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Effect of centrally administered prostaglandin D2 and some prostaglandin 
synthesis inhibitors on carrageenan-induced paw oedema in rats 

s. K. BHATTACHARYA, P. I .  R .  M O H A N  R A O ,  G .  D A S  GUPTA, Neuropharmacology Laboratory, Department of Pharmacology, Institute of 
Medical Sciences, Banaras Hindu University. Varanasi, India 

Abstract-The putative modulatory role of central prostaglandins 
(PGs) on peripheral inflammation has been explored by investigat- 
ing the effects of intracerebroventricularly (i.c.v.) administered 
PGD2, the major rodent brain PG, hydrocortisone, a phospholipase 
A2 inhibitor, and the cyclo-oxygenase inhibitors, paracetamol and 
mefenamic acid, on carrageenan-induced paw inflammation in rats. 
PGDz produced a dose-related inflammation-augmenting effect, 
whereas hydrocortisone and the PG synthesis inhibitors, paraceta- 
mol and mefenamic acid, induced attenuation of the peripheral 
oedema. These findings confirm an earlier report from this labora- 
tory which had indicated that central PGs may modulate peripheral 
inflammation and that conventional anti-inflammatory agents exert 
at least part of their effect by inhibiting central PG synthesis. 

The role of peripheral prostaglandins (PGs) in the mediation 
and modulation of the inflammatory response has been investi- 
gated extensively (Ferreira & Vane 1979). Like other models of 
experimental inflammation, the role of peripheral PGs including 
that of PGD2 in carrageenan-induced acute paw oedema is well 
accepted (Vane 1987). An excellent correlation has been shown 
to exist between the anti-inflammatory effects of a large number 
of non-steroidal anti-inflammatory agents in this model of acute 
inflammation and their PG synthesis inhibiting potential (Lom- 
bardino et a1 1975). The hyperthermic effect of phlogistic doses 
of carrageenan are known to be mediated through central PGs 
(Bhattacharya et a1 1987) and the hyperalgesic effect through 
central and peripheral PGs (Ferreira et a1 1978). The analgesic 
(Ferreira et a1 1978) and antipyretic (Flower 1974) effects of 
aspirin-like drugs have been shown to be due to inhibition of PG 
synthesis. Rat brain PGE2 and PGF2, levels were found to be 
significantly elevated during carrageenan-induced paw inflam- 
mation in the rats (Bhattacharya & Das 1984a). Centrally 
administered PGE2 was shown to augment carrageenan-induced 
oedema in rats, whereas PGFz,, and the cyclo-oxygenase inhibi- 
tors, sodium salicylate and diclofenac, administered i.c.v. atte- 
nuated the oedema (Bhattacharya & Das 1984b). It is now 
apparent that, contrary to the earlier belief, PGD2 is the major 
rodent brain PG, the levels of PGE2 and PGF2, being signifi- 
cantly lower (Wolfe 1982). We have now extended our earlier 
studies to investigate the effect of centrally administered PGD2 
on carrageenan-induced inflammation in rats. 

Materials and methods 

The studies were conducted on inbred Wistar strain albino rats 
(150-200 g) of either sex. The rats were housed in colony cages at 
an ambient temperature of 25k2"C and 45-55% relative 
humidity, with a 12 h light/dark cycle. The rats were fed on 
standard pellet chow and given tap water through drinking 
bottles. Experiments were conducted at this ambient tempera- 
ture between 0900 and 1400 h. Paw inflammation was induced 
by carrageenan (0.1 mL of 1% suspension in 0.9% saline) 
injected below the plantar aponeurosis of the hind paw (Winter 
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et a1 1962). The paw volume, up to the ankle joint, was measured 
before and at hourly intervals for 4 h after carrageenan 
administration, by means of a mercury plethysmograph. The 
increase in paw volume has been expressed in units, each unit 
representing 1 cm (volume = 0.075 mL) length of the displaced 
mercury column. 

