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ABSTRACT:

Ephedrine and pseudoephedrine are both sympathomimetic amines with a wide range of
pharmacological effects on the cardiovascular, respiratory, and central nervous systems. In this
comprehensive review, we explore the pharmacology and clinical applications of these two
compounds, with a focus on their use as decongestants and bronchodilators.We begin by describing
the molecular structure and mechanisms of action of ephedrine and pseudoephedrine, including their
effects on adrenergic receptors and the release of endogenous catecholamines. We then review the
pharmacokinetics of these compounds, including their absorption, distribution, metabolism, and
excretion.Next, we discuss the clinical uses of ephedrine and pseudoephedrine, focusing on their
effectiveness as decongestants for nasal and sinus congestion and as bronchodilators for asthma and
other respiratory conditions. We also examine their potential use in the treatment of hypotension,
narcolepsy, and obesity.Finally, we discuss the safety and potential adverse effects of ephedrine and
pseudoephedrine, including their potential for abuse and dependence, cardiovascular effects, and
interactions with other medications. We conclude with recommendations for the appropriate use of
these compounds in clinical practice, including dosage recommendations and monitoring for
potential adverse effects.

1. Introduction

and shock. Ephedrine can also stimulate the central
nervous system, which makes it useful in the treatment

Ephedrine and pseudoephedrine are two alkaloids that
have been widely used in the field of medicine for their
bronchodilatory and decongestant effects [1]. These two
compounds are structurally similar and have a shared
mechanism of action, but they differ in terms of their
pharmacological properties and clinical applications [2].

Ephedrine, also known as ma-huang, is derived from the
plant Ephedra sinica and has been used for centuries in
traditional Chinese medicine[3]. In modern medicine,
ephedrine is primarily used as a bronchodilator to treat
asthma and as a vasoconstrictor to manage hypotension
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of narcolepsy and depression [4].Pseudoephedrine, on
the other hand, is a synthetic compound that is
structurally similar to ephedrine. Pseudoephedrine is
commonly used as a decongestant to relieve symptoms
of nasal congestion caused by allergies, colds, or
sinusitis. Pseudoephedrine acts by reducing the swelling
of the nasal passages, which allows for easier breathing
[5].Despite their therapeutic benefits, ephedrine and
pseudoephedrine are also known to have potential
adverse effects. Ephedrine can cause hypertension,
tachycardia, and arrhythmias, while pseudoephedrine
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can cause nervousness, restlessness, and insomnia [6].
Both compounds are also known to have abuse potential
and have been banned or regulated in many countries
due to their use in the production of methamphetamine
[7].Given their complex pharmacological profile, it is
important for healthcare professionals to have a
comprehensive  understanding of ephedrine and
pseudoephedrine, including their mechanism of action,
therapeutic applications, and potential risks [8]. This
review aims to provide a thorough overview of the
pharmacology and clinical applications of ephedrine
and pseudoephedrine, as well as their associated adverse
effects and regulatory status.

1.1 Molecular Structure

Ephedrine and Pseudoephedrine are both alkaloids that
are commonly used as decongestants and
bronchodilators [9].

In Fig.1. , the central carbon atom (C) is bonded to an
amino group (N), a hydroxyl group (OH), and two
methyl groups (CH3). The nitrogen atom is also bonded
to a hydrogen atom (H). The two methyl groups are
located on opposite sides of the plane of the molecule,
giving ephedrine a chiral center and two enantiomers
(mirror-image isomers)[10].

Fig.1. Molecular Structure of Ephedrine.

Like ephedrine, pseudoephedrine (fig.2) has a central
carbon atom C that is bonded to an amino group (N), a
hydroxyl group (OH), and two methyl groups (CH3).
However, in pseudoephedrine, one of the methyl groups
is replaced by a hydrogen atom, resulting in a less bulky
molecule with a less pronounced chiral center. As a
result, pseudoephedrine has only one chiral center and
two diastereomers (non-mirror-image isomers)[11].
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Fig.2. Molecular Structure of Pseudoephedrine.

