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Abstract

This study reviews the biochemical mechanisms and clinical implications of N-heterocyclic
amine drugs, particularly in the context of pain management, mental health, and opioid
withdrawal. It highlights the structural diversity and receptor binding capabilities of these
compounds, which enable them to target the nervous system and cross the blood-brain
barrier effectively. The article discusses the role of opioids in pain relief, detailing their
agonistic effects on opioid receptors and the subsequent risk of addiction. Furthermore, it
addresses the psychological dependence that can arise from opioid use, emphasizing the
need for comprehensive management strategies that include pharmacological and non-
pharmacological treatments. The review also examines the biochemical changes associated
with opioid withdrawal, including alterations in neurotransmitter systems that lead to
symptoms such as nausea and anxiety 6. Additionally, it presents traditional medicine
approaches, such as the use of herbal remedies, as potential adjuncts in the treatment of
addiction. Overall, the findings underscore the importance of understanding the chemical
structures and mechanisms of these drugs to improve therapeutic outcomes in addiction
and pain management. Considering the biological significance of N-heterocyclic amines due
to their bioisosteric properties and the lack of such a review study, the ultimate goal of this
study is to introduce and describe the pharmacological applications and biochemical effects
related to the structure of this class of chemical compounds.
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1. Introduction

Drugs of abuse have shaped human history for centuries. From opium dens in China during the
1800s to the cocaine and Phencyclidine (PCP) crises of the 1960s and 1970s to the current opioid
and methamphetamine epidemics, society has struggled with approaches to combat illicit drugs
[1]. As a scientist interested in chemistry, pharmacology, and narcotics, finding comprehensive
data on the chemical structures of anti-opioid medications can be challenging. That's why we're so
excited to present an extensive chemical review of the chemical structure of narcotic drugs,
addictive drugs, and anti-opioid drugs under the title "Dark Classics in Chemical Neuroscience" [2-
5]. An opioid is a substance that has the properties of pain relief, relaxation, anesthesia, or both.
Opioids are generally divided into two categories, agonists and antagonists. Agonists mimic the
effects of the body's natural opioids (such as endorphins) and produce an opioid effect by
interacting with specific receptor sites in the brain. Agonists include drugs such as morphine and
fentanyl, which are most commonly used in the medical field with the most potent effects [6-8].
Medicines and chemical compounds of this category have a very high possibility of abuse and
addiction. Examples of other agonists are hydrocodone, oxycodone, heroin, and buprenorphine.
The most common opioid agonists are listed in Table 1 [8-10]. The term "antagonist" is widely
used in pharmacology and biochemistry, and it refers to a type of ligand or chemical substance
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that can bind to cellular receptors or is a type of drug that binds to the receptors of a cell in the
body and performs the ligand-receptor binding process, but does not cause any side effects. There
is no response or reaction from the cell; in other words, they occupy the active sites of the
receptor by binding to it and blocking the receptor from binding to agonists. Antagonists such as
naltrexone and naloxone are less addictive than agonists. However, the potential for abuse still
exists. They are often used to support the detoxification function as the first part of addiction
treatment [10-13].

Table 1 The chemical structure of opioids and opioids derived from morphine [8].
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Extraction N \1%9 7
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Morphine
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Chemical Radicals and Position *

Nonproprietary Name 3 6 17 Other Changes ["]
Morphine -OH -OH -CH3 -

Heroin -OCOCH3 -OCOCHs -CHs -
Hydromorphone -OH =0 -CHs (1)
Oxymorphone -OH =0 -CH3 (1), (2)
Levorphanol -OH -H -CH3 (1), (3)
Levallorphan -OH -H -CH,CH=CH, (1), (3)
Codeine -OCHs -OH -CHs -
Hydrocodone -OCHs =0 -CH3 (1)
Oxycodone -OCHs =0 -CHs (1), (2)
Nalmefene -OH =CH; (1), (2)
Nalorphine -OH -OH -CH,CH=CH, -
Naloxone -OH =0 -CH,CH=CH> (1), (2)
Naltrexone -OH =0 (1), (2)
Buprenorphine -OH -OCH3 (1), (4)
Butorphanol -OH -H (1), (2), (3)
Nalbuphine -OH -OH (1), (2)

* According to the line drawing, the morphine molecule is thought to have positions 3, 6, and
17 in it. T Additional alterations in the morphine molecule are as follows: (1) Single instead of
double bond within the C7 and C8 (2) OH is included to C14 (3) No oxygen between C4 and C5
(4) Endoetheno bridge between C6 and C14; 1-hydroxy-1,2,2-trimethylpropyl substitution on
C7.

