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Summary Naproxen is a stereochemically pure nonsteroidal anti-inflammatory drug of

the 2-arylpropionic acid class. The absorption of naproxen is rapid and complete
when given orally. Naproxen binds extensively, in a concentration-dependent
manner, to plasma albumin. The area under the plasma concentration-time curve
(AUC) of naproxen is linearly proportional to the dose for oral doses up to a total
dose of 500mg. At doses greater than 500mg there is an increase in the unbound
fraction of drug, leading to an increased renal clearance of total naproxen while
unbound renal clearance remains unchanged.

Substantial concentrations of the drug are attained in synovial fluid, which is
a proposed site of action for nonsteroidal anti-inflammatory drugs. Relationships
between the total and unbound plasma concentration, unbound synovial fluid
concentration and therapeutic effect have been established.

Naproxen is eliminated following biotransformation to glucuroconjugated and
sulphate metabolites which are excreted in urine, with only a small amount of the
drug being eliminated unchanged. The excretion of the 6-O-desmethylnaproxen
metabolite conjugate may be tied to renal function, as accumulation occurs in
end-stage renal disease but does not appear to be influenced by age.

Hepatic disease and rheumatoid arthritis can also significantly alter the dis-
position kinetics of naproxen. Although naproxen is excreted into breast milk,
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the amount of drug transferred comprises only a small fraction of the maternal

exposure.

Significant drug interactions have been demonstrated for probenecid, lithium

and methotrexate.

Naproxen [S-(+)-2-(6-methoxynaphth-2-yl)pro-
pionic acid] is a 2-arylpropionic acid (2-APA)
nonsteroidal anti-inflammatory drug (NSAID).
Naproxen is a potent inhibitor of prostaglandin
synthesis,!!) and is now marketed as an over-the-
counter medication in the US. Naproxen is prescribed
for the treatment of rheumatoid arthritis, osteoar-
thritis, ankylosing spondylitis, and acute gouty ar-
thritis. Therapeutic doses of naproxen have proven
to be equi-efficacious when compared with other
commonly used NSAIDs.[>*] Naproxen also has anti-
pyretic activity and is effective in the treatment of
dysmennorhoea.[*] Naproxen exhibits analgesic ef-
fects and is used clinically for short term allevia-
tion of post-operative pain, as well as migraine at-
tacks.l] Gastrointestinal complications are the most
common adverse effect, although renal dysfunc-
tion and hypersensitivity reactions also occur.

The clinical pharmacokinetics and pharmaco-
dynamics of several of the chiral NSAIDs have
been well established.[6-!1 However, as each mem-
ber of this pharmacological class demonstrates
unique pharmacokinetic features which distinguish
them from each other, assessment of the pharma-
cokinetics of each NSAID, on an individual basis,
is essential.

General review articles are available dealing with
the pharmacological properties and therapeutic
utility of naproxen.!>*! However, these articles do
not give detailed information on the unique features
ascribed to the clinical pharmacokinetics of napro-
xen. This article comprehensively reviews the clin-
ical pharmacokinetics of naproxen and its metabo-
lites.

1. Pharmacokinetic Properlies

1.1 Absorption

Naproxen is usually administered orally, but has
also been administered topically, intravenously,
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intramuscularly and rectally. Conventional regular
release tablets, capsules, enteric-coated tablets,
suspensions, sustained and controlled-release pre-
parations, gels and suppositories are commercially
available.

Table I shows the absorption properties of
naproxen when administered in different formula-
tions in various disease states. Naproxen appears
to be completely absorbed, whether given as a sus-
pension, capsule or tablet.[%3! Following oral ad-
ministration, the extent of naproxen absorption re-
sults in a similar area under the concentration-time
curve (AUC) compared with intravenous adminis-
tration.[63-64] Following single dose administration
of regular release preparations, doses of up to 4g
are rapidly absorbed, with peak plasma or serum
drug concentrations (Cyax) observed between 0.5
and 3 hours after administration.[1523.64]

The AUC is linearly proportional to dose up to
a total dose of 500mg.[%4] Multiple dose administr-
ation yields absorption characteristics similar to
those seen after single doses.57!

Naproxen is a weak acid (pKa =4.15). Attempts
have been made, based on this physicochemical
characteristic, to enhance the rate of absorption
from different naproxen formulations and thereby
provide an earlier onset of pharmacological ef-
fect. The sodium salt tablets have been shown to be
absorbed at a higher rate with higher plasma con-
centrations when compared to naproxen free acid
tablets in healthy volunteers.[®5] However, this
pharmacokinetic feature did not result in an earlier
onset of analgesia. In fact, statistically significant
differences in analgesic effects were not seen until
4 or 5 hours after medication in patients with post-
partum pain.[65]

1.1.1 Routes of Administration

When compared with the bioequivalent formula-
tions of regular release tablets, enteric-coated, sus-
tained release and controlled-release preparations have
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Table I. Absorption characteristics of naproxen (single doses of oral formulations administered to healthy adults except where indicated)

No. of patients Age? {y) Dose Crnax tmax AUC Reference
(type) [range] (no. of days) (mg/L) (h) (mg/Leh)
6 NR (3 x 100mg) ~57 -2 653 12
150mg CW supp ~42 ~4 345
300mg CW supp ~23 ~4 641
150mg WS supp ~48 ~2 393
300mg WS supp ~32 ~2 633
9 RD children 10.8 [5-14] 5 mg/kg, <50kg and 250mg >50kg 59.4 1-3 774 13
6 23 [22-25) 500mg 77.6 2 NR 14
500mg supp 65.7 2 NR
16 20[18-23] 1000mg 110 NR 1402 15
2000mg 155 NR 2187
3000mg 169 NR 2614
4000mg 210 NR 2796
12 NR Sequence 1 16
250mg bid x 7 D 55.5 NR 1155
250mg bid & PB 500mg bid x 7 D 67.7 NR 1926
12 NR Sequence 2 16
250mg bid x 7 D 64.5 NR 1604
250mg bid & PB 500mg bidx 7 D 435 NR 821
NR 26.6 [23-43] 250mg 52.63 1.78 269.96 17
63.8 [54-74] 250mg 49.8 25 241.742
61.25 [50-71] 250mg 40.85 1.05 187.05
8 34 [24-45) 250mg 44.3 2 797 18
8 MRF 56 [34-79] 250mg 315 2 763
8 SRF 56 [42-67] 250mg 27.0 2 475
11 hepatic disorders  NR 250mg 44.69 2.59 NR 19
9 NH 57 [34-77] 250mg 18.89 5 566.73 20
" 28 {21-39] 250mg 34.8 2.6 580 21
250mg + AIOH, 200 mg/mi; MgOH, 200  37.2 25 579
mg/5ml; and SIM, 20 mg/5ml
3 febrile children [6-13] 10 mg/kg suspension 55 NR 821 22
7 post-op children 10 mg/kg suspension 49 NR 713
12 [23-42] 250mg 1st time 54.8 2.9 992 23
250mg 2nd time 65.1 1.7 1094
12 [23-42) 250mg 1st time 53 31 858 24
250mg 1st time 62.8 1.8 977
8 28 250mg 52.63 2 NR 25
250mg + 4g CSM in 100mi orange juice  34.49 4.11 631
10 [20-52] 500mg EC 534 5.6 1494 25
500mg 77.2 18 1324
1 [19-25] 500mg EC x5 D 66.2 45 1156 25
250mg bid x5 D 74.9 14 1248
11 [21-51] 500mg EC bid x 5D 1135 4.7 984 25
500mg bid x5 D 106.3 1.4 861
1 [19-25] 500mg sodium supp 65.8 1.4 1456 26
500mg tablets 73.4 2.4 1435
6 [20-54] 500mg sodium supp 78.8 0.9 1675 26
500mg supp 59.6 27 1448
© Adis International Limited. All rights reserved. Clin, Pharmacokinet, 1997 Apr; 32 (4)
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No. of patients Age? (y) Dose Crmax tmax AUC Reference
(type) [range] (no. of days) (mg/L) (h) (mg/L e h)
10 [22-39) 375mg 61.5 1.86 NR 27
375mg x 9 days 58.2 1.46 NR
10E [66-81] 375mg 59.5 2.22 NR
375mg x 9 days 64.2 1.84 NR
10 29.1 [22-39] 375mg 63.2 1.4 NR 28
375mg bid x 13 doses 94.8 1.5 NR
10AC 41.1[31-59] 375mg 47.4 1.3 NR
375mg bid x 13 doses 84.2 1.8 NR
7 23 [19-28] 1000mg qd x 4 days NR NR 1650 29
500mg bid x 4 days NR NR 2780
13EQA 84.2 [76-93] 500mg bid x 21 days NR NR 487 30
6 Middle aged OA 53.9 [49-64] 500mg bid x 21 days NR NR 369
1RA 58 500mg bid active disease 90.9 NR 699 31
500mg bid improvement 125.6 NR 1134
6 24.3[21-30] 500mg 500 mg + sucralfate 2g 95.6 2.2 1624 32
84.2 4.1 1609
12 [18-27] 500mg 82.7 1.4 1310.4 33
500mgq + sucralfate 2g 76.0 2.2 1288.8
500mg bid for 10 doses
500mg bid for 10 doses sucralfate 108.5 1.8 1761.0
99.3 2.3 1666.2
5 [22-30] 500mg vaginal supp 8.1 6-8 NR 34
[} [21-30] 750mg CR 47.9 6.0 1551 35
750mg 93.2 1.7 1435
14 [22-30] 1000mg CR 58.5 10.2 1920 35
500mg bid 81.2 2.0 2036
12 [22-30] 750mg CR x 5 days 701 45 1293 35
375mg bid x 5 days 90.4 1.7 1416
14 {22-30] 100mg CR x 7 days 78.3 50 1319 35
500mg bid x 7 days 101.7 1.4 1480
8 RA 62 [55-65] 500mg bid 79 NR 641 36
8 24 [21-27] 500mg bid 110 NR 896
12 32.8 500mg 63.3 0.95 685 37
500mg + SGT 200mg 60.4 1.10 651
14 26.5[21-35] 500mg bid 81.3 1.4 1907.3 38
1000mg CR 58.4 1.3 1703.2
500mg bidx 7 D 97.2 1.5 1397.9
1000mg CRqd x7 D 72.4 34 1286.2
6 OA [63-75] 500mg bid 60.7 08 NR 39
23 [19-32] 375mg bid x 15 doses 79.9 [2-4] 696 40
750mg bid x 15 doses 110.9 [2-4] 961
25E [65-74] 375mg bid x 15 doses 71.6 [2-4] 670
750mg bid x 15 doses 109.7 [2-4] 977
7 median 33 [26-36] 1000mg 107.3 1 2171 41
10 RA median 69 [66-85] 1000mg 111.5 2 2073
22 34.3[21-44] 500mg supp 54.5 3.1 1151 42
12 [25-42) 1000mg CR fasting 63.1 9.67 2221 43
1000mg CR postprandial 86.1 7.67 2111
Continued over page
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Table 1. Contd