1.2 Difference between
Pseudoephedrine

Ephedrine and

Ephedrine and pseudoephedrine are two similar
compounds with slightly different chemical structures
and physiological effects.Ephedrine is a naturally
occurring alkaloid found in certain plants, including
species of the Ephedra genus. It is a sympathomimetic
amine that acts as a stimulant and a bronchodilator,
meaning it can open up airways in the lungs and
improve breathing [12]. Ephedrine can also increase
heart rate and blood pressure, and it has been used in the
past to treat asthma, nasal congestion, and other
respiratory problems [13].

Pseudoephedrine, on the other hand, is a synthetic
compound that is chemically similar to ephedrine. It is
also a sympathomimetic amine, but it is less potent than
ephedrine in its effects on the central nervous system
[14]. Pseudoephedrine is commonly used as a
decongestant to treat nasal congestion caused by
allergies, colds, or the flu. It works by constricting
blood vessels in the nasal passages, which reduces
swelling and congestion.

One significant difference between ephedrine and
pseudoephedrine is their legal status. Ephedrine is a
controlled substance in many countries due to its
potential for abuse and dependence, while
pseudoephedrine is available over-the-counter in most
places but is also subject to some regulation due to its
use in the illicit manufacture of methamphetamine [15].
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2. Pharmacology

Ephedrine and  pseudoephedrine  have  similar
pharmacological properties, but they differ in their
potency and selectivity for various receptors. Both
compounds act as indirect sympathomimetic agents by
increasing the release of norepinephrine and stimulating
both a- and B-adrenergic receptors [16]. Ephedrine has
higher affinity for B-adrenergic receptors, whereas
pseudoephedrine is more selective for a-adrenergic
receptors. Additionally, both compounds have weak
direct sympathomimetic effects and can cause release of
catecholamines from the adrenal medulla. Both
ephedrine and pseudoephedrine also have mild central
nervous system stimulant effects [17].

Ephedrine and pseudoephedrine are both
sympathomimetic agents that stimulate the sympathetic
nervous system. They are used for their bronchodilator
and decongestant effects, respectively, but can also have
other physiological effects such as increasing heart rate,
blood pressure, and metabolic rate [18].

Ephedrine acts on both alpha and beta adrenergic
receptors and stimulates the release of norepinephrine
from presynaptic nerve terminals, leading to increased
sympathetic activity [19]. Its primary use is as a
bronchodilator in the treatment of asthma, but it has also
been used as a weight loss aid and as a stimulant to
increase alertness and energy.Ephedrine is a Schedule V
controlled substance in the United States due to its
potential for abuse and dependence [20].

Pseudoephedrine is a sympathomimetic agent that acts
primarily on alpha adrenergic receptors to produce its
decongestant effects. It causes vasoconstriction in nasal
blood vessels, reducing swelling and congestion in the
nasal passages. Pseudoephedrine is also used to treat
urinary incontinence, hypotension, and as a stimulant.
Due to its use in the production of the illegal drug
methamphetamine, it is a controlled substance in many
countries, including the United States [21].

Both ephedrine and pseudoephedrine have potential side
effects including palpitations, tachycardia,
hypertension, nervousness, insomnia, and
gastrointestinal disturbances. They can also cause more
serious adverse effects such as arrhythmias, seizures,
and stroke, particularly in high doses or with prolonged
use. It is important to use these drugs only under the
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supervision of a healthcare professional and to follow
the recommended dosing instructions [22].

3. Clinical Applications

3.1 Treatment of Asthma

Asthma, a chronic respiratory disease, is a prevalent
condition worldwide, characterized by persistent
inflammation caused by immune cells [23]. The
treatment of asthma is complex and multifaceted, but
ephedra, with its multiple targets and function
pathways, has shown promising results in the
management of asthma [24]. The use of ephedra for
cough and asthma dates back to ancient times in East
Asia, where it was combined with other drugs.
Ephedrine, pseudoephedrine, and volatile oils found in
ephedra possess anti-asthmatic  properties, with
ephedrine being the most potent among them [25].
Recent studies have demonstrated that ephedrine, in
combination with lignins such as arctiin, arctigenin,
descurainoside, and descurainolide B, can produce a
bronchodilation effect and alleviate cough and asthma.
Furthermore, ephedra has the potential to regulate the
immune imbalance in Th1/Th2 and Th17/Treg cells,
making it a promising therapeutic option for asthma
management in clinical settings [26].

