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Phosphodiesterase-IV (PDE- IV) inhibitors which are effective anti-
inflammatory agents have forced researchers to find new PDE-IV inhibitors 
with less adverse effects than conventional anti-inflammatory drugs. Some 
pyridazinone derivatives reduced inflammation by inhibiting PDE-IV 
enzyme and acted as anti-inflammatory agents. The new pyridazinone 
derivatives will be more suitable than the currently developed pyridazinone 
compounds for future studies and could be developed as more safe anti-
inflammatory drugs for humans. 
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Introduction 

Heteroaromatic scaffolds, such as pyridazine 

derivatives, have been shown to be 'privileged 

structures' in medicinal chemistry, and many 

drug discovery programes utilize a pyridazine 

as a core scaffold. Examples are far too 

numerous to give more than a flavor of the 

reported chemistry, however it should be noted 

that pyridazine based systems are less common 

in the literature than those based on pyridine or 

the other diazines. Various pyridazine-based 

heterocyclic scaffolds have been utilized in 

recent medicinal chemistry programs against a 

range of biological targets and physiological 

effects [1‒5].  

Phosphodiesterases (PDEs) enzymes are 

responsible for the hydrolysis of the 

intracellular messengers, cyclic adenosine 

monophosphate (cAMP) and cyclic guanosine 

monophosphate (cGMP) causing their 

inactivation. The cAMP and cGMP are important 

signaling molecules regulating inflammatory 

cell response. The PDEs constitute a class of at 

least 11 different isozymes characterized by 

different functional roles [1]. The PDE-III family 

has dual specificity for both cAMP and cGMP 

nucleotides. It consists of two members, PDE-

IIIA and PDE-IIIB [2]. PDE-IIIA is mainly 

expressed in the cardiovascular system and 

platelets where as PDE-IIIB is abundant in 

adipose tissue, hepatocytes, spermatocytes and 

in the renal collecting duct epithelium [3]. The 

PDE-IV family of enzymes is cAMP specific and 

consists of four subtypes (PDE-IVA to PDE-IVD) 

particularly abundant in brain and 

immunocompetent cells as neutrophils, T-

lymphocytes, macrophages and eosinophils. In 

these cells, PDE-IV inhibitors reduce the 

synthesis and release of proinflammatory 

mediators, cytokines and active oxygen species 

[4]. These effects on immunocompetent cells 

may explain the anti-inflammatory and 

bronchodilatatory effects induced by PDE-IV 

inhibitors of inflammatory diseases [1, 5]. The 

uses of PDE4 inhibitors are used in the 

treatment of inflammatory-based disease along 

with asthma, chronic obstructive pulmonary 

disease and multiple sclerosis [6].  

The prototype inhibitor rolipram is a well 

known PDE-IV inhibitor; it was used as an 

antidepressant before the discovery of its PDE-

IV inhibitory activity. Rolipram exhibited anti-

asthmatic and anti-inflammatory properties, 

but side-effects such as nausea and emesis have 

prevented its development as a antidepressant 

or anti-inflammatory drug [7]. Rolipram 

induced side-effects such as depression of 

locomotor activity and markedly enhanced the 

hypoactivity induced by forskolin. Furthermore, 

rolipram enhanced the hyperalgesia induced by 

local administration of several 

proinflammatory agents [8]. Some new PDE-IV 

inhibitors such as cilomilast and roflumilast but 

despite the anti-inflammatory effectiveness, 

their clinical use appears limited by adverse 

effects [9]. The PDE-V catalyzes the hydrolysis 

of cGMP, and the enzyme is abundant in lung, 

platelets, vascular smooth muscle and kidney. 

PDE-5 is the primary cGMP-hydrolyzing activity 

in human corpus-cavernosum tissue and it is 

potently inhibited by sildenafil [3]. The 

peripheral inhibition of PDE-V produces 

analgesia [10, 11] and enhances both morphine 

[12] and diclofenac [13] analgesia in rats. Some 

other kinds of drugs, like glucocorticoids, 

mediate important immunosuppressive and 

anti-inflammatory effects, but display a wide 

range of adverse reactions [14]. Alternative 

strategies should be developed for PDE-IV 

inhibitors, for instance, local application.  

