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Abstract

Xanthine oxidoreductase (XOR) inhibitors, allopurinol, febuxostat, and topiroxostat are hyperuricemia and gout therapeutic drugs, which were supposed to be same.
However, it was likely to be different effects in recent clinical and animal study. The activity of allopurinol is its metabolites, oxipurinol, while the others are themselves.
Those XOR inhibitors have different modes of action in XOR inhibition. The XOR inhibitory activity in with or without human serum albumin (HSA) and HSA
binding assay were evaluated, the constant was also calculated according to the scatchard and Klotz plot analysis. Moreover, the plasma XOR inhibitory activity was
simulated based on the pharmacokinetics in repeated dose study. The XOR activity in the model increased with the S9 fraction. IC, values of oxipurinol, febuxostat
and topiroxostat were 244+50 nM, 20.5+2.8 nM and 1.26+0.25 nM, respectively. Febuxostat dose-dependently weakened the XOR inhibitory activity by HSA,
whereas oxipurinol and topiroxostat had little impact on HSA. Additionally, the binding constant (K) to HSA in febuxostat and topiroxostat were 8.07x10*M™ and
1.38x10* M, respectively, and the binding mode to HSA of the both drugs were nonspecific. Furthermore, XOR inhibitory activity of the lowest level in febuxostat
(20 mg once a day) and topiroxostat (80mg twice a day) was estimated 61.4% and 86.8%, respectively, suggesting that the dose of twice a day was desirable to serially
suppress the XOR activity in the blood. Albumin impacted on plasma XOR activity of febuxostat, not topiroxostat. Therefore, topiroxostat bound highly efficient to

XOR, resulting in the strongest inhibitor of plasma XOR.

Abbreviations: CV: Coefficient of Variation; LC: Liquid
Chromatography; LLOQ: Lower Limit of Quantification; SD:
Standard Deviation; RE; Relative Error; TQMS: Triple Quadrupole
Mass Spectrometry; UA: Uric Acid; XDH: Xanthine Dehydrogenase;
XO: Xanthine Oxidase; XOR: Xanthine Oxidoreductase; PK/PD:
Pharmacokinetics/Pharmacodynamics; ALT: Alanine Transaminase;
AST: Aspartate Transaminase; eGFR: estimated Glomerular Filtration
Rate; HSA: Human Serum Albumin.

Introduction

Xanthine oxidoreductase (XOR) is homodimer with a molecular
mass of 150 KDa constructed from three domains, two non-identical
2Fe-2S centers, one FAD cofactor and one molybdopterin cofactor,
which catalyzes the oxidation of hypoxanthine to xanthine and
xanthine to uric acid (UA) in the last two steps of purine metabolism
in human [1,2]. As of now, allopurinol, febuxostat and topiroxostat
as the XOR inhibitor (XOR-I) are used to treat hyperuricemia and
gout. These XOR-Is showed not only the UA-lowering effect but also
attenuating albuminuria and estimated GFR (eGFR) decline in chronic
kidney disease or diabetes mellitus patients with hyperuricemia and
in animal studies [3-9,10-12].

Interestingly, it seems to be some differences between XOR-
Is. For example, Sezai et al. reported that febuxostat was superior
to topiroxostat with regard to the UA reduction and antioxidant,
while the renal protective and anti-inflammatory effects were
similar, and Terawaki et al. reported that switching intervention
from febuxostat to topiroxostat reduced proteinuria in patients with
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hyperuricemia [13,14]. Moreover, topiroxostat showed the strongest
inhibitory activity in plasma even though the plasma concentration
of topiroxostat was lower than that of febuxostat in animal study,
suggesting that albumin contributed to the inhibitory activity [12].
Since only free drug exerts the pharmacological effect, it is important
to examine the binding affinity between serum albumin and drug
[15]. Furthermore, some biological characterizations of XOR-Is have
been made using purified XOR enzyme. However, the examination
using biological samples such as blood or organ is also essential to
investigate the behavior of XOR-Is in vivo.

