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Summary 
 

The paper is an up dated bibliographical synthesis, as an incipient scientific 
research, of several important scientific works, which had appeared in the latest year’s 
scientific publications, referring to the Phosphodiesterase group (PDE) and its inhibitors, in 
the processes of installing, evolution and functional behaviour in humans and animals. The 
relative lack of information and knowledge in the up mentioned field, and the new specific 
products introduced in the last ten years in Romania, motivate the presentation of the PDE 
families and its inhibitors and also, a scholastic explanation of the PDE implications upon the 
specific enzymatic systems. In the paper the mechanisms for most important PDE groups 
are described, focusing the intimate processes installing, evolution and the role of the PDE’s 
inhibitors, acting as therapeutic agents and physiological modifiers of PDE generated 
answers in mammalian’s tissues and organs. 
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The phosphodiesterases (PDE), presentation 
 

Phosphodiesterases are enzymes that hydrolyze the cyclic nucleotides 
adenosine 3’, 5’-cyclic monophosphate (cAMP) and guanosine 3’, 5’-cyclic 
monophosphate (cGMP), in their inactive form (5’nucleotide) and, therefore they 
play an essential role in the cellular enzyme systems. The cyclic nucleotide 
phosphodiesterases (PDE) comprise a group of enzymes that degrading the 
phosphodiester bond in the second messenger molecules cAMP and cGMP (fig.1). 
They regulate the localization, duration, and amplitude of cyclic nucleotide 
signalling within sub cellular domains (1). 

 

N
N

NH

NH2

OH

O

O
O

O
O

OH

OH

N

NN

NH2

N

N

N

PP OO OO

O-

cAMP cGMP  
 

Fig. 1. Spatial structure of cAMP and cGMP 
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For a better understanding the list of the abbreviations used in this paper 
are presented bellow: 

 

PDE  – phosphodiesterase 
AMPc  – cyclic adenosine monophosphate 
ATP  – adenosine triphosphate 
cGMP  – cyclic guanosine monophosphate 
GTP  – guanosine triphosphate 
AC  – adenilate cyclase 
GC  – guanylate cyclase 
I  – inositol 
PI (IP)  – phosphatidyl-inositol 
PIP2  – phosphatidyl-inositol 4, 5-biphosphate 
IP3  – inositol 1, 4, 5-triphosphate 
DAG  – diacilglicerol 
CaM  – calmodulin Y7 
TXA2  – thromboxanes 
NO  – nitrogen monoxide 
EDRF  – the endothelial relaxing factor 
PA  – the phosphatidic acid 
AA  – the arahidonic acid 
PG  – prostanoide 
VOC  – the voltage-dependent channels 
ROC  – the receptor-dependent channels 
MLCK  – the light chain kinase of the myosin 
RE  – endoplasmic reticulum 
CaP  – calponine 
CaD  – caldesmone 
PCI2  – prostacillin 
 

Phosphodiesterase or diester-orthophosphoric-phosphohydrolase (PDE) is 
the head series enzyme that is involved in the phosphoric diester hydrolytic 
cleavage, presenting a broad specificity and therefore is important regulator of the 
signal transduction mediated by these second messenger molecules.  

The existence of the tissue-specific intracellular homeostasys mechanisms, 
justifies the process by which a growth hormone inducing an intracellular 
secondary messenger such as cAMP and cGMP, may determine as a reaction, a 
concatenation of diverse cellular responses, dependent by the cell type.  

cAMP is a 2 order messenger, who translates the external stimuli into cell 
internal stimuli, and who is degraded into AMP (adenosine 5’-monophosphate) by 
an cAMP-dependent PDE. An increase in free intracellular calcium can result from 
either increased flux of calcium into the cell through calcium channels or by release 
of calcium from internal stores (e.g., sarcoplasmic reticulum; SR). 

The free calcium binds to a special calcium binding protein called 
calmodulin.  

