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Effects of Sevelamer Hydrochloride on Uremic Toxins
Serum Indoxyl Sulfate and P-Cresyl Sulfate in Hemodialysis
Patients
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Sung-Fa Huang!, Han-Hsiang Chen® , Chih-Jen Wu# &

Abstract

Background: Beside the phosphate binding effect, non-calcium non-
aluminum phosphate binder, namely sevelamer hydrochloride (SH), has
many other effects in dialysis patients. It can absorb many other com-
pounds, decrease low-density lipoprotein cholesterol (LDL-C) level, and
attenuate the progression of vascular calcification; it has been reported
to have anti-inflammatory effect. However, it is not clear whether it has
any effect on uremic toxins, i.e. serum indoxyl sulfate (IS) and p-cresyl
sulfate, (PCS) in hemodialysis (HD) patients. This study was carried out
to appraise the effect of sevelamer on serum IS and PCS in HD patients.

Methods: Five adult HD patients from a single medical center were
enrolled in this study; these patients were treated with 800 mg of
sevelamer thrice per day for 3 months; a series of biochemical param-
eters, serum IS and PCS were monitored concurrently.

Results: There was a significant reduction in the mean level of phos-
phate from 7.20 = 0.70 mg/dL (mean + SD) before treatment to 5.40 +
0.50 mg/dL (mean = SD) after treatment, total cholesterol from 151.00
+ 37.40 mg/dL (mean = SD) before treatment to 119.20 + 29.40 mg/
dL (mean + SD) after treatment, and PCS from 31.30 + 10.60 mg/L
(mean + SD) before treatment to 19.70 + 10.50 mg/L (mean + SD)
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after treatment. On the contrary, this treatment had no effect on IS.

Conclusion: A statistically significant reduction of serum phosphate
and PCS in HD patients treated with SH suggests that beside the action
of lowering serum phosphate, sevelamer may have an important role
in the treatment of uremic syndrome by decreasing the uremic toxin.

Keywords: P-cresyl sulfate; Indoxyl sulfate; Sevelamer hydrochlo-
ride; Hemodialysis

Introduction

Uremic syndromes are considered to be associated with ure-
mic toxins and are compounds that accumulate in patients
with end-stage renal disease (ESRD) [1]. Various disorders
in patients with ESRD are associated with uremic toxins, and
through dialysis, it is difficult to remove some of these toxins.
These toxic compounds are not only involved in the etiology
of uremic syndrome, but also have the potential to cause car-
diovascular disease and renal osteodystrophy [2]. Evidences
indicated that uremic toxins, namely indoxyl sulfate (IS) or p-
cresyl sulfate (PCS), increase the risk of cardiovascular event
or mortality in patients with chronic kidney disease (CKD).
Reducing the amount of phosphorus absorbed from the intes-
tinal tract is one of the keystones of hyperparathyroidism pre-
vention and treatment in such patients [3, 4]. Over the past 40
years, phosphate binders have been used extensively for this
purpose in dialysis patients; however, protein-bound uremic
toxins are difficult to remove by dialysis [2].

Sevelamer hydrochloride (SH) is widely used as a non-cal-
cium and non-aluminum phosphate binder in dialysis patients;
however, in addition to its phosphate binding effect, SH ad-
sorbs various other compounds. Treatment with SH has helped
to decrease serum low-density lipoprotein cholesterol (LDL-C)
levels in dialysis patients [5]. This lipid lowering effect of seve-
lamer is possibly due to its binding to bile acids [6]. SH has
been shown to better attenuate the progression of vascular cal-
cification compared with calcium containing phosphate bind-
ers [7], but some studies have no effective decline in vascular
calcification [8-10]. In addition, it has been reported to have
an anti-inflammatory effect and lowered serum high-sensitivity
C-reactive protein and f2-microglobulin levels in hemodialysis
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Table 1. Baseline Characteristics of the Patients Before and 3 Months After Sevelamer Treatment

HD patients (n = 5)

