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Abstract
We hypothesized acute moderate and drastic reductions in uric acid concentra-
tion exert different effects on arterial function in healthy normotensive and hyper-
tensive adults. Thirty-six adults (aged 58 [55;63] years) with or without primary 
hypertension participated in a three-way, randomized, double-blind, crossover 
study in which [placebo] and [febuxostat] and [febuxostat and rasburicase] were 
administered. Febuxostat and rasburicase reduce the uric acid concentration by 
xanthine oxidoreductase inhibition and uric acid degradation into allantoin, re-
spectively. Endothelial function was assessed in response to acetylcholine, sodium 
nitroprusside, heating (with and without nitric oxide synthase inhibition) using a 
laser Doppler imager. Arterial stiffness was determined by applanation tonometry, 
together with blood pressure, renin–angiotensin system activity, oxidative stress, 
and inflammation. Uric acid concentration was 5.1 [4.1;5.9], 1.9 [1.2;2.2] and 0.2 
[0.2;0.3] mg/dL with [placebo], [febuxostat] and [febuxostat–rasburicase] treat-
ments, respectively (p < 0.0001). Febuxostat improved endothelial response to heat 
particularly when nitric oxide synthase was inhibited (p < 0.05) and reduced dias-
tolic and mean arterial pressure (p = 0.008 and 0.02, respectively). The augmenta-
tion index decreased with febuxostat (ANOVA p < 0.04). Myeloperoxidase activity 
profoundly decreased with febuxostat combined with rasburicase (p  <  0.0001). 
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1   |   INTRODUCTION

Uric acid (UA) is a plasma antioxidant scavenging oxidants 
such as hydroxyl radicals and superoxide anion (Johnson 
et al., 2013). In addition, it plays a pro-oxidant and proin-
flammatory role inside cells (Mazzali et al., 2010). Many 
epidemiological studies have associated UA with cardio-
vascular disease especially hypertension (Johnson et al., 
2005), considering UA as an independent cardiovascular 
risk factor (Borghi et al., 2018). The risk of hypertension 
increases by 13% for each mg/dL increase in UA concen-
tration (Grayson et al., 2011). UA exerts deleterious effects 
on endothelial cells and the renin–angiotensin system 
(RAS) in kidneys. Indeed, UA produces a UA dependent-
hypertension by endothelial dysfunction (reduction in ni-
tric oxide [NO] bioavailability) and RAS activation. Then, 
UA is responsible for renal arteriopathy leading to salt-
sensitive hypertension (De Becker, Borghi, et al., 2019). 
Additionally, UA is associated with endothelial dysfunc-
tion, arterial stiffness, oxidative stress, and inflammation 
(Kanbay et al., 2013).

UA is the final product of purine metabolism and me-
tabolized by xanthine oxidase (XO) which is one of the 
major reactive oxygen species (ROS) producers, playing 
a role in endothelial function (De Becker, Borghi, et al., 
2019) Inhibition of XO by allopurinol has shown many 
benefits in terms of improving endothelial function (Alem, 
2018; Cicero et al., 2017; Higgins et al., 2011; Kanbay et al., 
2014), decreasing blood pressure (BP) (Agarwal et al., 
2013; Qu et al., 2016), ameliorating arterial stiffness (Deng 
et al., 2016) and reducing inflammation and oxidative 
stress (Higgins et al., 2011; Yiginer et al., 2008); however, 
no recommendations have been yet established (Gois and 
Erdm, 2017). Interventional studies on acute effects of UA 
reduction remain rare and exceptionally include febux-
ostat (a specific XO inhibitor) or rasburicase (a recombi-
nant enzyme that degrades UA into allantoin). It remains 
unclear whether UA plays a deleterious role in the cardio-
vascular system and whether its acute reduction could be 
beneficial. Moreover, extreme hypouricemia appears to be 
potentially harmful and is associated with cardiovascular 

events (Perez-Gomez et al., 2019). Indeed, in patients 
with hypertension, lower UA levels are also associated 
with more cardiovascular events (J-shape relationship) 
(Verdecchia et al., 2000).

Therefore, we designed a study to understand the acute 
effects of moderate and severe reduction in UA levels. Our 
first study on normouricemic young males showed that 
extreme UA reduction altered heat-induced endothelium-
dependent vasodilation, slightly reduced systolic blood 
pressure, and markedly reduced myeloperoxidase (MPO) 
activity (De Becker, Coremans, et al., 2019). We hypothe-
sized in this second work on middle-aged adults that an 
acute moderate decrease in UA could be beneficial for the 
cardiovascular system in contrast to a drastic reduction.