Calcium-calmodulin activates myosin light chain kinase (MLCK), an 
enzyme that is capable of phosphorylating myosin light chains (MLC) in the 
presence of ATP. Myosin light chains are 20-kD regulatory subunits found on the 
myosin heads. MLC phosphorylation leads to cross-bridge formation between the 
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myosin heads and the actin filaments, and hence smooth muscle contraction 
(figure 2). 

cGMP is degraded into GMP (guanosine 5’-monophosphate) by a PDE 
cGMP-dependent. The PDE is accomplished by the guanine nucleotides and also, 
the PDE are activated by the related processes to the operation of the voltage-
gated calcium channel, following the increase of Ca2+ in citosol. (1, 19). 

 
 

Fig. 2. Specific activity of cAMP  
Source: http://www.cvpharmacology.com (22) 

 
After Beavo (1), the guanine nucleotides activate the PDE, which 

determine the PI cleavage. In parallel, it will be produced also the activation of the 
PDE calmodulin-dependent, which cleavages the cAMP.  

The activation of the PDE (phospholipase C) leads to the hydrolysis of the 
PI and PIP2, with the IP3 and DAG formation. cAMP becomes 5’AMP from the 
action of the phosphodiesterase cAMP-dependent, regulated by the calmodulin 
(CaM). The PDE hydrolyzes the cGMP into 5’GMP.  

 

The implication of the phosphodiesterases in the enzyme systems work 
 

The enzyme systems effectors that are known at this time are:  
- calmodulin system (CaM),  
- protein kinase;  
- AC-cAMP system (adenilate cyclase-cyclic adenozin-monophosphate); 
- GC-cGMP system (guanylate cyclase-cyclic guanozin-monophosphate) and  
- PI system (phosphatidyl-inositol) (1, 19).  

The subunits effectors that are acting through the enzyme systems are 
producing the phosphorylation of protein kinase.  

These enzymes are required for the activation or for the inhibition of others 
enzymes and they occur upon the transformation of the phosphate group. Between 
these systems exists a close correlation.  

The G protein is an intermediary that communicates the signal from the 
surface to a certain enzyme who will generate a 2 order messenger (secondary 
intracellular messenger).  

This protein possesses the binding sites for GDP and GTP. GTP or GDP 
binding to the G protein is a process linked by the activation and/or the AC 
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inactivation and thus, the GTP and the GDP are performing specialized functions in 
the transmission of the chemical information (1, 19). 

 
Calmodulin System (CaM) – Protein kinase 

 

She can be found in all eukaryotic cells and mediates many of the 
physiological responses that are related to the presence of a high amount of 
calcium (Ca2+) in citosol, resulted after receptors’ stimulation.  

CaM, unlike AC-cAMP, is located only in the cell membrane. It is effective, 
located both in the cell membrane and in the citosol. CaM is a α-helix form globular 
acidic protein (with the isolelectric point = 4,3), multifunctional and modulated by 
Ca2+ ions, which activates a series of specific calcium-dependent enzymes.  

Binding to Ca2+ ion will increase the degree in which it is found as a α-helix 
form to more than 50%. This conformation change is mandatory for the CaM 
regulating role in the relation with the enzymes. The enzyme activity adjustment in 
the CaM presence can be achieved in two ways: in the presence of some fixed 
CaM amounts, which increases the Ca2+; increase CaM level in the presence of a 
fixed Ca2+amounts (1, 17, 19). 

Action mechanisms. As the CaM concentration increases, the amount of 
the requested Ca2+ necessary to stimulate the reactions is decreasing. The decrease 
of the Ca2+ level due to the efflux achieved by the Ca2+, due to the mitochondrial 
sequestration, leads to the CaM -Ca2+ complex dissociation. CaM contains four 
known binding sites of Ca2+, CaM suffering conformational changes, required for its 
biological action. These changes consist in the exposure of the hydrophobic regions. 
The CaM activity has the stimulating effect on many enzymes (17).  

The most important activated enzymes are:  
- CaM-dependent phosphodiesterase;  
- AC (adenilate cyclase);  
- GC (guanylate cyclase);  
- ATP-ase Ca2+ dependent;  
- CaM calcium-dependent protein kinase;  
- the light chain kinase of the myosin.  

In this context, the most important physiological phenomena that are 
dependent on the CaM are:  

- secretion of the chemical mediators,  
- microtubulins’ polymerization,  
- regulation of the intracellular calcium concentration,  
- contraction - relaxation phase of smooth muscle (17, 19). 
 

