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Abstract

Uremic toxins (UTs) are compounds derived from the metabolism of dietary molecules such as tryptophan (Indossyl Sulphate, IS) and phenil-alanine (P-Cresyl 
Sulphate, PCS), that are normally eliminated by the kidneys of healthy patients. Th e accumulation of such toxins is an indicator of kidney disease at diff erent degrees 
of severity, and the toxins can be found as free or protein bound in human biological samples. Th e toxicity of such compounds causes the loss of several biological 
functions, and the subjects suff ering from such complications will need, more oft en than not, hemodialysis to properly excrete these toxins. Despite this not being a 
resolutive, but rather a symptom managing clinical approach, this is the most common course of treatment. Two analytical methods are proposed to quantify both 
the protein-bound and free forms of IS and PCS (HPLC-UV for the former; LC-MS/MS with ESI negative ionization for the latter), with lower variability and higher 
robustness than what is currently proposed, allowing for a precise simultaneous determination of the aforementioned UTs.
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Introduction

Uremic toxins (UTs) are compounds that generate from 
the metabolism of proteins [1] and are usually, subsequently 
to kidney fi ltration, eliminated by the renal apparatus [2]. 
A healthy renal apparatus works as a fi ltration system, 
removing excess waste and toxins, as well as fl uids. 
Moreover, kidneys play a key role in the functioning of 
the human body by regulating blood pressure and calcium 
levels, which are fundamental factors to both the overall 
well-being of the patient, as well as that of the specifi c health 
of the cardiovascular and of the musculoskeletal systems 
(Figures 1,2).  

 Chronic Kidney Disease (CKD) is defi ned as a persistent 
abnormality in kidney structure or function [3], and aff ects 
8% to 16% of the population worldwide. CKD is closely 
linked to other disorders, such as diabetes and hypertension 
[4], but environmental factors and active infections could 
also contribute to enhancing the risk of the disease.  

The toxicity of these uremic compounds stems from their 

Figure 1: Chemical Structure of Indossyl Sulphate.

Figure 2: Chemical Structure of P Cresyl Sulphate.
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accumulation in the organism, causing the loss of several 
biological functions [5]. Uremic toxins can be classifi ed 
following their organic or inorganic nature, as well as their 
size and degree of hydrophilicity [6]. 

p-Cresyl Sulphate (PCS) (Figure 2) is a toxin deriving 
from the metabolism of tyrosine and phenylalanine with 
kidney elimination [7], and its accumulation has been 
linked to the advancing of CKD through infl ammation and 
damaging of tubular cells [8]. 

Indossyl Sulphate (IS) (Figure 1) is a product of the 
metabolism of dietary tryptophan. This amminoacid reacts 
in the intestinal tract and produces indole; the latter is 
absorbed by the intestine and is converted into IS in the liver 
[9] which cannot be excreted properly by patients aff ected 
by CKD and furthers the disease’s progression [10]. 

Due to the rampant progression of CKD and the surge 
in risk of developing ESRD [11] (end stage renal disease), 
it is of crucial importance to monitor the level of uremic 
toxins in diff erent biological matrixes, such as blood and 
urine, using an analytical method that is robust and cost-
eff ective. This is a pivotal aspect of the research, as a patient 
suff ering of CKD or ESRD will need, more often than not, 
hemodialysis to remove the excess fl uid and toxins, whereas 
the line of treatment for more severe cases would result in a 
kidney transplant and other comorbidities [11,12]. 

Fabresse,  et al. [12] observed that the saliva concentrations 
of UTs are comparable to the ones deriving from the serum 
free fraction, and that for six UTs a signifi cant correlation 
was observed, though the samples were not obtained by 
patients with CKD.  

Previous studies carried out on serum and plasma 
samples revealed a varying pCS concentration between 2.8 
± 1.7 mg/L (14.9 ± 9.0 μM) and 6.6 ± 3.7 mg/L (35.1 ± 19.7 
μM) [13, 14, 16], which was detected using ultraperformance 
liquid chromatography and UPLC-mass spectrometry. 
These values show a high standard deviation and have been 
obtained by analysing the plasma and serum of healthy 
patients. On the other hand, the data found in literature 
referring to pCS detected in plasma/serum of patients 
in the end stage of kidney disease shows that the toxin is 
signifi cantly more concentrated in the analysed matrixes, 
reaching values that span from 21.8 ± 12.4 mg/L (115.8 ± 
65.9 μM) [16] to 106.9 ± 44.6 mg/L (568.0 ± 237.0 μM) [17]. 

