Effect of Fenofibrate on Plasma Concentration and
Urinary Excretion of Purine Bases and Oxypurinol
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ABSTRACT. Objective. To investigate whether fenofibrate increases the clearance of purine bases (hypoxanthine,

xanthine, uric acid) and oxypurinol.

Methods. We administered fenofibrate (150 mg) 3 times a day for 3 days, and then allopurinol (300 mg)
4 h after the last administration of fenofibrate, to 5 healthy subjects. Ten hours later, a clearance study

was done.

Results. Following 3 day administration of fenofibrate, fractional clearance of xanthine, uric acid, and
oxypurinol increased by 41% (p < 0.05), 101% (p < 0.01), and 51% (p < 0.01), respectively, compared
to baseline values, while the respective plasma concentrations decreased by 46% (p < 0.05), 46% (p <

0.05), and 19% (p < 0.05).

Conclusion. Our results suggest that fenofibrate, fenofibric acid, or fenofibrate derivatives can increase
fractional clearance of xanthine, uric acid, and oxypurinol by acting on their common renal pathways.
It is suggested that the hypouricemic effect of combination therapy using allopurinol and fenofibrate
may be less than additive. (J Rheumatol 2001;28:2294-7)
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Fenofibrate is an antihyperlipidemic agent that reduces plas-
ma lipid levels, especially triglyceride'-*. Fibrates are agents
recognized to be clinically important, as studies*® have shown
that triglyceride level is an independent risk factor of coronary
vascular diseases. Recently, it was found that these agents also
activate peroxisome proliferator-activated receptors (PPAR),
leading to a decrease in serum concentrations of triglyceride,
cholesterol, and apoC-I11, as well as an increase in lipoprotein
lipase (LPL) activity’. Among fibrates, fenofibrate is one of
the strongest antihypertriglyceridemic agents, which has also
been shown to have a strong uricosuric action, leading to a
decrease in the serum concentration of uric acid®8. Since this
uricosuric action is clinically significant, fenofibrate is useful
for the treatment of hyperuricemia as well as hyperlipidemia.
It has been reported®!! that glucagon, glucose, and losartan
increase the renal clearance of xanthine, oxypurinol, and uric
acid, suggesting that uric acid shares a renal transport pathway
with oxypurinol. Oxypurinol is a metabolite of allopurinol,
which has been used for the treatment of hyperuricemia.
Although both allopurinol and oxypurinol are potent
inhibitors of xanthine oxidase, the biological half-life of the
latter is longer than that of the former. Therefore, the overall
effect of allopurinol may depend on the action of oxypuri-
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URIC ACID

XANTHINE ALLOPURINOL

nol'>!'*, As fenofibrate increases the urinary excretion of uric
acid, it may also increase that of oxypurinol, and if so the con-
centration of oxypurinol in plasma may decrease. The
hypouricemic effect of allopurinol mostly depends on the
plasma concentration of oxypurinol, thus it is important to
determine whether fenofibrate increases the urinary excretion
of oxypurinol. We investigated the effect of fenofibrate on the
urinary excretion of oxypurinol together with purine bases
(uric acid, hypoxanthine, and xanthine).

MATERIALS AND METHODS

Fenofibrate and allopurinol were purchased from Kaken Pharmaceuticals Co.
(Tokyo, Japan) and GlaxoWellcome Japan (Tokyo, Japan). Other chemicals
were obtained from Wako Pure Chemical Industries (Osaka, Japan).

Subjects and protocol. Five healthy men aged 36 to 42 years (body weight 61
to 73 kg) participated in the study after giving informed consent. Each had
normal laboratory data including ALT, AST, and creatine phosphokinase.
Baseline measurements of the plasma concentrations and urinary excretion of
hypoxanthine, xanthine, and uric acid were performed in each using the fol-
lowing protocol. Allopurinol (300 mg) was given orally at 10:00 PM. The
next day, 10 h after the allopurinol administration (at 8:00 AM), urine was
completely voided and 1 hour urine samples were collected twice serially
(first and second period). Blood samples were also drawn with heparinized
syringes at the midpoint of the respective 1 hour urine collection periods (first
and second period). Two weeks later, fenofibrate (150 mg) was administered
orally 3 times a day (8:00 AM, 12:00 PM, and 6:00 PM) for 3 days (total
amount 1350 mg), and then allopurinol (300 mg) was given orally 4 h after
the last administration of fenofibrate. The next day, urine and blood sample
collections were performed as described in the baseline measurement study.
In the fenofibrate loading study, 450 mg/day fenofibrate (more than a usual
dose) was administered to observe the short term effects on urinary excretion
of purine bases and oxypurinol. Both sample collections were performed dur-
ing a fast, except for water, after the allopurinol administration. The subjects
had regular diets and did not drink alcohol or take medication, except the test
drugs, during the baseline measurement and fenofibrate loading studies. ALT,
AST, and CPK values in plasma, determined from samples taken during the
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second period of the fenofibrate loading study, were within normal ranges, as
were their reference values.