In the present study, to elucidate what is the cause of these
differences among XOR-Is, it was verified the hypothesis that albumin
could interfere with the XOR inhibitory activity by performing in
vitro assay using human plasma model and human serum albumin
(HSA), and was also evaluated the binding affinities between HSA and
febuxostat or topiroxostat. Furthermore, according to the PK study
of topiroxostat in healthy human, it was provided the insight into the
plasma XOR inhibitory activity.
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Materials and methods
Chemicals, standards, and blank plasma

Xanthine, hypoxanthine, and NAD* were purchased from
Sigma-Aldrich Japan (Tokyo, Japan). Oxipurinol, UA, and phosphate
buffered saline (PBS) were from Wako Pure Chemical Industries, Ltd.
(Osaka, Japan). All other materials used were commercially available.
Topiroxostat, [°C, *N] topiroxostat, febuxostat, [ZHG] febuxostat, [13C2,
“N,] xanthine, [°C,, ®N,]UA, and [“C,, *N,JUA were synthesized in
our laboratory [16]. Pooled normal human plasma (EDTA-2K) and
individual human plasma (EDTA-2K) were purchased from Funakoshi
(Tokyo, Japan) and Tennessee Blood Services (TN, U.S.), respectively.
30% Aqueous Solution of Albumin, Human Serum (HSA) was
purchased from Merck Millipore (MA, U.S.). S9 fraction in human liver
homogenate was purchased from Sekisui Medical (Tokyo, Japan).

Preparation of human plasma and S9

All human plasma samples and S9 compartment were stored at
—80°C until each assay and were purified using Sephadex G25 column
(PD-10 or PD MultiTrap G25) just before use. To prepare the plasma
model with high XOR activity, S9 and human plasma were mixed at a
ratio of 1:99 (1% S9/human plasma) and incubated at 37 °C for 20 min.
Then, the mixture was used for following each assay.

Model construction of high XOR activity plasma

To establish the in vitro model of high XOR activity plasma, S9
compartment was used as a source of XOR enzyme. S9 compartment
and normal human plasma were mixed at various concentrations (0,
0.025, 0.05, 0.1, 0.2, 0.5, 1.0 and 5.0% S9 in plasma, v/v), and XOR
activity was measured as described in the section below.

XOR activity assay

XOR activity or XOR inhibitory activity were measured by
using stable-isotope labeled xanthine/liquid chromatograph-triple
quadrupole mass spectrometer (LC-TQMS) method [17]. In brief, the
samples were mixed with PBS containing [“C,,""N,] Xanthine, NAD",
and [C,,”N,]UA, and was incubated at 37°C for 90 min. Then, 300puL
methanol was added into the mixture, and was centrifuged at 3,000xg
for 15 min at 4°C. Subsequently, the supernatant was transferred to
new tubes and dried using a centrifugal evaporator. The residues
were reconstituted with 150pL distilled water, filtered through an
ultrafiltration membrane, and measured using LC-TQMS which
consists of a Nano Space SI-2 LC system (Shiseido, Tokyo, Japan) and
a TSQ-Quantum TQMS (Thermo Fisher Scientific GmbH, Bremen,
Germany) equipped with an electrospray ionization interface was used.
Calibration standard sample of [°C,, *N,] UA was also measured and
the amounts of [*C,, ®N,] UA production (pmol) was quantitated from
the calibration curve. XOR activity was expressed as [“C,, ®N,] UA in
pmol/h/mL plasma. Additionally, XOR inhibitory activity (%) were
calculated by the following equation

Avrps:
Inhibitory activity (36) = 100 — (_[ xoni]
[Acon]

where [A, ] and [A_ ] are the XOR activities with and without

XOR-Is, respectively. IC,, values were calculated by Phoenix®
WinNonlin® 6.4 software (A Certara™ Company).

X 'J.CIU)

Electrophoresis and Western Blot analysis

Plasma and S9 compartment samples were boiled in Laemmli
sample buffer (Bio-Rad Laboratories, Inc, Hercules, CA, U.S.) for
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5 min at 95°C, and were loaded 15pg protein into the each well on
the gel(Mini-PROTEAN TGX Gels 4-20%, #456-1095, Bio-Rad
Laboratories, Inc, Hercules, CA, U.S.). Protein concentration was
measured by the BCA protein assay kit (Thermo Fisher Scientific K.K.
Tokyo, Japan). Then, western blotting followed by SDS-PAGE was
performed, and the protein was transferred PVDF membrane (Bio-Rad
Laboratories, Inc, Hercules, CA, U.S.) by Trans-BLOT TURBO (Bio-
Rad Laboratories, Inc, Hercules, CA, U.S.). Human XOR anti-body
(ab109235; Abcam, Cambridge UK) and anti-Rabbit IgG, HRP (Cat#
NA934V, GE Healthcare UK Ltd.,) were used at 1:1000 and 1:5000
with 2% skim milk, respectively. The membrane was captured for 10
to 30 seconds using ECL Prime Western Blotting Detection Reagent,
RPN2232 (GE Healthcare UK Ltd., Little Chalfont, Buckinghamshire,
UK) by ChemiDock XRS Plus (Bio-Rad Laboratories, Inc, Hercules,
CA, US.).