Intracerebroventricular (i.c.v.) cannulation of the right lateral 
ventricle was performed in pentobarbitone sodium (40 mg kg- I 

i.p.) anaesthetized rats and an indwelling cannula was stereotaxi- 
cally inserted (Feldberg & Lotti 1967). The rats were used a week 
after the cannulation. All the drugs, except PGD2, were 
administered i.c.v. dissolved in 10 pL of artificial cerebrospinal 
fluid (CSF). PGD2 was initially dissolved in 1 % ethanol before 
dilution with artificial CSF and administered in a volume of 10 
pL. Since the paw oedema induced by carrageenan in control 
rats receiving either 10 pL of artificial CSF or 10 pL of 1% 
ethanol in artificial CSF was not significantly different, the 
former vehicle administered group was maintained as the 
control group. The increase in paw volume (in unitsks.e.m.) 
after administration of 10 jiL of 1 % ethanol in artificial CSF at 1, 
2, 3 and 4 h was 1.46+0.18, 2.37+0.21, 2.77+0.25 and 
2.64 f 0.22, respectively (n = 10). 

The drugs, used with doses and pretreatment times given in 
parentheses, were: PGD2, Sigma Chemicals, USA (5, 10, 20 fig, 
15 min), paracetamol, Sigma Chemicals, USA (20, 50 pg, 30 
min), mefenamic acid, Sigma Chemicals, USA (10, 20 pg, 30 
rnin) and hydrocortisone hemisuccinate, Lyka Pharmaceuticals 
(20,50 pg, 30 min). The doses and pretreatment times are based 
on data available from earlier studies from this laboratory after 
i.c.v. administration of drugs (Bhattacharya & Mohan Rao 
1987; Bhattacharya et a1 1988). 

Statistical analysis was by the two tailed unpaired Student's t- 
test. P values above 0.05 were taken as statistically insignificant. 

Results 

The results are summarised in Tables 1 and 2. PGD2 (5,lO and 20 
pg, i.c.v.) produced a dose-related augmentation of the carragee- 
nan-induced paw oedema, though the effect of the first dose (5 
pg) was statistically insignificant. The cyclo-oxygenase inhibi- 
tors, paracetamol and mefenamic acid, and the phospholipase 
Az inhibitor, hydrocortisone, attenuated the inflammation 
induced by carrageenan, though the effect of the smaller doses of 
paracetamol and hydrocortisone were statistically not signifi- 
cant (Table 1). None of these pharmacological agents had any 
significant effect on carrageenan oedema when administered i.p. 
in doses used for i.c.v. administration (Table 2). 

Discussion 

Centrally administered PGE2 has been reported to accentuate 
the phlogistic effect of carrageenan in rats (Bhattacharya & Das 
1984a). It is now evident that PGD2, the major rodent brain PG, 
exerts a similar pro-inflammatory effect. A remarkable similarity 
in the central actions of PGD2 and PGEs is on record. Both these 
PGs potentiate hexobarbitone hypnosis (Bhattacharya et a1 
1976; Bhattacharya & Parmar 1985a) and the anticonvulsant 



570 COMMUNICATIONS 

Table 1. Effect of i.c.v. administered PGD2, hydrocortisone, mefenamic acid or 
paracetamol on carrageenan-induced pedal oedema in rats. 

~ 

Groups 

Increase in paw volume in units (mean f s.e.m.) 

I h  2 h  3 h  4 h  
Control (artificial (CSF)) 1.54 k 0. I 1 2.32 f 0.19 2.98 k 0.12 2.24 k 0.08 

1.86k0.12 2.67 k0.16 3.20k 0.1 1 2.58 k0.12 
2.15 +0.16" 3.18 +0.12b 3.52+0.1Oa 3.02k0.12" 