Partial opioid agonists such as pentazocine, nalbuphine, buprenorphine, and butorphanol
belong to a unique category of opioid medications with distinct characteristics. These drugs bind
to opioid receptors in the central nervous system but, unlike full agonists (such as morphine or
fentanyl), do not produce the full range of effects. Instead, their effects are partial, which is why
they are referred to as partial agonists. This property makes them useful in pain management and
the treatment of opioid addiction [8, 9].
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Morphine is a well-known flagship agonist that is widely used in cancer treatment. Morphine is
one of the derivatives of opium extract, which is obtained from the opium poppy plant [2, 10]. The
use of opioids leads to addiction. From a chemical perspective, these substances were referred to
as dark classics in chemical neuroscience. Nerve and muscle pains, mental and emotional
problems, digestive disorders, sneezing and runny nose and eyes, and blood pressure problems
have been mentioned in major articles (Scheme 1) [14-16]. In the following, we will briefly
examine these side effects and the chemistry of the drug results reported in each case. The critical
point is that this study does not describe the details of clinical methods in the form of
methodology and only deals with the chemical structure of effective compounds and drugs related
to the amine functional group [17-19].
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Scheme 1 Morphine and disorders plan.
2. Pain
2.1 Pain Management

Opioids, including opium-derived opiates such as morphine extracted from the poppy plant
(Table 1), and the body's natural opioids, prevent pain messages from being sent from chemical
synapses to the thalamus by activating mu, alpha, and delta opioid receptors in the body by
disrupting the pain message [10, 20]. In essence, by eliminating the sensation of pain, individuals
experience a pain-free state due to the repeated use of opium and its derivatives. Over time, this
leads to a reduction in the body's natural opioid production, such as endorphins. Simultaneously,
the body becomes reliant on the excessive intake of these opioids. Consequently, when the
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external source is removed, the body experiences a decline in its pain management capabilities,
resulting in the onset of pain and muscle cramps. This discomfort persists until the endocrine
glands are stimulated. Engaging in exercise plays a crucial role in facilitating this process, although
it requires a relatively short duration to achieve results [8, 21-23]. Research has confirmed that
drugs such as methadone [24-26], buprenorphine [21, 27, 28], gabapentin [29], codeine [6, 30],
diclofenac (Voltaren) [31], paracetamol [32], ibuprofen [33], baclofen [34], naproxen [35], and
methocarbamol are effective in this period to create a feeling of painlessness and muscle cramps
depending on the severity of the pain and the treatment timeline [36]. A point to consider in the
effect of painkillers or anesthetics is a microbial or viral infection, such as an abscessed tooth.
Therefore, antibiotics such as amoxicillin help to eliminate the cause of the disease in parallel with
the effectiveness of painkillers [37-42]. Additionally, providing vitamin D (Scheme 2) deficiency
treatment is beneficial in the prevention and treatment of drug abuse. Vitamin D plays a crucial
role in regulating dopamine, providing neuroprotection, and influencing the response to
depression and anxiety, stress, inflammatory effects, immune system regulation, and cognitive
function [43]. Except for Voltaren, paracetamol, ibuprofen, baclofen, and naproxen, the other
mentioned painkillers with different intensities create drug dependence for the patient. Still, the
patient will be able to return to their social life as it was before.

NH,
Methadone Codeine Buprenorphine (Brixadi) GABApentin Voltaren (Diclofenac)
cl
OH
0} -
o OH 0 - 0 0
A I
- OH
N i : OH N N
H = z OH  ~"~
Acetaminophen [buprofen Naproxen Baclofen Tramadol

Scheme 2 The chemical structures of painkillers.
2.2 Pain Management Biochemistry

The biochemical process by which opioids inhibit pain signals at chemical synapses involves
several key interactions [44]. When morphine and similar opioids attach to their specific receptors,
the associated G protein undergoes a conformational change. This G protein interacts with
multiple components in the opioid signaling pathway (Figure 1) [44-46]. It enhances the
conduction of potassium channels, diminishes the conduction of calcium channels, and suppresses
the activity of adenylyl cyclase [8, 9]. Collectively, these alterations decrease the efficacy of the
signaling mechanisms responsible for transmitting pain. Presynaptic opioid receptors can
modulate neuronal activity by either diminishing excitatory neurotransmission or enhancing
inhibitory  neurotransmission, while postsynaptic opioid receptors directly inhibit
neurotransmission by hyperpolarizing the neurons [45-47].
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Figure 1 Mechanism of pain management of morphine and opioids in chemical
synapses.
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3. Mental and Psychological Problems
3.1 Mechanism of Mental and Psychological Problems

Opioids by activating opioid receptors in parallel with creating a feeling of painlessness in the
thalamus increase the release of gamma amino butyric acid (GABA) and serotonin (5HT) in the
nervous system, to reduce shock and stress caused by pain and create relaxation and reduce the
feeling of pain [33, 48, 49]. Therefore, over time, the patient becomes psychologically dependent
on that external parameter, both in terms of type and quantity, just like the issue of pain.
Therefore, by reducing and eliminating this external parameter, the patient suffers from stress,
depression, and insomnia [48, 49].

3.2 Management of Mental and Psychological Problems

Research has confirmed that drugs such as lorazepam [50, 51], alprazolam [51, 52], clonazepam
[53, 54], imipramine [55-57], amitriptyline [58-60], citalopram [61], trazodone [62], and
trifluoperazine [63], are effective by affecting neurotransmitters in this period to create a feeling
of relaxation depending on the severity of the mental problem and the treatment timeline.
Melatonin [64, 65] and zolpidem [66] are used to improve sleep and regulate the body's sleep
time. Melatonin medicine contains melatonin, which is naturally secreted in the body. Melatonin
medicine is used to artificially induce the same effects that the hormone creates in the body.
Melatonin is a hormone produced by the pineal gland in the brain and plays a vital role in
regulating sleep and wakefulness. Zolpidem is an agonist and activator of GABA receptors [66]
Sumatriptan [67], or a combination package of topiramate [68, 69], maprotiline [57, 60, 70], and
propranolol [71] is effective for migraine-type nerve pain [41, 72, 73]. Craving for opioids is one of
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the side effects of opioid consumption, which is caused by repeated consumption in the body.
Buspirone is effective in such cases (Scheme 3) [51, 74, 75].

