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A B S T R A C T 
 
Pyridazine derivatives are significant bioactive molecules having wide range of 
biological activities. Phosphodiesterase (PDE) enzymes, particularly PDE-III, 
PDE-IV, and PDE-V are inhibited by some pyridazine compounds. PDEs are cyclic 
nucleotide-hydrolyzing enzymes that regulate intracellular levels of the 
secondary messengers (cAMP and cGMP), cell activities and their specific 
inhibitory effects for the treatment of various disorders. PDE isoenzyme selective 
inhibitors include PDE-III inhibitors for congestive heart failure (CHF), PDE-IV 
inhibitors for inflammatory disorders, and PDE-V inhibitors for erectile 
dysfunction. The PDE-V inhibitor should be utilized in pulmonary hypertension. 
In this article, the PDE activities of various pyridazine compounds were 
investigated. 

  

Introduction 

hosphodiesterase (PDE) was firstly 
isolated from rat brains in 1972, and a 
series of drugs were quickly recognized 
to especially inhibit it in the brain and 
other tissues [1]. Selective PDE 

inhibitor medicinal potential was first expected 
in 1977 [2,3]. PDE inhibitor inhibits the PDE 
enzyme, avoiding the PDE subtype from 
inactivating the intracellular second 

messengers, cyclic adenosine monophosphate 
(cAMP) and cyclic guanosine monophosphate 
(cGMP). PDEs are a group of enzymes that 
hydrolyze cyclic nucleotides, regulating 
intracellular levels of the secondary messengers 
and cell activities. The recognition of eleven (I-
XI) isoenzymes, and their function at the cellular 
and molecular level, has stimulated the 
development of isoenzyme-specific inhibitors 
for the treatment of various disorders. 
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PDE isoenzyme selective inhibitors include 
the PDE-III inhibitors for congestive heart 
failure (CHF) and their use in improving quality 
of life in patients with intermittent claudication 
[4], PDE-IV inhibitors for inflammatory diseases, 
and PDE-V inhibitors for erectile dysfunction [5]. 
PDE inhibitors are selectively dangerous to 
cancer cells because distinct PDE isoenzymes 
are overexpressed in different tumor cells. PDE 
inhibitors work with already existing anticancer 
drugs and might be used in the cancer treatment 
plan. 

In recent years, the activities of pyridazine 
derivatives have grown widely. These 
derivatives have a wide range of 
pharmacological properties, such as 
cardiovascular and cardiotonic agents 
(zardaverine, imidazole, bemoradan, 
indolindan, and pimobendan), vasodilator, 
antiplatelet, antidepressant, antihypertensive, 
antithrombotic, antifungal, antibacterial, 
antimicrobial, analgesic, anti-inflammatory, 
antifeedant, anticancer, diuretics, anti-HIV, and 
other pharmacological properties [7-18]. 

Nonselective phosphodiesterase (PDE) 
inhibitors 

Nonselective adenosine receptor antagonists 
and competitive nonselective PDE inhibitors 
enhance intracellular cAMP, activate PKA, 
inhibit TNF- and leukotriene production, and 
reduce inflammation and innate immunity. In 
the pursuit of molecules with improved 
selectivity for PDE enzyme or adenosine 
receptor subtypes, several synthetic xanthine 
derivatives have been formed [19-22]. 

Phosphodiesterase (PDE) Enzyme Inhibitors 

The effects of the diuretics 1,4-dimorpholino-7-
phenylpyrido[3,4-d]pyridazine (DS-511) (1) 
and its 4'-hydroxy derivative [DS-511(4'-OH)] 
on the ADH-cyclic AMP system in rat renal 
medulla slices have been examined. The basal 
levels of slices cAMP are unaffected by these 
substances. After preincubation with DS-511 or 
DS-511-(4'-OH) in the presence of theophylline, 
the making of cAMP was prevented, but it was 
restored after washing the slices. Higher levels 
were required to block etacrynic acid. 

Hydrochlorothiazide and furosemide had no 
effect. DS-511(4'-OH) reduced the effect of 
cAMP-PDE in the medullary homogenate. The 
diuretic action of DS-511 was mediated in part 
by its suppression of the ADH-cyclic AMP 
pathway [23]. 

