














2.5. Data analysis

The reduction ratio (RR) (%) of compounds was defined as a function of pre-
dialysis concentration (Cg,,) and concentration at the end of hemodialysis
(Cend ) :

C, C

RR = sttt ~end 1 )05, )

start

Cyan and C, 4 were replaced by TA HPLC,, and TA HPLC,, representing
the total area of the HPLC peaks, measured at the start, and the end samples for
RR from HPLC, respectively.

The results are presented as meanzstandard deviation. A non-parametric
Mann-Whitney U Test and Student’s t-test was used to compare groups of values
while p <0.05 was considered significant. Two sessions, inadequate due to the
technical failure of the spectrophotometer, were excluded. In the case of HPLC
analysis only these peaks were taken into account, where separation from neigh-
bouring peaks was confirmed by comparison of UV spectra with those of the
reference standards. The number of omitted cases was: IS (4), HA (4), HX (14),
P1(13), P2 (4), TAHPLC 254 nm (3), TA HPLC 280 nm (2), online 280 nm
dialysate (4). The data analyses were performed in Statistica 6.0 (Statsoft, Inc. for
Windows).

3. RESULTS

Figure 2 shows the representative HPLC chromatogram of the serum,
measured at the wavelength of 254 nm. A number of higher prevalent peaks,
representing chromophores-uremic toxins, can be observed. Some HPLC peaks
were identified, such as creatinine, uric acid (the highest contribution),
hypoxanthine, indoxyl sulphate and hippuric acid. Absorbing spectra of two
unknown persistent peaks (P1 and P2) were identified at the retention times (RT)
of 15.46 and 15.82 min. Additionally, some unknown peaks between the RT of
21-29 min were detected.

The solute concentrations and the UV absorbance values at the start and end
of treatment in the serum and online in the spent dialysate for the LF and HF
membranes are presented in Table 2. As Table 2 shows, the solute concentrations
and the UV-absorbance values are lower at the end of dialysis (Ce,q) compared to
the start concentrations (Cyay). At the same time, the start and end concentrations
and UV absorbance values for different membranes were not statistically
different (p < 0.05).

Table 3 presents the RR (%) of solutes and the total area of the HPLC UV
absorbance peaks at wavelengths of 254 and 280 nm in serum, and for the online
UV absorbance at 280 nm in the spent dialysate, for different types of membranes.
There was no significant difference between the results for RR of LF and HF
membranes (p < 0.05).
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Fig. 2. The representative HPLC chromatogram of the serum, monitored at the wavelength of
254 nm; identified peaks are presented.

Table 2. The start (Cy.y) and end (C.nq) concentrations of solutes and the total area of
the HPLC UV absorbance peaks at the wavelengths of 254 and 280 nm (“TA HPLC
254 nm” and “TA HPLC 280 nm”, respectively) in the serum, and the RR of online
UV absorbance at 280 nm in the spent dialysate (“Online 280 nm dialysate”) for HF
and LF membranes; N denotes the number of cases

LF HF
Carn | Cens Carn | Cen
Urea, 21.0£4.07 7.03£249 194%448 7.11+1.79
mmol/L (N=15) (N=15) (N=15) (N=15)
Creatinine, 7354172 311106  591£204  252%83
mol/L (N=15) (N =15) (N=15) N=15)
Uric acid, 356£98 116£51 381+62 130£30
umol/L (N=15) (N=15) (N=15) (N=15)
Indoxyl sulphate, 6.20+236 3.69%1.74 6.83£3.09 3.76%1.26
mg/L (N=15) (N=14) (N=15) (N=13)
Hippuric acid, 299+164 6524395 23.7£28.6 9.22%8.10
mg/L (N=15) (N =15) (N=15) WN=11)
Hypoxanthine, 3.0042.93  1.42+128 254234 1.8242.52
mg/L (N=11) (N=14) (N=9) (N=12)
P1, 2924159  0.99+£039 247070 1.30%0.62
au. x1072 (N=14) N=12) N=12) N=9)
P2, 9.62£5.86 3.99+2.16 7.58%1.73 3.63x1.10
au. x107? (N=15) (N=14) (N=15) N=12)
TA HPLC 254 nm, 4.00£2.65 147098 2.52%0.76 1.16£0.56
a.u. x10’ (N=14) (N=15) (N=14) (N=14)
TA HPLC 280 nm, 3281142 1124049 289%0.60 1.12£0.21
au. x107 (N=15) (N =15) (N=14) N=14)
Online 280 nm 1534038 0.65£022 1.44+042 0.60£0.16
dialysate, a.u. (N=15) (N=15) (N=13) (N=13)
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Table 3. The RR (%) of solutes and the total area of the HPLC UV absorbance peaks
at the wavelengths of 254 and 280 nm (“TA HPLC 254 nm” and “TA HPLC
280 nm”, respectively) in the serum, and the RR of online UV absorbance at 280 nm
in the spent dialysate (“Online 280 nm dialysate™) for different types of membranes;
N denotes the number of cases