2   |   METHODS

The data supporting the findings of this study are avail-
able from the corresponding author upon request.

When uric acid dropped, plasmatic antioxidant capacity markedly decreased, 
while superoxide dismutase activity increased (p < 0.0001). Other inflammatory 
and oxidant markers did not differ. Acute moderate hypouricemia encompasses 
minor improvements in endothelial function, blood pressure, and arterial stiffness.
Clinical Trial Registration: NCT03395977, https://clini​caltr​ials.gov/ct2/show/NCT03​

395977

K E Y W O R D S

febuxostat, NO synthase, rasburicase, renin–angiotensin–aldosterone system

What is the central question of this study?
Cardiovascular effects of acute reduction in uric 
acid level are still not well understood. By the 
means of two pharmacological agents, we com-
pared the effects of acute moderate and severe re-
duction in uric acid on arterial function in adults 
with or without primary hypertension.

What are the main finding and its 
importance?
Acute moderate hypouricemia slightly improved 
endothelial function and modestly reduced blood 
pressure and arterial stiffness. Hypouricemia is as-
sociated with reduced plasma antioxidant capacity. 
Myeloperoxidase activity, a potential marker of cel-
lular oxidative stress, is strongly reduced after ex-
treme diminution in uric acid concentration.

https://clinicaltrials.gov/ct2/show/NCT03395977
https://clinicaltrials.gov/ct2/show/NCT03395977


      |  3 of 13DE BECKER et al.

2.1  |  Ethics approval

The protocol was reviewed and approved by the ethics 
committee of the Erasme Hospital (reference P2017/296; 
NCT03395977). The study was conducted in accord-
ance with the principles outlined in the Declaration of 
Helsinki. Written informed consent was obtained from all 
participants.

2.2  |  Population and design

Between May and December 2019, 36 participants aged be-
tween 40 and 66 years of both genders with or without pri-
mary hypertension were recruited at the Erasme Hospital 
(Brussels, Belgium). All participants were white individu-
als and had a normal physical examination. Active smok-
ers and excessive alcohol consumers (more than three 
units per day) were excluded. Primary hypertensive par-
ticipants under therapy were required to have RAS block-
ers to respect homogeneity. Treatment was required to be 
unchanged for at least 6 months before inclusion. Patients 
with glucose-6-phosphate dehydrogenase (G6PD) defi-
ciency were excluded. At the time of inclusion, BP was 
measured after at least 5 min of seated rest in a quiet room 
(automatic BP monitor Omron 705 IT, Kyoto, Japan). 
Three measurements were taken with an interval of 
1−2 min. If BP measurements differed by >10 mmHg, fur-
ther measurements were taken. Hypertensive participants 
consisted of participants with a BP above 140/90 mmHg 
and participants treated for hypertension.

Participants were enrolled in a randomized, double-
blind, placebo-controlled, three-way (A, B, C), crossover 
study with a 10-day washout period between experimen-
tal sessions. Each participant completed three sessions of 
4 days. Pills were given on days 1 to 3 (lactose as placebo 
or 240  mg febuxostat/day). On day 3, participants were 
infused with saline or 3 mg rasburicase reconstituted in 
50  ml of saline. Experimental measures took place on 
day 4. Pills (placebo or febuxostat packaged in identical 
white capsules) and infusions were prepared by a phar-
macist in accordance with the randomization protocol 
(three treatment orders were established: ABC, BCA, or 
CAB). Treatment [A] was placebo orally administered and 
intravenous (IV) saline; [B] was febuxostat orally admin-
istered and IV saline; and [C] was febuxostat orally ad-
ministered and IV rasburicase (Figure 1) similarly to our 
previous work (De Becker, Coremans, et al., 2019). The 
half-lives of febuxostat and rasburicase are, respectively, 
1.3 to 15.8 h (Khosravan et al., 2006) and 16 to 21 h (Ueng, 
2005). The order of the treatments was determined prior 
to inclusion and allocated to participants following enrol-
ment. Volunteers and investigators were blinded to the 

medications administered during the study. The highest 
tested dosage of febuxostat was administered to ensure XO 
would be completely blocked (Kamel et al., 2016). A 24 h 
period between rasburicase or saline infusion and mea-
surements was observed to achieve the lowest concentra-
tion of UA, as previously described (Waring et al., 2007). 
All investigations (biological samples, microvascular 
function, hemodynamic parameters, and arterial stiffness) 
were performed on day 4 in a quiet room maintained at 
22 ± 2℃. Measurements were performed in the morning 
at identical time points for all participants. Furthermore, 
participants refrained from consuming alcohol, caffeine-
based drinks, intense exercise, and highly salty, fatty, or 
sweet meal at least 48  h before endothelial function as-
sessment. Participants fastened for 12  h on recruitment 
day and days 3 and 4 of each session.

