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ABSTRACT 

Monoterpenoids, being a valuable component of essential oils, constitute important groups of 

natural compounds. They contain two isoprenoid units in their structure. Monoterpenoids are the 

secondary metabolites of the plants and they do not exert primary function in the plants. Owing to 

their higher abundance in the plant kingdom, they find wide application in the perfumery industry, 

food, and health care products for human beings. Monoterpenoids either in direct form or modified 

form exert diverse pharmacological effects. The present review reports wide pharmacological 

activities of monoterpenoids like learning and memory enhancer, antidepressant, anxiolytic, 

antinociceptive, anticonvulsant, and neuroprotective indicating the promising potential of 

monoterpenoids to treat a wide range of complex diseases. 
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INTRODUCTION 

Terpenoids are the most abundant and structurally highly complex natural products. They are also 

known as isoprenoids. The term ‘terpene’ was used for the hydrocarbons present in the turpentine, 

with the ‘ene’ suffix suggesting the presence of double bonds (olefinic bonds) (1). The basic 

moiety present in the structure is the isoprenoid unit. Depending on the modifications in the 

isoprenoid chain due to various reactions like oxidation, reduction, rearrangements, cleavage of 

the rings, or cyclization, they possess cyclic or acyclic structures(2).  They are named based on the 

number of isoprenoid units present in their structure. Based on this, they are classified as 

monoterpenoids, sesquiterpenoids, diterpenoids, triterpenoids, tetraterpenoids, and polyterpenoids 

(2–4). Monoterpenoids, sesquiterpenoids, and diterpenoids are regarded as secondary metabolites 

as they are not important for plant survival. Moreover, they are responsible for the mediation of 

essential interactions in the plant environments (3,5).  

It has been well established that monoterpenoids besides having fragrance also possess diverse 

pharmacological activities such as antioxidant, anti-inflammatory, anticancer, local anesthetic, 

antiviral, antibacterial, antifungal, anti-arhythmic, neuroprotective, anti-spasmodic, 

antinociceptive, etc. (6–8). They are widely used in perfumes, foods, cosmetics, drinks, etc. as a 

flavoring agent (9). They are also used as growth regulators, oxidative phosphorylation inhibitors, 

tumor inhibitors, insect repellants, antidiabetic agents, canine and feline attractants, etc.(5,10). 

Hence, monoterpenoids possess wide applications in various fields like agriculture, medicine, and 

industry.  

Biosynthesis 

Monoterpenoids are acyclic (linear) or cyclic (ring structure). Cyclic monoterpenoids are further 

divided into monocyclic and bicyclic depending on the number of rings present in the structure. 

Some of the common examples of the monoterpenoids along with their structure and source of 

origin are summarized in Table 1. There are several functional groups present in their structure 

like aldehyde, ketone, alcohol, esters, ethers, etc. (11). The key components for the biosynthesis 

of monoterpenoids are isopentenyl diphosphate (IPP) and dimethylallyl diphosphate (DMAPP), 

an allylic isomer of IPP (12). In plants, two distinct pathways are used to form the IPP, viz. 

plastidialmethyl-erythritol-4-phosphate (MEP) pathway, and cytosolic acetate-mevalonate  

(MVA) pathway (13). Cytosolic IPP is formed by the MVA pathway in plant cells and transported 

to mitochondria to synthesis isoprenoids in mitochondria (14), whereas in the plastid, the MEP 

pathway is responsible for the synthesis of the IPP and DMAPP (15).  
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Table 1 Different types of monoterpenoids, their examples along with structure and main 

source of origin. 

Type of 

monoterpenoid 

Examples  Structure  Main source of origin 

Acyclic 

monoterpenoid 

Geraniol 

 

Lemongrass (Cymbopogon),Thymus 

pubescens, Umbelliferae,Labiatae,aerial 

parts ofDracocephalummoldavica 

Linalool 

 

Citrus bergamia (Bergamot fruit), aerial 

parts 

ofOcimumcanum,Coridothymuscapitatus 

Citral 

 

Cymbopogon 

(lemongrass),Umbelliferae,Labiatae,aerial 

parts of Dracocephalummoldavica 

Citronellol 

 

Aerial parts of Dracocephalum 

Moldavica, Thymus pubescens 

Citronellal 

 

Thymus pubescens 

β-myrcene 

 

Aerial parts of Thymus pubescens, 

Calamintha nepeta, Ocimumbasilicum, 

Pimentaacris,Salvia 

officinalis,Rosmarinusofficinalis,strobiles 

of Humulus lupulus 

β-ocimene 

 

Aerial parts of Dicyclophora 

persica,Pimentaacris,Ocimumbasilicum, 

Lavandula 

angustifolia,Calaminthanepeta,strobiles 

of Humuluslupulus 

Monocyclic 

monoterpenoid 

Carvone 

 

Perovskia angustifolia(leaves) 

Limonene 

 

Ocimumkilimandscharicum,Citrus plants, 

Citrus bergamia(bergamot fruit),aerial 

parts ofHyssopus cuspidatus 

Thymol 

 

Thymus pubescens 
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Carveol 

 

Lavandula latifolia,leaves of Mentha 

spicata, 

 

1,8-

cineole 

 

Aerial parts of Coridothymuscapitatus, 

Thymus pubescens,Rosmarinus 

officinalis,Hyssopuscuspidatus, Salvia 

officinalis 

p-cymene 

 

Aerial parts of Lavandula 

latifolia,Dicyclophorapersica, 

Coridothymuscapitatus 

 

Carvacrol 

 

Labiatae, Umbeliferae, Lamiaceae; 

Thymus pubescens 

 

Eugenol 

 

Labiatae, Umbeliferae,Lamiaceae 

γ-

terpinene 

 

Leaves of Cinnamomum 

longepaniculatum 

Menthol 

 

Labiatae,Umbeliferae, aerialparts of 

Mentha sp.andAcinosrotundifolius 

Bicyclic 

monoterpenoid  

3-carene 

 

Roots of Asarumheterotropoides, Pinus 

sylvestris; leaves of Juniperus communis 

α-pinene 

 

Aerial parts of Labiatae,Umbeliferae, 

Apiaceae, rhizome and roots of 

Ferulahermonis, aerial parts of Salvia 

officinalis,Acinosrotundifolius, Hyssopus 

cuspidatus 

β-pinene 

 

Labiatae,Umbeliferae, aerial parts of 

Salvia officinalis,Acinosrotundifolius, 

Hyssopus cuspidatus 

Isoborneol 

 

Thymus pubescens 
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Verbenol 

 

Rhizome and roots of Ferulahermonis 

The MVA pathway 

The MVA pathway of the plant can be directly comparable to the MVA pathway taken place in 

animals. The synthesis of IPP in the cytosol through the MVA pathway is summarized in Fig. 1. 