Blood and urine analyses. The concentrations of hypoxanthine, xanthine, and
oxypurinol in plasma and urine were determined using high performance lig-
uid chromatography (HPLC) as described’. In brief, the chromatographic sys-
tem consisted of an LC-6A high performance liquid chromatograph
(Shimadzu, Kyoto, Japan), an SPD-6AV UV-VIS (Shimadzu), and a C-R3A
chromatopac recorder (Shimadzu). The column was a Wakosil 5C-18-200
(4.6 x 250 mm) (Wako), with a flow rate of 1 ml/min, a mobile phase of 0.02
M KH,PO, (pH 2.2), and a wavelength of 254 nm. To measure the plasma
concentrations of hypoxanthine, xanthine, and oxypurinol, plasma was imme-
diately separated after drawing blood with a heparinized syringe. The con-
centrations of uric acid and creatinine in plasma and urine were measured by
the uricase method using a Uric Acid B test kit (Wako), and by the enzymat-
ic method using a Diacolor Liquid CRE kit (Toyobo, Osaka, Japan), respec-
tively. Other measurements were performed in our hospital laboratory.

The percentage ratios of uric acid clearance/creatinine clearance (frac-
tional uric acid clearance), hypoxanthine clearance/creatinine clearance (frac-
tional hypoxanthine clearance), xanthine clearance/creatinine clearance (frac-
tional xanthine clearance), and oxypurinol clearance/creatinine clearance
(fractional oxypurinol clearance) were calculated.

Statistical analysis. Data are presented as the mean + SD. The significance of
difference between variables was analyzed by 2 tailed Student t test.

RESULTS

Effect of fenofibrate on plasma concentrations of purine bases
and oxypurinol. After the 3 day administration of fenofibrate,
plasma concentrations of xanthine, uric acid, and oxypurinol
decreased by 46% (p < 0.05), 46% (p < 0.05), and 19% (p <
0.05), respectively, in the first period, and by 38% (p < 0.05),
36% (p < 0.05), and 20% (p < 0.05), respectively, in the sec-
ond period, compared with each respective reference value
(Table 1). However, the plasma concentration of hypoxan-
thine did not change in either period (Table 1).

Table 1. Effect of fenofibrate on plasma concentrations of purine bases and
oxypurinol (n = 5). Values are expressed as mean + SD.

Baseline With Fenofibrate
Ist Period  2nd Period  1st Period 2nd Period
Hypoxanthine, yM 1.34 +0.82 126+0.72 120+0.74  1.04 +0.50
Xanthine, yM 336+084 320+0.68 2.16+0.64* 2.00+0.62%
Uric acid, uM 318 £65 315+ 65 202 + 60* 202 + 60*

Oxypurinol, uM 2396 +1.12 238122 19.38 +£3.27*% 19.14 +3.84*

First period and second period denote the first 1 hour urine collection peri-
od and the second 1 hour urine collection period. * p < 0.05 compared with
the respective period.

Effect of fenofibrate on urinary excretion of purine bases and
oxypurinol. After the 3 day administration of fenofibrate, uri-
nary excretion of uric acid was increased by 21% and 22% in
the first and second periods, respectively. However, the uri-
nary excretion of oxypurines (hypoxanthine and xanthine) and
oxypurinol were not significantly different from their respec-
tive values in either period (Table 2).

Effect of fenofibrate on fractional clearance of purine bases
and oxypurinol, and clearance of creatinine. After the 3 day
administration of fenofibrate, fractional clearance of xanthine,
uric acid, and oxypurinol increased by 41% (p <0.05), 101%
(p <0.01), and 51% (p < 0.01), respectively, in the first peri-
od, and by 45% (p < 0.01), 101% (p < 0.01), and 49%, respec-
tively, in the second period, compared with each reference
value (Table 3). However, neither the fractional clearance of
hypoxanthine nor the clearance of creatinine changed in either
period (Table 3).

