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Alzheimer disease (AD), as the leading cause of dementia and cognitive decline, requires innovative 
drug solutions addressing its multifaceted nature. To combat this complex disease, researchers 
explored various strategies, such as antioxidant mechanisms, promoting non-amyloidogenic 
pathways in amyloid precursor protein (APP) processing, inhibiting amyloid beta formation and 
polymerization, metal chelation, and cholinesterase inhibition. These diverse approaches aim to 
enhance AD’s neuro-protecting, cognitive-enhancing, and mood-modulating potential. Traditional 
medicine and pharmacy use plant secondary metabolites to mitigate AD side effects. Monoterpenes 
and diterpenes, characterized by their low molecular weight, exhibit valuable biological properties 
and clinical applications. Recent research has focused on their anti-AD properties. This study 
comprehensively reviews monoterpenes’ and diterpenes’ potential effects and mechanisms in 
addressing AD pathology. Additionally, clinical studies in this field are scrutinized, shedding light 
on the promising role of these secondary metabolites in managing AD.

Keywords: Alzheimer disease, Diterpenes, Monoterpenes, Neurodegeneration, Neuroinflammation, 
Oxidative stress 

A B S T R A C T

Citation Hadipour E, Shahangian SSh, Mashayekhi F. Monoterpenes and Diterpenes in Combating Alzheimer Disease, 
Mechanisms, and Clinical Insights: A Comprehensive Review. Caspian J Neurol Sci. 2024; 10(1):1-19. https://doi.org/10.32598/
CJNS.10.36.460.1
Running Title Therapeutic Promises of Monoterpenes and Diterpenes in Alzheimer Disease 

 : https://doi.org/10.32598/CJNS.10.36.460.1

Use your device to scan 
and read the article online

Article info: 
Received: 15 Sep 2023

First Revision: 05 Nov 2023

Accepted: 17 Dec 2023

Published: 01 Jan 2024

 2018 The Authors. This is an open access 
article under the CC-By-NC license.

http://cjns.gums.ac.ir
http://cjns.gums.ac.ir/
https://orcid.org/0000-0002-3764-4606
https://orcid.org/0000-0001-9861-4702
https://orcid.org/0000-0001-7108-385X
https://cjns.gums.ac.ir//page/137/About-the-Journal
https://crossmark.crossref.org/dialog/?doi=10.32598/CJNS.10.36.460.1
http://cjns.gums.ac.ir/page/126/Open-Access-Policy
http://cjns.gums.ac.ir/page/126/Open-Access-Policy


2

January 2024, Volume 10, Issue 1, Number 36

Introduction

eath, aging, and loss of mental abilities 
are natural processes that occur in all 
living organisms. However, in modern 
times, dementia and nervous breakdown 
have become increasingly prevalent. [1]. 

The most commonly used pharmacological treatments 
are acetylcholinesterase inhibitors and N-methyl-D-
aspartate (NMDA) receptor antagonists [2]. One of the 
latest trends in medical treatment is the exploration of 
medicinal plants and their active ingredients. Terpenes 
are among the most effective substances found in plants. 
These chemicals belong to the group of plant secondary 
metabolites with numerous biological activities. These 
activities include antioxidant properties, enzyme inhibi-
tion (acetylcholinesterase, amylase, and glucosidase), 
antifungal effects, liver protection, and sedation [1, 3-5]. 
Monoterpenes, responsible for plants’ aromatic proper-
ties, are a specific subgroup of terpenes derived from 
isoprene.

These secondary metabolites are produced in response 
to both biotic and abiotic stresses. They can be found 
in various plant families, such as Lamiaceae, including 
Citrus species [6]. Monoterpenes can be classified into 
three groups based on their chemical structure: Non-
cyclic monoterpenes (e.g. citral, citronellal), monocyclic 
monoterpenes (e.g. menthol, carvone), and bicyclic and 
tricyclic terpenes (e.g. nepetalactone, santonin). Due to 
their low molecular weight, much research on monoter-

penes has focused on the first two groups. One of the 
most intensively studied drug-based activities of mono-
terpenes is their neuroprotective effects against Alzheim-
er disease (AD) [7, 8]. Diterpenes, a diverse class of C20 
natural compounds, are widely distributed in nature and 
are formed through the condensation of four isoprene 
units, utilizing either the mevalonate or deoxyxylulose 
phosphate pathways. Based on their skeletal core, diter-
penes can be classified as linear, bi-, tri-, tetra-, penta-, 
and macrocyclic [9]. In their natural form, they often 
exhibit polyoxygenation with keto and hydroxyl groups, 
frequently esterified by small-sized aliphatic or aromatic 
acids. Derived from a common isoprene precursor, ge-
ranylgeranyl diphosphate, diterpenes undergo carbon 
skeleton formation and chemical modification, showing 
their structural versatility [10].

These natural products play a pivotal role in various bi-
ological activities, including antiviral, antibacterial, anti-
inflammatory, antimalarial, and cytotoxic actions [10]. 
Notable examples of diterpene activity include the anti-
cancer drug Taxol, used against ovarian, breast, and lung 
cancer. In addition, certain diterpenes exhibit potent and 
selective antagonistic activity toward platelet-activating 
factors, addressing conditions such as shock, burns, ul-
ceration, and inflammatory skin diseases [9]. Moreover, 
there is emerging evidence suggesting anti-AD effects of 
specific diterpenes. This effect adds another layer to their 
diverse applications, making them promising candidates 
for medicinal contexts, including the ongoing explora-
tion of therapeutic interventions for AD [11]. Another 
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● The extracellular senile plaques are caused by the amyloid beta (Aβ) peptide deposition, while the neurofibrillary 
tangles (NFT) result from excessive phosphorylation of the tau protein.

● Chemical analyses of brain tissue from deceased Alzheimer patients indicate an extensive loss of the acetylcholine 
transferase enzyme.

● In Alzheimer disease, N-methyl-D-aspartate receptors related to glutamate are overstimulated, causing the influx 
of calcium ions.

● Monoterpene compounds, such as myrtenal, verbenone, carvacrol, 1,8-cineole (eucalyptol), and α-pinene, have 
been identified as potent inhibitors of the acetylcholinesterase enzyme.

● Diterpenes, a diverse class of C20 natural compounds, are widely distributed in nature and formed by the condensa-
tion of four isoprene units, utilizing either the mevalonate or deoxyxylulose phosphate pathways.

● Monoterpenes and diterpenes exhibit neuroprotective effects by scavenging reactive oxygen species, suppressing 
Aβ peptide production, increasing acetylcholine levels, and blocking N-methyl-D-aspartate receptors.
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therapeutic diterpene, resiniferatoxin, is currently under-
going clinical trials to treat bladder hyperreflexia and di-
abetic neuropathy, highlighting diterpenes’ multifaceted 
and promising applications in various health-related do-
mains [9]. In light of this information, the present study 
aims to investigate the mechanisms behind the therapeu-
tic effects of these compounds against AD, as well as 
to provide an overview of the current studies regarding 
the role of monoterpenes and diterpenes in treating the 
disease mentioned above.