| LF HF

Urea 67.0+£8.7 63.2£5.07
(N=15) (N=15)
Creatinine 58.2+7.7 56.6t£5.4
(N=15) (N=15)
Uric acid 67.7£8.5 65.6%6.7
(N=15) (N=15)

Indoxyl sulphate 42.1£18.0 47.8£14.0
(N=13) (N=12)
Hippuric acid 75.1£11.5 68.1£9.4
(N=15) (N=10)

Hypoxanthine 42.6£16.0 46.1£18.5
(N=10) (N=18)
Pl 62.1£13.0 61.0+£5.3
(N=12) N=T)
P2 59.2£17.5 51.6£59
(N=13) (N=12)
TA HPLC 254 nm 60.2+12.5 57.2+7.7
(N=14) (N=13)
TA HPLC 280 nm 65.219.6 60.6+7.9
(N=15) (N=14)

Online 280 nm 58.1%£8.3 57.0£10.4
dialysate (N=15) (N=13)

Figure 3 presents the RR of the uremic solutes and total area of HPLC peaks
(at wavelengths of 254 and 280 nm, “TA HPLC 254 nm” and “TA HPLC
280 nm”, respectively) in the serum, and the RR of online UV absorbance at
280 nm in the spent dialysate (“Online 280 nm”) combining the results from the
start and end samples (Table 3). Three main groups were distinguished according
to the average reduction ratio among the studied solutes. The highest RR (>70%)
had hippuric acid classified as a “High RR” solute. “Medium RR” solute group
(50% < RR < 70%) incorporated the small water soluble compounds uric acid,
urea, creatinine, and peaks 1 and 2. The “Low RR” solutes’ group (RR < 50%)
included the protein bound solute indoxyl sulphate and the small water soluble
compound hypoxanthine. A statistically dissimilar RR was found between the
groups. No statistically different RR was between the solutes within the same
group (p <0.05), except for the “Medium RR” group, which could be divided
into two subgroups: (1) “Medium 1 RR” solute group (60% < RR < 70%) with
uric acid and urea; (2) “Medium 2 RR” group (50% < RR < 60%) with creatinine.
The solutes of the subgroups had different removal rates.

All UV absorbance based RR values were higher than the “Low RR” solutes
IS, HX, and lower than HA. However, P1 was a “centre-medium peak” removed
statistically alike as all “Medium RR” solutes/peaks. The “left side bar” of P1,
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Fig. 3. The RR of solutes and TA HPLC (254 and 280 nm) in the serum and online UV absorbance
in the spent dialysate (online 280 nm). Significant differences (p <0.05) are marked with an
asterisk (*).

RR of “TA HPLC 2807, was similar to UA, UR, “TA HPLC 254", and higher
than “Online 280 nm”, CR, and P2, whereas the “right side bar” of P1, RR of
“TA HPLC 254”, was lower than UA, UR, and comparable to all other “Medium
RR” solutes/peaks. “Online 280 nm”, CR, and P2 were all removed statistically
similarly and had lower RR than UA, UR, and “TA HPLC 280”.

4. DISCUSSION

The present study investigated behaviour of non-protein-bound and protein-
bound uremic toxins and UV absorbance in respect to low and high flux dialyzers
during hemodialysis treatment. The results indicated that: (i) the main identified
solutes responsible for the UV absorbance at 280 nm are the low molecular
weight water-soluble non-protein-bound compounds UA, CR, and the low
molecular weight water-soluble protein-bound compounds HA, IS, HX; (ii) two
persistent, but non-identified HPLC peaks, P1 and P2, were detected from the
HPLC profiles contributing to the UV absorbance, possibly each peak repre-
senting a single uremic retention solute; (iii) the LF (F8 HPS, F10 HPS) and HF
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(FX80) membranes showed similar start and end concentrations for all studied
uremic solutes; (iv) the LF and HF membranes showed comparable RR for all
studied uremic solutes, except for P2, having slightly higher RR value for LF
membranes (p =0.016); (v) there was no statistical difference between intra-
dialytic start-end values, and removal efficiency for the LF and HF membranes
estimated by the total area of HPLC peaks at 254 and 280 nm in the serum and
online UV absorbance at 280 nm in the spent dialysate, indicating similar
behaviour of the UV absorbance to the uremic toxins.

