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ABSTRACT

Papaverine, a prominent benzylisoquinoline alkaloid extracted from Papaver somniferum L., has
long been used for its vasodilatory properties in clinical settings. Despite its structural distinction
from opiate alkaloids, papaverine is known for inhibiting cyclic adenosine monophosphate (cAMP)
and cyclic guanosine monophosphate (cGMP) phosphodiesterase in smooth muscle cells, leading
to increased intracellular concentrations of these molecules. This mechanism contributes to the
dilation of cerebral, coronary, and pulmonary arteries and enhances cerebral blood flow while
reducing vascular resistance. Beyond its established use, recent research has revealed papaverine's
extensive pharmacological activities, including its effects in treating erectile dysfunction, managing
postoperative vasospasms, and alleviating pulmonary vasoconstriction. Furthermore, its antiviral,
anti-inflammatory, cardioprotective, neuroprotective, and anticancer properties have garnered
significant attention. Notably, papaverine has demonstrated potential in controlling the cytopathic
effects of SARS-CoV-2, positioning it as a candidate for therapeutic development against viral
infections. Despite promising findings, further research is needed to understand the full spectrum
of its molecular mechanisms and to address concerns about its long-term safety and toxicity. This
review aims to provide an in-depth analysis of papaverines pharmacological actions, therapeutic
applications, and the molecular pathways involved, with an emphasis on its potential as a versatile
agent in modern medicine.
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OZET

Papaver somniferum L. den elde edilen dnemli bir benzilizokinolin alkaloidi olan papaverin, klinik
ortamlarda uzun siiredir vazodilator ozellikleri ile kullanilmaktadir: Opiat alkaloidlerinden yapisal
olarak farkli olmasina ragmen, papaverin, diiz kas hiicrelerinde siklik adenozin monofosfat (cAMP)
ve siklik guanozin monofosfat (cGMP) fosfodiesterazint inhibe etmesiyle bilinir. Bu mekanizma,
bu molekiillerin hiicre i¢i konsantrasyonlarimin artmasina yol acar ve bu da serebral, koroner ve
pulmoner arterlerin genislemesine, serebral kan akisinin artmasina ve vaskiiler direncin azalmasina
katki saglar. Yerlesik kullaniminin otesinde, son arastirmalar papaverinin erektil disfonksiyon tedavisi,
postoperatif vazospazmlarin yonetimi ve pulmoner vazokonstriksiyonun hafifletilmesi gibi kapsamli
farmakolojik aktivitelerini ortaya koymustur. Ayrica, antiviral, anti-inflamatuar, kardiyoprotektif;
néroprotektif ve antikanser ozellikleri biiyiik ilgi gormektedir. Ozellikle, papaverin, SARS-CoV-2 nin
sitopatik etkilerinin kontroliinde potansiyel gostermis ve viral enfeksiyonlara karsi tedavi gelistirilmesi
icin bir aday olarak one ¢ikmistiz Umut verici bulgulara ragmen, molekiiler mekanizmalarinin
tam olarak anlasilmasi ve uzun vadeli giivenligi ve toksisitesi konusundaki endiselerin giderilmesi
icin daha fazla arastirmaya ihtiyag¢ vardir. Bu derleme, papaverinin farmakolojik etkilerini, tedavi
uygulamalarin ve ilgili molekiiler yollar: derinlemesine analiz etmeyi ve modern tipta ¢ok yonlii bir
ajan olarak potansiyelini vurgulamay: amaglamaktadir:

Anahtar Kelimeler: Papaverin, Papaver somniferum, vazodilator, antiviral

INTRODUCTION

Since ancient times, medicinal plants have been a cornerstone
in traditional healing practices across diverse cultures. The
utilization of natural compounds derived from these plants
has led to the discovery of several therapeutic agents that are
still relevant in modern medicine (1). Among these bioactive
compounds, alkaloids play a significant role due to their broad
pharmacological properties. One particular class of alkaloids,
benzylisoquinoline alkaloids, has attracted considerable
scientific attention for its potential in treating a range of
diseases (2). This group includes well-known compounds
such as morphine and codeine, but also non-narcotic agents
like papaverine (3).