3.2 Treatment of Skin Diseases

Ephedrine and pseudoephedrine are two drugs
commonly used for their stimulant and decongestant
effects. However, these compounds have also been
found to be effective in treating certain skin diseases
[27].Ephedrine is a sympathomimetic drug that acts on
the sympathetic nervous system. It is commonly used as
a decongestant and bronchodilator, and has been used in
traditional Chinese medicine for thousands of years to
treat respiratory conditions. In recent years, ephedrine
has also been found to be effective in the treatment of
certain skin diseases, such as atopic dermatitis,
psoriasis, and vitiligo [28].

Atopic dermatitis, also known as eczema, is a chronic
skin condition characterized by dry, itchy, and inflamed
skin. It is believed to be caused by an overactive
immune system, which leads to inflammation and
damage to the skin barrier [29]. Ephedrine has been
found to have anti-inflammatory effects, which can help
to reduce the symptoms of atopic dermatitis [30]. In a
study published in the Journal of Investigative
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Dermatology, researchers found that ephedrine can
inhibit the production of inflammatory cytokines in the
skin, which can help to reduce inflammation and
improve the skin barrier function [31].

Psoriasis is another chronic skin condition that is
characterized by red, scaly patches on the skin. It is
caused by an overproduction of skin cells, which leads
to the formation of thick, scaly patches [32]. Ephedrine
has been found to have antiproliferative effects, which
can help to reduce the production of skin cells in
patients with psoriasis [33]. In a study published in the
Journal of Dermatological Science, researchers found
that ephedrine can inhibit the growth of keratinocytes,
which are the cells that make up the majority of the skin
[34]

Vitiligo is a skin condition that is characterized by the
loss of pigment in the skin. It is believed to be caused
by an autoimmune response, which leads to the
destruction of melanocytes, the cells that produce
pigment in the skin [35]. Ephedrine has been found to
have immunomodulatory effects, which can help to
regulate the immune system and reduce the autoimmune
response [36]. In a study published in the Journal of
Investigative Dermatology, researchers found that
ephedrine can inhibit the production of antibodies that
are involved in the destruction of melanocytes [37].

Pseudoephedrine is a sympathomimetic drug that is
commonly used as a decongestant. It works by
constricting blood vessels in the nasal passages, which
reduces swelling and congestion. Pseudoephedrine has
also been found to be effective in the treatment of
certain skin diseases, such as urticaria and angioedema
[38].

Urticaria, also known as hives, is a skin condition that
is characterized by itchy, red, and raised welts on the
skin. It is caused by an allergic reaction, which leads to
the release of histamine and other inflammatory
mediators [39]. Pseudoephedrine has been found to
have antihistamine effects, which can help to reduce the
symptoms of urticaria [40].

Angioedema is a condition that is similar to urticaria,
but it affects deeper layers of the skin and can cause
swelling in the face, lips, tongue, and throat. It is also
caused by an allergic reaction, and can be life-
threatening if it affect [41].
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3.3 Treatment Gynecological Diseases

According to  traditional = Chinese  medicine,
gynecological issues are often attributed to yang
deficiency and cold coagulation. Ephedra has been
found to have a regulating effect on yang, which not
only warms the meridians but also invigorates gi and
dispels cold [42]. Interestingly, Ephedra has also been
utilized in California as a treatment for female
dysmenorrhea and premenstrual syndrome, among other
herbs [43]. In Palestine, Ephedra is the most commonly
used plant in breast cancer treatment [44]. Furthermore,
researchers have conducted XTT analysis to evaluate
the cytotoxicity of Ephedra on ovarian cancer cell lines
(A2780 and A2780CisR) and noncancerous kidney cells
(HEK-293). The results showed that Ephedra treatment
reduced the sensitivity of ovarian cancer cells to
cisplatin and their cytotoxicity [45].