An overview of the Alzheimer disease pathology 

As previously mentioned, AD is a neurodegenerative 
disease characterized by two features of neural damage: 
Extracellular senile plaques and intracellular neurofi-
brillary tangles (NFT). The extracellular senile plaques 
are caused by the amyloid beta (Aβ) peptide deposition, 
while the NFT results from excessive phosphorylation 
of the tau protein [11, 12]. The accumulation of these 
factors in various parts of the nervous system, includ-
ing the hippocampus, amygdala, entorhinal cortex, and 
basal parts of the forebrain, leads to memory, learning, 
and emotional behavior disorders [13, 14]. In addition 
to these features, AD is characterized by neuronal dam-
age, synaptic loss, and, ultimately, neuronal death [11] 
(Figure 1). 

Aβ protein

Amyloid precursor protein (APP) is a transmembrane 
protein with an extracellular amino-terminal region and 
a shorter intracellular carboxy-terminal region [15-17]. 
This protein is cleaved by α-, γ-, and β-secretase en-
zymes, ultimately producing non-amyloidogenic and 
amyloidogenic Aβ peptides. APP molecules on the cell 
surface are cleaved by α- and γ-secretase enzymes, and 
Aβ is not produced in this process [12]. However, APP 
precursors surrounded by clathrin vesicles enter endo-
somal compartments containing β- and γ-secretases, 
producing Aβ [18, 19]. Initially, Aβ, a part of the APP 
structure, has an α-helix structure and cannot be depos-
ited or folded. However, once cleaved from its precur-
sor into Aβ protein, it adopts a β-sheet conformation and 
folds [20, 21]. At the onset of the disease, the concentra-
tion of Aβ with 42 amino acids in the brain increases 
due to the reduction of its clearance from the brain to the 
cerebrospinal fluid, ultimately leading to accumulation 
and neurotoxicity. Initially, low molecular weight di-
mers and oligomers form primary fibrils, which expand 
into plaques and fibrillar strands [22, 23]. 
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Figure 1. Overview of the mechanisms in Alzheimer disease pathology

Various factors, including aging and genetics, trigger the production of Aβ plaques from amyloid precursor protein by β- and 
γ-secretase enzymes. Aβ oligomers, in turn, induce neurofibrillary tangles’ formation by excessive tau protein phosphorylat-
ing. Furthermore, the activation of microglia and astrocytes leads to the release of cytokines, ROS, and nitric oxide (NO), 
culminating in mitochondrial dysfunction and apoptosis. Brain insulin receptor resistance is another pathway associated with 
elevated ROS accumulation. Additionally, alterations in neurotransmitter levels, such as a decrease in acetylcholine and an 
increase in glutamate, contribute to increased ROS production.
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Tau protein

This protein, responsible for forming paired helical 
filaments (PHF), is encoded by a gene called microtu-
bule-associated protein tau (MAPT). Tau protein is pre-
dominantly present in axons with smaller amounts in 
dendrites, the cell body of neurons, and in much lower 
amounts in astrocytes and oligodendrocytes. Its function 
is to maintain the stability of microtubules and enable ax-
onal transmission. In AD, abnormal phosphorylation of 
this protein leads to its excessive accumulation and for-
mation of insoluble PHF [24, 25]. As a result, the intra-
cellular deposition of a tau protein leads to the formation 
of intracellular lesions known as NFTs. There is a bidi-
rectional relationship between two protein molecules, Aβ 
and tau, in which oligomers obtained from Aβ accumu-
late in the lipid regions of the plasma membrane. When 
calcium enters the cell, it activates protein kinases that 
lead to the excessive phosphorylation of tau protein [26]. 

Oxidative stress and mitochondrial dysfunction

Chemical substances that have one or more unpaired 
electrons are considered free radicals, including hydrox-
yl radicals (•OH), superoxide radicals (O2•–), and nitric 
oxides (•NO). Due to their ability to alter cell oxidation, 
they are categorized as reactive oxygen species (ROS) 
[27]. Abnormal accumulations of these compounds re-
sult in oxidative stress, which refers to any disruption in 
the normal state of cellular oxidation and regeneration. 
Age-related, genetic, and environmental factors are all 
known factors contributing to ROS production. There-
fore, disrupting the intracellular balance is one factor 
that contributes to AD [28, 29]. 

The increased free oxygen species has various effects, 
such as altered neurotransmitter levels, including in-
creased glutamate and decreased acetylcholine. In ad-
dition, it causes an accumulation of proteins, damages 
glial cells, and activates genes associated with apoptosis 
and cell death, ultimately resulting in the loss of neurons 
[27]. Metal ions such as iron, copper, and aluminum, 
found in the brains of AD patients, can stimulate the pro-
duction of free radicals, which serve as a major source 
of free oxygen species. Also, AD is associated with a 
reduction in the activity of cytochrome C oxidase and 
other enzymes involved in the electron transport chain in 
the mitochondria, which can lead to abnormal function-
ing of this organelle and the excessive production of free 
oxygen species [30]. 

Neuroinflammation 

Neuroinflammation is another factor that can contrib-
ute to the development of AD. Specifically, the accumu-
lation of Aβ fibrils can trigger the activation of microglia 
and astrocytes at the site of injury. This activation can re-
lease inflammatory cytokines, such as interleukin-1β, in-
terleukin-6, interleukin-1-γ, and tumor necrosis factor-α, 
which in turn can activate the nuclear factor kappa-light-
chain-enhancer of activated B cells (NFκB) pathway. 
This pathway can lead to the production of free oxygen 
species and activation of the oxidative stress pathway. 
Also, the activation of the β-secretase enzyme can result 
in the production of more Aβ protein [31, 32]. 

Apolipoprotein E

Apolipoprotein E is produced in astrocytes in three 
isoforms of apolipoprotein E2, E3, and E4 [33]. Apoli-
poprotein E contributes to the clearance of Aβ peptides 
by inducing their cleavage [34]. However, the apolipo-
protein E4 allele, associated with an increased amyloido-
genic process, is a genetic risk factor for AD. Individuals 
with more E4 alleles are three times more likely to devel-
op AD than those with the E3 allele. The accumulation 
of Aβ and the increased phosphorylation of tau protein 
are associated with an increase in cholesterol concentra-
tion in the nerve cell membrane of these individuals [35]. 

