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ABSTRACT 
A large number of messengers of ion and small molecules distribute cell receptor signals into the protein effector. As 
a second cardinal messenger, adenosine 3’, 5’-cyclic monophosphate (cAMP) is a nucleotide active in a multitude of 
signal pathways. The other messengers have greater involvement in the drug receptors or receptor–ligand, decreased 
protein activation, and less neural pathway regulation. cAMP is a promising second messenger because it controls 
the activity of various proteins and enzymes and makes it a second effective messenger with greater concentration in 
most body tissues. Local cAMP signals have become recognized worldwide in four major diseases: cancer, cataracts, 
diabetes, and cardiovascular diseases. Therefore, cAMP’s current status and statics relative to its characteristics 
were here attempted, involving simple synthesis in different directions. A few additional cAMP-play positions are 
now known as the second messenger and new finders in this field and experiences with cAMP and medicaments 
such as salmeterol, theophylline, metoprolol, desmopressin, morphine, and ranitidine. In conjunction with the recent 
developments described in these studies, cAMP patents provide a clear overview of cAMP’s future business interest 
and require more ingenuity within the organization to transmit communications and signals through other emerging 
technologies, such as artificial intelligence.

INTRODUCTION 
In some cases, signals transduced inside the cell-by-

cell surface receptors are often transmitted by the generation of 
minute molecules called second messenger molecules that quickly 
scatter (Fig. 1). When a ligand is bonded to a specific receptor, 
it changes the receiver’s protein content to activate proteins that 
catalyze the second ion messenger’s production or release or 
inflow (Das, 2004; Dennis et al., 1991; Hongjun, 2017; Lee et 
al., 2017; Newton et al., 2016). Most of the second messengers 
are small and thus easily distributed from a cytoplasm that allows 

information to transmit instantly across the cell and be classified 
as cyclical. A few cell types are established by the second and 
guanosine 3’, 5’ cyclic monophosphate (cGMP) transmitter (Ab 
Naafs, 2017; Lee, 2015).

Given the importance of this intracellular signal, 
adenosine 3’,5’ cyclic monophosphate (cAMP) levels in cells are 
not unexpectedly regulated by certain forms of phosphodiesterases 
(PDE), and cAMP enhancement activates protein kinases (PK) (Jing 
et al., 2021; Lee, 2015). cAMP is a particular second messenger 
for several genes in a nervous system (Hoeffler et al., 1988). The 
cAMP is also recognized as a strong adverse receptor in T cells, 
decreasing T cells’ defenses, but the cAMP/protein tyrosine kinase 
(PK) A indicates the pathway. A potentially important regulator 
is the lymphocyte PTK factor (Vang et al., 2001). cAMP can be 
produced in mammalian cells by the action of adenylyl cyclase 
(AC), soluble ACs, and transmembrane ACs, allowing the two 
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enzyme family members to satisfy such physiological purposes 
(Danchin, 1993; SIA, 2018). Improved cAMP production controls 
the activity and channel of the enzyme in eukaryotic cells, mainly 
by using PK dependent on cAMP (Houslay, 1997; Takagi et al., 
2019). The main and most powerful signal channels in eukaryotic 
cells are cAMP/PKA and anchoring proteins (AKAPs), targeted at 
substrates and distinct subcellular compartments (Brudvik et al., 
2011). Catalytic binding of adenosine triphosphate (ATP) to the 
metabotropic receptors activated a cascade inside the cell. cAMP 
offers to guide in particular substrates and subcellular separated 
components for glycogen, sugar, lipid, and AKAPs, which offer 
spatial and temporary flexibility for mediation of biological effects 
of the cAMP/PKA channel (Brudvik et al., 2011; Loomans et al., 

2018). The adherence and release of enzymes, such as G-proteins, 
is from ATP, if triggered; cAMP monitors glycogen, insulin, and 
fat synthesis (Prasad, 1980). 

cAMP-dedicated signaling pathways for the bone 
sialoprotein gene and regulating medium active osteocalcin under 
androgen-repressed human prostatic cancer cell line conditions 
have a higher significance in human prostate cancer (Huang et al., 
2005; Strømland et al., 2016). cAMP and cGMP have an incredibly 
complicated function in reporting, tracking, and determining their 
downstream effectors, including PKA and PKG. cAMP and cGMP 
aid or damage cell growth and cell or tissue defense (Fajardo et al., 
2014; Kong, 2017). Four diseases connected to cAMP are back 

Figure 1. Second messengers used in various pathways.

Figure 2. Significance of cAMP in four major diseases.
cAMP: Adenosine 3’,5’ cyclic monophosphate; GPCR: G-protein-coupled receptor; PDE: Phosphodiesterase; PKA: Protein kinase A.



Muthal et al. / Journal of Applied Pharmaceutical Science 12 (03); 2022: 001-015 003

disease, cataract, diabetes, and coronary cardiac disease (Gold et 
al., 2013) (Fig. 2).

Second messengers
Second messengers are cellular biomolecules that 

transmit messages from a source to a destination and have been 
coined upon discovery to characterize hormone materials and other 
molecules that act as “first messengers” of biological information 
transmission outside the cells (Sutherland and Rall, 2002). Gas 
stimulates adenyl loops, increases cytosolic cAMP concentration, 
inhibits adenyl cyclases due to tonic PDE action, and decreases 
cAMP concentration (Clarke et al., 2017; Gerfen and Bolam, 
2010). The second message indicates intracellular signaling 
pathways that increase the signal, leading to activated or inhibited 
transcription factors, leading to cell reaction (González-Espinosa 
and Guzmán-Mejía, 2014; Zhang et al., 2019). Extracellular 
second messengers are released during the transduction phase 
after the first transmitter, such as a hormone or neurotransmitter-
dependent receptor activation (Prasad, 1980) (Fig. 3).