In addition, as described by Pretorius C. J. et al. [14,15], 
the reference values for total and free Indossyl Sulphate 
(t IS and f IS, respectively) were obtained by studying 
serum samples from healthy volunteers using liquid 
chromatography with fl uorescence detection. The reported 
values are (μmol/L): total IS of 0.7–6.3; free IS of 0.0–0.2. 

The analytical method proposed in this paper suggests 

a strong linearity between the concentration of IS and PCS 
in non-biological samples diluted with NaCl, detecting both 
molecules simultaneously using Liquid Chromatography-
Tandem and HPLC-UV as the chosen detecting comparative 
techniques. The aim is to fi nd a cost-eff ective detection 
method, with lower variability and high sensitivity and 
robustness, that allows to monitor simultaneously both 
toxins in biological matrixes.  

The decision to carry out two determinations with 
varying detection techniques in this paper (UV and MS, 
respectively) stems from the nature of the molecules and 
their tendency to be present in both the protein-bound form 
and free form. We believe that the diff erentiation between 
the two detection methods provides a more precise estimate 
of the concentration of the UTs, with lower variability 
compared to what is found in current literature. In addition, 
UV detection at the selected absorption wavelength (200 
nm) is useful to determine the protein-bound form of the 
examined toxins, since the chosen analytical column to carry 
out the HPLC-UV testing is a C18, which is polar enough to 
attach to proteins and separate them from the toxins. This 
process is also aided by the use of a mobile phase that is 
70% acidifi ed water and 30% of organic modifi er. Figures 
5-7 depict 3D graphs of the peaks detected via HPLC-UV, 
and they show the absence of other analytical peaks at 
wavelengths that are diff erent from 200 nm. 

On the other hand, the MS detection is useful to 
determine both UTs simultaneously in their free form. 
Firstly, ionisation is achieved by negative ESI (Table 1) [16]; 
then, by setting the detector to MRM (multiple reaction 
monitoring), it is possible to observe the reaction path of 
the ions, which ends in the detection of both product ions 
[18]. The detection is unequivocal, as the peaks refer to the 
selected mass transitions (Table 1). 

Materials and Methods 

To validate both methods similar experimental 
conditions were applied, such as mobile phase composition, 
type of analytical column and sample preparation.  

Table 1: Operating conditions for the determination of pCS and IS via LC-MS. Th e Table 
shows all the analytical condition for the analysis, as well as the detection of the UTs. Th e mass 
analyser is a triple quadrupole.

ESI Negative Mode 
m/z for IS 212.100 à 81.0800 

m/z for PCS 187.0500à107.0000 
Nebulizing Gas Flow 3 L/min 

Drying Gas Flow 15 L/min 
DL Temperature 250 °C 

Heat Block Temperature 400 °C 
Flow 0.5 ml/min 

Mobile Phase A H20 + 0.1% Formic Acid 
Mobile Phase B Acetonitrile 

Injection Volume  5 μL 
Column Temperature  40 °C 

Solvent Gradient Binary Gradient (B): 0 min 1%, 1 min 1%, 6.5 min 65%, 6.6 min 
90%, 8 min 90%, 8.1 min 1% for equilibration until 10 min.
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Two calibrations were performed to detect the analytes 
simultaneously, and they show strong linearity in the 
required range of concentrations.  

The four diff erent calibration curves start at level 1 
corresponding to an equal concentration of UTs of 0.003125 
mol/L, which equals to 5.8*10-4 g/ml for pCS, and to 6.66*
10-4 g/ml for IS. The curves in Figures 4-5 and Figures 9,10 
all show strong linearity with R2>0.99. 

In particular, Figures 4,5 show the calibration curves 
obtained for each molecule using UV detection.  