Effect of fenofibrate on plasma concentrations of triglyceride
and cholesterol. The plasma concentration of triglyceride
decreased from 1.38 +0.22 mM in the first period of the base-
line study to 0.99 + 0.24 mM after the same period of the
fenofibrate loading study (p < 0.05), while the plasma con-
centration of cholesterol did not decrease significantly (4.60 +
0.51 mM in the baseline first period vs 4.24 + 0.56 mM in the
fenofibrate loading study first period).

DISCUSSION
Studies'>'® have shown that as plasma concentrations of
purine bases (hypoxanthine, xanthine, uric acid) and oxypuri-
nol increase, the renal clearance of purine bases and oxypuri-
nol also increases. We observed that the fractional clearance
of xanthine, uric acid, and oxypurinol increased following a 3
day administration of fenofibrate, while their plasma concen-
trations decreased. These results indicate that fenofibrate was
the agent that caused the fractional clearance of xanthine, uric
acid, and oxypurinol to increase in spite of their decrease in
plasma. Since the overall effect of allopurinol mostly depends
on oxypurinol, a decrease in the plasma concentration of oxy-
purinol by fenofibrate may affect plasma concentrations of
uric acid, xanthine, and hypoxanthine.

In xanthine metabolism, fenofibrate increased the fraction-
al clearance of xanthine but did not increase its urinary excre-

Table 2. Effect of fenofibrate on urinary excretion of purine bases and oxypurinol (n = 5). Values are expressed

as mean + SD.

Baseline With Fenofibrate
1st Period 2nd Period 1st Period 2nd Period
Hypoxanthine, ymol/h 5.88 £2.68 5.70 £2.52 6.51 £3.50 6.07 £ 3.04
Xanthine, gmol/h 16.96 +2.93 16.20 +£2.03 15.20 £5.71 14.47 £4.11
Uric acid, ymol/h 183 + 17 183 + 24 222 + 26* 223 + 30*
Oxypurinol, ymol/h 32.01 +8.34 30.68 + 7.45 37.70 £ 11.54 36.89 +9.28

First period and second period denote the first 1 hour urine collection period and the second 1 hour urine col-
lection period. * p < 0.05 compared with the respective period.
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Table 3. Effect of fenofibrate on fractional clearance of purine bases and
oxypurinol, and clearance of creatinine (n = 5). Values are expressed as
mean + SD.

Baseline With Fenofibrate
1st Period 2nd Period 1st Period 2nd Period
Fhx 66.4 +20.6 67.6 + 14.5 77.1£13.9 81.2+16.2
Fx 69.2 + 13.6 69.9 + 10.0 97.8 £23.5% 101.5 + 18.1**
Fua 79+14 80x14 15.9 + 3.3%* 16.1 + 3.5%*
Fox 17.8 £4.0 174 £3.6 26.8 + 4.0%* 25.9 + 1.5%*
Cer 104 +£4.7 102.6 £3.2 99.5 +3.7 99.6 +3.4

Fua: percentage ratio of uric acid clearance/creatinine clearance (fractional
uric acid clearance), Fhx: percentage ratio of hypoxanthine clearance/crea-
tinine clearance (fractional hypoxanthine clearance), FX: percentage ratio
of xanthine clearance/creatinine clearance (fractional xanthine clearance),
Fox: percentage ratio of oxypurinol clearance/creatinine clearance (frac-
tional oxypurinol clearance), Ccr: clearance of creatinine (ml/min). * p <
0.05, ** p <0.01 compared with the respective period. First period and sec-
ond period denote the first 1 hour urine collection period and the second 1
hour urine collection period.

tion despite the decrease in plasma concentration of xanthine.
These findings suggest that a fenofibrate induced decrease in
the plasma concentration of oxypurinol may play a role in a
decrease in plasma concentration of xanthine in addition to a
fenofibrate induced increase in its fractional clearance. On the
other hand, in hypoxanthine metabolism the plasma concen-
tration, urinary excretion, and fractional clearance of hypox-
anthine did not change significantly after administration of
fenofibrate, suggesting that a decrease in the plasma concen-
tration of oxypurinol does not significantly affect the plasma
concentration of hypoxanthine. Both hypoxanthine and xan-
thine are substrates for xanthine dehydrogenase; however,
xanthine dehydrogenase has a higher Km value for xanthine
than for hypoxanthine. Therefore, the plasma concentration of
hypoxanthine may not be affected as much as that of xanthine
by a decrease in the plasma concentration of oxypurinol.