A number of the higher prevalent peaks on the HPLC profiles of the serum
(Fig. 2) indicate that there exists a group of compounds, UV chromophores,
which are the main cause of the cumulative and integrated UV absorbance. The
results of our study indicate that the main solute, responsible for the UV
absorbance, is a low-molecular-weight water-soluble non-protein-bound com-
pound uric acid UA. Four additional uremic retention solutes, creatinine,
hypoxanthine, indoxyl sulpate and hippuric acid, were identified from the HPLC
profiles contributing to the UV absorbance. Moreover, two persistent, but non-
identified HPLC peaks P1 and P2 were identified from the HPLC profiles,
contributing to the UV absorbance, possibly each peak representing a single
uremic retention solute.

The present randomized trial comparing HD membranes showed no unlike
removal of the studied uremic solutes for the LF and HF membranes (Table 3) as
presented earlier by Lesaffer et al. [*]. In this study it was found that the cellulose
triacetate and polysulphone HF membranes removed similarly classical markers
and protein-bound liphophilic solutes as a LF polysulphone membrane. All
studied uremic solutes had similar start and end concentrations for different
membranes (Table 2). Comparable results were obtained even with the con-
centrations, corrected by a correction factor, based on the total protein
concentration at the start and at the end of dialysis as used by Lesaffer et al. [*].
Furthermore, there was no statistical difference between intradialytic start—end
values, and removal efficiency for the LF and HF membranes estimated by the
total area of HPLC peaks at 254 and 280 nm in the serum and online UV
absorbance at 280 nm in the spent dialysate. This indicates that the UV
absorbance is following the behaviour of the UV absorbing compounds — uremic
toxins, which are the origin of the total UV absorbance in the serum and in the
spent dialysate.

The unaffected removal of the uremic toxins compared to LF and HF
membranes can partly be explained by the similar effective blood urea clearance,
characterizing the small molecular weight solutes diffusive transport in the
dialyzers. The effective blood urea clearance in vivo is determined by the
dialyzers blood urea clearance in vitro, the dialyzer mass transfer area coefficient
KoA, and by the blood and dialysate flow rates [*]. There was no statistical
difference between the blood and dialysate flow rates, which suppressed the
effect of the higher KoA of the HF dialyzer (about 920 mL/min for LF vs
1263 mL/min for HF) yielding almost the same effective blood urea clearances
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for both LF (202+25 mL/min) and HF dialyzers (217+25 mL/min). Since the
diffusive transport is superior to the convective transport for small non-protein-
bound solutes in the dialyzer during conventional hemodialysis, the transport of
the studied non-protein-bound solutes in the LF and HF dialyzers was alike
regardless of the HF having a higher ultrafiltration coefficient (59 mL/h*mmHg
for HF vs 18 and 21 mL/h*mmHg for LF), and slightly higher average total
ultrafiltration (UF) (1.95+0.74 1 for HF vs 1.57+£0.421 for LF, ns) during the
study. Although the mechanism for removal of protein-bound solutes is not well
known, diffusion seems to be important [>’]. This is confirmed by the results
from the present study, showing no alteration in the small protein-bound solute
removal as observed by LF and HF dialyzers during conventional hemodialysis.
Moreover, the RR levels were comparable to those reached by the highly
convective hemodiafiltration (HDF) therapies from the study by Meert et al. [],
considering analogous treatment duration, weight loss, and blood and dialysate
flow rates in both studies. The removal of low molecular weight proteins (e.g.
p2-microglobulin) seems to be dependent on membrane composition and
morphology, and the removal of small solutes may be improved by enhancing
flow distribution in the dialyser [*].