Variables P-value
Before treatment After treatment

Age (years) 46+ 6.3

Man 20%

Time of dialysis (years) 53+1.1

cGN 100%

Kt/'V 1.5+0.1 1.6 +0.1 NS

SBP (mm Hg) 138.4+13.2 1352+ 12.9 NS

DBP (mm Hg) 88.6 6.9 90+7.5 NS

Hb (g/L) 11.4+2.1 11.7+£2.2 NS

Ht (%) 341+£6.2 353+6.5 NS

CO, (mmol/L) 222+13 219+1.4 NS

Glucose (AC) 86.0+8.2 89 +8.3 NS

Albumin (g/dL) 4.0+0.3 4.1+£0.3 NS

ALK-P (IU/L) 301.0+216.8 275+ 139.6 NS

GOT (IU/L) 14.8+6.3 14.2+6.1 NS

GPT (IU/L) 13.0+£4.7 13.6+43 NS

T-chol (mg/dL) 151.0+37.4 119.2 £29.4 0.02

TG (mg/dL) 110.4 +48.0 95+17.6 NS

Uric acid (mg/dL) 7712 7.5+1.3 NS

BUN (mg/dL) 86.0 £ 25.1 91.4+274 NS

Creatinine (mg/dL) 10.9+£2.0 10.7 £ 2.1 NS

K (mEq/L) 53+0.6 55+0.8 NS

Na (mEq/L) 138.6 + 1.5 136.7+ 1.4 NS

P (mg/dL) 72+0.7 54+05 <0.01

Ca (mg/dL) 9.7+0.5 9.1+£0.4 0.01

i-PTH (pg/mL) 984.8 +346.2 839.5+£295.1 NS

IS (mg/L) 354+8.5 32.1+8.1 NS

PCS (mg/L) 31.3+£10.6 19.7+10.5 <0.01

(HD) patients [11]. However, studies did not demonstrate the
effect of sevelamer on protein-binding uremic toxins, namely
IS or PCS and hence this study aimed to investigate whether
sevelamer treatment lowers IS and PCS in HD patients.

Materials and Methods

Study patients

This study enrolled five stable HD patients with hyperphos-
phatemia from January 2011 in a single medical center. Pa-
tients with acute infection, cardiovascular events in the past
3 months, malignancy or those younger than 18 years were
excluded from this study. These patients underwent 4-h main-
tenance dialysis thrice a week using a synthetic dialysis mem-
brane (polysulfone or polyamide). Dialyzers were not reused.
Dialysis efficiency was calculated according to the Kidney

Disease Outcomes Quality Initiative (KDOQI) guidelines,
and single-pool Kt/V of urea nitrogen was calculated [12]. All
patients were treated with 800 mg of SH thrice a day for 3
months. Also we offered the calcitriol 1 mcq injection each HD
session in our patients with hyperparathyroidism. A series of
biochemical parameters, IS and PCS were monitored concur-
rently. This study was performed in accordance with the prin-
ciples of the Declaration of Helsinki and approved by the Eth-
ics Committee of the Mackay Memorial Hospital. Informed
consent was obtained from all study patients.

Laboratory assessment

All blood samples were obtained just before the dialysis proce-
dure, and the following biochemical tests were performed after
treatment: blood glucose, blood urea nitrogen (BUN), creati-
nine (Cr), glutamic oxaloacetic transaminase (GOT), glutamic
pyruvic transaminase (GPT), alkaline phosphatase (ALK-P),
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Table 2. The Relationship of Serum Phosphate, IS and PCS
Levels Before and After Treatment Analyzed by Trend Analysis

F df P-value
IS 1.64 1 0.271
PCS 28.91 1 0.021
Phosphate 53.55 1 0.001

hemoglobin (Hb), hematocrit (Hct), T-cholesterol (T-chol),
triglyceride (TG), sodium (Na), potassium (K), calcium (Ca),
phosphate (P), bicarbonate, intact-parathyroid hormone (i-
PTH), albumin, IS and PCS. Albumin level was determined
by bromocresol green method. Blood samples of patients were
taken immediately before the HD session (mid-session in a
week). Biochemical tests, including PCS and IS were meas-
ured every month after starting SH treatment for 3 months.