Cholinergic system

Damage to the functioning of the acetylcholine neu-
rotransmitter production system is associated with a de-
crease in the level of perception and various cognitive, 
physiological, and tissue disorders in the brain. Thus, the 
resulting dementia is associated with a reduction in the 
activity of acetylcholine [36]. This chemical is produced 
by the enzyme acetylcholine transferase in the synaptic 
terminal of nerve cells. Two types of receptors, nicotinic 
and muscarinic, are known for this neurotransmitter in 
the postsynaptic cell. At the end of the synaptic transmis-
sion, acetylcholine in the synaptic space is broken down 
into choline and acetate by the enzyme acetylcholines-
terase. Chemical analyses of brain tissue from deceased 
Alzheimer patients indicate an extensive loss of the ace-
tylcholine transferase enzyme. Acetylcholinesterase in-
hibitors are associated with improved cognition in these 
patients, confirming the cholinergic hypothesis in AD 
pathology. Also, nicotinic and muscarinic receptors for 
acetylcholine are low in AD patients [37].
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Glutamatergic system

Excessive stimulation of nerve cells due to the over-
activation of glutamate receptors and the resulting toxic-
ity is also considered a contributing factor to nerve cell 
damage in AD. In these patients, NMDA receptors re-
lated to glutamate are overstimulated, which causes the 
influx of calcium ions into the cells and subsequently 
stimulates a series of biochemical reactions that can ulti-
mately activate the cellular apoptosis cascade and result 
in cell death [38, 39]. 

Nerve cell damage

The destruction of cortical neurons, including the basal 
parts of the forebrain and subcortical areas such as the 
noradrenergic nucleus of the locus coeruleus, the sero-
tonergic nucleus of the raphe, and the dopaminergic nu-
cleus of the frontal tegmentum area, have been reported 
in AD patients. Also, cell damage has been confirmed in 
the areas of the limbic system in the temporal cortex, the 
middle-basal part of the dentate gyrus, and the superior 
parietal cortex [11]. 

Synapse loss

The loss of nerve synapses is considered a significant 
pathological factor in AD. This loss is due to the decrease 
in the number and density of dendritic spines, leading to 
memory deficits caused by reduced synaptic plasticity in 
the hippocampus [40]. Several factors contribute to this 
loss, including reduced sensory inputs and neuroinflam-
mation by increasing the production of interleukin 1-β, 
which decreases the production of nerve-derived growth 
factor and alters the density of spines [41]. However, it 
should be noted that in AD, not only intercellular syn-
apses are lost, but also communication with unaffected 
synapses is impaired. The loss of synapses is considered 
one of the earliest signs of nerve cell dysfunction before 
cell death in AD patients [42].

Cell death

In AD patients, a gradual loss of cells has been ob-
served, which can be categorized into two types based 
on their appearance and biochemical characteristics: 
Apoptosis and necrosis. Apoptosis is a programmed cell 
death, where the cell undergoes a series of changes such 
as chromatin compaction, plasma membrane shrinkage, 
nuclear fragmentation, and formation of apoptotic bod-
ies with a membrane [43]. On the other hand, in necro-
sis, depending on the type of damage inflicted on the 
cell membrane, the cell swells, and all the intracellular 

organelles are destroyed. The continuity of the plasma 
membrane is lost, and the cell contents spill into the in-
tercellular space, initiating an intense inflammatory re-
sponse [44].

Brain insulin resistance 

An intriguing hypothesis suggests a direct link between 
diabetes and AD. This disease is sometimes called type 
3 diabetes due to the shared molecular and cellular fea-
tures of diabetes. Insulin is proposed to play a crucial 
role in forming amyloid plaques and tau phosphoryla-
tion, contributing to the development of NTFs. Just as 
insulin resistance in the body is associated with type 2 
diabetes, insulin resistance in the brain is implicated in 
forming plaques and manifestations of AD [45].

Monoterpenes, diterpenes, and Alzheimer disease 

As mentioned earlier, the common treatments used 
to control AD, such as acetylcholinesterase inhibitors, 
NMDA glutamate receptor antagonists, and other neuro-
protective agents, can only alleviate the symptoms of the 
disease and slow down its progression. These treatments 
cannot directly interfere with the factors causing the dis-
ease. In contrast, monoterpenes and diterpenes represent 
an intriguing group of drug candidates that exhibit the 
potential to target multiple factors associated with AD 
pathology. Their unique properties make them promis-
ing candidates for therapeutic intervention [9, 46].

Outline of possible mechanism of effects of 
monoterpenes on Alzheimer disease 

The therapeutic importance of monoterpenes appears to 
extend beyond their effect on the accumulation of Aβ pro-
tein in AD. Studies have revealed that monoterpenes only 
partially inhibit the β-secretase enzyme, and their impact on 
the activity of the α-secretase enzyme, responsible for ini-
tiating the non-amyloidogenic pathway in APP processing, 
is negligible. An alternative therapeutic approach for AD 
involves the up-regulation of Aβ-degrading enzymes such 
as Aβ proteases, which are associated with the low-density 
lipoprotein (LDL) receptor and apolipoprotein E systems 
[47, 48]. Notable protease enzymes include neprilysin, en-
dothelin-converting enzymes, angiotensin-converting en-
zymes, and insulin-degrading enzymes. Moreover, mono-
terpenes have been found to prevent the accumulation of 
hyperphosphorylated tau proteins by down-regulating 
GSK-3β through the PI3K/Akt pathway. This reduction in 
GSK-3β activity contributes to a decrease in the production 
of free oxygen species from mitochondria, as evidenced by 
studies conducted by Sotolongo et al. [49]. Another signifi-
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cant mechanism of action for monoterpenes is their anti-
inflammatory properties. These compounds effectively 
inhibit the production of key inflammatory mediators, such 
as tumor necrosis factor-alpha (TNF-α), interleukin-1, cy-
clooxygenase (COX), and nitric oxide synthase (NOS). In 
addition, they regulate pro-inflammatory cytokines, includ-
ing nuclear factor kappa light chain enhancer of activated 
B cells (NFκB), which plays a key role in the pathology 
of AD [50, 51]. Several monoterpene compounds, such as 
myrtenal, verbenone, carvacrol, 1,8-cineole (eucalyptol), 
and α-pinene, have been identified as potent inhibitors of 
the acetylcholinesterase enzyme. Also, monoterpenes have 
a moderate effect on the acetylcholinesterase enzyme. 
Furthermore, other monoterpene compounds, including 
β-pinene, α-terpinene, γ-terpinene, 3-carene, limonene, 
sabinene, trans-anethole, thymohydroquinone, carvacrol, 
thymoquinone, thymol, linalool, and pulegone [52] have 
shown moderate effects on acetylcholinesterase enzyme 
activity. By modeling the structure of these compounds, 
constructive studies can be made to improve the activity of 
anti-AD drugs. For instance, integrating the skeletal struc-
ture of the monoterpene camphene into the structure of 
galantamine results in a combined drug with inhibitory ef-
fects on the acetylcholinesterase enzyme that are one hun-
dred times stronger than galantamine alone [53]. Linalool, 
another monoterpene, exhibits neuroprotective effects by 
inhibiting glutamate release and blocking NMDA recep-
tors. Moreover, it prevents processes such as Aβ produc-
tion and excessive phosphorylation of tau protein and re-
duces pro-inflammatory markers [54]. 