Papaverine, extracted from Papaver somniferum (opium

poppy), is distinguished by its ability to act as a vasodilator, a
property that has made it valuable in the treatment of cerebral,
coronary, and pulmonary artery diseases (4). Unlike its opiate
counterparts, papaverine does not exert analgesic effects,
but instead inhibits phosphodiesterase enzymes, specifically
targeting the cAMP and cGMP pathways in smooth muscles
(5). This inhibition leads to elevated intracellular levels of
these cyclic nucleotides, resulting in smooth muscle relaxation
and increased blood flow (6). These mechanisms have made
papaverine a widely used therapeutic agent in clinical settings
for treating conditions such as erectile dysfunction and
postoperative vasospasms (7).

Recent research has expanded the scope of papaverine’s
pharmacological actions, suggesting it may hold promise
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beyond its traditional uses. Studies have shown its potential
in the management of pulmonary vasoconstriction,
neuroprotective effects, and even anticancer properties, with
mechanisms involving the modulation of mitochondrial
activity and cell cycle arrest in various tumor cell lines (8,9).
Additionally, papaverine has demonstrated antiviral activity,
notably in the inhibition of SARS-CoV-2 cytopathic effects,
positioning it as a candidate for further exploration in viral
therapeutics (10).
Despite these promising findings, papaverine’s therapeutic
potential remains underexplored in many areas, and
comprehensive studies are needed to understand its full range
of molecular actions, pharmacokinetics, and long-term safety
profiles (11). This review aims to summarize and critically
analyze the current literature on papaverine’s pharmacological
properties, with a focus on its emerging roles in various
therapeutic contexts. By doing so, we hope to provide a
foundation for future research and clinical applications of this
versatile alkaloid.
PHYTOCHEMICAL PROFILE OF PAPAVERINE
Overview of Papaverine’s Chemical Structure and Biosynthesis
Papaverine is a benzylisoquinoline alkaloid characterized
by its unique chemical structure, distinct from other
opiate alkaloids such as morphine and codeine. Its
molecular structure, 1-(3,4-dimethoxybenzyl)-6,7-
dimethoxyisoquinoline, comprises a fully aromatic
isoquinoline core with four methoxy groups attached to the
benzyl moiety (1). This structure underlies its non-narcotic
properties, unlike the analgesic effects seen in its structural
relatives. Benzylisoquinoline alkaloids, including papaverine,
are biosynthesized via a pathway that starts with two units of
the amino acid tyrosine, which are condensed through a series
of enzymatic reactions, forming the precursor norcoclaurine.
Through further methylation and oxidation steps, papaverine
is eventually formed (2).
Figure 1: Chemical structure of PPV
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This biosynthetic pathway has been well studied, especially
in Papaver somniferum, where papaverine, along with
morphine and codeine, is produced as part of a complex
alkaloid metabolic network (3). Papaverine’s biosynthesis
involves enzymes such as norcoclaurine synthase and several
O-methyltransferases, which catalyze the key steps leading
to the formation of its distinct structure (4). Recent advances
in molecular genetics have allowed the identification of
specific biosynthetic genes responsible for the production of
benzylisoquinoline alkaloids, enhancing our understanding of
papaverine’s synthesis at the molecular level (5).

Sources and Extraction Methods from Papaver somniferum
Papaverine is naturally found in the latex of the unripe seed
capsules of Papaver somniferum L., commonly known as
the opium poppy. This species, which is cultivated primarily
in regions such as Afghanistan, Turkey, and Southeast

Asia, produces several alkaloids, including papaverine,
morphine, and codeine, in varying concentrations depending
on the specific variety and environmental factors (6). In P.
somniferum, papaverine makes up approximately 1-3% of the
total alkaloid content, a relatively small proportion compared
to morphine, which constitutes about 10-15% (7).

The extraction of papaverine from Papaver somniferum
involves a series of chemical processes designed to isolate the
alkaloid from the plant’s latex. Traditional extraction methods
involve the use of solvents such as chloroform or ethanol to
solubilize the alkaloids, followed by purification techniques
like crystallization or column chromatography to separate
papaverine from other alkaloids (8). Recent advances in
extraction techniques, such as supercritical fluid extraction
and molecular distillation, have improved the efficiency and
yield of papaverine extraction, making it more feasible for
pharmaceutical use (9).