m f ‘\‘ Q
II cl
Lorazepam XANAX (Alprazolam) Clonazepam Imipramine Citalopram

. L O.)O 0.0

\g::o ‘
F F - \’/
N o “NH,
N

H

Cl

Trifluoperazine N Sumatriptan Topiramate Maprotilinc Amitriptyline
“ ~ /
QQK ~\ Q m
—{ IlN 2
- N
Buspiron Melatonin Zolpidem Nortriptyline

Scheme 3 The chemical structures of antidepressant drugs.
4. Digestive Disorders
4.1 Biochemistry of Digestive Disorders

Gastrointestinal disorders during the process of addiction withdrawal (such as withdrawal from
opioids, alcohol, or other substances) result from complex changes in the nervous and hormonal
systems of the body. These changes impact the gastrointestinal system's functioning, resulting in
symptoms such as nausea, vomiting, diarrhea, abdominal pain, and loss of appetite. Below, the
biochemical pathways associated with these disorders are explained [76-80]:

4.1.1 Dysfunction of the Endogenous Opioid System

Drugs (such as morphine and heroin) bind to opioid receptors (u, 6, k) in the gastrointestinal
tract and central nervous system, regulating the normal functioning of the digestive system.
During withdrawal, the sudden decrease in the activity of these receptors leads to disruptions in
bowel movements (increased bowel movements and diarrhea) and reduced secretion of digestive
enzymes [76-80].

4.1.2 Changes in the Dopaminergic System

Dopamine is an important neurotransmitter in regulating bowel movements and the sensation
of nausea. During withdrawal, a decrease in dopamine levels in the brain's reward system and
gastrointestinal tract leads to increased nausea and vomiting [76-81].
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4.1.3 Increased Activity of the Noradrenergic System

During withdrawal, the activity of the noradrenergic system (norepinephrine) significantly
increases. This overstimulation affects the gastrointestinal system, causing symptoms such as
abdominal pain, diarrhea, and loss of appetite [76-78, 80].

4.1.4 Changes in the Serotonergic System

Serotonin (5-HT) plays a key role in regulating bowel movements and the sensation of nausea.
During withdrawal, changes in serotonin levels can lead to increased bowel movements (diarrhea)
and stimulation of the brain's nausea center. During alcohol withdrawal, reduced activity of the
GABAergic system (gamma-aminobutyric acid) and increased glutamatergic activity lead to
overstimulation of the nervous and gastrointestinal systems. These changes result in nausea,
vomiting, and abdominal pain [76-80].

4.1.5 Inflammation and Oxidative Stress

Withdrawal from addiction increases levels of inflammation and oxidative stress in the body.
These factors can damage gastrointestinal cells, leading to symptoms such as abdominal pain and
impaired digestion [76-80].

4.2 Management of Digestive Disorders

The most common digestive disorders in the period of the first line (first days) of quitting an
addiction, abdominal pains, diarrhea, nausea, and vomiting, can appear with different intensity
depending on the conditions of the people and the chosen path of treatment and therapeutic
drugs [82-84]. Research has confirmed that drugs such as diphenoxylate [82, 83], loperamide [84],
in the treatment of diarrhea, hyoscine [85-87], and methocarbamol for abdominal cramps,
ondansetron [88], and dimenhydrinate [89], for nausea and vomiting are effective in this period to
help the patient and endure the effects of addiction withdrawal. Cyproheptadine is effective for
the treatment of anorexia [90], and in parallel, for the prevention of migraine with the origin of an
empty stomach, as well as the treatment of allergic complications (Scheme 4) [81, 90].

| . o
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Cl
O ()[I OH
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Scheme 4 The chemical structures of gastrointestinal drugs.
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5. Sneezing and Runny Nose, and Eyes
5.1 Managing the Effects of the Sympathetic and Parasympathetic Systems