Initially, two units of acetyl coenzyme A(acetyl CoA)undergo a claisen condensation reaction and 

form acetoacetyl CoA. This reaction is catalyzed by the enzyme acetoacetyl CoA thiolase. The 

resultant product condensed with another unit of acetyl CoA and form 3-hydroxy-3-methylglutaryl 

CoA (HMG CoA) in presence of HMG coenzyme A synthase (HMG CoA synthase) through aldol 

condensation. HMG CoA reductase enzyme then acts upon HMG CoA to form mevalonate 

through the nicotinamide adenine dinucleotide phosphate (NADPH)-dependent reduction reaction. 

This reaction is reversible and takes place in two steps (16). The mevalonate is then converted to 

mevalonate-5-diphosphate via phosphorylation reaction. This phosphorylation reaction occurs in 

two steps and is catalyzed by the mevalonate kinase enzyme and phosphomevalonate kinase 

enzyme. The mevalonate-5-diphosphate is then undergone a decarboxylation reaction to form IPP 

in presence of a diphospho-mevalonate decarboxylase enzyme. This decarboxylation reaction is 

an adenosine triphosphate (ATP)-dependent reaction. In the last stage of the pathway, DMAPP 

has formed via isopentenyl-diphosphate isomerase enzyme (17).  
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Figure 1: Isopentenyl diphosphate synthesis via the MVA or the MEP pathway 

Intermediates involved in the biosynthesis are as follows: MVA pathway, Acetyl CoA; acetoacetyl 

CoA; HMGCoA; mevalonate; mevalonate 5-phosphate; mevalonate 5-diphosphate; isopentenyl 

diphosphate (IPP); dimethylallyl diphosphate (DMAPP). MEP pathway, pyruvate; D-

glyceraldehyde 3-phosphate; 1-deoxy-D-xylulose 5-phosphate; 2C-methyl-D-erythritol 4-

phosphate; 4-diphosphocytidyl-2Cmethyl-D-erythritol; 4-diphosphocytidyl- 2C-methyl-D-

erythritol 2-phosphate; 2C-methyl-D-erythritol 2,4-cyclodiphosphate; 1-hydroxy-2-methyl-2-(E)-
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butenyl 4-diphosphate; isopentenyl diphosphate (IPP); dimethylallyl diphosphate (DMAPP). 

Enzymes of theMVA pathway are as follows: AcetoacetylCoAthiolase; HMGCoA synthase; 

HMGCoA reductase; mevalonate kinase; phosphomevalonate kinase; diphospho-mevalonate 

decarboxylase. Enzymes of the MEP pathway are as follows: DXS, 1-deoxy-D-xylulose 5-

phosphate synthase; DXR, 1-deoxy-D-xylulose 5-phosphatereductoisomerase; MCT, 2C-methyl-

D-erythritol 4-phosphate cytidyl transferase; CMK, 4-diphosphocytidyl-2Cmethyl-D-erythritol 

kinase; MDS, 2C-methyl-D-erythritol 2,4-cyclodiphosphate synthase; HDS, 1-hydroxy-2-methyl-

2-(E)-butenyl 4-diphosphate synthase; HDR, 1-hydroxy- 2-methyl-2-(E)-butenyl 4-diphosphate 

reductase; The interconversion ofIPP into DMAPP is catalyzed by IDI, isopentenyl diphosphate 

isomerase. 

The MEP pathway  

The formation of IPP and DMAPP through the MEP pathway occurs in seven steps as shown in 

Figure 1. Briefly, pyruvate and glyceraldehydes-3-phosphate undergo a condensation reaction in 

presence of 1-deoxy-D-xylulose-5-phosphate (DXP) synthase enzyme and leads to the formation 

of DXP. The DXP is then converted to MEP with the help of the enzyme DXP reductoisomerase 

(DXR), also known as MEP synthase enzyme. The resultant product is then transformed into 1-

hydroxy-2-methyl-2-(E)-butenyl-4-diphosphate (HMBPP). This is a multistep process which 

catalyzed by various enzymes viz., 2C-methyl-D-erythritol 4-phosphatecytidyl transferase (MCT), 

4-diphosphocytidyl-2-C-methyl-D-erythritol kinase (CMK), 2-C-methyl-D-erythritol 2, 4-

cyclodiphosphate synthase (MDS), and 1-hydroxy-2-methyl-2-(E)-butenyl-4-diphosphate 

synthase (HDS). In the end, IPP and DMAPP are formed by the branching of HMBPP in presence 

of an enzyme 1-hydroxy-2-methyl-2-(E)-butenyl-4-diphosphate reductase (HDR)(18).  

EFFECT OF MONOTERPENOIDS ON PSYCHOPHARMACOLOGICAL AND 

BEHAVIORAL EFFECTS  

Effect of some selected acyclic monoterpenoids  

Effect on memory  

Lee (19) have examined the effects of linalool on rapid eye movement (REM) sleep deprivation-

induced cognitive impairment and behavioral changes. They have carried out the Y maze test and 

passive avoidance test to assess spatial and learning memory and forced swimming test to assess 

the anti stress effect of linalool. They have concluded that linalool markedly improves spatial and 

learning memory loss and stress activity due to increased levels of serotonin. Another acyclic 

monoterpene, citral was tested on animals to study its effects on spatial and learning memory 

through the Morris water maze (MWM) test. It has been shown that citral produces a biphasic 
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effect i.e. in a low dose, it improved spatial memory of rats whereas, in a higher dose, an opposite 

effect was produced. This biphasic effect was observed because of increased and decreased levels 

of retinoic acid in the hippocampus due to lower and higher doses of citral respectively(20).  

Effect on depression 

Geraniol, chiefly found in essential oils of lemon, orange, ginger, lavender, rose, etc. was 

investigated for anti-depressant effect using a chronic unpredictable mild stress model of 

depression in mice. The results of the study showed that geraniol markedly reduced depression-

like behavior possibly by regulation of chronic unpredictable mild stress model induced pro-

inflammatory cytokine interleukin-1 beta (21). In another study, linalool was tested for anti-

depressant activity using a forced swimming test. The study has shown that linalool produced an 

anti-depressant effect by affecting the serotonergic pathway (22).  