The AC-cAMP system 
 

The system is an effector that is located in the cell membrane level. He is 
responsible for the effects of the:  

- β1 and β2 receptor stimulation,  
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- of the histamine H2,  
- serotonin 5HT1,  
- dopamine DA1 and for  
- the protein hormones.  

Adenilate-cyclase from plasmalemma is the enzyme that cleaves the ATP 
into cAMP in the presence of Mg2+ ions.  

The cAMP acts as a second chemical messenger, being a compound that 
is designed to ensure the transformation of the information from a ligand (first 
messenger) into a biological response. The formation of the cAMP activates the 
numerous protein kinases (1, 3, 17, 20). 

Action mechanism. Following the ATP hydrolyse by the AC, will result 
cAMP, which, in the presence of the magnesium ions (Mg2+), phosphorylate the 
cAMP-dependent protein kinases. The inactive protein kinase through the 
phosphorylation becomes active and will induce the phosphorylation of other 
enzymes (2, 19). 

 

GC-cGMP System 
 

This system plays an important role in the vasodilator effects mediating of 
some compounds which are acting either, through an endothelium-dependent 
mechanism (acetylcholine, bradykinin, and adenosine) or directly, by the relaxing of 
smooth vascular muscles (nitrites, nitrates).  

cGMP is acting as second secondary messenger for the atrial volumetric 
factor and for the vascular endothelial relaxing factor (EDRF). Thus the cGMP 
mediates relaxation that is produced by a series of compounds which activate the 
guanylate cyclases (GC). This will activate directly or indirectly the GC; the cGMP 
and will determine the expulsion of the Ca2+ from cell by phosphorylation of some 
protein kinase. This system also has a role in the light perception and it is also 
linked to the cell proliferation (1, 6). 

Action mechanism. For the releasing of the endothelial relaxing factor, 
the calcium ions present in the extracellular environment are indispensable. The 
relaxing substance released by the vascular endothelium activates the GC.  

The activated GC acts on the GTP and transforms it into cGTP. This 
activates a cGMP-dependent protein kinase. The active form of the protein kinase 
stimulates the activity of the calcium pump (ATP, Ca2+ and Mg2+-dependent from 
the sarcolemma and the sarcoplasmatic reticulum levels, leading to the removal of 
the calcium ions from the smooth muscle cells, causing their relaxation and thus 
vasodilatation)(1, 6). 

 

The PI System 
 

This system it is responsible for the activation of some muscarinic 
receptors, α1 adrenergic, histamine H2 and serotonin 5HT2. It seems that, a 
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protein which binds the guanine nucleotides is the coupling receptor subunit and 
his effect is represented by the cycle (system) of the phosphatidyl-inositol.  

The PI system act in particular by releasing a greater amount of calcium, 
sequestered in the endoplasmic reticulum (or sarcoplasmatic) and only in few 
cases it favours the extracellular penetration of the Ca2+ ions (11, 19). 

Action mechanism. The stimuli are received by the recognition sites, 
producing the coupling with the effector system (by the protein that binds the guanine 
nucleotides). For this cycle to work it is necessary of a minimum quantity of Ca2+ 
availability. However, it appears that the changes of the intracellular Ca2 + concentration 
do not seem to adjust the intensity of the metabolic processes from this cycle.  

Instead the PI cycle is a molecule which mobilizes the cellular Ca2+ (19).  
The first step of the PI hydrolysis is represented by the PDE interference. 

The system activates the phospholipase C (or the phosphodiesterase).  
The phosphodiesterase acts on the phosphatidyl-inositol 4,5-biphosphate 

(PIP2), which cleaves the diacilglicerol (DAG) and the inosintriphosphate (IP3).  
The PI3 will still split in the PI2, PI and I (inositol). The PIP2 split under the 

influence of the phosphodiesterase (phospholipase C) as the PI.  
PIP2 is a strong chelate of the Ca2 + and it could that to PIP2 may exist in 

vivo as a PIP2-Ca2+ complex (1, 19, 22).  
By DAG, under the influence phosphatidic acid will result ATP. The calcium 

in the small quantities also stimulates the protein kinase C. Under normal 
conditions DAG is almost completely absent from the membranes.  