Assay of XOR inhibitory activity for Oxipurinol, Febuxostat
and Topiroxostat

For the XOR inhibitory activity assay, oxipurinol, febuxostat
and topiroxostat as the XOR-I were used. A 100 uL of 1% S9/human
plasma was mixed with 10 uL of various concentrations in each XOR-
Is, and the mixture was incubated at room temperature for 60 min.
Subsequently, XOR activities were measured as described in the above
section. For this assay, one pooled and three individual plasma samples
were prepared, four replicate assays were performed.

Impact of HSA on XOR inhibitory activities

To evaluate the impact of HSA on the XOR inhibitory activity,
various concentrations of HSA (0, 0.4, 2.0, and 4.0% in PBS) were
prepared with S9 at the ratio of 99:1, and then, HSA in 1% S9 were mixed
with various XOR-Is. The mixture was incubated at room temperature
for 60 min. Subsequently, XOR activities were measured as described in
the above section. These assays were performed in duplicate.

The in vitro binding affinity for HSA in febuxostat and
topiroxostat

The binding affinities between HSA and topiroxostat or febuxostat
were evaluated by the ultrafiltration method. The mixture of 0.4%
HSA containing 0, 500, 1,000, 2,000, 5,000, 10,000 and 20,000 ng/
mL of febuxostat or topiroxostat were incubated at room temperature
for 5 min. Then, the samples were added into an ultrafiltration
Membrane Centrifugal device (Centrifree®, Merk Millipore, MA, U.S.)
and were centrifuged at 25 °C for 20 min to collect the ultrafiltrate.
Subsequently, the ultrafiltrates were mixed with [*H] febuxostat
or [®C,®N]topiroxostat as internal standard, and were measured
using LC-TQMS (Nano Space SI-2/TSQ-Quantum). The standard
solutions of topiroxostat or febuxostat were also measured, and the
drug concentrations of the ultrafiltrate were calculated from the
standard curve. These assays were performed in duplicate. The binding
parameters of febuxostat or topiroxostat to HSA were estimated by the
following equation for scatchard plot and double reciprocal plot (Klotz
plot) [18],

r . . di_ 1)><1+1
a=?1 K—rK an r \nE Cu n

where Cu is the concentration of the non-binding drug, r the ratio
of bound drug to the HSA in molar concentration, n the number of
binding sites on one protein molecule, and K the association constant,
respectively.
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Simulation of the human plasma XOR activity after febuxostat
and topiroxostat dosing

To estimate the profile of the XOR inhibitory activity in plasma after
febuxostat or topiroxostat dosing, pharmacodynamics analysis were
performed using the drug concentrations based on the pharmacokinetic
study of the repeated dose study when TMX-67(febuxostat) was orally
administrated at a dose 20mg (in 1 dose) for 7 days in normal renal
function subjects or topiroxostat was orally administered at a dose
80 mg (in 2 doses) after the morning and evening meals for 7 days in
healthy subjects, respectively [19,20]. The XOR inhibitory activity (E)
of the drug at each time point after administration was calculated using
Emax model formula [21];

Be — (Emgx % C)
G

where E_ is the maximal effect of febuxostat and topiroxostat, and
EC,, (IC,) is the concentration (ng/mL) of febuxostat and topiroxostat
where 50% of its maximal effect is observed. C is plasma concentration
(ng/mL) of febuxostat and topiroxostat at each time point.

Statistical analysis

Data are expressed as the means + SD. Statistical analysis was
using the statistical analysis software (SAS) program version 8.0 (SAS
Institute, Cary, NC, USA), which was performed by unpaired t-test
about the group of control pooled plasma and S9 mixure in the model.
Multiple regression analysis was used to examine the influence of each
drug and HSA concentration on XOR inhibitory activity. Less than 0.05
of P-value was regarded as statistically significant.