Effect on convulsion  

Geraniol, used as a folk medicine for the treatment of epilepsy in Brazil, was tested for 

anticonvulsant activity using pentylenetetrazole (PTZ)-induced convulsion model (23). Rf 

Lins(23) have found that geraniol remarkably increased the latency, and the percentage of animals 

convulsed was decreased. At last, they have concluded that geraniol possessed an anticonvulsant 

effect in the PTZ model in mice. Similarly, citral, a chief constituent of citrus oils, was investigated 

for its role in the treatment of epilepsy through the same PTZ-induced convulsion model and 

maximum electric shock (MES) test (24), and it was observed that citral increased latency for PTZ-

induced convulsion development as well as it significantly prevented tonic convulsion in MES-

induced convulsion model. Another acyclic monoterpene, linalool was also evaluated for its 

anticonvulsant effect using N-methyl-D-aspartate (NMDA)-induced convulsion model and 

quinolinic acid-induced convulsion model (25). The results of the study revealed that linalool not 

only delayed NMDA-induced convulsion but also block the quinolinic acid-induced convulsions.  

Effect on pain and nociception 

A study on the antinociceptive activity of geraniol carried out by La Rocca (26) in mice revealed 

that geraniol markedly reduced the acetic acid-induced number of writhes and suggested a non-

opioid mechanism for this effect. Furthermore, intraperitoneal injection of geraniol significantly 

decreased the time of paw licking and suggesting modulation of glutaminergic neurotransmission. 

In conclusion, geraniol produced an antinociceptive effect particularly in pain because of 

inflammation and partly because of decreased nerve excitability in the periphery.  

In another study, (-) linalool was investigated against chemicals viz. acetic acid and formalin and 

heat-induced nociception models in mice. It was found that writhings induced by acetic acid and 
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two phases of nociception induced by formalin were markedly inhibited by linalool in mice. These 

indications were suggestive of central and peripheral analgesic activity of (-) linalool (27).  

Another acyclic monoterpene, citral was evaluated for its effects in acute and chronic experimental 

models of nociception, non-steroidal anti-inflammatory drugs (NSAIDs)-induced gastric ulcers, 

and inflammation. The results of the study revealed that cital when given orally remarkably 

inhibited responses of neurogenic as well as inflammatory pain caused by formalin intra-plantar 

injection. Moreover, citral possessed an anti-nociceptive effect against mechanical hyperalgesia in 

various models such as the sciatic nerve partial ligation model, chronic regional pain syndrome, 

and plantar incision surgery. In conclusion, it was found that the anti-nociceptive activity of citral 

was due to the activation of the 5-HT2A serotonin receptor (28).  

Effect on anxiety 

The anxiolytic effects of linalool odor have been investigated using various tests such as the 

light/dark box test and elevated plus maze (EPM) test. It was found that exploratory behavior was 

remarkably increased by linalool order in the light chamber which indicates the anxiolytic effect 

of linalool order. Moreover, in the EPM test, linalool odor exposure has significantly increased 

time spent in the open arm, i.e. exploration of the open arm, the number of entries in the open arm. 

Besides, an accelerating rotarod test, carried out to check whether linalool order exposure impaired 

motor function or not, showed that there was no difference in latency to fall time of the linalool 

order exposed group and control group (29).  

Intraperitoneal injection of geraniol in BALB/c mice produced an anxiolytic effect indicated by 

the increased distance moved in the arena center, increased percentage of open arm time, and an 

increased percentage of open arm entries (30).  

Neuroprotective activities  

Geraniol was investigated for neuroprotective activity using various models. It has shown a 

significant neuroprotective effect in the acrylamide (ACR)-induced nerve injury model in 

Drosophila by attenuating ACR-induced mitochondrial dysfunction, oxidative stress, and 

neurotoxicity. Moreover, co-administration of curcumin along with geraniol decreased 

acetylcholinesterase effect and produced a negative effect on cholinergic functions (31). Besides, 

pretreatment with geraniol produced a significant protective effect in Parkinson's disease (PD) 

using the MPTP-induced PD mouse model. It markedly increased the expression of tyrosine 

hydroxylase and decreased the expression of alpha-synuclein (32). 

Similarly, linalool was investigated for neuroprotective effects against ACR-induced neurotoxicity 

in Wistar rats. The results showed that linalool significantly reduced severe gait abnormalities 
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caused by acrylamide exposure. Besides, linalool also significantly increased glutathione content 

and decrease malondialdehyde levels in the cerebral cortex (33). Linalool was also assessed for its 

protective effect against an in vitro model of ischemic stroke, viz. oxygen-glucose 

deprivation/reoxygenation (OGD/R) model. It has been shown that linalool markedly reduced 

cortical neuronal injury and oxidative stress caused by  OGD/R (34). The study on the L-linalool 

effect on PD showed that linalool significantly produced a neuroprotective effect by improving 

behavioral changes, decreasing dopamine, homovanillic acid, and 3,4-Dihydroxy phenylacetic 

acid contents in the striatum, decreasing nitrite contents and lipid peroxidation (35). 

Effects of some selected monocyclic monoterpenoids  

Effect on memory  

A natural monoterpene, limonene was investigated to study its effect on memory impairment and 

the results showed that in the MWM test, the distance traveled to reach the hidden platform was 

remarkably small and in the target quadrant, time spent was significantly higher. Similarly, in the 

EPM test, the percentage of open arm entries were also increased by limonene. This indicated that 

limonene provides spatial memory improvement(36). Similarly, intraperitoneal injection of 

carvacrol also improves short term memory impairments tested using passive avoidance test in rats 

(37). It has been shown that eugenol, a chief constituent of clove oil, improves learning and 

memory impairment through the olfactory pathway on vascular dementia when tested using the 

MWM test (38). A study carried out by Bhadania(39) showed that significant improvement in 

learning and memory was observed when treated with menthol in mice. 