Rhinorrhea (runny nose) is a prevalent symptom. It is often caused by allergies and viral
infections (such as a cold or flu). However, several other diseases can cause your runny nose. A
runny nose usually clears up on its own over time, but specific treatments can help alleviate it.
Stimulation of the parasympathetic nervous system (PSNS) leads to increased mucus production
and release [91-93]. Histamine (the chemical that causes allergic reactions) stimulates the
permeability of blood vessels and the dilation of blood vessels, resulting in a runny nose [92, 93].
The autonomic nervous system (sympathetic and parasympathetic) controls the body's automatic
functions such as blood circulation, digestion, breathing, urination, and heart rate. For this reason,
this system is called automatic, because without a person making a conscious effort, these things
are done automatically in his body by this system [91-93]. The sympathetic system is a part of the
autonomic nervous system that is located near the thoracic and lumbar regions of the spinal cord.
The primary function of this system is to stimulate the fight or flight system in the human body,
which does this by regulating heart rate, breathing rate, and pupil size. This system prepares the
body to react to stress or emergencies. Factors such as excitement, anxiety, fear, pain, and cold
stimulate this system, causing rapid physical reactions in the body [91-94]. The parasympathetic
autonomic nervous system is located between the spinal cord and medulla and controls rest,
digestion, and reproductive reactions. In general, the sympathetic nervous system prepares the
body for a fight or flight response in situations where there is a possibility of danger. On the other
hand, the parasympathetic nervous system prevents excessive body activity and puts the body in a
state of rest [92, 93]. The difference between these two systems is in the body's reaction to
environmental stimuli. When the body is in a stressful situation, the amygdala, which is the
emotional processing center in the brain, sends a stress signal to the hypothalamus [92, 93]. The
hypothalamus acts as a command center, communicating with the body through the nervous
system. When the amygdala sends a stress signal to the hypothalamus, the hypothalamus
activates the sympathetic nervous system. The sympathetic system, in turn, stimulates the adrenal
glands and causes the release of epinephrine or adrenaline in the body [92, 93]. Adrenaline
increases the heart rate and blood supply to the muscles and increases the breathing rate so that
enough oxygen reaches the organs of the body. When a patient experiences situations of fear or
stress, the hypothalamus activates the parasympathetic nervous system. It releases the hormone
acetylcholine, which slows down the heartbeat and breathing and returns the body to a state of
relaxation [92, 93]. The parasympathetic nervous system plays a crucial role in safeguarding and
repairing the body's organs. It functions by lowering heart rate and blood pressure, decreasing the
breathing rate, facilitating digestion, and promoting a relaxed state within the digestive system.
When opioids are used, this system becomes stimulated, leading to a continuous release of the
hormone acetylcholine, which further induces relaxation throughout the body [92, 93]. By
removing or reducing the number of opioids in the body, the parasympathetic system is shocked,
in other words, the body is faced with a small amount of acetylcholine hormone. Therefore, the
sympathetic system is automatically activated under shock, and the release of histamine and
adrenaline increases. Runny nose, tears, and sneezing begin in an allergic way [92, 93]. Research
has confirmed that drugs such as antihistamine [95, 96], chlorpheniramine [97], diphenhydramine
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[14, 89], promethazine [29], hydroxyzine [51, 98, 99], and dexamethasone [100], are effective in
this period in eliminating these side effects in the first line of treatment (Scheme 5).
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Scheme 5 The chemical structures of anti-allergic drugs.
5.2 Biochemistry of Sneezing and Runny Nose, and Eyes

Runny nose, watery eyes, and sneezing are common symptoms during addiction withdrawal,
particularly in opioid withdrawal (such as from heroin or morphine). These symptoms are part of
the Opioid Withdrawal Syndrome and result from biochemical changes in the nervous system and
the release of certain neurotransmitters and hormones. Below, the biochemical pathways
associated with these symptoms are explained [77, 80, 81, 101]:

5.2.1 Increased Activity of the Noradrenergic System (Norepinephrine)

During opioid withdrawal, the activity of the noradrenergic system significantly increases. This
increase is due to the reduced inhibition of opioid receptors on noradrenergic neurons in the
Locus Coeruleus in the brain. Excessive norepinephrine stimulates the tear and nasal glands,
leading to watery eyes and a runny nose. Additionally, this increased activity can stimulate sensory
nerves in the nose, causing sneezing [78, 80, 102].

5.2.2 Dysfunction of the Endogenous Opioid System

External opioids (such as morphine) bind to opioid receptors (Y, 6, k) in the body, disrupting the
normal functioning of the endogenous opioid system. During withdrawal, reduced activity of these
receptors leads to increased activity of excitatory nervous systems (such as the noradrenergic
system), causing symptoms like a runny nose and watery eyes [80, 102].

5.2.3 Changes in the Histaminergic System

During withdrawal, increased activity of the noradrenergic system can trigger the release of
histamine from mast cells. Histamine is a potent inflammatory mediator that causes vasodilation,
increased mucus secretion, and stimulation of sensory nerves. This process leads to a runny nose,
watery eyes, and sneezing. The cholinergic system also plays a role in regulating secretions from
glands (such as the tear and nasal glands). During withdrawal, increased cholinergic activity can
lead to excessive secretions from these glands [80, 102].
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6. Changes in Blood Pressure
6.1 Manage Blood Pressure Changes

During the initial period of treatment, digestive problems can cause the body to lose fluid and
electrolytes, resulting in a reduction in blood pressure. Therefore, during this period, the patient is
administered Ringer's solution, which contains the appropriate electrolytes and aids in the process
of poisoning. It is suitable for the auscultation of the body. According to research, clonidine [103]
and lofexidine [104-107] are used in cases of high blood pressure. Clonidine is a drug that is used
to treat high blood pressure, attention deficit hyperactivity disorder, drug withdrawal (alcohol,
opioids, or opiates), menopausal hot flashes, diarrhea, and in some specific conditions, pain [103,
108-110]. Clonidine is one of the drugs that reduce blood pressure and anxiety. Tricyclic
antidepressants may reduce the blood pressure-lowering effects of clonidine. If clonidine is used
simultaneously with beta-adrenergic receptor blockers, discontinuation of clonidine may cause a
blood pressure crisis and stress [103]. Lofexidine is approved for a treatment duration of 14 days
in the United States to reduce withdrawal symptoms and facilitate abrupt withdrawal of opioids in
adults. In the UK, lofexidine is commonly used in combination with the opioid receptor antagonist,
naltrexone, in rapid detoxification [105, 111, 112]. When these two drugs are paired together,
naltrexone is administered to block the opioid receptor, leading the subject to immediate
withdrawal and speeding up the detoxification process. Lofexidine is also prescribed to relieve
symptoms related to withdrawal, such as chills, sweating, stomach cramps, and muscle cramps.
One of the proposed uses for lofexidine is to alleviate methadone withdrawal symptoms. This drug
is an a2A adrenergic receptor agonist. It was approved by the US Food and Drug Administration in
2018 [105]. Naloxone and naltrexone are among the antagonist drugs that are used in cases of
rapid detoxification or cases of opioid overdose [113]. Losartan [114], losartan-H (losartan-
hydrochlorothiazide) [115], and captopril [116] are used to treat hypertension or high blood
pressure to prevent the feeling of suffocation and respiratory retention. UK National Institute for
Health and Care Excellence (NICE) guidelines recommend the use of methadone or buprenorphine
as first-line agents in the management of opioid use disorder. However, lofexidine is considered
an acceptable alternative for people with mild or undiagnosed opioid dependence who require
short-term detoxification. Lofexidine is not an opioid. It does not reverse opioid withdrawal
symptoms, but it reduces them (Scheme 6) [104].
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Scheme 6 The chemical structures of Blood Pressure and Detoxification.