Characteristic features of a second messenger system
The second signaling framework includes many 

functions such as drug–receptor, receptor–ligand interactions, 
local intervention, and distal diffusion to relay signals and 
summarizes fundamental characteristics:

The receptor–ligand or drug–receptor interaction 
frequently fails to activate the intracellular effectors precisely.

A reference molecule is also used as an alternate signal.
The target molecule is synthesized or released for 

receptor–ligand interaction and ultimately degraded.

This molecule has a closely regulated synthesis and 
degradation process to regulate the degree of receptor reaction and 
can be used to induce or avoid a reaction.

The second messenger molecule can scatter or act locally 
to transfer the signal to different targets. Several second messenger 
mechanisms may interact to produce complex responses to the 
binding receiver line (McKnight, 1991; Newton et al., 2016).

Road to warn second messengers
Second phosphoinositol messengers showed herein 

and the phosphoinositol-derived messengers are inositol-1,4,5-
triphosphate (IP3), diacylglycerol (DAG), and Ca2+. The path 
starts with their receptors, including angiotensin, gonadotropin-
releasing hormone, growth hormone-releasing hormone, oxytocin, 
and thyrotropin-releasing hormone, as major extracellular 
messengers. Epinephrine is associated with G-protein-coupled 
receptor (GPCR) alpha1, M1, and M2 acetylcholine receptors 
(Graham et al., 1996; Xue et al., 2019). Exposure to such 
receptors by the primary messenger can lead to conformational 
changes in the receptor. The α-subunit releases guanosine 
diphosphate (GDP) and attaches guanosine triphosphate (GTP) 
through guanine nucleotide exchange factors (GEF), contributing 
to subunit isolation and corresponding behaviors (Wedegaertner 
et al., 1995). The generation of secondary phospholipase C (PLC) 
and IP3 (Hughes and Putney, 1990), phosphatidylinositol-4, and 
5-bisphosphate is prevented by the active subunit (IP2). IP3 binds 
Ca2+ to the endoplasmic reticule of the calcium pump, a second 
conduit (Li et al., 2020; Yoshida and Imai, 1997). Ultimately, Ca2+ 

binds to a large number of enzymes, initiating an enzyme cascade 
(Fig. 4).

Figure 3. General mechanism of second messengers.
cAMP: Adenosine 3’,5’ cyclic monophosphate; cGMP: Guanosine 3’,5’ cyclic monophosphate; DAG: Diacylglycerol; 
IP3: inositol-1,4,5-triphosphate.
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Grouping of second messengers
Second messengers are molecules that relay signals 

received to target cytosol and nucleus molecules at cell surface 
receptors, such as growth factors, protein hormones, etc. In the 
nervous system, there are some significant second messengers. 

The four major classes of second messengers in the 
nervous system are as follows:

Cyclic nucleotides – cAMP and cGMP;
Hydrophobic molecules – IP3 and DAG;
Hydrophilic molecules – Ca2+;
Gaseous second messenger – NO and CO.

Cyclic nucleotides
Second messengers could be grouped into four different 

categories, viz. cyclic nucleotides, exemplified by cAMP and 
other soluble molecules located within cytosol; the second type 
involves lipid messengers that signal within cell membranes; the 
third category of second messengers are ions that signal within 
and between cellular compartments; and lastly, the gases and free 
radicals type of second messengers are involved in transducing 
intercellular and intracellular signals. cAMP is synthesized with 
G-protein and receptor downstream adenylate cyclase enzymes 
and PDE regulates cGMP (Cooper, 1982).

cAMP: In general, cAMP, the first intracellular second 
ligand transporter to be identified in 1957, is accepted in all living 
organisms as an essential gene expression and metabolism regulator 
(Beavo and Brunton, 2002; Xu et al., 2020). cAMP controls pro- 
and anti-inflammatory activities in the immune system: drugs that 
increase the level of intracellular cAMP, increase the level of anti-
inflammatory factors, and decrease the output of pro-inflammatory 

mediators in different immune cells (Liang, 2017a; Raker et al., 
2016b). AC enzymes, heterotrimeric G-proteins (guanine nuclear 
protein), and downstream receptors are used to synthesize cAMP. 
For instance, activation of G-proteins stimulates the synthesis of 
AC cAMP when epinephrine is linked to β-adrenergic receptors in 
cell membranes (Friebe et al., 2020).

cGMP: cGMP is an essential intracellular Ca2+ regulator 
and regulates physiological functions dependent on Ca2+ in smooth 
muscle, pituitary, retinal, and other cells. The metabolism or 
activity of normal rod-dominant retinas tends to be involved in 
cGMP. An excess in cGMP levels contributes to photoreceptor 
death and blindness in degenerative disorders. Therefore, cGMP 
is an essential modulator of rod photoreceptors, probably a visual 
transduction component (Friebe et al., 2020).

Regulation pathway of cGMP: PDEs closely regulate 
the cGMP pool in the cell, precisely split into the cyclic phosphate 
molecule of cAMP 3’, 5”, and cGMP to match the 5” nucleotide 
(Kukreja et al., 2012). By activating the soluble peptide 
solution, cGMP regulatory bypasses such as postconditioning, 
preconditioning, nitric oxide (NO) donors, cinaciguat, and atrial 
naturiuretic peptide (Kukreja et al., 2012) generate cGMP PKG 
and induce extracellular signal-regulated kinase (ERK)1/2 and 
phosphorylated glycogen synthase kinase phosphorylation. PKG 
also opens mitochondrial-sensitive K channels that minimize the 
risk of ischemic/reperfusion injury by maintaining ATP and Ca2+ 

influx in mitochondria (Kukreja, 2012) (Fig. 5).

Hydrophobic molecules
Hydrophobic molecules such as DAG, inositol 

phosphate signaling molecule (Insp3), and phosphatidylinositol 

Figure 4. Signaling pathway of second messengers.
DAG: Diacylglycerol; GDP: Guanosine diphosphate; GEF: Guanine nucleotide exchange factors; GPCR: 
G-protein-coupled receptor; GTP: Guanosine triphosphate; IP3: inositol-1,4,5-triphosphate; PIP2: 
Phosphatidylinositol 4, 5-bisphosphate; PLC: Phospholipase C.
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are membrane-associated and migrate from the plasma membrane 
into the juxtamembrane space where membrane-associated 
effector proteins can be reached and controlled.

