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Absfract-A high proportion of the acidic and-in~ammatory compound ~noxaprofen is bound to 
the plasma proteins of humans and rats (99.8 and 99.3 per cent respectively). The binding did not 
vary significantly up to total levels of about 120 /&III in human plasma or about 40bdrnl in rat 
plasma. Above these levels the proportion bound decreased. At .%&ml, more than 90 per cent of 
benoxaprofen was associated with the albumin fraction of normal human serum. At higher levels, 
this binding site became saturated and non-specific binding to all proteins appeared to occur. There 
was no difference between normal and arthritic subjects. In normal rat serum, there was much less 
bound to atbumin. Total binding was reduced in adjnvant arthritic rats. due to decreased binding 
to z and fi, gIobuli~s. At plasma levels in the range required for therapeutic activity, ~noxa~rofen 
did not displace warfarin, salicylate, prednisolone or dexamethasone from their binding to human 
plasma proteins. In contrast. therapeutic levels of ~henylbut~one displaced warfarin. 

The majority of acidic anti”inflammatory drugs are 
extensively bound to plasma proteins and may dis- 
place other bound drugs thus increasing their phar- 
rna~o~o~~a~ effect [I-3]. The use of a new anti- 
inflammatory agent such as benoxaprofen, structure 
I, which is known to bind extensively to plasma pro- 
teins in animals and man, requires consideration of 
possible interactions with other drugs at therapeutic 
~n~~trat~ons [45]. This report describes further 
work on the degree and nature of its binding in nor- 
mal and arthritic rats and humans, and on the extent 
to which it might’displace other protein bound drugs. 
These included an anti-coagulant (wa~a~n), an anti- 
in~ammatory (sahcylate) and synthetic steroids (pred- 
nisolone and dexamet~son~~ 

MATERlALS AND MEIl3OI3S 

Materials. f 1 YjWarfarin (23.5 mCi/m-molek f ’ “Cl- 
saticyhc acid (61 mCi/m-mole), E3Hfdexamethasone 
(19. I Ci/m-mole) and ~~H~predni~~o~e (53 Ci/ 
m-mole) were obtained from the Radiochemical 
Centre, Amersham, Bucks, U.K. [‘4CJBenoxaprofen 
(96.5 ~Ci/m-mope) was synthesised by Mr. T. A. Hicks 
in these laboratories from p-chlorobenzoic acid-car- 
boxy1 r4C (9 m~i/m-moIe~ obtained from ~ur~hem 
Limited, Gbssop, Derby. 

Serum or heparinised plasma was obtained from 
healthy female volunteers and from seven rheumatoid 
arthritic female patients with various degrees of sever- 
ity of the disease, Rat pfasma or serum was obtains 

Fig. I. I, benoxaprofen (2-(4-chlorophen y~)-~-methyI-S* 
benzoxazoleacetic acid). 

from normal and adjuva~t-arth~~~ female Sprague- 
Dawiey rats, 2OOg. Samples from arthritic rats were 
taken between days 11 and 14 after induction of arth- 
ritis @if. 

Me~~~re~~~t of bindhg, This was performed by 
equi~b~um dialysis at 37”. In most experiments dialy- 
sis sacs were made from Visking tubing (#’ x 7”), 
boiled in 0.5% v/v acetic acid, and thoroughly washed 
and equi~ibmted with 0.05 M phosphate buffer in iso- 
tonic saline, pH 7.4. (One part of this buffer had been 
washed with chloroform and then mixed with nine 
parts of unwashed buffer. This procedure was shown 
to prevent bacterial contamination, but not to affect 
the protejn~bind~n~ of ~noxaprofen.~ Serum or 
plasma was diluted to 2% (v/v] with the buffer. The 
diluted sample (1.5 ml) was placed inside a dialysis 
sac placed in a tube containing buffer (3.5 ml). Eight 
replicates were used with the drug(s) under test added 
alternately inside or outside the dialysis sac unless 
specified. The sacs were didysed for 48 hr with perio- 
dic mixing by inversion. The levels of radioactivity 
inside and outside the dialysis sacs were measured 
by scintillation counting. Results were corrected for 
the dilution of the serum quenching by proteins and 
non-at~nment of ~uiiib~u~ 

In some experiments eq~~b~urn celfs (Dianorm 
M.S.E., Crawley, Sussex) were used, permitting equi- 
librium to be reached in 1-3 hr. Results were found 
to be comparable with the dialysis sac method. 