No. of patients Age? (y) Dose Crmax tmax AUC Reference
(type) [range] (no. of days) (mg/L) (h) (mg/L e h)
12 21.6{18-32] 750mg CR 429 1.8 1524.3 44
2 x 375mg CST 97.3 2.4 1488.4
2x375mg UST 98.6 23 14913
6 RA 58.8 [49-64] 500mg bid 84.2 2.22 NR 28
Active RA 1.84 NR
500mg bid 105.1 1.86 NR
Remission 1.46 NR
6E 73 500mg bid x 14 days 88 NR 694 45
4 RA 24 500mg bid x 4 days 110 NR 896
20A8
12 [18-42] 500mg SR fasting 40.8 5.08 1118.7 46
500mg SR postprandial 38.2 10.3 1156.1
500mg 71.0 1.58 1033.0
18 [18-42] 250mg qid x 7 days 99.5 0.89 1640.6 46
1000mg SR qd x 7 days 110.7 1.36 1580
500mg bid x 7 days 101.8 5.00 1560
6 35 [27-49] 500mg CR 458 1.0 1393 47
500mg CR 454 8.7 1258
500mg CR 47.3 9.3 1400
18 23.2 [19-30] 500mg 712 22 1122.2 48
500mg + standard meal 67.4 1.9 1131.4
2 x 1g chewable sucralfate + 53.9 41 1148.4
500mg 30 minutes after
12 34.9 {20-45] 750mg 106.18 3.25 1808.73 49
750mg CR 63.06 4.35 1990.43
18 34.7 [20-45) 750mg CR 62.35 4.0 2010.07 49
375mg 56.69 2.06 793.48
500mg 65.53 3.06 973.86
18 34.7 [20-45) 750mg CR qd x 7 days 100.5 344 1741.47 49
375mg bid x 7 days 87.62 2.39 751.54
500mg bid x 7 days 95.08 1.83 876.72
8 [19-22] 250mg 23.9 7.1 677 50
250mg EC fasted 19.4 7.2 678
250mg EC fed 21.0 104 661
12 30.5 [27-42] 750mg 88.9 1.8 1547 51
750mg CR 59.5 5.3 1682
750mg CR qd x 6 76.3 45 1313
25 febrile adults [18-55] 500mg tablet 66.3 2.9 7345 52
25 febrile children [10-14] 500mg suspension 53.8 2.2 692.1
250mg tablet 47.2 3.3 572
250mg suspension 49.7 2.4 548
12 35.2[21-52)] 70mg CR fasting 69.6 4.08 1978.7 53
750mg CR postprandial 59.9 5.0 1778.6
12 [18-22] 500mg 10:00h 81.71 1.36 1434.8 54
500mg 22:00h 70.458 2.70 1482.9
7 median 22 1000mg EC fasting 106 50 NR 55
1000mg fed 103 6.0 NR
© Adis International Limited. All rights reserved. Clin. Pharmacokinet. 1997 Apr: 32 (4)
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Table 1. Contd

No. of patients Age? (y) Dose Cimax tmax AUC Reference

(type) [range] (no. of days) (mg/L) (h) {mg/L e h)

10 [25-57] 500mg with attacks 68.9 2.89 786.2 5

MA 500mg without attacks 70.6 1.89 695.4

12 [24-42] 250mg 46.1 1.3 691 56
250mg supp 412 1.7 668

10 [20-50] 500mg 61.5 1.3 NR 57
500mg and cimetidine 400mg bid 59.7 1.2 NR

6 [20-50] 500mg 61 14 1060 57
500mg; cim 400mg bid 58 1.4 846
500mg; ran 150mg bid 68 1.4 1064
500mg; fam 20mgq qd 65 14 984

14 221 500mg caplet 77.9 1.02 1210.2 58
500mg tablet 71.4 1.5 1211.0

24 [22-47] 500mg EC 94.9 4.0 845.0 59
500mg 97.4 1.9 766.8

23C [(8-14] 250mg tablet 68.5 2.67 703 60
250mg suspension 54.6 2.16 859

24 27 [18-38] 500mg alone day 16 113 1.3 869 61
500mg + zileuton 800mg day 10 112 1.8 903
500mg + placebo day 10 99 2.0 780
500mg alone day 16 104 1.6 829

28 [21-44)] 250mg 35.48 2.86 560.5 62
500mg 64.05 2.25 942.24

a Mean age; range in parentheses.

Abbreviations: AC = alcoholic cirrhosis; AIOH = aluminum hydroxide; AUC = area under the concentration-time curve; bid = twice daily;
C = children; Cmax = peak plasma drug concentration; CR = controlled release; CSM = cholestyramine; CST = Canadian standard tablets;
CW = Carbowax; DM = diabetes mellitus; E = elderly; EC = enteric coated; HF = healthy fasted; HNF = heaithy non-fasted; MA = migraine
attacks; MgOH = magnesium hydroxide; MRF = moderate renal failure; NH = neoplastic hypoproteinemia; NR = not reported; PB = probenecid;
qd = daily; qid = 4 times daily; g6h (q12h) = every 6 (12) hours; RA = rheumatoid arthritis; Rl = renal insufficiency; SIM = simethicone; SRF
= severe renal failure; SGT = sulglycotide; supp = suppository; tmax = time taken to achieve Cmax; UST = United States standard tablets; WS

= whitesupol.

alower Cp,« and a delayed time to attain maximum
CONCENLrations (tyay).12335384464749-51.585961.67 Napro-
xen is rapidly and well absorbed by the lower in-
testinal tract from suppositories,[12:14,26,42,56,68,69]
The absorption is significantly faster for naproxen
sodium suppositories when compared with bio-
equivalent naproxen tablets.[3*! The rate of absorp-
tion and the bioavailability are significantly higher
for naproxen sodium suppositories when com-
pared to naproxen free acid suppositories.[?8! The
vaginal absorption of naproxen was investigated in
5 healthy pre-menopausal women, the study dem-
onstrated that naproxen was absorbed, but not to
therapeutically useful concentrations.’* After cu-
taneous application of gels containing naproxen

© Adis International Limited. All rights reserved.

the drug is absorbed slowly, reaching a Cpax 24
hours after application; bioavailability is between
1 and 2.1%.19

1.1.2 Effects of Food

Several studiest33:63.641 indicate that the intake
of food delays the absorption of naproxen, possibly
by delaying the stomach emptying time coupled
with slow gastric absorption. One study!*® indicates
that administration of a standard meal with napro-
xen is accompanied by a significant increase in the
rate of absorption, without any significant change
in other pharmacokinetic variables when com-
pared with naproxen alone.

An increase in gastrointestinal pH following
food intake may facilitate dissolution of naproxen

Clin. Pharmacokinet. 1997 Apr; 32 (4)
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and accelerate the rate of absorption which, by
analogy, can be compared to the acceleration of
naproxen absorption when taken with sodium bi-
carbonate.[’! Differences between protocols may
account for the differential effects of food in these
studies. For example, in the initial study by Runkel
et al.,l%3] naproxen was administered as a suspen-
sion in the middle of a fatty meal. The rate and
extent of absorption of a naproxen controlled-
release tablet is not substantially altered by the in-
gestion of food.!*®) However, in one study!>3! the
Chax decreased by about 14% when taken with
food and, conversely, increased by 37% with food
in another study,3! indicating the necessity of dis-
tinguishing between different controlled-release
formulations and/or diets.