Furthermore, certain monoterpenes, including ecrodane 
ketone, geranyl acetone, and fenchone exhibit a moder-
ate inhibitory effect on the β-secretase enzyme, leading to 
lesser production of Aβ protein. Also, specific monoter-
pene compounds like 1,8-cineole and genipin can mitigate 
the Aβ caused neurotoxicity [52, 55]. Moreover, linalool 
is pivotal in restoring antioxidant enzyme levels, such as 
superoxidase dismutase and glutathione peroxidase, to 
normal levels [56]. In addition, it boasts anti-inflammatory 
properties by inhibiting pro-inflammatory proteins such 
as p38, MAPK, cyclooxygenase-2 (COX-2), nitric oxide 
synthase-2 (NOS-2), and interleukin-1 [54, 57] (Table 1) 
(Figure 2).

Outline of possible mechanism of effects of diter-
penes on Alzheimer disease 

Diterpenes contribute to controlling AD via various 
mechanisms. The primary focus is on neuroprotective an-
tioxidant mechanisms and cellular defense activation. Re-
cent investigations into the impact of rosemary diterpenes 
on brain function have unveiled a spectrum of pharma-

cological effects. Carnosic acid is a prominent diterpene 
isolated from rosemary, constituting 1.5%–2.5% of dried 
leaves [58]. Carnosic acid is susceptible to oxidation, form-
ing carnosol, rosmanol, and its epimeric form. Analyzing 
the relative concentrations in rosemary tissues reveals 
that carnosic acid and carnosol, two major rosemary an-
tioxidants, provide antioxidant effects for the plant [59]. 
These compounds, particularly carnosic acid and carno-
sol, hold biological significance, reaching concentrations 
of approximately 5% of the dry weight in rosemary [11]. 
Rosemary diterpenes, particularly carnosic acid, and car-
nosol, demonstrate robust antioxidant properties in in vitro 
experiments, effectively preventing lipid peroxidation and 
providing protection against oxidative cell death [60]. The 
antioxidant mechanisms involve the removal of hydrogen 
from phenolic hydroxyl groups, leading to the formation of 
quinone derivatives. The antioxidant potential of rosemary 
extract and diterpenes has been extensively established, in-
cluding applications in food preservation. Emphasizing rel-
evance to neurodegenerative diseases, carnosic acid’s pro-
tective effects against oxidative damage in neuronal cells 
are prominent. The exceptional antioxidant mechanism and 
radical scavenging effects of polyphenolic natural products 
are attributed to the presence of the catechol functional 
group [11]. In addition, the formation of various diterpene 
derivatives is associated with carnosic acid’s ability to in-
teract with ROS. Activating phase II detoxifying enzymes 
is a vital defense mechanism against internal and external 
toxins. Substantial evidence supports the involvement of 
nuclear factor erythroid-derived 2-related factor 2 (Nrf-2) 
in orchestrating the induction of antioxidant response ele-
ments (AREs), leading to the activation of genes respon-
sible for various antioxidant enzymes, including phase II 
detoxifying enzymes [61]. Thiol-regulating enzymes like 
glutathione S-transferase (GST), glutamylcysteine synthe-
tase, and thioredoxin reductase notably depend on Nrf-2 
for their expression [62]. A specific mechanism identified 
for these antioxidant effects entails the direct S-alkylation 
of the cysteine thiol on Kelch-like ECH-associated pro-
tein 1 (Keap1) by the electrophilic quinone derivative of 
carnosic acid. Keap1, a regulatory protein associated with 
the Nrf2 transcription factor, binds to ARE. The interac-
tion of electrophilic compounds with cysteine residues on 
Keap1 leads to the formation of S-alkyl adducts, facilitat-
ing the translocation of Nrf2 to the nucleus. Once in the 
nucleus, Nrf2 promotes gene expression by binding to 
AREs of phase II genes. This well-documented mecha-
nism underscores the efficacy of electrophile compounds 
as antioxidants and neuroprotective agents. Carnosol ex-
hibits high electrophilic activity, activating Nrf2 phase II 
detoxifying enzyme genes and antioxidant enzymes. It 
has also been demonstrated to directly interact with cys-
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teine residues of the nuclear factor kappa B (NF-κB) [11]. 
The essential role of free carboxylic acid and catechol hy-
droxyl moieties in antioxidant effects has been highlighted. 
The evidence suggests that the primary constituents of 
rosemary, namely carnosic acid, and carnosol, safeguard 
neurons against oxidative stress by activating the Keap1/
Nrf2 pathway. Carnosic acid and carnosol protect HT22 
cells against oxidative glutamate toxicity by activating the 
transcriptional antioxidant-responsive element of phase II 
genes, including heme oxygenase-1 (HO-1), NADPH-de-
pendent quinone oxidoreductase, and γ-glutamyl cysteine 
ligase [63]. These genes contribute to neuroprotection by 
regulating the cellular redox system. Also, carnosic acid 
protects against lipopolysaccharide-induced liver injury 
(LPS) by enhancing the body’s cellular antioxidant defense 
system through its antioxidant mechanism. This action is 
evidenced by restoring superoxide dismutase, glutathione 
peroxidase, and glutathione levels in serum and liver after 
the LPS challenge [11]. 

Now, we aim to elucidate the mechanisms underlying the 
inhibition of Aβ formation, polymerization, and metal che-
lation by diterpenes. In a study focusing on Aβ polymeriza-
tion inhibition and metal chelation, carnosic acid exhibited 

a significant impact, partially reversing cellular changes 
induced by Aβ42 or Aβ43 monomers. This observed effect 
correlates with reduced levels of cellular oligomers, sug-
gesting a potential mechanism involving the inhibition of 
oligomerization [11, 64]. The findings were consistent with 
in vivo observations, where carnosic acid demonstrated a 
beneficial effect in AD models, effectively reversing Aβ 
(1–40)-mediated neurodegeneration and cognitive im-
pairment. Additionally, research further substantiated the 
therapeutic potential of carnosic acid for AD, exhibiting 
its ability to reverse Aβ (1–40)-mediated changes in neuro-
degeneration and cognitive impairment [11, 65]. The con-
nection between Aβ formation/aggregation and metal ions, 
particularly copper, has been extensively reviewed. Metal 
chelators have proven effective in decreasing Alzheimer 
Aβ plaques. Aβ’s redox activity, involving the reduction 
of transition metals and the generation of ROS, establishes 
a link between polymerization and toxicity to metal ions 
and ROS. Rosemary diterpenes, known for their multifunc-
tional nature in metal chelation and ROS scavenging, may 
contribute to their effectiveness against Aβ polymerization 
and toxicity in the context of AD [11, 66].
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Figure 2. The potential mechanisms monoterpenes and diterpenes exerting their effects on Alzheimer disease pathology 