He appears only fleeting, because of the diacilglicerol kinase actions’ which 
turns it into PA (phosphatidic acid) and/or, under the action of the diacilglicerol-
lipase, which turns it into monoacilglicerol and AA (arahidonic acid) (19). 

Between the PI and the prostanoide system (PG) exist many relationships.  
The stimuli that cause the release of the IP cause in general and the 

release of the AA. From the DAG or PI, under the phospholipase A2 and 
phospholipase C action (phosphodiesterase) result the AA.  

The AA under the action of the cyclooxygenase is transforming, and 
ultimately, PGE, PGF, thromboxane (TXA2) and the prostacillin (PGI2) will result (19). 

The PA formation is preceding the accumulation of the AA, and the AA 
formation does not occur in the absence of the Pa.  

The PGI2 stimulates the AC: the cAMP inhibits the formation of the PI, and 
the TXA2 strongly stimulate the PI division.  

In the platelets, under the action of the thrombin, appears a degradation of 
a small fraction of the PI, under the catalytic action of the phospholipase C 
(phosphodiesterase) (1,19). 
 

The Phosphodiesterase families 
 

The PDE enzymes are classified into 11 families, namely PDE1-PDE11, in 
mammals. The classification is based on: amino acid sequences, substrate 
specificities, regulatory properties, pharmacological properties, tissue distribution.  
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Different PDE of the same family are functionally related but can have 
different substrate specificities.  

Some are cAMP selective hydrolases (PDE4, 7 and 8), others are cGMP 
selective (PDE5, 6 and 9). Others can hydrolyse both cAMP and cGMP (PDE1, 2, 
3, 10 and 11).  

The nomenclature for PDE indicates PDE family by an Arabic numeral that 
is followed by a capital letter to denote the family’s gene.  

A second Arabic numeral indicates the splice variant derived from a single 
gene (e.g., PDE1C3 = family: 1, gene: C, splicing variant: 3).  

Following are presented the main PDE representatives. PDE1 
(phosphodiesterase1) is a phosphodiesterase enzyme also known as calcium- and 
calmodulin-dependent phosphodiesterase (1, 19, 22). 

PDE1 has three subtypes: PDE1A, PDE1B and PDE1C which divide 
further into various isoforms.  

This family includes the PDE that are stimulated by the Ca2+-CAM. These 
enzymes catalyze the hydrolysis of the cAMP and cGMP with a specific variable.  

Their presence was detected in: blood vessels, heart, lung, testes, platelets 
and lymphocytes. Ca2+ and CaM binds the PDE1 which become activated.  

The activation of the PDE1 by the calcium ions appears to be regulated via 
phosphorylation process by the CaM-dependent-protein kinase II.  

CaM phosphorylation will reduce the selective activation of the CaM 
antagonists on PDE activity, while calcium-dependent activation will remain 
unaffected.  

The PDE1 inhibitors were effective vasodilators, but they had reduced 
activity in terms of platelet aggregation.  

These are antagonists of the CaM which block the PDE1 inhibition, while 
the other compounds interact directly with the catalytic phase of PDE1.  

The PDE1 role in the control of the cAMP, medical control of the Ca2+, has 
been studied more than his role on the cGMP levels. It is important to differentiate 
the PDE1 by the PDE5 which, also, hydrolyze the cGMP, actually found in the 
fractions of PDE1 contaminated with PDE5 (1, 19, 22). 

PDE2. There is only one gene family coding for the PDE2, which is the 
PDE2A.  

Three splice variants have been found, the PDE2A1, PDE2A2 and 
PDE2A3 (PDE2A2 has only been found in rats). PDE2A1 is cytosolic, whereas -A2 
and -A3 are membrane bound.  

It has been suggested that different localization of PDE2A2 and -A3 is due 
to a unique N-terminal sequence, which is absent in PDE2A1.  

Despite the PDE2A splice variants being different; there is no known 
difference in their kinetic behaviour.  

The PDE2 activation it is involved in the regulating mediated effects of the 
cGMP, on the antagonism towards increasing levels way of the cAMP that are 
hormone-induced.  
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The presence of this enzyme was confirmed in: heart, adrenals, liver and 
blood platelets also in cattle. The membrane-bound form was identification in the 
cattle and rabbit’s brain and heart, as well as in the lung, trachea, spleen and T 
lymphocytes in cattle. In the vascular structure, PDE2 is found in the endothelial 
cells, but not in the vascular smooth muscle cell.  