DAG and IP3: Sn-1, 2-diacyl glycerol lipophilic 
second messenger (DAG) is produced in vivo from membrane 
phosphatidylinositol 4, 5-bisphosphate (PIP2) by PLC response 
to the induction of different G-protein-coupling receptors and 
tyrosine kinases. Both GPCR (e.g., histamine receptors) and 
receptor tyrosine kinase (RTK, e.g., epidermal growth factor 
receptor signals) can result from PLC activation, which splits 
phospholipids into DAG and IP3 (Tsui and York, 2010). A tiny, 
globally recognized domain C1 in PKC is the DAG sensor. Around 
30 other C1 proteins including D-Ras, polypeptides for gastrin 
release, DAG kinase, and n-chimaerininase (Colon-Gonzalez 
and Kazanietz, 2006). G-protein-receptor endothelial-dependent 
vasodilatation that activates second transporter cascades is carried 
out by related receptor-dependent agonists such as ATP, thrombin, 
dopamine, histamine, and bradykinin. PLCμ activation thus 
induces IP3 and DAG secondary lipid messengers that increase 
intracellular Ca2+ to emit NO, calming agents synthesized by 
endothelia (Prokazova et al., 2007). The relaxing factor NO is 
generated by this activation.

Regulation pathway of DAG and IP3: Higher Ca2+ 
intracellular levels often trigger IP3 activation. In the PLC-β 
isozyme, the alpha subunit Gq binds and induces activation, 
leading to the separation of PIP2 from IP3 and DAG (Katzung 
and Katzung, 2018) when the ligand is connected to a GPCR. The 
PLC-μ receptor has tyrosine residue that can be phosphorylated 
by stimulation of RTK. On the contrary, PLC-ć is inhibited by the 
RTK receptor causing the split of PIP2 into DAG and IP3. This is 

the case in cells that may react to growth factors such as insulin, 
as growth factors are ligands that trigger RTK. IP3 is a soluble 
agent that can spread endoplasmic reticulum (ER) to muscle cells 
via cytoplasm or sarcoplasm reticulum due to its action. In the ER, 
IP3 binds to the IP3 receptor in a ligand-gated Ca2+ channel on the 
ER surface. The relationship of IP3 (the ligand in this instance) to 
the IP3 receptor allows the Ca2+ channel to open and thus release 
Ca2+ into a cytoplasm (Barrett et al., 2010). The sarcoplasmic 
reticulum receptor channel is helped by this increase in Ca2+ in 
cardiovascular cells to further boost the release of Ca2+ through 
calcium release. IP3 can also indirectly activate Ca2+ channels on 
the cell membrane by increasing intracellular Ca2+ concentrations 
(Rhee, 2001) (Fig. 6).

Hydrophilic molecules
Calcium ions (Ca2+): Calcium is an extremely flexible 

intracellular messenger that controls several target proteins’ 
behavior by controlling a wide variety of cellular functions. 
Calcium cell-related effects can be controlled by directly binding a 
target protein or calcium stimulus receptor that increases calcium 
level and then triggers specific downstream responses (Newton 
et al., 2016). The most common signal transduction factor in the 
cells of bacteria-to-specialized neurons is Ca2+, which is essential 
for life. As in many other secondary messenger molecules, 
sustained high intracellular Ca2+ rates contribute to cell death. Like 
other second messenger molecules, several binding and unique 
extraction proteins cannot metabolize Ca2+, meaning that cells 
regulate intracellular levels tightly (Clapham, 1995).

Regulation pathway of Ca2+: Cytoplasmic Ca2+ content 
is generally maintained at approximately 100 nM, i.e., 20,000–

Figure 5. Regulation of cGMP by PDEs.
ANP: Atrial natriuretic peptides; BNP: B-Type natriuretic peptide; cGMP: Cyclic guanosine monophosphate; NO: 
Nitric oxide; PDE: Phosphodiesterases; pGC: Particulate guanylyl cyclases; PKG: Protein kinase G; sGC: Soluble 
guanylyl cyclases.
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100,000 times higher than the normal extracellular concentration. 
Ca2+ is continuously transported to extracellular space to maintain 
this low concentration, cytosol ER, and mitochondria. Signaling 
occurs if the cell can expel Ca2+ ions from the intracellular 
supply and if Ca2+ leaves the cell via the ion channels of the 
plasma membrane (Parys and De Smedt, 2012). The most 
powerful signaling pathway for increasing cytoplasmic calcium 
concentration is PLC (Fig. 7).

Many cell-surface receptors activate the enzyme PLC, 
including G-binding and tyrosine kinases.

In two traditional second messengers, IP3 and DAG, 
PLC hydrolyzes the PIP2 membrane’s phospholipid.

DAG uses plasma membrane PKC.
IP3 diffuses and binds to IP3 ER.
As a Ca2+ sequence, the IP3 receiver eliminates Ca2+ 

from the ER.
Binding Ca2+ PKC ions activates it (Alberts et al., 2013).
Gaseous second messenger
Novel intercellular messengers are gaseous second 

messengers. The detection of two gaseous transporter compounds 
was an exceptional finding in neurotransmitter pathway research. 
NO is the first and carbon monoxide (CO) is the other (Meyer, 
1997).

Nitric oxide (NO): NO is a free radical gas that plays 
a major role in at least three physiological systems as a gaseous 
messenger molecule: white blood cells where NO mediates tumor 
and bactericidal effects; blood vessels where endothelial relaxing 
factor activity is now known to be similar; and most recently as 
a neuronal portion with functions corresponding to endothelial 
relaxing factor activity (Broillet and Firestein, 1996).