1.1.3 Effect of Different Disease States

Different disease states may affect naproxen ab-
sorption. For example, post-operative patients have
demonstrated a reduction in gastrointestinal ab-
sorption.??! Drug absorption may be slightly de-
layed during migraine attacks, which may be related
to delayed gastric emptying, and could potentially
delay the onset of analgesic effects.[> Patients with
chronic hepatic impairment having underlying chol-
estasis show a significant decrease in the rate of
absorption.!) In addition, patients with severe di-
abetic microangiopathy show evidence of a 30%
decrease in the fraction of dose absorbed.!'”! How-
ever, absorption characteristics after both single
and multiple doses are not significantly different in
rheumatic disease states.%7]

1.1.4 Drug Interactions

Antacids containing magnesium oxide, alumi-
num hydroxide and, to a lesser extent, magnesium
carbonate appear to interfere with naproxen ab-
sorption through the formation of poorly diffusible
complexes.[7!) However, a mixture of aluminum
hydroxide/magnesium hydroxide and simethicone
with and without naproxen after single and multi-
ple doses in healthy volunteers did not appear to
affect the bioavailability of naproxen.[?!} Concom-
itant administration of cholestyramine resin causes
a zero-order absorptive process due to binding of
naproxen.?!l Sucralfate may delay the ty, of

© Adis International Limited. All rights reserved.

naproxen, but does not affect bioavailability.[32:33-32]
The concomitant intake of the H,-histamine antag-
onists (e.g. cimetidine, ranitidine and famotidine)
does not appear to interfere with the absorption
process.[7273]

1.1.5 Circadian Rhythm

The influence of chronobiology has demon-
strated a decrease in Cpax and a delay in ty,y, with
a corresponding lower absorption rate constant af-
ter a-22:00 hour dose when compared to a 10:00
hour dose, which is attributed to decreased gastric
pH coupled with the poor water solubility of
naproxen, retarded intestinal motility and lower
blood flow at night.P4

1.2 Distribution

Table II summarises the pharmacokinetic prop-
erties of naproxen in healthy volunteers.

The apparent volume of distribution (Vd/F), de-
termined after oral administration, is between 5 and
10L in humans (0.1 to 0.2 L/kg), which approxi-
mates plasma volume and is consistent with other
2-APA NSAIDs.[6:810.110 However, since protein
binding is concentration-dependent, the estimated
Vd/F will vary with changes in protein binding.

1.2.1 Protein Binding

Naproxen is extensively (>99.9%) bound in
plasma, serum and in solutions of human serum albu-
min with high affinity (K = 5-8 x 10% L/mol) and
large capacity at therapeutic concentrations.[’>771
In human plasma and in solutions of albumin, at
concentrations similar to human plasma, naproxen
binding is high and not modified by pH variations
(5 t0 7.8) or albumin concentrations (1 to 7 g/100ml).
At a plasma concentration of 100 mg/L, the degree
of protein binding is 99% (96% bound to albumin),
whereas at a concentration of 500 mg/L the respec-
tive percentages were 93 and 87%.

Naproxen is principally bound to albumin but
also appears to be bound to globulins;"8! it binds
significantly to salivary proteins but to a lower ex-
tent (66%).I°1 Consequently, naproxen is primarily
confined to the central compartment, reflected by
its relatively small Vd/F (0.1 to 0.2 L/kg), which is

Clin. Pharmacokinet. 1997 Apr; 32 (4)
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Table HI. Pharmacokinetic properties of naproxen in heaithy volunteers (oral IR dosage forms administered in single doses, except where
indicated)

No. of Age? (y) Dose t, Vd/F CL/F Reference

patients [range] (no. of days) () (Lkg)® {L/hkg)®

6 NR 100-300mg 13.9 0.09 NR 63

6 23 [22-25} 500mg 10.25 NR NR 14
500mg supp 10.25 NR NR

16 20 [18-23] 1000mg 13.75 NR 0.21 15
2000mg 13.75 NR 0.21
3000mg 13.75 NR 0.187
4000mg 14.25 NR 0.18

6 NR 500mg 13.9 NR NR 16
500mg and 1g PB qid day 1 and 36.7 NR NR
500mg qid on days 2 and 3

12 NR Sequence 2 16
250mg bid x 7 days and PB 500mg bid  17.3 NR NR
X 7 days
250mg bid x 7 days

12.5 NR NR

7 26.6 [23-43] 250mg 14.91 0.094 NR 17

n 28 [21-39] 250mg 16.4 0.057 NR 21
250mg + AIOH, 200 mg/m!; MgOH, 16.4 0.052 NR
200 mg/5ml; and SIM, 20 mg/sml

12 [23-42] 250mg 1st time 17.4 NR 4.27 23
250mg 2nd time 18.8 NR 3.97

12 [23-42] 250mg 1st time 16.3 NR 4,93 23
250mg 1st time 16.7 NR 4.30

8 28 250mg + 4g CSM in 100ml orange juice 12.66 NR NR 21

11 [19-25] 500mg sodium supp 17.2 NR NR 26
500mg tablets 172 NR NR

6 (20-54] 500mg sodium supp 17.3 NR NR
500mg supp 16.8 NR NR

10 [20-52] 500mg EC 16.7 NR NR 25
500mg 16.4 NR NR

10 [20-52) 500mg EC 16.7 NR NR 25
500mg 16.4 NR NR

10 29 [22-39) 375mg NR 0.125 0.0056 27
375mg bid x 9 days NR 0.164 0.0074

7 23 [19-28] 1000mg qd x 4days 12.3 0.139 0.0084 29
500mg bid x 4 days 9.5 0.105 0.0078

6 24.3 [21-30] 500mg 15.9 NR NR 32
500mg + sucralfate 2g 15.7 NR NR

12 [18-27] 500mg 15.5 NR NR 33
500mg + sucralfate 2g 14.3 NR NR
500mg bid for 10 doses 14.9 NR NR
500mg bid for 10 doses sucralfate 14.1 NR NR

6 [21-30] 750mg CR 19.8 NR NR 35
750mg ) 17.2 NR NR

14 [22-30] 1000mg CR 16.4 NR NR 35
500mg bid 14.7 NR NR

14 [22-30] 100mg CR x 7 days 14.8 NR NR 35
500mg bid x 7 days 137 NR NR  continued over page
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Table Il. Contd

No. of Age? (y) Dose te Vd/F CLF Reference

patients [range] (no. of days) (h) (Lkg)® (L/h/kg)®

12 328 500mg 8.39 7.63 NR 37
500mg + SGT 200mg 7.93 79 NR

14 26.5 [21-35] 500mg bid 13.3 NR NR 38
1000mg CR 13.9 NR NR
500mg bid x 7 days 12.9 NR NR
1000mg CR qd x 7 days 13.6 NR NR

23 [19-32) 375mg bid x 15 doses 13.4 NR NR 40
750 bid x 15 doses 12.2 NR NR

12 21.6 [18-32] 750mg CR 14.4 NR NR 44
2x375mg CST 16.1 NR NR
2 x 375mg UST 16.5 NR NR

7 median 33 [26-36] 1000mg 16.8 0.144 0.0058 41

22 34.3 [21-44] 500mg supp 15.2 0.147 0.445 42

12 [25-42] 1000mg CR fasting 17.3 NR NR 43
1000mg CR postprandial 17.6 NR NR

8 24 500mg bid x 4 days 10.08 0.1 0.0079 45

12 [18-42] 500mg SR fasting 15.3 NR NR 46
500mg SR postprandial 19.1 NR NR
500mg 15.5 NR NR

18 [18-42] 250mg qid x 7 days 13.0 NR NR 46
1000mg SR qd x 7 days 17.9 NR NR
500mg bid x 7 days 13.6 NR NR

6 35 [27-49] 500mg CR 16.2 NR NR 47
500mg CR 15.6 NR NR
500mg CR 15.6 NR NR

18 23.2[19-30] 500mg 15.9 NR NR 48
500mg + standard meal 15.5 NR NR
2 x 1g chewable sucralfate + 15.0 NR NR
500mg 30 minutes after

18 34.7 [20-45) 750mg CR 18.65 NR NR 49
375mg 8.47 NR NR
500mg 9.00 NR NR

18 34.7 [20-45] 750mg CR qd x 7 days 21.04 NR NR 49
375mg bid x 7 days 8.27 NR NR
500mg bid x 7 days 8.99 NR NR

12 34.9 (20-45) 750mg 1217 NR NR 49
750mg CR 21.02 NR NR

8 [19-22] 250mg 15.9 NR NR 50
250mg EC fasted 17.8 NR NR
250mg EC fed 17.5 NR NR

12 30.5 [27-42] 750mg 17.8 NR NR 51
750mg CR 18.88 NR NR
750mg CR qd x 6 19.9 NR NR

12 35.2[21-52] 750mg CR fasting 223 NR NR 53
750mg CR postprandial 209 NR NR

12 [18-22) 500mg 10:00h 18.32 NR NR 54
500mg 22:00h 17.15 NR NR

© Adis International Limited. All rights reserved.
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Table . Contd
No. of Age? (y) Dose tis Vd/F CUF Reference
patients frange] (no. of days) (h) (Lkg)® (L/h/kg)©
12 [24-42] 250mg 15.1 NR NR 56
250mg supp 14.6 NR NR
10 [20-50] 500mg 25.8 NR 0.00678 57
500mg; cimetidine 400mg bid 132 NR 0.00841
6 [20-50] 500 mg 257 0.2 0.0066 57
500mg; cimetidine 400mg bid 13.0 0.15 0.0087
500mg; ranitidine 150mg bid 16.0 0.11 0.0070
500myg; famotidine 20mg qd 13.0 0.13 0.0075
14 221 500mg caplet 16.7 NR NR 58
500mg tablet 16.9 NR NR
24 [22-47) 500mg EC 16.3 NR NR 59
500mg 16.9 NR NR
6 60.91 [37-79] 500mg 63.5 2.4 1022 74
RA upPC 0.306 27 3.31
OA SFC 18.4 12.2 710
PSA SFUC 0.130 14.8 4.26
6 500 mg g12h x 7 days + 89.1 1.9 769
single dose day 8
UpPC 0.697 25 4.38
SFC 46.9 5.2 501
SFUC 0.514 4.0 4.93
24 27 [18-38} 500mg alone day 16 11.0 0.117 0.0070 61
500mg + zileuton 800mg day 10 13.3 0.135 0.0081
500mg + placebo day 10 10.4 0.123 0.0075
500mg alone day 16 10.6 0.119 0.0072
28 [21-44] 250mg 12.27 0.115 0.0066 62
500mg 13.34 0.138 0.0079

a Mean age; range in parentheses.
b Vd/F = apparent volume of distribution after oral administration.
¢ CL/F = plasma clearance of drug after oral administration.

