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Summary. Introduction: In patients with chronic kidney disease (CKD), uremic toxins ac-
cumulate in blood and cannot be excreted with urine. Accumulation of these toxins has 
negative effects on many body functions. Because of the importance of these toxins, we 
developed and validated a simple, sensitive, accurate, and precise method for the deter-
mination of two main uremic toxins: phenol and p-cresol in human urine. Materials and 
methods: Separation of these analytes in urine samples was achieved by reverse-phase 
high-performance liquid chromatography (RP-HPLC) with a C18 column at 35 °C using 
the mobile phase of methanol–water (65:35) at a flow rate of 1.4 mL min−1. Fluorimetric 
detection was used at 284 nm for excitation and 310 nm for emission. Results: The 
method is linear over the range of 1.5–35 ng mL−1 and 1–45 ng mL−1 for phenol and  
p-cresol, respectively. The method was applied to urine samples from 10 healthy subjects 
and 10 chronic kidney disease patients. Conclusions: This assay appears to be useful in 
routine analysis of clinical samples for simultaneous determination of phenol and  
p-cresol levels in urine. 
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Introduction 
 

In patients with chronic kidney disease (CKD), numerous solutes, called 
uremic toxins, are retained in blood instead of being excreted by kidneys. 
Phenol and p-cresol are the main uremic toxins (Fig. 1) [1]. Measurement of 
phenol and p-cresol (4-methylphenol) in urine is an important procedure in 
order to monitor the function of kidneys and the correlation between CKD 
and secondary diseases. High concentrations of phenol and p-cresol in 
blood cause secondary pathologies. Their toxicity is required to be investi-
gated by in vitro and clinical studies. The determination of these substances 
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in blood and urine provides the data to conduct these studies. A few meth-
ods were reported in the literature for the determination of phenol and  
p-cresol [2–5] which were not adequately sensitive and simple. In this 
study, we present a simple, cost reduced, and sensitive validated analytical 
method to determine phenol and p-cresol in urine by high-performance liq-
uid chromatography (HPLC) without any derivatization and pretreatment 
procedure. Additionally, the proposed method was applied to 10 healthy 
and CKD patients in different stages of the disease. 
 

 
Fig. 1. Chemical structures of the analytes 

 
 

Materials and Methods 
 

Chemicals and Solutions 
 
Phenol and p-cresol (4-methylphenol) were obtained from Sigma-Aldrich 
(MO, USA), and methanol was HPLC grade (Merck). All other reagents 
were of analytical grade. Water was purified by Human (Japan) ultra-water 
purification system. Stock 0.1 mg mL−1 solutions of the analytes were pre-
pared in methanol and stored for up to 1 week at 4 °C. Working solutions 
were prepared by making appropriate dilutions. 
 

Instrumentation 
 
The HPLC analyses were performed on a Shimadzu (Japan) LC 20 liquid 
chromatograph with fluorimetric detector, which was set at 284 nm for exci-
tation and 310 nm for emission. Chromatographic separation was achieved 
isocratically at 35 °C on a GL Sciences (Japan) C18 (ODS) column with the 
dimensions: 4.6 mm, I.D.; 250 mm, length; and 5 μm, particle size. The mo-
bile phase was methanol–water with a flow rate of 1.4 mL min−1. 
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Collection of Urine Samples 
 
Urine from 10 healthy volunteers and 10 volunteers with different stages of 
CKD was collected into a suitable container without preservative and stored 
in aliquots at –20 °C in capped plastic tubes.  

 
 

General Procedure 
 

Prior to measurements, 0.1 mg mL−1 stock solutions of phenol and p-cresol 
were diluted with methanol so as to prepare the working standard solutions 
in various concentrations. HPLC analyses were carried out with 20 μL ali-
quots of the working standard solutions. The chromatograms were evalu-
ated on the basis of the peak areas versus concentration of the toxins. 

 
 

Preparation of the Calibration Curves 
 

Calibration curves were prepared by the analysis of working standard solu-
tions of phenol and p-cresol with various concentrations. According to lin-
ear least-squares regression analysis, the linear concentration ranges (each 
concentration was studied as five replicates) of the method for both com-
pounds were determined and the equations of the calibration curves were 
calculated as y = ax + b, where y shows the peak areas and x indicates the 
concentrations of the drug substances in ng mL−1.   

 
 

Assay Procedure for Urine Samples 
 

According to the trials, we observed that no extraction procedure was re-
quired. The samples just were centrifuged for 15 min at 1000g in order to 
provide the precipitation of erythrocyte or other blood cells if any. The su-
pernatant was directly injected to HPLC system. In various methods, we see 
such a simple pretreatment step for analysis of some chemical substances in 
urine samples [6–8]. 
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Results 
 

Results of Urine Samples 
 

The chromatogram of the uremic toxins, which was obtained in 5 min, is 
shown in Fig. 2a–c. Phenol and p-cresol have retention time values at about 
3.5 min and 4.3 min, respectively. In the chromatograms that are developed 
for healthy subjects, we observe phenol and p-cresol peaks with the level at 
about 5 ± 1.5 and 12 ± 2.2 ng mL−1. The level may change according to envi-
ronmental exposure to aromatic hydrocarbons, nutrition, age, and the time 
that the sample was obtained during the day. However, in the chroma-
tograms that belong to urine samples of CKD patients with glomerular fil-
tration rate (GFR) 12 to 80, we observe very low amounts or not observe 
quantitative peaks; especially with the patients with GFR value of <40, any 
peak could be quantifiable. The main characteristics of the patients and the 
uremic toxin concentrations that can be quantified are listed in Table I. 
 