Serum PCS and IS were analyzed with ultra-performance
liquid chromatography (UPLC). In summary, serum samples
were prepared and deproteinized by heat denaturation. UPLC
(ACQUITY UPLC®) was performed at room temperature us-
ing a BEH phenyl column (2.1 x 100 mm) and a photodiode
array (PDA) detector at 280 nm. The buffers used were: (A)
10 mM NH,H,PO, (pH = 4.0) and (B) 100% acetonitrile. The
flow rate was 0.4 mL/min with a 9-min gradient cycling from
82.5% A/17.5% B to 55% A/45% B. Under these conditions,
both PCS and IS were eluted at 2.75 and 1.4 min, respectively.
Standard curves for PCS and IS were set at 0.5, 1, 2.5, 5, and
10 mg/L; both were processed in the same manner as the se-
rum samples, and they correlated with the serum samples with
average 1 values 0f 0.999 + 0.001. These samples were diluted
if the IS or PCS concentration exceeded standard curve. Quan-
titative results were obtained and calculated in terms of their
concentrations (mg/L). The sensitivity of this assay was 0.425
mg/L for PCS and 0.225 mg/L for IS.

Statistical analysis

The demographic data were expressed as the mean = SD. The
comparisons of biochemical parameters in patients before and
after a 3-month SH treatment were analyzed by paired and un-
paired #-tests. In addition, the relationship of serum phosphate,
IS and PCS levels before and after treatment was examined by
trend analysis. A P value less than 0.05 was considered statisti-
cally significant. All statistical analyses were conducted by us-
ing the SPSS ver. 17.0 software programs (SPSS, Chicago, IL).

Results

We did not observe any significant differences in baseline char-
acteristics regarding hypertension, ALK-P, GOT, GPT, TG,
uric acid, BUN, creatinine, K, Na, and IS in HD and SH treated
patients (Table 1). However, the serum levels of phosphorus,
calcium and PCS were decreased significantly (< 0.01, 0.01
and < 0.01) in 3 months of sevelamer treated patients com-
pared with the baseline. In addition, the study also showed that
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Figure 1. The distribution of serum IS (a), PCS (b) and phosphate (c)
levels at 0, 1, 2, 3 months after SH treatment for all HD patients.

there was a significant decrease in the serum levels of T-chol in
SH treated group (151.0£37.4 vs. 119 £29.4, P=0.02) (Table
1). With respect to the laboratory parameters at baseline, there
was no much difference between the serum levels of IS (35.4 +
8.5 mg/L) and PCS (31.3 £ 10.6 mg/L).

Table 2 shows the trend analysis of serum levels of IS,
PCS and phosphate before and after SH treatment in HD pa-
tients and the results revealed that phosphate and PCS were
significantly reduced in HD patients who had been treated with
SH for 3 months. However, this effect has not been described
with the serum levels of IS (Table 2).

Figure 1 displays the serum levels of IS, PCS and phos-
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Figure 2. The average value of serum IS (a), PCS (b) and phosphate (c) levels at 0, 1, 2, 3 months after SH treatment for all HD

patients. Data are mean = SEM. *P < 0.01, #P = 0.32.

phate for 0, 1, 2 and 3 months of sevelamer therapy in each of
five HD patients. The results described that for HD patients
who were treated with sevelamer, their serum concentrations
of PCS and phosphate were significantly reduced. However,
sevelamer therapy did not have effect on serum IS. In particu-
lar, among all patients, sevelamer therapy seemed to be more
effective on patient number 5 .

These results were further confirmed as shown in Figure
2, where the average serum levels of PCS and phosphate were
significantly reduced after 3 months of sevelamer treatment
when compared to baseline. Moreover, this effect was not de-
scribed on IS levels.

Discussion

Our study showed that the serum levels of phosphate, T-chol
and PCS could be significantly decreased after 3 months of
SH treatment in HD patients. It may suggest that SH had more
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specific binding for PCS than IS.

The treatment of hyperphosphatemia in ESRD has typi-
cally focused on the use of oral calcium-based phosphate bind-
ers taken at mealtimes, which bind dietary phosphate. Dietary
phosphate binders can be used by virtually all ESRD patients.
Calcium-based agents have traditionally been used as first line
therapy, since they correct hypocalcemia in addition to reduce
serum phosphate levels, and are inexpensive [13]. Agents such
as non-calcium, non-magnesium and aluminum-free have
newly become available for use as phosphate binders in pa-
tients with ESRD, of which sevelamer is the first such agent to
be approved for use in North America [14]. Given the large dif-
ferential cost between this new agent and traditional therapies,
the optimal use of this new therapy requires consideration.