Some minor effects could arise also from the study design, which benefited
from crossover patient dialysing regarding LF and HF membranes. The current
study used randomly selected patients with equal sample size for the LF and HF
membranes. This caused a slightly higher urea removal rate (URR) value for the
LF membrane group (about 4%, but not statistically significant) indicating a
somewhat higher delivered dialysis dose for the patients in the LF group. This
was primarily due to non-significantly longer dialysis sessions for the patients in
the LF group (233+15 min for LF vs 229+17 min for HF) and the dialysis-
related difficulties (e.g. non-compliance) in the HF group.

Taking into account the removal efficiency (Fig. 3), a characteristic behaviour
can be observed for every uremic toxin group depending on the protein binding.
The removal efficiency was highest (except for HA) for the small water-soluble
non-protein-bound solutes UA, UR and CR and for the unidentified HPLC peaks
P1 and P2, whereas the protein-bound solutes IS and HX had the lowest removal
rate. Both HA, being a protein-bound solute, but also the small non-protein-
bound compound hypoxanthine, have individual removal patterns, which should
be considered when analysing the removal of uremic solutes during hemo-
dialysis. A lower removal of hypoxanthine, compared to urea, is also presented
carlier [’]. A slightly higher RR value for LF compared to HF membranes
(»p=0.016) for P2 was unexpected and the reason must be explained in the
future. The total area of HPLC peaks at 254 and 280 nm in the serum and online
UV absorbance at 280 nm in the spent dialysate tend to estimate RR levels close
to that of the small water-soluble non-protein-bound solutes UA, UR and CR.
This can be due to the large contribution of UA and CR to the total UV
absorbance at 254 and 280 nm. The variation between the reduction ratio of the
total area of HPLC peaks and online UV absorbance at 280 nm can be explained
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by a different number of detectable chromophores in the serum and in the spent
dialysate and by different sampling times for the serum and the dialysate (the
serum was collected before and the dialysate sample 10 min after the start of the
dialysis). Due to the characteristic absorbing spectra of the UV-chromophores,
the difference in RR at the wavelengths of 254 and 280 nm is seen.

Future studies aim to further identify the remained prevalent peaks on the
HPLC UV absorption profiles of uremic fluids, and to investigate the possibility
for absolute concentration measurements of the uremic toxins utilizing the UV
absorbance.

5. CONCLUSIONS

In conclusion, the present study demonstrated that the studied small water-
soluble non-protein-bound solutes UR, CR, UA and HX, and the protein-bound
solutes HA and IS showed similar removal efficiency for the LF and HF
membranes. Furthermore, the total UV absorbance at 254 and 280 nm seem to
estimate removal efficiency levels close to the small water-soluble non-protein-
bound solutes.
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Ureemiliste toksiinide ja nende UV-absorptsiooni uurimine
vedeliku madala ning korge libilaskevoimega dialiisaatorite
korral

Kai Lauri, Jiirgen Arund, Risto Tanner, Jana Jerotskaja,
Merike Luman ja Ivo Fridolin

Ureemiliste toksiinide elimineerimiseks organismist kasutatakse erinevat
tiitipi — madala ja kdrge vedeliku lébilaskevdoimega — dialiilisi membraane.
Membraani tiitibist sdltub osaliselt ka dialiiiisiravi efektiivsus. Kéesolev uuring
nditas, et kasutatud dialtiisravi parameetrite korral elimineerivad madala ja korge
labilaskevdimega dialiitisi membraanid sarnaselt nii védikese molekulmassiga
vees lahustuvaid valkudega mitte seotud kui ka valkudega seotud aineid. Sarna-
selt elimineeritud ureemilistele toksiinidele vdhenes ka kdikide kromatograa-
filiste piikide kogupindala ja UV-absorptsioon.
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The aim of this study was to assess removal dynamics of paracetamol (PAR), as an extraordinary chromophore in spent dialysate,
upon the optical monitoring of dialysis of end-stage renal disease patients with inflammation complications. Seven dialysis sessions
of different patients were followed to whom PAR was used as a pain reliever or antipyretic. Spent dialysate was sampled hourly and
analyzed using HPLC with MS/MS and UV detection. Quantitative calculations were made on the basis of the peak areas on the
chromatograms at 280 nm for uric acid (UA) and 254 nm for PAR and its metabolites (PAR-M). Peaks of UA, PAR, PAR-glucuronide,
and PAR-sulphate were identified on the basis of specific mass spectra. Removal of PAR was found to be proportional to that of uric
acid if intake of the drug by patient occurred half a day before dialysis. But disturbances of the UV-absorbance curves at 280 nm
were observed related to rise of UA concentration in spent dialysate when PAR was taken by patients in the course of dialysis. The
mechanism of such relation remains unknown. It was concluded that possible benefits and risks of treatment of uremic patients

with paracetamol-containing drugs may need to be reassessed.