Effect on depression 

Oral administration of (R)-(+)-Limonene significantly increased immobility showing an anti-

depressive effect when evaluated using forced swim test in rats (40). A bioactive constituent of 

Thymus vulgaris, thymol, was investigated for anti-depressive effect using chronic unpredictable 

mild stress (CUMS) model of depression in mice (41). The results of the study revealed that thymol 

has significantly reversed the CUMS-induced decreased immobile time in various tests such as tail 

suspension test and forced swimming tests. It has also significantly restored altered levels of 

monoamine neurotransmitters due to CUMS indicating its potential as an anti-depressant. In 

another study, 1,8-cineole was evaluated for antidepressant effect using a forced swimming test 

and tail suspension test. Following this, inhalation of 1,8-cineole has significantly reduced 

immobility time in the mentioned tests indicating its anti-depressant activity in mice (42). In the 

behavior models, like tail suspension and forced swimming tests, carvacrol, a monoterpene phenol, 

has remarkably decreased immobility time by affecting the dopaminergic system (43). Another 
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fragrant compound, eugenol was evaluated for antidepressant effect and found that the eugenol 

leads to increased expression of brain-derived neurotrophic factor gene, inhibition of monoamine 

oxidase-A enzyme, and restoration of monoamines in hippocampus suggesting its beneficial role 

in depression (44).  

Effect on convulsion  

A study carried out by Joushi(45) showed that eugenol significantly decreases the epilepsy stage, 

duration, and mortality in rats. Besides, eugenol pretreatment preserved the neuronal numbers in 

convulsive animals. These all such events confirming the neuroprotective activity of eugenol. The 

anticonvulsant effect of a monoterpene phenol, viz. carvacrol was investigated against two models 

of epilepsy, i.e. the PTZ or MES test, and found that carvacrol increased latency in the PTZ model 

and prevented tonic convulsions in the MES test (24). The anticonvulsant and antiepileptic 

potential of thymol when tested on different models viz., MES, PTZ, strychnine, and 4-

aminopyridine models showed that thymol blocked both tonic and clonic seizure (46). 

Effect on pain and nociception 

A monoterpene ketone, (-) carvone, was investigated for the anti-nociceptive effect using various 

experimental pain models, and it was found that carvone significantly decreased the number of 

writhes in the acetic acid-induced writhing test, remarkably inhibited licking response of the 

injected paw in the first and second phases of the formalin test, and indicated that carvone involved 

non-opioid system in the modulation of pain (47). In another study, (R)-(+)-limonene was tested 

for the anti-nociceptive activity against thermal and chemical models of nociception. The results 

of the study showed that it produced significant inhibitory action on chemically induced 

nociception but not produced a significant effect in thermally induced nociception indicating the 

peripheral analgesic effect of limonene (48). A monoterpenoid oxide, 1,8-cineole has also 

produced an anti-nociceptive effect against formalin and acetic acid-induced nociception model in 

mice (49). Evaluation of the anti-nociceptive effect of p-cymene was done using various models 

such as acetic acid-induced writhes, hot plate test, carrageenan-induced paw edema, and rotarod 

test. The results of the study revealed that it caused a significant decrease in nociception and 

inflammation indicating its analgesic and anti-inflammatory properties (50). A similar study was 

carried out to investigate the effect of carvacrol against the different models of nociception like an 

acetic acid-induced writhing, formalin test, hot plate test. It significantly reduced the number of 

writhes, inhibited formalin-induced neurogenic pain and inflammatory pain, increased latency 

time showing its anti-nociceptive effect (51). Eugenol was studied for the anti-nociceptive effect 

in the different mouse models. It was found that it remarkably inhibited nociception induced by 

http://www.ajphr.com/


Buch et al., Am. J. Pharm Health Res 2020;8(11)     ISSN: 2321-3647 

www.ajphr.com  18 
 

acetic acid, glutamate, kainic acid, substance P, and α‐amino‐3‐hydroxy‐5‐methyl‐4‐isoxazole 

propionic acid (AMPA). The mechanism involved behind this was thought to be the modulation 

of the opioid system, glutaminergic receptors, and tumor necrosis factor-α inhibition (52). The 

anti-nociceptive effect of γ-terpinene has been investigated by De Brito Passos(53). In this study, 

it was found that γ-terpinene produced an anti-nociceptive effect in various chemical-induced 

nociception models such as formalin, capsaicin, glutamate test. The mechanism involved in this 

effect suggests the involvement of cholinergic and opioid systems.  

Effect on anxiety 

Carvacrol was tested using different experimental models such as the EPM, open field, rotarod, 

and barbiturate-induced sleeping time and it was found that carvacrol significantly inhibited 

anxiolytic effects (54). Intraperitoneal injection of thymol, another monocyclic monoterpene, 

showed an anti-anxiety effect in the EPM and light/dark tests in mice at a dose of 20 mg/kg (55). 

A study carried out by Bigdeli and his co-authors (36) showed that limonene significantly reduces 

anxiety in rats when exposed to chronic immobilization stress at a dose of 10 mg/kg. Effect of 

intraperitoneal treatment of (R)-(-) carvone was investigated using elevated T-maze (ETM) for 

anxiolytic action and findings showed that it impaired ETM avoidance latencies, a measure of 

effect on generalized anxiety at a dose of 25 mg/kg (56). 

Neuroprotective activities  

Screening of neuroprotective effects of p-cymene, limonene (+), and limonene (-) using 

Drosophila Alzheimer’s disease (AD) models led to the interesting findings i.e. all these partially 

suppressed rough eye phenotype induced by beta-amyloid 42 (Aβ42). Moreover, among these, (+) 

limonene caused an increase in flies' survival expressing Aβ42 in neurons, and a decrease in cell 

death, reactive oxygen species, and inflammation in brains indicating a good candidacy in the 

treatment of AD(57).  

To evaluate the therapeutic potential of thymol for neuroprotective activity, thymol was tested in 

rotenone-induced neurodegeneration resembling PD in humans. The findings of the study showed 

that it significantly improved oxidative stress, dopaminergic neuronal loss, and inflammation 

caused by rotenone at a dose of 50 mg/kg (58).  

Investigation of neuroprotective activity of (-)-cis-carveol against β-amyloid-peptide 1-42 (Aβ1-

42)-induced AD demonstrated that it significantly improved memory deficits induced by Aβ1-42 

and investigated using Y-maze and radial arm maze tests. Furthermore, it significantly decreased 

Aβ1-42-induced oxidative stress indicating an important candidate to decrease symptoms of 

AD(59).  
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Pretreatment of 1,8-cineole in rat pheochromocytoma cells (PC12 cells) against oxidative stress 

induced by hydrogen peroxide (H2O2) has significantly improved cell viability loss and cell 

morphology changes, inhibited reactive oxygen species (ROS) production, increased the 

expression of various antioxidant enzymes and decreased apoptosis (60). 