Firstly, these compounds likely impede the formation of amyloid plaques, arising from the breakdown of amyloid precur-
sor protein, by reducing the activity of the β-secretase enzyme. Simultaneously, monoterpenes and diterpenes play a role in 
reducing the excessive phosphorylation of tau protein and the formation of neurofibrillary tangles. In addition, their ability 
to decrease ROS levels contributes to a reduction in the release of apoptotic proteins from mitochondria, thereby preventing 
apoptosis-induced cell death. Moreover, the inhibitory activity of monoterpenes and diterpenes on the acetylcholinesterase 
enzyme, coupled with the suppression of glutamate release, contributes to decreased ROS production. Another way for anti-
Alzheimer effects involves the reduction of pro-inflammatory cytokines released by microglia, ultimately leading to a decrease 
in the activity of the β-secretase enzyme. Furthermore, monoterpenes and diterpenes enhance insulin receptor sensitivity, 
thereby reducing the accumulation of ROS. This multi-pronged approach showcases the diverse potential of these compounds 
in mitigating Alzheimer disease pathology.
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Table 1. Structures of selective monoterpenes and diterpene in Alzheimer disease treatment

Name Structure Clean Up Structure

α-pinene

β-pinene

R-limonene

H3C CH2

CH3 H3C

CH3

CH2

S-limonene

H3C CH2

CH3

H3C

CH3

CH2

Linalool

H3C CH3

CH2

H3C OH H3C CH3

CH2

CH3

OH

Paeoniflorin O O

OH

OH

OHO

OH

HO

O

Citral

CHO

CH3

H3C CH3

Citral
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Name Structure Clean Up Structure
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H3C

OH CH3

CH3
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none

Dihydrotanshi-
none

Ferruginol 
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Among the 7 identified sugi wood diterpenes, ferru-
ginol and 6,7-dehydroferruginol exhibited prominent 
reduction effects on Aβ toxicity. Their activity was 
comparable to known anti-AD active agents, including 
ginkgolide A, morin, rosmarinic acid, and carnosic acid. 
Ferruginol and 6,7-dehydroferruginol demonstrated an-
tioxidative activity similar to other anti-AD agents in a 
DPPH radical scavenging activity test, suggesting a cor-
relation between antioxidative activity and the Aβ toxici-
ty reduction effect of sugi wood diterpenes [67]. Isolated 
from volatile compounds released during the sugi wood-
drying process, ferruginol and 6,7-dehydroferruginol 
improved motor function disorder (paralysis) caused by 
Aβ toxicity in Caenorhabditis elegans CL4176. The Aβ 
toxicity reduction effect of ferruginol was comparable 
to known anti-AD active compounds. The antioxidative 
activity observed only in ferruginol and 6,7-dehydrofer-
ruginol, which demonstrated Aβ toxicity reduction ef-
fect, suggests the importance of antioxidative activity in 
alleviating Aβ toxicity. These active diterpenes are skin-
permeable, volatile, and could be applied transdermally 
or nasally. This discovery opens avenues for their poten-
tial use as therapeutic or preventive drugs for AD based 
on their Aβ toxicity reduction effects [67].

 In addition, this section delves into the mechanisms 
underlying the neuroprotective, cognitive-enhancing, 
and mood-modulating potential of diterpenes. Explo-
ration of the influence of rosemary diterpenes on brain 
function has revealed a diverse range of pharmacologi-
cal impacts. These effects include anxiolytic and anti-
depressant-like behaviors, as well as neuroprotective 
properties against cyanide-induced brain damage [68]. 
The underlying mechanisms involve the upregulation of 
transcriptional pathways associated with antioxidant and 
anti-inflammatory responses. Also, carnosol has demon-
strated protective effects against rotenone-induced neu-
rotoxicity, indicating its potential to modulate apoptotic 
mechanisms [69].

Furthermore, rosemary’s essential oil constituents, in-
cluding carnosic acid and carnosol, exhibit cognitive-
enhancing properties. The multifaceted pharmacological 
effects of rosemary diterpenes encompass anxiolytic and 
antidepressant-like behaviors, neuroprotective proper-
ties against brain damage, and cognitive enhancement. 
These findings highlight the potential therapeutic ap-
plications of rosemary in addressing various aspects of 
brain function and memory-related disorders [70, 11]. 

Another mechanism through which diterpenes modu-
late AD involves the inhibition of human cholinester-
ases. In the context of AD, characterized by a significant 
decline in acetylcholine neurotransmitter levels linked 
to memory loss, restoring central cholinergic function 
has been a focal point of exploration. A notable strategy 
involves using acetylcholinesterase inhibitors, given the 
pivotal role of acetylcholine hydrolysis [71]. Expand-
ing on the investigation into rosemary diterpene mecha-
nisms, this study scrutinizes the inhibitory properties of 
two compounds, cryptotanshinone (CT) and dihydrotan-
shinone (DT), derived from Salvia miltiorrhiza Bunge. 
Functioning as mixed non-competitive inhibitors for 
human acetylcholinesterase (AChE) and uncompetitive 
inhibitors for human butyrylcholinesterase, these diter-
penes unveil a spectrum of pharmacological potential. 
Molecular docking analyses offer insights into their in-
teractions within the active sites of both cholinesterases 
[72], unraveling the intricate mechanisms of rosemary 
diterpenes. In a separate study, kaurenoic acid (1), a 
natural product isolated from various plant species such 
as Sphagneticola trilobata (Asteraceae), Xylopia seri-
cea, and X. frutescens, emerges as a potential candidate. 
Furthermore, gibberellic acids, diterpene plant hormones 
synthesized from geranylgeranyl diphosphate, have also 
been explored for their role in acetylcholinesterase inhi-
bition. Both derivatives of kaurenoic acid and gibberel-
lic acid underwent screening for their AChE inhibitory 
capacity, yielding promising results. Kaurenoic acid ex-
hibited an inhibition percentage of 81.6%±1.8%, while 
gibberellic acid reached 85.2%±4.1%. These findings 
suggest that derivatives of kaurenoic and gibberellic ac-

Hadipour E, et al. Therapeutic Promises of Monoterpenes and Diterpenes in Alzheimer Disease. Caspian J Neurol Sci. 2024; 10(1):1-19. 

Name Structure Clean Up Structure

6,7-dehydrofer-
ruginol

http://cjns.gums.ac.ir/


11

January 2024, Volume 10, Issue 1, Number 36

ids hold promise as potential AChE inhibitors, opening 
new avenues for drug development in the treatment of 
AD [73]. 