Abbreviations: AIOH = aluminum hydroxide; C = children; CR = controlled release; CSM = cholestyramine; CST = Canadian standard tablets;
CW = Carbowax; EC = enteric coated; MgOH = magnesium hydroxide; NR = not reported; OA = osteoarthritis; PB = probenecid; PSA =
psoriatic arthritis; qd = daily; gid = 4 times daily; g6h = every 6 hours; q12h = every 12 hours; RA = rheumatoid arthritis; SFC = synovial fiuid
concentrations; SFUC = synovial fluid unbound concentrations; SIM = simethicone; SGT = sulglycotide; supp = suppository; t1» = elimination
half-life; UC = unbound concentrations; UST = United States standard tablets; WS = whitesupol.

similar to that of other chemically related NSAID
structures.[6:10:111

Unconjugated O-desmethylnaproxen is fully
bound to plasma proteins. Binding of acylglucu-
ronides is less; 92% for naproxen acylglucuronide,
66% for naproxen isoglucuronide, 72% for 6-des-
methylnaproxen acylglucuronide and 42% for 6-
desmethylnaproxen isoglucuronide.l>7!

The plasma naproxen free fraction increases
with increasing concentrations of the drug in the

© Adiis International Limited, All rights reserved,

23 to 800 mg/L range, resulting in a nonlinear AUC
with increasing doses above 500mg.[7480-821 Al
though these results have been confirmed by other
investigators, the actual free fraction values are
considerably lower than those initially reported by
Runkel et al.[831 This may be due to differences in
analytical methodology or between plasma and
serum protein binding.

A recent study also demonstrates nonlinearity in
synovial fluid protein binding. Naproxen synovial
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fluid protein binding is concentration-dependent
between 10 and 100 mg/L.l74]

The protein binding of naproxen is dependent
on the amount and nature of circulating protein,
especially albumin, which may decrease in renal
and liver disease and is lower in synovial fluid.
Changes in protein binding are also attributable to
an accumulation of endogenous substances, such
as organic acids. Protein binding is significantly
lower in patients with impaired renal function with
increased serum urea, serum creatinine and total
protein concentrations, and a relative increase in
naproxen free fraction as well as in unbound con-
centrations are evident in severe renal failure.8!]

Protein binding has also been shown to be re-
duced in patients with arthritis and hyopalbumin-
aemia,[!3! and in patients with various hepatic
diseases.[®2] In contrast, the degree of plasma pro-
tein binding remains constant in patients with neo-
plastic hypoproteinaemia.[?0]

1.2.2 Synovial Fluid Distribution

The synovium is the proposed site of action for
NSAIDs in various rheumatic diseases. Substantial
concentrations of naproxen have been detected in
synovial fluids and synovial tissue of patients with
rheumatoid arthritis and osteoarthritis.[39.74.84-891
Naproxen concentrations were determined in artic-
ular tissues at steady state and have been shown to
concentrate in the synovial membrane and joint
capsula rather than in bone and cartilage. [

The synovial fluid studies indicate that naproxen
has a longer tmax, a lower Cpax and a longer elimi-
nation half-life (ti,) in synovial fluid when com-
pared with plasma.[3%.74.85-88] Ope study suggests

-that the elimination ti, is longer in rheumatoid ar-
thritis but not in osteoarthritis, 36! which contrasts
with the findings of other studies investigating pa-
tients with osteoarthritis.[387] Concentrations of
6-desmethylnaproxen are reported to be extremely
low in all synovial fluid samples.3%! After repeated
oral doses of naproxen, steady-state peak concen-
trations in synovial fluid are reported to be 65% of
that in plasma,[374 or even higher in synovial
fluid, 37} with a ratio of synovial fluid to plasma
concentration of 2.4,

© Adis International Limited. All rights reserved.

The average AUC of unbound naproxen in
plasma and synovial fluid was the same over a dos-
age interval at steady state, but were not the same
after a single dose, where the mean unbound syno-
vial fluid AUC was 1.2 times the mean unbound
plasma AUC.U"4 Free fractions of naproxen are sig-
nificantly higher in synovial fluid (0.14%) when
compared with plasma (0.11%), which is likely to
be due to lower albumin concentrations in synovial
fluid.477

The clinical effectiveness, as demonstrated by
decreases in morning stiffness and Lee Index
scores (a functional index of rheumatoid arthritis),
appears to correlate with the free concentration of
naproxen in synovial fluid.'1 However, a more re-
cent investigation demonstrated that whereas pros-
taglandin E; concentrations were low after both
short and long term administration, temporal and
dose relationships of prostanoid concentrations with
synovial fluid concentrations of naproxen could
not be discerned.["*!

There are currently no published studies or in-
formation about naproxen concentrations in syno-
vial fluid after cutaneous application.

1.2.3 Distribution into Other Tissues

There are few data regarding the distribution of
naproxen into other tissues and fluids.

Naproxen saliva concentrations in healthy indi-
viduals treated with a single 550mg dose show con-
centrations approximately 60% of serum concen-
trations (with a Cpyax of 24 mg/L., tmax of 4 hours,
and elimination ti, of 24 hours), corresponding to
the clinical effectiveness of naproxen in dental pain
and inflammation.[”%!

Naproxen rapidly crosses the placental barrier
after oral administration to pregnant women,?!

1.3 Metabolism

Naproxen undergoes phase I dealkylation by cy-
tochrome P450 (CYP) to the O-demethylated
metabolite, followed by phase II acylglucuronida-
tion.’”! Hence, naproxen is oxidised to 6-O-des-
methylnaproxen (6-DMN) and conjugated to napro-
xen acyl glucuronide and 6-O-desmethylnaproxen
acylglucuronide (6-DMNG).[64
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A preliminary report demonstrated that human
liver microsomal O-demethylation of S-naproxen
was decreased by the CYP2C9-specific inhibitor
sulfaphenazole.[%2] A subsequent investigation has
shown that sulfaphenazole reduced microsomal
demethylation of S-naproxen by 47%, and the
CYP1A2 inhibitor furafylline decreased O-de-
methylation of S-naproxen by 28%, suggesting that
CYP2C9 and 1A2 together account for the major-
ity of human liver demethylation of naproxen.[?3]

It has been reported that naproxen is excreted in
urine unchanged (approximately 70% of the dose)
and as 6-DMN (approximately 30% of the dose).!!5]
It has also been reported that in adults 80% of
naproxen and 97% of 6-DMN is conjugated. How-
ever, in children 60 and 63% of naproxen and 6-
DMN respectively are excreted as glucuronide
metabolites.[22]

In other studies, naproxen is mainly excreted as
conjugates of naproxen and 6-DMN in proportions
of approximately 29 and 19% of the dose, respec-
tively.[%¥ In healthy volunteers, approximately 80
to 100% of the total dose is recovered in urine. Phase
IT glucuronidation consists of naproxen acylglucu-
ronide (approximately 51%), the 6-DMN dealkyl-
ated metabolite (approximately 14%), and the re-
spective isoglucuronides (~7% and ~6%).

Naproxen and 6-DMN are excreted in negli-
gible amounts (<1% intact).[>’] The conflicting
differences in metabolic data may be due to the
instability and spontaneous hydrolysis of the
glucuroconjugated metabolites of naproxen to form
the parent drug, or isomerisation to form a glucu-
ronidase resistant isoglucuronide in alkaline media.
Naproxen conjugates can hydrolyse to the parent
compound dependent upon the duration of frozen
sample storage, freezing and thawing of samples,
the analytical procedures used and urinary reten-
tion in the bladder.?”]

The 6-DMN metabolite is 1% as active as napro-
xen acid in animal model anti-inflammatory tests,
while the dose which kills 50% of rats (LDsp) is
more than 12 times higher when compared with
naproxen.[95.96]

© Adis International Limited. All rights reserved.

When radioactive naproxen is administered in-
travenously, 1 to 2% of the administered dose is
recovered in the stool, most likely because of bil-
iary excretion.!%¥ The existence of O-desmethyl-
naproxen sulphate in patients with impaired kidney
function, and in healthy volunteers suggests that
this metabolite may account for 10.8% of the ad-
ministered dose.!?”) Neither the total 24-hour uri-
nary recoveries, nor the metabolite profiles reveal
any systemic dose-related effects.[64]

1.4 Elimination

The excretion of the drug and metabolites oc-
curs in both urine and faeces. In humans, more than
~80% of each daily dose is excreted as conjugates
in urine. The conjugates eliminated consist of
naproxen acylglucuronide (aproximately 51%), 6-
O-desmethylnaproxen acylglucuronide (approxi-
mately 14%), and their respective isoglucuronides
(~7% and ~6%).17! After administration of 3H-
labelled naproxen, approximately 1 to 2% of the
injected dose is excreted in faeces.[%] While the
urinary excretion rate tends to accelerate as naproxen
plasma concentrations rise between 100 and 200
mg/L, unbound clearance remains unchanged.[!!

No studies have examined the biliary elimination
pathway and the degree to which naproxen and its
metabolites are enterohepatically recycled.