1. Introduction

Uric acid (UA) is known as a normal final product of human
metabolism of purines, essential constituents of nucleic acids,
and is normally excreted by kidney with urine [1]. High
concentration of UA in serum often associates with severe
chronic pathologies, such as arthritis, hypertension, and so
forth [2]. Many recommendations have been published for
such patients listing purine-rich food products to be avoided
as well as some drugs, which are known to be associated
with a raise of UA in blood, but paracetamol (PAR), a
worldwide used analgesic and antipyretic drug [3], is not
usually included into such lists. Paracetamol (PAR) is known
as a potent enhancer of the effect of many other drugs [4]
and its combination with analgesic drugs as pain reliever,
including treatment of acute gout-like arthritis associated
with high level of UA in blood [5]. Some observations have
been published in the older literature concerning elevated
analytical results of UA in serum following PAR administra-
tion, but this effect was found to be caused by interference

of PAR with phosphotungstate reduction method of UA
analysis only and an alternative uricase method did not
confirm relationship between UA concentration and PAR
administration [6, 7]. Since no strong limitation is known,
PAR is dosed sometimes also to patients with renal failure as
an analgesic or antipyretic drug.

The online monitoring of total ultraviolet (UV) abso-
rbance in the spent dialysate has empowered itself as a valu-
able tool for continuous monitoring of a single hemodialysis
session with the possibility of customizing the treatment in
accordance with the physiological condition of the patient
[8, 9]. The wavelength of 280nm is commonly used in
optical dialysis adequacy sensors for this purpose [10] and
UA appears to be the main chromophore at this wavelenth
among variety of metabolites, eliminated from the blood of
end-stage renal disease (ESRD) patients by dialysis [11]. The
decline of the absorbance of spent dialysate at 280 nm during
dialysis session reflects quite well the removal of all small
water-soluble uremic toxins and PAR with its absorbance
maximum near 254 nm do not seem to substantially interfere



with optical monitoring of elimination of this group of
solutes from the blood of patients with end-stage kidney
disease [12]. But when studying dynamics of removal of
PAR from the blood of these patients, surprising parallel
rise of concentrations of UA together with PAR and its
metabolites (PAR+M) in spent dialysate was observed in
some cases after giving PAR to patients in the course of a
dialysis session. The aim of this study was to evaluate in
more details removal dynamics of the paracetamol (PAR),
as an extraordinary chromophore in spent dialysate, upon
the optical monitoring of dialysis of end-stage renal disease
patients with inflammation complications.

2. Subjects and Methods

The study was performed after the approval of the proto-
col by the Tallinn Medical Research Ethics Committee at
the National Institute for Health Development, Estonia.
An informed consent was obtained from all participating
patients. Only standard therapeutic procedures previously
appointed by doctor were used with no alterations in connec-
tion with this research. In total 17 patients, receiving thrice-
weekly hemodialysis, were followed during a single dialysis
session each. PAR had been prescribed to 7 of the patients as
an antipyretic or as pain reliever before or during the dialysis
session. Five of these patients are females and 2 are males,
mean age 65 * 13 years. 10 patients, 2 female and 8 male,
mean age 62.6+18.6 years not receiving PAR were followed as
the control group. All patients were dialysed with polysulfone
membrane dialyzers (Fresenius Medical Care, Germany) by
low flux dialyzers F10 HPS with an effective membrane
area of 2.2 m?, ultrafiltration coefficient 21 mL/h*mmHg. The
dialysis machine used in the study was Fresenius 4008H
(Fresenius Medical Care, Germany), duration of sessions 4
hours with one exception (3 hours) concerning the patient
number 7. The dialysate flow was 500 mL/min and the blood
flow varied from 245 to 350 mL/min depending on the patient
but was kept stable during dialysis session. Spent dialysate
was sampled hourly or more frequently and the content of
main well-known uremic toxins in samples were analyzed
using high performance liquid chromatography as described
previously [12, 13]. Chromatograms at the wavelengths of
254 and 280 nm were monitored and quantitative calcu-
lations were made on the basis of the peak areas on the
chromatograms at 280 nm for uric acid (UA) and at 254 nm
for PAR and its metabolites (PAR+M). Identification of UV
peaks of UA, PAR, PAR-glucuronide, and PAR-sulfate was
confirmed on the basis of characteristic mass spectra [14] by
means of the MicrOTOF-Q I ESI MS/MS mass spectrometer
(Bruker Daltonics, Bremen, Germany) switched online into
the postcolumn eluent flow through the flow splitter Model
600-PO10_06 (Analytical Science Instruments, CA, USA).
Removal ratio (RR) of UA was calculated in percentage using
the formula