3.4 Used as analgesic

Ephedra’s unique analgesic effect may be attributed to
its combination of pseudoephedrine and
polysaccharides, which work together to relax smooth
muscle and relieve blood stasis. Research conducted by
Schachtel et al. on 640 patients with upper respiratory
tract infection found that the combination of
acetylsalicylic acid (ASA) and pseudoephedrine (PSE)
produced good analgesic effects with good tolerance
[26]. In addition, oral administration  of
pseudoephedrine in adults was found to reduce pain and
trauma in the middle ear during aviation flight [46].
Although the analgesic effect of Ephedra is primarily
attributed to pseudoephedrine and polysaccharides, the
exact mechanism through which it produces its
analgesic effect is still not fully understood [47].

3.5 Used as weight loss medicine

Ephedrine and pseudoephedrine are both
sympathomimetic drugs that have been used as weight
loss aids due to their ability to increase metabolic rate
and decrease appetite [48].The mechanism of action of
ephedrine and pseudoephedrine involves their ability to
stimulate the sympathetic nervous system, which
activates the release of the neurotransmitter
norepinephrine  from nerve endings [49].
Norepinephrine then binds to and activates adrenergic
receptors, leading to increased lipolysis (breakdown of
fat) and thermogenesis (heat production) in adipose
tissue. This increases the body's energy expenditure and
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can contribute to weight loss [50].Additionally,
ephedrine and pseudoephedrine can also decrease
appetite by acting on the central nervous system. They
increase the release of the neurotransmitter dopamine,
which can affect the reward center in the brain and
decrease feelings of hunger and cravings for food [51].

4, Adverse Effects

Ephedrine and pseudoephedrine are both
sympathomimetic agents that act on the central nervous
system to increase heart rate and blood pressure, among
other effects. While these drugs can be effective for
treating nasal congestion and asthma, they can also
cause a range of adverse effects, including:

4.1 Cardiovascular Effects

Drugs can cause an increase in heart rate, blood
pressure, and arrhythmias (irregular heartbeats). In
some cases, this can lead to serious cardiovascular
events, such as heart attack or stroke [52].Increased
heart rate: Both ephedrine and pseudoephedrine can
increase heart rate. This can be particularly dangerous
for people with pre-existing heart conditions, such as
arrhythmias [53].Elevated blood pressure: These drugs
can also cause an increase in blood pressure. This can
be particularly concerning for people with hypertension,
as it can exacerbate the condition [54].Constriction of
blood vessels: Both ephedrine and pseudoephedrine can
cause constriction of blood vessels, which can reduce
blood flow to the heart and other vital organs. This can
be particularly dangerous for people with pre-existing
cardiovascular disease [55].Increased risk of heart
attack and stroke: In rare cases, these drugs have been
associated with an increased risk of heart attack and
stroke. This risk is particularly elevated in people with
pre-existing cardiovascular disease or risk factors for
these conditions.

4.2 Central nervous system effects:

Ephedrine and pseudoephedrine can cause nervousness,
anxiety, insomnia, and restlessness. In high doses, they
may even cause seizures or hallucinations.

Anxiety: These drugs can cause an increase in the
release of the stress hormone cortisol, which can cause
anxiety and nervousness.Insomnia: Ephedrine and
pseudoephedrine can stimulate the CNS and interfere
with sleep, leading to insomnia [56].Headaches: The
vasoconstrictive  effects  of  ephedrine  and
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pseudoephedrine can cause headaches [57].Tremors:
The stimulatory effects of these drugs on the CNS can
lead to tremors, particularly in the hands and fingers
[58].Seizures:  In  rare cases, ephedrine and
pseudoephedrine can cause seizures, particularly in
individuals with a history of seizure disorders [59].

4.3 Gastrointestinal effects:

Nausea and vomiting: Ephedrine and pseudoephedrine
can cause irritation of the stomach lining, leading to
nausea and vomiting. This can occur particularly when
the drugs are taken on an empty stomach [60].
Diarrhea: Ephedrine and pseudoephedrine can cause
increased motility of the intestines, leading to diarrhea.
This is more likely to occur with higher doses of the
drugs  [61].Abdominal  pain: Ephedrine and
pseudoephedrine can cause irritation of the digestive
tract, leading to abdominal pain.Gastrointestinal
bleeding: Rarely, ephedrine and pseudoephedrine can
cause gastrointestinal bleeding, particularly if taken in
large doses or over an extended period of time
[62].Ulceration: Chronic use of ephedrine and
pseudoephedrine can lead to ulceration of the stomach
lining, which can cause pain and bleeding [63].