Until now few efforts have been made to synthesize the PDE2 inhibitors, 
and from de recent test, some proved to be more effective in the case of the PDE2 
that comes from cattle heart (1, 19, 22). 

PDE3. The PDE3 family in mammals consists of two members, PDE3A 
and PDE3B. The PDE3 isoenzymes have a wide tissue distribution, and their 
location in a given tissue, is different with the species.  

The recent studied shows that the forms of PDE3 associated with the 
citosol (the soluble form) and the forms associated to the RE membrane are 
different molecular “species”.  

The PDE3 is present in: smooth muscle cells of blood vessels as well as in: 
airways, blood platelets, adipocytes, kidney and liver (1, 19).  

The PDE3 hydrolyzes the cAMP and the cGMP with similar affinity, but the 
preferred substrate is considered the cAMP.  

The cGMP inhibits the hydrolysis of the cAMP by the PDE3. The regulation 
of the PDE3 activity seems to be dependent by the species, tissue type and their 
sub cellular localization.  

In PDE3 activation it is involved the phosphorylation (catalyzed by the 
protein AMPc-dependent and by the serinkynase insulin-dependent) (1, 19).  

The recent studies that were made “in vitro” have shown that the 
phosphodiesterase serine (Ser427) from the rat’s adipocytes is the protein kinase 
cAMP-dependent target (9, 11, 15).  

PDE4. Known as the cGMP’-PDE-independent is the major enzyme that is 
involved in the cAMP hydrolysis.  

It is differentiated from other PDE by its high sensitivity towards the 
inhibitors, and because of its antidepressant activity. PDE4 is the major cAMP-
metabolizing enzyme found in inflammatory and immune cells.  

Vecsey et al. (20) reported that had discovered a link between elevated 
levels of PDE4 (and therefore decreased levels of cAMP) in sleep deprived mice.  

Treatment with a PDE4 inhibitor raised the deficient cAMP levels and 
restored some functionality to Hippocampus-based memory functions. There are 
four subfamilies of PDE4: A, B, C and D, each with a different tissue distribution, 
which are differently regulated by the cAMP, depending on the cell type (19).  

The PDE4 is missing from the platelets and from the functional effects: the 
secretion of the gastric hydrochloric acid, the myometer relaxation, the bronchial 
relaxation, the diuresis, the smooth gastrointestinal muscle relaxation, all are 
assigned to the PDE4 inhibition. The recent studies have shown that the PDE4 
may be also an alternative in cancer therapy (8).  
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The PDE4 are also important in the anti-inflammatory response; the 
researches have demonstrated that a cAMP increasing level prevents the release 
of the mastocites, basophiles, neutrophils, eosinophils and macrophages mediators 
(15).  

After ’90 there were synthesized the PDE4 selective inhibitors with anti-
inflammatory and ant allergic action. Also useful selective inhibitors that are used in 
the treatment of the gastrointestinal diseases had appeared (1, 19). 

PDE5. The cGMP-specific family is one of the least studied families (and 
until recently included in the PDE photoreceptor group).  

The PDE5 preferentially hydrolyzes the cGMP. The PDE5 is found in the: 
lung, platelets, airways and blood vessels smooth muscle cells and in the kidneys.  

The number of the isoforms, their tissue and sub cellular distribution is not 
fully known. It appears that the PDE5 shapes the vasodilatators action, because 
the PDE5 selective inhibitors potentiate the hypotensive and vasodilatator action of 
the GC activators (1, 10, 19, 22). 

PDE6. This family (also called photoreceptor) includes the isoenzymes 
from the cone cell and rod from retina.  

Most PDE5-selective inhibitors act as excellent PDE6 inhibitors but 
bibliographical data about the representatives of this group are still limited (1, 19). 

 

The Phosphodiesterase inhibitors 
 

After the classification of the mammalian’s phosphodiesterase, are known 
6 PDE great families (according to the sequence of the amino acids and/or bases 
on the DNA’s sequence; according to the substrate that they hydrolyze and the 
sensitivity to different pharmacological agents) (1, 19, 18, 22). 