Figure 3 shows a 3D graph of a standard sample analysed 
via HPLC-UV of pCS and IS; specifi cally, it’s a colour coded 
graph that shows the intensity of the chromatographic signal 
as a function of the run time and wavelength. It is possible 
to notice that at the chosen value of λ=200 nm, there is no 
background signal and the only peaks that are detected are 
those pertaining to the studied analytes.  

To test the robustness and sensitivity of the method, 
varying ratios of PCS and IS were submitted to the HPLC-
UV, ranging from 1:2 (Figure 6) to 1:6 (Figure 8), as well as 
the diluted forms. In each range the molecules were detected 
simultaneously above the LOD. The Summary Compound 
Table showing retention times, LOD, LOQ and accuracy 
for IS and PCS can be found in the Supplementary 
Materials, in Table 3 and Table 4 respectively. 

To corroborate our fi ndings, further dilutions were 
performed to test the sensitivity and specifi city of the 
method, and then they were submitted to the HPLC-UV at the 
same operating conditions. As shown in the chromatogram 
below, at ratios of IS:PCS of 6:1 (Figure 8), and after a 
1:100 dilution with NaCl 0.9%, the peak pertaining to PCS 
disappears, proving that this concentration is below both 
the LOQ and LOD determined for the procedure. 

LC-MS Conditions 

The LC-MS data were obtained on a Shimadzu LC-MS 
8040 T ri p Q u a d M S equipped with System Controller 
CBM-20A, Trip Quad Mass Spectrometer detector and 
controlled by LabSolutions WS Software (Neonatal Solution 
version 2.0 part-number 225-24442-91). The employed 
column was a Luna® Omega 5μm PS C18 100 Å column 
dimensions 150x4.6 mm, column from Phenomenex QC 
MIX 870. LC-MS/MS operating conditions were (Table 1) 
[16,18]. 

HPLC-UV Conditions 

The HPLC-UV data were obtained on a Shimadzu 
Prominence Modular HPLC equipped with System 
Controller CBM20A, Photo-diode Array detector SPDM20A 
and controlled by LabSolutions WS-Single PDA (Vers. 5) 
WS Software. The employed column was a C18 reversed 
phase column Shim-pack VP-ODS 5 μm 250 mm x 4.6 mm. 
HPLC operating conditions were as follows in Table 2. 

Figure 3: 3D graph of a standard sample of PCS-IS analysed via HPLC-UV.

Table 2: Operating conditions for the determination of pCS and IS via HPLC-UV. Th e 
analysis is carried out in isocratic mode (% of B remains the same for the duration of the run) 
in reversed phase. Th e detection is carried out at 200 nm.

Detection Wavelength 200 nm 
Mobile Phase A H20 
Mobile Phase B Acetonitrile 

Flow 0.5 mL/min 
Column Temperature 25 °C 

Injection Volume 5 μL 
Solvent Gradient 30% of B for the duration of the run 

Sample preparation 

The UTs were available in salt form, and the mother 
solutions were prepared by reconstituting the salts in 50/50 
H2O/acetonitrile. Further dilutions to reach the desired 
concentrations were performed by adding NaCl 0.9%. 

UT standard solutions were prepared fresh when needed, 
and stored at 0-4 °C between injections during the same day.  

Calibration 

Four calibrations were carried out, two for each 
compound, in both LC-MS/MS and HPLC-UV and the four 
curves are reported below.  

The investigated concentrations for both uremic toxins 
are 0.003125 mol/L, 0.00625 mol/L, 0.0125 mol/L, 0.025 
mol/L and 0.05 mol/L. The tables showing LOD, LOQ and %
Accuracy values can be found in the Supplementary 
Material Section. 

Results and discussion 

The present method is fast and cost-eff ective, as well 
as easy to reproduce and doesn’t require lengthy sample 
preparation procedures. 
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 The analyses carried out via LC-MS/MS were performed 
under the same experimental conditions, which are 
explained in the experimental section. Two calibration 
curves were created for PCS and IS, which were detected 
simultaneously using ESI in the negative ionization mode 
with the following mass/charge transitions: 

• m/z  transition  for  IS:  212.100081.0800 

• m/z  transition  for  PCS: 187.0500107.000 

Figure 4: Calibration curve of Indossyl Sulphate obtained via HPLC-UV at 200 nm. 
Th e picture also reports the equation of the calibration curve as well as the correlation 
coeffi  cient R2. Th e curve was created using the Quant Browser on the LabSolutions WS-
Single PDA Soft ware. 