A study carried out by Yu (61) showed that carvacrol, a food additive, significantly reduced infarct 

volume and neurological deficit in a middle cerebral artery occlusion mouse model showing its 

neuroprotective potential. Furthermore, Wang (62) has reported that carvacrol significantly 

reduced ethanol-induced hippocampal neuronal impairment through antioxidant and antiapoptotic 

activity. Besides, it promotes significant neuroprotection in the 6-hydroxy dopamine (6-OHDA) 

model of PD by blockage of TRPM7 channels (63). 

Spice active constituent, eugenol when tested for the neuroprotective efficacy in ACR-induced 

neuropathy model in rats, produced promising results such as it caused significant improvement 

in gait score, reduced ACR-induced oxidative markers, reduced not only cytosolic calcium levels 

but also acetylcholinesterase activity indicating its beneficial role (64). In another study carried 

out on eugenol showed its neuroprotective potential in aluminum-induced toxicity in rat brain 

through its antioxidant, hydrophobic, anti-apoptotic, and neurotrophic ability (65). Furthermore, it 

also protects neurons of the hippocampus from the global model of ischemia in gerbils through its 

postischemic hypothermic action (66).  

Effects of some selected bicyclic monoterpenoids 

Effect on memory  

Lee (67) has reported that α-pinene significantly ameliorated learning and memory impairment 

induced by scopolamine in C57B/6 mice.  

Effect on depression 

Investigation of anti-depressant potential of β-pinene in mice using forced swimming test showed 

a marked decrease in the immobility time confirming its beneficial potential (22). 

Effect on convulsion  

A comparison study carried out between α- and β-pinene to investigate their anticonvulsant effect 

against PTZ-induced convulsion in mice showed that α-pinene did not exert an anticonvulsant 

effect while β-pinene produced a significant anticonvulsant effect at a dose of 400 mg/kg, i.e. it 

significantly increased the death time of PTZ-treated animals by reducing nitrite levels in 

hippocampus and dopamine and norepinephrine levels in the striatum (68).  

Effect on pain and nociception 
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Intraperitoneal injection of α-pinene demonstrated the significant analgesic effect by reducing the 

threshold of nociception in the tail-flick test, a commonly employed model of pain in mice (69).  

Effect on anxiety 

Saeedi and Rafiei-Rad (2020) demonstrated the effect of α-pinene on anxiety behaviors in 

comparison with diazepam in male rats using the EPM test. The results of the study showed that it 

significantly reduced responses related to anxiety similarly to diazepam by binding to the GABA 

A receptors (70).  

Neuroprotective activities  

(S)-cis-Verbenol was investigated for anti-ischemic and inflammatory activity. It was found that 

it significantly decreased ischemic injury caused by occlusion of the middle cerebral artery for 1.5 

hr followed by 24 hr reperfusion. Besides, it remarkably hampered neuronal cell death due to 

oxygen-glucose deprivation for 1 hr and subsequent re-oxygenation for 5 hr. It also reduced pro-

inflammatory cytokines expression in the ischemic brain (71). Similarly, isoborneol was examined 

for the neuroprotective activity against 6-OHDA-induced cell death in human neuroblastoma SH-

SY5Y cells. The results of the study showed that it remarkably decreased ROS production and 

intracellular calcium levels induced by 6-OHDA. It also reversed 6-OHDA-induced apoptosis and 

increased the activity of caspase-3 and translocation of cytochrome c into the cytosol from 

mitochondria. Thus, the study indicated the therapeutic potential of isoborneol for the treatment of 

various neurodegenerative diseases (72).  

In vitro study carried to examine the neuroprotective potential of α-pinene against H2O2-induced 

oxidative stress in PC12 cells showed that attenuation of cell viability, inhibition of ROS 

production, increased antioxidant enzyme expression, decreased activity of caspase-3 (60). 

Furthermore, α-pinene also exerts neuroprotective activity in ischemic stroke by restoring 

antioxidant enzymes, attenuating lipid peroxidation, decreasing inflammation in ischemic brains 

(73).  

CONCLUSION 

Monoterpenoids are important constituents of essential oils and are better recognized as protective 

resins of aromatic plants. They are generally present as non-nutritious food components in 

essentials oils of herbs and citrus fruits. They are considered as one the most important natural 

compounds because of their increased potential as pharmacological agents. They exert a crucial 

role as expectorants in upper respiratory tract infections, antibacterial, antiviral, and spasmolytic 

in gastric disorder. Owing to their hydrophobicity, monoterpenoids are used in the treatment of 

gallstone and hypercholesterolemic conditions. Several monoterpenoids are used either directly or 
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modified to enhance their potency and selectivity. The antiviral, antifungal, antibacterial, 

antitumor, local anesthetic, neuroprotective, learning and memory enhancer, antidepressant, 

anticonvulsant, anxiolytic, anti-inflammatory, and antioxidant properties are favorable and warrant 

future research in translating the monoterpenoids as therapeutic agents. 

ACKNOWLEDGMENT 

The authors acknowledge the technical support extended by the Department of Pharmaceutical 

Sciences, Saurashtra University, Rajkot Gujarat, India.  

REFERENCES  

1. Ludwiczuk A, Skalicka-Woźniak K, Georgiev MI. Terpenoids. In: Pharmacognosy: 

Fundamentals, Applications and Strategy. 2017. p. 233–66.  

2. Degenhardt J, Köllner TG, Gershenzon J. Monoterpene and sesquiterpene synthases and 

the origin of terpene skeletal diversity in plants. Vol. 70, Phytochemistry. 2009. p. 1621–

37.  

3. Zwenger S, Basu C. Plant terpenoids : applications and future potentials. Biotechnol Mol 

Biol Rev. 2008;3(February):1–7.  

4. Garcia R, Alves ESS, Santos MP, Viégas Aquije GMF, Fernandes AAR, Dos Santos RB, 

et al. Antimicrobial activity and potential use of monoterpenes as tropical fruits 

preservatives. Brazilian J Microbiol. 2008;39(1):163–8.  

5. Banthorpe D V., Charlwood B V., Francis MJO. The biosynthesis of monoterpenes. Chem 

Rev. 1972;72(2):115–55.  