Carbon monoxide (CO): NO may not be the only tiny 
gas molecule that works as a potential brain messenger and a 
neurotransmitter. CO, like NO, can interact with heme groups to 
generate cGMP. Isocytes of heme oxygenase are also shown to be 
located in comparison with a relationship calculated in different 
preparations between the development of heme oxygenase, CO 
rates, and cGMP (Leinders-Zufall et al., 1995). While CO and NO 
show some functional similarities in their ability to generate cGMP, 
there are distinct functions indicated by significant variations. 
Specific NO and CO enzymes are distributed by the nervous 
system (Verma et al., 1993). Various signaling mechanisms for 
location, cGMP, DAG, IP3, Ca2+, and NO are shown in Table 1.

Roles of second messengers
Several forms of second messengers exist. We have 

numerous positions given below as possible second messengers.
The cAMP transporter mediates some short-term synaptic 

transmission elements: any rapid action of some neurotransmitters 
on ion channels not affecting ligand-gated channels is regulated 
by cAMP.

The second receptor, cGMP, mediates a wide range of 
physiological processes, from ion channel conductance to cell 
growth and apoptosis to cell proliferation and contractility (Tsai 
and Kass, 2009).

The second messenger DAG specifically inhibits 
protein C and regulates various proteins’ phosphorylation in the 
intracellular system.

Calcium is essentially eliminated from intracellular 
sources by another second IP3 messenger. Ca2+ regulates the 
function of various enzymes, contractile proteins, and ion channels.

Figure 6. Signaling pathway of DAG and IP3.
DAG: Diacylglycerol; GDP: Guanosine diphosphate; GTP: Guanosine triphosphate; IP3: Inositol triphosphate; Ptdlns 4,5 P2: 
Phosphatidylinositol biphosphate.
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The Ca2+ intracellular regulatory protein calmodulin 
regulates several regulatory activities.

Another important second messenger, G-proteins, 
reflects the middle management level in the cells’ organization and 
can interact between the receptors and the effector enzymes or ion 
channels (Liscovitch and Cantley, 1994).

In determining their stimulatory and inhibitory activities 
in cancer cells, the role of cAMP and cGMP in signaling and 
activating downstream effectors (i.e., PKA and PKG) is complex 
(Hughes and Putney, 1990).

Identification of the second messenger actions of 
cGMP has become easier than cAMP. It presumably represents 
lower cGMP concentrations in most tissues, and cAMP plays a 
significant role in cell function (Brady, 2005).

cAMP
Different types of second messengers have been 

identified in the nervous system above, but the cAMP is crucial 
and this review focuses on it. Initially, cAMP was identified as a 
liver glycogen-breakdown regulator and is now recognized as a 
second messenger for a broad range of animal cellular responses. 
Its structure is shown in Figure 8 (Assmann, 1995). Many of the 
effector molecules by which cAMP and cGMP operate, including 
PK dependent on cAMP and cGMP, cyclic nuclear-gated ion 
channels, and cGMP-regulated PDEs, have also been sequenced 
and cloned (McKnight, 1991). However, a cell cannot be directly 
translated from extracellular chemicals to cAMP (first messengers). 
Intracellular cAMP concentration modulation reflects changes 
in the cellular environment and improvements in the cellular 

Figure 7. Signaling pathway of calcium concentration (Ca2+).
DAG: Diacylglycerol; IP3: Inositol triphosphate; PIP2: Phosphatidylinositol-4,5-biphosphate; PLC: Phospholipase C.

Table 1. Specific signal and generation pathway of second messengers.

Second 
messenger Generation pathway Specific signal

cAMP Receptor phosphorylation, ACs, and 
PDEs by PKA

Some signaling pathways, such as calcium signaling mechanisms (through calmodulin, CamKII, 
CamKIV, and calcineurin), all of the G-protein subunits (e.g., Gi, GG, and Gq proteins), the 

inositol lipid (by PKC), and tyrosine kinase (through ERK and PKB) (Fimia and Sassone-Corsi, 
2001)

, regulate ACs and PDEs activation.

IP3 and DAG G-coupled receptor binding or RTKs The activation contributes to PIP2 induction into IP3, and DAG (Thatcher, 2010).

cGMP Cyclic nucleotide PDE hydrolysis 
of cGMP and signal propagation 

termination

cGMP interacts with PKG based on cGMP and kinase G activation (Lincoln and Cornwell, 
1993).

Calcium ion (Ca2+) Binding to reservoirs, a tiny volume 
attaches to the effectors

Enables different cellular processes that operate over an extended time spectrum leaving the 
effectors and buffers and is removed from the cell by different pumps and exchangers (Berridge 

et al., 2003).

NO Binding to soluble guanylate cyclase 
(sGC) in the target cell

The use of NO mimetics such as nitro vasodilators (Greene et al., 2013).
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phase. The cAMP in T cells is the strong negative regulator that 
dampens T cells’ immune function via the cAMP/PKA signaling 
pathway (Lu et al., 2001). The special function of cAMP signaling 
is achieved by anchoring proteins with PKA. In T cells, 10–15 
unique AKAPs are generated by most cells and 7 AKAPs have 
been identified to date (Wehbi and Taskén, 2016). PDEs that are 
discreetly positioned as sinks, which produce multiple cAMP 
gradients simultaneously in several mobile locations, regulate the 
spatial and temporal cAMP dynamics (Baillie, 2009).