Clinical studies of the effects of monoterpenes on 
Alzheimer disease

The beneficial effects of monoterpenes and their deriv-
atives on AD have been extensively investigated in vari-
ous models (Table 2) [52, 55, 74]. Among these, linalool 
stands out for its ability to reduce neurodegeneration and 
enhance cognitive function. Researchers have focused 
on understanding how linalool affects brain phospholip-
ids, crucial in developing neurodegeneration and cog-
nitive disorders [54]. In a study using mice genetically 
predisposed to AD, oral administration of the linalool 
(25 mg/kg) for three months resulted in improved behav-
ioral functions. These positive effects were associated 
with reduced Aβ and tau phosphorylation levels and de-
creased pro-inflammatory markers such as p38, MAPK, 
COX-2, NOS-2, and interleukin-1β [75]. However, in 
another study using a different animal model, male rats, 
Aβ injected into their hippocampus treatment with lin-
alool (intraperitoneally, 100 mg/kg) showed a different 
pattern. While there was an improvement in cognitive 
performance, no adverse effects on motor activities were 
observed. Notably, impairment was observed in long-
term memory but not in short-term memory. The mecha-
nisms behind these diverse effects seem to be related to 
linalool’s ability to reduce apoptosis and oxidative stress 
induced by Aβ through the Nrf2 transcription factor/
HO-1 pathway [56]. These findings underscore the com-
plex and context-dependent nature of monoterpenes’ ef-
fect in AD, warranting further research and exploration.

Citral, another monoterpene, has been investigated for 
its cognitive effects on spatial memory using the water 
maze test in an AD model of male rats. The results re-
veal an interesting dose-dependent relationship. Behav-
ioral tests show that lower doses of citral (0.1 mg/kg) 
improve the learning capacity and memory of rats, while 
higher doses (1 mg/kg) lead to suppression of learning 
and improvement of spatial memory in rats. The pos-
sible mechanism behind these effects is citral’s influence 
on retinoic acid, subsequently affecting spatial memory 
function [76].

Limonene, another significant monoterpene, exhibits 
multiple biological effects, including antioxidant, anti-
inflammatory, and neuroprotective properties [77]. Its 
impact on neurodegenerative symptoms such as memory 
impairment and hippocampal damage has been investi-
gated using various behavioral tests. Oral consumption 

of limonene significantly prevents memory and learn-
ing deficits and reduces neuron loss due to stress in the 
hippocampus region of male rat brains. The underlying 
mechanism is attributed to its anti-inflammatory and an-
tioxidant activities [78]. Furthermore, in another study, 
IP injection of limonene at 20 mg/kg in rats that suffered 
cerebral ischemia protected them against memory im-
pairment. The possible mechanism involves the increase 
in the activity of antioxidant enzymes such as superoxide 
dismutase, catalase, and glutathione peroxidase, along 
with the reduction of malondialdehyde (MDA) levels 
and free oxygen species [79]. 

The effects of the monoterpene thymol were investi-
gated in a study involving rats fed a high-fat diet, lead-
ing to memory impairment caused by Aβ accumulation. 
The results demonstrated a positive response to thymol 
treatment in this AD model. The therapeutic effects in-
cluded improvements in spatial memory and learning in 
selective behavioral tests and a significant reduction in 
Aβ deposition [80]. In a similar study, mice on a high-
fat diet treated with thymol exhibited enhanced cognitive 
function, reduced Aβ deposits, and decreased phosphor-
ylation of tau protein in the hippocampus. These ben-
eficial effects are likely attributed to thymol’s antioxi-
dant and anti-inflammatory activities. Thymol was also 
found to down-regulate the level of P-Ser307IRS-1 and 
increase the expression of P-Ser473 AKT and P-Ser9 
GSK3β, further contributing to its neuroprotective ef-
fects. Researchers also highlight thymol’s ability to pro-
tect cognitive functions by upregulating the HO-1/Nrf2 
pathway [81, 82]. Furthermore, thymol showed promise 
in mitigating memory and cognitive impairments caused 
by Aβ injection into the hippocampus or IP injection of 
scopolamine in rats. Treatment with thymol (0.5, 1, or 2 
mg/kg) improved cognitive functions and reversed the 
effects induced by Aβ or scopolamine. The mechanisms 
underlying these effects were associated with thymol’s 
antioxidant and anti-inflammatory activities [83].

Another noteworthy monoterpene, p-cymene, has 
demonstrated anti-AD effects by inhibiting the forma-
tion of Aβ deposits. In this study, the analysis was con-
ducted in six separate groups of rats with AD induced 
through hippocampal injection. The results showed the 
positive effect of IP injection equivalent to 50 and 100 
mg/kg of p-cymene on memory improvement, learning, 
and reducing Aβ plaque deposits [84]. On the other hand, 
paeoniflorin, another derivative of monoterpene, exhib-
its diverse biological activities. Chronic treatment with 
this monoterpene for 20 days enhanced cognitive perfor-
mance in mice with memory impairment induced by Aβ 
injection into the hippocampus. The possible mechanism 
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of action for both p-cymene and paeoniflorin involves 
calcium homeostasis, increasing reduced glutamate con-
tent, and reducing protein carbonyl and MDA levels by 
inhibiting NOS (nitic oxide synthesis) activity and NO 
(nitric oxide) levels [85]. Similarly, the positive effects 
of paeoniflorin were observed in rats transformed into an 
AD model by injecting Aβ into the dorsal part of the hip-
pocampus. Treatment with this monoterpene for 20 days 
improved cognitive performance, particularly in spatial 
learning and memory abilities.

In addition, the activities of acetylcholinesterase and 
acetylcholine transferase enzymes in the hippocampus 
were evaluated, revealing that paeoniflorin enhances the 
activity of cholinergic neurons (by enhancing the sprout-
ing of cholinergic neurons) in the hippocampus. This 
enhancement is achieved by regulating the signaling 
pathway of the nerve growth factor and simultaneously 
reducing the atrophy of cholinergic neurons, ultimately 
leading to increased survival of nerve cells [86-88]. In 
rats with memory damage and intra-neuronal fiber coil 
accumulation induced by Aβ injection into the lateral 
ventricle, treatment with 25 and 100 mg/kg of carvacrol 
(IP) improved memory and significantly reduced cog-
nitive deficits. The possible mechanism behind these 
effects involves reducing inflammatory factors in the 
brain, including interleukin-1, TNF-α, COX-2, and ex-
pression of tropomyosin receptor kinase B protein, along 
with increased brain-derived neurotrophic factor expres-
sion [89].

Moreover, carvacrol has been found to significantly 
reduce brain edema induced by aquaporin-4 [90] in AD 
mice models. Similarly, in various studies, α-pinene, an-
other monoterpene, has been investigated for its effects 
on AD [91-93]. In a study involving mice with scopol-
amine-induced memory deficits, IP injection of 10 mg/
kg of α-pinene was observed to improve memory and 
learning. The possible mechanism behind these effects 
involves the regulation of proteins related to the produc-
tion of acetylcholine (increased expression of acetylcho-
line transferase in the cortex) and the antioxidant defense 
system (increased expression of HO-1 and superoxide 
dismutase via the activation of tumor necrosis factor E2) 
in the hippocampus [94].

