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Some aspects of the pharmacology of ibufenac, 
a non-steroidal anti-inflammatory agent 

S. S. ADAMS, P. HEBBORN* AND J. S. NICHOLSON 

When given orally to animals ibufenac has a range of potencies 2 to 4 times that of 
aspirin. It also suppresses thurfyl nicotinate erythema in man. Like certain other 
analgesic-anti-inflammatory-antipyretic drugs, when administered intravenously 
it suppresses bradykinin-induced bronchoconstriction in the guinea-pig. It has no 
glucocorticoid activity. Ibufenac, a compound chemically unrelated to existing 
antirheumatic drugs, can thus be classified as a non-steroidal anti-inflammatory 
(antirheumatic) agent. 

BUFENAC (4-isobutylphenylacetic acid) is a non-steroidal anti-inflam- I matory agent which has proved to be of value in the treatment of 
rheumatoid arthritis and other rheumatic diseases (Chalmers, 1963 ; 
Thompson, Stephenson & Percy, 1964; Hart & Boardman, 1965; Mizu- 
shima, Kikutani & others, 1965). We describe here some aspects of its 
pharmacology with specific reference to its anti-inflammatory, analgesic 
and antipyretic effects. 

Experiment a1 
METHODS 

In the animal experiments, male rats (Wistar, Boots) of about 150 g 
weight, female guinea-pigs (Tuck) of 500-800 g weight, and male mice 
(Home) of 20-25 g weight were used. Unless otherwise stated, the animals 
were deprived of food overnight and ibufenac and the control drugs, either 
aspirin, phenylbutazone or hydrocortisone sodium succinate, were ad- 
ministered orally in graded doses in 10% mucilage of acacia. Control 
animals received the same volume of acacia mucilage. 

ANTI-INFLAMMATORY ACTIVITY 

UItra-violet erythema in the guinea-pig. Anti-erythemic activity in the 
guinea-pig was assessed by the method described by Adams & Cobb (1958), 
the degree of erythema being assessed on a scale 0, 1, 2, 3 or 4. 

Thurfyl nicotinate erythema i/z inail. The effect of ibufenac on thurfyl 
nicotinate erythema in man was determined with a Lovibond reflecting 
tintometer by the technique of Adams & Cobb (1963). The test was 
made on two successive days in a group of six volunteers. On the first 
(control) day, the degree of erythema was assessed by comparing the 
difference in redness (ARdO) of the volar surface of the forearm immediately 
before (Ro), and 40 min after (Rae), the application of 5% thurfyl nicotinate 
cream. On the next day each subject took 960 mg of ibufenac immediately 
after breakfast and the R, value was measured 150 min later. The thurfyl 

From the Research Department, Boots Pure Drug Co. Ltd., Nottingham, England. 
* Present address: School of Pharmacy, State University of Buffalo, Buffalo, 

New York, U.S.A. 

305 



S. S. ADAMS, P. HEBBORN A N D  J .  S. NICHOLSON 

nicotinate cream was then applied to an area of skin different from that 
used for the control experiment, and the R,, value determined 40 min later. 

Foriiiatioii o fgranulatioti tissiieit? the rat. The development of granulation 
tissue in the rat was examined by the technique of Bush & Alexander 
(l960), using carrageenan-impregnated cotton wool dental pellets. Four 
pellets were implanted subcutaneously into the ventral region of the 
rat, one near each axilla. The compounds were administered daily in 
divided doses at  9.00 and 16.00 hr for 7 days; at the end of this period 
the pellets were remoked and dried to constant weight. 

Adjuvant arthritis iii the rat. This was produced by a single intradermal 
injection into the tail of 0.1 ml of a 6 mg/ml suspension of killed tubercle 
bacilli, derived from human strains PN, DT and C, in liquid paraffin. 
Assessment of the severity of the arthritis in the hind paws only was 
made 19 days after the injection of adjuvant. Each hind paw was given 
a score of 0 to 4, the maximal possible score for each rat therefore being 8. 
The compounds were administered by mouth in dikided doses at 9.00 and 
16.00 hr each day. 