In vitro, theophylline and three lipolytic 
compounds, 2,5-bis(2-chloro ethylsulfonyl)-
pyrrole-3,4-dicarbonitrile (substituted pyrrole), 
2,4-diamino-6-butoxy-s-triazine (substituted 
triazine), and 2,3-dihydro-5,6-dimethyl-3-oxo-
4-pyridazine carbonitrile (substituted 
pyridazine) (2), stimulated basal lipolysis in 
adipose tissue. They also promoted an increase 
in the release of free fatty acids (FFAs), but not 
glycerol, from adipose tissue when the 
adrenaline had already driven lipolysis to its 
highest. The cyclic AMP PDE and the change of 
[1-(14)C]glucose to (14)CO were likewise 
inhibited by these four drugs. The accumulation 
of FFAs as a result of hindered re-esterification 
was confirmed. After oral or intraperitoneal 
(i.p.) injection, the substituted pyridazine and 
triazine, but not the pyrrole, raised plasma FFAs 
in rats [24]. 

Phosphodiesterase (PDE)-III selective 
inhibitors 

Clinically, PDE-III antagonists are used to 
treating heart dysfunction. These drugs enhance 
cardiac activity by simulating sympathetic 
stimulation. Intermittent claudication is also 
treated with this drug. PDE-III is also known as 
the cGMP-inhibited PDE [25-27]. 

Phosphodiesterase (PDE)-III Inhibitors and 
Pyridazine Derivatives 

A sequence of 6-(4-(substituted-amino)phenyl)-
4,5-dihydro-pyridazin-3(2H)-ones have 
antiplatelet action. The tail transaction bleeding 
test was used to assess the antiplatelet test. The 
pyridazine derivatives substantially inhibited 
platelet aggregation when compared with the 
normal drug aspirin, certain compounds have a 
greater inhibitory effect on platelet aggregation 
[28]. Potent PDE-IIIB subtype-selective 
inhibitors have been identified as aryl dihydro 
pyridazine and aryl dimethyl pyrazolones with 
2-benzyl vinyl amide substituents. 
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For in vivo estimation of lipolysis activation, 
metabolic rate rise, and cardiovascular results, 
dihydro pyridazine (PDE-IIIB IC50=0.19 nM, 3A 
IC50=1.3 nM) were chosen [29]. The 
cardiovascular actions and mode of action of the 
cardiotonic drug 6[4-(4'-pyridyl)aminophenyl]-
4,5-dihydro-pyridazin-3(2H)-one hydrochloride 
(MCI-154) (3) were tested. MCI-154 (0.01-0.3 
mumol/kg i.v., bolus injection) resulted in a 
dose-dependent rise in left ventricular dP/dt 
and a reduction in mean arterial pressure in 
anesthetized rats. There was just a slight rise in 
heart rate. Canine cardiac PDE-III was 
selectively blocked by the drug (IC50 2.5+/-0.6 
mumol/l). MCI-154 increased the Ca2+ 
sensitivity of contractile proteins in skinned 
porcine trabeculae just slightly. The MCI-154 is 
a potent cardiotonic agent, with PDE-III 
inhibition possibly playing a role in this effect 
[30]. 

Hydrazinopyridazines have antihypertensive 
and vasorelaxant effects. Some 6-aryl-5-
piperidino-3-hydrazino-pyridazines (4) with 
structurally similar to the well-known 
antihypertensive drug hydralazine have been 
found to exhibit vasodilator actions. In rat aortic 
rings with or without endothelium, hydralazine 
and the present hydrazino-pyridazines 
alleviated contractions produced by 
noradrenaline or a high K+ concentration in a 
concentration-dependent and unspecified 
manner. Considering the IC50 (50% inhibitory 
concentrations) values obtained, the 
compounds' vasorelaxant efficacy was larger 
than hydralazine. 

In a Ca2+-free media, the hydrazino-
pyridazines and hydralazines effectively 
prevented the contractions caused by 
noradrenaline or caffeine. These compounds 
and hydralazine showed no impact on Ca2+ 
uptake triggered by basal, noradrenaline, or K+. 
These drugs have stronger endothelium-
independent vasorelaxant action than 
hydralazine in isolated rat aortic rings and that 
their action is not mediated by blocking of 
transmembrane Ca2+ fluxes through complicated 
channels [31]. The actions of the 6-(2,3,4,5-
tetrahydro-5-methyl-3-oxo-pyridazine-6-yl)-
1,2,3,4-tetrahydro-1-methyl quinolin-2-one (Y-
590) (5) on platelet PDE were tested. Incubation 

of Y-590 with washed rabbit platelets did not 
affect the concentration of cAMP. It improved 
the capacity of prostaglandin I2 (PGI2) to 
increase cAMP when added to washed platelets 
1.5 minutes before PGI2. Y-590 substantially 
suppressed cAMP-PDE in rabbit platelets, 
although it exhibited a less inhibitory impact on 
cGMP-PDE. The IC50 for cGMP-PDE/IC50 for 
cAMP-PDE was roughly 60 times that of 
papaverine (IC50 for cGMP-PDE/IC50 for cAMP-
PDE). The concentration of Y-590 that 
prohibited platelet aggregation was the same as 
the one that inhibited cAMP-PDE. The Y-590 is a 
cAMP-PDE inhibitor that inhibits cAMP 
breakdown in platelets, so has anti-platelet 
properties [32]. 

