transported to Tallinn.

Concentration of IS was determined in Tallinn University
of Technology utilizing the HPLC instrument UltiMate 3000
(Dionex Corporation). Concentrations of urea were
determined in Clinical Chemistry Laboratories in Sweden
and Tallinn using standardized methods (ADVIA Urea
Nitrogen (UN) method, enzymatic).

Spectrofluorophotometer (SHIMADZU RF-5301, Japan)
was used for the fluorescence measurements. Fluorescence
analysis was performed over an excitation (EX) wavelength
range of 220 - 500 nm (excitation increment 10 nm) and
emission (EM) wavelength range of 220-800 nm. The
measurement cell with an optical path length of 4 mm was
used (Fig. 1).

Ultra violet (UV) absorbance was measured with UV-
VIS-NIR spectrophotometers (V-570, JASCO Corp., Japan-
used in Sweden and UV-3600, SHIMADZU, Japan — used in
Tallinn), 10 mm optical cell was used (Fig. 2).
Measurements were performed at the room temperature (ca.
22° C). The obtained spectral values were processed and
presented by software Panorama fluorescence and UV Probe,
the final data processing was performed in (Microsoft Office
Excel 2003).

Linear correlation coefficients (R) were determined on
the basis of the fluorescence/absorbance spectral values and
IS concentration values using MATLAB (MATLAB 7.0,
MathWorks, US) and EXCEL. The best wavelengths for
estimating the concentration of IS were found and multiple
linear regression model utilizing information from those
wavelengths was created using Statistica 9.0 (Statsoft Inc.,
US). The obtained model was in following form:

IS =% a,*F(A)+ Y b, *A(,) (1)

i=0 j=0

where a and b are the coefficients, F(A) is fluorescence
intensity value at certain EX/EM wavelength and A(A) is UV
absorbance value at certain wavelength.

The total removed amount of a substance was calculated
as follows:

IR=C*W, (2)

where C, is the substance concentration in total
dialysate collection tank (mg/l) and W, is the weight of the
dialysate collection tank (kg). It was assumed that 1 kg = 1
liter of the dialysate. For determination of the TR IS from
the optical method (Opt), concentrations calculated from the
spectral values were utilized.

For determining differences between TR values from
HPLC and optical method Student t-test (p<0.05 was
considered significant) and Bland-Altman analysis was used.

III. RESULTS

In the Fig. 1 fluorescence spectrum of the spent dialysate
in the beginning and at the end of the procedure is given,
corresponding absorbance spectra’s are shown in Fig. 2.
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Figure 1. Examples of fluorescence spectra’s of spent dialysate, taken at
the start and at the end of the dialysis procedure. EX=220-500nm,
EM=220-800nm.
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Figure 2. Examples of absorbance spectra’s of spent dialysate samples
taken at the start and at the end of the dialysis procedure and from dialysate
collection tank over a wavelengt range 190-380 nm.

The multiple linear regression model for estimating IS
concentration optically (IS_Opt) was created. The goodness
of fit of the model is given in the Fig. 3. and mean
concentration values of urea and IS estimated with different
methods are presented in the Fig. 4.
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Figure 3.  Goodness of fit of the multiple linear regression model for
estimating IS concentration.
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Figure 4. Urea and IS concentration values.

The concentration values from the tank were used for
calculating the TR value for urea and IS (both HPLC and
Opt). The results are presented in the Fig. 5.
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Figure 5.  Amount of total removed urea and IS measured with the
different methods.
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Figure 6. Bland-Altman plot. The difference between TR _IS HPLC and
TR_IS Opt is plotted against the mean value of TR_IS HPLC and
TR_IS_Opt, (N=74).

Fig. 6 presents the individual differences between TR _IS
values estimated by HPLC (reference method) and by the
new optical method (Opt), in a Bland-Altman plot.

Neither concentrations nor TR values of IS Opt were
significantly different (p<0.05) from the values of the
reference method (HPLC).

Table 1 shows a summary of the results regarding the TR
values of IS in mean and standard deviation values from the
standardized methods (IS HPLC) and new optical method
(IS_Opt), and correlation analysis between two methods.