There are a possibility that naproxen could be
eliminated in breast milk and, therefore, ingested
by an infant. A case study!®®] reports that the max-
imum naproxen concentrations in breast milk ap-
pear 4 hours post dose administration (0.114 to
0.125 mg%) with an apparent t,, of 22.8 to 23.8
hours after naproxen 250mg twice daily. The cor-
responding Cpax for 375mg twice daily administra-
tion is 0.237 mg%. The total dose recovered from
urine in the infant (0.47mg) is 0.26% of the mater-
nal dose with a ti, paralleling the breast milk
profile. Low concentrations in breast milk may be
attributable to the high degree of plasma protein
binding and the lower pH of breast milk when com-
pared with plasma. Extrapolation of this study to
nursing mothers suggests that infant exposure to
naproxen via breast milk is minimal.
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2. Therapeutic Implications
for Naproxen

2.1 Dosage and Therapeutic Range

The recommended initial dosage for naproxen
is 250 to 375mg twice daily. The maintenance dose
is 375mg to 750mg daily in 2 dosages as needed
for the treatment of inflammatory conditions. At
doses of up to 500mg twice daily, it has been sug-
gested that a linear relationship is observed be-
tween the dose and AUC.[15:63.64] However, a more
recent study!'%?] suggests the possibility of dose-
dependent pharmacokinetics occurring between
commonly used doses (i.e. 250 to 500mg).

At doses greater than 500mg a linear relation-
ship is not maintained, due to an increase in the
total renal clearance of naproxen, which is a con-
sequence of the saturation of plasma protein bind-
ing sites.[15-63.641 Ap increment in dosage of 500 and
1000 mg/day produces, on average, 34.5% and
14.6% increases in mean trough concentration re-
spectively.

A study by the same group!!3] shows that AUC
does not plateau in the 900mg dose region, but rises
in a nonlinear fashion with incremental dosage
increases up to 4 g/day and, patients show excellent
drug tolerance. In addition, there is a linear increase
in naproxen free fraction produced with increasing
dosage, which could increase the effectiveness
and/or toxicity; however, no clinical or experimen-
tal data are available to substantiate this hypo-
thesis.

It has been difficult to establish relationships
between plasma concentrations of NSAIDs and the
clinical effectiveness of these drugs in chronic ar-
thropathies, and between dose administration re-
gimens. However, several plasma concentration-
effect relationships have been elucidated for
naproxen.[749%:1001 A dose-response relationship in
the range of 250 to 1500 mg/day has been demon-
strated for naproxen in patients with arthritis. A
serum concentration-response relationship is evid-
ent with trough naproxen concentrations, with a
good therapeutic response being associated with
serum concentrations of naproxen above 50 mg/L.

© Adis International Limited. All rights reserved.

Rheumatoid arthritis patients with trough serum
concentrations below 18 mg/L. do not appear to
have a clinical response to naproxen.!?%]

The relationship between the clinical response
of patients with rheumatoid arthritis to naproxen
500, 1000 and 1500 mg/day and naproxen concen-
trations show that effectiveness, as evaluated by
articular index, mean grip strength and analogue
pain score, was linearly related to trough plasma
concentrations of total drug, although clinical im-
provements were less significant with increased
doses.!19 Interestingly, the clinical effectiveness
as demonstrated by decreases in morning stiffness
and the Lee Index correlates with the free concen-
tration of naproxen in synovial fluid, which is the
proposed site of action of naproxen in rheumatoid
arthritis.®!! There was, however, no significant
correlation with pain, this may be due to the sub-
jective nature of clinical evaluation of pain com-
pared to inflammation.

Other features may also help explain the lack of
correlation between analgesic activity and NSAID
concentrations in synovial fluid, including inter-
patient variability in response to NSAIDs.['0 In
addition, several other variables have been shown
to influence the clinical response to an NSAID, in-
cluding the number of NSAIDs already used, dura-
tion of the disease and psychological factors,![!02I
Furthermore, it appears that what characterises a
responder to naproxen may not necessarily apply
to another NSAID.!'93 However, a relationship be-
tween plasma concentrations of naproxen and an-
algesic effectiveness has been demonstrated in arat
analgesic model.[104]

Recently, the relationships between plasma and
synovial fluid naproxen concentrations and prosta-
glandin concentrations in these fluids have been
evaluated. The data for inhibition of cyclo-oxygen-
ase I platelet-derived thromboxane B, by plasma
naproxen was estimated and fitted to a sigmoid
Enax (extent of effect the drug produces) model,
with a mean concentration of the drug producing
50% of Eax (ECs) based on the total and unbound
concentrations of naproxen of 7.7 + 4.4 mg/L and
25.3 £22 pg/l. Although there were demonstrable
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reductions in prostanoid concentrations, there were
no uniform effects of naproxen on synovial fluid
derived prostanoids, and many of the concentrations
were at or near the detection limit sensitivity of the
assays.7l

A sustained release preparation of naproxen has
been developed which may improve patient com-
pliance with the recommended dosage of a 300mg
capsule twice daily. The sustained release prepara-
tion was as effective in controlling arthropathies as
the conventional immediate release formulation.!6)
The ability of the sustained release preparations to
maintain effective therapeutic concentrations in
plasma has been demonstrated by several stud-
ies.[33-67] The administration of naproxen 500mg in
the evening as an enteric-coated formulation pro-
duces a significantly shorter duration of morning
stiffness and higher morning plasma naproxen
concentrations compared with the conventional
immediate release formulation, 0]

Pharmacokinetic differences between 2 dosage
regimens of naproxen were studied(?! at steady-
state in healthy male volunteers. A twice daily reg-
imen of 500mg results in higher serum trough con-
centrations and a larger AUC when compared to
1000mg once daily. The nonlinearity of naproxen
pharmacokinetics at higher doses, due to the dis-
placement of naproxen from protein binding sites,
may suggest that a shorter ti, and a greater total
urinary excretion of unchanged drug should be ap-
parent; however, a longer ti, and a slightly larger
urinary excretion when compared to twice daily
administration is evident. The increase in Vd/F and
total body clearance (CL+p) for the once daily ad-
-ministration regimen results in a longer t, which,
in turn, may prolong effectiveness.[2%]

In contrast to several of the reports suggesting
a concentration-effect relationship, it has also
been reported that there is no association between
adverse effects or effectiveness with naproxen con-
centrations in osteoarthritis.!'9! In addition, it has
been suggested that there is no significant correla-
tion between naproxen concentrations and reduction
in pain.l®!l Moreover, no published studies have
related naproxen concentrations to adverse ef-

© Adis internafionat Limited. Al rights reserved.

fects.[99:190] These findings may genuinely reflect
a lack of correlation, but may also suggest a lack
of sensitivity in measured pharmacodynamic end-
points, and emphasises the subjective nature of
some clinical data in the evaluation of inflammation
and pain.

Variability in the analytical demands of moni-
toring unbound concentrations, disease heteroge-
neity, interindividual differences in disease sever-
ity, and possibly interindividual differences in
penetration of naproxen into inflamed tissue, may
also hinder the establishment of correlations be-
tween drug concentrations and clinical response.
Continued development of more sensitive quanti-
tative markers of clinical effectiveness and NSAID
toxicity are needed in order to further establish
pharmacokinetic-pharmacodynamic relationships.

Few studies have attempted to correlate clinical,
pharmacokinetic and pharmacological data. A re-
cent study'%”) has demonstrated reductions in
interleukin-6 and the neuropeptide substance P in
synovial fluid and plasma samples. However, this
study was done in the absence of pharmacokinetic
considerations. One study®!] has attempted to correl-
ate naproxen concentrations, clinical effectiveness
and the effect of naproxen on mediators of inflam-
mation. More studies are needed to delineate the
pharmacodynamic and toxicological relevance of
the pharmacokinetic data.

2.2 Disease and Naproxen
Pharmacokinetics

Table III summarises the effects of disease states
on the pharmacokinetic characteristics of naproxen.

Many rheumatic and elderly patients have some
degree of renal function impairment, leaving them
susceptible to renal failure induced by NSAIDs.
Based on laboratory evidence of renal impairment,
long term administration of naproxen 375mg twice
daily for 4 weeks in patients at risk of renal in-
sufficiency is not associated with further deterio-
ration of renal function. An increase of dosage to
750mg twice daily in such patients appears to only
induce small and transient changes in renal func-
tion.[110]
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Table Ill. Pharmacokinetic properties of naproxen in patients with disease states (oral IR dosage forms administered in single doses, except

where indicated)

Patient group No. of Age (y) Dose t, Vd/F CLUF Reference

(dosage form) patients [range] (no. days) (h) (L/kg)® (L/h/kg)®

RD children 9 10.8 [5-14] 5 mg/kg <50kg and 250mg 11.55 NR NR 13

suspension . >50kg suspension

DM slight 5 63.8 [54-74] 250mg 17.68 0.088 NR 17

angiopathy

DM severe 4 61.25 [60-71] 250mg 21.16 0.139 NR

angiopathy

Healthy 8 34 [24-45] 250mg 17.7 0.124 0.0049 18

MRF 8 56 [34-79] 250mg 20.9 0.126 0.004

SRF 8 56 [42-67] 250mg 154 0.175 0.0080

Hepatic disorders 11 NR 250mg 20.36 NR NR 19

NH 9 57 [34-77] 250 16.4 0.114 NR 20

Febrile children 3 [6-13] 10 mg/kg suspension 108 NR NR 22

Post-op children 7 10 mg/kg suspension 13.6 NR NR

Febrile children 25 NR 5.74 mg/kg tablet 17.4 NR NR 22
suspension 14 NR NR

RA 1 23 250mg bid for 8 months 875and NR NR 98

7.75

NM 375mg bid 3 weeks 85 NR NR

E 10 71 [66-81] 375mg NR 0.132 0.00439 27
375mg bid x 9 days NR 0.193 0.00685

AC 10 41.1 [31-59] 375mg NR 0.147 0.0046 28
375mg bid x 13 doses NR 0.229 0.0076

E OA 13 84.2 [76-93] 500mg bid x 21 days 20.4 0.18 0.006 30

Middle-aged OA 6 53.9 [49-64] 500mg bid x 21 days 18.2 0.23 0.009

RA 1 58 500 mg bid active disease 123 0.175 0.0099 31
500 mg bid improvement 144 0.123 0.0060

RA 8 62 [55-65] 500mg bid 10.4 0.18 NR 36

E OA 6 [63-75] 500mg bid 1.7 NR NR 39

E 25 [65-74] 375mg bid x 15 doses 16.9 NR NR 40
750mg bid x 15 doses 15.3 NR NR

Rheumatic 10 median 69 [66-85] 1000mg 16.4 0.169 0.0068 41

patients

E RA & OA 6 73 500mg bid x 14 days 9.3 0.17 0.0125 108

RA 6 58.8 [49-64] 500mg bid active RA 13.1 0.15 0.0113 45
500mg bid remission 13.7 0.117 0.00825

Febrile adults 25 [18-55] 500mg tablet 15.1 NR 77 52
500mg suspension 138 NR 7.7

Febrile children 25 [10-14] 250mg tablet 17.4 NR 6.9
250mg suspension 14.0 NR 7.8

MA 10 [25-57] 500mg with attacks 9.45 NR 0.0 5
500mg without attacks 8.52 NR 0.016

JRA 9 >10 Naproxen 14.6-18.8 g/kg/day  9.13 291 0.234 66
+ MTX 0.22-1.02 mg/kg/wk .