Pyridazine with phosphodiesterase-4 (pde-

4) inhibitor activity:  

The pyridazine derivatives, 6-aryl-4, 5-

heterocyclic-fused pyridazinones showed good 
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selectivity for the PDE-IV enzyme, although, to a 

less extent, they also can inhibited the PDE-III 

enzyme. Furthermore, some pyridazinones can 

potently inhibit PDE-V enzyme [15] like 

pyridazinones derivatives 1, 2, 3 and 4 (Figure 

1). These were selected on the basis of their 

ability to inhibit PDE-4 enzyme [16]. The anti-

inflammatory activity of 2, 3 and 4 was 

compared with rolipram and with 

indomethacin. Rolipram induces hyperalgesia 

after local administration [8]. The effects of the 

pyridazinone derivatives on nociceptive 

threshold were also investigated. In order to 

ascertain the mechanism of 2, 3 and 4 action, 

and compared to those obtained administering 

8-bromo-cAMP, a stable cAMP analogue, 8-

bromo-cGMP, a stable cGMP analogue, erythro-

9-(2-hydroxy-3-nonyl)adenine hydrochloride 

(EHNA, a PDE-II inhibitor), cilostamide and 

cilostazol (PDE-III inhibitors) and sildenafil 

(PDE-V inhibitor). Rolipram reduces the 

spontaneous locomotor activity of animals. The 

(-)-6-(7-Methoxy-2-(trifluoromethyl) 

pyrazolo[1,5-a]pyridin-4-yl)-5-methyl-4, 5-

dihydro pyridazin-3(2H)-one (KCA-1490) 

(compound 1) exhibits moderate dual PDE-

III/PDE-IV-inhibitory activity and  exhibited 

combined bronchodilatory and anti-

inflammatory activity. N-alkylation of the 

pyridazinone ring enhances potency against 

PDE-IV but suppresses PDE-III inhibition.  

Addition of a 6-aryl-4, 5-dihydropyridazin-

3(2H)-one extension to the N-alkyl group 

facilitates both enhancement of PDE-IV-

inhibitory activity and restoration of potent 

PDE-III inhibition [17]. The KCA-1490 is a dual 

PDE-III/PDE-IV inhibitor that exhibits potent 

combined broncho-dilatory and anti-

inflammatory activity. Potential replacement 

subunits for the pyrazolo[1, 5-a] pyridine core 

of KCA-1490 has identified the 4-methoxy-2-

(trifluoromethyl)benzo[d]thiazol-7-yl and 8-

methoxy-2-(trifluoromethyl)quinolin-5-yl 

derivatives as dual PDE-III/PDE-IV inhibitory 

agents that potently reduced histamine-

induced bronchoconstriction and exhibited 

anti-inflammatory action [18]. The KCA-1490 is 

a potent combined bronchodilatory and anti-

inflammatory activity and improved 

therapeutic window over roflumilast [19]. The 

heterocyclic-fused pyridazinones that inhibit 

PDE-IV act as anti-inflammatory agents. The 6-

Benzyl-3-methyl-4-phenylpyrazolo[3, 4-

d]pyridazin-7(6H)-one (2), ethyl-6, 7-dihydro-

6-ethyl-3-methyl-7-oxo-4-phenyl-thieno[2, 3-

d]pyridazine-2-carboxylate (3) and ethyl 6, 7-

dihydro-6-ethyl-3-methyl-4-phenyl-1H-

pyrrolo[2, 3-d] pyridazine-2-carboxylate (4) 