Synthesis pathway of cAMP
Ligands such as epinephrine and glucagon stimulate the 

protein-coupling (G) receptors of heterotrimeric guanine. cAMP is 
synthesized from ATP by AC and by inactivating PDE, hydrolyzed 
to AMP (Maurice et al., 2003). Activation of PKA triggers 
phosphorylation factors for camp-driven genes in cAMP-response 
element-binding protein (CREB), inducible cAMP early repressor 
(ICER)/CRE modulator, cAMP-dependent transcription factor 
(ATF-1), and CBP transcription. PDE4 decreases intracellular 
cAMP levels and intracellular cAMP counterbalances (Raker et 
al., 2016a). The catalytic portion of PKA is prevented primarily 
by translocation into the nucleus and phosphorylated CREB 
generation (McLean et al., 2009). For most cell types, cAMP 
controls many types of cellular activities including metabolism, 
transcription, and growth (McKnight, 1991). This is mainly 
controlled by PKA, which relies on cAMP. The signal route’s 
activation is related to cell growth and control of differentiation, 
ion channel conductivity, and gene transcription (Huang et al., 
2005) (Fig. 9).

This is used for intracellular information transduction 
such as the transmission of hormones such as glucagon and 
adrenaline by cells unable to move through the plasma membrane. 
It is a glucagon-like hormone reaction system (Limbird, 2012). 
The cAMP signaling pathway plays a major role in many cellular 
responses, including cell formation, cell differentiation, cell 

proliferation, apoptosis, and metabolism (Spina et al., 2013). 
Cellular and systemic metabolic pathways are greatly affected by 
cAMP signaling. The following components will focus on cAMP 
signal inductors, regulators, and effectors in essential metabolic 
tissues. Food homeostasis processes and metabolic syndrome, a 
condition of extreme metabolic dysfunction in multi-tissue cAMP 
disorder, will be viewed (Ravnskjaer et al., 2015).

cAMP binding site
Specifically, cAMP experiences water-mediated target 

protein interactions. In the other subunit’s c-helix, three water 
molecules hydrogen-bonded to each cAMP atom, one interacts 
with Glu81, the phosphate group, and the side-chain amide group 
of Gln125. The other two hydrogen water molecules bind to the 
adenine residue atoms N1 and N7 and the side-chain hydroxyl ring 
of Thr127 and Ser83, respectively (de Wit et al., 1982).

Various roles of cAMP
Alzheimer’s disease: For synaptic plasticity and memory 

formation, the cAMP pathway has been well established as being 
necessary. At least, it is partly responsible for learning and memory 
deficiencies in Alzheimer’s disease and inhibits the cAMP/PKA/
CREB pathway. Therefore, in Alzheimer’s disease care, methods 
to improve this pathway have potential (Martı́nez et al., 1999).

cAMP regulates cell proliferation and cyst formation 
in autosomal polycystic kidney disease cells: In autosomal 
dominant polycystic kidney disease (ADPKD), both epithelial 
cell proliferation and fluid accumulation are responsible for cyst 
formation. There were additive effects of cAMP and epidermal 
growth factors on cell growth in ADPKD cells. In ADPKD cells, 
cAMP has also stimulated cyst enlargement and fluid secretion 
(Hanaoka and Guggino, 2000).

cAMP pathway as therapeutic target in autoimmune and 
inflammatory diseases: In the immune system, cAMP regulates 
pro- and anti-inflammatory processes: drugs that increase 
intracellular cAMP rates decrease pro-inflammatory mediator 
production and increase the output of anti-inflammatory factors in 
several immune cells (Baillie, 2009).

Cardiac disease: cAMP is an omnipresent intracellular 
second messenger that regulates many physiological and 
pathological processes, such as cardiac activity and disease, 
functioning in isolated subcellular microdomains (Sprenger et al., 
2015).

Cataracts: The predominant global cause of blindness 
is the clouding of the eye lens, known as a cataract. This works 
by linking PKA activated by cAMP, resulting in decreased 
cAMP production and can induce resistance to several hormones 
mediated by cAMP (Gold et al., 2013).

Diabetes: It usually functions by binding protein-
coupled receptors to hormones and neurotransmitters. cAMP 
signals potentiate multiple aspects of β-cell insulin release. After 
both glucose-like peptide-1 (GLP1, also referred to as ZGLP1) 
and glucose-dependent insulinotropic polypeptide stimulation and 
receptor activation, cAMP accumulates in b-cells (Gold et al., 
2013).

Peptic ulcer: Due to the combined effects of secretive 
and antisecretory stimuli on the gastric mucosa, two humoral 
agents, adenosine cAMP and prostaglandins (PGE), can play a 

Figure 8. Structure of cAMP.
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major role in the fine adjustment of gastric secretion. cAMP and 
PGE roles are to regulate gastric secretion through stimulatory and 
inhibitory stimulation (Dousa and Dozois, 1977).

Role of cAMP apart from the second messenger
As a therapeutic target in autoimmune and inflammatory 

disorders, the cAMP pathway.
Molecules of nucleotide signaling help regulate 

cellular pathways. As a good regulator of innate and adaptive 
immune cell functions, cAMP is well known. Clinical methods 
to suppress or enhance cAMP generation or outcomes have the 
immunoregulatory potential for autoimmune and inflammatory 
diseases (Baillie, 2009).

The role of cAMP in controlling the metabolism of 
carbohydrates.

The role of cAMP in regulating the metabolism of 
carbohydrates is to increase or promote the release of insulin from 
pancreatic beta cells (Sutherland and Robison, 1969).

The role of cAMP in vascular smooth muscle cells, 
which are differentiated and trans-differentiated.

In differentiated vascular smooth muscle cells 
(VSMCs), cAMP’s function is to induce relaxation, maintain low 
levels of proliferation, and maintain contractile morphology and 
trans-differentiated VSMC by inhibiting proliferation, inhibiting 
collagen synthesis, inhibiting migration, etc.

cAMP’s involvement in hormone activities such as 
adipose tissue, pancreases, adrenal cortex, corpus luteum, ovary, 
testis, etc. The purpose of cAMP is to inhibit imidazole-activated 
methylxanthines, nucleoside triphosphates, pyrophosphate, 
citrate, and hormone (Butcher et al., 1968).

During the production of dictyostelium, both outside and 
inside the cell, cAMP plays an important role. Intracellular cAMP 

has the role of separating stalk and spore cells during dictyostelium 
development (Reymond et al., 1995).