PGDz ( 5  
PGD, (10 UE)  
PGD; (20 bgj 2.68 z0.14b 3.79 z0.16b 4.12 z0.16b 3.52 kO.1 Ib 
Hydrocortisone (20 pg) I .29 k 0.14 2.08 k 0.15 2.36 k 0.18 2.02 rl: 0.16 
Hydrocortisone (50 pg) 0.78+0.09b 1.27+0.10b 1.76k0.12b 1.52+0.07b 
Mefenamic acid (10 pg) 1.08+0.06" 164&0.11a 2.12f0.09b 1.74k0.12" 
Mefenamic acid (20 pg) 0.86+0.08b 1.48k0.1 la  1.94f0.10b 1,62+0.09b 
Paracetamol(20 pg) 1.28 f0.14 2.06 k 0.13 2.42 k0.12 2.02k0.13 
Paracetamol (50 pg) 0.98k0.09" 1.62k0.12" 2.04k0.11b 1.71 +O.l l" 

n = 6 in each group except the control group where it is 8. 
a and indicate statistical significance in comparison to the control group as 

P<O.OI and < 0.001, respectively. Values without superscripts indicate that they are 
statistically non-significant (P values more than 0.05) (Student's t-test). 

Table 2. Effect of i.p. administered (in the same doses as used i.c.v.) PGD2, 
hydrocortisone, mefenamic acid or paracetamol on carrageenan-induced 
pedal oedema in rats. 

Increase in paw volume in units (mean _+ s.e.m.) 

Groups I h  2 h  3 h  4 h  
Control (saline) 1.78 k0.14 2.86+0.19 3.54k0.19 3.14+0.18 
PGDz (20 p d  1.86k0.09 3.04+0.21 3.76f0.22 346k0.16 
Hydrocortisone (50 pg) 1.52k0.18 2.59k0.17 3.22k0.19 2.98rl:O.I 1 
Mefenamic acid (20 pg) 1.56k0.12 2.54+0.14 3.19k0.21 2.86k0.16 
Paracetamol(50 pg) 1.72+0.09 2.69k0.12 3.26k0.14 3.02_f0.08 

n = 5 in each group except the control group where it is 10. 
None of the values are statistically significant in comparison to the 

control group (P values more than 0.05) (Student's t-test). 

action of phenobarbitone (Bhattacharya & Sanyal 1978a; 
Bhattacharya & Parmar 1985b), they attenuate pentetrazol- 
induced convulsions (Bhattacharya & Sanyal 1978b; Bhatta- 
charya & Parmar 1987), and induce antinociception (Sanyal et a1 
1979; Bhattacharya 1986) and catalepsy (Bhattacharya et a1 
1984; Bhattacharya & Mohan Rao 1987). The mechanism of 
PGD2-induced potentiation of an acute peripheral inflammation 
after central administration of the eicosanoid, is not apparent. 
However, in a recent review on central modulation of peripheral 
inflammation (Bhattacharya & Das Gupta 1988), it has been 
postulated that the pro-inflammatory effect of the centrally 
administered PGEs may be secondary to their facilitatory effect 
on central cholinergic and inhibition of central catecholaminer- 
gic neurotransmission (Wolfe 1982). The pro-inflammatory 
effect of the central cholinergic system (Das & Bhattacharya 
1985) and the inflammation-attenuating role of the central 
noradrenergic system (Bhattacharya & Das 1986) has been 
extensively investigated in rats, using the carrageenan model of 
paw oedema. Like the PGEs, PGD2 is also known to augment 
central cholinergic activity (Mohan Rao & Bhattacharya 1988) 
and attenuate central catecholaminergic neurotransmission 
(Hemker & Aiken 1980). It is, therefore, likely that the proposed 
mechanism for the inflammation promoting effect for PGEs may 
hold true for PGDz as well. 

The phospholipase A2 inhibitor, hydrocortisone (Gryg- 
lenwski 1979), and the cyclo-oxygenase inhibitors, paracetamol 
and mefenamic acid, administered centrally, attenuated carra- 
geenan-induced paw oedema, indicating that inhibition at 
different levels of the PG synthesis cascade in the central nervous 
system can induce a significant anti-inflammatory effect. It may 