Page 11/32



OBM Neurobiology 2025; 9(2), d0i:10.21926/obm.neurobiol.2502289
6.2 Biochemistry of Opioid-Induced Blood Pressure Changes

Opioid withdrawal can lead to significant changes in blood pressure. These changes result from
the overactivation of neural and hormonal systems that were previously suppressed by opioids.
Below are the biochemical mechanisms of these changes [117-123]:

6.2.1 Overactivation of the Sympathetic Nervous System

During opioid withdrawal, the activity of the sympathetic nervous system significantly increases.
This heightened activity leads to excessive secretion of catecholamines (such as epinephrine and
norepinephrine), which cause an increase in heart rate and vasoconstriction, resulting in elevated
blood pressure [117-119].

6.2.2 Changes in the Renin-Angiotensin-Aldosterone System (RAAS)

Opioid withdrawal can activate the RAAS. Increased levels of renin and angiotensin Il cause
vasoconstriction and elevated blood pressure. Additionally, increased aldosterone levels lead to
sodium and water retention, increasing blood volume and blood pressure [117-119].

6.2.3 Changes in Hormone Secretion

Opioid withdrawal can alter the secretion of hormones such as cortisol and vasopressin.
Increased cortisol levels raise blood pressure by enhancing vascular sensitivity to catecholamines.
Vasopressin also increases blood pressure by promoting water retention and vasoconstriction
[117-119].

6.2.4 Reduced Activity of the Parasympathetic Nervous System

During opioid withdrawal, the activity of the parasympathetic nervous system decreases. This
reduction leads to increased heart rate and reduced vasodilation, both of which contribute to
elevated blood pressure [117-119].

6.2.5 Changes in Nitric Oxide (NO) Levels

Opioid withdrawal can reduce the production of nitric oxide (NO). NO is a key factor in
vasodilation, and its decreased levels can cause vasoconstriction and increased blood pressure
[117-119, 122].

6.2.6 Changes in the Endocannabinoid System

Some studies suggest that opioid withdrawal may involve changes in the endocannabinoid
system, which also plays a role in blood pressure regulation. Overactivation of this system can lead
to increased blood pressure [117-119, 124].
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7. Traditional Medicine in the Treatment of Drug Abuse

Herbal remedies have gained attention as a complementary approach in the treatment of
addiction (Figure 2, Figure 3, and Figure 4). Some medicinal plants that may be effective in
overcoming addiction include [125-127]:

W ———» painreliever
Rosemary Powder

. Antimicrobial and
Thyme Extracts ’ . pain reliever
Relaxing for sleep,
Poppy Powder @ —> | —— > reducingand regulating
AW\ o blood pressure

Indian traditional medicine\
Red Pepper % - ‘ — = Faurdlier

Cinnamon Powd i Pain reliever and relief
owder *—> ‘ > of cold-like symptoms

KratomPowder[ *_» @] » Anti-depressant

Figure 2 Indian herbal medicine for addiction treatment known as Indian Deta or
Dragon Medicine.

Z

Extraction N\

P / N

Peganum fruit
seeds

Peganum fruits separated
from the flower

Peganum fruit

Harmaline

Peganum plant

Figure 3 The chemical structure of harmaline.

Mitragyna speciosa

Extraction

4 Kratom leaves

Kratom leaves powder Mitragynine

Figure 4 The chemical structure of mitragynine.
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7.1 Passionflower (Passiflora Incarnata)

Reduces anxiety and insomnia, which commonly occur during the withdrawal process: Studies
have shown that passionflower can help alleviate anxiety symptoms and improve sleep [125].

7.2 Valerian (Valeriana Officinalis)

Reduces anxiety and improves sleep: Research indicates that valerian can help reduce anxiety
symptoms and enhance the quality of sleep [126].

7.3 Turmeric (Curcuma Longa)

Reduces inflammation and oxidative stress, which may play a role in the addiction withdrawal
process. Studies have shown that curcumin, the active compound in turmeric, can help reduce
inflammation and oxidative stress [127].

7.4 Ginseng (Panax Ginseng)

Improves cognitive function and reduces fatigue: Research suggests that ginseng can help
enhance mental function and reduce fatigue [128].

