
COMMUNICATIONS 603 
Curzon, G., Kantamaneni, B. D., Tricklebank, M. D. 

Dominic, J. A., Sinha, A. K., Barchas, J. D. (1975) Eur. J .  

and the sedative actions of the benzodiazepines seems 
to have been prematurely dismissed and further studies 
combining behaviour with biochemistry are needed to 
clarify the role of this neurotransmitter in benzodi- 
aepine-induced sedation. 
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Biological activity of indoprofen and its optical isomers 

A. BUTTINONI*, M. FERRARI, M. COLOMBO, R. CESERANI, Ricerca e Sviluppo, Farmitalia Carlo Erba SPA, Via Imbonati24, 
20159 Milano, Italy 

Indoprofen, (cw[4-(2-isoindoliny1-l-one)-phenyl] pro- 
pionic acid) a non-steroidal analgesic anti-inflammatory 
drug (NSAID) (Buttinoni et a1 1973; Bruni et a1 1980) 
has an asymmetric carbon atom and can therefore occur 
either as the (+)- or (-)-isomer. The optically active 
indoprofen enantiomers have been resolved (Tosolini et 
al 1974) and their absolute configurations determined 
(De Munari et a1 1980). Several workers have claimed 
that biological activity in some substituted phenyl- 
propionic acids is due almost entirely to the (+)-isomer 
(Shen 1967; Ham et a1 1972; Takeguchi & Sih 1972; 
Tomlinson et a1 1972; Greig & Griffin 1975) believed to 
have the S-configuration (Wechter et a1 1974; Sim- 
monds et a1 1980; Tamura et a1 1981). The aim of this 
study was to determine the contribution of the enan- 
tiomers to the activity and toxicity of racemic indo- 
profen. We also investigated their effect on prostaglan- 
din biosynthesis, as the biological activity of this class of 
compounds is closely linked to inhibition of the prosta- 
glandin system. 

Methods 
Anti-inflammatory activity was studied in male 
ICEM: CER (SPF Caw) rats on acute and subchronic 
models, carrageenan oedema (Winter et a1 1963) and 
granuloma pouch (Boris & Stevenson 1965); analgesic 
activity was assayed in ICEM: CET (SPF Caw) mice on 
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phenylquinone writhing (Siegmund & Cadmus 1957). 
Drugs were given orally, suspended in 0.5% Methocel 
(hydroxypropyl-methyl cellulose 400). Acute toxicity 
was determined in rats 7 days after oral and intravenous 
treatment (drugs given as sodium salts). Biological 
activity was determined and evaluated as previously 
described (Buttinoni et a1 1973). 

In-vitro inhibition of prostaglandin synthesis was 
studied according to Ceserani et a1 (1979). The concen- 
tration used were 0-6, 1.2, 2.4 ng ml-1 for racemic 
indoprofen (n = 11-13) 0.3, 0.6, 1.2 ng ml-1 for (S)- 
(+)-enantiomer (n = 11-12) and 24,48,% ng ml-1 for 
(R)-(-)-enantiomer (n = 3). The findings were analy- 
sed statistically as previously described (Ceserani et a1 
1979) to obtain KB (KB = dose of indoprofen which 
reduces the activity of arachidonic acid by 50%, see 
Furchgott 1972). 

Results 
Tables 1 and 2 show the anti-inflammatory and anal- 
gesic activity and the acute toxicity of racemic indo- 
profen and its enantiomers. The (9-(+)-isomer is twice 
as effective and toxic as racemic indoprofen, but the 
(R)-( -)-isomer displayed very little activity and toxic- 
ity. 

Similar potency ratios were obtained in-vitro. 
Racemic indoprofen and the (S)-( +)-isomer inhibited 
prostaglandin synthesis with a KB = 2.29 (confidence 
limits for P = 0.95 (1-56-3.37) and 1.27 (0.43-3.74) 
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Table 1. Anti-inflammatory and analgesic activity of 
indoprofen and its enantiomers after oral administration. 

Phenylquinone 

Compound ED50 mg kg l  1%25 mg k g l  ED50 mg k g ’  

Carrageenan Granuloma writhing 
oedema in rats uch in rats in mice 

Indoprofen 

(S)-( +)-Enantiomer 

(R)-( -)-Enantiomer 

1.26 

0.67 
(0.5W.75) 

12.23 
(8.22-21 4) 

(1.12-1 44) 
0.72 

0.36 
(0 .27451)  

11.30 
(9 .S13.59)  

( O . M . 9 9 )  
n.49 

(0.4%655) 
0.27 

(0 ,24429)  
6.25 

(5,61488) 

95% confidence limits in parentheses 

Table 2. Acute toxicity of indoprofen and its enantiomers in 
rats. 

LD50 mg kg-1 LD50 mg k g l  
Compound oral i.v. 
Indoprofen 60.83 58.66 

(S)-( +)-Enantiomer 33.75 31.98 
(5140-72.55) (53.41-64.42) 

(30-1e37.72) (29.49-34.68) 

(460.67428.37) (518.51-594.89) 
(R)-( -)-Enantiomer 538.02 555.39 

95% confidence limits in parentheses. 

respectively. (R)-( -)-Indoprofen was virtually ineffec- 
tive at more than 100 times higher concentrations. 

The results of in-vivo experiments show that the 
(9-( +)-isomer has twice the anti-inflammatory and 
analgesic activity of the racemic mixture, and about 20 
times that of the @)-(-)-isomer. Similar results were 
obtained in toxicity trials; in the rat the (S)-(+)-isomer 
was 1617 times as toxic as the (R)-(-)-isomer and twice 
as toxic as the racemic mixture. Racemic indoprofen 
had about the same toxicity that would have been 
expected for a 1:l mixture of (S)-(+)- and (R)-(-)-  
enantiomers on the basis of additive effects. The ratio of 
toxicity foundtoxicity expected, calculated by Finney’s 
method (Finney 1952) on the basis of the hypothesis of 
additivity, was 1.038 (04327-1.302) for the rat after oral 
administration and 1.025 (0.913-1.151) after intrave- 
nous administration. 

Dkcussion 
The in-vitro findings confirm that the inhibitory effect 
on prostaglandin synthetase resides in the (S)-( +)- 
isomer. The (R)-( -)-isomer was practically ineffective 
as an inhibitor of prostaglandin synthesis. It is thus 
evident that the (R)-( -)-isomer is practically inert and 
that the pharmacological effects of the racemic mixture 
are largely due to the (9-(+)-isomer. The same highly 
stereospecific anti-inflammatory effect was observed for 
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several pairs of enantiomers of or-methyl-uryl-acetic 
acids and for (+)-naproxen (Harrison et al 1970; Shen 
1972). For other NSAID, such as ibuprofen, benoxa- 
profen and clindanac, evidence for an optical inversion 
mechanism in animals and man is reported (Adams et a1 
1976; Simmonds et a1 1980; Tamura et a1 1981). Our 
results indicate that only a small degree of inversion of 
the (R) - ( - ) -  to the (S)-( +)-enantiomer occurs in the rat 
and mouse. 
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