be argued that the inflammation-inhibiting effect of i.c.v. 
hydrocortisone may well be due to inhibition of leukotriene 
synthesis, since they are now known to be potent mediators of 
inflammation (Ford-Hutchison 1985). However, it is still doubt- 
ful if lipo-oxygenase metabolites are at all present in the 
mammalian brain (Wolfe 1982). The anti-inflammatory effect of 
cyclo-oxygenase inhibitors is now well accepted and sodium 
salicylate and diclofenac have been reported to attenuate 
inflammation on central administration as well (Bhattacharya & 
Das 1984a). It had been earlier stressed that paracetamol was 
devoid of significant anti-inflammatory effect, while retaining 
antipyretic and analgesic actions, because it selectively inhibited 
the central PGs (Flower 1974). However, it is now apparent that 
paracetamol does have considerable anti-inflammatory activity 
and can reduce pain and swelling in inflammatory conditions 
other than athritis, sometimes more effectively than aspirin 
(Cooper 1981). These observations support the concept of a 
central locus for anti-inflammatory activity of PG synthesis 
inhibitors, apart from their well documented peripheral PG 
synthesis inhibiting activity. Since none of the drugs used in the 
study had any discernible effect on the oedema induced by 
carrageenan, after peripheral administration in the doses used 
by the i.c.v. route, it can be asserted that the observed effects 
were central and not manifested after seepage into the peripheral 
circulation. 

It has been suggested (Ferreira et a1 1978) that carrageenan 
hyperalgesia, induced by subplantar administration of the 
phlogistic agent, has a central as well as peripheral component 
and that PG synthesis inhibitors exert an anti-algesic effect by 
preventing the hyperalgesia induced by central and peripheral 
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Elease of PGs. It is likely that a similar situation exists for the 
anti-inflammatory effect of these drugs, involving the central 
p e  in addition to peripheral PGs. At least one study (Bhatta- 
charya & Das 1984b) indicates that rat brain P G  levels are 
significantly increased during the course of carrageenan-induced 
paw oedema. 

References 
Bhattacharya, S. K. (1986) Delta-9-tetrahydrocannabinol (THC) 

increases brain prostaglandins in the rat. Psychopharmacol. 89: 

Bhattacharya, S. K., Das Gupta, G. (1988) Central modulation of 
peripheral inflammation. Ind. J. Exp. Biol. 26: 77-84 

Bhattacharya, S. K., Das, N. (1984a) Effect of carrageenin-induced 
pedal oedema on rat brain prostaglandins. Neurochem. Pathol. 2: 

Bhattacharya, S. K., Das, N. (1984b) Effect of central prostaglan- 
dins on carrageenin-induced pedal inflammation in rats. J. Pharm. 
Pharmacol. 36: 766-767 

Bhattacharya, S. K., Das, N. (1986) Central catecholaminergic 
modulation of carrageenin-induced pedal oedema in rats. Res. 
Exp. Med. 186: 365-374 

Bhattacharya, S. K., Mohan Rao, P. J. R. (1987) Prostaglandin D2- 
induced catalepsy in the rat. Role of serotonin. J. Pharm. 
Pharmacol. 3 9  743-745 

Bhattacharya, S. K., Parmar, S. S. (1985a) Prostaglandin D2- 
induced potentiation of hexobarbitone hypnosis in rats. Role of 
serotonin. Ibid. 37: 915-916 

Bhattacharya, S. K., Parmar, S. S. (1985b) Prostaglandin D2- 
induced potentiation of the anticonvulsant actions of phenobarbi- 
tone and phenytoin in rats. Pharm. Res. 6: 313-316 

Bhattacharya, S. K., Parmar, S. S. (1987) Prostaglandin D2 inhibits 
pentylenetetrazol-induced convulsions in rats by a serotonin 
mediated mechanism. Ibid. 4 406-409 

Bhattacharya, S. K., Sanyal, A. K. (1978a) Prostaglandin El- 
induced potentiation of the anticonvulsant action of phenobarbi- 
tone in the rat. Role of brain monoamines. Prostagland. Med. 1: 

Bhattacharya, S. K., Sanyal, A. K. (1978b) Inhibition of pentylene- 
tetrazol-induced convulsions in rats by prostaglandin El. Role of 
brain monoamines. Psychopharmacol. 56: 235-237 

Bhattacharya, S. K., Das, N., Sarkar, M. K. (1987) Inhibition of 
carrageenin-induced pedal oedema in rats by immobilisation 
stress. Res. Exp. Med. 187: 303-313 