A blood sample was collected at recruitment and on 
day 4 of each session, whereas the urine sample was col-
lected on day 4. Venous samples for UA measurement 
were transported on ice to inhibit potential rasburicase ac-
tivity. Standard biological analyses were performed in our 
hospital directly after collection. The remaining serum, 
plasma (following centrifugation at 3500  g for 15  min 
at 20℃), and urine samples were isolated and stored at 
−80℃ in our biobank (BE_BERA1; Biobanque Hôpital 
Erasme-ULB (BERA); BE_NBWB1; Biothèque Wallonie 
Bruxelles (BWB); BBMRI-ERIC) until analysis.

2.3  |  Primary outcome

2.3.1  |  Endothelial function

The microcirculatory vasomotor function was assessed by 
a laser Doppler Imager (Moor Instrument, Axminster, UK) 
that measured blood flow in a skin surface area of 3.8 cm² 
(De Becker, Coremans, et al., 2019; Wauters et al., 2013). 
Acetylcholine (ACh), sodium nitroprusside (SNP), L-NG-
Nitro arginine methyl ester (L-NAME, a NO synthase in-
hibitor), and saline solution were used for iontophoresis as 
previously described (Dreyfuss et al., 2013; Wauters et al., 
2013). ACh-  and SNP-induced hyperemia were applied 
to assess the endothelium-dependent and endothelium-
independent vasomotor response, respectively. To as-
sess the endothelial vasomotor response, heat-induced 
hyperemia after L-NAME and saline iontophoresis were 
also studied. L-NAME facilitated the analysis of the NO-
independent but endothelial-dependent vasodilation re-
sponse to heat. This non-invasive technique is central for 
the assessment of peripheral endothelial function (Kubli 
et al., 2000). The measurements were performed in a quiet 
room, in the supine position under carefully standardized 
conditions.
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Drug iontophoresis was continued for 22.5  min in 
order to achieve maximal skin vasodilation. ACh and SNP 
solutions were prepared to obtain a final concentration of 
2 g/100 ml in deionized water; 2.5 ml of these solutions 
were introduced into the anode (ACh electrode) and the 
cathode (SNP electrode) chambers on the right forearm. 
L-NG-Nitro arginine methyl ester (L-NAME) was diluted 
in sterile water to obtain a 20 mM solution; 2.5 ml of this 
solution and saline were introduced into the anode (L-
NAME electrode) and the cathode (saline electrode) cham-
bers on the left forearm. Electric current was generated 
by an iontophoresis controller (MIC 2, Moor Instruments 
Ltd, Axminster, United Kingdom), which was set to apply 
a current of 100  μA. On the left forearm, the skin was 
heated to 44℃ using dedicated skin heater electrodes and 
a temperature monitor (SH02, Moor Instruments Ltd, 
Axminster, UK) after L-NAME and saline iontophoresis 
(Wauters et al., 2013).

Twelve scans were obtained from the laser Doppler im-
ager, with the first two scans corresponding to the base-
line cutaneous flow. Thirty minutes prior to iontophoresis, 
5% Emla® cream (lidocaine 2.5% and prilocaine 2.5%; 
AstraZeneca, London, UK) was applied to the anterior 
face of both forearms to prevent nonspecific vasodilata-
tion induced by the electric current.

The skin response to ACh and SNP is monophasic. 
The heat response is biphasic and depends on the en-
dothelial system, adrenergic nerves, and sensory nerves 
(Johnson & Kellogg, 2010). The first phase is non-
specific and primarily mediated by transient axon reflex 
vasodilatation and marginally by NO. The second (pla-
teau) phase is mainly related to NO release by the endo-
thelium (Johnson & Kellogg, 2010). Therefore, we only 
compared the late-phase response (5th to 10th scan) be-
tween sessions in terms of the skin response to heat, as 
in our previous studies (Wauters et al., 2013). Data were 
expressed in cutaneous vascular conductance calculated 
(CVC) by normalizing the cutaneous blood flow in per-
fusion units (PU) with mean arterial pressure (MAP) in 
mmHg. To facilitate the comparison, we used the area 
under the curve (AUC) of CVC for all laser Doppler 
recordings.