4.4 UrinaryRetention:

Pseudoephedrine can cause urinary retention, which can
lead to bladder problems and urinary tract
infections.Urinary retention is a condition where the
bladder is unable to empty completely, leading to a
buildup of urine in the bladder [64]. This can be caused
by various factors, including prostate enlargement,
neurological disorders, and certain medications such as
ephedrine and pseudoephedrine.These drugs have been
reported to cause urinary retention in susceptible
individuals, especially those with pre-existing bladder
outlet obstruction or neurogenic bladder. They can
cause smooth muscle contraction in the bladder neck
and prostate, leading to an increase in resistance to urine
flow and ultimately to urinary retention.In addition,
ephedrine and pseudoephedrine are also known to cause
dehydration, which can further exacerbate the problem
of urinary retention [65].

4.5 Allergic Reaction:

While skin allergies are not typically listed as a
common side effect of these medications, some people
may experience an allergic reaction that can manifest in
skin symptoms.The most common skin reaction
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associated with ephedrine and pseudoephedrine is hives,
which are raised, itchy, and red patches on the skin [66].
Other skin symptoms that may occur as a result of an
allergic reaction to these medications include rash,
swelling, and itching.

4.6 Drug interactions:

Ephedrine and pseudoephedrine can interact with other
drugs, including antidepressants and blood pressure
medications, leading to serious side effects.MAO
inhibitors: Taking ephedrine or pseudoephedrine with a
monoamine oxidase (MAO) inhibitor can cause a
dangerous increase in blood pressure [67]. Beta
blockers:  Ephedrine and pseudoephedrine can
counteract the effects of beta blockers, which are used
to treat high blood pressure and other cardiovascular
conditions [68].Antidepressants: Certain types of
antidepressants, such as tricyclic antidepressants and
selective serotonin reuptake inhibitors (SSRIs), can
interact with ephedrine and pseudoephedrine and
increase the risk of side effects [69].Other stimulants:
Combining ephedrine or pseudoephedrine with other
stimulants, such as caffeine or amphetamines, can
increase the risk of cardiovascular side effects, such as
increased heart rate and blood pressure [70].Blood
thinners: Ephedrine and pseudoephedrine can interact
with blood thinners, such as warfarin, and increase the
risk of bleeding [71].

5 Conclusion

Ephedrine and pseudoephedrine are two related
compounds with a long history of use in medicine. They
have a range of clinical applications, including as
decongestants, bronchodilators, and for the treatment of
hypotension and shock. However, their use is also
associated with a range of adverse effects, especially
when used in high doses or for extended periods.
Therefore, their use should be carefully monitored and
their potential benefits and risks should be carefully
weighed before use.

In conclusion, Ephedrine and Pseudoephedrine are two
closely related compounds that have been used for a
variety of medical purposes, including as a
bronchodilator, decongestant, and appetite suppressant.
While they share many pharmacological properties,
they differ in their selectivity and potency for different
adrenergic receptors.

Ephedrine is a non-selective agonist of o- and -
adrenergic receptors, and its effects on the
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cardiovascular and respiratory systems make it a useful
tool for treating asthma, hypotension, and shock.
Pseudoephedrine, on the other hand, has greater
selectivity for o-adrenergic receptors, and its
vasoconstrictive effects make it a popular decongestant.

While both drugs have therapeutic uses, they can also
be abused and are sometimes used as a recreational
drug. The potential for abuse and addiction has led to
the regulation of ephedrine and pseudoephedrine in
many countries, including the United States.

Despite their long history of use, there is still ongoing
research into the pharmacology and clinical applications
of ephedrine and pseudoephedrine. For example, recent
studies have looked at the effects of ephedrine on
cognitive performance and sports performance, and
there is interest in the potential use of pseudoephedrine
for the treatment of obesity.

Overall, while ephedrine and pseudoephedrine have
their benefits, they should be used with caution and
under the guidance of a healthcare professional. Their
potential for abuse and side effects, particularly at high
doses or with prolonged use, should not be overlooked.
As such, continued research is necessary to fully
understand  their  pharmacology and clinical
applications, and to ensure their safe and effective use.
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