7.5 Peppermint (Mentha Piperita)

Reduces nausea and vomiting, which may occur during the withdrawal process. Studies have
shown that peppermint can help alleviate nausea and vomiting [129].

7.6 Chamomile (Matricaria Chamomilla)

Reduces anxiety and improves sleep: Research indicates that chamomile can help alleviate
anxiety symptoms and promote better sleep [130].

7.7 Rosemary (Rosmarinus Officinalis)

Improves cognitive function and reduces stress: Studies have shown that rosemary can help
enhance mental function and reduce stress [131].

7.8 Saffron (Crocus Sativus)

Reduces symptoms of depression and anxiety: Research suggests that saffron can help alleviate
symptoms of depression and anxiety [132].

7.9 Green Tea (Camellia Sinensis)

Reduces stress and improves cognitive function: Research indicates that green tea can help
reduce stress and enhance mental function [133].
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7.10 Harmaline

Harmaline is an alkaloid compound found in plants such as Peganum harmala (Syrian rue). This
compound has been studied for its psychoactive and medicinal properties. Harmaline is known as
a monoamine oxidase inhibitor (MAOI) and may be effective in treating certain psychiatric
disorders and addiction. However, research on the effects of harmaline on addiction recovery is
limited [134-136]. Since the flag bearer of opioids has an herbal aspect, it is not irrelevant if we say
that the least dangerous in terms of side effects in the treatment of drug abuse can be herbal [2].
Among the medicinal plants, the black seeds of the pecan plant have the potential to be used in
treatment due to the presence of a substance called harmaline (Figure 3) [87].

7.11 Kratom

Kratom is a plant native to Southeast Asia and has gained attention for its medicinal properties.
Some studies and reports suggest that kratom may be beneficial in overcoming addiction to drugs,
particularly opioids such as heroin and morphine. This plant contains compounds like mitragynine
and 7-hydroxy mitragynine (Figure 4), which act on opioid receptors in the brain and may help
alleviate withdrawal symptoms and reduce cravings for addictive substances [9, 137-140].

8. The Medicinal Effect of the Chemical Structure of N-Heterocyclic Amines

As it can be concluded from the structures, most of the used drugs have N-heterocyclic or N-
amine resonance structures [8, 141, 142]. This group of chemical compounds is of special
importance in chemical and biochemical sciences, as well as in pharmaceuticals, due to their
numerous biological and biochemical applications, on the one hand, and their complex synthesis,
on the other hand [143-148]. The medicinal significance of 5- and 6-membered n-amine rings has
been widely acknowledged and documented within the pharmaceutical sector [149-151]. The role
of amines in both chemistry and pharmaceutical science is crucial, primarily due to their biological
properties, which are found in compounds such as amino acids, glucosamine, adrenaline,
dopamine, endorphins, and urea. Tautomeric character, which is a key aspect in chemistry, is
influenced by the resonance of heteroatoms. Recent research has demonstrated the presence of
this valuable chemical characteristic in derivatives of tetrazole, pyrrole, piperidine, and
carbamates, underscoring its relevance in medicinal neurochemistry (Scheme 7). Chemical
synapses serve as the sites for the exchange and transmission of nerve signals, with chemical
nerve agents acting on receptors within the synaptic space. These synapses are situated in the
central nervous system (CNS), which is encased in lipid and fatty tissues. For drugs to effectively
target the synaptic space, they must possess the ability to penetrate the CNS, which includes
traversing fatty tissues and crossing the blood-brain barrier. The biological significance of amine
derivatives is highlighted by their solubility in fatty tissues and their capacity to cross the blood-
brain barrier. Morphine stands out as a leading opioid and one of the most significant chemical
nerve agents, recognized for its potent analgesic and sedative effects (Scheme 8) [8, 9].
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8.1 Reasons for the Use of Heterocycles in Nervous System Drugs

Heterocycles play a significant role in the design of nervous system drugs due to their unique
structural and chemical properties. These compounds are widely used in the treatment of
neurological and psychiatric disorders. Below, the main reasons for their application are explained
[92, 152, 153].

8.1.1 Structural Features of Heterocycles

Structural Diversity. Heterocycles are ring structures that contain non-carbon atoms (such as
nitrogen, oxygen, or sulfur). This structural diversity allows for the design of molecules with
diverse pharmacological properties [154, 155].

Chemical Stability. Heterocyclic rings are generally stable and can withstand physiological
conditions in the body [156].

Receptor Binding Capability. The presence of heteroatoms (such as nitrogen) enables these
compounds to easily interact with receptors, enzymes, and other biological molecules in the
nervous system [93].

8.1.2 Reasons for the Use of Heterocycles in Nervous System Drugs

Similar to Neurotransmitters. Many heterocycles have structures identical to neurotransmitters
(e.g., dopamine, serotonin, GABA, and acetylcholine). This similarity allows them to act as agonists
or antagonists of these receptors.

For example, Benzodiazepines (e.g., diazepam), which contain heterocyclic rings, exert calming
and anti-anxiety effects by binding to GABA-A receptors [92].

Ability to Cross the Blood-Brain Barrier (BBB). Heterocycles often possess lipophilic (fat-soluble)
properties, enabling them to cross the blood-brain barrier and reach the central nervous system.
For example, Tricyclic antidepressants (e.g., amitriptyline), which contain heterocyclic rings,
readily penetrate the brain [93].