Electropharesis. Aliquots (iO$) of solutions of 
[~4C~~noxaprofen at various condensations were 
added to Iat$ of serum and allowed to stand for 
1 hr at room temperature. Duplicate 5 g aliquots 
were applied to cellulose acetate eiectrophoresis mem- 
branes (Oxoid) previously saturated with 0.05 M bar- 
bitone buffer, pH 8.5. The serum proteins were separ- 
ated at a gradient of 0.5 mA per cm for 2 hr (human 
serum) or 3 hr (rat serum). The membranes were then 
immersed for 1 hr in denaturant stain (sulphosalicyhc 
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Table I. Binding of benoxaprofen in the plasma of normal and arthritic 
humans and rats 

SpCCiCS 

Human 
Human 
Human 
Human 

Human 
Human 

Rat 
Rat 
Rat 
Rat 

Rat 
Rat 

Status 

Normal 
Normal 
Normal 
Normal 

Normal 
Arthritic 

Normal 
Normal 
Normal 
Normal 

Normal 
Ad.juvant- 

arthritic 

No. of 
samples 

4 
4 
4 
4 

7 
7 

4 
4 
4 
4 

4 
4 

Total 
concn. 

kimI) 

32 
62 

II6 
797 

39 
39 

70 
42 
67 

196 

72 
46 

9, free 
+ SEM 

0.21 + 0.02 
0.23 * 0.02 
0.26 + 0.01 
0.47 * 0.02 

0.19 * 0.01 
0.20 f 0.01 

0.67 + 0.02 
0.67 + 0.03 
0.97 ) 0.03 
1.08 + 0.04 

0.71 k 0.06 
I.63 * 0.31 

acid. 30g and Lissamine Green, 2 g per litre). Excess were no differences in binding between normal and 
stain was removed by several changes of 25,: acetic arthritic human plasma. even in severe cases of arth- 
acid. The relative protein content of each visible band ritis. 
was measured by cutting up one of the membranes, In contrast, the proportion bound in normal rat 
eluting the stain into buffer (10.2g potassium hydro- plasma decreased at levels above 42 pgjml. The 
gen phthalate. 45.8 ml N NaOH per litre. pH 6) and plasma of adjuvant arthritic rats contained more than 
reading the optical density of the solution at 635 nm. twice as much unbound benoxaprofen as that of nor- 
The total protein content of the serum was measured mal rats. even though the effective total concentration 
by the Biuret Method [7]. The duplicate membrane was lower. 
was cut similarly and the radioactive content of each Elrctrophorrtic studies. At a concentration of 
protein band measured in a scintillation counter. 50 pgg/ml. benoxaprofen was associated almost com- 

In preliminary studies the recovery of [‘4C]benoxa- pletely with the albumin fraction of normal human 
profen from membranes was found to be unaffected serum (Table 2). When the benoxaprofen concen- 
by the staining and washing procedure. tration was raised to 400 pg/ml. this binding appeared 

to become saturated so that about half of the com- 

RESL’LTS pound was associated with the other protein fractions. 
There was little effect of rheumatoid arthritis on this 

Tofu/ hirldirly studies. At low concentrations of pattern. even in the most severely-affected subjects. 
benoxaprofen, more than 99.7 per cent was bound beyond a small fall in the content of albumin and 
to normal human plasma proteins. No important de- its associated binding. 
crease in the extent of this binding was apparent until In rats however, very little benoxaprofen was 
the total level exceeded I I6 pg/‘ml (Table I). There bound to albumin at 50pg/ml. and almost none at 

Table 2. BInding of bcnoxaprofen to serum protein fractions of normal and arthritic humans and 
rats 

Species: 
Protein fraction 

Normal subjects Arthritic subjects 
“,, distribution: ‘I,, distribution: 

Protein Benoxaprofen Protein Benoxaprofen 
50 pggjml 400 pg/ml 400 pg/ml 

Human: 
Albumin 
r,-globulin 
rz-globulin 
P-globulin 
y-globulin 
Total 

Rat: 
Albumin 
r I -globulin 
x,-globulin 
p,-globulin 
/?2-globulin 
y-globulin 
Total 

64 
3 
8 
IO 
I4 

67 mg/ml 

53 
II 

6 
13 
II 

63 mg/ml 

91 

20 2 
16 14 
12 23 
21 21 
19 15 
12 25 

56 
13 
I2 
10 
9 

56 
4 

I 0 
12 
18 

65 mg/ml 

‘5 
15 
1x 
II 
22 
10 

51 mgjml 

44 
14 
15 
13 
13 

I 
1 
2 

II 
33 
51 

Results at 400pg,iml are the means of seven values. at 50pg/ml are the means of two values 
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Table 3. Binding of drugs in normal human plasma, in the absence and presence of bcnoxaprofen 

Drug 

Warfarin 

Salicylic acid 
Prednisolone 

Dexamethasone 

Drug Benoxaprofen 
concn. concn. 
&/ml) (rcgiml) 

0.5 20 
2 20 
5 20 

20 20 
2 200 

500 20 
0.3 125 
0.3 500 
0.1 125 
0. I 250 

y0 Drug free: 
Benoxaprofen Benoxaprofen 

absent present 

0.80 rt: 0.03 0.71 + 0.05 
0.74 _t J.02 0.75 f 0.01 
0.86 +_ 0.01 0.85 + 0.01 
0.88 J- 0.01 0.88 + 0.02 
0.74 & 0.01 0.71 &- 0.01 
19.1 t: 0.2 19.0 + 0.9 
5.5 3: 0.1 5.7 t 0.1 

6.0 + 0.1 
12.0 + 0.1 II.8 + 0.1 

11.6 rt 0.1 

Results are given as the mean + S.E.M. of three or four (for steroids) replicates. 