Figure 5: Calibration curve of P-Cresol Sulphate obtained via HPLC-UV at 200 nm. Th e 
picture also reports the equation of the calibration curve as well as the correlation coeffi  cient 
R2. Th is curve was created using the Quant Browser on the LabSolutions WS-Single PDA 
Soft ware. PCS was detected simultaneously to IS.

Table 3: Data referring to the 4-point calibration of IS and the diluted samples 1-5. Th e 
operator diluted the samples following the aforementioned ratios and the analysis was 
carried out at the same operating conditions as the calibration.

Table 4: Data referring to the 4-point calibration of pCS and the diluted samples 1-5. 1-5. 
Th e operator diluted the samples following the aforementioned ratios and the analysis was 
carried out at the same operating conditions as the calibration.

Both curves show a strong linearity in the analysed range. 

This method can be used to detect PCS and IS in biological 
samples in their free form, because it’s monitoring the 
specifi c mass transition for each compound. 

To corroborate our fi ndings, varying ratios of PCS 
(Table 4) and IS (Table 3) were analysed under the same 
operating conditions to prove that both compounds can be 
detected at the same time with good sensitivity at changing 
concentrations. 

 The peaks are well separated (Figure 11-13) and 
the robustness of the method can be further proved by 
comparing the present chromatograms to those obtained 
through further dilution of the samples, testing the linearity 
of the method beyond the data off ered by the calibration 
curves. Quantitative data can be found in Tables 3,4. The 
unknown samples named “samples 1-5” refer to mixtures of 
pCS and IS at varying ratios (Figures 14,15). Five of these 
solutions (n=5) were prepared and analysed following the 
same analytical methods reported in Table 1. Each sample 
was analysed in quadruplicate.  
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Figure 6: HPLC-UV Chromatogram and 3D Graph of the peaks referring to IS and PCS at 
a concentration ratio of 2:1 respectively.

Figure 7: HPLC-UV Chromatogram and 3D Graph of the peaks referring to IS and PCS at 
a concentration ratio of 3:1 respectively.

Figure 8: HPLC-UV Chromatogram and 3D Graph of the peaks referring to IS and 
PCS at a concentration ratio of 6:1 respectively. Th e peak for PCS is not detected at this 
concentration, whereas IS is clearly visible albeit with much lower intensity due to the 
dilution, as it is also shown by the scale of the y-axis.

Figure 9: Calibration curve of Indossyl Sulphate obtained via LC-MS pertaining the 
transition m/z: 212.1000  81.0800. Th e picture also reports the equation of the calibration 
curve as well as the correlation coeffi  cient R2. Th e curve was created using the Quant 
Browser on the LabSolutions WS Soft ware.

Figure 10: Calibration curve of P-Cresol Sulphate obtained via LC-MS pertaining the 
transition m/z: 187.0200   107.0000. Th e picture also reports the equation of the 
calibration curve as well as the correlation coeffi  cient R2. Th e curve was created using the 
Quant Browser on the LabSolutions WS Soft ware.

Figure 11: Example of a Chromatogram showing IS and PCS at their retention times. 
Th e ratio of concentration in this analysis is IS 2:1 PCS. Th e dilution of the sample was 
performed adding NaCl 0.9% to the desired volume.
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Conclusions

The aims of the study have been met, because of the 
results given by the chosen analytical techniques.  

These analytical procedures highlight the possibility of 
detecting said toxins in both their free and protein-bound 
form, giving the opportunity to assess the presence of both 
in small volumes of human biological fl uids. The employed 
methods are easily reproducible as well as robust and cost-
eff ective. They require minimal sample preparation and 
no harsh operating conditions, with a run time of only 10 
minutes for both techniques.  

In addition, the proposed methods should be handled 
based on the clinical necessities of each patient, considering 
their clinical history and comorbidities. 
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