2.4  |  Secondary outcomes

2.4.1  |  Biological measures

The estimated glomerular filtration rate (eGFR) was cal-
culated with the CKD-EPI Creatinine Equation (Levey 
et al., 2009). Homocitrulline/lysine and 3-chlorotyrosine/
tyrosine ratios, allantoin, interleukin (IL)-6 and IL-8, 
MPO activity and concentration, and malondialdehyde 

(MDA) were used to assess inflammation and oxidative 
stress. 3-chlorotyrosine is a specific oxidation product 
of tyrosine by MPO, and MPO may catalyze the forma-
tion of homocitrulline from lysine. These products were 
measured by acid hydrolysis, derivatization, and liquid 
chromatography-mass spectrometry tandem (LC-MS/MS) 
(Delporte et al., 2012). MDA is an end-product formed 
through the degradation of specific lipid peroxidation 
products. Allantoin is a marker of oxygen-free radical 
load in individuals not receiving rasburicase and is the 
result of a nonenzymatic reaction between UA and ROS. 
Allantoin was measured by LC-MS-MS. The activity of 
MPO, a major oxidative enzyme, was measured using the 
SIEFED method (Franck et al., 2015). Plasma antioxi-
dant properties were assessed by a superoxide dismutase 
(SOD) assay, which determines the activity of all types of 
SOD and Ferric Antioxidant Status Detection Kit. Soluble 
InterCellular Adhesion Molecule 1 (sICAM-1) and sP-
selectin are adhesion proteins involved in endothelial 
dysfunction. Endothelial analysis was completed by ni-
trites measurement. Laboratory RAS analyses were com-
pleted with the measurement of angiotensin II. Details 
about measurements and assays list can be found in the 
Supplementary Material.

2.4.2  |  Hemodynamic parameters and 
arterial stiffness

BP and heart rate (HR) were measured using an automatic 
BP monitor (Omron 705 IT, Kyoto, Japan). The cuff was 
adapted to the arm size and measures were taken by a 
trained doctor. Pulse pressure and MAP were calculated 
from BP data. Muscular arteries and aortic stiffness were 
assessed by the pulse wave velocity (PWV) through the 
carotid-radial and carotid-femoral applanation tonom-
etry, respectively (cr- and cf-PWV) (Mitchell et al., 2010). 
Augmentation index and heart rate corrected augmenta-
tion index (AIx and AIx75, arterial wave reflection) were 
also used as arterial stiffness markers and measured via 
the radial artery applanation tonometry technique. PWV 
and AIx were assessed non-invasively using a fully au-
tomated device (SphygmoCor; Atcor Medical, Sydney, 
NSW, Australia), as previously described (Adamopoulos 
et al., 2009).

2.4.3  |  Adverse effects

Participants were advised that gastrointestinal and other 
less common adverse effects could potentially occur. All 
participants were requested to report any complaints to 
the principal investigator.
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2.5  |  Data analysis and statistics

Variables were expressed as mean (standard deviation) 
when normally distributed, or otherwise expressed as 
median values [Quartile 1; Quartile 3]. Data analysis for 
the crossover design was performed using a global linear 
model for repeated measures (mixed ANOVA). The con-
ditions (placebo, febuxostat, or febuxostat–rasburicase) 
were used as a within-subjects factor and the sequence 
order of the sessions (ABC, BCA, or CAB) as a between-
subjects factor to assess the carryover effect (effect of a 
condition on another). Non-normally distributed data 
were analyzed using the non-parametric Friedman test 
for repeated measures or a paired Wilcoxon test when 
appropriate. Binary variables, such as adverse effects, 
were analyzed using a Chi-square test. Bonferroni correc-
tion was applied for multiple comparisons. Correlation 
between variable and UA concentration was performed 
using the Spearman's correlation test. A p value of <0.05 
was considered statistically significant. All statistical 
analyses were performed using SPSS version 22.0 (IBM 
Corporation, Armonk, New York, NY, USA). Subgroup 
analyses were performed according to sex and hyperten-
sion status. Independent-samples T-test and the non-
parametric Mann–Whitney test were used to compare 
variables within the subgroups.

Sample size calculation was performed through 
G3*Power to obtain a power of 80% and an error alpha of 
5%. We estimated the size effect of the primary outcome 
from our previous study (De Becker, Coremans, et al., 
2019). We needed at least 21 participants in each treat-
ment group to get the desired power. For this endpoint, 
we can thus properly interpret the results including the 
subgroups analysis for men and normotensive partici-
pants (n = 23).