6. Kamatou GPP, Viljoen AM. Linalool - A review of a biologically active compound of 

commercial importance. Vol. 3, Natural Product Communications. 2008. p. 1183–92.  

7. Naigre R, Kalck P, Roques C, Roux I, Michel G. Comparison of antimicrobial properties 

of monoterpenes and their carbonylated products. Planta Med. 1996;62(3):275–7.  

8. Librowski T. Analgesic and anti-inflammatory activity of stereoisomers of carane 

derivatives in rodent tests. Pharmacol Reports. 2005;57(6):802–10.  

9. Aharoni A, Jongsma MA, Bouwmeester HJ. Volatile science? Metabolic engineering of 

terpenoids in plants. Vol. 10, Trends in Plant Science. 2005. p. 594–602.  

10. Crowell PL. Prevention and therapy of cancer by dietary monoterpenes. In: Journal of 

Nutrition. 1999.  

11. Bakkali F, Averbeck S, Averbeck D, Idaomar M. Biological effects of essential oils - A 

review. Vol. 46, Food and Chemical Toxicology. 2008. p. 446–75.  

12. Burke CC, Wildung MR, Croteau R. Geranyl diphosphate synthase: Cloning, expression, 

http://www.ajphr.com/


Buch et al., Am. J. Pharm Health Res 2020;8(11)     ISSN: 2321-3647 

www.ajphr.com  22 
 

and characterization of this prenyltransferase as a heterodimer. Proc Natl Acad Sci U S A. 

1999;96(23):13062–7.  

13. Ganjewala D, Kumar S, Luthra R. An account of cloned genes of methyl-erythritol-4-

phosphate pathway of isoprenoid biosynthesis in plants. Curr Issues Mol Biol. 

2009;11(SUPPL. 1).  

14. Disch A, Hemmerlin A, Bach TJ, Rohmer M. Mevalonate-derived isopentenyl diphosphate 

is the biosynthetic precursor of ubiquinone prenyl side chain in tobacco BY-2 cells. 

Biochem J. 1998;331(2):615–21.  

15. Bick JA, Lange BM. Metabolic cross talk between cytosolic and plastidial pathways of 

isoprenoid biosynthesis: Unidirectional transport of intermediates across the chloroplast 

envelope membrane. Arch Biochem Biophys. 2003;415(2):146–54.  

16. Bochar DA, Freisen J, Stauffacher C V., Rodwell VW. Biosynthesis of Mevalonic Acid 

from Acetyl-CoA. In: Comprehensive Natural Products Chemistry. 1999. p. 15–44.  

17. Hemmerlin A, Harwood JL, Bach TJ. A raison d’être for two distinct pathways in the early 

steps of plant isoprenoid biosynthesis? Vol. 51, Progress in Lipid Research. 2012. p. 95–

148.  

18. Rohdich F, Zepeck F, Adam P, Hecht S, Kaiser J, Laupitz R, et al. The deoxyxylulose 

phosphate pathway of isoprenoid biosynthesis: Studies on the mechanisms of the reactions 

catalyzed by IspG and IspH protein. Proc Natl Acad Sci U S A. 2003;100(4):1586–91.  

19. Lee BK, Jung AN, Jung YS. Linalool ameliorates memory loss and behavioral impairment 

induced by rem-sleep deprivation through the serotonergic pathway. Biomol Ther. 

2018;26(4):368–73.  

20. Yang Z, Xi J, Li J, Qu W. Biphasic effect of citral, a flavoring and scenting agent, on spatial 

learning and memory in rats. Pharmacol Biochem Behav. 2009;  

21. Deng XY, Xue JS, Li HY, Ma ZQ, Fu Q, Qu R, et al. Geraniol produces antidepressant-

like effects in a chronic unpredictable mild stress mice model. Physiol Behav. 

2015;152:264–71.  

22. Guzmán-Gutiérrez SL, Bonilla-Jaime H, Gómez-Cansino R, Reyes-Chilpa R. Linalool and 

β-pinene exert their antidepressant-like activity through the monoaminergic pathway. Life 

Sci. 2015;128:24–9.  

23. Rf Lins LC, Santos IMA, de Melo MS, Menezes P dos P, S Araújo AA, Nunes R de S, et 

al. The anticonvulsant effect of geraniol and inclusion complex geraniol: β –cyclodextrin. 

Bol Latinoam y del Caribe Plantas Med y Aromat. 2014;13(6):557–65.  

http://www.ajphr.com/


Buch et al., Am. J. Pharm Health Res 2020;8(11)     ISSN: 2321-3647 

www.ajphr.com  23 
 

24. Quintans-Júnior LJ, Guimarães AG, Araújo BES, Oliveira GF, Santana MT, Moreira F V., 

et al. Carvacrol, (-)-borneol and citral reduce convulsant activity in rodents. African J 

Biotechnol. 2010;9(39):6566–72.  

25. Elisabetsky E, Brum LFS, Souza DO. Anticonvulsant properties of linalool in glutamate-

related seizure models. Phytomedicine. 1999;6(2):107–13.  

26. La Rocca V, da Fonsêca DV, Silva-Alves KS, Ferreira-da-Silva FW, de Sousa DP, Santos 

PL, et al. Geraniol Induces Antinociceptive Effect in Mice Evaluated in Behavioural and 

Electrophysiological Models. Basic Clin Pharmacol Toxicol. 2017;120(1):22–9.  

27. Quintans-Júnior LJ, Barreto RSS, Menezes PP, Almeida JRGS, Viana AFSC, Oliveira 

RCM, et al. β-Cyclodextrin-complexed (-)-linalool produces antinociceptive effect 

superior to that of (-)-linalool in experimental pain protocols. Basic Clin Pharmacol 

Toxicol. 2013;113(3):167–72.  

28. Nishijima CM, Ganev EG, Mazzardo-Martins L, Martins DF, Rocha LRM, Santos ARS, 

et al. Citral: A monoterpene with prophylactic and therapeutic anti-nociceptive effects in 

experimental models of acute and chronic pain. Eur J Pharmacol. 2014;736:16–25.  

29. Harada H, Kashiwadani H, Kanmura Y, Kuwaki T. Linalool odor-induced anxiolytic 

effects in mice. Front Behav Neurosci. 2018;12.  

30. Majdi A, Hosseini SH, Roozbeh M, Mohammadi A. Antidepressant and Anxiolytic Effects 

of Geraniol in Mice: The Possible Role of Oxidative Stress and Apoptosis. Iran Red 

Crescent Med J. 2019;21(6).  