Cellular responses generated by the cyclic nucleotides signals and 
controlled by the PDE, are influenced by several factors, the most physiologically 
significant being:  

- the cells’ interaction in the tissues,  
- the “cross-talk” type mechanisms generated during cell’s activation by 

different molecular effectors, the cAMP and cGMP adjustment of a specific cellular 
response, (they can have individual effects).  

Some related PDE isoenzymes may cooperate dependently on their sub 
cellular localization. An effective response to the cyclic nucleotids requires the 
inhibition of a large enough proportion of PDE’s activity (1, 19, 22).  

The recognition of the altered response to the specific tissues, dependent 
by the cyclic nucleotides, have various therapeutic implication and led to the 
synthesis of a large number of PDE inhibitors.  

These inhibitors are mostly used as "biochemical tools" in the study of role 
that cyclic nucleotides have into the cell, but they also may be useful to investigate 
the structure and PDE functions. As therapeutic agents, they can be used in the 
control of the pathophysiological changes of responses generated by the cyclic 
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nucleotids in the CNS, cardio-vascular, lung, digestive tract and respectively, 
inflammatory process (5, 7, 12, 13, 14, 21).  

PDE enzymes are often targets for pharmacological inhibition due to their 
unique tissue distribution, structural properties, and functional properties. These 
families can be classified as (Table 1.): 

Table 1 
The main PDE inhibitors and their specific activity 

 

PDE  
type 

Specific  
activity 

Selective  
inhibitors 

Specific  
activity 

PDE1 activated by 
Ca

2+
/calmodulin, 

Vinpocetine 
Nimodipine 

It is implicated in the level adjustment of the cGMP in 
the vascular smooth muscle cells, it is considered as 
important in the control of the action of some 
vasoconstrictor which growing the intracellular calcium 
concentration. 

PDE2 stimulated by 
cGMP, 

EHNA
(erythro-9-(2-hydroxy-

3-nonyl) adenine) 

EHNA analogues: 
BAY 60-7550 
PDP 

(9-(6-Phenyl-2-oxohex-

3-yl)-2-(3,4-dimethoxybenzyl) -

purin-6-one 

Oxindole 
Anagrelide 

May act in synergy to mediate diverse 
pharmacological responses including anti-viral, anti-
tumour and anti-arrhythmic effects. It has been 
successfully used with the proper controls as a tool to 
probe PDE2 functions. 

PDE3 cGMP inhibited, 

Enoximone,  
Milrinone,  
Inamrinone 
(formerly amrinone) 
Cilostazol 

Used clinically for short-term treatment of cardiac 
failure, these drugs mimic sympathetic stimulation and 
increase cardiac output. 

PDE4 AMPc - 
dependent/specific 

Mesembrine, (Sceletium 

tortuosum alkaloid) 
Rolipram,  
Ibudilast,  
Piclamilast, 
Luteolin, 

Inhibitors have proven potential as anti-inflammatory 
drugs, especially in inflammatory pulmonary diseases 
such as asthma, COPD, and rhinitis. They suppress 
the release of cytokines and other inflammatory 
signals, and inhibit the production of reactive oxygen 
species. PDE4 inhibitors may have antidepressive 
effects and have also recently been proposed for use 
as antipsychotics 

PDE5 cGMP 

Sildenafil,  
Tadalafil,  
Vardenafil,  
Udenafil 
Avanafil  

Selectively inhibit PDE5, which is cGMP-specific and 
responsible for the degradation of cGMP in the corpus 
cavernosum. These phosphodiesterase inhibitors are 
used primarily as remedies for erectile dysfunction, as 
well as having some other medical applications such 
as treatment of pulmonary hypertension. 

PDE6  Ca2+/ 
cGMP-signalling 

HPC1 

Dipyridamole 
Zaprinast 

After activation by rhodopsin, the GDP of the 
heterotrimer is exchanged for GTP and the Gαt-GTP 
diffuses and binds to a membrane-associated 
photoreceptorspecific cGMP PDE. 