Comparison with Other Benzylisoquinoline Alkaloids
Benzylisoquinoline alkaloids are a diverse class of plant-
derived compounds that share a common biosynthetic origin
but differ significantly in their pharmacological properties.
While morphine and codeine, both derived from P. somniferum,
are well-known for their potent analgesic effects, papaverine’s
primary action lies in its ability to inhibit phosphodiesterase
and induce smooth muscle relaxation (10). Unlike morphine,
which interacts with opioid receptors in the central nervous
system, papaverine exerts its effects peripherally, particularly
in vascular tissues, without leading to narcotic effects (11).
The pharmacological profiles of these alkaloids reflect
their structural variations. For instance, the absence of
nitrogen within a cyclic structure in papaverine’s molecular
architecture prevents it from acting as an opioid receptor
agonist, differentiating it from compounds like morphine
and thebaine (12). This structural divergence explains why
papaverine is used as a vasodilator and antispasmodic,
whereas other alkaloids in the same family are employed
primarily for their analgesic or antitussive properties (13).
The comparison underscores the therapeutic diversity within
the benzylisoquinoline alkaloid class, with papaverine
representing a non-narcotic therapeutic option among opium-
derived compounds (14).

Natural Source of Papaverine

Papaverine is primarily derived from Papaver somniferum,
commonly known as the opium poppy. This species, which
has been cultivated for centuries, is known for its production
of several bioactive alkaloids, including morphine, codeine,
and thebaine, along with papaverine (12). P. somniferum is
grown in regions such as Afghanistan, Turkey, and Southeast
Asia, where it plays a significant role in both traditional
medicine and pharmaceutical applications. While most focus
has been placed on the analgesic properties of morphine and
codeine, papaverine’s unique pharmacological profile as a
vasodilator distinguishes it within the opium alkaloid group
(13).

In addition to P. somniferum, other species within the Papaver
genus, such as Papaver bracteatum and Papaver rhoeas, have
also been investigated for their alkaloid content. However,
papaverine production is largely restricted to P. somniferum,
where it accounts for approximately 1-3% of the total alkaloid
content of the plant’s latex (14).

Chemistry of Papaverine

Papaverine is classified as a benzylisoquinoline alkaloid,
distinct from the opiates derived from P. somniferum due to



its lack of analgesic properties (15). Its chemical structure,
1-(3,4-dimethoxybenzyl)-6,7-dimethoxyisoquinoline,
consists of an isoquinoline core with methoxy substitutions,
which contribute to its pharmacological activity as a smooth
muscle relaxant (16). This structural difference underpins
papaverine’s mode of action as a non-narcotic compound,
primarily affecting vascular smooth muscle rather than acting
on opioid receptors like morphine or codeine (17).
Papaverine’s structure was first elucidated in the late 19th
century by Guido Goldschmiedt, and its synthesis was later
confirmed in 1909 by Pictet and Gams, who demonstrated the
compound’s vasodilatory properties (18). The compound’s
unique chemical profile has allowed it to be used in various
clinical settings, particularly in the treatment of vasospasms
and vascular disorders (19).

Biosynthesis of Papaverine

The biosynthesis of papaverine in P. somniferum involves
several enzymatic steps, starting with two molecules
of  tyrosine. The initial reaction converts tyrosine
into (S)-norcoclaurine, a common precursor for many
benzylisoquinoline alkaloids (20). From there, a series of
methylation and hydroxylation steps, mediated by specific
enzymes, lead to the formation of papaverine (21).

Two main biosynthetic pathways have been identified for
papaverine production in P. somniferum: the N-demethylated
(NH) pathway and the N-methylated (NCH3) pathway.
The NH pathway proceeds through intermediates like
norreticuline, while the NCH3 pathway involves (S)-
reticuline, which undergoes further methylation to produce
laudanine and, ultimately, papaverine (22). The complex
nature of these pathways highlights the biochemical diversity
of alkaloid production in the opium poppy, and ongoing
research continues to unravel the specific genes and enzymes
involved in papaverine biosynthesis (23).

Mechanism of Action of Papaverine

Papaverine exerts its pharmacological effects primarily
through the inhibition of phosphodiesterase enzymes (PDE),
specifically targeting cAMP and cGMP phosphodiesterases in
smooth muscle cells (24). This inhibition leads to increased
intracellular concentrations of cAMP and c¢GMP, which
subsequently promote smooth muscle relaxation by reducing
calcium ion levels and interfering with myosin light-chain
kinase (MLCK) activity (25). These effects are particularly
pronounced in vascular smooth muscle, making papaverine
effective in treating conditions like vasospasms and pulmonary
hypertension (26).