SL PPRESSION OF BK4DYKININ-INDLCED BROhCHOCONSTRICTION IN THE 
GUINEA-PIG 

The bronchoconstrictor response of guinea-pigs to intravenous brady- 
kinin uas investigated by a technique similar to that originally described 
by Collier & Shorley (1960). Aspirin and ibufenac, as the soluble sodium 
salts, were administered intravenously and a period of 5 min was allowed 
to elapse before the following dose of bradykinin. Tachyphylaxis to  
bradykinin is usual in  the guinea-pig and in most experiments only one 
dose of a compound could be tested in each animal. 

ASALGESIC ACTIVITY 

This was assessed by determining the pain reaction threshold in rats 
to pressure applied to the yeast-inflamed paw, using the apparatus des- 
cribed by Randall & Selitto (1957). Compounds were administered 
30 min before the injection of 0-1 ml of a 20% suspension of dried 
yeast into the plantar surface of the rat paw. Two hr after the injection 
the pain reaction threshold was assessed, two determinations being made 
on each foot. 

ANTIPYRETIC ACTIVITY 

Pyrexia was induced in rats by means of a subcutaneous injection of 
1 m1,'100 g bodyweight of a 207; suspension of dried yeast. Sixteen hr 
later the rectal temperature of each rat was determined, animals with a 
temperature below 38.5" being discarded. The temperaturek of the 
remainder were again recorded 1, 2 and 4 hr after drug administration. 

GLUCOCORTICOID ACTIVITY 

This was assessed by the increase of liver glycogen in the non-adrenal- 
ectomized mouse (Silber, 1959). Five hr after administration of the 
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compounds the mice were killed, the livers removed and the glycogen 
concentration estimated by means of the anthrone reaction (Carroll, 
Longley & Roe, 1956). 

Results 
ANTI-INFLAMMATORY ACTIVITY 

Ultraviolet erj,tlieiiia it1 the guiiiea-pig. The collective results from it 
series of ultraviolet erythema experiments in the guinea-pig are shown 
in Table 1. An exact comparison of potency between ibufenac and 
aspirin is impossible since the dose-response slopes for the two compounds 
are obviously different. The results do suggest, however, that the potency 
of ibufenac is in the range 2 to 4 times that of aspirin. The shallower 
dose-response slope is not specific for ibufenac since we have found that 
other related phenylalkanoic acids have a similar shape. 
TABLE 1. EFFECT OF IBUFENAC A h D  ASPIRIS O S  THE DEVELOPMEST OF ULTRA- 

VIOLET ERYTHEMA I X  THE GUINEA-PIG.  The degree of erythema in each 
animal was scored 0, I ,  2 ,  3 or 4. 

' Oral dose 
Compound 

Aspirin . . , . . . 40 
80 

I60 

Compound j 0;ratgse of animals 

3.85 34 
3 3  

hlenn erythema 
response 

- 

3.53 1 34 
34 

0.25 28 
6:;; 1 34 

Control . . 

TABLE 2. EFFECT OF AN ORAL DOSE OF 960 MG OF IBUFEhAC O\ THE ERYTHEMA 
PRODUCED IN MA\ B) THE APPLICATIO\ OF 5:" THURFYL NICOTINATE 
CREAM TO THE VOLAR SURFACE OF THE FOREARM 

Tintonictsr readings (red units only) ~- 
After 960 mg ibucenac 

R,. I-GT 

_ _  
Control : no drug 

R,,, 
~. ~ ~~ 

, ~ _ _ _  ____ --__ I-.- ~ 

i 
Subject 1 R,, 

A 
B 
C 
D 
E 
F 

4.3 
4.3 
4.2 
4.2 
5.4 
4.2 

6.2 
S.5 
5.7 
5.6 
6.4 
5.8 

I .9 
1.1 
I .5 
1.4 
1 .o 
I .6 

4.2 
4.8 
4.1 
4.0 
5.4 
4.3 

5 .  I 
5.4 
4.9 
5.2 
5.6 
5.4 

0.9 
0.6 
0.8 
1.2 
0.2 
1 . 1  

Means I 4434 5 87 143' I 5 27 0 80. 