400 pg/ml. It was associated with a11 the globulin frac- 
tions, with little specificity being apparent. In adju- 
vant-arthritic rats there was a marked decline in the 
albumin content of the serum. The reduced binding 
of benoxaprofen in these rats was however due to 
impairment of its binding to cr and /?J globulins, in 
spite of their increased content. 

Interaction studies with warfarin, salicylate, predni- 
solone and dexamethasorte. At a total concentration 
of 20 pg/ml, benoxaprofen did not displace either war- 
farin or salicylate from normal human plasma pro- 
teins (Table 3). The concentrations of these drugs 
were in the range normally associated with thera- 
peutic activity [S, S]. Benoxaprofen did not displace 
warfarin even at a concentration of 2OO~g/ml, 
whereas in the same experiment phenylbutazone at 
a concentration of 150 pg/ml increased the proportion 
of free warfarin to 1.29 & 0.03 per cent. In the con- 
verse experiment, displacement of ~noxaprofen (at 
l~~g/ml) from its binding was not observed when 
warfarin was added to a final concentration of 
5 lug/ml or salicylate to 100 pg/ml or 500 fig/ml. 

The interaction of benoxaprofen with two synthetic 
steroids used in anti-inflammatory therapy, predniso- 
lone and dexamethasone, was also studied. At concen- 
trations of benoxaprofen up to 250&ml and with 
therapeutic levels of the steroids there was no signifi- 
cant displacement of steroid (Table 3) [9]. 

DISCUSSION 

Many drugs, particularly acidic anti-inflamma- 
tories, are bound to plasma proteins and are es- 
pecially associated with the albumin fraction. The 
binding of benoxaprofen in human plasma appeared 
to follow the same pattern. At SOpg/ml, which is 
within the range of anticipated therapeutic concen- 
trations, 99.8 per cent of the compound was bound 
and over 90 per cent of this was associated with albu- 
min. At concentrations of 3CKL400 @g/ml, the propor- 
tion of free benoxaprofen rose and comparatively 
non-specific binding was observed. This suggests the 
presence of a single high-affinity site on human albu- 
min, the calculated capacity of which would be about 
190 pg of benoxaprofen per ml of plasma. 

In contrast, rats did not show this close association 
with albumin and bound, at the most, about 20 per 
cent of the total drug to that fraction. Other workers 
have shown that the binding of acidic drugs to rat 

albumin is atypical and that binding characteristics 
in this species often differ from man [lo]. In agree- 
ment with previous studies marked changes were seen 
in the serum protein electrophoretic pattern of adju- 
vant-arthritic rats. and in particular a fall in albumin 
content [I 11. This was not, however, responsible for 
the reduction in the extent of binding of benoxa- 
profen, also seen in these animals. This was due rather 
to the impairment of its binding to LY and fir globulins, 
in spite of the increased levels of these protein frac- 
tions. 

In arthritic humans the changes in electrophoretic 
pattern were comparatively slight and the binding of 
benoxaprofen was not affected. Although the changes 
in blood proteins of the rat in experimental adjuvant 
disease are similar to those observed in rheumatoid 
arthritis it must be remembered that the disease states 
are not identical [ 1 l-131. The impairment in binding 
to globulins observed in rats did not occur in arthritic 
humans and even if it had, it would have scarcely 
influenced the total binding because of the predomi- 
nance of albumin binding in the probable therapeutic 
range. 

The therapeutic levels of benoiaprofen are not yet 
closely defined. Early predictions, based on animal 
studies, suggested that levels of between 5 and 
35 #g/ml may be appropriate [14,15]. Preliminary 
clinical experience with benoxaprofen in patients with 
rheumatoid arthritis indicates that serum levels 
between lOO~g/ml and 2OO~g/ml may be necessary 
for optimum benefit (Ridolfo, unpublished observa- 
tions). The interaction studies described in this work 
have used concentrations within the probable thera- 
peutic range. The results suggest that clinical hazards 
resulting from the displacement of other drugs from 
their binding to plasma proteins by benoxaprofen are 
not expected. No important displacement of warfarin, 
salicylate, prednisolone or dexamethasone was seen. 
The albumin binding site for benoxaprofen appears 
to be distinct from that occupied by warfarin. In con- 
trast phenylbutazone, which is known to interact with 
warfarin because of competition for a common recep- 
tor site on albumin, did displace warfarin under iden- 
tical experimental conditions 131. 
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