reduced the paw edema induced by zymosan in 

mice as rolipram and indomethacin. The effect 

after local administration of 2, 3 and 4 in the 

formalin test, compound 3 induced 

hyperalgesic effects, whereas 2 and 4 did not 

change the nociceptive threshold. Furthermore, 

rolipram and compound 3 reduced locomotor 

activity, whereas 2 and 4 did not change 

locomotor performance of the mice. Since 2 and 

4 neither affected the nociceptive threshold nor 

changed the locomotor performance, they 

appear more suitable than 3 and could be 

developed as an anti-inflammatory drug for 

humans [6]. The pharmacological effect of a 

series of phthalazinone/pyridazinone exhibits 

dual PDE-III/PDE-IV-inhibitory activities, 

compounds combine the pharmacophores of 

tetrahydro-2H-phthalazin-1-one-type 

inhibitors of PDE-IV and 2H-pyridazin-3-one-

type PDE-III inhibitors. Most of the compounds 

are pharmacologically PDE-III/PDE-IV hybrids. 

All hybrids show potent PDE-IV inhibitory 

activity, whereas PDE-III values are varied. 

Analogues with a 5-methyl-4, 5-

dihydropyridazinone moiety exhibit the highest 

PDE-III inhibitory activities. The highest 

antiinflammatory activity is displayed by 

phthalazinones, at a dose of 30 µmol/kg po, 46% 
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inhibition of arachidonic acid (AA) induced 

mouse ear edema. No correlation was found 

between PDE-III and/or PDE-IV inhibitory 

activity and antiinflammatory capacity [20]. 

 

            KCA-1490 (1)                              2                             3                                    4 

Figure 1: Chemical structures of some pyridazinone compounds 

Pyridazinone derivatives were able to 

reduce the increase in paw volume induced by 

zymosan, although few differences were 

observed with drug potency between 2, 3 and 4. 

This indicated that their effectiveness followed 

the magnitude order: 4>2>3. A strong dose-

dependent reduction in edema development 

was observed in animals treated with rolipram 

or indomethacin. The anti-inflammatory 

effectiveness of the pyridazinone derivatives 

was confirmed by ED50 evaluation. ED50 values 

of pyridazinones in reducing paw edema 

induced by zymosan. Compounds 2 and 4 were 

as effective as rolipram and indomethacin in 

reducing paw edema development. Conversely, 

3 was the less effective in reducing paw edema 

development. The ED50 value of 3 was found to 

be higher. The PDE-II inhibitor EHNA (100 μg/ 

paw) did not change the response to zymosan. 

The administration of the PDE-III inhibitor 

cilostamide (100 μg/paw) induced a slight but 

non significant reduction of the effect of 

zymosan. The PDE-V inhibitor sildenafil (100 

μg/paw) was not able to change the 

inflammatory effects induced by zymosan. 

Conversely, rolipram (100 μg/paw) was able to 

reduce the edema formation induced by 

zymosan. When cilostamide (100 μg) was 

administered together with rolipram (100 μg), 

cilostamide reversed the anti-inflammatory 

effects induced by rolipram. Concomitant 

administration of rolipram (100 μg) and 

sildenafil (100 μg) did not change the effects of 

rolipram. The PDE-IV inhibitors induced 

hyperalgesia after local administration. In order 

to investigate if 2, 3 and 4 might be able to 

modify the response to nociceptive stimuli after 

local administration, some experiments using a 

1% solution of formalin as a chemical 

nociceptive agent. However, effects induced by 

a local increase of cAMP or cGMP levels. The 

effects induced by EHNA (PDE-II inhibitor), 

cilostamide and cilostazol (PDE-III inhibitors), 

rolipram (PDE-IV inhibitor) and sildenafil 

(PDE-V inhibitor), since 2, 3 and 4 inhibit not 

only the PDE-IV enzyme but also, although to a 

lesser extent, the PDE-III and probably the PDE-

V enzyme. The effects on nociceptive threshold 

induced by 2, 3 and 4 are shown. The 

administration of the stable cAMP analogue 8-

Bromo-cAMP at the dose of 10 and 100 μg 

potentiated the nociceptive response induced 

by formalin. Conversely, the administration of 

8-bromo-cGMP at the dose of 10 μg and 100 μg 

reduced the response to formalin in the late 

phase of the test. The effects of EHNA, 
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cilostamide, cilostazol, and rolipram in formalin 

test, respectively. EHNA administered at doses 

of 10, 100 and 200 μg/paw did not change the 

effect of formalin in the early or in the late phase 

of the test. Cilostamide and cilostazol at the dose 

of 100 μg were able to reduce the behavioral 

response to formalin in the late phase of the test.  