Detection methods of cAMP
Some important methods are listed in Table 2 that are 

useful for detecting changes in cAMP levels.

Third messenger link
Due to the hormonal activation of GPCRs relative 

to “stimulatory” G protein (Gs), AC is usually produced by 
intracellular cAMP. Probenecid and sulfinpyrazone sensitive 
efflux system, belonging to the ATP binding cassette transport 
family (Strewler, 1984) will effectively transport the second 
messenger (Strewler, 1984). It is supposed that neighboring cells 
with putative (unidentified) receptor proteins are similar to that 
of extracellular cAMP. Alternatively, sequentially, it is possible 
to metabolize extracellular cAMP, first with AMP ecto-PDE, 
then with adenosine ecto-5’ nucleotide. Adenosine is used as a 
paracrine or autocrine messenger by one of the four subtypes of 
adenosine receptors to activate those signal cascades (A1, A2A, 
A2B, and A3). Also, as cAMP is relatively stable in the blood, the 
circulating cAMP can be converted by ectoenzymes at a distant 
location, transforming cAMP into adenosine prohormone (Hofer 
and Lefkimmiatis, 2007).

Role of cAMP in cancer
The regulatory roles of cGMP and cAMP involve 

various types of cells and tissues and, in particular, cancer 
growth (McKnight, 1991). Downstream effectors, such as PKA, 
interact with and cause different kinds of cancer (Caretta and 
Mucignat-Caretta, 2011). The signaling mechanism and branch 
process (McKnight, 1991) are covered by cAMP. The cGMP and 

Figure 9. Synthesis pathway of cAMP. 
AKAP: Anchoring proteins; ATP: Adenosine triphosphate; ATF-1: Activating transcription 
Factor-1; CBP: CREB-binding protein; cAMP: Cyclic adenosine monophosphate; CNG: Cyclic 
nucleotide-gated ion channel; CREB: cAMP response element binding protein; ICER: Inducible 
cAMP early repressor; PDE: Phosphodiesterase; PKA: Protein kinase A.
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cAMP regulatory roles primarily cover various types of cells and 
tissues and cancer development. The presence and activation of 
downstream effectors, including PKA (Caretta and Mucignat-
Caretta, 2011), were associated with different cancer types. Cell-
specific cancers recognize the distinct roles of cGMP and cAMP 
in cell life or death. In identified epithelial tumors with active 
PKA and downstream [e.g., exchange protein directly activated by 
cAMP (EPAC) and CREB] effectors, oncogenic cAMP activity is 
present (Fajardo et al., 2014).

A wide variety of hormones, neurotransmitters, and 
other receptor molecules use cAMP as intracellular mediators. As 
a growth and deterioration factor for cAMP, cAMP can directly 
regulate a wide range of extracellular and intracellular signals. 
The activation of AC enzymes combined with G proteins, such 
as nicotinic acetyl column receptors, beta-adrenergic receptors, 
or adenosine receptors, is recorded by several heterotrimeric 
receptors contributing to the development of cAMP (Sapio 
et al., 2017). The development of prostate carcinoma cell 
tumors reduced RII beta production, and increased R.I. alpha 
promotes tumor growth in these tumors. Nucleotides are the 
basis for various biochemical intracellular processes involving 
oxygen, pentosis, and one or more communities of phosphates. 
It is used as a substrate for energy (ATP and GTP), coenzymes 
(flavin adenine the nucleotides, nicotinamide dinucleotides, and 
coenzymes A), deoxyribonucleic acid (DNA), ribonucleic acid 
(RNA), and physiological regulators (Errante et al., 2017). These 
phosphorylate-target proteins contribute to apoptosis, cell growth 
suspension, and motility blockage (Li et al., 2006). Cell-specific 
cancers identify different cGMP and cAMP roles during cell life 
or death. cAMP oncogenic activity occurs with active PKA and 
downstream effectors (e.g., EPAC and CREB) (Fajardo et al., 
2014). A wide variety of hormones, neurotransmitters, and other 
receptor molecules use cAMP as intracellular mediators. As a 
growth and deterioration factor for cAMP, cAMP can directly 

regulate a wide range of extracellular and intracellular signals. 
The activation of AC enzymes combined with G proteins, such 
as nicotinic acetyl column receptors, beta-adrenergic receptors, 
or adenosine receptors, is recorded by several heterotrimeric 
receptors contributing to the development of cAMP (Sapio et al., 
2017). Prostate carcinoma cell tumor formation reduces RII beta 
production, and increased R.I. alpha encourages tumor growth in 
these tumors. For oxygen, pentosis, and one or more phosphate 
communities, nucleotides form the basis of distinct intracellular 
biochemical pathways. It is used as a substrate for energy (ATP and 
GTP), coenzymes (flavin adenine the nucleotides, nicotinamide 
dinucleotides, and coenzymes A), DNA, RNA, and physiological 
regulators (Errante et al., 2017). These phosphorylates lead to 
apoptosis, cell growth arrest, and motility blocking (Li et al., 
2006) (Fig. 10).

Drug–cAMP interaction examples
Salmeterol (increases cAMP): This is frequently used to 

treat asthma and chronic obstructive pulmonary disease, but little 
is known about its cellular pharmacological effects. This analysis 
provides insights into the cellular and molecular pharmacological 
properties of salmeterol.

A multi-step mechanism activating phosphorylation by 
PK-A and G-coupled receptor kinases in the cytoplasmic tail of 
the third intracellular loop of the receptor is β2 adrenergic receptor 
agonistic desensitization. PKA-mediated receptor and receptor 
phosphorylation is called “heterologous” increasing in cAMP 
response (Moore et al., 2007).

Theophylline (increases cAMP): For the treatment of 
obstructive airway disorders, theophylline is used. In addition, the 
discovery and role of particular PDE isoenzymes as potential anti-
asthma drugs have led to multiple isoenzyme-selective inhibitors.