Phosphodiesterase (PDE)-IV selective 
inhibitors 

PDE-IV inhibitors are used as a pharmacological 
testing tool as well as a neuroprotective and 
bronchodilator drug for treating asthma and 
stroke. It inhibits PDE-IV the most, but it also 
inhibits other PDE subtypes in substantial 
amounts, making it either a selective PDE-IV 
inhibitor or a non-selective PDE inhibitor, 
depending on the dose. To reduce renal colic 
discomfort and hasten cervical dilation during 
labor, this supplement can be used. People who 
are experiencing severe symptoms, including 
coughing and excessive mucus, should take this 
drug to prevent their symptoms from 
worsening. PDE-IV, the major cAMP-
metabolizing enzyme, is found in inflammatory 
and immunological cells. PDE-IV inhibitors have 
been proven to have anti-inflammatory actions, 
particularly in inflammatory pulmonary 
illnesses including asthma and rhinitis. They 
decrease the production of cytokines and other 
inflammatory signals by inhibiting the 
production of reactive oxygen species. PDE-IV 
inhibitors have lately been proposed as 
antipsychotics and may also have 
antidepressant properties. By boosting 
inadequate cAMP levels, treatment with a PDE-
IV inhibitor restored partial functioning of 
Hippocampus-based memory processes [33-
35]. 
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Phosphodiesterase (PDE)-IV inhibitorsand 
pyridazine derivatives 

A scaffold with a bicyclic core and pyridazine 
ring showed anti-inflammatory action in vivo. 
These compounds inhibited the COX-2 enzyme. 
The action of a chloro analog was similar to that 
of diclofenac [36]. The [1,2,4]triazolo[3,4-
b][1,3,4]pyridazine-based PDE-IV inhibitor, a 
series of substituted 7H-[1,2,4]triazolo[3,4-
b][1,3,4]thiadiazine act as PDE-IV inhibitors. 
The (R)-3-(2,5-dimethoxy phenyl)-6-(4-
methoxy-3-(tetrahydrofuran-3-yloxy)phenyl)-
7H-1,2,4] triazolo [3,4-b] [1,3,4]thiadiazine and 
(R)-3-(2,5-dimethoxy phenyl)-6-(4-methoxy-3-
(tetrahydrofuran-3-yloxy)phenyl)-
[1,2,4]triazolo[4,3-b]pyridazine (6) were 
identified as highly potent PDE-IVA inhibitors. In 
a panel of 21 PDE family members, both of these 
analogs were found to be highly selective for 
PDE-IV isoforms (PDE-IVA, PDE-IVB, PDE-IVC, 
PDE-IVD). To evaluate if they could be used as 
PDE-IV activity probes, both compounds were 
tested in a variety of cell-based assays [37]. 
Pyrolo [2,3-d]pyridazinones' inhibitory activity 
on PDE-IV subtypes A, B, and D, as well as 
selectivity against the Rolipram high-affinity 
binding site, were examined (HARBS). One drug 
was 8 times more active (IC50=0.32 M) for PDE-
IVB (anti-inflammatory) than for PDE-IVD 
(IC50=2.5 M), assumed to be responsible for 
emesis. Certain drugs can decrease TNF 
production, and the findings reflect their PDE-IV 
inhibitory activity [38]. 

PDE-IV inhibitors are powerful anti-
inflammatory drugs, although they have certain 
negative side effects. The researchers have been 
driven to find new PDE-IV inhibitors with fewer 
negative effects. The heterocyclic-fused 
pyridazine inhibited PDE-IV enzymes. The 
effects of pyridazine derivatives used locally in a 
mouse model of acute inflammation, 6-Benzyl-3-
methyl-4-phenylpyrazolo[3,4-d]pyridazin-
7(6H)-one (7), ethyl 6,7-dihydro-6-ethyl-3-
methyl-7-oxo-4-phenyl-thieno[2,3-
d]pyridazine-2-carboxylate (8) and ethyl 6,7-
dihydro-6-ethyl-3-methyl-4-phenyl-1H-
pyrrolo[2,3-d]pyridazine-2-carboxylate (9) 
reduced the paw edema induced by zymosan in 
mice as rolipram (a PDE-IV inhibitor prototype 

with anti-inflammatory potential) and 
indomethacin both decreased zymosan-induced 
paw edema in mice. Compounds 7 and 9 showed 
minimal impact on the nociceptive threshold, 
but compound 8 induced hyperalgesia. 
Furthermore, rolipram and 8 reduced locomotor 
activity, but 7 and 9 had no impact on the mice's 
locomotor activity. Because 7 and 9 had minimal 
influence on nociceptive thresholds or 
locomotor output in mice, they appear to be 
better acceptable for future animal tests and 
might be developed as an anti-inflammatory 
drug [39]. 