The EHNA, cilostamide (CIL), sildenafil (SIL), 

rolipram (ROL), rolipram and cilostamide 

(ROL+CIL) and rolipram and sildenafil 

(ROL+SIL) were administered at the single dose 

of 100 μg/20 μl/paw 30 min before zymosan. 

The effects observed after compound 3 

administrations were similar to those observed 

after rolipram administration. Rolipram 

administered at doses of 10 and 100 μg was able 

to potentiate the effects of formalin in the late 

phase of the test. The effect induced by sildenafil 

(100 μg) is reported. Sildenafil was able to 

reduce the response to formalin in the late 

phase of the test. The concomitant 

administration of rolipram (100 μg) and 

sildenafil (100 μg) induced a slight but non 

significant reduction in the early phase of the 

test. Furthermore, sildenafil administered 

together with rolipram reduced the 

hyperalgesic effect of rolipram in the late phase 

of the test. Different results were obtained when 

cilostamide was administered together with 

rolipram. The concomitant management of 

cilostamide and rolipram induced a strong 

reduction of both early and late phase of the test. 

Effects induced by pyridazinones derivatives on 

locomotor activity, the highest rolipram and 3 

doses a reduction in locomotor activity. Drugs 

administered at the dose of 10 μg/paw or at the 

dose of 0.1 mg/kg did not change the locomotor 

performance of mice. The results obtained with 

the highest doses (100 μg/paw and 1 mg/kg). It 

has been reported that rolipram reduces 

locomotor activity. The effects induced by 2, 3 

and 4 on locomotor activity. Compound 2 and 4 

induced only a slight but statistically non-

significant reduction of the spontaneous 

locomotor activity. Conversely, 3 reduced 

locomotor activity in the same way as observed 

after rolipram administration. Furthermore, 

effects induced by 2, 3, 4 in the formalin test. 

Pyridazinone derivatives, 2 and 4, that 

inhibit PDE-IV and to a lesser extent PDE-III3, 

are able to induce the same anti-inflammatory 

effects as rolipram and indomethacin after local 

administration. Most importantly, 2 and 4, 

unlike rolipram, did not change the nociceptive 

threshold and did not change the motor activity 

of mice. The exact mechanism of action of 2, 3 

and 4, was not known but some hypothesis can 

be put forward. It is well known that PDE-IV 

inhibitors have potent anti-inflammatory 

effects [7]. The anti-inflammatory effects of 

PDE-IV inhibitors are used in treatment of 

asthma, shock, autoimmune encephalomyelitis, 

ischemia–reperfusion injury and rheumatoid 

arthritis [7]. These effects appear to depend on 

the PDE-IV effects on cytokine production, since 

PDE-IV inhibitors inhibit the LPS induced TNF-

α production and increase the production of the 

anti-inflammatory cytokine IL-10 in response to 

LPS in human monocytes [4]. Furthermore, 

PDE-IV inhibitors potently block the activation 

of leukocytes in vitro and modulate the 

expression of cell adhesion molecules in vitro 

[21]. However, 2, 3 and 4 are also PDE-III 

inhibitors and probably also PDE-V inhibitors. 

The differences observed in PDE-III inhibition 

were obtained from guinea pig ventricular 

tissue. The different anti-inflammatory 

effectiveness observed after rolipram, 2, 3 and 

4 management is dependent on the difference 

observed in PDE-III inhibition. PDE-III 

inhibition, indeed, follows the order of potency 

3>4>2>rolipram. The cilostamide, a PDE-III 

inhibitor, reversed the anti-inflammatory effect 

of rolipram. In contrast, the PDE-V inhibitor 

sildenafil did not change the anti-inflammatory 

effect of rolipram. Thus, it is possible that 
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difference in PDE-III inhibition might explain 

why 2 and 4 behave like rolipram whereas 3 

appears to be less effective in reducing edema 

formation induced by zymosan. The lack of 

effects after EHNA administration suggested 

that PDE-II is probably not involved in the 

inflammatory response evoked by zymosan. 