Results
The high XOR activity model for in vitro assay

The XOR activity increased with the S9 fraction in the range of 0.025
to 5% relative to the pooled control plasma (Figure 1a). In the following
assay, the mixture in this model was selected 1% S9 for XOR inhibitory
activity. Alanine transaminase (ALT) and aspartate transaminase (AST)
in model plasma were significantly higher than that in control plasma
(ALT; 23.8 + 0.5 U/L vs. 35040.5 U/L (n=4), p < 0.001, AST; 12 + 1.4
U/L vs. 140 + 1.4 U/L (n = 4), p < 0.001). Additionally, XOR protein in
S9 compartment was confirmed by western blotting (Figure 1b).

Inhibitory effects of XOR-Is in the present model

Plasma XOR activity in the absence of inhibitor was 2240+183
pmol/h/mL (n=4), the inhibition curves of each XOR inhibitor showed
sigmoidicity (Figure 2). IC,; values and 95% confidence interval (CI)
of oxipurinol, febuxostat and topiroxostat were 244+50 nM [95% CI:
202-286], 20.5 + 2.8 nM [95% CI: 18.1-22.9] and 1.26+0.25 nM [95%
CI: 1.05-1.47] (n=4), respectively (Figure 2).

Impact of HSA on XOR inhibitory activities

Multiple regression analysis was performed to investigate the
factor in the change of XOR inhibitory activity, and was revealed
that the drug concentration in all drugs are associated with
XOR inhibitory activity (p<0.0001) and HSA concentration was
dependently associated with it of febuxostat (p=0.019), but oxipurinol
and topiroxostat were independently associated with it (p=0.537
and p=0.491, respectively). Thus, as HSA concentration rose 0% to
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Figure 1. (a) The linearity of XOR activity with human liver S9 compartment. XOR
activities (pmol/h/mL) data were expressed as mean + SD (n=3), (b) Protein analysis of XOR
in the S9 compartment and plasma. Lane 1: molecular standard, Lane 2: Human plasma 15
ug, Lane 3: Human plasma and 1% S9 compartment 15pg, Lane4: S9 compartment 15ug
on the membrane of anti-human XOR anti-body
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Figure 2. Inhibition curves of oxipurinol (diamonds), febuxostat (triangles) and topiroxostat
(circles) on XOR activities in the mixture of human plasma and liver S9. Values of %
inhibition were expressed as mean + SD (n = 4)

4%, the inhibition curve in febuxostat shifted significantly to right
side, whereas oxipurinol and topiroxostat were not significant with
exogenous HSA concentration (Figure 3a-c). The IC_  values and 95%
CI of oxipurinol, febuxostat and topiroxostat in the concentration of
0%, 0.4%, 2% and 4% were showed as Figure 3d.

HSA binding assay for febuxostat and topiroxostat

To evaluate the binding mode and affinities to HSA in
febuxostat or topiroxostat, the binding parameters were estimated
by the scatchard and klotz plot analysis (Figure 4a). According to
the scatchard and klotz plot analysis, the r/Cu was almost constant
depending on increase in the r. In double reciprocal plot analysis, the
slope and y-intercept of febuxostat were 6.10 and 0.492, respectively,
and their parameters of topiroxostat were 99.9 and 1.38, respectively.
Hence, in the binding constant (K) to HSA in febuxostat and
topiroxostat were 8.07x10* M and 1.38x10* M, respectively, and
the number of binding sites per protein molecule was 2.03 and 0.72,
respectively (Figure 4b). Binding parameters for oxipurinol could
not be determined because it does not bind to albumin.
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Figure 3. Inhibition curves of oxipurinol (a), febuxostat (b) and topiroxostat (c) on XOR activities in human liver S9 with varying concentrations of HSA, (d) Summary table of IC, values
in each drug. Inhibition curves of 0% (diamonds), 0.4% (triangles), 2% (squares) and 4% (circles) HSA. The horizontal axes represent the final concentrations of XOR inhibitors in HSA/
S9 mixtures. Values of IC,; and 95% confidence interval (CI) were expressed as mean + SD and in parenthesis, respectively
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Figure 4. Scatachard plot (a) and Klotz plot (b) analysis with regard to the affinity of XOR inhibitors, febuxostat (diamonds) and topiroxostat (circles) to the HSA

Simulation of the human plasma XOR activity after febuxostat
and topiroxostat dosing