Bhattacharya, S. K., Mohan Rao, P. J. R., Bhattacharya, D. (1984) 
Prostaglandin El-induced catalepsy in the rat. Role of putative 
neuro-transmitters. Pharm. Res. 5: 229-23 1 

Bhattacharya, S. K., Mohan Rao, P. J. R., Parmar, S. S. (1988) Role 
of prostaglandins and other putative neuroregulators in some 

12 1 - 124 

163- 169 

159-164 

neuro-pharmacological actions of bradykinin in the rat. In: 
Dhawan, B. N., Rapaka, R. S. (eds) Recent progress in chemistry 
and biology of centrally acting peptides, C.D.R.I., Lucknow, pp 
305-3 16 

Bhattacharya, S. K., Mukhopadhyay, S. N., Debnath, P. K., Sanyal, 
A. K. (1976) Role of 5-hydroxytryptamine in prostaglandin El- 
induced potentiation of hexobarbitone hypnosis in albino rats. 
Experientia 32: 907-908 

Cooper, S. A. (1981) Comparative analgesic efficacies of aspirin and 
acetaminophen. Arch. Intern. Med. 141: 293-300 

Das, N., Bhattacharya, S. K. (1985) Central cholinergic modulation 
of carrageenin-induced pedal inflammation in rats. Pharm. Res. 3: 

Feldberg, W., Lotti, V. J. (1967) Temperature responses to mono- 
amines and an inhibitor of M A 0  injected into the cerebral 
ventricles of rats. Br. J. Pharmacol. 31: 152-161 

Ferreira, S. H., Vane, J. R. (1979) Mode of action of anti- 
inflammatory agents which are prostaglandin synthetase inhibi- 
tors. In: Vane, J. R., Ferreira, S. H. (eds) Handbook of 
experimental pharmacology, vol. 50/II, Springer Verlag, New 
York, pp 348-383 

Ferreira, S. H., Lorenzetti, B. B., Correa, F. M. A. (1978) Central 
and peripheral antialgesic action of aspirin like drugs. Eur. J. 
Pharmacol. 53: 39-48 

Flower, R. J. (1974) Drugs which inhibit prostaglandin biosynthesis. 
Pharmacol. Rev. 26: 33-67 

Ford-Hutchison, A. W. (1985) Leukotrienes: their formation and 
role as inflammatory mediators. Fed. Proc. 44: 25-29 

Gryglenwski, R. J. (1979) Pharmacological interference in biotrans- 
formation of arachidonic acid. Adv. Pharmacol. Ther. 4: 53-62 

Hemker, D. P., Aiken, J. W. (1980) Effects of prostaglandin D3 on 
nerve transmission in nictitating membrane of cats. Eur. J. 
Pharmacol. 67: 155-158 

Lombardino, J. G., Otterness, K. G., Wiseman, E. H. (1975) Anti- 
inflammatory agents correlation of some physical, pharmacologi- 
cal and clinical data. Arzneimitt. forsch. 25: 1629-1635 

Mohan Rao, P. J. R., Bhattacharya, S. K. (1988) Hyperthermic 
effect of centrally administered bradykinin in the rat: Role of 
prostaglandin and serotinin. Int. J. Hypertherm. 4: 183-190 

Sanyal, A. K., Srivastava D. N., Bhattacharya, S. K. (1979) The 
anti-nociceptive effect of intracerebroventricularly administered 
prostaglandin El in the rat. Psychopharmacol. 60: 159-163 

Vane, J. R. (1987) Anti-inflammatory drugs and many mediators of 
inflammation. Int. J. Tissue Reac. IX (1): 1-14 

Winter, C. A,, Risky, E. A,, Nuss, G. W. (1962) Carrageenin- 
induced oedema in the hind paw of rat as an assay for anti- 
inflammatory drugs. Proc. SOC. Exp. Biol. 11 1: 544547 

Wolfe, L. S. (1982) Eicosanoids Prostaglandins Thromboxanes 
Leukotrienes and other derivatives of carbon 20 unsaturated fatty 
acids. J. Neurochem. 38: 1-14 

137-1 39 