Discussion 

The effects of treatments that increase cAMP 

levels on nociception have been studied in the 

periphery by several investigators. The 

peripheral injection of forskolin produced a 

dose-dependent hyperalgesia that was 

prolonged by rolipram administration. 

Furthermore, cAMP involvement was also 

demonstrated in the hyperalgesia that followed 

peripheral administration of prostaglandins 

[22]. Stable analogues of cAMP sensitized 

nociceptors to noxious heat and enhanced 

interstimulus activity in unmyelinated afferents 

[23]. Furthermore, animals treated spinally 

with 8-BromocAMP, a dose-dependent 

decrease in mechanical nociceptive threshold 

was observed [24]. The hyperalgesia induced by 

dopamine, PGE-2, carrageenan, bradykinin, 

TNFα, IL-1β, IL-6 and IL-8 was potentiated by 

PDE-IV inhibitors. All the above data and the 

results obtained in our experiments with the 

cAMP analogue 8-Bromo-cAMP confirm the 

association between hyperalgesia and elevated 

cAMP levels in the periphery and indicated the 

intracellular levels of cAMP enhancing 

hyperalgesia being controlled by PDE-IV. 

However, data from other literature indicated 

that the effects observed after acute 

administration are not still present after 

repetitive rolipram administration [25]. 

However, since chronic inflammatory diseases 

decrease per se the nociceptive threshold, it is 

important to treat these patients with drugs 

that do not affect nociceptive threshold as 2 and 

4 appear to do. Regarding the effects induced by 

cGMP on nociceptive threshold, several data 

indicate that an increase of cGMP levels causes 

antinociception. When examining the role of 

NO/cGMP pathway in peripheral nerve endings 

on the modulation of murine mechanical 

hyperalgesia induced by PGE2, the NO donor 

SNAP is able to reduce the hyperalgesic effects 

induced by PGE-II. This anti-hyperalgesic effect 

is inhibited by ODQ, a soluble guanylate cyclase 

inhibitor. Furthermore, ODQ potentiates the 

hyperalgesia induced by bradykin, TNFα, IL-1β, 

IL-6 and IL-8 [8]. It was also reported that 

systemically and intrathecally administered NO 

synthase inhibitors reduce experimentally 

induced hyperalgesia, [26‒28] while NO donors 

decrease nociceptive thresholds to mechanical 

and thermal stimulation [29]. The spinal level, a 

block of cGMP synthesis has an excitatory action 

on dorsal horn neurons as a block of NO-

synthesis [30].  

Additionally, it was reported that sildenafil 

(a PDE-V inhibitor), increases morphine and 

diclofenac antinociception in the formalin test 

[12,13] like sildenafil-induced peripheral 

antinociception via the activation of NO/cGMP 

pathway [10]. The antinociceptive effect of 

sildenafil was confirmed also in our 

experiments. Cilostamide and cilostazol are 

PDE-III inhibitors, and PDE-III hydrolyzes both 

cAMP and cGMP although with a 2-10 fold 

higher Vmax for cAMP. However, cGMP can 

compete with cAMP hydrolysis and this 

competition could play an important role in 

some instances [3]. Thus, depending on the 

different tissue or metabolic state, PDE-III 

inhibition might induce an increase of cAMP 

level or an increase of cGMP level. These 

hypotheses could explain both the hyperalgesic 

effects observed after the administration of the 

PDE-III inhibitor trequinsin [31] and the 

antinociceptive effects observed after 

cilostamide or cilostazol administration.  
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The effects observed after the concomitant 