Hosoya et al. reported the results of pharmacokinetic study after
febuxostat dosing (Figure S1), and that of topiroxostat dosing was
also shown (Figure 6a) [19,20]. Emax and EC, values of febuxostat
and topiroxostat were calculated from the inhibitory curve by in vitro
models shown in Figure 2, their values were 101.1% and 6.47 ng/mL
and 96.2% and 0.312 ng/mL, respectively. The plasma XOR inhibitory
activity at 24 hours after febuxostat dosing (10, 20 and 40 mg group)
and at 12 hours after topiroxostat dosing (40, 80 and 120 mg group)
were 44.1%, 61.4%, 76.4%, and 79.1%, 86.8%, 89.7%, respectively
(Figure 6b,6¢).
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Discussion

In the present study, the in vitro assay model of high plasma XOR
activity mimicking intravascular condition was framed. Recently,
Murase et al. has reported that XOR activity in normal human
plasma was low as 89.1+55.1 pmol/h/mL (n=20), it was too low to
accurately measure the plasma XOR inhibitory activity [17]. XOR
protein processed in the liver was released into the blood stream when
hepatocytes turned over and was modified by protease in the blood
stream [22]. This XOR life leads us to the conclusion that the mixture
with commercial normal human plasma and exogenous human
liver S9 compartment is an ideal assay model for the XOR inhibitory
activity. It is important is that this assay model was executed using liver
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Figure 6. Plasma drug concentrations after repeated oral administration of topiroxostat in 80 mg (BID) for 7 days in healthy human (a). The XOR inhibitory curve of febuxostat and
topiroxostat shown in figure 2 to calculate the value of E and EC, for E|model analysis. The XOR inhibitory activity of febuxostat (b) and topiroxosstat (c) were simulated according
to the PK data (at 0 to12 or 24 hours) when 20mg (in 1 dose, circle) of febuxostat or 80mg (in 2 doses, circle) of topiroxostat were administrated to healthy human for 7 days in repeated-
dose study, respectively.; febuxostat 10mg-dose (in 1 dose, diamonds) and 40mg-dose (in 1 dose, triangle) and topiroxostat 40 mg-dose (in 2 doses, diamonds) and 120 mg-dose (in 2 doses,

triangle) were proportionately calculated

homogenate, but not purified enzyme, as the XOR enzyme to be closer
to the in vivo environment.

The concentration of S9 compartment in the mixture was
selected 1%, which was enough to evaluate the XOR inhibitory
activity (Figure la). It was approximately 25 times higher than
normal plasma of previous report and was also covered the plasma
XOR activity in general population of cohort study and in the
patients with diabetes and chronic heart failure [17,23-25]. However,
XOR protein in the mixture did not detect (Figure 1b). It might be
because that the XOR protein is very sensitive and instantly converts
to XO or is decomposed by proteolysis [26].

Allopurinol and topiroxostat showed time-dependent inhibition
as described in the previous reports [27,28]. In the preliminary study,
the IC, value of oxipurinol and topiroxostat were decreased with
the pre-incubation-time; nevertheless, febuxostat was not altered
(Figure S2). It was because that each drug needed time to achieve
in an equilibration of the binding condition in the mixture. Thus, in
the present study, pre-incubation time of 60min was selected for the
inhibitory activity assay.

The IC,; value of topiroxostat was the lowest, and that of
febuxostat and oxipurinol were 16 and 194 folds higher, respectively
(Figure 2). Additionally, the XOR inhibitory activity of febuxostat
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was countered according to the HSA concentration, whereas that of
oxipurinol and topiroxostat were insignificant (Figure 3).These results
agreed with the previous report in the animal model, suggesting that
albumin, which is the most abundant and transporter protein of many
drugs in blood, was subjected to the interference of the interaction
between febuxostat and the XOR enzyme [12,29]. Thereby, the
binding mode and affinities of febuxostat and topiroxostat against HSA
were evaluated.

According to the result of the scatchard and klotz plot analysis, the
binding mode of both drugs to HSA were nonspecific binding (Figure
4a), and the binding constant (K) of febuxostat was 5.8 times higher
than that of topiroxostat (Figure 4b) and the number of febuxostat
binding per one albumin molecule was also 2.8 holds higher relative to
that of topiroxostat. Thus, IC, value was higher relative to topiroxostat.
This result might be because that topiroxostat was easy to release from
the albumin and non-binging drug has biological availability, which
was remaining in the plasma, resulting in that topiroxostat exerted the
inhibitory activity of XOR.