31. Prasad SN, Muralidhara. Neuroprotective effect of geraniol and curcumin in an acrylamide 

model of neurotoxicity in Drosophila melanogaster: Relevance to neuropathy. J Insect 

Physiol. 2014;60(1):7–16.  

32. Rekha KR, Selvakumar GP, Santha K, Inmozhi Sivakamasundari R. Geraniol attenuates 

α-synuclein expression and neuromuscular impairment through increase dopamine content 

in MPTP intoxicated mice by dose dependent manner. Biochem Biophys Res Commun. 

2013;440(4):664–70.  

33. Mehri S, Meshki MA, Hosseinzadeh H. Linalool as a neuroprotective agent against 

acrylamide-induced neurotoxicity in Wistar rats. Drug Chem Toxicol. 2015;38(2):162–6.  

34. Park H, Seol GH, Ryu S, Choi IY. Neuroprotective effects of (-)-linalool against oxygen-

glucose deprivation-induced neuronal injury. Arch Pharm Res. 2016;39(4):555–64.  

35. de Lucena JD, Gadelha-Filho CVJ, da Costa RO, de Araújo DP, Lima FAV, Neves KRT, 

et al. L-linalool exerts a neuroprotective action on hemiparkinsonian rats. Naunyn 

http://www.ajphr.com/


Buch et al., Am. J. Pharm Health Res 2020;8(11)     ISSN: 2321-3647 

www.ajphr.com  24 
 

Schmiedebergs Arch Pharmacol. 2020;393(6):1077–88.  

36. Bigdeli Y, Asle-Rousta M, Rahnema M. Effects of Limonene on Chronic Restraint Stress-

Induced Memory Impairment and Anxiety in Male Rats. Neurophysiology [Internet]. 

2019;51(2):107–13. Available from: https://doi.org/10.1007/s11062-019-09800-0 

37. Haddadi H, Rajaei Z, Alaei H, Shahidani S. O tratamento com carvacrol melhora a 

memória de esquiva passiva em um modelo da doença de Parkinson em ratos. Arq 

Neuropsiquiatr. 2018;76(2):71–7.  

38. Liu Z, Niu W, Yang X, Wang Y. Effects of combined acupuncture and eugenol on learning-

memory ability and antioxidation system of hippocampus in Alzheimer disease rats via 

olfactory system stimulation. J Tradit Chinese Med. 2013;33(3):399–402.  

39. Bhadania M, Joshi H, Patel P, Kulkarni VH. Protective effect of menthol on β-amyloid 

peptide induced cognitive deficits in mice. Eur J Pharmacol. 2012;681(1–3):50–4.  

40. Piccinelli AC, Santos JA, Konkiewitz EC, Oesterreich SA, Formagio ASN, Croda J, et al. 

Antihyperalgesic and antidepressive actions of (R)-(+)-limonene, α-phellandrene, and 

essential oil from Schinus terebinthifolius fruits in a neuropathic pain model. Nutr 

Neurosci. 2015;18(5):217–24.  

41. Deng XY, Li HY, Chen JJ, Li RP, Qu R, Fu Q, et al. Thymol produces an antidepressant-

like effect in a chronic unpredictable mild stress model of depression in mice. Behav Brain 

Res. 2015;291:12–9.  

42. Dougnon G, Ito M. Inhalation administration of the bicyclic ethers 1,8- And 1,4-cineole 

prevent anxiety and depressive-like behaviours in mice. Molecules. 2020;25(8).  

43. Melo FHC, Moura BA, de Sousa DP, de Vasconcelos SMM, Macedo DS, Fonteles MM de 

F, et al. Antidepressant-like effect of carvacrol (5-Isopropyl-2-methylphenol) in mice: 

Involvement of dopaminergic system. Fundam Clin Pharmacol. 2011;25(3):362–7.  

44. Irie Y. Effects of Eugenol on the Central Nervous System: Its Possible Application to 

Treatment of Alzheimers Disease, Depression, and Parkinsons Disease. Curr Bioact 

Compd. 2012;2(1):57–66.  

45. Joushi S, Elahdadi Salmani M. Effect of eugenol on lithium-pilocarpine model of epilepsy: 

Behavioral, histological, and molecular changes. Iran J Basic Med Sci. 2017;20(7):746–

53.  

46. Sancheti J, Shaikh MF, Chaudhari R, Somani G, Patil S, Jain P, et al. Characterization of 

anticonvulsant and antiepileptogenic potential of thymol in various experimental models. 

Naunyn Schmiedebergs Arch Pharmacol. 2014;387(1):59–66.  

http://www.ajphr.com/


Buch et al., Am. J. Pharm Health Res 2020;8(11)     ISSN: 2321-3647 

www.ajphr.com  25 
 

47. Gonçalves JCR, Oliveira FDS, Benedito RB, De Sousa DP, De Almeida RN, De Araújo 

DAM. Antinociceptive activity of (-)-carvone: Evidence of association with decreased 

peripheral nerve excitability. Biol Pharm Bull. 2008;31(5):1017–20.  

48. Do Amaral JF, Silva MIG, Neto MRDA, Neto PFT, Moura BA, De Melo CTV, et al. 

Antinociceptive effect of the monoterpene R-(+)-limonene in mice. Biol Pharm Bull. 

2007;30(7):1217–20.  

49. Santos FA, Rao VSN. Antiinflammatory and antinociceptive effects of 1,8-cineole a 

terpenoid oxide present in many plant essential oils. Phyther Res. 2000;14(4):240–4.  

50. De Souza Siqueira Quintans J, Menezes PP, Santos MRV, Bonjardim LR, Almeida JRGS, 

Gelain DP, et al. Improvement of p-cymene antinociceptive and anti-inflammatory effects 

by inclusion in β-cyclodextrin. Phytomedicine. 2013;20(5):436–40.  

51. Guimarães AG, Oliveira GF, Melo MS, Cavalcanti SCH, Antoniolli AR, Bonjardim LR, 

et al. Bioassay-guided evaluation of antioxidant and antinociceptive activities of carvacrol. 

Basic Clin Pharmacol Toxicol. 2010;107(6):949–57.  

52. Dal Bó W, Luiz AP, Martins DF, Mazzardo-Martins L, Santos ARS. Eugenol reduces acute 

pain in mice by modulating the glutamatergic and tumor necrosis factor alpha (TNF-α) 

pathways. Fundam Clin Pharmacol. 2013;27(5):517–25.  

