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Influence of various substances on prostaglandin 
biosynthesis by guinea-pig chopped lung* 

B. P J A L L A N D  
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DK-2500 Copenhagen- Valby, Denmark 

Guinea-pig chopped lung tissue was used to investigate the inhibitory effect of various 
steroidal and non-steroidal anti-inflammatory agents, antipyretics, analgesics, local 
anaesthetics and psychotropic drugs on mechanically induced release of prostaglandin-like 
material. Low concentrations of non-steroidal anti-inflammatory agents inhibited synthesis, 
but other antipyretics and analgesics, and the local anaesthetics had little effect. Thymo- 
leptics, neuroleptics and monoamine oxidase inhibitors except phenelzine exhibited weak 
activity. It is concluded that the method is a useful pharmacological model to study 
prostaglandin biosynthesis. The weak effects of the psychotropic drugs suggest that they 
do not exert their clinical effect by inhibiting PG biosynthesis. 

Since the proposal that some therapeutic effects of 
aspirin-like drugs are due to inhibition of the syn- 
thesis of prostaglandins (PGs) (Vane, 1971), various 
substances have been studied on PG-synthetase. 
Drugs from different pharmacological groups 
including steroidal and non-steroidal anti-inflamma- 
tory agents, antipyretics, local anaesthetics and 
different psychotropic drugs, are described as 
inhibitors of the PG-synthetase in different tissues 
(Greaves & McDonald-Gibson, 1972; Flower & 
Vane, 1974; Ham, Cirillo & others, 1972; Kunze, 
Bohn & Vogt, 1974; Kunze, Bohn & Bahrke, 1975; 
Lee, 1974; Krupp & Wesp, 1975). However, other 
investigations have not been able to show any effect 
of e.g. steroids and antipyretics (Flower, Gryglewski 
& others, 1972; Flower, Cheung & Cushman, 1973). 
From the relative potency between various non- 
steroidal anti-inflammatory agents ("As), Flower 
& Vane (1974) concluded that there are multiple 
forms of PG-synthetase within an organism, each 
having its own drug specificity. This might explain 
some of the contradictory results published, using 
different enzyme systems. 1 have therefore evaluated 
the specificity of a simple in vitro model to assess in- 
hibition of PG synthesis by groups of pharmacologic- 
ally different substances. 

M A T E R I A L S  A N D  M E T H O D S  
The method described by Fjalland (1974) was used. 
Chopped lung tissue from unsensitized guinea-pigs 
(Palmer, Piper & Vane, 1973) was superfused at 5 ml 
min-l with Krebs (NaCI 118, KCI 4.7, CaCI, 2.5, 

*Part of this work was presented at the VI Inter- 
national Pharmacology Congress, Helsinki, July 1975. 

MgS04 0.57, KH2P04 1.2, NaHCO, 25, Glucose 
10.1 m ~ )  solution containing atropine sulphate 100 
ng d-l, mepyramine maleate 100 ng mk1, methyser- 
gid bimaleate 200 ng d-l, phenoxybenzamine 
hydrochloride 100 ng ml-I and propranolol hydro- 
chloride 2 pg ml-' (Giimore, Vane & Willie, 1968). It  
was manually agitated for 45 s with a blunt rod to 
release a PG-like material which was assayed 
biologically by superfusing rat stomach strips (Vane, 
1957). Test drugs were incubated for 40 min and the 
inhibition of a PG release was calculated as the per- 
centage of the pre-drug release. The concentration 
producing 50% inhibition (IC50) was determined by 
probit analysis (Finney, 1952) based on 3-5 con- 
centrations of each substance, and 3-12 estimations 
at each concentration. 

R E S U L T S  
The ability of some standard NAIAs to inhibit the 
release of PG-like material is shown in Table 1. 
Indomethacin was most potent, 50% reduction of 
spasmogenic activity in the effluent from the lung 
tissue was observed with lo-' M. Potency decreased 
in the order flufenamic acid, naproxen, ibuprofen, 
phenylbutazone, oxyphenbutazone, acetylsalicylic 
acid and sodium salicylate. 