A 11

) Y
start

where A indicates peak areas of UA on the chromatograms of

the first (10 min, “start”) and the last (180 or 240 min, “end”)

RR=100*(1—
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FIGURE 1: An example of change of concentrations of uric acid and
paracetamol (PAR) and PAR metabolites in spent dialysate outflow
during the dialysis session for the patient number 7. The patient got
paracetamol thrice per day 1 g per os, the last dosage 10.5 hours before
the dialysis.

dialysate samples of the same dialysis session. Two-sample
t-test was used for evaluation of differences between groups
assuming unequal variances (P < 0.05).

3. Results

In the case of the patient receiving PAR overnight before
dialysis, normal logarithmic-like decline of content of both
UA and PAR+M during the dialysis session was observed
(Figure 1). The final removal ratio (RR) of UA appeared
to be the same as the average in control group (Table1).
But, unexpectedly, when PAR was given shortly before or
after the start of dialysis (6 patients, Table 1), characteristic
protuberance of the absorption curve of the UA elimination
corresponding to the time could be seen when metabolites of
PAR appeared in the spent dialysate (Figure 2). Surprisingly,
a sharp increase in concentration of UA parallel to increase
of PAR and metabolites in spent dialysate was observed in
two cases from total six receiving PAR in the time of dialysis
session (Figure 3).

The average removal ratio of UA of those 6 PAR patients
52 + 9% (Table 1) was found on the basis of t-test to be
significantly (P < 0.05) lower than the corresponding rate
78 + 14 of patients not receiving the PAR. The initial con-
centrations of UA in the spent dialysate appeared to be
significantly higher (with the single exception of the patient
number 4) in comparison of the corresponding values in the
control group (Table 1).

4, Discussion

The typical UV monitoring curve of elimination of small
water-soluble uremic toxins by dialysis has been presented,
and details of liquid chromatographic analysis of spent
dialysate discussed elsewhere by our group in connection
with assessment of online dialysis dose monitoring by UV
absorbance [10, 12, 13]. The peak of UA is well separated
from peaks of PAR and its metabolites on the chromatograms
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TaBLE 1: Removal ratio (RR) of uric acid (UA) depending on taking of paracetamol (PAR) in the course of dialysis session by patients with

end stage kidney discase.

) Dosage of PAR UA in dialysate Patient

Patient no. )

mg Last dosage time” mg/L in start sample RR % Sex Age
No.1 1000 -90"" 22.19 66 F 65
No. 2 500 +95 18.11 43 M 47
No. 3 1000 +30 26.73 47 F 78
No. 4 1000 +45 793 47 F 76
No. 5 1000 +10 15.32 49 M 76
No. 6 500 +30 12.61 60 F 47

Mean + SD 1715+ 6.74 52+9

No. 7 1000 -630""" 16.96 77 F 70
Control group No PAR Mean + SD 8.87 +2.11 78 + 14 8 M, 2 £, mean age 62.6 + 186, 10

dialysis sessions in total

Notes: * Time in minutes before (-) of after (+) the start of dialysis.

“*Intravenous dropping 10 mg/min, 1g total beginning from 90 min before dialysis.

***The last dosage overnight before the dialysis.
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FIGURE 2: An example of change of concentrations of uric acid and
paracetamol (PAR) and PAR metabolites in spent dialysate outflow
during the dialysis session for the patient number 6. The patient got
paracetamol thrice per day 500 mg per os, the first dosage on the day
of dialysis 30 min after the start of dialysis session (marked by the
arrow).

[12] and any possibility of analytical interference of PAR+
metabolites in HPLC estimation of UA content in spent
dialysate seems not to be possible. Consequently, the signif-
icant rise of content of UA in spent dialysate after dosage
of PAR to ESRD patients in the course of dialysis session
seems to really take place at least in some cases of treatments.
The chemical mechanism of such relation between PAR and
UA in uremic patients remains to be clarified as well as
possible good or harm to uremic patients. Uremic patients
are under regular medical supervision and rarity of occasions
where treatment with PAR has been indicated significantly
restricting such kind of research on patients in vivo.