53. De Brito Passos FF, Lopes EM, De Araújo JM, De Sousa DP, Veras LMC, Leite JRSA, et 

al. Involvement of Cholinergic and Opioid System in γ-Terpinene-Mediated 

Antinociception. Evidence-based Complement Altern Med. 2015;2015.  

54. Melo FHC, Venâncio ET, De Sousa DP, De França Fonteles MM, De Vasconcelos SMM, 

Viana GSB, et al. Anxiolytic-like effect of Carvacrol (5-isopropyl-2-methylphenol) in 

mice: Involvement with GABAergic transmission. Fundam Clin Pharmacol. 

2010;24(4):437–43.  

55. Bhandari SS, Kabra MP. To evaluate anti-anxiety activity of thymol. J Acute Dis. 

2014;3(2):136–40.  

56. Hatano VY, Torricelli AS, Giassi ACC, Coslope LA, Viana MB. Anxiolytic effects of 

repeated treatment with an essential oil from Lippia alba and (R)-(-)-carvone in the elevated 

T-maze. Brazilian J Med Biol Res. 2012;45(3):238–43.  

57. Shin M, Liu QF, Choi B, Shin C, Lee B, Yuan C, et al. Neuroprotective effects of limonene 

(+) against Aβ42-induced neurotoxicity in a Drosophila model of Alzheimer’s disease. Biol 

Pharm Bull. 2020;43(3):409–17.  

58. Javed H, Azimullah S, Meeran MN, Ansari SA, Ojha S. Neuroprotective effects of thymol, 

http://www.ajphr.com/


Buch et al., Am. J. Pharm Health Res 2020;8(11)     ISSN: 2321-3647 

www.ajphr.com  26 
 

a dietary monoterpene against dopaminergic neurodegeneration in rotenone-induced rat 

model of parkinson’s disease. Int J Mol Sci. 2019;20(7).  

59. Hritcu L, Boiangiu RS, De Morais MC, De Sousa DP. (-)-cis-Carveol, a Natural 

Compound, Improves β-Amyloid-Peptide 1-42-Induced Memory Impairment and 

Oxidative Stress in the Rat Hippocampus. Biomed Res Int. 2020;2020.  

60. Porres-Martínez M, González-Burgos E, Carretero ME, Pilar Gómez-Serranillos M. In 

vitro neuroprotective potential of the monoterpenes α-pinene and 1,8-cineole against 

H2O2-induced oxidative stress in PC12 cells. Zeitschrift fur Naturforsch - Sect C J Biosci. 

2016;71(7–8):191–9.  

61. Yu H, Zhang ZL, Chen J, Pei A, Hua F, Qian X, et al. Carvacrol, a food-additive, provides 

neuroprotection on focal cerebral ischemia/reperfusion injury in mice. PLoS One. 

2012;7(3).  

62. Wang P, Luo Q, Qiao H, Ding H, Cao Y, Yu J, et al. The Neuroprotective Effects of 

Carvacrol on Ethanol-Induced Hippocampal Neurons Impairment via the Antioxidative 

and Antiapoptotic Pathways. Oxid Med Cell Longev. 2017;2017.  

63. Dati LM, Ulrich H, Real CC, Feng ZP, Sun HS, Britto LR. Carvacrol promotes 

neuroprotection in the mouse hemiparkinsonian model. Neuroscience. 2017;356:176–81.  

64. Prasad SN, Muralidhara. Neuroprotective efficacy of eugenol and isoeugenol in 

acrylamide-induced neuropathy in rats: Behavioral and biochemical evidence. Neurochem 

Res. 2013;38(2):330–45.  

65. Said MM, Rabo MMA. Neuroprotective effects of eugenol against aluminiuminduced 

toxicity in the rat brain. Arh Hig Rada Toksikol. 2017;68(1):27–37.  

66. Won MH, Lee JC, Kim YH, Song DK, Suh HW, Oh YS, et al. Postischemic hypothermia 

induced by eugenol protects hippocampal neurons from global ischemia in gerbils. 

Neurosci Lett. 1998;254(2):101–4.  

67. Lee GY, Lee C, Park GH, Jang JH. Amelioration of Scopolamine-Induced Learning and 

Memory Impairment by α -Pinene in C57BL/6 Mice. Evidence-based Complement Altern 

Med. 2017;2017.  

68. Felipe CFB, Albuquerque AMS, de Pontes JLX, de Melo JÍV, Rodrigues TCML, de Sousa 

AMP, et al. Comparative study of alpha- and beta-pinene effect on PTZ-induced 

convulsions in mice. Fundam Clin Pharmacol. 2019;33(2):181–90.  

69. Him A, Ozbek H, Turel I, Oner AC. Antinociceptive activity of alpha-pinene and fenchone. 

Pharmacologyonline. 2008;3:363–9.  

http://www.ajphr.com/


Buch et al., Am. J. Pharm Health Res 2020;8(11)     ISSN: 2321-3647 

www.ajphr.com  27 
 

70. Saeedi S, Rafiei-Rad M. Anti-anxiety effect of Alpha-pinene in comparison with Diazepam 

in adult male rats. Feyz, J Kashan Univ Med Sci. 2020;24(3):245–53.  

71. Choi IY, Lim JH, Hwang S, Lee JC, Cho GS, Kim WK. Anti-ischemic and anti-

inflammatory activity of (S)-cis-verbenol. Free Radic Res. 2010;44(5):541–51.  

72. Tian LL, Zhou Z, Zhang Q, Sun YN, Li CR, Cheng CH, et al. Protective effect of (±) 

isoborneol against 6-OHDA-induced apoptosis in SH-SY5Y cells. Cell Physiol Biochem. 

2007;20(6):1019–32.  

73. Khoshnazar M, Bigdeli MR, Parvardeh S, Pouriran R. Attenuating effect of α-pinene on 

neurobehavioural deficit, oxidative damage and inflammatory response following focal 

ischaemic stroke in rat. J Pharm Pharmacol. 2019;71(11):1725–33.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
AJPHR is 

 Peer-reviewed 

 monthly 

 Rapid publication 

Submit your next manuscript at 

editor@ajphr.com / editor.ajphr@gmail.com 

http://www.ajphr.com/
mailto:editor@ajptr.com
mailto:editor@ajptr.com
mailto:editor@ajptr.com
mailto:editor@ajptr.com