Theophylline, known as an inhibitor of the cyclic 
nucleotide PDE enzyme activity, has been shown to achieve 

Table 2. cAMP detection methods.

Sr. 
No. Methods Uses Working

1 Radioimmunoassay (RIA) A RIA (Wedegaertner et al., 1995)

 was developed in the 1970s to detect cAMP 
concentration.

An RIA is a method with a competitive inhibition response, high 
sensitivity, strong characteristics, and low costs (Chen et al., 1999).

2 Enzyme-linked 
immunosorbent assay

The enzyme-linked immunosorbent assay 
subsequently developed provides more advantages 

than an RIA.

The cAMP levels are based on polyclonal anti-cAMP antibodies 
purified in non-affinity (Moon et al., 2011).

3 LANCE®-cAMP assay The LANCE®-cAMP Life and Theoretical 
Sciences, Inc. An alternative approach for cAMP 

stage assessment (Shelton, CT)

Cellular therapy is conducted after the dilution of the samples, and 
the cAMP amount intra-cellular is assessed using the LANCE®-

cAMP kit (Avni et al., 2010).

4 cAMP assay cAMP enzyme immunoassay kit is used to detect 
cAMP

Cells were seeded and medical items treated. Following opioid 
therapy, filters were conveniently excised from the plastic supports 
and immersed in 0.1 M HCl and incubated for 15 minutes at room 

temperature. The samples were then centrifuged at room temperature 
for 5 minutes at 600 g.

5 The homogeneous time-
resolved fluorescence 

technology

Uses anti-cAMP antibodies labeled with europium 
and cAMP labeled with alphycocyanine modified.

Such two fluorescent molecules are right at hand without the cellular 
cAMP, Fürster resonance energy transfer (FRET), and long-term 
fluorescence at two separate wavelengths. Since all molecules are 
isolated by cellular cAMP rivalry, there is no FRET to identify the 

only Europium emission (Williams, 2004).
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many of its important therapeutic effects by PDE inhibition. Such 
activation increases the concentration of cAMP (Moore et al., 
2007).

Metoprolol (decreases cAMP): Metoprolol is widely 
used for the treatment of angina, hypertension, heart failure, etc. 
The weakening human heart is stimulated adrenergically, which 
increases contractility and heart rate and helps preserve short-term 
cardiac output.

β-adrenergic receptors are coupled to the effector enzyme 
AC through the “stimulatory” G protein, transforming MgATP 
to base. A positively inotropic and chronotropic second carrier, 
cAMP, is highly growth-promoting. Metoprolol medication 
targeting cAMP signaling lowers cAMP levels (Bristow, 2000).

 Desmopressin (increases cAMP): Vasopressin stimulates 
the production of multiple loci renal PGE2 and modulates PGE2 
antidiuresis. Elevated urinary PGE2 periods close to antidiuretic 
responses to arginine vasopressin and dDAVP (Desmopressin) 
were observed in patients with central diabetes insipidus.

In antidiuresis, AC is stimulated by vasopressin 
occupancy of V2 receptors in renal collecting ducts, resulting in 
increased intracellular cAMP levels, activating PKA (Glorian and 
Limon, 2013; Moses et al., 1985).

Morphine (decreases cAMP): Key medical use of 
morphine for chronic pain requires peripheral utilization of opioid 
receptor agonists. Chronic administration of morphine resulted in 
diminished phosphorylation by PKA of μ-receptors. Since PKA 
activity has been shown to increase in the brain of morphine-
tolerant mice, this decrease in phosphorylation of the μ-receptor 
suggests that the morphine-tolerant state will structurally or 
conformationally alter the μ-receptor (Bernstein and Welch, 1998).

Ranitidine: Histamine2-receptor blocker drug 
(Ranitidine) is commonly used in clinical pharmacology to 
diagnose and prevent acid-peptic disorders, such as peptic ulcers, 
and gastroesophageal reflux disorder.

A typical H1 antihistamine, such as diphenhydramine, 
does not inhibit the H2-type histamine receptor on the basolateral 
membrane of the acid-secreting parietal cell. AC, the intracellular 
cAMP concentration, is induced by histamine-released H2 receptor 
occupation by mast cells and other potential cells (Feldman and 
Burton, 1990).

Recent developments in the second messenger

Ceramide: a novel second messenger
Sphingomyelin has been identified as a structural 

portion of the outer leaflet of the mammalian cell plasma 
membrane. However, it has become evident in the last 5 years 
that sphingomyelin is increasingly degraded and resynthesized 
in a signal transduction cycle that can work. Indeed, at least one 
DAG (Diacyl glycerol) cytokine, the tumor necrosis factor, is now 
known to play on this pathway in signal transduction. In addition, 
some cell surface receptors can also use this mechanism for 
signaling (Kolesnick, 1992; Liang, 2017b). Today, with the advent 
of increasingly advanced research techniques, the complexity 
involved in maintaining and measuring 3D, temporal cAMP 
gradients in cell models can be glimpsed (Lu et al., 2001).

Expected significance of clinical trial and artificial intelligence 
(AI) for the second messenger

To treat an obsessive-compulsive disorder, a newly 
developed drug called DSP-1181 is used as a long-acting 
and powerful 5-HT1A (serotonin) receptor agonist using AI 
technology. And Oxford-based Exscientia is about to hit the human 
clinical trial first. Such a type of k marker may be used for second 
messengers, such as the AI system, to treat and prevent many 
diseases. However, when science progresses to next-level scientific 
knowledge, genomics, body regulators, and specialized clinical 
work are required. For example, for enhanced communication, 
AI can be used to perceive medical effects, diagnose disease, and 
send artificial signals to internal tissues outside the body. More 
work and execution, using these principles, will prepare AI for 
second messengers.

Patents related to second messengers
Patents relating to recent innovations, second messenger 

detection methods, and drugs used as cAMP to date are listed in 
Table 3.