UA is not only known as a useless waste product of
organism but also has proven to be involved in essential
reduction and oxidation reactions in long history of human

(SR N -

/

=3

Peak area on the chromatogram (V xs)

=}
5]
(=}

/ﬁOO 150 200 300

Dialysis time (min)

—- PARglucuronide 254nm -@- PAR 254nm
—A— PAR sulphate 254nm - Uric acid 280 nm

FIGURE 3: An example of change of concentrations of uric acid and
paracetamol (PAR) and PAR metabolites in spent dialysate outflow
during the dialysis session for the patient number 2. The patient got
paracetamol thrice per day 500 mg per os, the first dosage on the day
of dialysis 90 min after the start of dialysis session (marked by the
arrow).

being development [15]. While UA seems to be an antioxidant
in extracellular environment [16] possibly inhibiting the free
radical rout of formation of AGEs [17], the UA has adverse
prooxidant effect in adipocytes possibly by stimulating
NADPH oxidase [18]. However, the harmful effects of high
concentrations of UA in blood seems to be strongly prevalent
[1], including risk for kidney diseases [19, 20]. Concerning
inconsistent activities of UA, Mohandas and Johnson have
concluded that “although the concept that uric acid might
have a role in kidney disease once suffered a requiem, it has
undergone a revival and seems deserving of additional study”
[19]. The same can be concluded from our observation
concerning treatment of uraemic patients with PAR: this
practice “seems deserving of additional study” if PAR may
significantly increase UA concentration in blood and cause



additional health risk to uremic patients. An oxidative way of
UA degradation concerning myeloperoxidase and hydrogen
peroxide has been described in the case of cardiovascular
disease [21] and PAR has been found to inhibit this enzymatic
system [16]. Does it point on a possible way of direct invo-
Ivement of PAR in the increase of concentration of UA in
uraemic patients? Our observation of parallelism in dynamics
of PAR+metabolites and UA in the spent dialysate after
giving of PAR to patients with renal failure seems to support
such interpretation. Alternatively, we do not know much
about influence of PAR upon the distribution of UA between
blood, interstitial fluid, and tissue cells. If increase of UA
in dialysate after PAR treatment reflects quicker movement
of UA from tissues to blood, the drug can be considered
as suggested reliever of complaints of hyperuriceamic and
dialysis patients.

5. Conclusion

Removal of paracetamol is proportional to that of uric
acid and dose not interfere with on-line UV monitoring of
removal of small water-soluble uremic toxins at 280 nm, if
intake of the drug by patient occurs half a day before dialysis
or more. But significant rise of uric acid concentration in the
spent dialysate as well as disturbance of the UV-absorbance
curve may be caused by intake of paracetamol during the
dialysis session in spite of the great difference of absorbance
maxima of these solutes. The mechanism of the relation
between paracetamol and uric acid in spent dialysate remains
unknown. Possible benefits and risks of treatment of uraemic
patients with paracetamol-containing drugs may need to be
reassessed.
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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 Linkoping (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. LinkGping’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:

1S=2a,*F(1,)+ij *A(1,) 0

i=0 Jj=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, )

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.

Dialysate 10 min

EX, nm

Dialysate 210 min

EM, nm EX, nm

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.

IS

—— 10 min
——Tank
—o—210 min

N

Absorbance [a.u.]
©

190 210 230 250 270 290 310 330 350 370
Wavelength [nm]

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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Fig. 6 presents the individual differences between TR_IS

Figure 3. Goodness of fit of the multiple linear regression model for
estimating IS concentration.
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w

Urea*100

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 1. TOTAL REMOVED IS ESTIMATED BY DIFFERENT METHODS

IS_HPLC

IS_Opt

(N=74)

O Start

4.14

1.58

1.58

B Tank

2.30

1.14

1.13

TR_IS + SDfmg]

RZ

O End

1.34

0.87

0.83

HPLC

151.4+87.3

Opt

0.95 0.91

149.4+84.9

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.

450
400

350 [

300

250 l

200 [ [
150

100 l l
50

0 . . .
Urea/100 IS_HPLC IS_Opt

TR substance [mg]

Figure 5. Amount of total removed urea and IS measured with the
different methods.

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 | 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.
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