For secondary outcomes, the size effects were larger and 
the requested numbers of participants lower. Therefore, 
all subgroup analyses were allowed to be performed with-
out any reserve.

3   |   RESULTS

3.1  |  Biological characteristics of the 
participants at baseline

Thirty-six subjects were randomized for all three treatment 
sequences (Figure 1 and Table 1). UA concentration was 4.4 
(1.8) in females and 6.0 (1.2) mg/dl in males (p < 0.05).

3.2  |  Biological analyses

The plasma and urinary concentration of UA decreased 
in participants treated with febuxostat and febuxostat–
rasburicase (p < 0.0001). There was no significant differ-
ence observed between other biological variables. Urinary 
sodium-  and protein–creatinine ratios were similar be-
tween treatments. There was no carryover effect (Table 2).

3.3  |  Endothelial function

The AUC of CVC induced by ACh- and SNP-iontophoresis 
were 37.1 (7.5), 36.8 (7.7), 37.1 (8.3); and 31.6 (6.7), 32.7 (8.0), 
32.2 (8.1) PU/mmHg for placebo, febuxostat, and febuxostat–
rasburicase treatments (ANOVA p = 0.9 and 0.5, respec-
tively). After the pre-treatment with L-NAME iontophoresis, 
the AUC of late-phase CVC induced by heat was 27.0 (7.3), 
30.4 (6.7), and 28.9 (5.9) PU/mmHg for placebo, febuxostat, 

F I G U R E  1   Flowchart diagram. 
Thirty-six adult volunteers were enrolled 
and randomized into three groups (ABC, 
BCA, or CAB). Each group comprised 
three treatments separated by a 10-
day washout period. Treatments were 
placebo and intravenous (IV) saline (A), 
febuxostat administered orally and IV 
saline (B), and febuxostat administered 
orally and IV rasburicase (C)

Assessed for 
eligibility (n = 36)

Randomized (n = 36)

Placebo orally
Saline Intravenous

Period 1
n = 36

A

B

C

Febuxostat orally
Saline Intravenous

Febuxostat orally
Rasburicase Intravenous

Period 3
n = 36

Period 2
n = 36

Placebo orally
Saline Intravenous

Febuxostat orally
Saline Intravenous

Febuxostat orally
Rasburicase Intravenous

Placebo orally
Saline Intravenous

Febuxostat orally
Saline Intravenous

Febuxostat orally
Rasburicase Intravenous

10 days washout period
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and febuxostat–rasburicase treatments (ANOVA p = 0.003; 
placebo vs. febuxostat p  =  0.007). Saline iontophoresis re-
sulted in a similar change in the AUC of late-phase CVC in-
duced by heat: 31.0 (7.0), 32.8 (8.4), and 32.1 (7.2) PU/mmHg 
for placebo, febuxostat, and febuxostat–rasburicase treat-
ments (ANOVA p = 0.04; placebo vs. febuxostat p = 0.054) 
(Figure 2). Carryover effects were not found.

3.4  |  Adverse effects

Hot spells were reported in 2, 10, and 8 participants treated 
by placebo, febuxostat, and febuxostat–rasburicase, re-
spectively (ANOVA p  =  0.04; placebo vs. febuxostat 
p = 0.03). Approximately 50% of the participants reported 

at least one side effect. The most prevalent side effects 
were headache, abdominal pain, and hot spells. No statis-
tical difference was found between treatments for head-
ache and abdominal pain.

3.5  |  Hemodynamic parameters

Diastolic BP decreased with febuxostat compared to placebo 
and febuxostat–rasburicase (ANOVA p  =  0.008, placebo 
vs. febuxostat p  =  0.05, and febuxostat vs. febuxostat–
rasburicase p = 0.03). In addition, MAP declined with fe-
buxostat (ANOVA p = 0.02, placebo vs. febuxostat p = 0.04). 
Furthermore, there was a decrease in AIx with febuxostat 
compared to placebo (ANOVA p = 0.008, placebo vs. febux-
ostat p = 0.009). An identical trend was observed for AIx75; 
however, this was not significant upon multiple compari-
son (ANOVA p = 0.03). There was no significant difference 
in HR, cr-, and cf-PWV between treatments (Table 2). There 
were no carryover effects.