Additionally, papaverine has been shown to influence
mitochondrial activity by modulating the activity of
protein kinase A (PKA) and mitochondrial complex 1. This
modulation affects cellular metabolism and has been linked to
papaverine’s potential anticancer properties, as the compound
can induce cell cycle arrest and apoptosis in certain tumor cell
lines (27).

PHARMACOLOGICALPROPERTIES OF PAPAVERINE
Cardiovascular Effects

Papaverine’s primary clinical use is in the management of
vascular disorders due to its potent vasodilatory effects. It is
commonly used to treat cerebral and coronary vasospasms,
conditions in which blood vessels constrict, reducing blood
flow and potentially leading to ischemia (28). Papaverine
acts by relaxing the smooth muscles of blood vessels, thereby
increasing blood flow and reducing vascular resistance (29).
Pulmonary Vasoconstriction
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In addition to its cardiovascular effects, papaverine has shown
promise in treating pulmonary vasoconstriction, a condition
that often leads to pulmonary hypertension. By relaxing the
smooth muscle in the pulmonary arteries, papaverine can
lower pulmonary vascular resistance, improving oxygenation
and overall pulmonary function (30).

Antiviral and Anticancer Potential

Recent research has explored papaverine’s potential beyond
its traditional applications. Studies have indicated that
papaverine may possess antiviral properties, particularly in
inhibiting the replication of certain viruses, including SARS-
CoV-2, by interfering with viral RNA synthesis and other
critical processes (31). Additionally, papaverine has shown
promise as an anticancer agent, with evidence suggesting it
can induce apoptosis in tumor cells and inhibit the growth of
certain cancer cell lines by disrupting mitochondrial function
and cell cycle progression (32).

Pharmacokinetics and Toxicology

Despite its established therapeutic uses, papaverine’s
pharmacokinetics and toxicity profile require further
exploration. Studies have shown that papaverine is metabolized
primarily in the liver and excreted via the kidneys, but its
long-term safety, particularly with chronic use, remains under-
researched (33). Understanding the full pharmacokinetic
profile of papaverine is essential to optimizing its therapeutic
potential while minimizing potential adverse effects, such as
hepatotoxicity or nephrotoxicity (34).

Challenges and Future Directions in Papaverine Research
While papaverine has been widely used for its vasodilatory
properties, several challenges remain in fully understanding
its broader therapeutic potential. One major limitation is
the lack of comprehensive studies on its long-term safety,
particularly concerning its effects on mitochondrial function
and its potential role in cancer therapy. Future research should
focus on elucidating the molecular mechanisms underlying
papaverine’s diverse pharmacological actions, as well as its
potential applications in antiviral therapies, cancer treatment,
and neuroprotection (35).

Additionally, advances in biosynthetic pathway engineering
could pave the way for increased production of papaverine
through biotechnological methods, which may reduce reliance
on traditional extraction from P. somniferum and allow for
more sustainable production methods (36).
CONCLUSIONS

Papaverine, a benzylisoquinoline alkaloid derived primarily
from Papaver somniferum, has established itself as a
significant compound in the field of pharmacology due to its
potent vasodilatory effects. While traditionally used to treat
vascular conditions such as cerebral and coronary vasospasms,
emerging research has uncovered broader pharmacological
applications, including potential antiviral, anticancer, and
neuroprotective properties. By inhibiting phosphodiesterase
enzymes, papaverine elevates intracellular levels of cAMP
and cGMP, leading to smooth muscle relaxation and
improvements in blood flow.

Recent studies have expanded its therapeutic scope,
particularly in addressing pulmonary vasoconstriction and
exploring its capacity to modulate mitochondrial function in
cancer cells. Additionally, its antiviral potential, demonstrated
by its ability to inhibit viral replication, including that of
SARS-CoV-2, points to promising new applications for
papaverine in viral therapeutics.

Despite these advancements, several challenges remain.
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There is a need for comprehensive studies to better
understand papaverine’s long-term safety, pharmacokinetics,
and toxicological profile, especially with chronic use. Future
research should also investigate the molecular mechanisms
underpinning its anticancer and antiviral effects, as well as its
broader therapeutic potential in neuroprotection and disease
management.

In conclusion, while papaverine’s role as a vasodilator is

well established, its full therapeutic potential is far from
realized. With further research, particularly into its broader
pharmacological activities, papaverine could prove to be a
versatile compound with applications far beyond its current
clinical use. Continued exploration of its biosynthesis and
molecular pathways will also enhance its availability and
utilization in modern medicine.
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