In addition, it has been shown that treatment with 0.1, 
0.2, and 0.4 μg/kg of α-pinene in rats suffering from 
memory and learning impairments induced by capsaicin 
resulted in improved memory and learning by modulat-
ing GABA A receptors [95]. Moreover, α-pinene (IP, 0.4 
μg/kg) reduces neurodegeneration in rats subjected to 
Aβ-injected toxicity in the CA1 region of the hippocam-

pus [96]. Similarly, male rats that experienced oxidative 
toxicity and neuro-inflammation due to intra-hippocam-
pal injection of Aβ treatment with 50 mg/kg of α-pinene 
(IP) for 14 days improved learning and spatial learning 
while reducing anxiety behaviors [97]. In PC12 cells 
exposed to hydrogen peroxide (H2O2), treatment with 
10-400 µM of α-pinene and 1,8-cineole has been found 
to increase cell viability, reduce ROS levels, and raise 
the expression of antioxidant enzymes, such as catalase, 
superoxide dismutase, glutathione peroxidase, glutathi-
one reductase, and HO-1. Notably, these compounds can 
reduce apoptosis by decreasing caspase 3 activities. The 
possible mechanism underlying the antioxidant effects 
of these compounds involves scavenging ROS and in-
ducing TNF-E2 [98]. Moreover, α-pinene administration 
via intraperitoneal (IP) injection at 25, 50, and 100 mg/
kg doses to rats that experienced cerebral ischemia im-
proved behavioral functions. The treatment also restored 
the function of antioxidant enzymes while reducing the 
concentrations of NO, MDA, and interleukin-6 in the 
hippocampus, cortex, and striated bodies [99]. 

Olibanum essential oil is abundant in various mono-
terpene compounds with different percentages, includ-
ing limonene, α-pinene, and 4-tripeneol. It has been 
shown that treating mice with 150 to 600 mg/kg of the 
aforementioned olibanum essential oil for two weeks, 
following Aβ-induced toxicity, improved memory and 
learning. The possible mechanism behind these effects 
involves increasing acetylcholine levels, reducing Aβ 
plaques, protecting hippocampal neurons, and down-
regulating c-Fos in brain tissues [100]. Besides, treat-
ment with Hypericum scabrum essential oil, containing 
approximately 51.3% of the monoterpene α-pinene, im-
proved memory and learning in behavioral tests in rats 
suffering from dementia induced by scopolamine. The 
potential mechanism appears to be α-pinene acting as 
an inhibitor of the acetylcholinesterase enzyme, thereby 
prolonging the presence of acetylcholine in the synaptic 
space [101]. 

Clinical studies of the effects of diterpenes on Al-
zheimer disease

Recent investigations into the impact of rosemary di-
terpenes on brain function encompass a spectrum of 
pharmacological effects, extending beyond rodent mod-
els to potential clinical applications. Ferlemi et al. ex-
plored the anxiolytic and antidepressant-like behavior 
resulting from rosemary tea consumption in adult male 
mice [102]. Machado et al. demonstrated the antidepres-
sant-like effects of rosemary extract in mice undergoing 
an olfactory bulbectomy procedure. The study suggests 
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a potential role for rosemary diterpenes in alleviating de-
pressive-like behaviors in a murine model, providing in-
sights into their antidepressant properties [70]. The crude 
extract of rosemary has exhibited efficacy in improving 
memory impairment in an in vivo scopolamine-induced 
dementia model of AD [103, 11]. Moreover, cognitive 
enhancement is observed in clinical studies, with rose-
mary’s essential oil constituents, including 1,8-cineole, 
showcasing mental benefits [104].

 This preclinical finding indicates a potential cognitive-
enhancing effect of rosemary diterpenes, highlighting 
their neuroprotective and memory-improving proper-
ties. Carnosic acid’s neuroprotective prowess extends 
to cultured rodent and human-induced pluripotent stem 
cell-derived neurons in vitro and in vivo [68]. The multi-
faceted pharmacological effects of rosemary diterpenes, 
including anxiolytic and antidepressant-like behaviors, 
neuroprotective properties against brain damage, and 
cognitive enhancement, provide a foundation for con-
sidering their therapeutic potential in clinical settings. 
Further exploration in human subjects is essential to 
understand and validate these observed effects fully, 
emphasizing the need for clinical trials to establish the 
efficacy and safety of rosemary diterpenes in the context 
of AD and related conditions [11]. 

Carnosic acid has been shown to safeguard neuronal 
cells from ischemic injury by scavenging ROS both in 
vitro and in vivo. Carnosol and carnosic acid have been 
proven to protect neuronal HT22 cells by activating the 
antioxidant-responsive element [105]. The existing evi-
dence strongly suggests that these primary constituents 
of rosemary safeguard HT22 cells against oxidative 
glutamate toxicity. Pretreatment of RAW264.7 mac-
rophages with carnosic acid also significantly reduces 
H2O2 or LPS-induced ROS and nitric oxide generation, 
with concurrent time- and dose-dependent upregulation 
of HO-1 protein expression [63, 11]. Furthermore, car-
nosol has been shown to enhance GST and quinone re-
ductase activity in vivo. In the exploration of promoting 
non-amyloidogenic pathways in APP processing, Meng 
et al. conducted an investigation using SH-SY5Y human 
neuroblastoma cells, where carnosic acid exhibited a 
significant 61% suppression of Aβ42 secretion at a con-
centration of 30 μM. This suppression was concurrent 
with increased mRNA expressions of α-secretase [64]. 
The findings suggest that the mechanism underlying the 
inhibition of APP processing by carnosic acid involves 
facilitating the normal non-amyloidogenic-dependent 
pathway. Yoshida et al. conducted similar observations, 
demonstrating that carnosic acid suppressed Aβ peptides 
(1–40, 1–42, and 1–43) production in U373MG human 

astrocytoma cells at a concentration of 50 μM. The study 
disclosed a substantial 55% to 71% inhibition of Aβ 
release and a notable impact on mRNA expressions of 
α-secretase [106]. In a study by Meng et al. investigating 
the Aβ polymerization inhibition and metal chelation, 
the impact of carnosic acid on cultured SH-SY5Y hu-
man neuroblastoma cells challenged by Aβ42 or Aβ43 
was explored. The results demonstrated a partial reversal 
of cellular deletion induced by Aβ42 or Aβ43 monomers 
(10 μM each) with carnosic acid treatment (10 μM) [64]. 
This observed effect correlates with reduced levels of 
cellular oligomers, suggesting the inhibition of oligo-
merization as a potential mechanism. These findings 
align with in vivo observations, where carnosic acid 
exhibited a beneficial effect in AD models, effectively 
reversing Aβ (1–40)-mediated neurodegeneration and 
cognitive impairment. Rasoolijazi et al. further substan-
tiated the therapeutic potential of carnosic acid for AD, 
demonstrating its ability to reverse Aβ (1–40)-mediated 
changes in neurodegeneration and cognitive impairment 
in rats [65].