Non selective inhibitors 

PDE 
intracellular  
cAMP activity,  
PKA- ,  

Methylated 
xanthines and 
derivatives:  
Caffeine,  
Aminophylline, 

Drugs have the potential to enhance circulation and 
may have applicability in treatment of diabetes, fibrotic 
disorders, peripheral nerve damage, and 
microvascular injuries or as bronchodilators. 
Methylated xanthines act as both competitive 
nonselective phosphodiesterase inhibitors, inhibit 
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IBMX
(3-isobutyl-1-

methylxanthine),
  

Paraxanthine, 
Pentoxifylline,  
Theobromine 
Theophylline, 

TNF-alpha and leukotriene synthesis, and reduce 
inflammation and innate immunity and nonselective 
adenosine receptor antagonists. 

 
The PDE3 selective inhibitors have cardiotonic, vasodilator and 

anthrombotic properties. Simultaneous inhibition of PDE4 appears to potentate the 
positive inotropic and vasodilator effects of the PDE3 inhibitors (5, 13, 15).  

It is known that the vascular smooth muscle cells are relaxing on the NO 
action produced by the endothelial cells which is operating the GC-cGMP system, 
and, consecutive, cGMP will raise. The relaxation induced by the PDE3 inhibitors 
does not require this endothelium and it is not influenced by the agents that are 
affecting the NO levels. Despite of the strong vasodilators and inotropic effects, 
only some PDE3 inhibitors are used in heart failure therapy. Some of them have a 
pronounced anti-ischemic effect. Preventing platelet aggregation is attributed first 
to the direct inhibition of the PDE3 isoenzymes from the platelets, which 
determines the increasing of the cAMP concentration and potentiation of the NO 
effects, and, on the other hand, the inhibition of additional enzymes such as 
cyclooxygenase and thromboxane A2-synthetase, enzymes that are involved in the 
mechanism of the platelet aggregation (5,13, 15). 
 

Conclusions 
 

Of the importance for the phosphodiesterases are the following processes:  
The enzymatic reactions influenced by the calmodulin.  
The PE (phosphodiesterase) is a metal-enzyme Ca2+ and Mg2+ dependent 

that is located in the citosol and which will operate in the calmodulin presence. 
Another activated enzyme is the AC, which is found in the cell membranes.  

The Ca2+ influx through the cell membrane can activate the AC and so, the 
AMPc synthesis. As the Ca2+ penetration in the citosol, the activity of the AC is 
reduced and concomitantly increases the activity of the PDE. This will lead to a 
cAMP lowering. Therefore, the CaM adjusts the AC-cAMP systems. To the level of 
the red cells they activate the ATP-ase-dependent Mg2 +, Ca2+-stimulated (1, 3, 19). 

The physiological implications of the CaM:  
- the smooth muscle concentration, regulated in particularly by the myosin 

light chain kinase, a CaM dependent enzyme (9, 17), 
- myocardial contraction and relaxation. In heart: CaM-Ca2+ inhibit AC’s activity,  
- mediates many of the Ca2 +-dependent phosphorylation processes, of some 

membranal proteins and chemical mediators from the synaptic vesicles release.  
Postsynaptic, CaM can adjust the cAMP-dependent mediators’ formation.  
CaM adjusts the cAMP concentration; in turn cAMP appears to control the 

CaM partition between the membrane and citosol (9, 17).  
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In the brain, CaM is concentrated in the gray substance. About a half part 
is found in the cell membrane and the rest is found in the citosol. The brain 
contains both: AC and PDE-Ca2 + - dependent and respectively Ca2 + - independent, 
the Ca2 + -dependent enzymes being activated by the CaM-Ca2+. Coupling of the 
mediators to the AC needs the presence of the guanosine triphosphate (GTP), 
which in turn GTP requires the presence of the CaM. The AC activation by the 
norepinephrine, dopamine, histamine and adrenaline is dependent on CaM bound 
membrane concentration (20). 

The cAMP-dependent protein kinases are producing CaM translocation 
from membrane to citosol. The sensitivity to the mediators requires the CaM 
membranal presence; the cAMP increasing concentrations produced after the 
adenilate cyclase mediator’s stimulation determine also of the membranal CaM 
release.  