 
Fig. 2a. Typical chromatogram obtained from standard solution. First peak indicates 

phenol, and second peak indicates p-cresol 
 
 

Validation 
 

The validation of the method was carried out according to the guidelines 
given by Food and Drug Administration (FDA) and International Confer-
ence on Harmonization (ICH) [9, 10]. 
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Fig. 2b. Typical chromatograms obtained from urine of healthy volunteer. First peak 
indicates phenol, and second peak indicates p-cresol 

 

 
Fig. 2c. Typical chromatograms obtained from urine of CKD patients. First peak indicates 

phenol, and second peak indicates p-cresol 
 

 
Linearity range and calibration curve 

 
The linearity ranges were found to be 2–40 and 0.75–45 ng mL−1 for phenol 
and p-cresol, respectively. Regression equations of the calibration curves for 
phenol and p-cresol were calculated as y = 17,320x + 132.4 (r = 0.9998) and  
y = 13,542x + 564.2 (r = 0.9996), respectively.  
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Limit of detection (LOD) and limit of quantification (LOQ) 
 
LOD and LOQ values were determined using the formula LOD or  
LOQ = kSDa/b, where k = 3 for LOD and 10 for LOQ, SDa is the standard 
deviation of the intercept, and b is the slope. LOD values were found to be 
0.15 ng mL−1 and 0.075 ng mL−1, and LOQ values were found to be 0.50 and 
0.25 ng mL−1 for phenol and p-cresol, respectively. The results of some ana-
lytical parameters of the proposed method are given in Table II. 
 

Table I. Patients and analyte concentrations 

Patient Gender Age 
GFR 

(mL min−1/1.73 m2)–
stage of CKD 

Phenol 
concentration 

(ng mL−1) 

p-Cresol 
concentration 

(ng mL−1) 

1 M 58 71–stage 2 3.2 2.6 
2 F 63 57–stage 3 2.25 1.32 
3 M 60 32–stage 3 n.d. n.d 
4 M 58 55–stage 3 2.16 1.14 
5 F 63 22–stage 4 n.d n.d 
6 M 78 25–stage 4 n.d n.d 
7 M 79 18–stage 4 n.d n.d 
8 F 89 12–last stage n.d n.d 
9 M 69 32–stage 3 n.d n.d 

   10 F 57 30–stage 3 n.d n.d 

n.d. — Not detected. 
 

Table II. Results of analytical parameters for the proposed method 

Parameter Phenol p-cresol 

Linearity rangea (ng mL−1) 2–40 1–45 

Regression equation   

Slope ± SD 17320 ± 1.76 13542 ± 2.03 

Intercept ± SD 132.4 ± 0.78 564.2 ± 0.56 

Correlation coefficient, r2 0.9998 0.9996 

LOD (ng mL−1) 0.15 0.075 

LOQ (ng mL−1) 0.5 0.25 

an = 5 corresponds to replicate analysis for each level. 
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Precision 
 
The intra-day and inter-day precision were examined at three concentration 
levels (low, medium, high) by analysis of the substances for the same day 
and seven different days (each n = 5). Relative standard deviation (RSD) 
values were found as 0.48–1.24% for intra-day precision and 0.55–1.38% for 
inter-day precision, indicating good repeatability. 

 
 

Recovery 
 

To check the accuracy of the proposed method, the standard addition tech-
nique was applied. A different amount of sample solution was added to 
four different concentrations of the standard drug solution and assayed. Re-
covery for each toxin was calculated as shown below: Recovery % = [(final 
concentration − initial concentration) × 100)] / added concentration. The re-
covery values were between 96.9 and 100.8% for phenol and p-cresol. 

 
 

Discussion 
 

We have developed a rapid, simple, and highly sensitive HPLC method to 
quantify phenol and p-cresol in urine. The sample preparation procedure is 
rapid since it involves one centrifugation step. Immediately after centrifuga-
tion, supernatant is injected into the column, and chromatographic separa-
tion is obtained in less than 5 min. Moreover, an isocratic flow is applied in-
stead of gradient flow, which avoids column reequilibrium. Thus, this sim-
ple and simultaneous determination of the uremic toxins would give the 
opportunity to monitor the levels in CKD patients. The uremic toxin con-
centration in urine is an important marker to measure the function of kid-
neys and provide comments on the correlation about secondary diseases 
and CKD. This method could be of clinical importance for the follow up of 
these patients, the assessment of cardiovascular risk, and other secondary 
pathologies during dialysis treatment. The proposed method has important 
superiorities over the cited methods [2–5]. Its pretreatment procedure is 
simple including only one centrifugation step, the cited methods require 
longer retention time, they cannot provide analysis in ng mL−1 level, there is 
no derivatization procedure in the presented method as in the cited meth-
ods, and direct detection is possible. The method requires basic equipment, 
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especially with detection type than cited methods use. Because of all these 
reasons, the newly developed method is more preferable. 
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