Diverse Pharmacological Activity. Heterocycles can act on various receptors, enzymes, and ion
channels in the nervous system. This versatility makes them helpful in treating a wide range of
neurological disorders. For example, Antipsychotic drugs (e.g., olanzapine), which contain
heterocyclic rings, target dopamine and serotonin receptors [92, 153].

8.1.3 Advantages of Heterocycles in Designing Nervous System Drugs [92, 93, 153]
Flexibility. Enables the design of new drugs with improved properties.

Precise Targeting. Allows targeting of specific receptors or enzymes in the nervous system.

Reduced Side Effects. Facilitates the design of drugs with fewer side effects compared to non-
heterocyclic compounds.
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8.2 The Relevance of Findings from Various Studies on the Use of Heterocycles and Amines in
Chemical Neuroscience

Findings from various studies in the field of chemical neuroscience indicate that heterocyclic
compounds and amines play a significant role in regulating nervous system function, treating
neurological and psychiatric disorders, and developing novel drugs. Due to their unique chemical
structures and ability to interact with receptors, neurotransmitters, and enzymes associated with
the nervous system, these compounds have garnered widespread attention [157]. Below are some
key applications and findings from studies on these compounds:

8.2.1 Heterocyclic Compounds in Neuroscience

Heterocyclic compounds (rings containing non-carbon atoms such as nitrogen, oxygen, or sulfur)
have diverse structural and biological activities, making them highly valuable in neuroscience [157].
Some key findings include:

Regulation of Neurotransmitters. Heterocyclic compounds such as benzodiazepines (e.g.,
diazepam) bind to GABA-A receptors, producing sedative and anxiolytic effects. These compounds
are used to treat anxiety disorders and seizures. Pyridines and pyrimidines also play a role in
designing drugs that target the dopaminergic and serotonergic systems. For example, olanzapine
(an antipsychotic) contains heterocyclic rings and is used to treat schizophrenia and bipolar
disorder [92].

Inhibition of Enzymes Associated with Neurological Disorders. Heterocyclic compounds such as
donepezil (an acetylcholinesterase inhibitor) are used to treat Alzheimer's disease. These drugs
increase acetylcholine levels in the brain by inhibiting the enzyme that breaks it down.
Rosuvastatin (containing a pyrrole ring), a cholesterol-lowering drug, is effective in preventing
stroke and cerebrovascular diseases [73, 92, 93].

Antioxidant and Neuroprotective Activity. Some heterocyclic compounds, such as melatonin
(containing an indole ring), have antioxidant properties and protect neurons from oxidative stress
[92, 93, 153].

8.2.2 Amines in Neuroscience

Amines. Amines (compounds containing the amino group -NH;) [158, 159] are crucial in
neuroscience due to their role in the structure of neurotransmitters and receptors [93]. Some key
findings include:

(i) Neurotransmitters. Dopamine, serotonin, and norepinephrine are among the most crucial
amine neurotransmitters involved in regulating mood, behavior, and cognitive function.
Dysregulation of these systems is associated with disorders such as depression, anxiety, and
Parkinson's disease. Antidepressants like fluoxetine (a serotonin reuptake inhibitor) and
bupropion (a norepinephrine and dopamine reuptake inhibitor) alleviate symptoms of psychiatric
disorders by modulating the amine system [92, 93, 153].
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(ii) Adrenergic and Dopaminergic Receptors. Amine compounds such as propranolol (a beta-
blocker) bind to adrenergic receptors and are used to treat anxiety and hypertension. Levodopa (a

dopamine precursor) is used to treat Parkinson's disease by crossing the blood-brain barrier and
increasing dopamine levels in the brain [93].

(i) Inhibition of Amine-Related Enzymes. Monoamine oxidase inhibitors (MAOIs), such as
selegiline, increase neurotransmitter levels in the brain by inhibiting the enzymes that break down
amines and are used to treat depression and Parkinson's disease [93].

8.3 Combining Heterocycles and Amines in Drug Design

The combination of heterocyclic and amine structures in drug design enables the development
of compounds with enhanced biological activity [152, 157]. For example:

8.3.1 Risperidone

Risperidone (an antipsychotic) contains both heterocyclic and amine groups and is used to treat
schizophrenia and psychiatric disorders.

8.3.2 Donepezil

Donepezil (containing an indole ring and an amine group) is effective in treating Alzheimer's
disease.

9. Opioid Withdrawal Side Effects and Treatment: Classification and Details

Opioid withdrawal can be highly uncomfortable and, in some cases, medically challenging.
Treatment focuses on managing symptoms, preventing complications, and supporting long-term
recovery [160-168]. Below is a detailed classification of opioid withdrawal side effects and their
treatment options, along with references to clinical guidelines [15, 160].

9.1 Classification of Opioid Withdrawal Side Effects

Opioid withdrawal symptoms are categorized into early and late stages, based on the timeline
of onset and progression [15].

9.1.1 Early Symptoms (6-12 Hours after Last Dose) [169, 170]

Physical Symptoms.

(a) Muscle Aches
(b)Agitation

(c) Sweating

(d)Runny nose
(e)Yawning

(f) Tearing (Lacrimation)

Psychological Symptoms.

Page 19/32



OBM Neurobiology 2025; 9(2), d0i:10.21926/obm.neurobiol.2502289

(a) Anxiety
(b)Restlessness
(c) Insomnia

9.1.2 Late Symptoms (24-72 Hours after Last Dose) [169, 170]

Physical Symptoms.