In the present observational study, five HD patients re-
ceived sevelamer after calcium-based phosphate binders failed,
and were evaluated for the effect of this drug on phosphate and
PCS. As expected, this drug was effective in decreasing the
serum levels of phosphate and PCS when compared to normal

www.jocmr.org



Lin et al

J Clin Med Res. 2017;9(9):765-770

untreated HD patients. This favorable effect is independent of
some classically established risk factors such as age, blood
pressure, time of HD and K and dependent on Ca, T-chol and
P. However, we did not observe any significant effects of seve-
lamer on serum IS levels in HD patients.

The main mechanism of action of sevelamer is entrap-
ment of endoluminal phosphorus in the gastrointestinal tract
into non-absorbable complexes, which are excreted in feces. In
addition to its primary indication as a phosphate binder, seve-
lamer also acts as a bile acid sequestrant in the gastrointestinal
tract [6]. This is a potentially important activity, as CKD is as-
sociated with profound changes in lipid metabolism and serum
lipid profiles [15]. Administration of sevelamer is associated
with significant changes in the serum lipid profile of dialysis
patients. Several prospective studies have consistently shown
that total cholesterol and LDL-C levels decrease significantly
with sevelamer treatment in dialysis patients [16-18]. Seve-
lamer is reported to cause a minimal decrease in the serum
calcium concentration and LDL-C both in dialysis and predi-
alysis patients [19]. Calcification is thought to result, at least in
part, from the absorption and retention of calcium, and leads to
arterial stiffening, which may result in cardiovascular events
and death [20, 21]. These results are highly corroborated find-
ings from our study as it was found that total cholesterol and
calcium significantly decreased after 3 months of sevelamer
treatment.

IS and PCS were generated from colonic fermentation
product and linked to cardiovascular disease and mortality in
dialysis patients [22-24]. Serum levels of IS was reported to be
associated with dialysis vintage [25]. It is therefore tempting
to speculate that strictly endoluminally acting substances, such
as sevelamer, could modify the composition of distal bowel
content, influence colonic fermentation, and consequently,
alter the generation and absorption of such uremic toxins. In
addition, the effect of SH on protein-binding uremic toxins is
unclear. An in vitro study showed that SH binds indole (10-
15%) and p-cresol (40-50%) [26]. Phan et al investigated the
effect of SH on serum IS levels in 10 chronic HD patients with
uncontrolled hyperphosphatemia and found that it significantly
decreased serum phosphate levels and increased IS levels [27].
One recent report suggested that sevelamer was effective in
lowering p-cresol levels in a peritoneal dialysis cohort [28].
In this study, we also observed the effect of SH on lowering
serum PCS, but not in IS, which may be possibly due to its
high and low binding efficacy with p-cresol and indole, respec-
tively. These findings are harmonized and supported the results
derived from this study.

A recent study has also described that oligofructose en-
riched inulin decreased p-cresol generation, resulting in a re-
duction of serum concentrations of PCS by on average 20%,
and they also found that serum concentration of IS was not
reduced by oligofructose enriched inulin treatment [29]. Our
results are highly consistent with these data, in which SH is
not effective on IS. However, there are limitations in our study.
First, this study was performed with only minimum numbers
of patients, and all subjects were enrolled from one medical
center. Second, the definite mechanism of how does SH absorb
PCS not IS is unclear. Further more studies are needed to re-
solve these questions.
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Conclusion

Even though the elimination of uremic toxins in patients with
CKD is essential, their removal by dialysis treatment is not easy
and not absolutely flourishing. Uremic toxins can be decreased
by oral adsorbents in the body when it binds with them and have
the potential to provide clinical benefits. Various compounds re-
lated to uremic toxins are absorbed by AST-120, and it is thus
believed that it may recover disorders related to CKD. SH ham-
pers with the absorption of other dangerous compounds and thus
may tender additional benefits, other than its action of lowering
serum phosphate. It thus suggests that sevelamer therapy is an
important modality in the treatment of uremic syndrome.
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