11.32 3.57 0.232
Children 23 [8-14] 250mg tablet 7.61 0.112 0.0092 109
orthopedic surgery 250mg suspension 8.88 0.130 0.0090
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DRL EXHIBIT 1019 PAGE 15

Clin. Pharmacokinet. 1997 Apr. 32 (4)



Naproxen 283
Table Wl. Contd
Patient group No. of Age (y) Dose tr, Vd/F CLF Reference
(dosage form) patients [range] (no. days) (h) (Ukg)® (Lh/kg)©
RA, OA, PSA 6 60.92 [37-79] 500mg 141 0.158 0.0078 74
uT 135 49.2 2.54
SFT 19.1 NR NR
SFUT 13.4 NR NR
6 500mg Q12H x 7 days + NR NR 0.0099
500mg on day 8
UCL NR NR 1.836
SFCL NR NR 2.436
SFUCL NR NR 0.024

a Mean age; range in parentheses.

b Vd/F = apparent volume of distribution after oral administration.

¢ CU/F = plasma clearance of drug after oral administration.

Abbreviations: AC = alcoholic cirrhosis; AUC = area under the concentration-time curve; C = children; CL/F = plasma clearance of drug after
oral administration; Cmax = peak plasma drug concentration; CR = controlled release; DM = diabetes meliitus; E = elderly; EC = enteric coated,;
JRA = juvenile rheumatoid arthritis; MA = migraine attacks; MRF = moderate renal failure; MTX = methotrexate; NM = nursing mother;
NH = neoplastic hyoproteinemia; NR = not reported; OA = osteoarthritis; PB = probenecid; PSA = psoriatic arthritis; qid = 4 times daily; g6h
= everty 6 hours; qd = daily; qid = 4 times daily; q12h = every 12 hours; RA = rheumatoid arthritis; RD = rheumatic disorders; RI = renal
insufficiency; SFCL = synovial fluid clearance; SFT = synovial fluid half-life; SFUCI: = synovial fluid unbound clearance; SFUT = synovial fiuid
unbound half-life; SRF = severe renal failure; tmax = time taken to achieve Cmax; t1» = elimination half-life; UCL = unbound clearance; UT
= unbound half-life; Vd/F = apparent volume of distribution after oral administration.

However, naproxen has been implicated in var-
ious renal syndromes, especially acute renal fail-
ure. In particular, this adverse effect develops in
patients with ineffective circulatory volume of var-
ious origins.['"'l However, elimination of naproxen
is dependent upon urinary excretion of conjugated
metabolites, which may be influenced by reduced
renal function. The pharmacokinetics of naproxen
in patients with uraemia administered single doses
of naproxen show a reduced urinary excretion of
the drug. However, no accumulation of total napro-
xen in plasma occurs.!!12!

6-DMN is detected in patients with moderate
and severe renal failure, showing a significantly
greater Cax at 6 to 7 hours post-dose when compared
with healthy individuals with a Cpyx at approxi-
mately 3 hours post-dose. The concentration and
AUC of 6-DMN correlates with serum creatinine
concentration.[!8] The 6-DMN sulphate conjugate
metabolite is present in high concentrations in
patients with impaired renal function. The extent
of the sulphate conjugation appears to be directly
related to the severity of the dysfunction in patients
with renal failure.!®”] When compared to moderate

© Adis International Limited. All rights reserved.

and normal renal function patients, the AUC, CL1p
and Vd/F of patients with severe renal failure are
significantly different.!199]

The binding of naproxen to serum proteins is
significantly lower in patients with moderate and
severe renal failure.li88!1 Unfortunately, the un-
bound clearance of naproxen was not determined
in these studies; however, it may be decreased with
renal impairment. It is also possible that there may
be a reduced absorption, or a compensatory in-
creased biliary excretion with increased excretion
of the drug in faeces. However, no studies to date
have assessed these pharmacokinetic possibilities.

A study of 6 patients during maintenance dialy-
sis indicates that naproxen is not dialysed. The
effect of haemodialysis on naproxen plasma con-
centrations in an anuric man with chronic glomerulo-
nephritis shows slightly higher plasma concentra-
tions after dialysis, attributed to a >2kg fluid loss,
and emphasises that naproxen is not cleared from
the body during haemodialysis.['%! In contrast
with naproxen, the 6-DMN metabolite is dialys-
able. However, preliminary pharmacological as-
sessment suggests that this metabolite has minimal
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therapeutic or toxicological activity and, therefore,
it is not likely to result in any clinically significant
sequalae.!112]

The pharmacokinetics of naproxen in elderly
patients with arthritis on long term treatment dur-
ing 1 dosage interval of 12 hours shows that the
plasma concentrations and AUC of naproxen are
significantly lower than the values obtained from
healthy volunteers, although ti; is not significantly
different. Conversely, the Vd/F, unbound naproxen
concentrations and oral clearance are significantly
larger when studied in these 2 patient groups re-
spectively.[36.108]

The effect of rheumatoid arthritis on the
pharmacokinetics of naproxen has not been exten-
sively studied. Changes in serum albumin concen-
tration and fluctuations in severity of disease can
alter the pharmacokinetics of highly bound drugs.
A case report of a middle-aged patient with rheuma-
toid arthritis suggests that total serum concentrations
are much higher in the remission phase compared
with the active phase of rheumatoid arthritis.?!]
The opposite is true for unbound serum naproxen
concentrations, where the peak values are signifi-
cantly higher in the active phase compared with val-
ues after 8 months of therapy. At the time of active
rheumatic disease, a higher unbound naproxen
concentration and an increased oral clearance re-
sults in a smaller AUC based on total concentra-
tions.

Hypoalbuminaemia in patients with active rheu-
matoid arthritis leads to the saturation of protein
binding at lower total naproxen concentrations.
Upon remission, the serum albumin concentration
rises from 25 g/L to 41 g/L, resulting in a 30 to 40%
decrease in the volume of distribution (Vd) and
clearance. The association constant between
naproxen and albumin in remission and active dis-
ease shows increased binding during remission,
which suggests that albumin ligand binding is af-
fected by disease activity. There is no significant
change in the renal excretion of conjugated napro-
xen or desmethylnaproxen. In addition, it appears
that disease states such as rheumatoid arthritis af-
fect the capacity of the liver to metabolise napro-
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xen, possibly because of the effect of inflammatory
mediators, hepatic uptake of unbound drug or mod-
ulation of intrahepatic processes.[*!! The disease-
related changes of naproxen pharmacokinetics
described in the original case report were later con-
firmed in a small study of 6 patients with rheuma-
toid arthritis,!108!

The influence of alcoholic cirrhosis on the he-
patic uptake processes in humans shows a quanti-
tatively similar loss of unbound naproxen clear-
ance similar to that in chronic arthropathies.?® The
clinical sequalae of higher unbound naproxen con-
centrations for either effectiveness or toxicity has
not been determined.

Patients with neoplastic hypoproteinaemia also
demonstrate a significantly reduced maximal con-
centration of naproxen when compared with healthy
volunteers; however, in this case it appears to be a
consequence of a 45 to 55% reduction in oral bio-
availability.!83]

Although drug absorption may be delayed in
migraine attacks, there does not appear to be an
affect on the clinical effectiveness or pharmaco-
kinetics of naproxen, as no differences in bioavail-
ability during and between migraine attacks was
evident.[%!

The course of diabetes mellitus may cause a vas-
culopathy of capillaries with calcification, leading
to capillary microangiopathy which, in turn, may
affect the intestinal epithelium and the pharmaco-
kinetics of xenobiotics. The pharmacokinetics of
naproxen in patients with diabetic microangio-
pathy show a reduction in the fraction of dose ab-
sorbed. Furthermore, the glomerular impairment of
some patients leads to a decrease in the elimination
rate constant.[']

In addition, disease states such as diabetes
mellitus, acute myocardial infarction and hyper-
thyroidism are linked with increased serum con-
centrations of free fatty acids. This could poten-
tially lead to an increase in the free fraction of
naproxen, which may increase the distribution into
tissues. The in vitro displacement of naproxen from
albumin binding sites by palmitic acid demonstrates
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an increase in free naproxen with increasing con-
centration of faity acid.78]

As naproxen undergoes significant hepatic
metabolism, there may be important pharmaco-
kinetic variations in patients with hepatic disorders
(e.g. hepatitis, cholestasis, cirrthosis and ascites).
Serum albumin, globulin, and total protein de-
crease in patients with hepatic disease, which tends
to increase the free fraction of naproxen. The phar-
macokinetics of naproxen in patients diagnosed
with various hepatic and biliary disorders with un-
derlying cholestasis show a significant delay in ab-
sorption after oral administration of a single
250mg dose. In the majority of these patients, elim-
ination is clearly diminished due to a decrease in
metabolic capacity. Unfortunately, the degree of
plasma protein binding was not determined in
these patients.!!°]

Plasma protein binding is reduced by 60% in
alcoholic liver cirrhosis.[?8! Patients with hepatic
impairment, specifically with Laennecs cirrhosis
and alcoholic cirrhosis, are also found to possess a
diminished intrinsic clearance of naproxen, sug-
gesting that both conjugation and demethylation
are affected.[?3821 Oral clearance of naproxen is re-
duced after a single dose in alcoholic liver cirrhosis
when compared with a healthy controls group;
however, this difference is not significant at steady-
state.