The effects of various non-acidic anti- 
inflammatory, antipyretic, analgesic and local 
anaesthetic agents are given in Table 2. Flazalone, 
benzydamine and paracetamol inhibited PG- 
release only in high concentrations, whereas penicil- 
lamine, the immunosuppressant cyclophospharnide, 
the gold compound sodium aurothiosulphate, 
hydrocortisone and the other drugs tested (anti- 
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Table 1. Inhibition by non-steroidal anti-inflammatory 
agents of mechanically induced prostaglandin bio- 
synthesis. 

Substance 
Indomethacin 
Flufenamic acid 
Naproxen 
Ibuprofen 
Phenylbutazone 
Acetylsalicylic acid 
Oxyphenbutazone 
Sodium salicylate 

IC50 (pM)* 

0.17 (0.04-0-80) 
0.10 (0.03-0.33) 

0.27 1042-4.3) ,- --  - - I  

0.62 (0.1 5-2.5) 
2.8 (0.65-12.2) 

1 1  (2.4-47) 
19 (3.9-90) 

595 (113-3112) 

* 95 % confidence limits in brackets. n = 4-12. 

pyretics, centrally active analgesics, local anaesthe- 
tics) seemed inactive. With benzydamine (100-200 
PM) a release of PG-like material was registered. This 
was not observed with other substances. 

All the thymoleptics tested (Table 3) inhibited 
synthesis of PG-like material but were about 250-750 
times less potent than indomethacin. The benzodiaze- 
pines and the neuroleptics were also weakly active. 
Tetrabenazine was practically inactive, whereas 
reserpine seemed relatively potent. Among the 
monoamine oxidase inhibitors tested tranylcypro- 
mine was inactive and iproniazide very weak. 
Nialamide was as active as the neuroleptics and 
thymoleptics, whereas phenelzine which possess a 
free hydrazine group was much more potent. 

D IS C U SSIO N 
The present experiments have confirmed the h d i n g  
in earlier investigations (Ham & others, 1972; 

Table 2. Inhibition by various anti-inflammatory-, 
antipyretic, analgesic and local anaesthetic agents of 
mechanically induced prostaglandin biosynthesis. 

Substance 
Flazalone 
Benzy damine 
Penicillamine 
Cyclophosphamide 
Sodium aurothiosulphate 
Hydrocortisone 
Antipyrine 
Paracetamol 
Morphine 
Ketobemidone 
Dextropropoxyphene 
Tetracaine 
Cocaine 
Procaine 

IC50 ( p ~ ) *  

65 (36-120) 
31 (7.1-137) 

> 860 
>loo 
> 500 
> 100 
> 500 

> 500 
> 56 
> 100 
>lo0 
>190 
>230 

207 (32-1356) 

* 95 % confidence limits in brackets. n = 4. 

Flower, 1974; Ferreira &Vane, 1974) that the NAIAs 
are potent inhibitors of PG biosynthesis. The data 
for indomethacin, flufenamic acid, naproxen, ibu- 
profen, phenylbutazone and acetylsalicylic acid 
correlate significantly with data by Takeguchi & Sih 
(1972), Flower & others (1973) and Ham & others 
(1972) (Table 4). This indicates that the present 
model is an appropriate pharmacological model to 
study drugs which inhibit PG-biosynthesis, and 
seems at least as sensitive to the NAIAs as are 
different enzyme system models (Flower, 1974; 
Flower & Vane, 1974; Ferreira & Vane, 1974). The 
mechanism of PG release by the mechanical agita- 
tion of chopped lung tissue is not clear. Piper & Vane 
(1971) suggested that mechanical, physiological and 
pathological stimuli may disturb the cell membrane, 
leading to generation and release of PGs. 

The lack of effect in the present model of the local 
anaesthetics and the weak activity of most of the 
psychotropic drugs tested are more or less in con- 
trast to results described by Kunze & others (1974) 
and Lee (1974) using bovine seminal vesicle and 
cell-free homogenates of guinea-pig lung as sources 
of enzymes, respectively. Perhaps this is explained by 
the finding (Flower & Vane, 1974) that PG-syn- 
thetases in different tissues differ in their responses to 
inhibitory drugs. The present data do not support the 
suggestion (Krupp & Wesp, 1975) that inhibition of 
PG-synthesis is important in the action of anti- 
depressant drugs. If this were so one might expect a 

Table 3.  Inhibition by various psychotropic drugs of 
mechanically induced prostaglandin biosynthesis. 