These XOR-Is have each binding mode for the molybdenum pterin
center which is the active site on XOR. Allopurinol is purine analogue,
whereas febuxostat and topiroxostat are non-purine selective inhibitors
[28,30]. Oxipurinol, which is an active metabolite of allopurinol, is
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bound to XOR by covalent bond, febuxostat has multiple interactions
including in hydrogen-bonding, van der Waals force, hydrophobic
interaction, and ion binding, and topiroxostat has both of multiple
interactions and covalent bound in the mechanism (Figure 5) [28,31,32].
Here, allopurinol dose not bind to albumin, so the evaluation of the
affinity against HSA did not be performed. Hence, this result suggests
that topiroxostat may exert the inhibitory effect of plasma XOR activity
at lower concentrations than febuxostat dose, and it is highly efficient.

What is to inhibit the plasma XOR activity for physiological
significance. There are some people who reported that elevated
plasma XOR activity was associated with obesity, diabetic mellitus,
cardiovascular, and hepatic disease in human, which can produce
superoxide with uric acid and the rose ROS leading to the increased
risk of cardiovascular disease and mortality organ injury [29,33-43].
Moreover, Spiekermann et al. reported that post-heparin plasma was
also increased plasma XO activity in patients with coronary artery
disease, resulting that the tissue or organ where free XORs bound to
glycosaminoglycans on the blood endothelium cells might be injured
by XO-induced superoxide in the local area [38]. However, this process
remains unclear. Furthermore, Eugene et al. [44] reported that the
temporally reciprocal relationship between UA and nitric oxide in
human circadian rhythm suggests that the inhibition of XOR activity
might be serious to maintain the NO-mediated vasodilation and
decrease UA level in the night phase. Thus, it was likely to be very
important to inhibit the plasma XOR activity.

According to the usage of each drug, PK/PD simulation was
performed to estimate the plasma XOR activity after dosing in febuxostat
(20mg QD) and topiroxostat (80 mg BID), and the minimum inhibitory
activities (%) was 61.4% at 24 hours and 86.8% at 12 hours after dosing,
respectively (Figure 6b, 6¢). In recently, Srinivasan B et. al., reported
that febuxostat intervention in patients with hyperuricaemia and type
2 diabetic nephropathy did not decrease the urinary albumin, which
is an injury marker of vascular endothelial cell, whereas topiroxostat
did it in the randomized clinical study [7,45]. In the point of view of a
vasoprotection, it is important to continue the inhibition of extra XOR
induced ROS in the blood through a day. Therefore, it was suggested
that topiroxostat can be sustainable suppression of the XOR activity
in the blood owing to twice a day, resulting in the suppression of the
albuminuria in the clinical trials.

There are some limitations in the present study. Firstly, XOR has
complicated forms; xanthine dehydrogenase (XDH) uses NAD* as
an electron accepter, while xanthine oxidase (XO) uses oxygen to
generate superoxide and H,O, [1, 46-48]. Then, XOR is the active
(Mo=S) or inactive (Mo=0) form according to an atom combined with
molybdenum atom, the former is so-called “de-sulfo” type, the latter
is so-colled “sulfo” type, and oxidized (Mo(VI)) or reduced (Mo(VI))
form [26]. Additionally, it is easy to exchange the conformation by
freeze-throw, preparation, etc., Thus, XOR is not the same condition in
which it is in the mixture and blood stream in vivo. However, S9 fraction
from liver homogenate was prepared in the presence of allopurinol
[49]. Therefore, it suggested that XOR conversion, especially, to inactive
form might be a minimum. Secondly, the anchoring XOR activity was
not reflected in the present assay. Finally, a clinical intervention study
would be necessary to ensure the result of simulation.

Conclusion

The high XOR activity model mixed with human plasma and
liver S9 compartment was theorized. According to the IC, value in
XOR inhibitory curve, topiroxostat was the strongest inhibitor and

Integr Mol Med, 2019 doi: 10.15761/IMM.1000368

albumin has little effect on the response to topiroxostat. In contrast,
febuxostat was stronger than topiroxostat in HSA binding, so that XOR
inhibitory activity might be weaker. Therefore, topiroxostat may exert
the XOR inhibitory activity in the low concentration. This means it
highly efficient. Moreover, according to the result of the simulation,
topiroxostat (80mg, in 2 doses) can sequentially inhibit plasma XOR
activity through a day.
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