Pyridazine is a useful starting point for 
selective COX-2 inhibitors. In rat paw edema and 
rat pyresis models, two strong, selective, and 
orally active COX-2 inhibitors were found, both 
of which were extremely effective. pyridazine is 
a useful starting point for selective COX-2 
inhibitors. A series of 6-aryl-4,5-heterocyclic-
fused pyridazines were produced as selective 
PDE-IV inhibitors. These compounds showed a 
strong selectivity profile against the PDEIV 
family, as well as a decreased affinity for the 
Rolipram high-affinity binding site, which 
appears to be the cause of undesired side effects. 
According to the structure-activity relationships 
(SARs) study, the presence of an ethyl group at 
pyridazine N-2 is associated with the greatest 
potency and selectivity profile [40]. 

Phosphodiesterase (PDE)-V selective 
inhibitors 

PDE-V inhibitor inhibits PDE5, a cGMP-specific 
enzyme that is responsible for cGMP 
degradation in the corpus cavernosum. These 
PDE inhibitors are mainly used to treat erectile 
dysfunction, but they also have other medicinal 
uses, such as treating pulmonary hypertension. 
It is combined with nitrous oxide (NO) or statins, 
providing an additional advantage [41]. 

Phosphodiesterase (PDE)-V inhibitors and 
Pyridazine Derivatives 

A series of isoxazolo- pyridazines and analogs 
were used to test PDE inhibitors for Leishmania 
mexicana. Some chemicals showed weak PDE 
inhibitory action at 100 M [42]. PDE-V was 
isolated from human platelets, and a series of 
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pyrazolo[3,4-d] pyridazines (10) and analogs 
were tested as inhibitors of PDE-V, which might 
be beneficial as peripheral vasodilators. The 
majority of them had IC50 values ranging from 
0.14 to 1.4 M. 6-benzyl-3-methyl-1-isopropyl-4-
phenylpyrazolo[3,4-d]pyridazin-7(6H)-one 
inhibited PDE-VI with high activity and 
selectivity. The benzyl group at position-6 of the 

pyrazolo-pyridazine system is crucial. Other 
pyridazines, namely, pyrrole, isoxazole, 
pyridine, and dihydropyridine, fused with five 
and six-membered heterocycles, i.e. pyrrole, 
isoxazole, pyridine, and dihydropyridine, were 
tested, as well as some open variants. In addition 
to pyrazole, isoxazole and pyridine were shown 
to be the best-fused structures [43]. 
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Figure 1. Structure of some pyridazine derivatives with phosphodiesterase (PDE) inhibitor activities 
 

Other Activities 

5-[4-(benzyl sulfonyl)piperazin-1-yl]-4-
morpholino-2-phenyl-pyridazin-3(2H)-one 
(11) showed significant antifungal activity 

against Candida glabrata and Candida albicans 
[44]. A series of 4-(aryl/heteroaryl-2-ylmethyl) 
aryl/heteroaryl-2-ylmethyl) aryl/heteroaryl-2-
y 2-[3-(4-substituted piperazine-1-yl)propyl]-6-
phenyl-2-[3-(4-substituted piperazine-1-
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yl)propyl] pyridazin-3(2H)-ones at different 
levels, were tested for cytotoxicity against five 
human cancer cell lines of different origins, 
namely HeLa (Cervical), SKBR3 (Breast), 
HCT116 (colon), A375 (Skin), and H1299 
(Lung), and the IC50 values were calculated. The 
chemicals examined are most hazardous to 
HCT116 and HeLa cells, one of which exhibited 
modest cytotoxicity when tested against SKBR3. 
The majority of the compounds were just 
moderately active [45]. 

The antisecretory and antiulcer properties of 
pyridazine derivative containing a 2-
cyanoguanidine moiety, as well as sulfur or an 
oxygen atom in the alkylene side chain, were 
tested. In the pylorus-ligated rat, the Shay 
approach was used to test all compounds for 
stomach antisecretory actions, and the selected 
compounds were tested in the stress-induced 
ulcer test. The antisecretory and antiulcer 
activity of compound 2-[[2-(2-cyano-3-methyl-
1-guanidino) ethyl]thio]methyl]-6-phenyl-
pyridazin-3(2H)-one (12) was the strongest. 