Substance IC50 (pM)* 
Imipramine 35 ( 4 - 319) 
Desipramine 76 (21 - 275) 
Chlorimipramine 51 (15 - 173) 
Amitriptyline 41 (14 - 124) 
Nortriptyline 58 ( 7 - 476) 
Protriptyline 27 ( 6 - 128) 
Benzoctamine 66 (14 - 312) 
Chlordiazepoxide 
Diazepam 
Chlorpromazine 
Chlorprothixene 
Flupent hixol 
Clozapine 
Haloperidol 
Tranylcypromine 
Nialamide 
Iproniazid 
Phenelzine 
Tetra benazine 
Reserpine 

133 (49 - 363j 
59 (28 - 122) 
64 (24 - 176) 
37 (12 - 177) 
10 ( 2 - 48) 
27 ( 8 - 89) 

103 ( 7 -1557) 

38 ( 6 - 624) 
376 (61 -2300) 

2.4( 0.5- 12) 

17 ( 0.2-1646) 

> 500 

-500 

* 95 % confidence limits in brackets. n = 3-6. 
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Table 4. ZC50 values (PM) of some standard non-steroidal anti-inflammatory agents against PG-synthetase 
compared to the effect obtained in the chopped lung tissue model. 

Acetyl- 
Synthetase Indo- Flufenamic Phenyl- salicylic 
used methacin acid Ibuprofen butazone (acid) Naproxen References 
Dog spleen 0.17 0.64 7.25 37.0 Flower & 

others, 1972 
BSV 2 48 1200 420 820 220 Takeguchi & 

Sih, 1972 
BSV 40 2000 1400 9000 370 Flower & 

others, 1973 ssv 0.45 2.5 1 *5 12.3 83.4 6.1 Ham & 
others, 1972 

Chopped lung 
tissue 0.10 0.17 0.62 2.8 11 0.27 

BSV: Bovine seminal vesicle. SSV: Sheep seminal vesicle. 
Kendall coefficient of concordance: P <0.05. 

correlation inhibition of PG-synthesis and inhibition 
of biogenic amine uptake. This is not so for the six 
antidepressants examined in this study (Carlsson, 
Corrodi & others, 1969; Maxwell, Eckhardt & 
others, 1971). The marked effect of monoamine 
oxidase inhibitors in comparison with indomethacin 
observed by Lee (1974), was not obtained in this 
study. However phenelzine was as potent as phenyl- 
butazone. Perhaps this is because of the free hydra- 
zine group (phenelzine analogues, containing free 
hydrazine groups, were also potent, unpublished). 

The absence of effect of hydrocortisone in the 
present study is in accordance with data of Flower & 
others (1972), although Greaves & McDonald- 
Gibson (1972) found the drug active in rat skin. 
Recently Lewis & Piper (1975) suggested, that the 
effect of hydrocortisone on fat cells was due to in- 
hibition of PG release but not synthesis. 

Stimulation of PG biosynthesis has been described 
for benzydamine, apomorphine, morphine and other 

substances (Flower, 1974; Collier, McDonald- 
Gibson & Saeed, 1974; 1975). With chopped lung 
release of PG-like activity was noticed with benzy- 
damine 1 0 0 - 2 0 0 ~ ~  but not with apomorphine or 
morphine. None of the substances mentioned 
potentiated the release of PG-like substances when 
the period of mechanical agitation was reduced from 
45 to 15-30 s. However, it should be mentioned that 
the present model is not suitable for estimating PG- 
stimulating properties, as a maximal substrate 
stimulation is necessary to obtain reproducible 
results (unpublished). 

From the literature and the results obtained in the 
present study, it seems that guinea-pig chopped lung 
is an appropriate pharmacological model for study- 
ing PG-biosynthesis. It seems relatively selective and 
sensitivefor the NAIAs, but it must be borne inmind 
that drugs which affect PG degradation could also 
influence the results. 
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