These effects appear to be made by the phosphorylation of a membrane 
portion with a cAMP-dependent protein kinase involvement. CaM release from 
membrane to the citosol, favours the cAMP destruction, with transformation of a 
low affinity PDE in one’s with high affinity PDE. If CaM is decreased to a certain 
level, the CaM reassociates with the membrane and the cycle begins again (9). 

The PI2 si PI have no any effect on the calcium releasing, after the current 
opinions the effects on the intracellular or extracellular calcium will be done with the 
help of the PI3 and/or PA. It is likely that the PI3 plays an important role in the rapid 
release of the Ca2 + from the intracellular stores. In the vascular smooth muscle the 
both increase of the cGMP and cAMP determined relaxation, in this case the 
AMPc-cGMP antagonism that exists in other circumstances, it’s not present (1, 19). 

The cGMP is responsible for the relaxant effect of the compounds which 
are acting through the endothelium. In the most of the cases, the phosphorylation 
leads to the further action (e.g., lipase, phosphorilase etc.). In some cases the 
phosphorylated enzyme has a lower activity (e.g., glicogensintethase) and in the 
removal of the phosphates proteinphosphatase will be used. The cAMP turns into 
the AMP from the action of the cAMP-dependent phosphodiesterase (the cAMP it 
is degraded by the 5’AMP) (1, 19, 20).  

The calcium channels are represented by some "tunnels" whose walls are 
made of lipoproteins. The proteins of these walls are the regulating proteins that 
are attached to the channels that can be phosphorylated through the cAMP-
dependent protein kinase. The phosphorylation increases the penetration of the 
calcium ions. In the vascular smooth muscle the ATP and the ADP are acting 
through a dual mechanism: direct (on the smooth muscle) and indirect (by 
releasing the EDRF - Endothelial Relaxing Factor). The indirect mechanism is more 
powerful. In general the adrenergic agonists cause an increase of the adenilate 
cyclase activity with a consequent increase of the cAMP and cAMP-dependent 
protein kinase activation (1, 19). 
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The phosphodiesterase inhibitors importance 
 

The phosphodiesterase inhibitors have stimulatory effects on the growth of 
microtubules in many cell types. It seems that the cAMP-dependent 
phosphorylation of the tubulin or of the proteins associated with the microtubules 
stimulates the polymerization of the microtubules (3, 4, 5, 6, 19).  

The CaM-Ca2+ has an opposite effect. CaM is associated with a protein 
inhibitor that has the molecular weight of 85,000 Daltons, which inhibits the 
phosphodiesterase activity by the CaM. Inhibitors of PDE can prolong or enhance 
the effects of physiological processes mediated by cAMP or cGMP by inhibition of 
their degradation by PDE. A phosphodiesterase inhibitor is a drug that blocks one 
or more of the five subtypes of the enzyme phosphodiesterase (PDE), therefore 
preventing the inactivation of the intracellular second messengers’ cyclic adenosine 
monophosphate (cAMP) and cyclic guanosine monophosphate (cGMP) by the 
respective PDE subtype(s). As is purified, trough various processes, this PDE 
partially lose his activity. This finding suggests the existence of a specific PDE 
activation factor, which is removed by the purification processes. This protein factor 
is calmodulin (CaM).  

The PDE inhibition, change the intracellular response to extra cellular data 
signals by affecting the mediated processes of the cyclic nucleotides (6).  

The PDE selective inhibition has various therapeutic applications. The 
phosphodiesterases are inactivated in the physiological conditions.  

The smooth muscle from the most organs, except the intestine, shrinks 
under the influence of an α-adrenergic stimulation. In these cases the intracellular 
Ca2 + increase. The contraction is produced under the action of the MLCK (myosin 
light chain kinase) which is dependent by the CaM. At the smooth muscle 
stimulation a PA accumulation occurs (17). 

The agonists that causes the contraction of the smooth muscle (α-
adrenomimetics, M cholinomimetics, histamine or serotonin 5HT) leads to the PI 
increased division: the PA produces the smooth muscle contraction and is 
accumulates during the stimulation. The relationship between the PI and the citosol 
Ca2 + can be seen from two perspectives: the PI hydrolysis from the membranes 
leads to the opening of some doors for the Ca2 +, the PI changes can lead to the 
formation of a second intracellular chemical messenger, which release the Ca2 + 

from the deposits (17).  
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