TABLE L TOTAL REMOVED IS ESTIMATED BY DIFFERENT METHODS
(N=74)
TR_IS + SD[mg] R R
HPLC 151.4+87.3
0.95 091
Opt 149.4+84.9

IV. DISCUSSION

From the Fig. 1 and Fig. 2, some distinctive fluorescence
and absorbance maxima at specific regions are clearly seen.
The amplitude of the spectra’s are proportional to the content
of eliminated uremic retention solutes in the spent dialysate
being higher/lower in the beginning of the dialysis treatment
(10 min) and lower/higher at the end of the dialysis (210
min) at specific regions.

According to the HPLC studies on the heat-deproteinized
uremic serum and uremic ultrafiltrate, IS has a prevalent
fluorescence compared to other uremic retention solutes
[19]. Therefore using fluorescence data in optical model is
well justified. It has been confirmed by the HPLC studies of
the spent dialysate that UV technique solely is not suitable
for monitoring the removal of IS [20]. Although small, IS
has specific absorbance spectra in UV region and absorbance
values from certain wavelengths adds specificity to the
optical model created in this study.

A classical way to estimate dialysis adequacy is to
estimate urea reduction ratio (URR) in % [9]. Urea describes
removal of small molecules [21] and is not representative for
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removal of other molecules such as the protein-bound or the
middle molecules groups of uremic toxins [10]. Therefore,
describing the elimination of protein bound molecules by
estimating the TR IS optically from the spent dialysate
would be beneficial. Moreover, due to specific kinetic
behavior of some protein bound molecules in the body,
including IS, estimating the TR value on the basis of blood
samples, could be misleading [10].

As seen from the Fig. 3, 4 and 5, concentration and
removed amount of IS can be estimated optically. From
figure 5 it is seen that TR values for urea and IS are rather
different. It seems to confirm that a specific parameter is
needed for estimation of removed protein bound compounds.
On the other hand, there are no guidelines developed yet,
how much IS or other protein bound molecules should be
eliminated in relation to urea, and perhaps this new method
could be useful in this development.

It can be seen from the Fig. 6 that TR values from HPLC
are somewhat different compared to TR IS Opt but the
difference is not statistically significant (p<0.05).

As seen from the Table 1 estimation of removed IS can
be done by using optical information of the spent dialysate.

The clinical aim in the future is to improve an on-line
monitoring system including simultaneous monitoring of the
removal of markers for different clinically important groups
of uremic toxins during hemodialysis. The present technical
approach may help to confirm the previous knowledge and
broaden the coming information about the uremic toxin, IS,
removal during dialysis and a positive impact to the patients
according to needs in chronic renal failure therapy [22]. The
optical technique for measuring concentration and removal
of different uremic toxins may give a useful, rapid and cost-
effective tool for clinicians to estimate the effectiveness of
dialysis procedure.

V. CONCLUSION

This study examined whether absorbance and
fluorescence spectral data can be used for determination of
the amount of removed IS during the dialysis and whether
this method could be used for description of removal of IS as
a marker of protein bound uremic toxins. It was found that
estimation of removal of IS during the dialysis can be done
by applying the optical approach developed in this study.

New clinical trials giving access to a larger amount of
data of the spent dialysate for creating more specific
algorithms will be issue of the next studies.

ACKNOWLEDGMENT

The authors wish to thank all dialysis patients participated
in the experiments and clinical- and technical assistance
personnel.

REFERENCES

[1] Neirynck N, de Smet R, Schepers E et al., "Classification and a List
of Uremic Toxins," Uremic Toxins, John Wiley & Sons, Inc., 2012,
pp- 13-33.

[2] Vanholder R, De Smet R and Lameire N, (2001) Protein-bound
uremic solutes: The forgotten toxins. Kidney Int 59: S266-S270.

[3] Niwa T, (2010) Indoxyl Sulfate Is a Nephro-Vascular Toxin. Journal
of Renal Nutrition 20: S2-S6.

[4] Palm F, Nangaku M, Fasching A et al., (2010) Uremia induces
abnormal oxygen consumption in tubules and aggravates chronic
hypoxia of the kidney via oxidative stress. American Journal of
Physiology - Renal Physiology 299: F380-F386.