0 1 3  ! t:y ~ 010 ~ 015 
I 

0 15 
s e  I 0 2 0  

SignifiL.intly ditlcrent P < 0 01 
t Not significantly direrent 

Thurfyl nicotiiiate erythema iii i~iaii. The effect of 960 mg of ibufenac 
on the development of thurfyl nicotinate erythema in man is shown in 
Table 2:  only the figures for red units are presented. Ibufenac did not 
affect the basic skin colour (R,,), but the degree of erythema (AR4,,) was 
significantly reduced. This response is similar in degree to that obtained 
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on another occasion with 320 mg of aspirin. This qualitative similarity 
of the two compounds is of particular interest since 600 mg of phenyl- 
butazone, 400 mg of oxyphenbutazone and 650 mg of sodium salicylate 
did not suppress the erythema (Adams & Cobb, 1963). 

TABLE 3 .  ACTION OF IBUFENAC AND HYDROCORTISONE SODIUM SUCCINATE ON THE 
FORMATION OF GRANULATION TISSUE IN THE RAT 

Oral dose 
Compound mg i s.e. I Inhi%tion 

Control .. .. 

1 bufenac 

Ditiers significantly from control P <  0.05. 

Formation of granulation tissue in the rat. The comparative effects 
of ibufenac and hydrocortisone sodium succinate on the development of 
granulation tissue in the rat are shown in Table 3. Although doses of 
160 and 320 mg/kg of ibufenac produced a significant reduction in granu- 
lation tissue compared with controls this was quite modest and the slope 
was shallow, in marked contrast to that produced by hydrocortisone 
sodium succinate. These results are in agreement with the findings of 
Winder, Wax & Welford (1965), who also found a lower ceiling and a 
shallower dose-response curve for the non-steroidal anti-inflammatory 
compounds mefenamic acid, flufenamic acid, meclofenamic acid and 
phenylbutazone than for glucocorticoids. There was a typical depression 
of general body growth in those animals receiving hydrocortisone sodium 
succinate, which did not occur with ibufenac. 

TABLE 4. EFFECT OF PHENYLBUTAZONE, ASPIRIN AND IBUFENAC ON THE DEVELOP- 
MENT OF ADJW'ANT ARTHRITIS IN THE RAT. 
each hind paw was scored 0 to 4. 

The degree of arthritis in 

Mean arthritis score '' /o 

Oral dose I No. of on hind feet Inhibition of 
I 
j mgikgjday rats (max. 8) ~ arthritis ___ _ _ _ - - ~ _ _ _  Compound 

Control . .  .. . . i - Y - 1  6 5.9 i o  
Phenylbutnzone . . . . 12.5 i 6 3.3 ' 44.1 

6 '  I .5 ~ 74.6 
0.7 1 88.2 

6 I .8 ~ 69.5 

Aspirin . . . . . 

lbufenac .. . . ' 25 6 1 5.5  6 . 8  
6 5 X  ' 1.7 

2.6 , 560 
2 4  5 9 4  
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Adjuwnt arthritis in the rat. From Table 4 it will be seen that ibufenac 
was twice as active as aspirin but less effective than phenylbutazone in 
suppressing the development of adjuvant arthritis. Glenn, Bowman & 
others (1967) found ibufenac to be approximately twice as active as 
aspirin and half as active as phenylbutazone in reducing established 
arthritis in the rat. 

SUPPRESSION OF BRADY KININ-INDUCED BRONCHOCONSTRICTION IN THE 
GUINEA-PIG 

The effective dose of a compound was considered to be one which 
reduced by 50:; or more the bronchoconstrictor effect previously pro- 
duced by a similar dose of bradykinin. In a series of experiments the 
effective intravenous dose for aspirin was in the range 1 to 2 mg/kg and 
for ibufenac 2.5 to 5 mg/kg. The results for aspirin were similar to those 
originally obtained by Collier & Shorley (1960, 1963) and, compared with 
the potencies of other compounds recorded by these workers, ibufenac 
is less active than mefenamic and flufenamic acid, approximately equi- 
potent with phenylbutazone, and more active than amidopyrine. The 
activity of ibufenac in this sytem supports the evidence of Collier & Shorley 
(1960) that a relation exists between the ability of certain analgesic/ 
antipyretic compounds to suppress bradykinin-induced bronchoconstric- 
tion and ultra-violet erythema in guinea-pigs. 

ANALGESIC ACTIVITY 

The results of the analgesic studies are shown in Table 5. The log 
dose-response curves of the two drugs are linear and parallel and the 
potency of ibufenac compared with aspirin is 3.4 with 95:/, confidence 
limits of 2.8 to 4.1. 