3.6  |  Markers of oxidative stress and 
endothelial function

Allantoin decreased with febuxostat and increased with 
febuxostat–rasburicase (Friedman and multiple com-
parisons p  <  0.0001). FRAP decreased and SOD activ-
ity increased with febuxostat and febuxostat–rasburicase 
(ANOVA and multiple comparisons p  <  0.0001; and 
Friedmann and placebo vs. febuxostat and placebo vs. 
febuxostat–rasburicase p < 0.0001, respectively). The MPO 
concentration did not differ between treatments in con-
trast to MPO activity, which was profoundly reduced with 
febuxostat–rasburicase (Friedman, placebo vs. febuxostat–
rasburicase and febuxostat vs. febuxostat–rasburicase 
p  <  0.0001). Homocitrulline/lysine and chlorotyrosine/
tyrosine ratios and MDA concentration did not differ be-
tween treatments. No significant differences were found for 
the endothelial markers sICAM-1, sP-selectin, and nitrites. 
Additionally, there were no carryover effects. UA levels pos-
itively correlated with MPO activity and FRAP (Spearman's 
coefficient 0.6 and 0.95, both p  <  0.0001, respectively) 
and negatively correlated with allantoin and SOD activity 
(Spearman's coefficient −0.5 and −0.4, both p < 0.0001, re-
spectively) (Table 3). IL-6 and IL-8  levels were under the 
detection range (data not shown).

3.7  |  Subgroups analyses

Detailed analysis for subgroups can be found in 
Supplementary Materials.

T A B L E  1   Characteristics of the study participants at baseline 
(n = 36)

Clinical

Age (years)a  58 [55; 63]

BMI (kg/m²) 25.6 (3.6)

Females, n (%) 13 (36.1)

SCORE Risk (%)a  1.0 [0.3; 2.0]

Hypertension, n (%) 13 (36.1)

Antihypertensive, n (%) 5 (13.9)

Biological

Hb (g/dl) 14.5 (1.2)

G6PD (U/g of Hb) 9.6 (1.8)

CRP (mg/l)a  1.1 [0.5; 2.0]

eGFR (ml/min/1.73 m²) 87.4 (12.0)

Sodium (mmol/L)a  141.0 [140.0; 142.0]

Potassium (mmol/L) 4.1 (0.6)

Uric acid (mg/dl) 5.4 (1.2)

LDH (U/L) 178.9 (30.6)

Cholesterol (mg/dl) 196.3 (34.8)

Triglyceride (mg/dl)a  79.0 [64.3; 112.0]

HDL (mg/dl) 62.9 (14.4)

Cholesterol/HDL ratioa  3.3 [3.0; 4.1]

LDL (mg/dl) 114.5 (36.0)

non-HDL (mg/dl) 133.4 (41.4)

ApoA1 (mg/dl) 160.6 (19.8)

ApoB (mg/dl) 110.2 (30.0)

ACE (U/L) 34.4 (14.4)

Glucose (mg/dl)a  96.0 [92.3; 98.8]

Abbreviations: BMI, body mass index; Hb, haemoglobin; G6PD, glucose-
6-phosphate dehydrogenase; CRP, C-reactive protein; eGFR, estimated 
glomerular filtration rate; LDH, lactate dehydrogenase; HDL, high-density 
lipoproteins; LDL, low-density lipoproteins; Apo, apolipoprotein; and ACE, 
angiotensin-converting enzyme.
anot normally distributed.
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4   |   DISCUSSION

The main new findings of this study are first, that the 
combination of febuxostat and rasburicase is more effec-
tive than febuxostat alone to drastically and rapidly re-
duce the UA concentration regardless of gender, age, BP, 
or UA concentration at baseline. Second, the microvas-
cular response to heat improves when the concentration 
of UA is moderately reduced. Third, diastolic BP, MAP, 
and aortic stiffness decrease in association with moder-
ately reduced UA levels. Finally, an acute and extreme 
decrease in UA leads to a decreased plasma antioxidant 
capacity as well as reduced MPO activity. The present 
study complete our first work (De Becker, Coremans, 
et al., 2019).