There is a significant negative correlation be-
tween serum bilirubin concentration and the serum
protein binding of naproxen. Bilirubin, however, is
not exclusively responsible for reduced naproxen
binding, as in vitro studies fail to show binding

changes upon the addition of bilirubin to the me-
dia.[28.821

2.3 The Influence of Age on
Naproxen Pharmacokinetics

Therapeutic regimens in paediatric patients are
generally based on the extrapolation of pharmaco-
kinetic data in adults. The single and multiple dose
pharmacokinetics of naproxen in young patients
with rheumatic disorders suggest no significant
difference in peak plasma concentrations and Vd
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between adults and children !3.60.113.114 Ap jnitial
studyl3?! suggests that there are no significant dif-
ferences between pharmacokinetic parameters in
febrile adults and children. However, a later study!6%
suggests that compared with adults, children aged
8 to 14 years appear to eliminate naproxen more
rapidly and, therefore, some children may require
more frequent doses to maintain a clinical response.

It appears that renal clearance of naproxen is
significantly decreased in the elderly. However, re-
nal clearance averages only 10% of CLtg and is
only a minor pathway of drug removal in compar-
ison to metabolism. In a study of 629 patients with
osteoarthritis given naproxen 750 mg/day, after 4
weeks of therapy there was a significant increase
(20%) in plasma concentrations which correlated
with increasing age in females (with samples taken
3 and 12 hours post-dose).!!%! In another study, 3%
AUC, mean bound, and mean unbound trough con-
centrations were higher in elderly patients with
osteoarthritis when compared to middle-aged pa-
tients, with a corresponding reduction in clearance.

In single and mulitiple dose studies with oral
naproxen 375mg twice daily in healthy young and
elderly male volunteers,?”) the mean steady-state
plasma concentrations were indistinguishable. How-
ever, the unbound naproxen fraction was doubled
in the elderly males, along with a 50% decrease in
intrinsic clearance, possibly because of the loss of
hepatic and renal function as well as an impaired
ability to eliminate urinary excretion of ester con-
jugates.[?] A significant decrease in serum albumin
in elderly patients explains the lower Cpax, smaller
AUC, and larger VA/F seen in this study.

Naproxen binding affinity to albumin is also
significantly reduced in the elderly. Other proteins
may be partly responsible, or the nature of albumin
might be altered with age. Diminished renal or
hepatic function and uptake processes or both in
elderly individuals probably allow accumulation
of higher levels of endogenous compounds com-
peting for or otherwise inhibiting naproxen bind-
ing which leads to an increase in serum unbound
naproxen.
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A follow-up study of naproxen 500mg twice
daily in young healthy adults and elderly patients
also demonstrated higher unbound fractions, higher
peak and trough unbound concentrations, and a
40% reduction in unbound clearance in elderly pa-
tients.[*3] After a single 1000mg dose there were no
pharmacokinetic differences between young volun-
teers and elderly patients with rheumatism.*!] After
500mg twice daily, the trough concentrations were
higher in young volunteers when compared with
elderly patients with rheumatism, which corresponds
to higher unbound trough concentrations in the el-
derly. There is evidence of an increase in naproxen
free fraction, an inverse correlation between serum
albumin and free fraction, and a 37% reduction of
intrinsic clearance in elderly patients.[*!]

One study™!1 shows that there are no significant
age group differences for naproxen 375mg or
750mg twice daily doses in terms of Cyax or 12
hour AUCs. Although the terminal plasma ty, was
longer in the elderly, the authors concluded that
advanced age does not alter naproxen pharmaco-
kinetics.l*! These data differ from the report of Up-
ton et al.,[?7! although the participants in this study
had a mean creatinine clearance of 2.87 L/h, which
is considerably below normal values and far lower
than in the Cohen and Basch study.[*0!

In addition, Upton et al.l?7) reported that the mean
steady-state plasma concentrations of naproxen
were indistinguishable between elderly and young
healthy individuals, but the elderly generated twice
the mean steady-state unbound plasma concentra-
tions.

3. Drug Interactions

3.1 Effect of Other Drugs on the
Pharmacokinetics of Naproxen

The clinical relevance of NSAID-drug interac-
tions has been well described.[!!5] There is sparse
information regarding the effects of other xeno-
biotics on the pharmacokinetics of naproxen.
Naproxen and probenecid have been used simulta-
neously in the treatment of chronic gouty arthritis.
As naproxen and its metabolites are primarily ex-
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creted in urine, probenecid alters the kinetics of
naproxen if used concomitantly. The plasma ti,
AUC, and drug concentration at steady-state (C)
are significantly greater when probenecid is admin-
istered with naproxen, although the rate and extent
of absorption are not affected.[5]

Urinary excretion of conjugated and unconjug-
ated naproxen was studied in the presence and ab-
sence of probenecid in healthy male volunteers,[16:116]
Urinary excretion of conjugated and unconjugated
naproxen decreases, while urinary excretion of
conjugated and unconjugated 6-DMN increases, in
the presence of probenecid. Inhibition of glucuron-
ide formation may be the result of competition for
conjugative processes, as a larger percentage of
both drugs are eliminated from plasma by conjuga-
tion.

Renal clearance of naproxen administered alone
is 14.28 L/h (twice the glomerular filtration rate)
and is only 2.16 L/h when naproxen and probene-
cid are administered concomitantly. The inhibition
of renal clearance by probenecid supports the as-
sertion that naproxen is actively secreted by the
renal tubules.['>) As the concomitant administra-
tion of probenecid increases the plasma concen-
tration of naproxen, enhanced pharmacodynamic
effects can be expected when these 2 drugs are
combined.

Combinations of NSAIDs are inadvisable, and
even contra-indicated in some countries. It has been
shown that concurrent administration of 2 NSAIDs
resulted in an increased risk of major gastrointes-
tinal complications.!!!7-118] Aspirin (acetylsalicylic
acid), when given concomitantly with naproxen,
causes a small but significant decrease of naproxen
plasma concentrations and a 15% reduction in
AUC. This effect is caused by the displacement of
naproxen from protein binding sites and a transient
increase in renal clearance of naproxen or its 6-DMN
metabolite.l!1®! This may be a concern because of
the potential for self-administration of aspirin by
patients already receiving naproxen.

Combinations of NSAIDs are sometimes used
in the treatment of chronic arthropathies. The co-
administration of the NSAID diflunisal and napro-
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xen show no significant pharmacokinetic effect.l!20]
However, co-administration of choline magnesium
trisalicylate 45 mg/kg/day with naproxen 1500
mg/day for 1 month led to a 26% decrease in the
naproxen C* with a 56% increase in naproxen
clearance.[121.122]

It is sometimes necessary to give NSAIDs to
patients on anticoagulant therapy. The mean C*S of
naproxen with a single dose of warfarin shows a
small but significant decrease in naproxen concen-
trations.['?3] The serum free fraction concentra-
tions of naproxen are lower with continued admin-
istration of warfarin when compared with healthy
individuals not taking warfarin.[83 These results
are consistent with the findings that warfarin can
cause a concentration-dependent increase in the
serum protein binding of naproxen in vitro.l'#3]

Antacids and H; histamine receptor blockers are
sometimes co-administered with NSAIDs. Although
neither antacids nor H; antagonists are effective in
preventing NSAID-induced gastric ulcers, they
may exert beneficial effects on dyspepsia symp-
toms related to NSAID therapy.l!'8 Cimetidine is
known to inhibit phase I N-dealkylation and may,
therefore, affect the O-demethylation of naproxen.
The urinary recoveries, however, of parent drug
and metabolites are similar in all patients treated
with either cimetidine, ranitidine, or famotidine.
Cimetidine has no effect on O-dealkylation.[7273]
It appears, however, that cimetidine, ranitidine and
famotidine all decrease the serum elimination ty,
and Vd of naproxen, corresponding to an increase
in naproxen oral clearance. The mechanism(s) of
these findings are unknown, but it has been specu-
lated that the inhibition of gastric acid secretion,
which affects duodenal and ileal pH, leads to an
acceleration of enterohepatic recycling because of
the enhanced hydrolysis of biliary excreted napro-
xen acylglucuronide. However, there are no avail-
able pharmacokinetic data definitively confirming
biliary excretion of naproxen and this hypothesis.
The clinical significance of this interaction is spec-
ulative, but could possibly affect the duration of
pharmacodynamic effects.
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Antacids containing magnesium oxide, alumi-
num hydroxide and, to a lesser extent, magnesium
carbonate appear to interfere with naproxen ab-
sorption through the formation of poorly diffusible
complexes.l”!! Co-administration of naproxen with
commonly used antacids containing aluminum-
magnesium hydroxides and simethicone has no
effect on the rate or extent of absorption in single
dose or multiple dose pharmacokinetics in healthy
volunteers,[21]

The influence of sucralfate on the pharmaco-
kinetic parameters of naproxen show a decrease in
Chnax and increase in ty,,, without any effect on bio-
availability.3?l However, another study33 does
not show any significant pharmacokinetic differ-
ences between the administration of naproxen
alone or with sucralfate. However, when compared
with the administration of naproxen alone, a sig-
nificantly lower Cpax and longer tm,x is attained
with repeated administration of naproxen in com-
bination with sucralfate.5!