In uric acid metabolism, the decrease we observed in plas-
ma concentration of uric acid seems to have been due mainly
to a fenofibrate induced increase in the fractional clearance of
uric acid, although the effect of allopurinol on uric acid must
also be considered, because allopurinol (300 mg) has been
found to decrease the plasma concentration of uric acid by
about 30 to 60 ymol/l at 10 h after administration (unpub-
lished data). As a result, the 1 h urinary excretion of uric acid
was significantly increased by fenofibrate.

Finally, in oxypurinol metabolism, we observed that
fenofibrate enhanced the urinary excretion of oxypurinol, sug-
gesting that the hypouricemic effect of combination therapy
using allopurinol and fenofibrate may be less than additive,
although our study was for a short term with a higher than
usual dose.

Recent studies® ! have revealed that glucagon, glucose,
and losartan sodium increase the clearance of uric acid, xan-

thine, and oxypurinol, while furosemide causes them to
decrease, suggesting that uric acid, xanthine, and oxypurinol
share a renal transport pathway. We found that fenofibrate
increased the fractional clearance of uric acid, xanthine, and
oxypurinol, further suggesting that these 3 share a renal trans-
port pathway, although the mechanism remains undetermined.
A recent study'® using brush border membrane vesicles
showed that losartan, probenecid, and benzbromarone act on
a urate/anion transport pathway, thus fenofibrate, fenofibric
acid (the active metabolite), or other metabolites may also act
on the urate/anion transport pathway and increase the urinary
excretion of uric acid. Regardless of the means by which
fenofibrate induces uricosuria, attention must be paid to the
formation of calculi containing uric acid in the urinary tract,
as the uricosuric action of fenofibrate may increase their fre-
quency.

In this study, 3 day administration of fenofibrate decreased
the plasma concentration of triglyceride together with uric
acid, suggesting that this agent is useful for the treatment of
patients with gout with hypertriglyceridemia. Indeed, it is
occasionally used in patients with gout, as they frequently
experience hypertriglyceridemia'®. Fibrates, including fenofi-
brate, are widely used to decrease plasma triglyceride and
cholesterol concentrations, and to increase plasma HDL-cho-
lesterol concentration, and the mechanism by which fibrates
lower serum triglyceride have been recently described’. The
effects of fibrates on lipids are mediated, in part, through
alterations in the transcription factors of genes encoded for
proteins that control lipoprotein metabolism. Fibrates activate
peroxisome proliferator-activated receptor o. (PPAR), result-
ing in increased expression of apoA-I and apoA-II. Further,
they increase the expression of LPL, decrease that of apoC-III,
and increase the expression of genes for fatty acid transport
protein and acyl-CoA synthetase via PPAR. In addition,
fibrates increase peroxisomal and mitochondrial beta-oxida-
tion, decrease the synthesis of fatty acids and triglyceride, and
decrease the production of very low density lipoprotein
(VLDL). These effects lead to a decrease in the plasma con-
centration of triglyceride via enhanced catabolism of triglyc-
eride-rich particles and reduced secretion of VLDL, and an
increase in the plasma concentration of HDL-cholesterol.

Recently, it was reported that hypertriglyceridemia is an
independent risk factor for cardiovascular diseases, while
treatment for it decreases their frequency of onset*®. Several
other studies®-?2 have suggested that uric acid is an indepen-
dent risk factor for coronary vascular diseases, especially in
patients with hypertension. Therefore, antihypertriglyceri-
demic agents with strong uricosuric action may provide
greater protection against cardiovascular diseases in patients
with both hypertriglyceridemia and hyperuricemia compared
with other antihypertriglyceridemic agents, although an inter-
vention study must be undertaken before concluding that the
treatment for hyperuricemia reduces the rate of coronary vas-
cular disease in hyperuricemic patients with hypertension.
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From our results, it remains undetermined whether fenofi-
brate acts directly on the renal transport of uric acid, xanthine,
or oxypurinol. However, this agent seems to be effective for
the treatment of hyperuricemia, since the longterm
hypouricemic effect of fenofibrate, described in several stud-
ies??4, is comparable to that of probenecid. A study? using
benzbromarone, available in Europe and Japan but not in
Canada or the USA, revealed that the hypouricemic effect of
combination therapy of benzbromarone and allopurinol is less
than additive, since benzbromarone increases the urinary
excretion of oxypurinol. The same result may also be obtained
with a combination of fenofibrate and allopurinol as in our
study, although a longterm and usual-dose study is needed to
confirm whether the effect of combination therapy of fenofi-
brate and allopurinol on plasma concentration of uric acid is
less than additive. Since fenofibrate is occasionally used
together with allopurinol in patients with gout with hyper-
triglyceridemia, this type of longterm study is important.
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