[5] Dou L, Bertrand E, Cerini C et al., (2004) The uremic solutes p-cresol
and indoxyl sulfate inhibit endothelial proliferation and wound repair.
Kidney International 65: 442-451.

[6] Dou L, Jourde-Chiche N, Faure V et al., (2007) The uremic solute
indoxyl sulfate induces oxidative stress in endothelial cells. Journal of
Thrombosis and Haemostasis 5: 1302-1308.

[71 Muteliefu G, Enomoto A, Jiang P et al., (2009) Indoxyl sulphate
induces oxidative stress and the expression of osteoblast-specific
proteins in vascular smooth muscle cells. Nephrology Dialysis
Transplantation 24: 2051-2058.

[8] Barreto F C, Barreto D V, Liabeuf S et al., (2009) Serum Indoxyl
Sulfate Is Associated with Vascular Disease and Mortality in Chronic
Kidney Disease Patients. Clinical Journal of the American Society of
Nephrology 4: 1551-1558.

[9] NKF-KDOQI, "CLINICAL PRACTICE GUIDELINES FOR
HEMODIALYSIS ADEQUACY, UPDATE 2006," The National
Kidney Foundation Kidney Disease Outcomes Quality Initiative,
2006.

[10] Yavuz A, Tetta C, Ersoy F F et al., (2005) Reviews: Uremic Toxins: A
New Focus on an Old Subject. Seminars in Dialysis 18: 203-211.

[11] Meert N, Eloot S, Waterloos M A et al., (2009) Effective removal of
protein-bound uraemic solutes by different convective strategies: a
prospective trial. Nephrology Dialysis Transplantation 24: 562-570.

[12] Vanholder R, De Smet R, Jacobs V et al.,, (1994) Uraemic toxic
retention  solutes  depress  polymorphonuclear response to
phagocytosis. Nephrology Dialysis Transplantation 9: 1271-1278.

[13] Fridolin I and Lindberg L, (2003) On-line monitoring of solutes in
dialysate using absorption of ultraviolet radiation—wavelength
dependence. Med. Biol. Eng. Comput 41: 263-270.

[14] Holmar J, Fridolin I, Uhlin F et al., (2012) Optical Method for
Cardiovascular Risk Marker Uric Acid Removal Assessment during
Dialysis. The Scientific World Journal 2012: 8.

[15] Jerotskaja J, Uhlin F, Lauri K et al., (2010) Concentration of uric acid
removed during dialysis. Estimated by multi wavelength and
processed ultra violet absorbance spectra, Proceedings of IEEE
EMBS, Buenos Aires, Argentina, pp. 5791-5794.

[16] Holmar J, Arund J, Uhlin F et al, (2011) Beta2-microglobulin
Measurements in the Spent Dialysate Using Fluorescence Spectra,
IFMBE Proceedings, Budapest, Hungary, pp. 1035-1038.

[17] Holmar J, Arund J, Uhlin F et al., (2011) Quantification of Indoxyl
Sulphate in the Spent Dialysate Using Fluorescence Spectra, [IF'MBE
Proceedings, Aalborg, Denmark, pp. 45-48.

[18] Holmar J, Arund J, Uhlin F et al., (2012) New Optical Method for
Estimation of Protein Bound Uremic Toxins Elimination, IFMBE
Proceedings, Beijing, China, pp. 71-74.

[19] De Smet R, Vogeleere P, Van Kaer J et al., (1999) Study by means of
high-performance liquid chromatography of solutes that decrease
theophylline/protein binding in the serum of uremic patients. Journal
of Chromatography A 847: 141-153.

[20] Arund J, Tanner R, Uhlin F et al., (2012) Do Only Small Uremic
Toxins, Chromophores, Contribute to the Online Dialysis Dose
Monitoring by UV Absorbance? Toxins 4: 849-861.

[21] Vanholder R, De Smet R, Glorieux G et al., (2003) Review on uremic
toxins: classification, concentration, and interindividual variability.
Kidney International 63: 1934-1943.

[22] Meert N, Schepers E, De Smet R et al.,, (2007) Inconsistency of
reported uremic toxin concentrations. Artificial organs 31: 600-611.

6710



	MAIN MENU
	Help
	Search
	Search Results
	Print
	Author Index
	Keyword Index
	Program in Chronological Order