TABLE 5. EFFECT OF IBUFENAC AND ASPIRIN ON THE PAIN THRESHOLD OF THE 
INFLAMED FOOT OF THE RAT. 18 rats \\ere used for each dose group. 

I Oral dose Mean pain threshold 
Compound mg/kg 

Ibufenac _ .  .. 

Aspirin . . .. 30 
60 

Control . . . . ..I - 

71.1 . .  . 
104.2 
143 3 
166.4 

54.8 
89.8 
'97.1 

148.8 

40.4 

ANTIPYRETIC ACTIVITY 

The results of these tests depicted graphically in Fig. 1 indicate that 
ibufenac is an effective antipyretic compound having about four times 
the potency of aspirin. 
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0 0  

0.5 

10 

1.5 

1 2 4 

Time (hr) 
FIG. 1. Antipyretic effects of orally administered ibufenac and aspirin i l l  the beast- 
fevered rat. A. Control; B. aspirin 
50 mg/kg; 0, ibufenac 12.5 mg/kg; 0, aspirin 100 mgjkg; 2. ibufenac 25 mg, kg. 

Each point represents the mean for 9 rats. 

GLUCOCORTlCOlD ACTIVITY 

From Table 6 it will be seen that, whilst 2 mg/kg of hydrocortisone 
sodium succinate produced a significant deposition of glycogen in the 
liver, 200 mg/kg of ibufenac had no effect. 

TABLE 6.  ISFLUENCE OF IRUFESAC AND HYDROCORTISONE SODIUM SUCCISATE ON 
GLYCOGEN DEPOSITION IS GROUPS OF 10 MICE 

I Mean liver glycogen i Oral dose m_r/lO g mouse 
-L r.e. - Compound , mg,kg ' .. 

Control . . . . . . . .  . . .  
Hydrocortisone sodium succinate . . i 7 1 9.6 jl 1 . 3 0 t  

11.1 -I. I.56t 

lbufenac . . . . . . . . .  

~ ~~ 

* Not  significantly different from control P 3, 0.05. 
+ Significantly different from control P < 0.05. 

Discussion 
A distinction is usually made between the acute inflammatory response 

of tissues to  a transient stimulus, and the chronic inflammation which 
occurs when a stimulus is persistent. Ultraviolet erythema and thurfyl 
nicotinate erythema are typical of acute inflammation, whilst cotton-wool 
pellet granuloma and adjuvant arthritis are examples of different types 
of chronic inflammation. 
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Although ultraviolet irradiation in the guinea-pig and the application 
of thurfyl  nicotinate in man are capable of producing oedema as well 
as erythema, our techniques are planned so as to measure only erythema 
(Adams & Cobb. 1963). lbufenac is similar to many other non-steroidal 
anti-inflammatory drugs in its ability to inhibit ultraviolet erythema, but 
in thurfyl nicotinate erythema its action is more specitic since, although 
aspirin is effective in  very low doses, sodium salicylate, phenylbutazone 
and oxyphenbutazone are all inactive (Adams & Cobb, 1963). 

In the granulation tissue experiments the proliferative component of 
inflammation predominates ; whilst ibufenac, like ;I number of other potent 
non-steroidal anti-inflammatory agents, is slightly suppressive (Winder, 
Wax & Welford, 3965), it is markedly less effective than hydrocortisone. 

Adjuvant arthritis in the rat is a complex chronic inflammatory condi- 
tion of immunological origin, characterized by a persistent erythema and 
oedema of the paws, in  some respects resembling active rheumatoid 
arthritis. The effect of ibufenac in this condition is probably a measure 
of its ability to reduce increased capillary permeability. 

The overall pharmacological results indicate that ibufenac possesses 
anti-inflammatory, analgesic and antipyretic properties, its oral potency 
in animals being two to four times that of aspirin. In rheumatoid arthritis 
and allied conditions the compound is about twice as active as aspirin 
(Hart & Boardman, 1965). Thus some of the pharmacological effects 
of ibufenac appear to be similar to those of aspirin, but the difference 
between the dose-response curves of the two compounds in ultraviolet 
erythema indicates possible differences in their modes of action in this 
type of inflammation. 