Future aspect
To clarify the cAMP signaling mechanism, test protocols 

will be improved. The recently created high-performance and 
high-content screening methods can be used to promote scanning 
for inhibitors and agonists of the cAMP signaling system and 
increase innovative product imaginative scientists’ abilities. Given 
the current situation of cAMP in plants, it seems more appropriate 
to exploit the expertise of some laboratories, e.g., chromatin 
immunoprecipitation has been shown to shorten the early drug 

Figure 10. Involvement of the cAMP/PKA regulatory in cancers.
AC: Adenylyl cyclase; ATP: Adenosine triphosphate; cAMP: Adenosine 
3’,5’ cyclic monophosphate; Bcl-2: B-cell lymphoma 2; GLI: Glioma-
associated oncogene homolog; GPCR: G-protein-coupled receptor; MAPK: 
Mitogen-activated protein kinase; MDM2: Mouse double minute 2; PDE: 
Phosphodiesterase; RAS: Renin–angiotensin system; SHH: Sonic hedgehog.
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cycle considerably, and recent developments in flow cytometry 
have resulted in 30 times faster sequential sample processing.

CONCLUSION
Cell receptors obtain information immediately, efficiently, 

and effectively as a second messenger, causing physiological 
changes at the cell level such as growth, differentiation, invasion, 
replication, apoptosis, and depolarization. The study established 
the function of cAMP as the second messenger. Furthermore, it 
fathomed the signal transduction process that causes cells to respond 
to environmental signals by amplifying this signal. Many second 
messengers have reduced the lower ion channel’s receptor and 
neurotransmitter activities, but cAMP has more than most. Similar 
functions and second messenger patent research indicate unique 
biosensors and cAMP detection methods useful in various therapies 
and disease prevention. So, since it controls different protein and 
enzyme functions, it is easy to recognize and infer as a crucial 
second messenger. Using various parameters, such as patient data 

analysis and disease diagnosis, the current AI system is important 
in medicine. These parameters can also be used in the future for 
second messengers to diagnose and prevent certain diseases.

LIST  OF ABBREVIATIONS
AC: Adenylyl cyclase; ATF-1: Activating transcription 

factor-1; ATP: Adenosine triphosphate; cAMP: Adenosine 
3’,5’ cyclic monophosphate; cGMP: Guanosine 3’,5’ cyclic 
monophosphate; CO: Carbon monoxide; CREB: cAMP response 
element binding protein; DAG: Diacylglycerol; ER: Endoplasmic 
reticulum; GDP: Guanosine diphosphate; GPCR: G-protein-
coupled receptor; GTP: Guanosine triphosphate; ICER: Inducible 
cAMP early repressor; IP3: inositol-1,4,5-triphosphate; NO: Nitric 
oxide; PDE: Phosphodiesterase; PGE: Prostaglandins; PIP2: 
Phosphatidylinositol 4, 5-bisphosphate; PK: Protein kinase; PLC: 
Phospholipase C; RTK: Receptor tyrosine kinase; sGC: Soluble 
guanylyl cyclases; SHH: Sonic hedgehog.

Table 3. Patents on recent inventions with a detailed summary.

Sr. No. Name of inventor Title and summary Patent no. Year

1 Binkowski Brock et al. cAMP luciferase biosensors. This patent presented a modified luciferase 
protein that acts as a sensor for a molecule containing cAMP. Protein contains 
one or more heterologous amino acid sequences. At least one was specifically 
and indirectly interacting with cAMP, which shows an answer that regulates 

the interaction between the modified luciferase cAMP binding site and 
molecule (Schmidt et al., 1999).

JP2015091253A 2018

2 Arnd Baumann et al. Systems for the identification of second messengers comprising fluorescence 
sensor proteins and a cycle tool. The second messenger was controlled using 
a fluorescence-containing sensor protein (FCSP). FCSP defined it applied to 
the container and calculation of fundamental fluorescence without the second 

messenger and the second messenger is then attached to the container and 
inflorescence is determined by shift (Wiesweg, 2014)

WO2018188679A1 2018

4 Robert I. Henkin Treatment inhibiting PDE. This patent provided a system and composition 
used to treat disease or disorders created or correlated with low cyclic 

nucleotide rates. PDE hydrolyzes cyclic nucleotides that modulate 
intracellular levels of the second messengers cAMP and cGMP (Rodragguez-

Iturbe et al., 2005).

US20100022563A1 2010

3 Kees Jalink Biosensor detecting camp levels and use methods. This patent supported an 
Epacl or Epac2 polypeptide biosensor to detect cAMP concentration. The first 

region, tripartite fusion polypeptide and Epac polypeptide contained cAMP 
binding site; the second region, first fluorescent polypeptide domain; the third 

region, second fluorescent polypeptide domain (Mukherjee et al., 2016).

WO2006054167A2 2006

5 Viacheslav Nikolaev

Moritz Bünemann

Martin J. Lohse

Means and strategies for in-vitro community commitment. There were 
chimeric peptides in this patent compressing the cAMP binding moiety. 

However, there is only one binding site, with at least two detectable labels 
(Goutier et al., 2010).

EP1687441B1 2006

6 Jochen Buck

Lonny R. Levin

Mammalian AC. This patent gave isolated animal soluble AC and modulated 
its expression and activity. It also provided methods to use soluble AC to treat 

pathological conditions and track blood gases (Buck and Levin, 2003).

EP1282633A1 2000

7 Roger Y. Tsien,

Wenhong Li

They caged membrane-permeant phosphates. In this patent, caged inositol 
phosphate-containing acyloxyalkyl esters, which permeated the cell 

membrane and contained the second 6-hydroxyl (photolabile group). The 
ester derivative then undergoes enzymatic conversion to remove the cell’s 
acyloxyalkyl ester groups. The compound was biologically inactive under 
ultraviolet light. Upon ultraviolet light penetration, the second messenger’s 

active mode is released into the cell (Tsien and Li, 1999).

US5866548A 1996
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