These chemicals are not anticholinergics or 
histamine H2 receptor inhibitors [46]. 

1,2,3,4-tetrahydro-6-substituted-2,5,7-
trimethyl-6H-pyrrolo[3,4-d]N-methylhydrazine 
Pyridazin-1,4-ones acted as cystostatic agents, 
and all compounds exhibited a minor anti-
Mycobacteriumtuberculosis action [47]. The 
affinity of a sequence of pyridazine derivatives 
for α1-α2-adrenoceptors in vitro was assessed 
using radio ligand-receptor binding assays. 
When the fragment 4-[2-(2-methoxy phenoxy)-
ethyl]-1-piperazinyl is linked in 5 positions of 
the pyridazine ring, a gradual increase in affinity 
was observed when the polymethylene chain 
length of this series increased up to a highest of 
six and seven carbon atoms, while a slight 
decrease was observed for the higher affinities. 
When the 4-[2-(2-methoxyphenoxy)-ethyl]-1-
piperazinyl group is connected in 6 locations of 
the pyridazine ring, increasing the chain length 
has a distinct effect: the polymethylene chain 
with four carbon atoms has the strongest affinity 
[48]. 
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Figure 2. Structure of some pyridazine derivatives 
 

Discussion 

Intracellular second messengers’ cAMP and 
cGMP govern a multitude of physiological 
procedures, including vascular resistance, heart 
activity, visceral motility, immunological 
response [49], inflammation [50], 
neuroplasticity, vision [51], and reproduction 
[52].  The intracellular levels of these cyclic 
nucleotide second messengers are regulated by 
the dynamic superfamily of cyclic nucleotide 
PDE enzymes. PDEs that cleave the 3′,5′-cyclic 
phosphate moiety of cAMP and/or cGMP to 
create the matching 5′-nucleotide belong to the 
cyclic nucleotide PDEs super family of metallo-
phosphohydrolases. PDEs are significant 
determinants in the control of cellular cAMP 

and/or cGMP levels by a variety of stimuli [53]. 
PDEs, which are ever-present, play a key role in 
regulating cell signaling by breaking down cAMP 
and cGMP [54]. PDE inhibitors are drugs that 
target PDE isoenzymes and prevent the 
metabolism of secondary messengers (cAMP, 
cGMP), hence enhancing the biological impact of 
the cell type. Non-selective and selective PDE 
inhibitors are being studied as possible 
treatments for various conditions, including 
sexual dysfunction, Alzheimer's disease, and 
other ailments [55,56]. By blocking the up-
regulated PDE isozyme (s) using newly formed 
powerful and isozyme specific PDE inhibitors, it 
may be feasible to restore normal intracellular 
signaling selectively, resulting in treatment with 
fewer adverse effects [57,58]. In vitro 
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cardiotonic activity was linked to the 1,2-diazine 
mechanism in a series of novel pyridazine 
derivatives structurally similar to bipyridine 
cardiotonic, starting with 4-methyl pyridazine 
or 4-acetyl pyridazine, respectively [59]. 
pyridazine derivatives have a wide range of 
pharmacological properties. The basic 
pyridazine ring is found in compounds that are 
being evaluated for new drugs that have anti-
inflammatory, cardiotonic, antihypertensive, 
analgesic, anti-platelet accumulation, 
vasodilatory, antidiabetic, and anticonvulsant 
properties, etc. [60-62]. 

Conclusion 

This review focused on pyridazine derivatives, 
which have biological potential that is still being 
investigated in terms of creating strong active 
leads in medicinal chemistry. PDE inhibitors that 
are non-selective are used to treat some 
illnesses. Potent PDE selective drugs have begun 
to show promise in the treatment of various 
illnesses such as pulmonary hypertension, 
asthma, allergic rhinitis, psoriasis, multiple 
sclerosis, epilepsy, Alzheimer's disease, and 
schizophrenia. Cardiovascular disease is being 
treated with PDE-III inhibitors; inflammation is 
being treated with PDE-IV inhibitors, and sexual 
dysfunction is being treated with PDE-V 
inhibitors [63,54]. The development of a specific 
inhibitor for each type of PDE might open the 
way for basic research into PDE treatment and, 
eventually, therapeutic application to regulate 
unusual function. To learn more about the drug's 
pharmacological action, further research seems 
essential. These novel pyridazine compounds 
have far superior biological characteristics than 
prior generations. 
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