4.1  |  Effects on endothelial function

As in our previous study (De Becker, Coremans, et al., 
2019), an acute reduction in UA levels did not impact 
hyperemia induced by ACh or SNP iontophoresis. In ad-
dition, the concentrations of nitrites, sICAM-1, and sP-
selectin did not change between treatments. The acute 
effect of urate-lowering therapies on endothelial func-
tion has not been studied before our works. Long-term 
allopurinol improved endothelial function assessed by 
flow-mediated dilation (Alem, 2018; Kanbay et al., 2014). 
Previous humans trials with febuxostat showed either a 

reduction in ADMA (an endothelial dysfunction marker) 
in hemodialyzed patients treated for 2 months or no ef-
fects on coronary endothelial function assessed by mag-
netic resonance imaging in patients with coronary artery 
disease after 6 weeks (Hays et al., 2018). The positive ef-
fect of allopurinol on endothelial function is potentially 
unrelated to XO inhibition and ROS reduction due to 
its inherent antioxidant properties (Minor et al., 1993). 
Conversely, febuxostat is a more powerful and complete 
ROS production blocker as it inhibits both isoforms of 
xanthine oxidoreductase (Cicalese et al., 2019). Long-term 
effects of febuxostat alone and in combination with ras-
buricase on endothelial function should be investigated.

Responses to heat were improved by moderate hypouri-
cemia after L-NAME and saline iontophoresis with a more 
pronounced effect when NOS was blocked. This suggests 
that NO does not play a role in the improvement of the 
response to heat when UA is reduced and that variations 
in UA levels influence other mechanisms involved in en-
dothelial response to heat. Taken together with data from 
ACh and SNP iontophoresis, it is thus very likely that the 
NO pathway is not disturbed by hypouricemia per se. Heat-
induced hyperemia involved several complex mechanisms 
such as NO, neurotransmitters, and endothelium-derived 
hyperpolarizing factors (EDHF) and probably other ac-
tors. Among them, EDHF do not play a major role in mi-
crovascular function in healthy circumstances (Félétou & 
Vanhoutte, 2006) but becomes an important rescue sys-
tem in case of reduced NO bioavailability (Félétou, 2011). 

F I G U R E  2   Endothelium function assessment. Figure 2 represents the area under the curve (AUC) of cutaneous vascular conductance 
(CVC = cutaneous flow in perfusion units/mean arterial pressure in mmHg) according to the stimuli (acetylcholine and sodium 
nitroprusside iontophoresis or heat after L-N-arginine-methyl-ester (L-NAME) and saline iontophoresis) for the three treatments (placebo, 
febuxostat, and febuxostat and rasburicase). No differences were found under acetylcholine and sodium nitroprusside. Heat-induced 
vasodilatation differed according to the treatment received. The difference states between febuxostat and placebo treatments after L-NAME 
iontophoresis. * indicates a p-value under 0.05 and **, a p-value under 0.01
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In our study, we observed that an acute and moderate hy-
pouricemia restored slightly thermal vasodilatation espe-
cially in the presence of NOS inhibition. We interpret this 
as a favorable effect, although more experience is needed 
to confirm our hypothesis especially since the combina-
tion of febuxostat and rasburicase mitigated this modest 
improvement.

4.2  |  Effects on blood pressure and 
arterial stiffness

The main effect of acute UA reduction on BP was ob-
served with febuxostat, with a 2  mmHg reduction in 
diastolic BP compared to placebo and febuxostat–
rasburicase. Identical results were observed for MAP, 
AIx, and AIx75, which decreased with febuxostat. There 
were no differences in PWV according to treatments. 
The discrepancies between measures of arterial stiffness 
could be explained by the fact that AIx depends on the 
propagation rate of pressure wave in the arterial tree but 
also on the reflected wave by the peripheral arterial sys-
tem. Despite an excellent correlation between AIx and 
PWV, AIx is potentially more influenced by blood pres-
sure (Yasmin, 1999). These aspects could explain the ab-
sence of change in PWV in our study. We did not observe 
a significant difference in RAS activity in our entire 
study population; however, normotensive participants 
had a decrease in aldosterone levels in conjunction with 
UA reduction. Despite the lack of significance, a lower 
RAS activity remains a plausible explanation for the de-
crease in BP with UA level reduction. Females presented 
higher AIx than males. This finding has been previously 
reported; however, it has not yet been completely ex-
plained (Mitchell et al., 2004).

The effect of hypouricemia on hemodynamic parame-
ters only occurs in participants without hypertension. The 
vascular system does not respond to UA variation when 
hypertension is settled. The presence of antihypertensive 
medications blocking the RAS in these patients may have 
played a role in this observation. Among the trials study-
ing the effect of urate-lowering therapies on BP, positive 
results were observed in hypertensive children, though 
rarely in adults (Gois and Erdm, 2017). Therefore, the 
vascular system also appears to be less responsive to UA 
variation with age. Previous studies on adults are rare 
and demonstrated the controversial effect of febuxostat 
on BP, arterial stiffness, and RAS (Gunawardhana et al., 
2017; Lytvyn et al., 2017; Ohta et al., 2017; Tani et al., 
2015; Tausche et al., 2014; Sezai et al., 2015). The effects 
of recombinant uricase have rarely been studied. Acute 
administration of uricase did not affect BP or AIx in type 1 
diabetes patients (Waring et al., 2007); however, recurrent 

infusion of uricase (fortnightly) reduced BP in patients 
with gout (Johnson et al., 2019).