The failure of ibufenac to influence glycogen deposition in the mouse, 
or to simulate glucocorticoids in respect of both whole body growth and 
the formation of granulation tissue in the cotton pellet test, indicate that 
the compound is devoid of glucocorticoid activity. 

On the basis of its pharmacological and clinical activities ibufenac can 
be regarded as a member of that non-steroidal group of anti-inflammator)- 
antirheumatic compounds which includes phenylbutazone, oxyphen- 
butazone, indomethacin, aspirin and the fenamic acids. This similarity 
of ibufenac to the other aforementioned compounds has been confirmed 
at the biochemical level in a variety of in i irro systems. It uncouples 
oxidative phosphorylation in rat liver mitochondria, whilst in  cartilase 
it inhibits the incorporation of inorganic phosphate into organic phos- 
phates, and the biosynthesis of mucopolysaccharide sulphates (White- 
house, 1964). Skidmore & Whitehouse (1966a.b) have shown that ibufenac 
and other acidic anti-inflammatory drugs inhibit histamine formation by 
competing with pyridoxal phosphate for the coenzyme binding site, 
believed to be a lysyl c-amino-group, on mammalian histidine decarboxy- 
lase. Mizushima & Suzuki (1965) have demonstrated that ibufenac as 
well as phenylbutazone, flufenamic acid and indomethacin stabilizes serum 
albumin (FV) against heat coagulation, whilst Gerber, Cohen & Guistra 
(1 967) showed that ibufenac and other anti-inflammatory compounds 
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accelerate the disulphide interchange between serum sulphydryl groups 
and an aromatic disulphide. 

Acknowledgements. The authors are grateful to Dr. M. R. Gurd 
for his helpful criticism and advice, and to the late Miss G. L. Harmer, 
Mr. R. Cobb and Mr. K. F. McCullough for their help with certain aspects 
of the work and to Mr. C. A. Burrows for his technical assistance. 

References 
Adams, S. S. & Cobb, R. (1958). Nature, Lond., 181, 773-774, 
Adams, S. S. & Cobb, R. (1963). Salicylates, pp. 127-134, editors Dixon, A. St. J., 

Martin, B. K., Smith, M. J. H. & Wood, P. H. N., London: J. & A. Churchill Ltd. 
Bush. I. E. & Alexander. R .  W. (1960). Acta endocr.. CoDenh.. 35. 268-276. 
Carroll, N. V., Longley, R. W., & Roe, J. H. (1956).’ J. Lid. Chern., 220, 583-593. 
Chalmers, T. M. (1963). Ann. rheum. Dis., 22, 358-362. 
Collier, H. 0. J. & Shorley, P. G. (1960). Br. J. Pharmac. Chemorher., 15, 601-610. 
Collier, H. 0. J. & Shorley, P. G. (1963). 
Gerber, D. A,, Cohen, N. & Giustra, R. (1967). Biochem. Pharmac., 16, 115-123. 
Glenn, E. M., Bowman, B. J., Kooyers, W., Koslowske, T. & Myers, M. L. (1967). 

J .  Pharmac. exp. Tlier., 155, 157-166. 
Hart, F. D. & Boardman, P. L. (1965). 
Mizushima, Y., Kikutani, T., Azuma, T. & Hazama, T. (1965). Asian med. J., 

Mizushima, Y .  & Suzuki, H. (1965). Archs inf .  Pharmacodyn. Ther., 157, 115-124. 
Randall, L. 0. & Selitto, J. J. (1957). 
Silber, R. H. (1959). 
Skidniore, I. F. & Whitehouse, M. W. (1966a). J. Pharm. Pharmnc., 18, 559-560. 
Skidmore, I. F. & Whitehouse, M. W. (1966b). Biochem. Phurmac., 15, 1965-1983. 
Thompson. M., Stephenson, P. & Percy, J. S. (1964). Ann. rheum. Dis., 23, 397404. 
Whitehouse, M. W. (1964). Natltre, Lond., 201, 629. 
Winder, C. V., Wax, J. & Welford, M.  (1965). J. Pharmac. exp. Ther., 148, 422429. 

Ibid., 20, 345-351. 

Ann. rheum. Dis., 24, 61-65. 

8, 231-232. 

Ibid., 111, 409-419. 
A W I .  N.Y.  Acud. Sci., 82, 821-828. 

312 