In addition, a chewable sucralfate tablet reduces
Cmax and delays t;.x due to a decrease in the rate
of absorption, which is likely to be a consequence
of a delay in gastric emptying. However, there is
no difference in relative bioavailability when com-
pared with administration of naproxen alone.!8!
The concomitant administration of sulglycotide
with naproxen does not show any discernible dif-
ferences in naproxen pharmacokinetic parame-
ters.(37]

Rheumatic disease may also be associated with
type II hyperlipidaemias, for which patients may
receive cholestyramine. Concomitant administra-
tion of cholestyramine with naproxen causes a
delay in the systemic availability of naproxen, with
no other pharmacokinetic effects.[24]

NSAIDs are often co-administered with disease
modifying antirheumatic drugs, such as metho-
trexate, for the management of patients with rheu-
matoid arthritis (also see section 3.2). In a small
study of 9 patients, methotrexate caused a >30%
increase in the clearance of naproxen (2 patients)
or AUC (3 patients) as well as a >30% decrease in
the clearance (2 patients) or AUC (2 patients) of
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naproxen. However, this study does not allow any
conclusion to be drawn regarding a methotrexate-
naproxen interaction.!!24]

Inhibitors of 5-lipoxygenase may be concomi-
tantly prescribed for asthmatic patients with in-
flammatory disease states who may already be re-
ceiving NSAIDs. It is, therefore, important to assess
the effect of coadministration of S-lipoxygenase
inhibitors on the pharmacokinetics of NSAIDs.
The 5-lipoxygenase inhibitor zileuton had no effect
on the plasma concentration-time curve compared
to administration of naproxen administered alone.
However, there was a statistically significant in-
crease in AUC (16%) and naproxen concentrations
in the elimination phase upon zileuton coadmin-
istration when compared with naproxen alone.
These differences were too small to be clinically
significant.f!)

Lastly, there is a report suggesting bioequival-
ency of a formulation of naproxen sodium plus
pseudoephedrine in capsules for alleviation of the
symptoms caused by rhinovirus (i.e. headache,
nasal congestion and fever) compared with the ad-
ministration of naproxen alone.!'2%]

3.2 Effect of Naproxen on the
Pharmacokinetics of Other Drugs

Simultaneous administration of naproxen and
aspirin show a slight decrease of 2.6% in the sali-
cylate AUC, with the total quantity of salicylates
recovered in urine unchanged.!''”! Following co-
administration of choline magnesium trisalicylate
45 mg/kg/day and naproxen 1500 mg/day for 1
month, the plasma salicylate concentrations were
minimally affected, with clinical effectiveness not
being significantly improved, although toxic reac-
tions were more prevalent.[121.122]

Concomitant naproxen administration with tol-
butamide in maturity onset diabetes shows no sig-
nificant difference in blood glucose concentrations
nor any demonstrable effect on serum tolbutamide
concentrations,!126]

The effect of naproxen on the pharmacokinetics
of free and total plasma concentrations of valproic
acid (valproate sodium) demonstrates a slight, but
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significant, decrease in total plasma valproic acid
and AUC, corresponding to an increase in clear-
ance of the total drug. Naproxen moderately dis-
places valproic acid from protein binding sites, but
free valproic acid concentrations, while elevated,
are not significantly changed. Therefore, no change
in the clearance of the drug is evident.['?”] The
magnitude of this interaction does not appear to be
clinically relevant.

A subsequent report suggests significant dis-
placement of valproic acid from protein binding
sites when the study was conducted using a normal
serum pool. In a uraemic serum pool, no significant
displacement of valproic acid was evident even at
high naproxen concentrations, suggesting that urae-
mic serum may contain an inhibitor that blocks this
displacement interaction.!'?®! In addition, statisti-
cally significant displacement of carbamazepine
from protein binding sites was evident in normal
and uraemic serum.

Twice daily administration of naproxen 375mg
causes a small, but significant, increase in the free
fraction of warfarin in serum, but has no effect on
the pharmacokinetics and anticoagulant activity of
a single large dose (50mg) of warfarin in healthy
adults.['23] Patients controlled on long term warfa-
rin show no difference in free and total C of war-
farin in serum when given naproxen, despite a sta-
tistically significant increase of warfarin free
fraction. Naproxen is highly protein bound and has
been shown to displace warfarin from binding sites
in plasma.'®3] This is consistent with in vitro studies
demonstrating that the free fraction of warfarin in
serum increases linearly with increasing naproxen
concentrations, which may cause an increase in
warfarin CLrg. A transient increase in anticoagu-
lant activity may occur due to this displacement,
although no such phenomena has been demon-
strated in humans.l'?! At a constant daily dosage
of warfarin, blood coagulation parameters, as as-
sessed by prothrombin times, do not show any dif-
ference after administration of naproxen.[83]

Patients with human immunodeficiency virus
(HIV) are often administered NSAIDs for relief of
nonspecific fever and musculoskeletal pain. The
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pharmacokinetics of zidovudine do not appear to
be altered with co-administration of naproxen in
patients with HIV.I!30.131 However, naproxen sig-
nificantly decreases the AUC of the glucuronidated
metabolite of zidovudine. This may reflect an in-
crease in zidovudine clearance by other metabo-
lites, a decrease in the formation of glucuronidated
metabolite of zidovudine, and/or an increase in the
clearance of the glucuronidated metabolite of
zidovudine. A decrease in formation of the glucu-
ronidated metabolite of zidovudine is consistent
with in vitro studies where naproxen inhibits
zidovudine glucuronidation.['32! The clinical sig-
nificance of this interaction remains unclear.

NSAIDs are often co-administered with disease
modifying antirheumatic drugs, such as metho-
trexate, for the management of patients with rheu-
matoid arthritis. A severe, and often fatal, interac-
tion between naproxen and methotrexate has been
documented.[133] Whether NSAID-methotrexate
interactions play a major role in methotrexate tox-
icity in patients with rheumatoid arthritis remains
unclear. This toxic interaction may be due to dis-
placement of methotrexate from plasma proteins,
altered hepatic metabolism of methotrexate, altered
renal prostaglandin synthesis resulting in a de-
crease in glomerular filtration rate and methotrex-
ate clearance, and/or competition for renal tubular
secretion between naproxen and methotrexate.[133]
However, the exact mechanism of this interaction
still remains a matter of speculation.

It has been suggested that, as the 7-hydroxy me-
tabolite of methotrexate and naproxen are highly
protein bound, displacement of 7-hydroxy-metho-
trexate by naproxen may increase the concentra-
tion of the 7-hydroxy-MTX eligible for renal filtra-
tion, which could promote renal damage. Indeed,
naproxen reduces the binding of 7-hydroxy-meth-
otrexate in a concentration-dependent fashion in
vitro. After ingestion of naproxen 1000mg, the per-
centage of unbound 7-hydroxy-methotrexate in
sera from volunteers increases 2- to 3-fold, which
is positively correlated with naproxen concentra-
tions.|'34 Several studies of methotrexate kinetic
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disposition with co-administered naproxen have
been published with conflicting results.

A decrease in oral clearance of methotrexate
with concomitant administration of naproxen to
adults with rheumatoid arthritis has been reported,
with a trend towards reduced renal clearance.!33]
Conversely, no alterations in methotrexate kinetics
in rheumatoid arthritis patients treated with napro-
xen have been found.!!24135-137} There are, how-
ever, apparent methotrexate-naproxen interactions
in individual patients,!'3% with variability in the
renal clearance of methotrexate.[133.135] Moreover,
an alteration in methotrexate Vd/F is evident after
naproxen administration.!124]

The small number of patients and high variabil-
ity limits sensitivity for detection of these differ-
ences, which may be clinically significant for some
patients. The significance of this interaction may
increase if high dose methotrexate is being used,
as in the treatment of cancer, as opposed to low
dose therapy used in rheumatic diseases. It may be
hypothesised that an interaction between naproxen
and low dose methotrexate may also enhance
methotrexate toxicity.[!38]

Naproxen may also inhibit the renal clearance
of lithium, which may cause an increase in serum
lithium concentrations and overdose.[!3®! Careful
monitoring and titration of lithium dosage is, there-
fore, required in patients who receive naproxen and
lithium concurrently. This is a concern for psychi-
atric outpatients with the potential for self-admin-
istration of over-the-counter NSAIDs.

A report suggests bioequivalency of a formula-
tion of naproxen sodium plus pseudoephedrine in
capsules as compared to the administration of
pseudoephedrine alone.['?5! Finally, the concomi-
tant administration of naproxen had no effect on
the pharmacokinetics of the 5-lipoxygenase inhib-
itor zileuton.[6!1

4. Conclusions

Naproxen is an effective NSAID which is now
available in the US as an over-the-counter medica-
tion. Naproxen shows dose-dependent pharmaco-
kinetics at doses greater than 500mg, attributable
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to the saturation of protein binding sites. Relation-
ships between the anti-inflammatory effect, anal-
gesic effect, and plasma concentrations of the drug
have been established. Future research should try
to delineate the role of enterohepatic recirculation
and the therapeutic and toxicological relevance of
nonlinearity in the pharmacokinetic data.

Since many patients may not respond to a cer-
tain NSAID, and toxicological profiles between
NSAIDs may differ, there is a continued need for
therapeutic alternatives. Naproxen appears to be an
effective, well tolerated and suitable NSAID for a
variety of indications.
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