4.3  |  Effects on biological data, oxidative 
stress, and inflammation

Allantoin is a product of the reaction of UA and other 
major oxidant products or enzymes such as MPO (Meotti 
et al., 2011). We observed a reduction in allantoin with 
febuxostat, which is likely related to a reduction of sub-
strate (UA) than oxidative stress. Rasburicase, which 
transforms UA into allantoin, primarily increases allan-
toin concentration. The acute effects of UA reduction on 
oxidative products are not significant but warrant inter-
est; for example, MDA levels decreased with febuxostat 
and with febuxostat–rasburicase. Febuxostat reduced 
the plasma antioxidant capacity by approximately 37%, 
whereas the addition of rasburicase reduced the FRAP 
by approximately 55%. The decrease of FRAP is directly 
linked to the loss of UA in plasma. SOD activity was also 
impacted by the treatments and increased with febuxostat 
and with febuxostat–rasburicase. The increase of SOD ac-
tivity is the result of ROS reduction through XO inhibi-
tion by febuxostat. The addition of rasburicase does not 
improve or reverse this effect. Hyperuricemia is associ-
ated with high levels of MDA and low levels of SOD in 
asymptomatic patients of approximately 55  years of age 
(Zhou et al., 2018). We confirmed this association by the 
blockade of XO. A reduction in MDA and an increase in 
SOD were previously described in hemodialyzed patients 
after 2  months of febuxostat (Alshahawey et al., 2017). 
Allopurinol is known to reduce MDA levels (Higgins 
et al., 2011). The MPO concentration and activity were 
differently affected by febuxostat, and febuxostat and 
rasburicase. Interestingly, the MPO concentration did 
not differ whereas MPO activity was profoundly reduced 
by febuxostat–rasburicase. The severe hypouricemia in 
plasma is related to a reduced intracellular UA concentra-
tion and, therefore, a lower oxidant pressure inside cells. 
As a result, even in the event of an unaltered release of 
MPO (identical concentration), MPO activity is reduced. 
Our study confirms that XO blockade and UA reduction 
rapidly affect the oxidative balance, even following a few 
hours, with a variation of the plasma antioxidant capacity. 
The effects on antioxidant actors appear before the effects 
on oxidants or oxidative products. Again, the variation in 
the UA concentration faced an opposite effect depending 
on the location. A severe reduction in UA concentration is 
associated with a decreased plasma antioxidant capacity 
(potentially harmful), as well as reduced oxidant pressure 
inside cells with diminished MPO activity (potentially 
beneficial).
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Our work presents several limitations. We only study 
the acute effect and our measures were taken shortly after 
intervention. Added measures after the intervention could 
have afforded more precision to this work. Although the 
number of subjects in the present is not considerable, 
this is mitigated by a strict crossover design and suffi-
cient power according to the sample size calculation. 
Furthermore, our findings are restricted to adults with a 
median age of 58 years, of which a number were hyper-
tensives. L-NAME is a non-selective inhibitor of all three 
NO synthase isoforms and thus, not specific for endothe-
lial NO synthase. L-NAME iontophoresis may offer less 
stronger inhibition of NO than with transdermal micro-
dialysis which is invasive and not assessed in our study. 
The limited contribution of NO synthase in the thermal 
vasodilatation we observed is most likely because middle-
aged adults and elderly are less responsive to heat-induced 
hyperemia and less L-NAME respondent because of nat-
urally reduced NO bioavailability, also reported upon mi-
crodialysis (Bruning et al., 2012). Finally, hypertensive 
patients were studied under their standard medication, 
because treatment withdrawal could potentially affect 
the investigated parameters, as well as for evident ethical 
reasons.

Acute reduction in UA levels has limited beneficial 
and harmful consequences to the cardiovascular system. 
In contrast to severe hypouricemia, acute moderate UA 
reduction in middle-aged adults encompasses slight im-
proved endothelial function, modest BP, and arterial stiff-
ness reduction. While XO inhibition increases antioxidant 
defense by SOD, plasma antioxidant capacity is strongly 
reduced impairing the oxidative balance. Concurrently, 
severe hypouricemia is also accompanied by a decrease in 
MPO activity.
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