administration of PDE-IV and PDE-III or PDE-V 

inhibitors. Indeed, the coadministration of 

rolipran and cilostamide induced 

antinociception in the formalin test. The 

concomitant management of rolipram and 

sildenafil reduced the hyperalgesic effect of 

rolipram. The activity on the PDE-III enzyme, 3 

appears to be the most active compound. After 

3 administration, reduction in the late phase of 

the formalin test as observed after cilostamide 

or cilostazol management. Furthermore, if the 

contemporaneous inhibition of PDE-III and 

PDE-IV enzyme is acting after 3 use reduction of 

the formalin test was observed. Reduction in 

nociceptive threshold was observed after 3 use 

and no effects after 2 or 4 uses. Thus, an 

involvement of PDE-III in the 2, 3 and 4 effects 

on nociceptive threshold appears unlikely. 

Although other piridazynone derivatives are 

potent PDE-V inhibitors [15], compound 2, 3 

and 4 may be inhibits PDE-V. However, the 

results obtained from the concomitant 

administration of rolipram and sildenafil 

appear useful, since they could explain the 

results obtained after 2, 3 and 4 administration. 

Thus, 2 and 4 might be more effective PDE-V 

inhibitors than 3 at reversing the hyperalgesic 

effects induced by PDE-IV inhibition. However, 

2 and 4 might also be PDE-II inhibitors, since 

EHNA administration did not change the 

nociceptive threshold in the formalin test. It is 

well known that PDE-IV inhibitors display 

central effects and exhibit antidepressive 

effects. Like typical antidepressant drugs, PDE-

IV inhibitors reduce the time of immobility in 

the forced-swim test, reverse the effects of 

chronic mild stress, normalize the behavioral 

deficits observed in olfactory-bulbecomized 

rats, antagonize the effects of reserpine, and 

potentiate yohimbine-induced toxicity. In 

humans, the antidepressant efficacy of PDE-IV 

inhibitors [32], but the therapeutic use of PDE-

IV inhibitors was stopped because of several 

side-effects including sedation, nausea and 

emesis. This has prompted attempts to 

dissociate the antidepressant effects of PDE-IV 

inhibitors from the side-effects [33, 34]. 

Sedation in animals means a reduction in 

locomotor activity. A strong reduction in 

locomotor activity after rolipram and 3 

administration. Conversely, 2 and 4 did not 

reduce locomotor performance of mice, and this 

result appears of relevance for further 

development of 2 and 4 as potential anti-

inflammatory drugs. 

Conclusion 

Recently, large numbers of pyridazinone 

compounds were tested against various types of 

diseases and disorders. Previously reported 

pyridazinone compounds possess almost all 

type biological activities like antimicrobial, 

analgesic, anti-inflammatory, selective and 

nonselective COX inhibitor, anticancer, 

antipyretics, antisecretory, antiulcer, 

antidepressants, antipsychotic, sedative-

hypnotics, anticonvulsants, GABA antagonists, 

antihypertensive, antithrombotics, cardiotonics, 

PDE inhibitors and other anticipated biological 

and pharmacological properties. The PDE 

inhibitor activity activities of pyridazine 

compounds are well known such as PDE-III and 

PDE-IV were mainly reported. Some 

pyridazinones act as PDE-IV inhibitors and 

display the same anti-inflammatory 

effectiveness of rolipram, but with no effects on 

nociceptive threshold and no effects on 

locomotor activity of mice after topically use. 

The structural feature of pyridazine compounds 

allowed the design of many biologically active 

compounds with diverse pharmacological 

activities. Pyridazines hold considerable 

interest relative to the physiologically active 

compounds. Some compounds bearing 

pyridazinone rings have been reported as PDE-
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IV inhibitor. Pyridazinones focused attention 

because of their easy functionalization and 

makes attractive compounds for development 

of new drugs in future, including some with 

PDE-IV inhibitor activity. However, some 

pyridazinones act as PDE-IV inhibitor agents 

and substituted pyridazine compounds has 

been used for development of new molecule for 

the effective treatment. The interest in 

pyridazine derivatives has established 

considerable attention for researcher to search 

for new effective drugs. 
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