 In a distinct clinical investigation, diterpenes extracted 
from sugi wood (Cryptomeria japonica) were identified 
as ferruginol, 6,7-dehydroferruginol, sandaracopimari-
nal, sandaracopimarinol, abietadiene, abietatriene, and 
phyllocladenes; mixture of phyllocladene and isophyl-
locladene. In this study, focusing on the potential of sugi 
wood diterpenes as a preventive and therapeutic drug for 
AD, their β-amyloid toxicity reduction effect was scru-
tinized by administering each diterpenoid at a final con-
centration of 0.5 mg/mL to C. elegans [67]. Paralyzed 
rates were meticulously observed, and the subsequent 
analysis of non-paralysis rates revealed significantly 
positive effects in the experimental plots of two impact-
ful diterpenes, namely ferruginol and 6,7-dehydroferru-
ginol. This outcome emphasizes that the administration 
of these compounds effectively suppressed the expres-
sion of paralysis induced by Aβ toxicity in C. elegans 
CL4176. Conversely, no significant differences were 
observed in the experimental plots of other sugi wood 
diterpenes. This study concludes that the Aβ toxicity re-
duction effect is a distinctive property of ferruginol and 
related compounds. Furthermore, it unveils, for the first 
time, the anti-AD effects derived from extracts of sugi 
wood [67] (Table 2).

Conclusion

In conclusion, Alzheimer disease has remained a for-
midable global health challenge, impacting millions 
worldwide. While current pharmacological treatments, 
such as acetylcholinesterase inhibitors and NMDA re-
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Table 2. The potential therapeutic effects of monoterpenes and diterepens on Alzheimer disease

Extract/Active Compound Subject Dose (µM or µg/mL) Mechanism Ref.

Linalool Mice 25 mg/kg
Reduction in levels of Aβ and tau phos-
phorylation and decrease in pro-inflam-

matory markers 
[75]

Linalool Rat 100 mg/kg Reduction in apoptosis and oxidative 
stress [56]

Citral Rat 0.1 mg/kg Improve in spatial memory function [76]

Limonene Rat 10 mg/kg Reduction in inflammation and increase in 
antioxidant effects [78]

Limonene Rat 20 mg/kg Increase in activity of antioxidant enzymes 
and reduction of ROS [79]

Thymol Rat 30 mg/kg Reduction in Aβ deposition [80]

Thymol Mice (20 and 40 mg/kg)
Down-regulation in the level of P-

Ser307IRS-1 and increase in the expression 
of P-Ser473 AKT and P-Ser9 GSK3β

[81]

Thymol Rat 0.5, 1 or 2 mg/kg Antioxidant and anti-inflammatory activi-
ties [83]

p-cymene Rat 50 and 100 mg/kg Reduction in Aβ plaques deposits [84]

Paeoniflorin Mice 7.5, 15 and 30 mg/kg
Increase in glutamate content reduction 
in protein carbonyl and malondialdehyde 

levels 
[85]

Paeoniflorin Rat 5 mg/kg and 30 mg/kg Enhance the activity of cholinergic neu-
rons [86]

Carvacrol Rat 25 and 100 mg/kg Reduction of inflammatory factors [89]

α-pinene Mice 10 mg/kg Regulation of proteins related to the 
production of acetylcholine [94]

α-pinene Rat 0.1, 0.2, and 0.4 μg/kg Modulation in GABAA receptors [95]

α-pinene Rat 0.4 μg/kg Reduction of neurodegeneration in the 
CA1 region of the hippocampus [96]

α-pinene Rat 50 mg/kg Improve in learning and spatial learning [97]

α-pinene Rat 25, 50, and 100 mg/kg Increase in antioxidant enzymes [99]

1,8-cineole PC12 cells 10-400 µM Reduction of ROS [98]

Olibanum essential oil Mice 150 to 600 mg/kg Increase in acetylcholine level [100]

Hypericum scabrum essential 
oil Rat 1% and 3% (v/v)  Inhibiting the acetylcholinesterase 

enzyme [101]

Crude extract of rosemary Rat 200 mg/kg Improving in memory [103]

Carnosol and carnosic acid HT22 cells 10 μM Reduction of ROS [105]

Carnosic acid RAW264.7 
macrophages 10 or 50 μM Increase in HO-1 protein expression [63]

Carnosic acid SH-SY5Y cells 30 μM 61% suppression of Aβ42 secretion [64]

Carnosic acid U373MG cells 50 μM Suppression of Aβ peptides (1–40, 1–42, 
and 1–43) production [106]

Carnosic acid SH-SY5Y cells 10 μM Reduction of cellular deletion [64]

Carnosic acid Rat 10 mg/kg Improving in memory and cognitive 
impairment [65]

Sugi wood (Cryptomeria 
japonica) (ferruginol and 
6,7-dehydroferruginol)

C. elegans 0.5 mg/mL Suppression of paralysis induced by Aβ 
toxicity [67]
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ceptor antagonists, have been employed, the quest for 
more effective therapeutic approaches continues. Recent 
years have witnessed a burgeoning interest in investigat-
ing natural compounds from medicinal plants as poten-
tial remedies for AD. Among these, monoterpenes and 
diterpenes, certain plant secondary metabolites, have 
emerged as promising candidates due to their diverse 
biological activities. These compounds show neuropro-
tective attributes, augmenting memory and cognitive 
functions while demonstrating potent antioxidant capa-
bilities. Their capacity to influence non-amyloidogenic 
pathways in the processing of APP is complemented by 
their ability to hinder Aβ formation and accumulation. 
Moreover, they actively participate in metal chelation 
and exhibit notable cholinesterase inhibition. Encourag-
ingly, preclinical studies conducted on animal models 
and cellular cultures have consistently affirmed the ef-
fectiveness of these compounds, fostering optimism for 
their future role in therapeutic interventions. However, 
to fully unlock the therapeutic potential of monoterpenes 
and diterpenes, additional research, particularly in clini-
cal trials, is imperative to comprehend their safety and 
efficacy in human subjects. Continued exploration in 
neuropharmacology holds the promise of pioneering in-
novative treatments that could substantially enhance the 
quality of life for individuals grappling with AD and re-
lated memory disorders.

 In summary, the investigation into monoterpenes as in-
tegral components in AD management offers an exciting 
prospect for the future of neurodegenerative disease re-
search. As our understanding of these compounds grows, 
the development of novel and effective treatments is in 
sight, ushering a positive impact on the lives of those 
with cognitive impairments and neurodegenerative con-
ditions.
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