(a) Nausea

(b)Vomiting

(c) Diarrhea

(d)Abdominal cramps

(e) Dilated pupils (mydriasis)

(f) Goosebumps (piloerection)

(g) Rapid heartbeat (tachycardia)
(h)High blood pressure (hypertension)

Psychological Symptoms.
(a) Depression
(b)Intense cravings

(c) Irritability

9.1.3 Timeline [169, 170]

Short-Acting Opioids (e.g., Heroin, Oxycodone). Symptoms begin within 6-12 hours, peak at 1-3
days, and subside within 5-7 days.

Long-Acting Opioids (e.g., Methadone). Symptoms begin within 24-48 hours, peak at 3-5 days,
and may last 1-2 weeks.

9.2 Treatment of Opioid Withdrawal

Treatment strategies aim to alleviate symptoms, reduce cravings, and prevent relapse. They are
classified into pharmacological and non-pharmacological approaches.

9.2.1 Pharmacological Treatments [169, 170]

Opioid Agonist Therapy (OAT).

(i) Methadone. A long-acting opioid agonist that reduces withdrawal symptoms and cravings.
Administered in controlled, tapering doses under medical supervision. Dosage: Typically starts at
20-30 mg/day, adjusted based on response.

(ii) Buprenorphine. A partial opioid agonist that alleviates withdrawal symptoms with a lower
risk of misuse. Often combined with naloxone (Suboxone) to deter misuse. Dosage: Initial dose of
2-4 mg, titrated to 8-16 mg/day.

Alpha-2 Adrenergic Agonists.
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(i) Clonidine. Reduces sympathetic nervous system hyperactivity (e.g., sweating, tachycardia,
hypertension). Dosage: 0.1-0.3 mg every 4-6 hours, as needed.

(i) Lofexidine. Similar to clonidine but with fewer side effects (e.g., less hypotension). Explicitly
approved for opioid withdrawal. Dosage: 0.54 mg every 6-8 hours, up to 2.16 mg/day.

Symptomatic Relief Medications.

(i) Anti-Diarrheals. Loperamide for Diarrhea.

(ii) Anti-Emetics. Ondansetron or Metoclopramide for Nausea and Vomiting.

(iii) NSAIDs. Ibuprofen or acetaminophen for muscle aches and pain.

(iv) Benzodiazepines. Short-term use for anxiety and insomnia (used cautiously due to addiction
risk).

(v) Naltrexone. An opioid antagonist is used after detoxification to prevent relapse. Oral: 25 mg
initially, increasing to 50 mg/day. Injectable (Vivitrol): 380 mg monthly.

9.2.2 Non-Pharmacological Treatments

Behavioral Therapies.

(i) Cognitive Behavioral Therapy (CBT). Helps patients identify and change negative thought
patterns and behaviors.

(ii) Contingency Management. Provides incentives for positive behaviors (e.g., drug-free urine
tests).

(iii) Motivational Interviewing. Enhances motivation to stay sober.

Support Groups.

(i) 12-Step Programs. Narcotics Anonymous (NA) and similar groups provide peer support.

(ii) Counseling. Individual or group therapy to address underlying issues.

Medical Monitoring.

(i) Inpatient or Outpatient Detox Programs to Ensure Safety and Provide Support.

9.3 Clinical Guidelines
9.3.1 World Health Organization (WHO)

Guidelines for the management of opioid dependence recommend opioid agonist therapy (e.g.,
methadone, buprenorphine) as the first-line treatment.
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9.3.2 American Society of Addiction Medicine (ASAM)

Recommends a combination of pharmacological and behavioral therapies for opioid withdrawal
and long-term recovery.

9.3.3 National Institute on Drug Abuse (NIDA)
Highlights the importance of medication-assisted treatment (MAT) for opioid use disorder.
9.4 Key Considerations
9.4.1 Individualized Treatment
Tailor treatment to the patient’s needs, including co-occurring mental health disorders.
9.4.2 Relapse Prevention
Long-term management with naltrexone or ongoing therapy is crucial.
9.4.3 Medical Supervision
Severe withdrawal should be managed in a medical setting to prevent complications [160-170].
10. Conclusions

The review highlights the intricate relationship between chemical structures and their
pharmacological effects, particularly focusing on heterocyclic N-amine drugs and their implications
in managing pain, mental health, and addiction. The findings emphasize that opioids, while
effective for pain relief, can lead to significant psychological dependence and withdrawal
symptoms. These necessitate comprehensive treatment strategies that include both
pharmacological and non-pharmacological approaches. The biochemical mechanisms underlying
opioid action reveal that these substances inhibit pain signals by interacting with specific receptors,
which can lead to alterations in neurotransmitter systems, contributing to both therapeutic effects
and adverse outcomes. The review discusses the potential of traditional medicine, including
various herbal remedies, as adjuncts in addiction treatment, suggesting that these natural
compounds may offer benefits with fewer side effects compared to synthetic drugs. The structural
diversity and receptor-binding capabilities of heterocycles are highlighted as critical factors in drug
design, enabling precise targeting and reduced side effects. Overall, the review underscores the
importance of understanding the biochemical pathways involved in drug action and withdrawal to
develop effective treatment protocols for opioid dependence and related disorders, advocating
for a multidisciplinary approach to address the complexities of addiction and pain management.
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